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Therapeutic endoscopy has been in practice since the 1950s(1). It 
is a useful tool in the treatment of many diseases of the gastrointes-
tinal tract. In recent decades, this field has become the first option 
to diagnose and treat early-stage neoplastic lesions. Endoscopic 
resection has been shown to be an appropriate handling of patients 
with early gastrointestinal cancers with or not limited submucosal 
involvement and no additional risk factors(2). 

Endoscopic resection has been performed basically as endo-
scopic mucosal resection (EMR) and endoscopic submucosal 
dissection (ESD). Understanding the origin of the basic concepts 
and the development of techniques is necessary to realize the cur-
rent status and assess future prospects. Deyhle et al.(3) described 
the basics of EMR in 1973. At that time, knowledge, endoscopes, 
and post-operative care were rare. Thus, only in the 1980s, EMR 
became popular in the world(4). When compared to EMR, ESD 
requires a greater technological apparatus, and due to a higher 
risk of bleeding and perforation, it was an unusual technique in 
the beginning; Only in the 1990s, ESD became globally popular, 
gaining notoriety motivated by the good results in Japan(5).

Regarding definitions, EMR is a method that involves a va-
riety of  techniques, such as suction, lift, and underwater. It can 
be broadly divided into two groups: suction (suck-and-cut) and 
non-suction (lift-and-cut). The standard approach consisted of 
submucosal injection (SI) to make protrusion of  the lesion and 
snaring the protruded area. The injection aims to separate mucosal 
and submucosal lesions from the muscularis layer. Many solutions 
have been described from saline to solutions with 50% dextrose. 
However, SI is not necessary to perform an EMR. Underwater en-
doscopic mucosal resection (UEMR) is a variation of the technique 
which does not require submucosal injection(6). 

In this issue of Archives of Gastroenterology, Coutinho et al. 
described UEMR for small rectal neuroendocrine tumors(7). This 
retrospective study was performed in two Brazilian institutions 
between June 2015 and October 2018. Eleven patients diagnosed 
with gastrointestinal neuroendocrine tumors (NETs) smaller than 
12 mm in diameter underwent UEMR. There were nine patients di-
agnosed with G1 rNET and two with G2. All rNETs were removed 
en bloc and no vascular or perineural invasion was detected. One 
lesion was restricted to the mucosa and the other ten infiltrated the 
submucosa. The main outcome assessed was safety and efficacy of 
using the UEMR technique for treating small rectal neuroendocrine 
tumors. The results of  the paper are encouraging, since UEMR 
achieved a 100% en bloc resection rate and an 81% R0 resection 
rate, with no complications, considering the 60-month follow-up. 

Endoscopic submucosal dissection represents a safe and ef-
fective alternative for treating early-stage neoplastic lesions. En 
bloc resections are feasible by this method and allows an accurate 
pathological anatomical examination, evaluating submucosal and 
vascular invasion. Concerning advances in ESD technique, the 
emergence of Narrow Band Imaging (NBI) should be mentioned. 
Chromoendoscopy – aimed to assess the margin of the lesion – is 
the first step to resection and NBI allows a safe and quick evalua-
tion. This step is common in all variations of ESD, including the 
hybrid endoscopic submucosal dissection (HESD). This technique 
is performed with only partial submucosal dissection followed by 
EMR using snare resection of  the lesion. Many variations were 
created in the last decades, and literature lacks strong evidence to 
select the best one(5,8).

Also in this issue of  Archives of Gastroenterology, Ribeiro 
et al. report a single-center retrospective study comparing endo-
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scopic submucosal dissection with circumferential incision (ESD-C)  
versus tunneling method for treatment (ESD-T) of  superficial 
esophageal cancer(9). The first technique is performed through an 
incision along the oral margins and next at the caudal margin of 
the lesion, resulting in a C-shaped incision. After that, an oral-anal 
submucosal dissection is performed. Finally, the remaining mucosa 
at the lateral side of the tumor is incised until the circumference 
of the lesion is completely open. ESD-T involves the creation of 
a submucosal tunnel. The first step is to perform an incision in 
the distal margin of the lesion, after a submucosal infection with 
a 0.4% sodium hyaluronate. The same procedure is subsequently 
executed in the proximal margin of  the tumor. Submucosal dis-
section is performed in the cranial-caudal direction, building a 
tunnel. Sixty-five esophageal ESD procedures were enrolled in the 
study, 23 of  which belonged to the ESD-T group and 42 to the 
ESD-C group. No statistical difference was noted between the two 
techniques, regarding en bloc resection rate, R0 resection rate and 
curative resection rate. The data supports the absence of preferable 
techniques among ESD-C and ESD-T, both being feasible.

Nowadays, with the advance of  therapeutic endoscopy, the 
complexity of  procedures has been increasing, demonstrating 
the limitations of flexible endoscopes. Thus, new directions have 
emerged. Robotic flexible endoscopy (RFE) is a new frontier of 
endoscopic submucosal dissection. One of the limitations regard-
ing current endoscopes is the absence of articulated movements, 
which are necessary to perform complex dissections and remove 
huge lesions. Considering this limitation, robotic flexible endoscopy 
has brought more degrees of  freedom to improve triangulation 
and traction for dissections(10). In conclusion, we are living in an 
era of advances in therapeutic endoscopy. The evolution, the new 
paradigms, and the speedy advances in endoscopic resection are 
proof of this. 
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INTRODUCTION

The natural history of cirrhosis is usually characterized by an 
initial phase of compensated disease with relatively good prognosis, 
followed by an advanced phase, which gradually or abruptly pro-
gresses to complications, secondary to portal hypertension and/or 
hepatic insufficiency(1,2). One of the consequences of cirrhosis is an 
immune system dysfunction that affects both innate and adaptive 
responses, and is associated with systemic inflammation and im-
munodeficiency. The chronic inflammatory state observed in these 
patients results from activation of immune system cells by bacte-
rial translocation, with consequent endotoxemia and increased 
production of inflammatory cytokines(3). Persistence of systemic 
inflammation is associated with disease progression, emergence of 
complications and worse prognosis(4).

Parameters routinely used in cirrhotic patients for systemic 
inflammation evaluation have several limitations. Systemic 
inflammatory response syndrome criteria was previously associ-
ated with higher mortality in patients with acute-on-chronic liver 
failure (ACLF) and decompensated cirrhosis, however it may be 
compromised by hypersplenism, hyperventilation secondary to 
hepatic encephalopathy and use of beta blockers(1). Total leukocyte 
count is used as a predictive factor of occurrence and prognosis 
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of ACLF, but it may be underestimated due to hypersplenism(1,2). 
Acute phase serum markers, such as C-reactive protein (CRP) and 
procalcitonin levels, are more accurate than systemic inflammatory 
response syndrome for the identification of  systemic inflamma-
tion(1,5). However, CRP is synthetized by the liver and, therefore, 
its levels may be influenced by the degree of liver dysfunction(6). In 
addition, although procalcitonin is a promising biomarker, data is 
still limited and it is not yet widely available(7).

The neutrophil-lymphocyte ratio (NLR) is a systemic inflam-
matory response marker that assesses two distinct pathways of the 
immune system: systemic inflammation, by neutrophil count, and 
the immune regulation pathway represented by lymphocytes(8). 
NLR has already been evaluated as a prognostic factor for coro-
nary disease and malignancies(9-11). In liver diseases, it was studied 
in several diseases such as nonalcoholic fatty liver disease, chronic 
hepatitis B, liver transplantation, hepatocellular carcinoma, and 
liver cirrhosis(12-18). Nevertheless, data on the applicability of NLR 
as a prognostic marker in cirrhosis is scarce, especially among 
patients hospitalized for acute decompensation. The aim of this 
study was to evaluate the role of NLR as a prognostic marker in 
cirrhotic patients undergoing outpatient care and hospitalized for 
acute decompensation. Relationships between NLR and inflamma-
tory cytokines were also studied in a subset of hospitalized patients. 

AG-2020-37
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METHODS

Patients
This study is part of  a project that aims to follow two co-

horts of  adult patients (≥18 years of  age) with liver cirrhosis 
followed at the University Hospital of  the Federal University 
of  Santa Catarina. Details about those cohorts were previously 
published(19-20) and are briefly presented below. Diagnosis of  cir-
rhosis was histologically defined (when available) or by combining 
clinical, imaging, and laboratory findings in the presence of portal 
hypertension. The first cohort included 193 patients with stable 
cirrhosis attended in the Outpatient Clinic. Exclusion criteria in 
this group were diagnosis of  hepatocellular carcinoma, diagnosis 
of  bacterial infections during the last 7 days, interferon-based 
therapy during the last 30 days, or refusal or inability of  the 
patient to understand the terms of  the informed consent. The 
second cohort comprised 334 patients admitted to the emergency 
room due to acute decompensation of  liver cirrhosis. Exclusion 
criteria were hospitalization for elective procedures or unrelated 
to complications of  liver cirrhosis, hospitalization for less than 48 
hours, absence of  laboratory tests, and hepatocellular carcinoma 
outside Milan criteria. 

The study protocol is in accordance with the ethical principles 
of the Declaration of Helsinki and it was approved by the Research 
Ethics Committee of  the Federal University of  Santa Catarina. 
Written informed consent was obtained from all patients or their 
legal guardians prior to the evaluation.

Study design
In the outpatient cohort, all patients were initially evaluated 

from June to October 2012. Patients were submitted to annual 
evaluation until 2014, with pre-defined visits, and the presence 
of  complications, death or liver transplantation was assessed by 
periodic phone calls or during routine visits. The second cohort 
was comprised of  patients hospitalized for acute decompensation 
of  cirrhosis between January 2011 and November 2016. Acute 
decompensation was defined as the acute development of  hepatic 
encephalopathy, large ascites, gastrointestinal bleeding, bacterial 
infection, or any combination of  these(21). Patients were moni-
tored during hospitalization and 30- and 90-day mortality was 
assessed by a phone call. In the case of  more than one hospital 
admission during the study period, only the first hospitalization 
was considered.

Patients were considered active drinkers if  they reported an 
average overall consumption of 21 or more drinks per week for 
men and 14 or more drinks per week for women during the 4 weeks 
before enrollment (one standard drink is equal to 12 g absolute 
alcohol)(22).

All patients admitted for acute decompensation of  cirrhosis 
in our institution are actively screened for bacterial infections. 
A diagnostic paracentesis was performed in all patients with 
ascites at admission. Spontaneous bacterial peritonitis (SBP) 
was diagnosed when the neutrophil count of  the ascitic fluid was 
≥250 neutrophils/mm3 in the absence of intra-abdominal source of 
infection, regardless of  negative culture(23). Criteria for diagnosing 
other infections than SBP were adapted from Centers for Disease 
Control and Prevention(24). Hepatic encephalopathy was graded 
using the West-Haven criteria(25), and precipitating factors were 
investigated while lactulose was initiated and adjusted as needed. 
Patients with acute variceal bleeding received intravenous octreo-

tide, prophylactic antibiotic and underwent emergency endoscopic 
treatment after clinical stabilization.

The liver disease severity was assessed by Child-Pugh score and 
Model for End-Stage Liver Disease (MELD)(26). The definitions of 
ACLF and CLIF-SOFA (chronic liver failure – sequential organ 
failure assessment) were based on the EASL-CLIF Consortium(21). 

NLR was calculated by dividing the absolute neutrophil count 
by the absolute lymphocyte count. NLR was calculated based on 
the initial laboratory tests in 2012 in the outpatients group, and on 
admission and after 48 hours in hospitalized patients.

Circulating cytokine measurements
The cytokines IL-6, IL-10 and IL-17 were measured in sam-

ples collected at the hospital admission from February 2012 to 
August 2014 of  a subgroup of  130 individuals from the inpatient 
cohort. Data specifically related to this cohort were previously 
published(20). The quantitative determination of  IL-6, IL-10, and 
IL-17A in the serum was performed using a cytometric bead array 
(CBA) kit (BD Biosciences; San Diego, CA). The fluorescence 
produced by the CBA beads was measured on a FASCSVerse 
Flow Cytometer (BD FACSVerseTM, San Jose, CA, USA) and 
analyzed using Software FCAP Array 3.0 (BD Biosciences). 
Detection limits were 2.4 pg/mL for IL-6, 4.5 pg/mL for IL-10, 
and 18.9 pg/mL for IL-17A.

Statistical analysis
Normality of  the variable distribution was determined us-

ing the Kolmogorov-Smirnov test. The correlation between the 
numerical variables was evaluated using Spearman’s correlation 
coefficient. Continuous variables were compared using the Mann-
Whitney test. Univariate and multivariate Cox regression analyses 
(enter method) were used to investigate the association between 
the variables and survival. The best cutoff  point for predicting 
mortality was chosen based on the ROC curve. Kaplan-Meier 
curves were used to illustrate survival according to two strata. All 
tests were performed by the SPSS software, version 17.0 (SPSS, 
Chicago, IL, USA). A P value of  less than 0.05 was considered 
statistically significant.

RESULTS

Characteristics of included patients
The study included 513 individuals, 193 with stable cirrhosis 

and 320 hospitalized for acute decompensation. TABLE 1 shows 
the characteristics of the patients included. In the cohort of stable 
cirrhosis, mean age was 54.4±12.5 years and subjects were predomi-
nantly male (67.9%). The most common etiology of cirrhosis was 
alcohol abuse (53.9%), followed by hepatitis C (32.6%). Previous 
history of cirrhosis decompensation was observed in 73.6% of the 
sample and only 5.7% of the individuals reported active alcohol-
ism. The mean MELD score was 10.10±2.51 and 63.7% of  the 
individuals were classified as Child-Pugh A.

In the group of patients hospitalized for acute decompensation, 
the mean age was 55.7±10.7 years and 73.4% were male. Previous 
decompensation was reported by 66.2% of the patients and active 
alcoholism was present in 31.9%. At admission, upper gastroin-
testinal bleeding was observed in 40.0% of cases, ascites in 52.2%, 
hepatic encephalopathy in 49.4%, bacterial infections in 44.7% 
and ACLF in 24.4%. The mean MELD score was 16.81±6.36 and 
43.4% of the subjects were classified as Child-Pugh C.
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TABLE 1. Characteristics of included patients.

Variables
Stable 

cirrhosis
(n=193)

Acute 
decompensation

(n=320)
Age (years), mean ± SD 54.36±12.48 55.67±10.77
Male gender, n (%) 131 (67.9) 235 (73.4)
Etiology of cirrhosis, n (%)

Alcohol 104 (53.9) 182 (56.9)
Hepatitis C 63 (32.6) 114 (35.6)
Hepatitis B 11 (5.7) 19 (6.0)
Cryptogenic 20 (10.4) 25 (7.8)
NAFLD 7 (3.6) 20 (6.3)
Autoimmune 8 (4.1) 10 (3.1)

Previous decompensation, n (%) 142 (73.6) 210 (66.2)
Active alcoholism, n (%) 11 (5.7) 102 (31.9)
Hepatocellular carcinoma 0 21 (7.2)
Esophageal varices 155 (81.2) 83 (74.1)#

Propranolol, n (%) 110 (57.0) 102 (32.1)
Complications in the evaluation, n (%)

Ascites 43 (22.3) 167 (52.2)
Hepatic encephalopathy 20 (10.4) 158 (49.4)
Gastrointestinal bleeding 0 128 (40.0)
Bacterial infection 0 143 (44.7)
ACLF NA 78 (24.4)

Laboratory data
Leukocyte Count (x 109), median 4.78 7.51
Sodium (meq/L), mean ± SD 137.41±2.65 135.48±5.16
Creatinine (mg/dL), median 0.90 1.10
INR, median 1.20 1.44
Albumin (g/dL), mean ± SD 3.41±0.49 2.47±1.84
CRP (mg/L), median 3.50 15.10
Total bilirubin (mg/dL), median 1.00 2.10
NLR, median 2.10 4.05

Child-Pugh classification, n (%)
A 123 (63.7) 24 (7.5)
B 59 (30.6) 156 (49.1)
C 11 (5.7) 138 (43.4)

MELD, mean + SD 10.10±2.51 16.81±6.36
CLIF-SOFA, mean ± SD NA 6.45±2.62

#Information available for 112 patients.
SD: standard deviation; NAFLD: non-alcoholic fatty liver disease; AIH: autoimmune hepatitis; 
ACLF: acute-on-chronic liver failure; INR: international normalized ratio; CRP: C-reactive 
protein; NLR: neutrophil to lymphocyte ratio; MELD: Model for End-stage Liver Disease; 
CLIF-SOFA: chronic liver failure – sequential organ failure assessment.

NLR in outpatients with stable cirrhosis
In patients with stable cirrhosis, NLR was positively correlated 

with total bilirubin levels (r=0.183, P=0.011), INR (r=0.151, 
P=0.037), CRP (r=0.218, P=0.002), and MELD (r=0.224, 
P=0.002). No significant correlation was observed between the 
other numerical variables studied and NLR. Presence of previous 
decompensation was associated with higher NLR values (2.65 vs 
2.03, P=0.012). There was no association between NLR and other 
categorical variables. 

The median follow-up was 32 months in the cohort of stable 
cirrhosis. During the studied period, 35 (19%) patients died and 
18 (10%) were submitted to liver transplantation. There was no 

relationship between NLR and transplant-free survival in patients 
with stable cirrhosis (HR 1.058, 95% CI 0.900–1.243, P=0.495) in 
univariate cox regression.

NLR in patients hospitalized for acute  
decompensation of cirrhosis 

In the cohort of hospitalized patients, NLR at admission was 
positively correlated with creatinine (r=0.166, P=0.003), total 
bilirubin (r=0.168, P=0.003), INR (r=0.115, P=0.040), CRP 
(r=0.364, P=0.001), CLIF-SOFA (r=0.195, P=0.001), Child-Pugh 
(r=0.163, P=0.004), and MELD (r=0.235; P<0.001); and negatively 
correlated with albumin (r=-0.176, P=0.002), sodium (r=-0.272, 
P<0.001), and mean arterial pressure (MAP) (r=-0.164, P=0.003).

Higher NLR values were observed in the case of  alcoholic 
etiology of cirrhosis (4.86 vs 3.64, P=0.003), ACLF (6.36 vs 3.65, 
P<0.001), Child-Pugh C (4.94 vs 3.63, P=0.003), and bacterial 
infection (4.95 vs 3.49, P=0.001); lower values were observed in 
those with hepatitis C (3.32 vs 4.57, P=0.027) and among patients 
with hepatocellular carcinoma (2.41 vs 4.01, P=0.002). There were 
no associations between NLR and the other categorical variables, 
including previous decompensation (4.11 vs 3.88, P=0.663). 

NLR and prognosis of patients hospitalized  
for acute decompensation

Univariate Cox regression was performed to investigate factors 
associated with survival among patients with acute decompensation 
of cirrhosis (TABLE 2). Ninety-day mortality was associated with 
complications of cirrhosis such as ascites, hepatic encephalopathy, 
bacterial infections and ACLF. Nevertheless, gastrointestinal 
bleeding was significantly more frequent in survivors. Patients who 
died also had higher median leukocytes, creatinine, INR, CRP and 
total bilirubin, as well as lower mean sodium and albumin levels. 
A higher proportion of patients classified as Child-Pugh C, and 
with a higher MELD and CLIF-SOFA scores died during follow-
up. Higher median NLR on admission was also associated with a 
worse outcome in the univariate Cox regression analysis (4.68 vs 
3.91, HR=1.047, P<0.001). Similar results were obtained for the 
NLR evaluated after 48 hours of hospitalization (4.60 vs 2.68, HR 
1.111, P<0.001). Previous decompensation showed no impact in 
90-day survival.

Multivariate Cox regression analysis was performed including 
the following variables: admission NLR, ACLF, Child-Pugh C, and 
MELD. Other variables already included in the prognostic models 
were not included in the multivariate analysis to avoid collinearity 
and to keep an acceptable number of events per variable. In this 
analysis, ACLF (HR 2.007, CI 95% 1.094–3.680, P=0.024), Child-
Pugh C (HR 2.213, CI 95% 1.211–4.046, P=0.010) and MELD 
(HR 1.048, CI 95% 1.000–1.098; P=0.049) were associated with 
lower survival. Admission NLR was not an independent prognostic 
factor (HR 1.022, CI 95% 0.987–1.057, P=0.221). A subsequent 
analysis was performed including NLR after 48 hours and the 
same variables mentioned previously. In this analysis, ACLF (HR 
1.869, CI 95% 1.024–3.411, P=0.042), Child-Pugh C (HR 2.122, CI 
95% 1.154–3.904, P=0.015) and 48-hour NLR (HR 1.061, CI 95% 
1.020–1.103, P=0.003) were independent predictors of survival. The 
area under the ROC curve for 48-hour NLR predicted mortality 
at 90 days was 0.691 (CI 95% 0.621–0.762). The best cutoff point 
chosen by the ROC curve for 48-hour NLR predicted mortality at 
90 days was 3.6. The Kaplan-Meier survival probability at 90 days 
was 87% for patients with 48-hour NLR <3.6 and 62% for NLR ≥3.6 
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(P<0.001) (FIGURE 1). At the cutoff of 3.6, 48-hour NLR showed 
a sensitivity of 69%, specificity of 65%, positive predictive value 
(PPV) of 38% and a negative predictive value (NPV) of 87% for 
predicting 90-day mortality. 

Prognostic ability of 48-hour NLR was not significantly influ-
enced by the history of previous decompensation. Among those 
without previous decompensation, the survival probability was 
87.5% for patients with 48-hour NLR <3.6 and 63.0% for those 
with greater values (P=0.003). In this case, 48-hour NLR showed 
a sensitivity of 74%, specificity of 59%, PPV of 37% and NPV of 
88%. Similarly, for subjects with previous history of hepatic decom-
pensation, 90-day survival was 86.5% for NLR <3.6 and 60.7% for 
the remaining individuals (P<0.001). NLR exhibited sensitivity of 
66%, specificity of 68%, PPV of 39% and NPV of 87%.

Dynamic NLR changes in the first 48 hours and prognosis 
in hospitalized patients with cirrhosis

When dynamic changes of NLR during the first 48 hours of 
hospitalization were evaluated, a higher proportion of patients who 
died exhibited NLR increase when compared to survivors (51% 
vs 26%, P<0.001). This increment in NLR was associated with  

TABLE 2. Factors associated with 90-day mortality in patients hospitalized for acute decompensation of cirrhosis.

Variables Survivors
(n=243)

Non-survivors
(n=77) HR (CI 95%) P

Age (years), mean ± SD 55.39±10.76 56.56±10.82 1.008 (0.988–1.030) 0.428
Male gender, n (%) 180 (74.1) 55 (71.4) 0.903 (0.551–1.480) 0.685
Etiology of cirrhosis, n (%)
    Alcohol 138 (56.8) 44 (57.1) 1.021 (0.650–1.603) 0.929
    Hepatitis C 89 (36.6) 25 (32.5) 0.838 (0.520–1.350) 0.467
    Hepatitis B 13 (5.4) 6 (7.8) 1.385 (0.602–3.186) 0.444
    Cryptogenic 18 (7.4) 7 (9.1) 0.935 (0.583–1.500) 0.781
Active alcoholism, n (%) 54 (24.8) 23 (22.5) 0.898 (0.551–1.463) 0.666
Previous decompensation, n (%) 160 (65.8) 50 (64.9) 0.951 (0.596–1.519) 0.834
Complication in admission, n (%)
    Ascites 108 (44.4) 59 (76.6) 3.545 (2.090–6.012) <0.001
    Hepatic encephalopathy 110 (45.3) 48 (62.3) 1.822 (1.149–2.889) 0.011
    Gastrointestinal Bleeding 106 (43.6) 22 (28.6) 0.573 (0.349–0.939) 0.027
    Bacterial infection 90 (37.0) 53 (68.8) 3.253 (2.007–5.272) <0.001
ACLF, n (%) 39 (16.0) 39 (50.6) 4.154 (2.654–6.502) <0.001
Laboratory data
    Leukocyte count (x109), median 7.00 7.25 1.045 (1.008–1.083) 0.017
    Sodium (meq/L), mean ± SD 135.97±4.88 133.96±5.74 0.938 (0.901–0.976) 0.002
    INR, median 1.40 1.65 1.829 (1.462–2.288) <0.001
    Albumin (g/dL), mean ± SD 2.40 ± 0.61 2.00±0.55 0.256 (0.165–0.399) <0.001
    CRP (mg/L), median 10.90 28.30 1.007 (1.004–1.010) <0.001
    Bilirubin total (mg/dL), median 1.80 3.15 1.049 (1.022–1.077) <0.001
Admission NLR, median 3.91 4.68 1.047 (1.021–1.073) <0.001
Child-Pugh C, n (%) 83 (34.3) 55 (72.4) 4.013 (2.426–6.638) <0.001
MELD score, mean ± SD 14.35±5.00 22.44±6.95 1.116 (1.087–1.146) <0.001
CLIF-SOFA, mean ± SD 5.83±2.30 8.52±2.57 1.393 (1.290–1.503) <0.001
Vital signs
    MAP (mmHg), mean ± SD 85.70±15.24 83.98±16.58 0.922 (0.977–1.007) 0.319
    Heart rate, mean ± SD 81.51±18.19 85.53±16.43 1.011 (0.999–1.023) 0.079
    SpO2/FiO2, median 466.66 457.14 0.989 (0.986–0.993) <0.001

SD: standard deviation; ACLF: acute-on-chronic liver failure; INR: international normalized ratio; CPR: C-reactive protein; NLR: neutrophil-lymphocyte ratio; MELD: Model for End-stage 
Liver Disease; CLIF-SOFA: chronic liver failure – sequential organ failure assessment. MAP: mean arterial pressure; SpO2 / FiO2: oxygen saturation / inspired oxygen fraction ratio.

FIGURE 1. Kaplan-Meier curve cumulative survival at 90 days according 
to the 48-hour NLR.
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90-day mortality in univariate Cox regression analysis (HR 2.488, 
CI 95% 1.591–3.891, P<0.001). In the multivariate analysis, pres-
ence of ACLF (HR 1.870, CI 95% 1.021–3.423, P=0.043), Child-
Pugh C (HR 2,088, CI 95% 1.138–3.834, P=0.018), MELD (HR 
1.057, CI 95% 1.010–1.105, P=0.017), and increase in NLR in the 
first 48 hours were independent predictors of 90-day mortality (HR 
2.038, CI 95% 1.295–3.207, P=0.002). The 90-day Kaplan-Meier 
survival probability was 83% in cases with no increase in NLR 
and 62% in those with increase in NLR (P<0.001) (FIGURE 2). 
Increase in NLR showed a sensitivity of 51%, specificity of 74%, 
PPV of 38% and NPV of 83%. 

and 48 hours (r=0.199; P=0.032). Interestingly, lower median IL-
10 levels were observed among those who showed an increase in 
NLR in the first 48 hours of hospitalization (2.00 pg/mL vs 2.75 
pg/mL, P=0.028).

DISCUSSION

In liver cirrhosis, there is a persistent systemic inflammation 
due to deregulation between pro and anti-inflammatory path-
ways, implying progression of liver disease and increased risk of 
decompensation(4). Currently available tools for the evaluation of 
this inflammatory state have the potential to guide decisions re-
garding therapeutic options, follow-up and prognostic evaluation, 
however, they have important limitations(1). In this study, the NLR 
was evaluated as a marker of systemic inflammatory response in 
patients with liver cirrhosis followed on an outpatient basis, and 
in patients hospitalized for acute decompensation. 

In outpatients with stable cirrhosis, NLR was not associated 
with survival after a median 32 months of  follow-up. In 2012, 
Biyik et al. demonstrated that NLR was an independent predic-
tor of  mortality in stable cirrhosis after long-term outpatient 
follow-up(17). Patients with NLR greater than 2.72 had significantly 
higher mortality(17). Other studies including patients listed for liver 
transplantation have shown that NLR is a useful tool to determine 
prognosis and outcome among subjects with low MELD and 
may aid in the decision of prioritize these patients for transplant, 
consider living donor or extension of donor criteria(14,18). As in the 
present study, Leithead et al. found a positive correlation between 
NLR and INR, bilirubin and MELD, but in their results NLR 
presented as an independent survival factor(14). When comparing 
the characteristics of patients included in the present study with 
other previously published cohorts, those included here had lower 
proportion of ascites, were younger, and mostly Child-Pugh A with 
low MELD scores. These findings suggest that, in outpatients with 
stable cirrhosis, NLR might perform better in the setting of more 
advanced liver disease.

In patients hospitalized for acute decompensation of cirrhosis, 
NLR presented a positive correlation with well-studied prognostic 
scores, such as CLIF-SOFA, Child-Pugh and MELD(27). In ad-
dition, patients with Child-Pugh C and ACLF presented higher 
values of NLR, indicating that NLR is related to the severity of 
liver disease(8,28). Hospitalized patients with infection also exhibited 
significantly higher NLR values. Similar to these results, Lliaz et 
al. demonstrated higher NLR values in patients with cirrhosis di-
agnosed with spontaneous bacterial peritonitis(29). A retrospective 
Chinese study identified that the NLR assessed at admission was an 
independent predictor of hospital-acquired bacterial infections(30). 
The higher NLR values in the presence of infection are probably 
due to the fact that immune system dysregulation and malnutri-
tion are important risk factors for infection. Systemic inflamma-
tion associated with immune dysfunction and infection triggers 
an increase in neutrophils, which inhibit activation and induce 
lymphocyte apoptosis. This factor, associated with lymphopenia 
secondary to a state of chronic malnutrition, leads to a tendency 
of higher NLR values(8,30). 

Lower NLR values were observed among patients with hepa-
tocellular carcinoma. Previous studies associated NLR with tumor 
staging in hepatocellular carcinoma, with higher values observed 
in individuals with more advanced disease(15,16). However, in the 
present study, advanced hepatocellular carcinoma, outside the 

FIGURE 2. Kaplan-Meier curve survival probability at 90 days according 
to the occurrence or non-occurrence of NLR elevation in the first 48 hours.

The prognostic impact of NLR increase was evaluated accord-
ing to history of previous decompensation. For patients without 
previous decompensation, the survival probability was 80% in cases 
with no increase in NLR and 67% in those with increase in NLR 
(P=0.127). In these case, increase in NLR showed a sensitivity of 
48%, specificity of 68%, PPV of 33% and NPV of 80%. For those 
with previous decompensation, the survival probability was 84% 
in cases with no increase in NLR and 59% in those with increase 
in NLR (P<0.001). Increase NLR exhibited 52% sensitivity, 78% 
specificity, 41% PPV and 84% NPV.

NLR and inflammatory cytokines in acute  
decompensation of cirrhosis

Circulating levels of inflammatory cytokines at admission were 
available for 130 patients hospitalized for acute decompensation of 
cirrhosis. Median IL-6, IL-17 and IL-10 were 19.30 pg/mL, 3.42 
pg/mL, and 2.24 pg/mL, respectively. IL-6 was positively correlated 
with admission (r=0.438, P<0.001) and 48-hour NLR (r=0.319, 
P<0.001). No differences were observed in IL-6 concentrations 
among those with or without increase in NLR in the first 48 hours 
(15.90 vs 18.42; P=0.876). Similarly, IL-17 at admission correlated 
with admission NLR (r=0.195; P=0.027) and, most strongly, with 
48-hour NLR (r=0.350; P<0.001). However, once again, differences 
in IL-17 levels were not noticed when compared those who exhibited 
NLR increase with those who don’t (P=0.311). Circulating IL-10 
were correlated with NLR of both admission (r=0.391, P<0.001) 
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Milan criteria, was considered exclusion criterion. Thus, it is likely 
that hepatocellular carcinoma did not significantly affect the NLR 
values in this group and that the difference observed here is prob-
ably due to a less advanced baseline liver disease among patients 
hospitalized with hepatocellular carcinoma.

Although admission NLR was related with 90-day mortality 
in univariate Cox regression analysis, this association was not 
maintained in the multivariate analysis including other important 
prognostic factors. On the other hand, NLR assessed after 48 hours 
of hospitalization and increase in NLR during the first 48 hours of 
hospitalization were independently associated with survival. It is 
likely that these results reflect the ability of NLR to identify patients 
who presented with a more intense systemic inflammatory response 
as a result of a more severe decompensation or more advanced dis-
ease(4). In addition, NLR elevation during hospitalization suggests 
a more intense systemic inflammation and immune dysregulation, 
consequently inferring greater severity of the acute decompensa-
tion or an inadequate response to the treatment offered, impacting 
on mortality(31). Previous studies investigating the relationship 
between NLR and early mortality (30 days) in different profiles 
of patients and applying different methodologies have suggested 
that higher NLR values are associated with higher mortality(8,31,32). 
Recently, Rice and colleagues demonstrated that higher NLR val-
ues at hospital admission are related to lower survival at 90 days 
and one year, higher rates of hospital readmission in 90 days and 
longer hospital stay(33). There are no previous studies evaluating 
the dynamic changes of  NLR values during hospitalization of 
patients with cirrhosis.

History of previous decompensation was not associated with 
NLR values and was also not related to survival in patients with 
acute decompensation. In addition, previous decompensation ex-
hibited no significant impact on prognostic ability of NLR assessed 
after 48 hours of hospitalization. In patients with history of past 
decompensation there was a slightly better performance of NLR 
increase for predicting mortality as compared to those without previ-
ous decompensation. However, the overall impact was numerically 
low, probably resulting from the reduction of sample size for this 
sub-analysis. Although the knowledge of previous complications 
of any patient is of unquestionable clinical relevance, recent studies 
showed that, in the setting of acute decompensation of cirrhosis, 
short-term prognosis appears to be more related to the severity of 
the acute episode than to previous complications(21,34). On the other 
hand, history of previous acute decompensation episodes exhibited 
great impact on long-term prognosis in ACLF survivors(35). 

Another interesting finding from our study is that gastrointes-
tinal bleeding was more frequent in the survivor group. Although 
variceal bleeding is a serious complication of cirrhosis, it has been 
associated with improved survival and lower organ failure scores 
in patients admitted in intensive care units(36,37). In addition, our 
institution has an established protocol for treating acute variceal 

bleeding, which contributes to better outcomes in these cases. 
Therefore, when compared to other complications presented at 
hospital admission, particularly bacterial infection and renal dys-
function, variceal bleeding is generally related to a better prognosis. 

IL-6, IL-10 and IL-17 correlated positively with admission and 
48-hour NLR. Cirrhotic patients have increased levels of inflamma-
tory and anti-inflammatory cytokines, resulting in a state of chronic 
inflammation(38). In a previous published analysis of  this same 
cohort conducted by our group, an increase in these cytokines was 
observed both in patients with compensated and decompensated 
cirrhosis, with higher values in the case of acute events(20). A study 
conducted in China also evaluated the association between NLR 
and cytokines, finding a moderate correlation between NLR and 
IL-6 and IL-8(32). Lower median IL-10 was observed in patients with 
increase in NLR in the first 48 hours of hospitalization. IL-10 is 
an important anti-inflammatory cytokine that is increased in liver 
cirrhosis as a compensatory response to the chronic inflammatory 
state and endotoxemia(20,39). It is possible that a less intense basal 
anti-inflammatory response, demonstrated here by lower levels of 
IL-10, allows a progression to a more robust subsequent inflam-
matory response, resulting in a more pronounced NLR increase.

In conclusion, NLR evaluated after 48 hours of hospitalization 
and increase in NLR during the first 48 hours of admission were 
independently associated with short-term mortality in patients 
hospitalized for acute decompensation of  cirrhosis. NLR is a 
simple, inexpensive, widely available, and easy to apply tool that 
can contribute for a better prognostic assessment in patients with 
advanced liver cirrhosis.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most preva-
lent liver disease in the world. The spectrum of the disease ranges 
from simple steatosis, which has a benign course, to steatohepatitis, 
which may progress to cirrhosis and its complications(1).

The incidence of NAFLD varies from 28/1.000 person-years in 
the West to 52/1.000 person-years in Asia. The global prevalence 
of NAFLD, when diagnosed by imaging, is around 25%, reaching 
31.79% in the Middle East, 30.45% in South America and 13.48% in 
Africa. The association between NAFLD and metabolic syndrome, 
obesity, dyslipidemia, and type 2 diabetes mellitus (T2DM) is well 
established. Up to two thirds of T2DM patients are estimated to 
have NAFLD(1-4).
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Alongside with the growth of obesity worldwide, the incidence 
of  NAFLD has also increased. In Southern Brazil, when the 
prevalence of NAFLD in obese patients is evaluated, the presence 
of  hepatic steatosis reaches up to 90.4% and of  non-alcoholic 
steatohepatitis (NASH) up to 70.4%. In the US, about 29.9% of 
NAFLD patients develop NASH, currently considered the sec-
ond leading cause of liver transplantation in the US and the first 
amongst American women. However, the leading cause of death 
amongst these patients is cardiovascular disease, regardless of the 
presence of metabolic comorbidities(5-9).

Steatosis identification usually occurs through imaging meth-
ods. However, these methods do not distinguish steatosis from 
NASH, being the diagnosis of  NASH still mostly dependent of 
liver biopsy(3).
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In NASH there may be progression and development of liver 
fibrosis and cirrhosis. Therefore, it is very important to detect pa-
tients who develop NASH and, amongst them, those who develop 
fibrosis. Currently, liver biopsy is mostly recommended for patients 
with metabolic syndrome or suspected advanced fibrosis(3).

For noninvasive assessment of  the fibrosis degree, several 
scores have already been evaluated, amongst them FIB-4, APRI 
and NAFLD Fibrosis Score (NFS) are the most used. Although 
they present low sensitivity in detecting advanced fibrosis and are 
unable to assess intermediate degrees of fibrosis, they can still be 
of great help in preventing liver biopsy(10-12).

However, none of the already mentioned methods are useful 
in identifying NASH in these patients. Considering the close as-
sociation between insulin resistance and the pathophysiology of 
NAFLD, the TyG Index has been recommended for the diagnosis 
and staging of NAFLD. TyG Index is a method used to identify 
insulin resistance and, because it consists of only two simple labora-
tory tests (triglycerides and fasting glucose), its application shows 
some advantages(6,13,14).

The present study aims to analyze the performance of  TyG 
Index in the evaluation of  steatosis, NASH and hepatic fibrosis 
in morbidly obese patients diagnosed with NAFLD, who are also 
candidates for bariatric surgery.

METHODS

This is a cross-sectional study. All the medical records of pa-
tients who had undergone bariatric surgery between 2007 and 2016 
at the Obese Treatment Center of Santa Casa de Misericórdia de 
Porto Alegre, a tertiary leading hospital in Southern Brazil were 
reviewed. Patients older than 18 years, who underwent bariatric 
surgery and performed intraoperative liver biopsy, and who had 
all laboratory data for calculating the TyG Index were included.

Patients with alcohol abuse (alcohol intake higher than 21 alcohol 
units/week for men and 14 alcohol units/week for women(3)), patients 
with other chronic liver diseases, using potentially steatotic medica-
tions or without this information in the medical record were excluded.

Liver biopsies were analyzed by a single pathologist experienced 
in hepatology according to the criteria of Kleiner et al.(15). Simple 
steatosis was classified as grade 0 (absent; <5%), grade 1 (mild; 5% 
to 33%), grade 2 (moderate; >33% to 66%), or grade 3 (advanced; 
>66%). The presence of NASH was diagnosed according to the 
NAFLD Activity Score and classified as: grade 0 (absent), grade 
1 (mild), grade 2 (moderate) or grade 3 (advanced). The degree of 
hepatic fibrosis was classified as: F0 (absent), F1 (sinusoidal or por-
tal / periportal fibrosis), F2 (peri-sinusoidal and portal/periportal), 
F3 (bridging fibrosis) and F4 (cirrhosis).

The level of  triglycerides, total cholesterol (TC), low density 
lipoproteins (LDL), high density lipoproteins (HDL), fasting glucose, 
glycated hemoglobin (HbA1c), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (AP), 
gamma glutamyl transferase (GGT), bilirubin, platelets, albumin 
and prothrombin time (PT), body mass index (BMI) and the oc-
currence of high blood pressure and T2DM were evaluated. All the 
blood tests were performed within 6 months before bariatric surgery.

Two non-invasive scores were analysed: TyG Index and 
NAFLD Fibrosis Score.

TyG Index was calculated using the equation Ln [fasting tri-
glycerides (mg/dL) x fasting glucose (mg/dL)/2], expressed on the 
logarithmic scale(16). 

To evaluate the performance of the TyG Index, the patients were 
divided into groups according to the anatomopathological findings 
of steatosis, NASH and liver fibrosis. Each group was further subdi-
vided into: non-significant (grade 0–1) and significant steatosis (grade 
2–3); Non-significant (grade 0–1) and significant NASH (grade 
2–3); non-significant (F0–2) and advanced fibrosis (F3–4). The best 
cut-off points for the diagnosis of significant steatosis (grade 2–3), 
significant NASH (grade 2–3) and advanced fibrosis (F3–4) were 
calculated through the area under receiver operating characteristic 
curve (AUROC) with its respective 95% confidence interval (95%CI). 
Afterwards, patients where subdivided according to the presence of 
DM, and the same analysis where performed for these.

The NAFLD Fibrosis Score was calculated using the equation 
NFS=-1.675+0.037 x age (years) + 0.094 x BMI (kg/m2) + 1.13 
x IFG/diabetes (yes=1, no=0) + 0.99 x AST/ALT ratio – 0.013 x 
platelet (x109/l) – 0.66 x albumin (g/dL)(11).

To evaluate the performance of the NFS, patients were divided 
in two groups according to the anatomopathological findings of 
liver fibrosis: non-significant (F0–2) and advanced fibrosis (F3–4). 
The cut-off  points already validated in literature were applied: 
-1.455 to exclude advanced fibrosis and >0.676 to diagnose ad-
vanced fibrosis. The accuracy was calculated through the AUROC 
with its respective 95%CI.

Continuous and normal distribution variables were described as 
mean and standard deviation, and asymmetric variables as median 
and interquartile range. Categorical variables were analyzed by Stu-
dent’s t-test and ANOVA. Analyzes with P<0.05 were considered 
statistically significant. The study was submitted and approved by 
the institution’s ethics committee (number 982.654), and written 
informed consent was not necessary due to the retrospective feature 
of this study.

RESULTS

A total of 423 medical records were reviewed in the study. The 
average age was 37.1±9.7 years old, 90 (21.3%) men and 333 (78.7%) 
women, with a mean BMI of 43.8±5.6 kg/m². Amongst those, 73 
(17.3%) patients presented T2DM and 167 (39.5%) hypertension.

The patients’ demographic and clinical characteristics, as well 
as the laboratory tests can be found in TABLE 1.

Steatosis evaluation
Forty (9.5%) patients showed no steatosis on liver biopsy, and 

another 383 (90.5%) had steatosis. Out of these, 80 (18.9%) patients 
presented simple steatosis at any grade (TABLE 2).

When analyzing the performance of  the TyG Index for the 
diagnosis of  significant simple steatosis (grades 2–3), patients 
with NASH or liver fibrosis were not included. The best cut-off  
point obtained was 8.76 with 67.6% sensitivity, 65.1% specificity, 
positive predictive value (PPV) of 46.3%, negative predictive value 
(NPV) of 81.8%, accuracy of 65.8% and AUROC of 0.66 (P 0.005) 
(TABLE 3).

When patients with T2DM were evaluated (n=13), a cut-off  
point of 9.10 was obtained, with sensitivity of 75.0%, specificity 
of 77.8%, PPV of 60.0%, NPV of 87.5%, accuracy of 76.9% and 
AUROC of 0.61 (P=0.537) (TABLE 4).

When evaluating patients without T2DM (n=107), the best 
cut-off  point obtained was 8.75, with 66.7% sensitivity, 67.6% 
specificity, 47.8% PPV, 82% NPV, accuracy of 67.3% and AUROC 
of 0.68 (P 0.003) (TABLE 5).
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TABLE 1 Demographic, clinical and laboratory features of analyzed 
patients.

Variables n=423
Age (years) – mean ± SD 37.1±9.7
Female– n (%) 333 (78.7)
BMI (kg/m2) – mean ± SD 43.8±5.6
T2DM – n (%) 73 (17.3)
HBP – n (%) 167 (39.5)
Glycemia (mg/dL) – mean ± SD 101.3±33.6
HbA1c (%) – mean ± SD 5.88±1.31
Trigliceryde (mg/dL) – median (P25 – P75) 137 (98–189)
TC (mg/dL) – mean ± SD 196.2±39.3
LDL (mg/dL) – mean ± SD 116.5±33.2
HDL (mg/dL) – mean ± SD 48.4±12.4
Albumin (g/dL) – mean ± SD 4.26±0.29
Bilirubin (mg/dL) – mean ± SD 0.52±0.25
AP (U/L) – mean ± SD 86.9±38.6
GGT (U/L) – median (P25 – P75) 34 (24–47)
AST (U/L) – mean ± SD 26.5±12.7
ALT (U/L) – mean ± SD 34.1±21.6
Platelets (/uL 109) – mean ± SD 285.2±69.7
PT (%) – mean ± SD 95.4±6.87

BMI: body mass index; T2DM: type 2 diabetes mellitus; HBP: high blood pressure; HbA1c: 
glycosylated haemoglobin; TC: total cholesterol; LDL: low density lipoprotein; HDL: high 
density lipoprotein; AP: alkaline phosphatase; GGT: gamma glutamyl transferase; ALT: alanine 
aminotransferases; AST: aspartate aminotransferases; PT: Prothrombine time.

TABLE 2. Staging according to anatomopathologycal features.

Anatomopathology N (%)
Simple steatosis 80 (100)
          Grade 1 – Mild 43 (53.8)
          Grade 2 – Moderate 18 (22.5)
          Grade 3 – Advanced 19 (23.7)
NASH 303 (100)
          Grade 1 – Mild 200 (66.0)
          Grade 2 – Moderate 103 (34.0)
          Grade 3 – Advanced 0 (0)
Fibrosis 221 (100)
          F1 172 (77.8)
          F2 15 (6.8)
          F3 33 (14.9)
          F4 1 (0.5)

TABLE 3. Performance evaluation of TyG Index in obese patients.

n Cut-off point Sen Spe PPV NPV AUC (95% CI) P
Simple Steatosis (0–1 x 2–3) 120 8.76 67.6 65.1 46.3 81.8 0.66 (0.66–0.77) 0.005
NASH (0–1 x 2–3) 383 8.82 57.3 58.6 33.7 78.8 0.58 (0.51–0.64) 0.022
Fibrosis (0–2 x 3–4) 383 8.91 61.8 62.5 13.8 94.4 0.69 (0.60–0.78) <0.001
Sen: sensibility, Spe: specificity. PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve; NASH: non-alcoholic steatohepatitis.

TABLE 4. Performance evaluation of TyG Index in obese patients with T2DM.

n Cut-off point Sen Spe PPV NPV AUC (95% CI) P
SimpleSteatosis (0–1 x 2–3) 13 9.10 75.0 77.8 60.0 87.5 0.61 (0.22–1.00) 0.537
NASH (0–1 x 2–3) 68 9.34 53.6 52.5 44.1 61.8 0.61 (0.48–0.75) 0.122
Fibrosis (0–2 x 3–4) 68 9.40 61.1 58 34.4 80.6 0.66 (0.52–0.81) 0.044

Sen: sensibility, Spe: specificity. PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve; NASH: non-alcoholic steatohepatitis.

NASH evaluation
In the evaluation of NASH (n=303), 200 (66%) had pathologi-

cal examination compatible with mild NASH and 103 (34%) with 
moderate NASH. No advanced NASH was identified (TABLE 2).

When analyzing the performance of the TyG Index for signifi-
cant NASH diagnosis (grade 2–3), all 383 patients with steatosis 
were considered. The best cut-off  point achieved was 8.82 with 
57.3% sensitivity, 58.6% specificity, PPV of 33.7%, NPV of 78.8%, 
accuracy of 58.2% and AUROC of 0.58 (P=0.022) (TABLE 3).

When patients with T2DM (n=68) were evaluated, a cut-off  
point of 9.34 was obtained, with sensitivity of 53.6%, specificity 
of 52.5%, PPV of 44.1%, NPV of 61.8%, accuracy of 52.9% and 
AUROC of 0.61 (P=0.122) (TABLE 4).

When patients without T2DM (n=315) were evaluated, the cut-
off  point was 8.73, with sensitivity of 52.0%, specificity of 52.5%, 
PPV of 25.5%, NPV of 77.8%, 52.4% accuracy and 0.52 AUROC 
(P=0.664) (TABLE 5).

Liver fibrosis assessment 
Amongst all the patients analyzed, 221 (52.2%) showed some 

grade of fibrosis on the liver biopsy. Out of these, 172 (77.8%) had 
F1, 15 (6.8%) F2 and 33 (14,9%) F3. Only 1 (0.5%) patient presented 
with cirrhosis (F4) (TABLE 2).

When analyzed the performance of TyG Index in the diagnosis 
of  advanced fibrosis (F3–4), all 383 patients with steatosis were 
considered. The best cut-off point obtained was 8.91 with sensitivity 
of 61.8%, specificity of 62.5%, PPV of 13.8%, 94.4% NPV, 62.4% 
accuracy and 0.69 AUROC (P<0.001) (TABLE 3).

In the exclusive evaluation of patients with T2DM, the cut-off  
point reached was 9.40, with sensitivity of 61.1%, specificity of 58%, 
PPV of 34.4%, NPV of 80.6%, accuracy of 58.8% and AUROC of 
0.66 (P=0.044) (TABLE 4).

When only patients without T2DM were evaluated, the cut-
off  point achieved was 8.80, with sensitivity of 62.5%, specificity 
of 59.2%, PPV of 7.6%, NPV of 96.7%, accuracy of 59.4% and 
AUROC of 0.57 (P=0.376) (TABLE 5).

When analyzing the performance of NFS in the diagnosis of 
advanced fibrosis, the lower cut-off  point of  <-1.455 to exclude 
advanced fibrosis presented a sensitivity of  59.4%, specificity 
of  51%, PPV of  11%, NPV of  92.4% and accuracy of  51.7%. 
However, the higher cut-off  point of 0.676 to diagnose advanced 
fibrosis presented a sensitivity of 21.9%, specificity of 83%, PPV 
of 11.7%, NPV of 91.2% and 77.3% accuracy. The AUROC was 
0.54 (P=0.480) (FIGURE 1).
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DISCUSSION

The interest in NAFLD diagnosis and staging has been growing 
exponentially. Several methods have been proposed for noninvasive 
evaluation, not always presenting a satisfactory performance(6,11-13).

In the present study, when evaluating morbidly obese candidates 
for bariatric surgery, steatosis was observed in 90.5% of  them, 
NASH in 71.6% and some degree of fibrosis in 52.2% of patients. 
These results are similar to other authors, which has presented 
a prevalence of  steatosis from 61.2% to 86% and NASH from 
30.9% to 77.5% amongst patients who are candidates for bariatric 
surgery(17-19).

The present study evaluated a new noninvasive score (TyG In-
dex) for diagnosis and staging of NAFLD, which showed modest 
performance in excluding significant simple steatosis and NASH, 
regardless of the presence of T2DM.

Regarding the degree of liver fibrosis, the TyG Index was able to 
assist in the exclusion of patients with advanced fibrosis, especially 
in the population without T2DM. 

Few studies have previously analyzed the TyG Index in 
NAFLD. A Chinese cohort study by Zheng et al.(20) suggested the 
TyG Index as an independent predictor for the diagnosis of hepatic 
steatosis. The evaluated population consisted of 4.539 workers fol-
lowed up from 2006–2015, and the development of steatosis was 
assessed by abdominal ultrasound. The ideal cut-off point for stea-
tosis prediction was 8.52, with 67% sensitivity, 71.9% specificity and 
0.76 AUROC (95%CI 0.74–0.77). The mean BMI of the evaluated 
population was 23.9 kg/m² in those with steatosis and 21.5 kg/m² 
in those without steatosis. Another Chinese(21) retrospective study, 

TABLE 5. Performance evaluation of TyG Index in obese patients without T2DM.

n Cut-off point Sen Spe PPV NPV AUC (95% CI) P
Simple Steatosis (0–1 x 2–3) 107 8.75 66.7 67.6 47.8 82.0 0.68 (0.57–0.79) 0.003
NASH (0–1 x 2–3) 315 8.73 52.0 52.5 25.5 77.8 0.52 (0.44–0.59) 0.664
Fibrosis (0–2 x 3–4) 315 8.80 62.5 59.2 7.6 96.7 0.57 (0.44–0.69) 0.376

Sen: sensibility, Spe: specificity. PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve; NASH: non-alcoholic steatohepatitis.

compared TyG Index’s performance to abdominal ultrasound for 
steatosis detection in 10.761 workers, obtaining the best cut-off  
point of  8.5, with sensitivity of  72.2%, specificity of  70.5% and 
AUROC of  0.78 (95%CI 0.77–0.79), and it also showed better 
performance in the diagnosis of steatosis in non-obese individuals. 
However, it is important to emphasize that in this study patients 
with BMI>25 kg/m² were considered obese.

In Mexico, Simental-Medía et al.(13) used the TyG Index as 
a noninvasive diagnostic tool for NAFLD in 50 asymptomatic 
women with a mean BMI of  33±7.1 kg/m² submitted to liver 
biopsy, and compared it to anatomopathological findings. In this 
cross-sectional study, cut-off  points were obtained well below 
those found in the present study, with 4.58 (94% sensitivity and 
69% specificity) for steatosis diagnosis, which outperformed NFS, 
SteatoTest, NashTest and Fatty Liver Index. The small number of 
patients evaluated and the absence of  male patients restrain the 
legitimacy of the study.

In the present study, the cut-off  point adopted was 8.76, but, 
despite the optimistic proposal of Zheng et al.(20) and Zhang et al.(21), 
we believe that the accuracy of the method is low, and thus does not 
serve the same purporse regarding noninvasive evaluation of this 
population. We highlight the fact that the patients here evaluated 
have a mean BMI of 43.8±5.6 kg/m².

Regarding NASH, so far there is no noninvasive method 
described with satisfactory performance in its identification. 
Simental-Medía et al.(13) proposed the TyG Index as a tool for the 
diagnosis of NASH, with a cut-off point of 4.59 (sensitivity of 87% 
and specificity of 69%) in asymptomatic women, with a superior 
performance compared to the ones obtained in the tests widely 
known. However, the present study demonstrated a modest TyG 
Index performance in the identification of  significant NASH in 
the evaluated population, not reproducing the findings described 
by Simental-Medía et al.(13).

Fedchuck et al.(22) reported a TyG Index accuracy of 90% and 
a PPV of 99% in the diagnose simple steatosis ≥5% when using the 
cut-off  point of 8.38. However, it was unable to differenciate the 
degree of liver steatosis. In relation to NASH, TyG Index did not 
perform well in the diagnosis and staging. Regarding fibrosis, they 
found a positive correlation between TyG Index and the degree of 
fibrosis assessed by liver biopsy, with mean cutoff value of 8.8±0.7 
for patients with fibrosis F1-2 and 9.0±0.7 for advanced fibrosis.

In a population composed of  89 obese patients candidates 
to bariatric surgery evaluated by Cazzo et al.(23), with mean BMI 
37.4±2.8, there was no statistical difference in the mean values 
of TyG Index amongst patients with or without simple steatosis, 
NASH and fibrosis. However, when assessing insuline resistance, 
TyG Index, HOMA-IR and TG/HDL-c mean values also did not 
have statistical difference amongst this groups. 

In a patient population similar to the present study, also com-
posed of individuals undergoing bariatric surgery with NAFLD, 
Faure et al.(14) evaluated the performance of  the TyG Index. A 
total of 147 patients with BMI 41±5 kg/m² were evaluated. Out of 
these, 30 patients had T2DM and 47 were insulin resistant (HOMA 

FIGURE 1. AUROC for identification of advanced fibrosis from TyG 
Index and NAFLD Fibrosis Score in relation to liver biopsy.
TyG Index: AUROC 0.69 (95%CI: 0.6–0.78); P<0.001.
NAFLD Fibrosis Score: AUROC 0.54 (95%CI: 0.43–0.65); P=0.480.



Smiderle CA, Coral GP, De Carli LA, Mattos AA, Mattos AZ, Tovo CV
Performace of triglyceride-glucose index on diagnosis and staging of NAFLD in obese patients

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 143 

≥3). Liver biopsy identified steatosis in 66% of patients, NASH in 
11% and fibrosis in 24%. This study identified the TyG Index as a 
predictor of NASH (P<0.0001), liver fibrosis in any degree (<0.01) 
and F3-4 liver fibrosis (P<0.05) in these patients. However, to date 
the study has not yet been fully published and data regarding per-
formance is not available.

In the present study, when the TyG Index was evaluated to 
identify advanced fibrosis, despite AUROC being 0.69 presented a 
high NPV (94.4%), which could avoid liver biopsy in a significant 
number of patients.

Other non-invasive surrogate markers had been studied 
to evaluate the presence of  advanced fibrosis in patients with 
NAFLD. The NFS was developed specifically for these patients 
and, on its validation study, it could have avoided up to 75% of 
liver biopsies(11). However, it has a modest performance in obese 
patients(24,25). Regarding the evaluation of advanced fibrosis using 
NFS in the present study, it did not perform satisfactorily. Despite 
its high NPV to exclude and to diagnose advanced fibrosis (92.4% 
and 91.2% respectively), its AUROC was 0.54 (95%IC: 0.43–0.65), 
being even lower than the AUROC observed with the TyG Index 
(0.69; 95%CI: 0.6–0.78).

Some biomarkers designed for other populations have their use 
extrapolated to NAFLD patients, such as APRI and FIB-4(25,26). 
De Cleva et al.(26) found APRI to be the best predictor of advanced 
liver fibrosis in obese patients amongst several non-invasive mark-
ers. However, this study did not evaluate the NFS. 

In the present study, APRI and FIB-4 were not evaluated be-
cause of the asymmetrical distribution of the patients, making it 
impossible to carry out the statistical analysis. The limitations of 

the present study are its retrospective nature, the absence of patients 
with advanced NASH and the small number of patients with F4 
fibrosis. On the other hand, the number of patients evaluated was 
significant, and all of them underwent liver biopsy, which is still 
considered the gold standard for diagnosis and has not always been 
used in other studies.

In conclusion, the TyG Index did not perform well for the diag-
nosis of significant NASH in the evaluated population. However, 
it was able to exclude advanced fibrosis in obese patients who are 
candidates for bariatric surgery, hence further prospective studies 
are needed in order to validate these findings. Also, the development 
of  an application to facilitate the calculation would be of  great 
help for physicians to use TyG Index for assessing liver fibrosis 
on clinical care.
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Smiderle CA, Coral GP, De Carli LA, Mattos AA, Mattos AZ, Tovo CV. Avaliação do desempenho do índice triglicerídeo-glicose no diagnóstico e esta-
diamento da DHGNA em pacientes obesos. Arq Gastroenterol. 2021;58(2):139-44. 
RESUMO – Contexto – A doença hepática gordurosa não-alcoólica (DHGNA) é a doença hepática mais prevalente no mundo. Nos Estados Unidos, 

a DHGNA já é a segunda causa de transplante hepático. O espectro da doença abrange desde a esteatose simples, que apresenta curso benigno, até 
esteato-hepatite não-alcoólica (EHNA), que pode progredir para cirrose e suas complicações. O desenvolvimento de métodos não invasivos para o 
diagnóstico e estadiamento da EHNA e da fibrose hepática visa diminuir a necessidade de biópsia hepática, um procedimento invasivo e não raro 
associado a complicações. Objetivo – Analisar o desempenho do índice triglicerídeo-glicose (TyG Index) para o diagnóstico e estadiamento da DHGNA 
em pacientes obesos. Métodos – Este é um estudo transversal retrospectivo. Foram analisados todos os prontuários de pacientes candidatos a cirurgia 
bariátrica em um hospital de referência do Sul do Brasil e calculado o TyG Index, um escore composto por dois exames laboratoriais (triglicerídeos 
e glicose de jejum), realizados previamente à cirurgia. O desempenho do TyG Index em relação aos achados anatomopatológicos hepáticos foi ava-
liado, e calculada a curva ROC para avaliação de esteatose simples, EHNA e fibrose hepática. O NAFLD Fibrosis Score (NFS) também foi avaliado. 
Resultados – Foram avaliados 423 pacientes. O melhor ponto de corte do TyG Index para a exclusão de esteatose simples significativa (grau 2–3) foi 
de 8,76, com sensibilidade 67,6%, especificidade 65,1%, valor preditivo positivo (VPP) 46,3%, valor preditivo negativo (VPN) 81,8%, acurácia 65,8% e 
AUROC 0,66 (P=0,005). Na avaliação de EHNA significativa (grau 2–3), o melhor ponto de corte foi de 8,82 com sensibilidade 57,3%, especificidade 
58,6%, VPP 33,7%, VPN 78,8%, acurácia 58,8% e AUROC 0,58 (P=0,022). Em relação à fibrose avançada (grau 3–4), o melhor ponto de corte do 
TyG Index foi de 8,91 com sensibilidade 61,8%, especificidade 62,5%, VPP 13,8%, VPN 94,4%, acurácia 62,4% e AUROC 0,69 (P<0,001). Ao ana-
lisarmos o desempenho do NFS no diagnóstico de fibrose avançada, o ponto de corte de <-1,455 excluiu fibrose avançada com sensibilidade 59,4%, 
especificidade 51%, VPP 11%, VPN 92,4% e acurácia 51,7%. Entretanto, o ponto de corte de 0,676 para fibrose avançada apresentou sensibilidade 
de 21,9%, especificidade 83%, VPP 11,7%, VPN 91,2% e acurácia 77,3%. A AUROC foi de 0,54 (P=0,480). Conclusão – O TyG Index não apresentou 
bom desempenho para o diagnóstico e estadiamento da esteatose simples e da EHNA. Entretanto, foi capaz de excluir fibrose avançada em pacientes 
obesos candidatos a cirurgia bariátrica.

Palavras-chave – Obesidade; hepatopatia gordurosa não-alcoólica; esteato-hepatite; cirurgia bariátrica; esteatose hepática.
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INTRODUCTION

Ileitis is defined as an inflammation of the ileum, which is the 
portion of  the small intestine that is evaluated during colonos-
copy(1). Although ileoscopy with biopsy is frequently practiced, 
there is small data in the literature about its histopathological 
relevance and clinical management. The exception is made in cases 
of differential diagnosis of diarrhea, in which the validity of the 
ileum assessment is well established(2-5).

Although Crohn’s disease is commonly associated with ileitis, 
other differential diagnoses must be considered on this clinical pres-
entation. These diagnoses can be divided into the following etiologic 
groups: infectious diseases, such as tuberculosis and cytomegalovi-
rus infection; spondyloarthropathy, as an example ileitis related to 
ankylosing spondylitis; vasculitis; neoplasms, for instance carcinoid 
tumor; drug-induced, related to non-steroidal anti-inflammatories 
and hydrochlorothiazide; systemic diseases; lymphoid hyperplasia; 
and immunoglobulin-G4-related disease(1,6-11). 

The assessment of the ileum is part of the complete colonos-
copy, however due to the difficulty in carrying it out, which increases 
the examination time, and to the fact that it does not bring new 
information for the diagnosis in most cases, its performance in all 
colonoscopies has been questioned(4,5,7,12). Therefore, it is likely that 
its relevance is greater in symptomatic patients(13). 

The aim of this study is to assess the agreement between en-
doscopists and pathologists when ileitis is endoscopically found and 
thus to estimate the importance of the ileal evaluation.

Ileitis – do endoscopist and pathologist  
speak the same language?
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ABSTRACT – Background – Ileitis is defined as an inflammation of the ileum, which is evaluated during colonoscopy. Biopsies should be performed on 
altered ileus, aiding to the diagnosis. Objective – Evaluate the correlation of anatomopathological findings on ileitis between pathologists and endosco-
pists. Methods – A retrospective, cross-sectional study, between 2013 and 2017. Examination report, indications for colonoscopy, and medical records 
were evaluated to identify whether the colonoscopic findings were clinically significant. Anatomopathological samples were reviewed by a pathologist 
expert in gastrointestinal tract. Patients over 18 years of age who had undergone ileoscopy were included, whereas patients below 18 years of age and 
those with previous intestinal resections were excluded. The correlation was assessed using the kappa coefficient index. Results – A total of 5833 colo-
noscopies were conducted in the study period and 3880 cases were included.  Ileal alterations were observed in 206 cases, with 2.94% being clinically 
significant. A hundred and sixty three biopsies were evaluated using the kappa index, resulting in agreement among pathologists of 0.067 and among 
pathologist and endoscopist of 0.141. Conclusion – It was observed that despite the low concordance between pathologists and endoscopists, there 
was no change in patient outcomes. This study confirms the importance of knowledge of the main anatomopathological changes related to ileitis by 
pathologists and endoscopists, making the best diagnosis and follow-up.
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METHODS

This study was conducted retrospectively using the data of co-
lonoscopy examinations performed at the Clinical Hospital of the 
Federal University of Paraná, a Brazilian tertiary public university 
hospital, between 2013 and 2017.

The study sample was made in phases, as follow:
– Colonoscopies selection: patients over 18 years of age who 

underwent ileoscopy, without previous gastrointestinal surgical ma-
nipulation, were included. Colonoscopic examinations performed 
on patients under 18 years of age, without ileal evaluation or who 
had undergone surgical manipulation with total or partial resection 
of the small and/or large intestines, were excluded. 

– Criteria for ileitis: colonoscopy reports of selected patients 
were reviewed, and were included patients with described ileitis – 
ileal changes described by the endoscopist. 

– Review of biopsy slides: the composition of the number of 
slides reviewed included all ileitis who had undergone biopsy. Pa-
tients with ileitis but no biopsy and those in which biopsy material 
were not found in the hospital files were excluded.

The indications of  colonoscopy were categorized as the fol-
lowing: abdominal pain, follow-up of patients with inflammatory 
bowel disease (IBD), bleeding from the gastrointestinal tract, 
constipation, diarrhea, chronic anemia, weight loss / consump-
tive disease, change in bowel habit, control of  neoplasia of  the 
gastrointestinal tract, control of colonic polyps, colorectal cancer 
screening, and others. 

AG-2020-115
doi.org/10.1590/S0004-2803.202100000-25
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The characterization of ileitis included ileal changes that could 
be described in the ileocolonoscopy exam such as erosion, ulcer, 
lymphoid hyperplasia, enanthema, polyps and others, for example 
stenosis and friability.

Each case was evaluated by reviewing both the original pa-
thology report and consultant gastrointestinal pathologist. All 
pathology slides were reviewed by a pathologist expert in the gas-
trointestinal tract, who had access, prior to the analysis, to the same 
information as the colleague (request for anatomopathology issued 
by the endoscopist who performed the exam). The data collected 
included the ileal anatomopathological alterations classified as: 
ulcer, erosion, acute ileitis, chronic ileitis, normal ileum, lymphoid 
hyperplasia, viral inclusion, and others.

In order to assess whether the ileitis was clinically relevant, as 
well as the disagreement between pathologists, a review of the medi-
cal records of patients was performed evaluating their follow-up 
and outcomes. When the presence of ileitis indicates a diagnostic 
or therapeutic change, it was considered clinically significant.

To characterize the agreement between pathologist and en-
doscopist, the presence of  the elementary injury described in 
colonoscopy was compared to the histopathological description 
(erosion, ulcers, lymphoid hyperplasia, polyps). To assess the 
agreement between pathologists, it were compared the anatomo-
pathological description reports. 

The results obtained in the study were represented as mean, 
standard deviation, minimum and maximum values (for age), or 
by frequencies and percentages (categorical variables). The evalu-
ation of correlation between pathological reports and endoscopic 
exams were described using the percentiles and they were compared 
using the kappa coefficient by the computer program SPSS version 
22.0 (IBM).

The study was submitted and approved by the Research Ethics 
Committee of the Clinical Hospital of University Federal of Paraná. 

RESULTS

From 2013 to 2017, 5833 colonoscopies were performed at our 
hospital, from which 3880 were included in this study. There were 
206 reports of ileitis (5.31%), and 163 cases underwent histologi-
cal review.

From all 206 diagnosis of ileitis, the medical records were re-
viewed to assess whether the ileitis was clinically significant, that is, 
cases in which there was a change in diagnosis or treatment after the 
review of histological samples. There were 114 cases (55.34% of the 
ileitis and 2.94% of the total) considered as clinically significant le-
sions, of these 79 were from control exams of patients with inflamma-
tory bowel disease. The remaining cases are illustrated in TABLE 1. 

Thus, considering the other indications, 35 exams out of 127 
(27.56%) were clinically relevant. The diagnosis found in the 35 
cases of patients who did not have IBD were: 16 diagnostic exams 
of IBD, eight cases of graft versus host disease (GVHD), two ileitis 
due to cytomegalovirus, two carcinoid tumors, two ileitis related to 
spondyloarthropathy, one ileitis associated with vasculitis (Churg 
Strauss syndrome), one eosinophilic ileocolitis, one ileitis caused 
by Epstein-Barr virus, one drug-related ileitis (non-steroidal anti-
inflammatory) and one case of GVHD associated with cytomeg-
alovirus infection.

An anatomopathologic review of 163 patients was performed, 
79.13% of the total cases of ileitis (FIGURE 1). Some cases were 
excluded from the analisis: in six cases the biopsy material wasn’t 

TABLE 1. Indications for colonoscopies exams.

Indication n  
total

n clinically 
relevant

Control of inflammatory bowel disease 79 79
Diarrhea 16 11
Bleeding 15 6
Screening 16 2
Abdominal pain 10 2
Polyp control 14 2
Anemia 8 1
Weight loss 8 1
Others 10 3
Anemia and weight loss 1 1
Abdominal pain, diarrhea and weight loss 1 1
Abdominal pain, bleeding and weight loss 1 1
Abdominal pain and others 2 1
Diarrhea and bleeding 3 1
Abdominal pain and bleeding 3 1
Diarrhea and others 1 1
Abdominal pain, diarrhea and others 1 –
Abdominal pain and diarrhea 1 –
Abdominal pain and polyp control 1 –
Abdominal pain and constipation 1 –
Abdominal pain, bleeding and constipation 1 –
Bleeding and weight loss 2 –
Bleeding and anemia 1 –
Anemia and diarrhea 2 –
Anemia and change in bowel habits 1 –
Constipation 1 –
Diarrhea and weight loss 1 –
Weight loss and change in bowel habits 1 –
Weight loss and others 1 –
Cancer control 1 –
Change in bowel habits 2 –
Total 206 114

FIGURE 1. Description of the study sample, colonoscopies and biopsies 
included.
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found and in 37 cases no biopsies were performed at the time of 
the exam, of which 19 exams were for the control of patients with 
IBD and the others had characteristic macroscopy of lymphoid 
hyperplasia during colonoscopy.

The average age was 47±14.74 years old (18–78 years old) 
and the gender distribution was mostly composed by women, 100 
(61.35%).

The macroscopic findings are shown in TABLE 2. TABLE 3 
illustrates the microscopic findings found by pathologists.

DISCUSSION

In the present study, ileal alterations were found in 5.31% of 
the exams. These data are similar to those reported in the literature, 
varying from 1–5%(7,13-18). Considering the total number of ileitis 
cases in this study, only 2.94% showed clinical relevance, indicating 
a diagnosis or a change of treatment. This finding was also concur-
rent with the literature, which reports that ileal examination helped 
in the diagnosis in 1.0–7.2% of routine colonoscopies(12,15,16,19-22).

In this study, indications for colonoscopy with the highest 
number of ileitis and clinically significance were those performed 
in patients for control of  IBD and those under investigation of 
chronic diarrhea. In 1998, in order to justify ileal examination in 
patients with IBD, Geboes retrospectively evaluated the ileoscopies 
of patients with IBD versus a control group demonstrating that 123 
of the 257 patients with IBD had ileitis, while the control group 
had none(23). In the same way, patients in investigation for chronic 
diarrhea have histopathological alterations in 9 to 19%, according 
to the literature(24-28). 

There is a low correlation between pathologists, that can be 
explained by the peculiarities of  an ileal evaluation, and by the 
fact that some gastrointestinal pathologists are more habituated 
to diagnose them than others(2,29). 

The most common ileal inflammatory lesion is acute nonspe-
cific terminal ileitis, and in our results, only the gastrointestinal 
pathologist was able to identify this(14,20,29). In chronic inflammation, 
the most prominent signs are architectural changes, alterations of 
the epithelial cells, as well as changes in the composition of the 
inflammatory infiltrate in the lamina propria(2,29). 

TABLE 2. Macroscopic ileal findings with colonoscpy.

Lesion n (%)
Erosion 49 (23.79)
Ulcer 46 (22.33)
Lymphoid hyperplasia 32 (15.53)
Others 18 (8.74)
Enanthema 11 (5.35)
Erosion and enanthema 9 (4.37)
Poplyp 9 (4.37)
Ulcer and erosion 5 (2.43)
Erosion and others 6 (2.92)
Enanthema and others 3 (1.46)
Ulcer, enanthema and others 4 (1.94)
Ulcer and lymphoid hyperplasia 1 (0.48)
Lymphoid hyperplasia and polyp 1 (0.48)
Ulcer e polyp 2 (0.97)
Lymphoid hyperplasia, erosion and enanthema 2 (0.97)
Erosion, enanthema and others 2 (0.97)
Ulcer and others 4 (1.94)
Ulcer and enanthema 2 (0.97)
Total 206 (100)

TABLE 3. Anatomopathological findings between the two pathologists.

Patologist 1 Pathologist expert in 
gastrointestinal pathology

Ulcer 22 35
Erosion 24 52
Viral inclusion 2 4
Acute ileitis 49 63
Chronic ileitis 80 41
Lymphoid hyperplasia 33 57
Normal ileum 12 22
Others 61 34

There was agreement between pathologists in 81 (49.69%) 
cases and in 85 (52.15%) cases there was agreement between the 
gastrointestinal pathologist and the endoscopist. In 48 (29.45%) 
cases there was agreement between pathologists and endoscopist.

Evaluating the kappa index, a weak correlation was observed 
between pathologists (kappa 0.067) and between the gastrointes-
tinal pathologist and the endoscopist (kappa 0.141). It should be 
noted that the disagreement between pathologists and endoscopists 
did not change, with clinical relevance, the management of patients 
studied, because gastroenterologists have taken into consideration 
both descriptions. TABLE 4 show the disagreement between pa-
thologists and endoscopists. 

TABLE 4. Agreement between macroscopic endoscopic findings,  
pathological findings and clinical relevance in slide review exams.

Endoscopic macroscopic 
description Endoscopy Pathological 

agreement
Clinical 

relevance

Erosion 47 26 25

Ulcer 36 16 22

Lymphoid hyperplasia 16 8 4

Others 12 5 8

Enanthema 9 0 5

Erosion and enanthema 8 0 3

Poplyp 7 3 3

Ulcer and erosion 5 0 3

Erosion and others 5 2 4

Erosion, enanthema and 
others 2 0 2

Ulcer, enanthema and 
others 4 0 2

Ulcer and others 3 1 3

Enanthema and others 3 0 3

Ulcer e polyp 2 1 2

Lymphoid hyperplasia, 
erosion and enanthema 1 0 0

Ulcer and enanthema 2 0 0

Ulcer and lymphoid 
hyperplasia 1 0 1

Total 163
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The literature suggests that for the interpretation of  ileal  
biopsies, pathologists should take a systematic approach, which 
could enable them to document all the changes in an organized 
manner and would help in the diagnosis(29). The first step is to 
evaluate the mucosal changes and establish if  there is chronic or 
acute inflammation. In our results, we saw that this differentiation 
was one of the biggest differences between pathologists, probably 
because only gastrointestinal pathologists are well trained with 
this systematization, and also because one sample can have both 
presentations, a diagnosis of “chronic ileitis with activity”(29). The 
following steps for pathological findings and possible diagnosis 
depend on the first one, showing this as the most relevant differ-
entiation in the ileal histopathological evaluation(29).

It is well stablished that in ileal histopathological evaluation 
the presence of lymphocytes and plasma cells in intestinal mucosa 
is not indicative of pathological inflammation, it is physiological, 
and only if  the composition and distribution of the inflammatory 
cells change, there is a pathological situation(2). In our results, the 
number of  normal ileum cases increased when analyzed by the 
gastrointestinal pathologist. The expert pathologist know that 
a diagnosis of  normal histology does not exclude inflammatory 
or infectious disease, because in some pathological situations the 
mucosal alterations can be minimal, focal or even absent(2).

Lymphoid tissue is normally found in the ileum and is therefore 
often undervalued by pathologists. In our study, the diagnosis of 
lymphoid hyperplasia was more frequently observed by the special-
ist, than the first general pathologist(2,29). 

It is possible to make a diagnosis of ileitis in biopsies, but etiol-
ogy will often depend on additional clinical data(2). Ileal biopsies 
should be analyzed with a detailed knowledge of  the patient’s 
clinical presentation, endoscopic, radiological and lab workup for 
optimal correlation(2,29). Our study is the first to have interobserver 
variability in ileal biopsies as its scope. We found that even though 
there is a high disagreement between specialist and general patholo-
gists, this disagreement was not relevant in the conduction of the 

cases, because histology findings either did not change the outcome 
of the workup, or clinical and endoscopic data were sufficient to 
plan workup regardless of the biopsy findings.

Our study also showed that there is a low correlation between 
the pathologist and endoscopist. It is important to realize that some 
endoscopic alterations have no pathologic specific correlation, such 
as erythema or edema, as well as pathologic alterations, such as 
chronic and acute ileitis are sometimes not evident on endoscopy. 
The description of erosion and ulcer are the alterations with most 
disagreement between endoscopists and pathologists. This can be 
the result of sampling (erosions are sometimes difficult to properly 
sample), and also because they can have similar endoscopic appear-
ances, but can be easily separated on histology.

CONCLUSION

This study had some limitations such as sample size, bias of 
the population studied (tertiary hospital sample), and retrospec-
tive design. However, unlike other studies that have been already 
published, our study analyses the difference between pathologists 
and endoscopists, showing that even if  there is a low correlation, 
there is no compromise in patient follow-up.

Therefore, the study concludes that the association between 
pathologist, endoscopist, and clinical gastroenterologist is able to 
provide diagnosis and correct management of ileitis.
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RESUMO – Contexto – Ileíte é definida como uma inflamação ileal, que pode ser avaliada durante a colonoscopia. Biópsias devem ser realizadas em 

íleos alterados, acrescentando na definição diagnóstica. Objetivo – Avaliar a correlação de achados anatomopatológicos das ileítes entre patologistas e 
endoscopistas. Métodos – Estudo retrospectivo, transversal, entre os anos de 2013 e 2017. Foram avaliados laudos de exames, indicações e prontuários 
para identificar quando os achados colonoscópicos foram significativos. As amostras de anatomopatologia foram revisadas por um patologista es-
pecialista em trato gastrointestinal. Foram incluídos pacientes acima de 18 anos, com ileoscopia, e excluídos pacientes menores de 18 anos e os com 
ressecções intestinais prévias. A correlação foi avaliada utilizando-se o coeficiente kappa. Resultados – Durante o período do estudo foram realizadas 
5833 colonoscopias, das quais 3880 foram incluídas. Alterações ileais foram observadas em 206 casos, com 2,94% sendo clinicamente significativo. 
Cento e sessenta e três biópsias foram avaliadas, resultando em coeficiente kappa entre patologistas de 0,067 e entre patologista e endoscopista de 
0,141. Conclusão – Foi observado que a despeito da baixa concordância entre patologistas e endoscopistas, não houve mudança no desfecho clínico do 
paciente. Esse estudo confirma a importância do conhecimento dos achados anatomopatológicos principais das ileítes entre patologistas e endoscopias, 
fazendo o melhor diagnóstico e seguimento.

Palavras-chave – Colonoscopia; ileíte; doença inflamatória intestinal; patologia gastrointestinal.
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INTRODUCTION

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are 
chronic diseases with severe health complications and a worldwide 
prevalence of 248 million and 71 million respectively(1-4). Approxi-
mately more than 500 million individuals suffer from hepatitis B 
and hepatitis C infections rendering it a leading global health 
dilemma(5). According to the World Health Organization (WHO) 
annual proportion of individuals suffering globally from hepatitis 
B infection is 2 billion(4,6). Hepatitis C depicted as a debilitating 
disease has an annual global proportion of 3-4 million individuals 
suffering from it(5,7). The global prevalence rate of death according 
to the WHO recorded for hepatitis B is 0.6 million(6-8). The death 
toll recorded for hepatitis C as per the WHO is 0.4 million per 
year(7,9). The percentage of incidence of hepatitis B virus infecting 
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ABSTRACT – Background – Viral hepatitis is a global phenomenon, with the disease burden varying on a daily basis. Amongst chronic infections, hep-
atitis B virus and hepatitis C virus (HCV) are egregiously linked to severe health-related complications, with a worldwide prevalence of 248 million 
and 71 million respectively. Amongst the developing world, a hand full of countries are exhibiting a gross decline in chronic viral infection prevalence, 
like Bangladesh. While countries such as India have a consistent prevalence, Pakistan bears one of the largest proportions of chronic viral hepatitis 
globally with increasing trends shown year-by-year. Various old literature texts have stated an approximate national prevalence rate around 2.6% and 
5.3% of hepatitis B and C respectively. Objective – The objective of this study was to determine the current seroprevalence rates of chronic viral hepa-
titis amongst the general population of rural Sindh using a screening program to determine the current disease burden. Methods – An observational, 
cross-sectional survey based on a screening program was conducted in 5 districts with a combined population of over 6.5 million. The screening was 
carried out via the administration of various camps with the assistance of local social workers and welfare organizations. A total of 24,322 individuals 
met the inclusion criteria and were screened through (HBsAg/HCV) rapid test cassette (WC) Imu-Med one-step diagnostic test. Results – Hepatitis B 
was found positive in 964 (3.96%) individuals including 421 (43.67%) males and 543 (56.32%) females, while hepatitis C was positive in 2872 (11.80%) 
individuals including 1474 (51.32%) males and 1398 (48.67%) females. The prevalence amongst the districts varied between 0.97% and 9.06% for 
hepatitis B, and 1.61% and 29.50% for hepatitis C, respectively. Umerkot was found to be the most prevalent district amongst rural Sindh, while Badin 
had the least number of seropositive people. The second most prevalent district of the study population was found to be Tando Allahyar followed 
by Mirpur Khas. The combined seroprevalence of 15.76% was calculated for hepatitis B and C together amongst the five studied districts of rural 
and peri-urban Sindh. Conclusion – The alarmingly high prevalence rates revealed in our study warrant the urgent need to generate multiple effective 
strategies in the region to enhance awareness amongst the general population regarding screening, prevention, and prompt treatment of the disease.
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the general population in the continent of Asia as certified by WHO 
is 2.0% to 7.0% but can rise in highly endemic areas(10). Hepatitis 
C infection has deep roots engraved in the region of Asia with a 
percentage of 2.8% of people suffering from it(11). Prevalence of 
hepatitis B is categorized into three numerical categories, namely 
high (>8%), intermediate (2–7%), and low (<2%)(12).

Amongst the countries residing within the subcontinent region, 
hepatitis B is highly endemic in China with a prevalence percentage 
of  7–20% among the general population(12,13). While hepatitis C 
infection is significantly less prevalent at a percentage of 1.6%(14). 
The percentage prevalence of hepatitis B infection detected within 
the general population of Afghanistan is 1.9%, proffering it as low 
prevalent in the region compared to China(15). Analogizing the viruses 
together, a prevalence of 0.7–1.1% was calculated among individuals 
of Afghanistan suffering from hepatitis C(15,16). Hepatitis B is hypo-

AG-2020-117
doi.org/10.1590/S0004-2803.202100000-26



Asghar MS, Rasheed U, Hassan M, Akram M, Yaseen R, Fayaz B
A cross-sectional screening survey on the seroprevalence of hepatitis B and hepatitis C amongst the general population of rural districts of Sindh, Pakistan

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 151 

endemic in Iran accounting for a 1.7% prevalence(17). Epidemiology 
of hepatitis C frequency calculated within the general community of 
Iran is 0.3%, evincing it as low endemic(18). Saudi Arabia has a hepati-
tis B epidemiological frequency rate detected at 1.31 percent, catego-
rizing it as low within the country(19). The periodicity of hepatitis C 
infection amongst the Saudi population is reported at 0.4–1.7%(19,20). 
Bangladesh is leading towards a decline in the prevalence percentage 
of hepatitis B infection among healthy citizens, accounting for 4% 
or less in recent intervals(21). Data quoting the prevalence of hepatitis 
C among the healthy individuals of Bangladesh is limited and pro-
vides an estimation of 0.2–1% prevalence which is low endemic in 
the country(22,23). India, in terms of the prevalence incidence rate of 
hepatitis B within healthy individuals, marks itself in the intermediate 
zone (2–7%) accounting for 4% of the disease load(24). Comparisons 
to hepatitis C prevalence reveal a drastic change, as studies showed 
only 1% of the total Indian population to be infected with it(3).

The national survey of the Pakistan Medical Research Council 
(PMRC) concluded the incidence prevalence rate of HBV in the 
general population at 2.5%, categorizing it in the intermediate zone 
of  prevalence, affecting 9 million healthy individuals across the 
country(4,6,8). Intra-provincial prevalence of hepatitis B as detected 
by PMRC states infection rates as 2.4% in Punjab, 2.5% in Sindh, 
4.3% in Balochistan, and 4.3% in Khyber Pakhtunkhwa(6,8). HCV 
infects 10 million healthy individuals making it an epidemiological 
infection across the country(4,7). Hepatitis C infection is quoted to 
have the second-highest prevalence in Pakistan all over the globe 
with an estimated 5.0–6.2% prevalence incidence rate denoting 
it as intermediate zone disease(7). The distribution of prevalence 
incidence rates of hepatitis C infection within the country reveal 
Punjab at 5.46%, Khyber Pakhtunkhwa at 6.07%, Balochistan at 
25.77%, and Sindh at 2.55%, respectively(7,25).

The objective of  this study was to determine the current se-
roprevalence rates of chronic viral hepatitis amongst the general 
population of rural Sindh. We identified five distinct districts of 
rural Sindh, where the seroprevalence data was either not available, 
or scarcely reported in the literature. A screening of the general 
population was the prime target of this study to report the current 
disease burden of chronic viral hepatitis amongst the masses of 
remote village areas of Sindh.

METHODS

An observational, cross-sectional survey based on a screening 
program was conducted in five districts of  rural and peri-urban 
Sindh primarily targeting the rural population. Those five districts 
included Badin, Tando Allahyar, Mirpur Khas, Umerkot, and 
Thatta (including Tehsil Kandiaro) with a combined population 
of over 6.5 million (6,522,681). The particular data of each district 
being studied is described in TABLE 1.

Ethical approval was obtained for the study from the institu-
tional Ethical Review Committee. The screening was carried out 
through the administration of various camps with the assistance 
of  local social workers and welfare organizations. The general 
public was made aware of the timings and 75 different venues for 
screening camps via distributing pamphlets and spreading the word 
through local places of worship. The study included all the healthy, 
asymptomatic individuals of age between 5 and 80 years, who had 
not previously been screened or diagnosed with hepatitis, and those 
who were willing to participate. Individuals with a documented 
history of  hepatitis B or C, patients with previously prescribed 
hepatitis treatment, people who were below 5 or above the age of 
80 years, and those not willing to participate were excluded from 
the study. During the screening survey, verbal consent was obtained 
from all individuals.

The screening was done by using HBsAg/HCV rapid test cas-
sette (WC) Imu-Med one-step diagnostic test, with a sensitivity 
of 97.1% and specificity of 99.9% according to the manufacturer, 
which got stored at 2–30 degree Celcius (36–86 degree Fahren-
heit). This diagnostic kit was sealed for in vitro diagnostic use by 
Healgen scientific LLC 3818, Fuqua street Houston TX, 77047, 
USA. Individuals found positive for either hepatitis B or C serol-
ogy were referred to tertiary care set up for further evaluation and 
management.

Characteristics of the districts included in the  
study population

Badin: this district was established in 1975, it lies to the east 
of River Indus, comprising of five tehsils and 46 union councils, 
populated around 1,136,636 in 1998 (16.42% urban, 83.58% rural) 
which increased to 1,804,516 (21.74% urban, 78.36% rural) accord-
ing to 2017 census, amongst whom 51.67 % are males and 48.32% 
females. The total area of the district is 6,726 square kilometers. 
The sample size was calculated via the Rao-soft digital sample 
size calculator (http://www.raosoft.com/samplesize.html), with a 
population size of 1.804,516, a confidence level of 99%, response 
distribution of 50%, and error of margin of 0.96%. There were a 
total of 10,371 individuals screened from Badin district from 31 
screening camps, 4,603 of them being males, and 5,768 females.

Tando Allahyar: this district comprises three tehsils and 20 un-
ion councils. It is populated around 836,887 as per the 2017 census, 
increasing from 493,526 in 1998. It consists of an urban population 
of 31.28% and a rural of 68.72%, a male population of 51.70%, and 
females were 48.28%. The sample size was calculated via Rao-soft 
digital sample size calculator (http://www.raosoft.com/samplesize.
html), with a population size of  836,887, a confidence level of 
99%, response distribution of 50%, and error of margin of 1.50%. 
A total of 4273 individuals were screened from this district from 
16 screening camps, comprising of 2076 males and 2197 females.

TABLE 1. Showing the general characteristics of the studied districts.

District Badin TandoAllahyar Mirpur Khas Umerkot Thatta + Kandiaro
Total population 1,804,516 836,887 1,505,876 1,073,146 979,817+322,439
   Male 932,488 432,746 778,172 557,557 510,279+168,972
   Female 871,979 404,112 727,650 515,569 469,504+153,467

Total screened 10371 4273 8611 783 284
   Male 4603 2076 3650 287 115
   Female 5768 2197 4961 496 169
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Mirpur Khas: mirpur Khas district is located in the south-
eastern quadrant of Sindh, consisting of a population of 1,505,876, 
with 51.67% being males and 48.32% females. The urban popula-
tion comprises of  28.27% while the remaining rural population 
is 71.72%. The sample size was calculated via a Rao-soft digital 
sample size calculator (http://www.raosoft.com/samplesize.html), 
with a population size of  1,505,876, a confidence level of  99%, 
response distribution of  50%, and error of  margin of  1.05%. A 
total of 3650 males and 4961 females were screened in this district 
through 19 screening camps, making a total of 8611 individuals.

Umerkot: this district consists of 4 tehsils and populated around 
1,073,146 according to the 2017 census. Amongst them, 51.95% are 
males and 48.04% are females, 77.32% rural population and 22.67% 
are urban. The previous census showed an increasing population 
from 383,020 (1981) to 664,797 (1998) respectively. The sample 
size was calculated via the Rao-soft digital sample size calculator 
(http://www.raosoft.com/samplesize.html), with a population size 
of  1,073,146, a confidence level of  99%, response distribution 
of 50%, and error of margin of 3.50%. There was a total of 783 
individuals screened from this district via 6 screening camps, with 
287 of them being males, and 496 females.

Thatta district + tehsil Kandiaro: Thatta is located in southern 
Sindh comprising of 4 tehsils, with a population of 979,817 con-
sisting of 52.07% males and 47.91% females. It comprises 82.03% 
rural and 17.97% urban population. Tehsil Kandiaro is a part of 
Naushehro Feroze District consisting of a population of 322,439. 
The combined sample size was calculated via the Rao-soft digital 
sample size calculator (http://www.raosoft.com/samplesize.html), 
with a population size of 1,302,256, a confidence level of 90%, re-
sponse distribution of 50%, and error of margin of 5.81%. A total 
of 284 individuals were screened through two screening camps at 
Thatta district and one in tehsil Kandiaro, comprising of 115 male 
participants and 169 females.

Statistical methods
The Statistical Package for the Social Sciences, SPSS (version 

25.0) was used for the measurement of frequency and percentage 
distributions amongst the study population.

RESULTS

This study was conducted as an observational, cross-sectional, 
screening program in five districts and one tehsil, in the province 
of Sindh, Pakistan. A total of around 6.5 million population was 
targeted in these five districts. 75 screening camps were deployed 
throughout the districts specifically targeting the rural population, 
and the general public was made aware of the timings and place 
of the screening via a spread of word in local places of worship 
and distribution of pamphlets beforehand amongst the masses.

A total of 24,322 individuals met the inclusion criteria and were 
screening through HBsAg/HCV rapid test cassette (WC) Imu-Med 
one-step diagnostic test. Out of them, 10,731 were males (44.12%) 
and 13,591 were females (55.87%). Hepatitis B was found positive in 
964 individuals (3.96% of the study population), while hepatitis C 
was positive in 2872 individuals (11.80% of the study population). 
Amongst them, both hepatitis B and C positivity were present in 
203 individuals (0.83% of the study population). Hence, the total 
prevalence of 15.76% was calculated for hepatitis B and hepatitis 
C combined amongst the five studied districts of rural and urban 
Sindh, as shown in TABLE 2.

The prevalence amongst the male population was estimated to 
be 3.92% for hepatitis B and 13.73% for hepatitis C in the study 
population. The prevalence amongst females was found to be 3.99% 
for hepatitis B and 10.28% for hepatitis C, respectively. Amidst the 
total of 10,731 males screened, 1,895 (17.65%) were infective from 
either HBV or HCV. While 1,941 (14.28%) out of 13,591 females 
screened were infective. The territorial distribution of prevalence is 
shown in TABLE 3. Umerkot was found to be the most prevalent 
district amongst rural Sindh with the respective rates of  9.06% 
for hepatitis B and 29.50% for hepatitis C. Least prevalent district 
amongst the study population was Badin with a prevalence rate of 
0.97% for hepatitis B and 1.61% for hepatitis C, respectively. The 
gender distribution of each district was also shown in TABLE 3. 
The second most prevalent district of  the study population was 
found to be Tando Allahyar with an overall prevalence of 5.73% 
for hepatitis B and 24.87% for hepatitis C, followed by Mirpur 
Khas. The cumulative prevalence and male to female proportions 
of each district have been illustrated in FIGURES 1, 2, 3, and 4.

DISCUSSION

Hepatitis B and C are globally identified chronic infections 
that remain dormant for many years’ even decades. At least 60% 
of all liver cancers are attributed to late diagnosis and treatment of 
these viral illnesses. Awareness regarding the surveillance and treat-
ment of these insidiously replicating chronic infections is the most 
important interstice needed to be permeated in order to achieve 
the global elimination goal of chronic hepatitis. Viral hepatitis is 
a global phenomenon, with the disease burden varying on a daily 
basis. WHO gives a prevalence rate of 1.0% for hepatitis C, with a 
previously reported increase from 2.3% to 2.8% between 1990 and 
2005, according to the Global Burden of  diseases, injuries, and 
risk factors 2010(26,27). Many studies have revealed an increasing 
prevalence of hepatitis B amongst specific risk groups like medical 
waste handlers, blood donors, and reproductive age(5,28,29). Amongst 
the developing world, a hand full of countries are exhibiting a gross 
decline in chronic viral infections prevalence, like Bangladesh is 
showing a decreasing trend of  prevalence towards chronic viral 
infections, with rates of 0.2% to 0.7% in recent studies(30,31). While 

TABLE 2. Showing demographic data of the study population.

Study population Around 6.5 
million

Total individuals screened 24,322

   Males 10731 (44.12%)

   Females 13591 (55.87%)

Hepatitis B positivity 964 (3.96%)

   Males 421

   Females 543

Hepatitis C positivity 2872 (11.80%)

   Males 1474

   Females 1398

Both HBV and HCV simultaneously positive 203 (0.83%)

   Males 154

   Females 49
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TABLE 3. Showing district-wise distribution of positive cases along with gender proportions amongst the study population.

District HbsAg positive (n=964) HbsAg negative (n=23,358) HCV Ab positive (n=2872) HCV Ab negative (n=21,450)

Badin (n=10,371)

Male: 53 (1.15%) Male: 4550 Male: 45 (0.97%) Male: 4558

Female: 48 (0.83%) Female: 5720 Female: 123 (2.13%) Female: 5645

Total: 101 (0.97%) Total: 10270 Total: 168 (1.61%) Total: 10203

TandoAllahyar 
(n=4273)

Male: 89 (4.28%) Male: 1987 Male: 567 (27.31%) Male: 1509

Female: 156 (7.10%) Female: 2041 Female: 496 (22.57%) Female: 1701

Total: 245 (5.73%) Total: 4028 Total: 1063 (24.87%) Total: 3210

Mirpur Khas 
(n=8611)

Male: 241 (6.60%) Male: 3409 Male: 741 (20.30%) Male: 2909

Female: 289 (5.82%) Female: 4672 Female: 629 (12.67%) Female: 4332

Total: 530 (6.15%) Total: 8081 Total: 1370 (15.90%) Total: 7241

Umerkot (n=783)

Male: 30 (10.45%) Male: 257 Male: 103 (35.88%) Male: 184

Female: 41 (8.26%) Female: 455 Female: 118 (23.79%) Female: 378

Total: 71 (9.06%) Total: 712 Total: 231 (29.50%) Total: 552

Thatta + 
Kandiaro (n=284)

Male: 8 (6.95%) Male: 107 Male: 18 (15.65%) Male: 97

Female: 9 (5.32%) Female: 160 Female: 32 (18.93%) Female: 137

Total: 17 (5.98%) Total: 267 Total: 50 (17.60%) Total: 234

FIGURE 1. District-wise prevalence of HBV and HCV. FIGURE 2. Gender proportions amongst HBV and HCV.

FIGURE 3. Proportion of screened population infected.
FIGURE 4. Proportion of screened individual found infective amongst 
the districts.
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countries such as India have a consistent prevalence of 1.63% for 
hepatitis B and 0.3 to 3.6% for hepatitis C. Pakistan bears one of 
the largest proportions of chronic viral hepatitis in the world, with 
increasing trends shown year-by-year(32-37).

Various old literature texts have stated a national prevalence 
rate of around 2.6% and 5.3% of hepatitis B and C respectively(25,38). 
Hence, we aimed a study to calibrate fresh prevalence rates of 
chronic viral hepatitis targeted amongst the population of rural 
Sindh. Five distinct districts of rural and peri-urban areas of Sindh 
were screened for the presence of viral hepatitis. The results of our 
study showed an overwhelming presence of screening positive peo-
ple in some districts compared to others. The national prevalence 
rates of  hepatitis C was surpassed by our study with the results 
of 11.80% amongst the 24,322 individuals screened, while that of 
hepatitis B was comparable, 3.96% with respect to 2.6% reported 
previously(25,34-38).

A similar study was carried out in Kech district, Balochistan; 
which determined a prevalence of 5.5% for hepatitis C infection 
with a higher rate identified in males(39), as compared with our study 
which showed a higher prevalence of male population (13.73%) in 
contrast to females (10.28%). While another study in Balochistan 
screened hepatitis B in 7 districts, enrolling 15260 individuals, and 
accumulated a prevalence rate of 9.8% ranging between 3.3% and 
17.0% amongst distinct districts(40). In our study, the prevalence 
of hepatitis B ranged between 0.97% (lowest) in Badin and 9.06% 
(highest) in Umerkot and that of hepatitis C ranging between 1.61% 
(lowest) in Badin and 29.50% (highest) in Umerkot.

Comparing our deductions to previously conducted studies in 
rural and urban Sindh, Z Abbas et al conducted a study in 2008 at 
Jarwar, a rural part of district Sukkur and concluding a prevalence 
rate of 5% for hepatitis B (comparable with our study), and 33.7% 
for hepatitis C (drastically higher than our study)(41). In 2008, an-
other similar study was conducted at district Naushehro Feroze, 
amongst the population of two remote villages of rural Sindh, and 
compared it with a peri-urban area Gharo, a subdivision of district 
Thatta(42). The study depicted a much higher rate of prevalence in 
rural areas (7.0% and 28.6% respectively) in contrast to peri-urban 
prevalence (3.1% and 3.9% respectively). Our study also showed 
similar results, with Umerkot being the highest prevalent district 
amongst rural Sindh, and Badin being a peri-urban area has the 
lowest prevalence.

A retrospective analysis was conducted in the rural district 
of  Tando Muhammad Khan, concluding a positivity of  8% 
and 17% for hepatitis B and C respectively, with results show-
ing higher rates among men as compared to women, the results 
were slightly comparable with our study with a higher ratio(43). 
Lastly, the district of  Tando Allahyar was previously studied for 
determining risk factors of  hepatitis C, giving a female to male 
ratio of  2:1 (64% females, and 36% males), the distribution was 
contrasting to our study where the prevalence of  hepatitis C in 
Tando Allahyar district is estimated to be 24.87% with 27.31% 
being males and 22.57% females(44). All these results indicated an 
overall increasing seroprevalence of  hepatitis B surface antigen 
(HbsAg) and hepatitis C antibody (Anti-HCV) in comparison to 
the previous studies conducted in the region.

Limitations of  our study include a lack of  determining risk 
factors amongst the study population. It is postulated that many 
studies have been conducted in the past over this region establish-
ing a list of  various risk factors and behaviors leading to such 
higher prevalence rates in the region. Thus, we opted for an all-
out approach for screening and determining current prevalence 
rates rather than identifying any more risk factors from the study 
population. Secondly, previous studies gave ample data about 
certain age groups being infected more from hepatitis viruses, we 
do not emphasize or categorize different age groups. The study 
also did not perform confirmatory serological tests or molecular 
tests to evaluate viremia, making it ominous that our research is a 
seroprevalence study of HBsAg and anti-HCV.

CONCLUSION

In general, Pakistan has a high prevalence rate for chronic viral 
hepatitis, and the figures vary amongst districts, regions, and prov-
inces. Rural districts of Sindh are lacking current statistics on the 
prevalence of viral hepatitis, hence we identified five such districts 
of rural Sindh, where the prevalence data was scarcely reported in 
the literature. The alarmingly high seroprevalence rates revealed in 
our study warrant the urgent need to administer multiple effective 
strategies in the region to enhance awareness amongst the general 
population regarding screening, prevention, and prompt treatment 
of the disease.
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RESUMO – Contexto – A hepatite viral é um fenômeno global, com a intensidade da doença variando diariamente. Entre as infecções crônicas, o vírus 

da hepatite B e o vírus da hepatite C (VHC) estão fortemente ligados a complicações graves relacionadas à saúde, com prevalência mundial de 248 
milhões e 71 milhões, respectivamente. Entre o mundo em desenvolvimento, uma quantidade de países está exibindo um declínio bruto na prevalência 
de infecção viral crônica, tal como Bangladesh. Embora países como a Índia tenham uma prevalência consistente, o Paquistão tem uma das maiores 
proporções globais de hepatite viral crônica, com tendências crescentes mostradas ano a ano. Vários textos da menos recentes têm declarado uma taxa 
de prevalência nacional aproximada em torno de 2,6% e 5,3% da hepatite B e C, respectivamente. Objetivo – O objetivo deste estudo foi determinar as 
atuais taxas de soroprevalência da hepatite viral crônica entre a população geral do Sindh rural utilizando um programa de triagem para determinar 
a carga atual da doença. Métodos – Foi realizada uma pesquisa observacional e transversal baseada em um programa de triagem combinada em 
cinco distritos com população de mais de 6,5 milhões. A triagem foi realizada por meio da administração de diversos acampamentos com o auxílio de 
assistentes sociais locais e organizações de assistência social. Um total de 24.322 indivíduos atenderam aos critérios de inclusão e foram examinados 
através do teste rápido (HBsAg/VHC) Imu-Med em uma etapa.  Resultados – Hepatite B positiva foi encontrada em 964 (3,96%) indivíduos incluindo 
421 (43,67%) homens e 543 (56,32%) mulheres, enquanto hepatite C foi positiva em 2.872 (11,80%) indivíduos incluindo 1.474 (51,32%) homens e 
1.398 (48,67%) mulheres. A prevalência entre os distritos variou entre 0,97% e 9,06% para hepatite B, e 1,61% e 29,50% para hepatite C, respectiva-
mente. Umerkot foi encontrado como o distrito mais prevalente entre Sindh rural, enquanto Badin tinha o menor número de pessoas soropositivas. 
O segundo distrito mais prevalente da população de estudos foi encontrado como Tando Allahyar, seguido por Mirpur Khas. A soroprevalência 
combinada de 15,76% foi calculada para hepatite B e C em conjunto entre os cinco distritos estudados do Sindh rural e periurbano. Conclusão – As 
taxas de prevalência alarmantemente reveladas em nosso estudo justificam a necessidade urgente de gerar múltiplas estratégias efetivas na região para 
aumentar a conscientização da população em geral sobre rastreamento, prevenção e tratamento rápido da doença.

Palavras-chave – Hepatite B; hepatite C; triagem; população; saúde pública; prevalência; epidemiologia.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is characterized by 
an excess of fat accumulation in more than 5% of hepatocytes, as-
sociated with the lack of secondary factors related to it(1). It is the 
most common liver disorder in western countries, affecting 17 to 46% 
of the adult population. Its prevalence has been rising worldwide, 
and has also been linked with an increasing prevalence of metabolic 
syndrome(2). It can affect 90% of morbidly obese patients eligible for 
bariatric surgery, 69% of individuals with type 2 diabetes mellitus 
(T2DM), 50% of dyslipidemic patients and 7% of the lean popula-
tion(1). The prevalence of nonalcoholic steatohepatitis (NASH) in 
obese patients without T2DM is 88%(3). It has been associated with 
hypercaloric diets, high fat intakes (especially saturated fat), as well 
as refined carbohydrates, sugary drinks and fructose consumption(1).

It is known that each person has their daily caloric needs so that 
it is sufficient to maintain body homeostasis(4). These caloric needs 
depend on numerous factors, such as the rest energetic expenditure 
(REE), which is directly related to body structure, physical activ-
ity and diet. This need can be measured directly or indirectly(5).  

Evaluation of rest energy expenditure in patients 
with non alcoholic fatty liver disease
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ABSTRACT – Background – Non-alcoholic fatty liver disease (NAFLD) is currently considered a global public health problem, with changes in lifestyle 
being the effective way to treat the disease. To date, there is no recommended standard of assessment to determine the resting energy expenditure 
(REE) of patients with NAFLD, so that dietary therapy can be properly guided. Objective – To evaluate the REE of patients with NAFLD through 
indirect calorimetry and compare with different predictive formulas of REE and with REE by  electrical bioimpedance analysis (BIA). Assess body 
composition through BIA, with NAFLD staging and the presence of comorbidities. Methods – They were evaluated in patients with NAFLD over 18 
years of age treated at the Gastroenterology outpatient clinic of a tertiary level hospital in southern Brazil. NAFLD staging was performed using liver 
biopsy or a non-invasive method. Weight, height and body mass index (BMI) were determined in all patients. The short version of the International 
Physical Activity Questionnaire was used to assess physical activity. Comorbidities as arterial hypertension, diabetes mellitus and dyslipidemia were 
evaluated. To estimate energy expenditure at rest, Harris-Benedict, Jeor Mifflin-St, World Health Organization and Schofield formulas were used. 
BIA was used to assess resting metabolic rate (RMR) and body mass, and to measure RMR, indirect calorimetry was also used. Associations between 
categorical variables were tested with Pearson’s χ2 test and between groups with McNemar’s test. The level of significance assumed was 5%. The degree 
of agreement between the REE measurement methods was assessed using the Blan-Altman test. Results – A total of 67 patients were evaluated, 70.5% 
male, with a mean age of 59 years and a mean BMI of 33.08 kg/m2 ±5.13. The average RMR per CI was 1,753 kcal ±614.58. When comparing the RMR 
estimate by different formulas with indirect calorimetry, only the Jeor Mifflin-St formula showed a statistically significant difference (P=0.0001), with a 
difference of +318.49 kcal. BIA and Harris Benedict’s formula presented values closer to CI, 1,658 and 1,845 kcal respectively. Conclusion – We suggest 
that the Jeor Mifflin-St formula should not be used to estimate the RMR in patients with NAFLD. In the absence of indirect calorimetry, some alterna-
tives can be used safely in this population, such as BIA and the predictive formulas of Harris Benedict, Schofield and the World Health Organization.
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Currently, the gold standard for resting energy measurement is 
indirect calorimetry (IC)(6-8).

IC is a non-invasive and safe method, measuring REE by gas 
exchange, and uses the Weir Equation (respiratory coefficient 
[RQ]=0.83) to assess the volume of oxygen consumed, the volume 
of carbon dioxide produced and nitrogen excreted, since each calo-
rie consumed requires a certain amount of oxygen to be converted 
into energy, which are good predictors of REE changes(9).

So far, there is no standard nutritional assessment recommenda-
tion for determining REE in patients with liver disease, especially 
those with NAFLD. Therefore, it is important to evaluate this 
specific population from a nutritional point of view, to guide the 
dietary management, avoiding the progression of commonly seen 
comorbidities, without compromising body homeostasis regarding 
both lean and fat masses.

The aim of the present study is to evaluate the REE of NAFLD 
patients, assessed by different methods, comparing IC with dif-
ferent estimation equations of REE and bioelectrical impedance 
analysis (BIA), regarding NAFLD staging and the presence of 
comorbidities.
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METHODS

A cross-sectional study was prospectively conducted evaluating 
all patients diagnosed with NAFLD seen at the Outpatient Clinic of 
Gastroenterology at Santa Casa de Misericordia of Porto Alegre, 
a tertiary care hospital in Southern Brazil, between June 2017 and 
November 2018. The inclusion criteria were NAFLD patients older 
than 18 years old, diagnosed by liver biopsy or by non-invasive 
methods (abdominal ultrasound or other imaging exam).

Moreover, hepatitis B and C, and HIV infected patients, sig-
nificant alcohol consumption (>20 g/day for women and >30 g/
day for men)(10), other causes of chronic liver disease, secondary 
causes of  NAFLD and patients with hepatocellular carcinoma 
were excluded from this study. 

Liver biopsy was recommended according to the guidelines 
of  the American Association for the Study of  Liver Disease 
(AASLD)(11), which recommends biopsy in NAFLD patients 
presenting high risk of  NASH and advanced fibrosis as part of 
the care protocol. It was then performed by ultrasound-guided 
technique using Tru-cut needle, and was analyzed by a professional 
with expertise in liver pathology. Histopathological analysis used 
Kleiner et al. criteria(12).

All patients had weight, height, waist circumference and body 
mass index (BMI) assessed at baseline. Weight and height were 
measured on a Fillizola Anthropometric PL scale with a barefoot 
patient without excess clothing. The BMI was calculated using the 
formula Weight (kg)/height (cm)2 and the classification according 
to the Food and Agriculture Organization / World Health Organi-
zation (WHO)(13).

Physical activity was assessed using the International Physical 
Activity Questionnaire short version validated questionnaire(14).

Laboratory tests such as ALT, AST, total cholesterol, HDL 
and LDL, triglycerides, glucose, ferritin and albumin were also 
performed at baseline, according to the assistance protocols stand-
ardized by the hospital. Normal reference values were: ALT 49 
IU/L; AST 34 IU/L; total cholesterol 190 mg/dL; HDL >40 mg/
dL; triglycerides 150 mg/dL; glucose 99 mg/dL; ferritin 322 mg/dL 
for men and 291 mg/dL for women; albumin 3.5–55 g/dL.

Comorbidities as systemic hypertension, diabetes mellitus and 
dyslipidemia were evaluated.

NAFLD score, a noninvasive fibrosis score, was calculated us-
ing the variables available at the moment of inclusion in the study. 
NAFLD score uses the following variables: age, BMI, T2DM, 
aminotransferases, platelets and albumin(15). Liver biopsy was 
recommended for patients with NAFLD score with intermediate 
(score between -1.455 and 0.675) or elevated probability (cutoff  
point >0.675) of advanced liver fibrosis.

To perform the BIA, it was used a Biodynamics device model 
450 with capacity for approximately 100 tests with full tetra 
polar charge, that uses four small electrodes attached to the 
right hand and wrist, and the right ankle and foot. For stand-
ardization, measurements were performed on the right side of 
the body through a low voltage current that passed through the 
body, measuring the electrical resistance and reactance. This 
way, measurements of  lean mass, fat mass, REE and total body 
water were obtained(16).

The IC was measured by the Korr® MetaCheck calorimeter, 
with the patient fasting for 4 hours and resting for 30 minutes 
before starting the assessment. The measurement was made under 
conditions of absolute rest for 10 to 30 minutes, with the patient 

sitting and using a rigid breathing mask, in a stable moment, and 
the calculation of energy expenditure based on the consumption 
of O2 (VO2), CO2 production (VCO2) and urinary urea nitrogen, 
using the formula REE ={[3.9 (VO2)]+[1.1 (VCO2)]}, described by 
Weir in 1949(17,18).

To estimate the REE, the following equations were used: 
Harris-Benedict(19), Jeor Mifflin-St(20), WHO(21), Schofield(22) and 
Grande & Keys(23).

For statistical analysis, data was presented as mean and stand-
ard deviation or frequency and percentage. Associations between 
categorical variables were tested with Pearson χ2 test and amongst 
groups with McNemar test. To compare continuous variables be-
tween groups, Student’s t-test was used for variables with normal 
distribution or Mann-Whitney for nonparametric distributions. For 
intra-group comparisons, it was used, according to their distribu-
tions, paired t-test or Wilcoxon test.

The predictive equations were compared with IC using the 
Bland-Altman method, and the Student’s t-test for paired samples 
was used to compare each equation with IC; also the Student’s t-test 
for independent samples was used to compare the same equation 
between the groups.

All analysis were stored and processed using the Statistical 
Package for Social Sciences program (PASW Statistics for Windows, 
Version 18.0. Chicago: SPSS Inc). A significance level of 5% was 
adopted. The study was approved by the local Ethics Committee 
and all patients signed the Informed Consent Form.

RESULTS

A total of 78 patients were initially evaluated, 11 (14,1%) of 
which failed to complete the IC test due to the respiratory discom-
fort during the study. Hence, 67 patients were considered for final 
analysis. Amongst them, 46 (68.7%) were female, with a mean age 
of 59 years old, hypertension was present in 54 (80.6%), T2DM 
in 49 (73.1%), dyslipidemia in 44 (65.7%) and 37 (55.2%) were not 
physically active (TABLE 1). 

Amongst the 55 patients who underwent liver biopsy, 72.4% had 
some degree of fibrosis, and amongst those, 23.5% had advanced 
fibrosis or cirrhosis (F3 or F4). Most patients (91.7%) had hepato-
cyte ballooning. The mean values of biochemical tests show high 
values of triglycerides and glucose (TABLE 1).

When stratifying the variables analyzed by sex, it is possible to 
observe that women have a higher percentage of sedentary lifestyle 
when compared to men and the same occurs with a greater number 
of  comorbidities, triglyceride levels and greater fat mass and a 
higher percentage of liver fibrosis grade 4 (TABLE 1).

The mean BMI was 33.08 kg/m² and the mean REE obtained 
by IC was 1.753 kcal. The mean fat mass and lean mass measured 
by BIA were 33.98 kg and 55.10 kg, respectively (TABLES 1 and 2). 
When evaluating differences between REE by different equations 
and IC between males and females a significant difference was 
found for all comparisons (TABLE 3).

Evaluating agreement between the estimations and IC, there 
are marked differences when considering all patients or when we 
separated by sex. Overall, significant differences were observed 
for the JM equation showed the highest difference overestimat-
ing REE, whereas HB also showed a high percentual difference, 
underestimating REE, albeit HB was not significantly different 
from IC. The WHO equation showed lower percentual difference 
compared to IC, albeit showed significant different values when 
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TABLE 1. Characterization of patients.

Total Female; n (%) Male; n (%)
n=67 46 (68.7) 21 (31.3)

Age (years); m (SD) 59.07 (8.89) 58.35 (8.2) 60.67 (10.4)
Physical activity; n (%) 
   Sedentary 37 (55.2) 27 (58.7) 10 (47.6)
   Irregulary 02 (3.0) 1 (2.2) 1 (4.8)
   Regularly (>2x/week) 28 (41.8) 18 (39.1) 10 (47.6)
HAS; n (%) 54 (80.6) 39 (84.8) 15 (71.4)
T2DM; n (%) 49 (73.1) 31 (67.4) 18 (85.7)
Dyslipidemia; n (%) 44 (65.7) 28 (60.9) 16 (80.0)
Liver biopsy; n (%)
Activity
   0 04 (8.2) 5 (13.9) 0 (0)
   1 33 (67.3) 23 (63.9) 10 (66.7)
   2 11 (22.4) 7 (19.4) 5 (33.3)
   3 01 (2.0) 1 (2.8) 0 (0)
Fibrosis
   0 14 (27.5) 13 (35.1) 1 (6.7)
   1 15 (29.4) 10 (27.0) 5 (33.3)
   2 10 (19.6) 6 (16.2) 4 (26.7)
   3 07 (13.7) 3 (8.1) 4 (26.7)
   4 05 (9.8) 5 (13.5) 1 (6.7)
Laboratory tests; m (SD)
   ALT (IU/L) 17 (20–45) 32.98 21.2 43.29 32.1
   AST (IU/L) 27 (22–35) 30.16 15.6 36.29 20.7
   Ferritin (mg/dL)* 125 (72–244.50) 134.05 96.8 387.81 339.9
   Total cholesterol (mg/dL) 184 (158.5–214) 173.27 82.7 163.47 89.1
   HDL (mg/dL) 49 (41.50–55.50) 50.58 13.7 48.00 10.4
   LDL (mg/dL) 99.50 (41.5–55.50) 108.18 37.6 100.61 35.1
   Triglycerides (mg/dL) 154  (115.50–217.75) 193.91 40.7 177.55 40.0
   Glucose (mg/dL) 108 (92–158) 131.09 53.6 139.95 69.3
   Albumin (g/dL) 4.5 (4.40–4.70) 4.40 0.7 4.39 1.0
Anthropometric analysis; m (SD)
    BMI (kg/m²) 33.08 (5.13) 33.74 5.1 31.55 5.4
    BIA – fat mass (kg)* 33.98 (9.1) 35.92 8.7 28.42 8.0
    BIA – lean mass (kg)* 55.10 (10.63) 51.69 8.8 62.42 9.3

HAS: systemic arterial hypertension; T2DM: type 2 diabetes mellitus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; HDL: high density lipoprotein; LDL: low density lipo-
protein; SD: standard deviation; m: mean; 95%CI: 95% confidence interval; BIA: bioelectrical impedance analysis; BMI: body mass index. *Signifficant differences (male compared to female; 
independent samples t-test, P<0.005).

TABLE 2. Average values of resting energy expenditure obtained by different methods.

Total (n=67) Female (n=46) Male (n=21)

Mean SD Mean SD Mean SD

REE IC* 1753.60 614.6 1607.48 512.0 2073.67 707.1

REE BIA* 1658.91 304.9 1530.85 210.4 1939.43 294.8

REE HB* 1845.55 262.2 1723.58 139.2 2112.73 272.3

REE JM* 1435.11 232.9 1342.96 177.4 1636.95 214.1

REE WHO* 1587.55 222.4 1500.34 141.8 1778.59 249.3

REE SC* 1603.59 217.2 1513.74 111.6 1800.42 261.5
IC: indirect calorimetry; BIA: body composition by bioimpedance; HB: Harris Benedict; JM: Jeor Mifflin- St; WHO: World Health Organization; SC: Schofield; SD: standard deviation. *REE: 
resting energy expenditure.
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evaluating all patients (TABLE 3). On the other hand, when 
Bland-Altman concordance analysis was performed, we can see 
in the graphs in FIGURE 1 that there is 95% agreement of  all 
methods with IC.

When comparing the estimated REE by different equations 
with IC, only the BIA and HB equations showed no significant 
differences with a difference of 94.68 and -91.95 kcal, respectively. 
(TABLE 4). 

The comparative analysis of  REE with anthropometric pa-
rameters found a positive correlation, showing that the higher 
the BMI, waist circumference and lean mass, the higher the daily 
REE. Furthermore, there was also a positive correlation between 
inflammatory activity and the presence of  fibrosis evaluated by 
liver biopsy (TABLE 5).

When correlating the REE with the presence of  comorbidi-
ties (systemic arterial hypertension, T2DM and dyslipidemia), no 
significant difference was found.

DISCUSSION

The present study evaluated the REE using IC in NAFLD 
patients. When comparing the estimated REE obtained through 
different equations with the IC, only the JM equation showed a 
statistically significant difference (P<0.01). The other equations 
did not present statistically significant difference when compared 
to the values obtained by IC. Furthermore, those with inflamma-
tory activity or liver fibrosis, as well as those with high abdominal 
circumference, high BMI and higher lean mass values, had a higher 
REE (P<0.05).

TABLE 3. Comparison between estimation formulas and confidence 
interval in the assessment of resting energy expenditure.

Upper limit Lower limit % difference P value

Total (n=67)

REE BIA 65.4 -64.3 0.6 0.132

REE HB 56.6 -77.4 -10.4 0.165

REE JM 80.9 -52.3 14.3 0.0001*

REE WHO 70.3 -61.9 4.2 0.011*

REE SC 71.4 -65.1 3.2 0.026*

Female (n=46)

REE BIA 62.7 -62.1 0.3 0.271

REE HB 52.5 -75.9 -11.7 0.11

REE JM 76.8 -50.9 13 0.0001*

REE WHO 66.3 -62.7 1.8 0.139

REE SC 66.6 -64.9 0.8 0.2

Male (n=21)

REE BIA 72.7 -70.4 1.2 0.318

REE HB 66.7 -81.4 -7.3 0.785

REE JM 90.8 -56.4 17.2 0.005*

REE WHO 79.3 -60.6 9.3 0.033*

REE SC 82.4 -65.9 8.3 0.059

REE: resting energy expenditure; BIA: body composition by bioimpedance; HB: Harris 
Benedict; JM: Jeor Mifflin-St; WHO: World Health Organization; SC: Schofield. *Anova 
(P<0.001) – test Sidak post-hoc. 

FIGURE 1. Bland-Altman plot for comparisons between IC and  
predictive methods. 
IC: indirect calorimetry; BIA: bioelectrical impedance analysis; HB: Harris Benedict; JM: 
Jeor Mifflin- St; WHO: World Health Organization; SC: Schofield; SD: standard deviation.
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These findings are different from those observed by Kakisaka 
et al.(24), which is, to our knowledge, the only study published to 
date. These authors evaluated the REE using IC in patients with 
NAFLD, with a mean BMI of 28.3 kg/m² and a REE of 1.387 kcal, 
both lower than the results obtained in the present study. These 
discrepant findings may be due to the difference of  the bodies’ 
composition of patients in the present study.

REE has been evaluated in different populations. A previous 
study compared the REE obtained through IC with predictive 
equations in 132 young adults without NAFLD. When categorizing 
the sample according to BMI and gender, higher values of REE 
were observed in obese men, with a REE average of 1.870 kcal, 
which leads to conclude that in the absence of IC, the choice of 
the predictive equation will depend on gender and BMI range(25).

When analyzing the REE of  34 patients with pulmonary 
hypertension, Zanella et al., observed that in that population 
all predictive equations (Harris Benedict, Food and Agriculture 
Organization / World Health Organization, Institute of Medicine, 
Cunningham, Katch-McArdle, and Mifflin- St Jeor) underesti-
mated the REE by 255 kcal, and only Cunningham’s equation had 
a lowest difference when compared to IC(6).

A reliable estimation of  REE helps in clinical nutritional 
management. The current European guideline suggests a 7–10% 
weight reduction to improve steatosis, inflammation and liver 

enzyme levels. Moreover, a reduction higher than 10% might im-
prove liver fibrosis. These nutritional recommendations associated 
with increased physical activity are, so far, considered the first-line 
treatment(26).

In the present study, amongst the measurement methods, there 
was a variation of -290.93 to +514.54 kcal when compared to the 
IC, demonstrating that depending on the method that is chosen, 
the REE can be under or overestimated, contributing to excessive 
weight gain. BIA and HB equation presented values closer to IC. 
Data regarding the HB equation corroborated with the findings 
of  Belarmino et al., who conducted a Brazilian study with 126 
eutrophic cirrhotic patients of  various etiologies (alcohol, viral, 
cryptogenic and others) with a mean BMI of 21.9 kg/m² followed 
for 16 months. The REE was evaluated through IC and predictive 
equations, finding a difference of -31 kcal between the IC and the 
HB equation. It was also observed that those with REE above 
1.190 kcal had a higher survival rate compared to those with REE 
below this value(8).

REE may vary according to the disease and the patient’s 
clinical condition, such as obesity, T2DM, trauma, cirrhosis, 
renal failure, cancer, burns or sepsis. Amongst cirrhotic patients, 
hypermetabolism may occur in 5 to 34% of patients. In the obese 
population, there may be hypometabolism and thermogenic adapta-
tion, an adaptative mechanism that occurs after energy restriction. 
Altogether, it would allow the conservation of  negative energy 
balance for a longer period of time by decreasing global cellular 
metabolic activity in order to preserve energy. This way, it would 
negatively affect weight reduction, leading to a subsequent weight 
gain(27). Such abnormality was not found in our patients, and can 
be explained by the presence of greater muscle mass, since fat mass 
is most of the time considered as a metabolically inactive tissue, 
contributing less to an increase in REE than lean mass, which is 
more metabolically active(27).

The mean REE of the population evaluated in our study may 
be higher compared to the study by Kakisaka et al.(28), where they 
also evaluated NAFLD patients. This can be due to the higher 
degree of inflammation and metabolic burden. Another factor that 
explains the high REE in NAFLD is the presence of T2DM, since 
carbohydrate oxidation in diabetics is limited by insulin deficiency 
or insulin resistance. In this way, the oxidation process is shifted 
towards lipids and proteins. Furthermore, increased hepatic gluco-
neogenesis is a major contributor to fasting hyperglycemia, which 
also consumes more energy(27). In the present study, there were a 
substantial number of patients with T2DM (73.1%), which could 
partially justify the higher REE value observed.

As a potential limitation of the present study, we might point 
that 11 (16.4%) patients were not able to finish the IC test due to 
respiratory discomfort during its performance. However, losses of 
up to 20% are considered acceptable.

In conclusion, we suggest that the Jeor Mifflin-St equation 
should not be recommended to estimate REE in patients with 
NAFLD, even showing agreement by the statistical test. In the 
absence of  IC, some alternative tools, such as BIA and Harris 
Benedict, predictive equations from Schofield and WHO, can be 
used safely by these patients. Knowledge about individual body 
composition, as well as the degree of fibrosis, will guide the man-
agement of hypo or hypermetabolism in patients with NAFLD. 
Given the lack of evidence about resting metabolic rate in NAFLD, 
further studies are needed to better understand energy metabolism 
at different stages of the disease.

TABLE 4. Comparison between estimation formulas and IC in the asses-
sment of resting energy expenditure.

Mean difference P

IC x BIA 94.68 0.880

IC x HB -91.95 0.933

IC x JM 318.49 0.0001*

IC x WHO 166.04 0.157

IC x SC 150.00 0.322

BIA: bioelectrical impedance analysis; HB: Harris Benedict; JM: Jeor Mifflin- St; WHO: 
World Health Organization; SC: Schofield; IC: indirect calorimetry. *Anova (P<0.001) – test 
Sidak post-hoc.

TABLE 5. Correlation between CI energy expenditure and hepatic an-
thropometric and histopathological parameters.

  Correlation coeficiente P-value

BMI¹ 0.252 0.035

CA¹ 0.255 0.033

BIA – fat mass¹ 0.098 0.429

BIA – lean mass¹ 0.505 0.0001

Inflammatory 
activity² 0.320 0.025

Fibrosis² 0.403 0.003

Ballooning² 0.076 0.607

Steatosis² 0.159 0.270

¹Pearson test. ²Spearman’s correlation. BIA: body composition by bioimpedance; IMC: body 
mass index; CA: abdominal circumference.
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INTRODUCTION

Celiac disease (CD) is an immune-mediated systemic disorder, 
strongly dependent on the human leukocyte antigen (HLA)-DQ2/
DQ8 haplotypes. It is elicited by the ingestion of  dietary gluten 
and related prolamines in genetically susceptible individuals. 
The prevalence of  CD in children, as determined by serological 
screening in epidemiological studies from Europe and elsewhere, 
is around 1%(1,2). Historically, upper gastrointestinal endoscopy 
(UGIE) with duodenal biopsy, usually following serological 
positivity, was the gold standard for diagnosing CD in children 
prior to the publication of  the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN) 
guidelines in 2012(1). 

A no-biopsy pathway (NBP) was recommended by the ES-
PGHAN guidelines (2012) for symptomatic children provided that 
the triple criteria are fulfilled(1): 

• TGA-IgA (immunoglobulin A based anti-tissue transglu-
taminase antibodies) is greater than or equal to ten times of 
the upper limit of normal (ULN) for the laboratory

• Second positive blood test utilising EMA-IgA (anti-endomy-
sial antibodies)

• Positive HLA-DQ2/DQ8 haplotype 
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All other children with suspected CD who did not fulfil the 
NBP criteria would have still needed a biopsy based confirmation 
for diagnosing CD(1). 

The aim of  this study was to evaluate the adherence to the 
ESPGHAN 2012 guidelines for diagnosing CD in our unit.

METHODS

This study was a single-center retrospective case note review 
of  children with suspected CD. It was conducted in July 2020; 
cases with positive TGA-IgA were identified through the electronic 
database search between January 2013 and December 2019. All 
cases previously diagnosed with CD diagnosis but with positive 
TGA-IgA levels measured for monitoring purposes were excluded. 
Data was collected on presenting complaint, EMA-IgA level, 
HLA-DQ2/DQ8, age, sex, date of diagnosis and pathway [NBP or 
biopsy pathway] followed for making the diagnosis. All the data 
were collected and analysed on an Excel spreadsheet. This study 
was approved by the clinical governance team as a service review.

RESULTS

Forty-three cases with elevated TGA-IgA titers were identi-
fied. FIGURE 1 shows the diagnostic pathways followed for these 
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children. Thirty-seven patients met the inclusion criteria, with 35 
diagnosed with CD. There were 29/35 (83%) cases diagnosed with 
CD by NBP in total, 14/29 (48%) met all criteria for NBP, however, 
15/29 (52%) did not. Ten of the 24 symptomatic children with TGA-
IgA >10xULN were diagnosed via NBP without a confirmation 
of their HLA-DQ2/DQ8 status. Five symptomatic children with 
TGA-IgA <10xULN (ranging from 2 to 6 times the ULN) who were 
also EMA-IgA positive had a NBP diagnosis: of these four had a 
HLA-DQ2/DQ8 positive status. Six children (four with TGA-IgA 
>10xULN) appropriately underwent UGIE and received a biopsy 
confirmation of CD. 

Out of 35 children diagnosed with CD, 30 were symptomatic: 
17 had gastrointestinal symptoms (diarrhoea, constipation, ab-
dominal pain, vomiting, faltering growth), five had extra intestinal 
manifestation (iron deficiency anaemia, tiredness, pubertal delay), 
and seven had mixed features. Five patients who were asymptomatic 
at diagnosis of CD belonged to high risk groups: four had type 1 
diabetes and one had CD in a first degree relative.

DISCUSSION

Our study showed full adherence to ESPGHAN 2012 guidelines 
in 22/37 cases and 15/29 (52%) only partially or did not meet the 
triple criteria for their diagnosis to be made by the NBP as per the 
ESPGHAN 2012 guidelines(1). HLA-DQ2/DQ8 positive status 
may have contributed to a NBP diagnosis of CD in 4/5 cases where 
TGA-IgA was <10xULN. 

HLA testing does not improve accuracy of NBP
Our study showed that 10/24 children with IgA-TGA >10xULN 

were diagnosed via NBP without HLA confirmation. A multina-
tional study (ProCeDE) involving 645 children with TGA-IgA 
>10xULN, all of  whom subsequently had a biopsy confirmed 
CD, suggested that HLA-DQ2/DQ8 testing did not contribute 
towards the diagnostic accuracy(3). In a recent UK based study 
of 124 children diagnosed via NBP, HLA-DQ2/DQ8 testing was 
done in 101 patients(4). Out of  101, 100 were positive for HLA-
DQ2/DQ8 haplotype, and the 1/101 who had a different HLA 
haplotype underwent biopsy and subsequently was confirmed to 
have CD(4). The revised ESPGHAN guidelines published in 2020 
have excluded the need for HLA-DQ2/DQ8 confirmation for a 
diagnosis of CD via NBP. 

Reduction of the need for pediatric endoscopies
Our study documented that 28/37 cases in our center would 

have qualified for NBP according to the ESPGHAN 2020 guide-
lines and would have reduced the number of  endoscopies by 76%. 
A study from the Netherlands reported that the implementation 
of  the 2012 ESPGHAN guidelines resulted in 54% reduction in 
endoscopy(5). Another UK based study showed 50% reduction 
of  endoscopies following the implementation of  the ESPGHAN 
2012 guidelines(4). The estimated cost for biopsy-based diagnosis 
as available from a tertiary pediatric gastroenterology center 
based in Bristol in 2017 was £1300(6) whereas serology based NBP 
diagnosis costed £65(6). 

FIGURE 1. Flow chart showing diagnostic pathways followed for children with suspected celiac disease.
CD: celiac disease; FU: follow-up; GFD: gluten-free diet; GPs: general practitioners; HLA: human leucocyte antigen; IgA: immunoglobulin A; NBP: no-biopsy pathway; TGA: tissue transglu-
taminase antibodies; UGIE: upper gastrointestinal endoscopy; ULN: upper limit of normal.
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Variation of how the diagnosis is made
A limitation of our study was that five cases with TGA-IgA 

<10xULN may have been inappropriately diagnosed with CD via 
the NBP. Two of these five children had already been started on a 
gluten-free diet (GFD) by parent/dietician; there had been discus-
sion with parents regarding gluten challenge and biopsy confirma-
tion but parents did not wish for the child to resume dietary gluten 
as they perceived there had been significant clinical improvement 
with gluten exclusion. Review of  the case notes for other three 
children identified a documented discussion being held with the 
pediatric gastroenterology team based in the tertiary gastroenterol-
ogy center who had approved the NBP. Normalization of TGA-
IgA titers had occurred in all five patients when monitoring blood 
tests were reviewed. A recently published single center study from 
the UK highlighted that 3/75 children with TGA-IgA <10xULN 
were diagnosed via a NBP and parents had remained reluctant 
for a gluten re-challenge and subsequent biopsy confirmation(7). 

Non-referral for confirmation of diagnosis of CD
In our study, 6/43 (14%) of children with positive TGA-IgA 

were not referred to a pediatrician for confirmation of CD. This has 
been addressed locally, and these potentially missed cases are now 
being reassessed within the pediatric services. A study from the UK 
showed that 17/106 (16%) were not referred for a confirmation of 
the diagnosis of CD following a positive TGA-IgA titer values(7). In 
a population based Israeli study of 6417 children, although serol-
ogy test was common, 44% of children with a positive serology test 
never received an endoscopy for confirmation of CD diagnosis(8).

The way forward
ESPGHAN have updated their guidelines for CD in 2020 and it 

simplified the diagnostic pathways(2). A firm diagnosis of NBP can 
now be established for symptomatic, and asymptomatic children 
from high risk groups (type 1 diabetes, first degree relatives of CD 
patients, autoimmune hypothyroidism, Down syndrome, Turner 
syndrome), provided they fulfilled the criteria(2): 

1. TGA-IgA ≥10xULN
2. Positive EMA-IgA in a second serum sample
For all other children with suspected CD, the biopsy pathway 

still remain mandatory when TGA-IgA is <10xULN, and in 
symptomatic children in low risk groups with TGA-IgA ≥10xULN 
detected coincidentally while screening for other asymptomatic 
opportunistic cases (2).

The ESPGHAN 2012 guidelines were introduced in the 
Southwest England (SWE) in 2013(9). A survey of  100 consultant 
pediatricians in the SWE conducted in 2016–17 showed that only 
one-third of  the respondents could state the triple criteria neces-
sary for diagnosing CD via NBP in accordance to the ESPGHAN 
2012 guidelines(8). Regular education updates for pediatricians 
and general practitioners may improve proper understanding 
and implementation of  the 2020 guidelines as CD remains a 
lifelong diagnosis with commitment for GFD and monitoring 
blood tests(4,9). 

Introduction of the NBP in resource limited settings 
The implementation of NBP for diagnosing CD could be ben-

eficial for children in resource limited settings. A major challenge 
towards a confirmatory diagnosis of CD in resource-limited settings 
is likely to be the limited availability of  standardized TGA-IgA 
assays, pediatric endoscopic facilities and anesthetists trained to 

administer general anesthesia safely to children(10). Previous studies 
from resource limited settings have documented that the NBP could 
be implemented provided a pre-implementation evaluation of the 
local TGA-IgA titers of >10xULN correlates with a subsequent 
histological confirmation of  CD(11,12). An Indian study of  142 
children proved that there is a good correlation between children 
with high TGA-IgA titers and CD(11). Similar results were shown 
in another study from Iraq where 70/72 children with TGA-IgA 
>10xULN received histological confirmation of CD(12). 

The impact of the COVID-19 pandemic
Recently published COVID-19 guidelines for pediatric gastro-

enterologists suggest that patients should be advised to continue 
a gluten containing diet until the services for endoscopy resumes 
and a biopsy-based diagnosis for relevant cases can be made(13). In 
a recently conducted international survey of 145 institutions dur-
ing the COVID-19 pandemic on changes in pediatric endoscopy 
policy, 67% centers responded that they would start treatment 
with GFD on children with suspected CD and positive TGA-IgA 
without undergoing endoscopy(14). It was further highlighted that 
the NBP was more likely to be followed in institutions located in 
regions with ≥10,000 COVID-19 cases (P=0.0327)(14).

When the guidelines cannot be followed
Though the majority of children with CD should be diagnosed 

using the ESPGHAN guidelines(2), it should be acknowledged 
that challenging presentations will still occur when diagnosis 
and management have to individually tailored pragmatically in 
accordance with parental wishes. For example, when a child has 
suspected CD symptoms and at parental initiative a GFD had 
been started prior to any serological testing (often when CD has 
been suspected or proven in another family member); if  the child 
has shown clinical improvement the family may be reluctant to 
reintroduce gluten into the diet purely for the purpose of  con-
firming the diagnosis.

CONCLUSION

CD is a lifelong diagnosis which should be made with strict 
adherence to the ESPGHAN guidelines. While 15/29 (52%) 
children did not meet the triple criteria for the NBP as recom-
mended by the ESPGHAN (2012) guidelines, in 10 out of  those15 
patients with TGA-IgA >10xULN, the non-adherence was due 
to the HLA-DQ2/8 test being not done. The revised ESPGHAN 
guidelines (2020) will resolve the confusion highlighted by our 
study where in these cases as need for HLA-DQ2/DQ8 testing 
has been removed from the criteria for NBP diagnosis. However, 
in the other 5/15 cases where TGA-IgA was <10× ULN, non-
adherence would still remain an issue. Regular educational ses-
sions conducted locally and regionally may enhance the adherence 
to the diagnostic pathway as recommended by the ESPGHAN. 
The simplified diagnostic pathway published by the ESPGHAN 
in 2020 is likely to result in better and faster diagnosis of  CD 
– something which would be particularly relevant during the 
COVID-19 pandemic and thereafter, and of  potential application 
in resource limited settings.

ACKNOWLEDGEMENT

The authors would like to acknowledge the help from Dr 



Lau WS, Heaton PA, Paul SP
Improved adherence to the ESPGHAN guidelines is necessary for diagnosing celiac disease in children: a single-center experience

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 167 

David James, Consultant Chemical Pathologist, Department of 
Chemical Pathology and Mr Derek Truman, Quality Manager, 
General Pathology, both based at the Taunton and Somerset NHS 
Foundation Trust for their support with this project.

Authors’ contribution
Paul SP and Heaton PA: project concept, supervision, prepared 

and edited the manuscript with comments and review from all 

authors. Paul SP and Lau WS: generation of patient list through 
database search, collected and analysed data. All authors have 
approved the uploaded draft.

Orcid
Wing-Yu Siobhan Lau: 0000-0002-3532-4799.
Paul Anthony Heaton: 0000-0002-7948-1737.
Siba Prosad Paul: 0000-0003-1267-1269.

REFERENCES

1. Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips A, Shamir R, et 
al. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition 
guidelines for the diagnosis of  coeliac disease. J Pediatr Gastroenterol Nutr. 
2012;54:136-60. doi: 10.1097/MPG.0b013e31821a23d0.

2. Husby S, Koletzko S, Korponay-Szabó I, Kurppa K, Mearin ML, Ribes-Koninckx 
C, et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition 
Guidelines for Diagnosing Coeliac Disease 2020. J Pediatr Gastroenterol Nutr. 
2020;70:141-56. doi: 10.1097/MPG.0000000000002497.

3. Werkstetter K, Korponay-Szabó I, Popp A, Villanacci V, Salemme M, Heilig 
G, et al. Accuracy in Diagnosis of Celiac Disease Without Biopsies in Clinical 
Practice. Gastroenterology. 2017;153:924-35. doi: 10.1053/j.gastro.2017.06.002.

4. Paul SP, Chopra J, Vaina CL, Mallikarjuna A, Basude D. HLA-DQ2/DQ8 typ-
ing for non-biopsy diagnosis of coeliac disease: is it necessary? Arch Dis Child. 
2019;104:1119-20. doi: 10.1136/archdischild-2019-317297.

5. Landman M, Theuns S, van Wering H, Tramper G, van Ledden M, Rietveld E, 
et al. Evaluation of  the implementation of  the 2012 ESPGHAN guideline of 
Coeliac disease in children: results of a retrospective study in the Netherlands. 
Arch Dis Child. 2020;105:413. doi: 10.1136/archdischild-2018-316490.

6. Paul SP, Harries SL, Basude D. Barriers to implementing the revised ESPGHAN 
guidelines for coeliac disease in children: a cross-sectional survey of  coeliac 
screen reporting in laboratories in England. Arch Dis Child. 2017;102:942-6. 
doi: 10.1136/archdischild-2016-312027.

7. Paul SP, Chan YJ, Bailey JR. Diagnosing childhood celiac disease using ES-
PGHAN 2012 and 2020 guidelines: Tighter adherence is required! Indian J 
Gastroenterol. 2020;39:621-23. doi: 10.1007/s12664-020-01062-7.

Lau WS, Heaton PA, Paul SP. Uma melhor adesão às diretrizes da ESPGHAN é necessária para o diagnóstico da doença celíaca em crianças: uma ex-
periência de um único centro. Arq Gastroenterol. 2021;58(2):164-7.
RESUMO – Contexto – A doença celíaca (DC) é uma doença sistêmica imuno-mediada provocada pela ingestão de glúten. As diretrizes da Sociedade 

Europeia de Gastroenterologia Pediátrica, Hepatologia e Nutrição (ESPGHAN) publicadas em 2012 sugeriram uma via sem biópsia (VSB) para 
crianças sintomáticas com transglutaminase de tecido IgA (TGA-IgA) ≥10x limite superior do normal (LSN). A confirmação da biópsia permaneceu 
obrigatória para outros casos. Objetivo – Este estudo retrospectivo de dados de caso teve como objetivo avaliar a adesão às diretrizes da ESPGHAN 
2012 para o diagnóstico de DC em nossa unidade. Métodos – Quarenta e três casos com TGA-IgA positivo foram identificados por uma pesquisa 
laboratorial de banco de dados de janeiro de 2013 a dezembro de 2019. Seis de 43 pacientes não foram encaminhados para confirmação do diagnóstico 
de DC. Os dados foram coletados nas vias diagnósticas seguidas, e a adequação da adesão foi comparada com as diretrizes ESPGHAN existentes. 
Resultados – Foram incluídos 37 casos com 35 crianças diagnosticadas com DC. Foram diagnosticados 29 (83%) de 35 VSB; 15 (52%) de 29 crianças 
não atenderam a todos os critérios exigidos para a VSB, mas foram diagnosticadas e gerenciadas como tendo DC. Vinte (57%) em 35 foram diagnos-
ticadas com DC em adesão às diretrizes de 2012. Conclusão – As diretrizes diagnósticas recomendadas não foram frequentemente implementadas; a 
adesão às diretrizes pode melhorar após sessões educativas regulares. As diretrizes revisadas ESPGHAN de 2020 que excluem os testes HLA-DQ2/
DQ8 abordariam a questão do diagnóstico para 10 em 15 casos VSB (com TGA-IgA >10x LSN) em nosso estudo os quais não fizeram testes de HLA 
e, portanto, não aderiram às diretrizes de diagnóstico de 2012. A VSB, com a necessidade reduzida de endoscopia, pode ser benéfica em configurações 
limitadas de recursos.

 

8. Guz-Mark A, Feldman B, Ghilai A, Hoshen M, Cohen H, Shkalim Zemer V, et 
al. High rates of serology testing for coeliac disease, and low rates of endoscopy 
in serologically positive children and adults in Israel. Eur J of  Gastroenterol 
Hepatol. 2020;32:329-34. doi: 10.1097/MEG.0000000000001613.

9. Paul SP, Adams HL, Basude D, Collaborators. Interpretation and implementation 
of  the revised European Society for Paediatric Gastroenterology Hepatology 
and Nutrition (ESPGHAN) guidelines on pediatric celiac disease amongst con-
sultant general pediatricians in Southwest of England. Indian J Gastroenterol. 
2019:38;203-10. doi: 10.1007/s12664-019-00952-9.

10. Paul SP, Stanton LK, Adams HL, Basude D. Coeliac disease in children: the 
need to improve awareness in resource-limited settings. Sudan J Paediatr. 2019; 
19:6-13. doi: 10.24911/SJP.106-1549488256.

11. Bhattacharya M, Lomash A, Sakhuja P, Dubey A, Kapoor S. Clinical and histo-
pathological correlation of duodenal biopsy with IgA anti-tissue transglutaminase 
titers in children with celiac disease. Indian J Gastroenterol. 2014;33:350-4. doi: 
10.1007/s12664-014-0464-0.

12. Al-Musawi ZM. Is high tissue transglutaminase antibody titers enough to diag-
nose coeliac disease in children? Karbala J Med. 2010;3:860-6.

13. Murray KF, Gold BD, Shamir R, Agostoni C, Pierre-Alvarez R, Kolacek S, et 
al. Coronavirus Disease 2019 and the Pediatric Gastroenterologist. J Pediatr 
Gastroenterol Nutr. 2020;70:720-6. doi: 10.1097/MPG.0000000000002730.

14. Ruan W, Fishman DS, Lerner DG, Engevik MA, Elmunzer BJ, Walsh CM, et 
al. Changes in Pediatric Endoscopic Practice during the COVID-19 Pandemic: 
Results from an International Survey. Gastroenterology. 2020;159:1547-50. doi: 
10.1053/j.gastro.2020.05.068.



ORIGINAL ARTICLE

168 • Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun

INTRODUCTION

The human intestinal microbiota has recently become the 
subject of  extensive research and knowledge about the resident 
species and their influence is growing rapidly. The human diges-
tive system houses a complex community of microbial cells that 
influence human physiology, metabolism, nutrition and immune 
function(1-4). The imbalance of  this microbiota, which is termed 
dysbiosis, may be involved in the pathogenesis of various digestive 
and extra-digestive diseases that include irritable bowel syndrome, 
inflammatory bowel disease, celiac disease, diverticulitis, gastric 
cancer, obesity, asthma, diabetes mellitus, coronary disease, atopy, 
autism, autoimmune diseases, and others(5-7).

The frequency of esophageal pathologies has increased in recent 
decades. Although the majority of solid organ tumors has decreased 
in the last 40 years, esophageal adenocarcinoma (EAC) has become 
more prevalent over time(8). This increase in the number of EAC 
cases has been especially apparent in western countries and Asia. 
In the United States, the incidence of EAC is increasing faster than 
any other cancer(9). In addition, the prevalence of gastroesophageal 
reflux disease (GERD) in North America, Europe, and Southeast 
Asia increased by approximately 50% in relation to the baseline 
in the early and mid-1990s, and subsequently stabilized(10). It is 
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important to adequately identify the risk factors associated with 
these conditions to initiate more effective preventive measures and 
reduce health care costs. 

Dysbiosis influences sensory and motor mechanisms of  the 
upper digestive tract(11-13). This imbalance in the microbiota can 
increase the production of intraluminal gases, leading to gastric 
distension, increased intra-abdominal pressure, and an increase 
in the frequency of  transient lower esophageal sphincter (LES) 
relaxations(14-17). A higher exposure of the esophageal epithelium 
to reflux of gastric and duodenal material occurs, which increases 
the risks of erosive esophagitis and Barrett’s esophagus(18,19). 

The impact of intestinal dysbiosis in the upper gastrointestinal 
tract is still unclear. The objective of  our study was to evaluate 
and compare the intestinal microbiota in patients with erosive 
esophagitis and in healthy volunteers. This comparison involved a 
detailed taxonomic description using 16s ribosomal RNA (rRNA) 
metagenomic analysis. 

METHODS

Approval
This study was approved by the Research Ethics Committee of 

the Clinical Hospital of the Faculty of Medicine, University of São 

AG-2020-176
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Paulo (HC-FMUSP; Approval No. 1.463.131). Every patient signed 
an Informed Consent Form prior to the collection of samples. The 
study was conducted with patients registered at the HC-FMUSP. 
The experimental analysis was carried out at the Laboratory of 
Medical Research – LIM 46, sector of Parasitology of the Institute 
of Tropical Medicine of the University of São Paulo.

Fecal samples
Fecal samples were collected from 22 Brazilian male and female 

adults aged between 24 and 55 years, from March 2017 to Febru-
ary 2018. Of the 22 individuals, 11 had been diagnosed as erosive 
esophagitis (EE) (mean age 38.8 years, eight men and three women) 
and 11 were asymptomatic healthy adults (mean age 34.9 years, 
10 men and one woman). Body mass index ranged from 22 to 28 
kg/ m2. Further details of the participants is provided in TABLE 1.

calcium channel blockers, nitrates, anticholinergics, and estrogens; 
bulky hiatal hernia ≥5 cm; long-distance journeys in the last 3 
months outside the southeastern region of the country; pregnancy 
or breastfeeding patients; previous history of surgery of the up-
per GI tract; obesity defined as a body mass index ≥30 kg/m2; and 
consumptive syndrome or malnutrition.

Sample collection and DNA extraction
Fecal samples were collected by the participants, who were in-

structed to store the stool in a sterile falcon tube containing 12 mL 
of guanidine 6M/EDTA 200 nM solution to maintain the integrity 
of the genetic material of the samples. Samples were immediately 
delivered to the laboratory, where they were stored at -20°C until 
DNA extraction(22,23). The extraction and purification of microbial 
DNA was carried out in the Parasitology sector of the Institute of 
Tropical Medicine, University of São Paulo. Accordingly, 0.25 g of 
each fecal sample was processed with the DNA Power Soil™ kit 
(QIAGEN, Carlsbad, CA, USA) according to the manufacturer’s 
instructions. 

Microbiome analysis
The microbiome was characterized by amplifying the V4 do-

main of the bacterial ribosomal 16S segment using the primers F515 
(5’-CACGGTCGKCGGCGCCATT-3’) and R806 (5’-GGAC-
TACHVGGGTWTCTAAT-3’). The bacterial amplicons were 
sequenced using the Ion PGM Torrent™ platform (Invitrogen). 
The readings obtained after sequencing were processed using 
QIIME™ version 1.8 pipeline and assigned to taxonomic units. 
Alpha-diversity (taxonomic diversity within the same population) 
analysis was done using the Shannon, Simpson, Chao1 indices and 
number of species observed. To measure beta-diversity (diversity 
between populations), principal coordinate analysis (PCoA) was 
performed based on the UniFrac distance matrix, to demonstrate 
similarities or dissimilarities between the samples analyzed. All 
sequencing raw reads have been deposited in the National Center 
for Biotechnology Information (NCBI) under the project accession 
number PRJNA656138.

Statistical analyses
To determine the statistically significant differences in the mi-

crobial populations that occurred between the two groups studied, 
rarefaction was first performed for the same number of sequences 
between all samples (59,300 when comparing the EE patients and 
the healthy volunteers). After rarefaction, the relative abundance 
was calculated using the Mann-Whitney non-parametric test. The 
statistical analysis of  alpha-diversity was performed using the 
Mann-Whitney U test. The beta-diversity analysis was performed 
using the ANOSIM test, a non-parametric method based on a 
distance matrix, using the QIIMETM software, with P<0.05 
considered statistically significant. Boxplot graphs and tables were 
generated to study the diversity according to Simpson, Shannon, 
Chao1, and Observed Species values. Bar graphs and tables were 
generated with means, standard deviation (SD), median, and the 
25th (P25) and 75th (P75) percentiles for the taxonomic organization 
(phylum, class, order, family, and genus). The Kolmogorov-Smirnov 
test was used to assess the normality of the variables analyzed. All 
tests performed took into account a bidirectional α of  0.05 and a 
95% confidence interval, and were performed with SPSS 25 software 
(IBM, Armonk, NY, USA) and Excel 2010® software (Microsoft, 
Redmond, WA, USA). 

TABLE 1. Sociodemographic data of the study participants.

Erosive 
esophagitis Control

Sex

   Female 27.3% 9.1% 

   Male 72.7% 90.9% 

Age (years) 39 (±11) 34 (±6)

Weight (kg) 73 (±6) 74 (±8)

Height (meters) 1.7 (±0.08) 1.7 (0.06)

Body mass index (kg/m2) 25.5 (±1.9) 24.6 (±1.8)

Data are provided as a percentage (95% confidence interval) or mean (± standard deviation) 

Examinations
This study recruited patients with dyspeptic symptoms (heart-

burn, epigastric pain, fullness, bloating) and asymptomatic controls. 
The symptomatic patients performed an upper gastrointestinal en-
doscopy. Those who presented erosive esophagitis were included in 
this study and collected stool samples. To assess erosive esophagitis, 
we used Los Angeles Classification(20). During the examination, 
biopsies of  the gastric body and antrum were performed, using 
the Operative Link for Gastric Assessment system(21) to rule out 
severe or extensive gastric atrophy. The control group consisted of 
asymptomatic volunteers who collected feces for the same analysis. 
All participants underwent an anamnesis, physical examination, 
and anthropometry examinations.

Inclusion and exclusion criteria
The male and female patients were 18 to 60 years of age with 

confirmed diagnosis of  erosive esophagitis (Los Angeles grades 
A and B) through clinical and endoscopic criteria. The exclusion 
criteria included usage of proton pump inhibitors (PPIs), H2 an-
tagonists, or antacids in the prior 30 days; usage of antimicrobials 
or probiotics in the preceding 3 months; presence of histologically 
confirmed severe and/or extensive atrophic gastritis; comorbidi-
ties that may interfere in the motility of the gastrointestinal tract, 
including diabetes mellitus, previous cerebrovascular accident, 
neurological diseases, autoimmune diseases, gastrinoma, hyperpar-
athyroidism, and mastocytosis; usage of drugs that can interfere 
in the motility of the gastrointestinal tract or in salivation, such as 
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RESULTS

There were no statistical differences in gender, age, or BMI 
between the two groups (P>0.05 for all). The severity of the erosive 
esophagitis assessed was grade A 54.5% (6/11) and grande B 45.5% 
(5/11). A rarefaction curve was generated to determine whether 
all operational taxonomic units (OTUs) in the data sets were suf-
ficiently evaluated. Each rarefaction curve showed a similar pattern, 
reaching a plateau and a saturation stage, which indicated that the 
majority of species present in each sample of the two groups were 
observed (FIGURE 1). The basis of the rarefaction process was the 
sample with the fewest sequences (n=59,300). The sequences were 
grouped into OTUs based on 97% similarity using the QIIME™ 
program, with the Greengenes database (version 13.8) as a source. 
Only groups with an average frequency >0.1% were analyzed. 

The Shannon and Simpson Diversity indices, the estimated 
richness by Chao1, and number of species observed indicate no 
difference in the alpha-diversity in the two groups (TABLE 2, 
FIGURE 2).

There was no difference in the beta-diversity analyzed using 
PCoA, based on the weighted and unweighted UniFrac distance 
matrix (FIGURE 3). No differences were found in the phylum level 
when the two groups were compared. However, at the genus level, 
a statistically significant difference was observed in the abundance 
of the genus Faecaliumbacterium between healthy controls and EE 
patients (FIGURE 4; 10.5% versus 4.5%, P=0.045, FIGURE 5). 

FIGURE 1. Rarefaction curve showing the estimated number of opera-
tional taxonomic units (OTUs) in the control group (blue) and the erosive 
esophagitis group (red), as a function of the sampling sequencing generated 
using QIIME™ software.

TABLE 2. Alpha-diversity index.

Erosive esophagitis Control
Mean SD Median P25 P75 Mean SD Median P25 P75

Simpson 0.93 0.03 0.93 0.9 0.94 0.91 0.09 0.94 0.92 0.97
Chao1 368.41 112.14 342.97 276 515.17 350.57 98.9 384.16 265 421.49
Observed species 330.18 100.73 310 240 456 319.82 89.15 351 243 389

FIGURE 2. Boxplot graphs of Alpha-diversity indices. No statistically 
significant difference in alpha-diversity was evident between the erosive 
esophagitis (EE) and the control groups.

FIGURE 3. Unifrac analysis of the bacterial community, in erosive 
esophagitis (red) and controls (blue), by the unweighted (A) and 
weighted (B) principal coordinates analysis (PCoA) method. A P-value  
(ANOSIM) =0.870; B P-value (ANOSIM) =0.430.
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At the family level, there was a statistically significant difference 
in the abundance of  the family Clostridiaceae between healthy 
controls and EE patients (FIGURE 6; 0.3% versus 2.0%, P=0.032, 
FIGURE 7). 

DISCUSSION

Erosive esophagitis onset depends on many factors, such as the 
anti-reflux barrier (lower esophageal sphincter and intact crural 
diaphragm), adequate esophageal clearance (action of  gravity, 
peristalsis, and salivation), esophageal mucosa resistance, and 
intragastric emptying and pressure(24). 

In addition, some authors observed a higher frequency of 
bacterial overgrowth of  the small intestine in patients with es-
ophagitis(25). Other study observed that the colonic fermentation 
of non-digestible carbohydrates by intestinal microbiota caused a 
higher rate of transient relaxation of the LES, a larger number of 
episodes of acid reflux, and symptoms of GERD(17). Conversely, 
others found higher levels of gases in the stomach and duodenum 
of patients with reflux esophagitis(26). Bacterial dysbiosis can lead 
to deconjugation of bile acids, which may have implications on the 
pathophysiology of gastroesophageal mucosal lesions(27). Finally, 
a recent study reported the benefit of probiotics along with PPI in 
the treatment of reflux esophagitis, with a reduction of relapses(28). 
The collective findings indicate that alterations of  the intestinal 
microbiota are related to the increased production of intraluminal 
gases and a greater risk of developing esophageal lesions.

However, the association between intestinal dysbiosis and es-
ophageal involvement is poorly documented. Thus, we performed 
this study to evaluate the intestinal microbiota in EE patients 
and healthy individuals. During the selection of participants, we 
excluded several situations that may influence the composition 
of the intestinal microbiome. These included recent use of PPIs, 
antibiotics, or probiotics; severe or extensive atrophic gastritis; GI 
tract surgeries, comorbidities, or medications that interfere with 
the motility of  the GI tract; and recent long-distance journeys, 
among others. The latter criterion reflected the recent reports 
that the intestinal microbiome is sensitive to changes in climate 
and diet(29-32). These exclusion criteria were rigorously applied to 
reduce possible bias.

Our results agree with the literature, revealing a greater abun-
dance of four phyla in the intestinal microbiota of patients in both 
groups (GERD and normal individuals). More than 50 phyla have 
been identified in the environment. However, the characterization 
of the human microbiota identifies only four as dominant phyla – 
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria(33). We 
observed no difference in beta-diversity between the two groups, 

FIGURE 4. Relative abundance and taxonomic classification, at the level 
of genus, in fecal samples obtained from patients in the control group and 
the erosive esophagitis (EE).

FIGURE 5. Boxplot graph with relative abundance of the genus  
Faecalibacterium in the control group and the esophagitis group (EE). 

FIGURE 6. Relative abundance and taxonomic classification of bacteria 
at the family level, in fecal samples obtained from healthy controls and 
erosive esophagitis (EE) patients.

FIGURE 7. Boxplot graph with relative abundance of the family  
Clostridiaceae from the control group and the erosive esophagitis (EE) group.
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without any clusters in the PCoA data (FIGURE 3). There was 
also no difference in alpha-diversity (FIGURE 2). Thus, consider-
ing global biodiversity, the two groups exhibited similar intestinal 
microbiota in the total number, composition, and relative abun-
dance of species.

The taxonomic level assessment revealed a lower relative 
abundance of  the genus Faecalibacterium and a higher rela-
tive abundance of  the family Clostridiaceae in the EE patients  
(FI GURES 5 and 7).

Faecalibacterium prausnitzii is the only species that has been 
identified in the genus Faecalibacterium. F. prausnitzii is the main 
representative of the phylum Firmicutes, class Clostridium, fam-
ily Ruminococcaceae. In humans, the genus Faecalibacterium is 
divided into two different phylogroups, although whether they 
have different physiological functions is unknown(34). F. prausnitzii 
is extremely sensitive to oxygen and is difficult to cultivate, even 
in anaerobic conditions(34). F. prausnitzii represents approximately 
5% of the total fecal microbiota in healthy adults, and may reach 
15% in some individuals(35). The abundance and ubiquity of  F. 
prausnitzii suggest that this is a functionally important member 
of the microbiota, with a possible impact on the physiology and 
health of the host. Changes in the abundance of this bacterium 
have already been widely described in different intestinal and meta-
bolic diseases in humans(34). The beneficial effects of F. prausnitzii 
reflect its ability to produce butyrate, which positively modulates 
the intestinal immune system, oxidative stress, and the metabolism 
of  colonocytes(36-38). F. prausnitzii was reported to secrete anti-
inflammatory compounds, such as salicylic acid(39). In a recent study, 
seven peptides present in the supernatant from F. prausnitzii cultures 
were derived from a single anti-microbial inflammatory molecule, 
a 15 kDa protein, capable of blocking the nuclear factor-kappa B 
pathway in intestinal epithelial cells(39). Another study described 
that patients with reduced abundance of F. prausnitzii displayed 
higher serum levels of interleukin 8. The authors concluded that 
alterations in the microbial composition are associated with an 
increase in intestinal permeability and increased plasma levels of 
pro-inflammatory cytokines(40). Others reported that administra-
tion of F. prausnitzii restored serotonin levels in the colon of rats 
with low-grade chronic inflammation(41). Although serotonin is 
not a direct marker of motility, it stimulates peristalsis, secretion, 
vasodilation, and sensory signaling in the intestine, and directly 
and indirectly regulates intestinal motility(42).

Finally, we observed increased abundance of the Clostridiaceae. 
Greater abundance of Clostridiaceae has already been described 
in other pro-inflammatory pathological contexts. In one study, 
a greater abundance of  Clostridiaceae was observed in patients 
with inflammatory bowel disease and in patients with rheumatoid 
arthritis(43). An increase in the abundance of  Clostridiaceae was 
also observed in infants with food allergies(44).

The collective results of our study indicate differences in the 
microbiota associated with the generation of a pro-inflammatory 
bowel environment, with direct and indirect effects on the function 
of the digestive tract, including its upper segment. An important 
consideration is the possibility that the reduction in the abundance 
of Faecalibacterium may be due to a possible prior use of PPIs by 
patients with EE. The use of PPIs can be associated with the re-
duced abundance of Faecalibacterium in the intestinal microbiome. 

Another study observed a reduction in the abundance of Faecali-
bacterium in patients with prolonged use of PPI(45), with a lower the 
abundance of Faecalibacterium in PPI users compared to non-users 
reported elsewhere(46). A study conducted using healthy male dogs 
demonstrated that omeprazole decreased the Faecalibacterium 
count in healthy male dogs(47). In order to reduce the influence of 
PPI in the intestinal microbiota, subjects included in the present 
study had purportedly not used PPIs for at least 30 days preceding 
their participation. A recovery of intestinal microbiome 30 after 
suspending the use of PPI has been described(48). However, further 
studies are still needed to better evaluate the changes caused by PPI 
in the intestinal microbiome. 

This study has some limitations. Firstly, based on the Lyon 
Consensus, erosive esophagitis grade A and B are less accurate in the 
diagnosis of gastroesophageal reflux disease. Similar studies may 
be performed in non-erosive reflux disease and compared with the 
erosive form. Secondly, dietary surveys were not performed. Such 
surveys can be useful in evaluating the intestinal microbiota, as 
the diet has an influence on bacterial composition(49,50). The study 
participants lived in the same region, which may have reduced the 
variation in the diets. Besides, the frequency and consistency of 
stools of the participants, which may have an impact in the com-
position of the intestinal microbiota, were not evaluated(51). There 
was also no metabolomics assessment of the samples. In addition, 
the sample size was small, which prevented extrapolation of the 
findings to other populations. 

CONCLUSION

In conclusion, reduced abundance of the genus Faecalibacte-
rium and greater abundance of the family Clostridiaceae may con-
tribute to the development of erosive esophagitis. Further studies 
are needed to confirm these findings and the importance of using 
a therapeutic strategy for this clinical condition. 
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INTRODUCTION

Ileitis is defined as an inflammation of  the ileum, which is 
the portion of  the small intestine that is evaluated during colo-
noscopy(1).

Although Crohn’s disease is commonly associated with ileitis, 
various differential diagnoses must be considered with its presenta-
tion. These can be divided into the following etiologic groups(1-5):

1. Infectious causes: tuberculosis, Yersinia, Salmonella,  
Clostridioides difficile, typhlitis, Mycobacterium avium, actinomy-
cosis, histoplasmosis, Anisakiasis, and cytomegalovirus.

2. Spondyloarthropathy: related to ankylosing spondylitis, reac-
tive arthritis, psoriasis, and undifferentiated spondyloarthropathy.

3. Vasculitis: systemic lupus erythematosus, cutaneous polyarte-
ritis nodosa, and Henoch–Schönlein purpura.

4. Ischemia: cause of  the splanchnic hypoperfusion in non-
occlusive mesenteric ischemia.

5. Neoplasms: represented by adenocarcinoma, lymphoma, and 
carcinoid tumor, in addition to the alterations present in patients 
with familial adenomatous polyposis, hereditary non-polypoid 
colorectal cancer, and Peutz-Jeghers syndrome.

6. Drug-induced: related to non-steroidal anti-inflammatories, 
oral potassium chloride tablets, oral hormonal contraceptives, 
ergotamine, digoxin, and hydrochlorothiazide with enteric potas-
sium coating.
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7. Systemic diseases: eosinophilic enteritis, amyloidosis, sar-
coidosis, endometriosis, and systemic mastocytosis.

8. Lymphoid hyperplasia: Ileitis of uncertain significance (more 
prevalent in children).

9. Immunoglobulin-G4-related: there are reports of  ileal 
manifestations, including those mimicking ileocecal neoplasia by 
intestinal subocclusion(6,7). 

The assessment of  the ileum is part of  complete colonos-
copy, but because of  the difficulty in its implementation, longer 
examination time, and the low need for completion of diagnosis, 
its obligation in all examinations is questioned(3,8) and it would 
rather be of greater relevance in the investigation of symptomatic 
patients(9). The need to enter the ileum, perform biopsy if  altera-
tions are observed, and the clinical significance of the findings is 
under discussion. Thus, the objective of this study is to evaluate the 
correlation of colonoscopy ileitis with the clinic exam indication, in 
order to identify cases where ileal evaluation could be mandatory.

METHODS

This study was conducted retrospectively using the data of 
colonoscopy examinations performed at the Clinical Hospital 
Complex of the Federal University of Paraná, a Brazilian tertiary 
public university hospital, between 2013 and 2017.

Colonoscopy indications and reports of the selected patients 
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were evaluated. This study included patients over 18 years of age 
who had undergone ileoscopy. Patients below 18 years, those with 
no ileal evaluation or undergone surgical manipulation with total 
or partial resection of the small and/or large intestines, as well as 
repeated examinations of the same patient during the study period 
were excluded. 

The indications of colonoscopy were categorized as follows: 
abdominal pain, follow-up of patients with inflammatory bowel dis-
ease (IBD), bleeding from the gastrointestinal tract, constipation, 
diarrhea, chronic anemia, weight loss/ consumptive disease, change 
in bowel habit, control of neoplasia of the gastrointestinal tract, 
control of colonic polyps, colorectal cancer screening, and others. 

In order to assess whether the ileitis was clinically relevant, a 
review of the medical records of patients was performed to evaluate 
their follow-up and outcomes. Ileitis indicated as a diagnostic or 
therapeutic change was considered clinically significant.

The results obtained in the study were represented as mean, 
standard deviation, minimum and maximum values (for age), or 
by frequencies and percentages (categorical variables). The as-
sociation between the clinical presentation and the likelihood of 
the presence of ileitis (or clinical significance) was analyzed using 
the Fisher’s exact test or by adjusting logistic regression models 
(univariate and multivariate analysis). After the adjustment of 
the models, the Wald test was used to assess the significance of the 
variables. The measure of association estimated was odds ratios 
with 95% confidence intervals. P-values <0.05 indicated statistical 
significance. The data were analyzed using the computer program 
Stata/SE version 14.1 (Stata Corp. LP, USA).

The study was approved by the local Ethics Committee.

RESULTS

From 2013 to 2017, 5833 colonoscopies were performed at this 
hospital. Of these, 3382 examinations were included in the study, 
with exclusions indicated in FIGURE 1. Among those who had not 
ileal evaluation: 469 (47.52%) do not have any justification in the 
exam description, 225 (22.8%) had no appropriated bowel prepara-
tion, 120 (12.16%) had technical difficulties, 93 (9.42%) colon or 
ileocecal valve stenosis and 80 (8.10%) other reasons.

The demographic profile of the patients revealed 64.5% female 
patients and an average age of 56.9±13.1 years (18–89 years). The 
main indications of examinations were bleeding from the gastro-
intestinal tract and screening, as presented in TABLE 1. The same 
patient could have more than one indication, excluding the screen-
ing of asymptomatic patients and those being controlled for IBD, 
who could have diarrhea, bleeding, and weight loss.

A total of 179 cases of ileitis were found (5.3% of the patients), 
of which 50.84% had clinically significant ileitis. After excluding the 
patients who were examined for control of IBD where the evalua-
tion of the ileum is mandatory, 118 patients remained and the ileal 
examination was clinically significant in 30 (25.42%).

The diagnostics found in the 30 patients who did not have IBD 
were: 16 diagnostic tests of  IBD, four graft versus host disease 
(GVHD), two ileitis due to cytomegalovirus, one carcinoid tumors, 
two ileitis related to spondyloarthropathy, one ileitis associated 
with vasculitis (Churg Strauss syndrome), one eosinophilic il-
eocolitis, one caused by Ebstein-Barr virus, one drug-related 
(non-steroidal anti-inflammatory) and one GVHD with cyto-
megalovirus infection.

The main macroscopic findings during endoscopy are shown 
in TABLE 2.

To evaluate the presence of ileitis and its clinical indications, the 
results are presented in TABLE 1 and demonstrate the importance 
according to the indications with respect to the ileitis cases (n=179) 
and those with clinical significance (n=91). Among all patients, the 
indication for control of IBD was statistically significant as a risk 
factor for ileitis, while screening and change in bowel habit were 
protective factors. When analysis was performed only for clini-
cally significant examinations, it was observed that the control of 
IBD remains a predictive factor to detect ileal alterations, while 
all other indications, except for ‘diarrhea’ and ‘others’, revealed a 
negative correlation.

DISCUSSION

In the present study, ileal alterations were found in 5.3% of 
patients, but when we exclude those with IBD the alterations where 
found in 3.79%. The presence of ileitis reported in the literature is 
similar, varying from 1–5%(3,9-13). Among the total number of ileitis 
in this study, only 91 (2.69%) patients showed clinical relevance, 
indicating a diagnosis or change of treatment, of these 30 (0.96%) 
in patients without IBD. This data was also concurrent with the 
literature, which reports that ileal examination helped in the diag-
nosis in 1.0–7.2% of routine colonoscopies(8,10,11,14,15).

According to the guidelines of IBD, ileal examination is an im-
portant part of the colonoscopy in these patients. In our assessment 
of both the general and clinically significant samples, ileal evalua-
tion showed statistical significance in these patients, providing an 
18.5 - 46.4 times greater likelihood of finding ileal alterations in 
them. In 1998, in order to justify ileal examination in patients with 
IBD, Geboes retrospectively evaluated the ileoscopies of patients 
with IBD versus those controlled for polyps as the control group, 
demonstrating that 123 of the 257 patients with IBD had ileitis, 
while the control group had none(16).

In all examinations, including the clinically significant ones, 
ileal evaluation in patients undergoing screening and change in the 
bowel habit showed with statistical significance that ileoscopy in these 
clinical indications is unnecessary. In 2006, Yoong et al. evaluated 
2149 colonoscopies and concluded that the time spent in performing 

FIGURE 1. Description of the study sample, excluding patients younger 
than 18 years old, those with surgical intestinal manipulation, those  
without ileoscopy, and repeated examinations in the same patient.
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TABLE 1. Comparison between endoscopic ileitis, endoscopic clinical relevant ileitis, and clinical indications for the examination.

Indication n With endoscopic ileitis Endoscopic clinical relevant ileitis P OR (95% CI)

Abdominal pain 486 21 (4.3) 0.302 0.78 (0.49–1.25)
5 (1) 0.019 0.34 (0.14–0.84)

Bleeding 706 27 (3.8) 0.052 0.66 (0.43–1.00)
9 (1.3) 0.012 0.41 (0.20–0.82)

Anemia 278 13 (4.7) 0.632 0.86 (0.49–1.55)
1 (0.4) 0.037 0.12 (0.02–0.88)

Constipation 144 3 (2.1) 0.091 0.37 (0.12–1.17)
0 (0) 0.041 –

Diarrhea 421 27 (6.4) 0.273 1.27 (0.83–1.93)
15 (3.6) 0.233 1.41 (0.80–2.47)

Weight loss 420 14 (3.3) 0.058 0.58 (0.34–1.02)
3 (0.7) 0.014 0.24 (0.07–0.75)

Cancer control 29 1 (3.5) 0.659 0.64 (0.09–4.71)
0 (0) 0.008 –

Polyp control 302 12 (4) 0.258 0.72 (0.40–1.31)
1 (0.3) 0.028 0.11 (0.02–0.79)

Change in bowel habit 246 4 (1.6) 0.012 0.28 (0.10–0.76)
0 (0) 0.007 –

Control of IBD 273 61 (22.3) <0.001 7.29 (5.20–10.2)
61 (22.3) <0.001 29.3 (18.5–46.4)

Screening 638 12 (1.9) <0.001 0.30 (0.16–0.53)
2 (0.3) 0.001 0.09 (0.02–0.38)

Others 192 12 (6.3) 0.542 1.21 (0.66–2.21)
2 (1.1) 0.163 0.37 (0.09–1.50)

IBD: inflammatory bowel disease; OR: odds ratio; CI: confidence interval.

TABLE 2. Macroscopic ileal findings with colonoscopy.

Lesion n

None 3203

Erosion 42

Ulcer 40

Lymphoid hyperplasia 29

Others 17

Enanthema 11

Erosion and enanthema 8

Polyp 6

Ulcer and other 4

Ulcer and erosion 4

Ulcer and enanthema 3

Erosion, polyps, and others 3

Erosion and others 3

Enanthema and others 2

Ulcer, enanthema, and others 2

Ulcer and lymphoid hyperplasia 1

Lymphoid hyperplasia and polyps 1

Ulcer and polyp 1

Lymphoid hyperplasia, erosion, and enanthema 1

Ulcer, erosion, enanthema, and others 1

Total 3382

the examination in asymptomatic patients would be equivalent to 
the time required to complete over 2000 colonoscopies per year 
in the English health system(8), an information with significant 
impact in public health care, particularly in developing countries 
such as Brazil. In 2008, Kennedy evaluated 6408 colonoscopies per-
formed by screening and categorizing patients as symptomatic and 
asymptomatic, and only 1% of colonoscopies showed macroscopic 
changes and 0.3% showed anatomopathological abnormalities(11).

In order to carry out an analysis of the benefit of systematic 
ileal examinations, the anatomopathological and anatomoclini-
cal correlations of  detecting ileitis are important, as well as the 
relevance of  these findings in the diagnostic clarification. Some 
data corroborate ileal evaluation for certain indications. Jeong et 
al. evaluated 3415 ileoscopies retrospectively and observed that 
91.2% of the biopsies were non-specific, but clinical relevance was 
found in examinations presenting signs of pain in the right iliac 
fossa as compared to screening patients(12). In 2009, Castano pub-
lished data from a retrospective study of 1467 patients, showing 
statistical significance in patients with a history of consumption of 
non-steroidal anti-inflammatories and presence of HIV, as well as 
indications of abdominal pain, diarrhea and follow-up of IBD, but 
without clarifying whether there was a clinical correlation in the 
changes found(17). In 2018, Meral et al. evaluated 1032 ileoscopies 
and observed a statistical significance in finding ileal changes in 
symptomatic patients, when comparing symptomatic with asymp-
tomatic patients (screening)(18). In our study, considering only the 
cases with clinical significance, indications of  abdominal pain, 
bleeding, anemia, consumptive syndrome/weight loss, and control 
of cancer or polyps do not require ileoscopy. It was observed that 
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there are not enough clinically statistically significant ileal changes 
to indicate a mandatory ileal examination in these patients. It is 
important to note that in all these indications, the main need for 
colonoscopic evaluation is detecting neoplasms, which could be the 
main cause of the mentioned symptoms, and the control of polyps 
or neoplasms. Thus, as in screening tests and changes in bowel 
habits, the final indication of an invasive test, such as colonoscopy, 
is detecting colonic neoplasms.

In patients undergoing investigations for chronic diarrhea, a 
significant histopathological alteration was found in the literature 
in 9–19% patients(19-23). In the present study, this was the only indica-
tion that did not show statistical significance in all patients and in 
those showing clinical relevance, indicating that the non-mandatory 
ileal examination still needs to be discussed in these patients.

CONCLUSION

This study had few limitations such as the sample size, bias of 
the population studied (single center of a tertiary hospital sample), 
and retrospective design. Moreover, some patients presented more 
than one indication for the examination, and this factor could have 
compromised part of the analysis of the indications. However, we 
sought to reduce these limitations by withdrawing the examination 
of patients with intestinal surgical manipulation, as well as defin-

ing cases providing diagnosis or change of treatment as clinically 
significant examinations. This differed from the previous studies 
that included cases in which ileitis was a reason for further exami-
nations, because in this case it was possibly an iatrogenic disease. 
Moreover, the other studies with similar scope compared cases and 
controls, in which cases were symptomatic patients and controls 
were screening patients. In contrast, we evaluated patients with the 
same indications among themselves, because they presented the 
same risk of having ileal alterations theoretically.

Thus, the study concludes that there is a need of ileoscopy in 
patients with IBD, but no need of  ileal evaluation in screening 
or in cases where the main intent is to find neoplasms. This can 
optimize the time of examination for a proper evaluation of the 
colonic mucosa to find polyps and lesions. For ileal examination in 
patients with chronic diarrhea, further studies are needed.
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objetivo deste estudo é avaliar a correlação da ileíte colonoscópica com a apresentação clínica, a fim de identificar os casos em que o exame ileal 
é obrigatório. Métodos – Foi realizado um estudo transversal retrospectivo entre 2013 e 2017. O laudo do exame, as indicações para colonoscopia 
e os prontuários médicos foram avaliados para identificar se os achados colonoscópicos eram clinicamente significativos. Pacientes maiores de 18 
anos submetidos à ileoscopia foram incluídos, enquanto pacientes menores de 18 anos, aqueles com ressecções intestinais prévias e exames repetidos 
do mesmo paciente no período de estudo foram excluídos. A medida de associação estimada foi o odds ratio com intervalos de confiança de 95%. 
Valores de P <0,05 indicaram significância estatística. Resultados – Foram incluídos 3382 casos. Desses, 64,5% eram mulheres e a média de idade foi 
de 56,9±13,1 anos (18–89 anos). Alterações ileais foram observadas em 5,3% dos pacientes, sendo 2,69% clinicamente significativos entre todos os 
pacientes e 0,96% excluindo aqueles com DII. Houve uma correlação positiva entre os achados de ileíte e exames de controle de DII e uma correlação 
negativa no rastreamento e alteração de hábito intestinal. Entre as indicações com ileíte clinicamente significativa, o controle de DII ainda teve uma 
correlação positiva, ‘diarreia’ e ‘outros’ não apresentaram significância estatística, e todas as outras indicações apresentaram correlação negativa 
para avaliação ileal. Conclusão – A avaliação ileal é obrigatória apenas no controle de DII. Quando o objetivo principal da colonoscopia é detectar 
neoplasias colônicas, a ileoscopia é desnecessária.
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INTRODUCTION

Colonoscopy is a well-established method for diagnostic and 
therapeutic examination. For its execution, it is of great importance 
to properly prepare the colon.

Ingestion of mannitol within 2 hours (known as “mannitol ex-
press”) is the most common way of bowel preparation in Brazil. One 
of the disadvantages of this method is the large volume of solution 
that patients must ingest in a short period of time, predisposing to 
aspiration during colonoscopy in case of considerable amount of 
liquid present in the gastric chamber.

To perform the colonoscopy it is recommended a 2-hour 
minimum fasting after the ingestion of  liquids(1), and there is 
no knowledge of  any factors that may contribute or hinder the 
gastric emptying of  mannitol nor there is any study about the 
subject.

Knowing the factors that may affect the gastric emptying time 
period favors the examination scheduling logistics and the indi-
vidualized orientation for each patient.
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ABSTRACT – Background – Bowel preparation with mannitol is a well-established method in Brazil. However, factors that interfere with the gastric 
emptying time period are yet to be known. Knowing these factors may favor the examination scheduling logistics and the individualized orientation 
for each patient. Objective – Know the factors that can contribute to the gastric emptying time after intestinal preparation with express mannitol. 
Methods – This is a prospective observational study to know factors that may contribute on the gastric emptying timing: predominant type of diet, 
comorbidities, medication usage, previous surgeries, number of evacuation per week, bearer of bowel obstipation, fecal type, diet type, number of 
evacuations after the home usage of bisacodyl before the ingestion of mannitol and number of evacuations after the ingestion of mannitol until reach-
ing a proper bowel preparation. Before starting the colonoscopy exam, an upper digestive endoscopy exam was made to aspirate the gastric content. 
Results – Sample was composed of 103 patients, 55 (53.4%) women, medium age 61 (±12.1) years, medium weight 75.3 (±14.1) kg, medium height 1.7 
(±10) m and medium BMI of 26.6 (±3.9) kg/m2. Average gastric residual volume was 120.9 (0–900) mL. Gastric residual volume (GRV) below 100 
mL (GRV ≤100 mL) occurred in 45 (43.6%) patients, 24 (53.3%) women, medium age of 61.0 years and medium BMI of 26.7 kg/m2. Gastric residual 
volume above 100 mL (GRV >100 mL) occurred on 58 (56.3%) patients, 29 (50%) women, medium age of 61.0 years and medium BMI of 26.2 kg/
m2. Comparing both groups, average fasting time period after the ingestion of mannitol was significantly higher on the group with GRV ≤100 mL 
than group with GRV >100 mL, 123.1 (60–246) vs 95.3 (55–195) minutes, respectively. There was also statistical significance concerning the usage of 
ezetimibe 6 (13.7%) in the group with GRV ≤100 mL and statistical significance in the group with GRV >100 mL concerning the usage of paroxetine 
3 (6.7%) and tadalafil 3 (6.7%) and surgical history of prostatectomy 3 (6.7%) and bridle withdrawal 3 (6.7%). Conclusion – We may conclude in this 
study that the usage of ezetimibe and fasting above 2 hours after the ingestion of mannitol decrease significantly the incidence of a GRV >100 mL. The 
usage of paroxetine, tadalafil and surgical history of prostatectomy or bridle withdrawal may contribute to increase de incidence of a GRV >100 mL.
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METHODS

This is a prospective observational study performed at the Endos-
copy Service of Fleury Medicina e Saúde between May 2017 and May 
2018, after approval by the institution’s Ethics Committee. Indications 
for colonoscopy were screening or surveillance for colorectal cancer. 

Eligible patients were: patients who had agreed to participate 
the research; age >18 years-old; BMI<40 kg/m2; ASA 1 and ASA2 
and be accompanied by someone of age ≥18 years-old.

Patients received the same instructions for bowel preparation: 
no ingestion of food containing any sort of seeds 5 days prior to 
the exam; one day before the exam, have a fiber-free diet and take 
two pills of bisacodyl at 05:00pm and 10:00pm. At the day of the 
examination, 4 hours before the colonoscopy, they were asked to 
ingest 500 mL of mannitol diluted with 500 mL of water. 

Bowel cleaning was confirmed by nursery staff  by the pres-
entation of  watery and light-colored evacuation. Number of 
evacuations to clean the colon and times of the first, third and last 
evacuation were all duly noted.
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Before bowel preparation in the institution, patients signed a 
Free and Informed Consent Form, answered clinical questionnaire 
and received orientations about the research. Questioned data 
were: predominant type of diet, comorbidities, medication usage, 
previous surgeries, number of evacuation per week, bearer of bowel 
obstipation, fecal type, diet type, number of evacuations after the 
home usage of bisacodyl before the ingestion of mannitol.

Patients were asked which type of diet they believed to fit in: 
protein, carbohydrate or vegetables (fibers) predominant diet.

Intestinal obstipation definition was based on the Rome IV 
Criteria(2) and fecal classification was made according to the Bristol 
Stool Chart(2).

Upon the confirmation of intestinal cleaning and the await of 
a 1-hour minimum fasting after the ingestion of mannitol, upper 
digestive endoscopy was performed for aspiration and volume 
assessment of  the gastric content, followed by colonoscopy. Pa-
tients were sedated with midazolam (5 mg), fentanyl (50 µg) and 
a progressive dose of propofol, until reaching an appropriate level 
of sedation.

According to the findings in the literature about the subject, 
gastric residual volume (GRV) of 100 mL(3-8) was determined as the 
ideal reference value to minimize the risk of bronchial aspiration.

A designated endoscopist made the data gathering and another 
expert endoscopist performed the colonoscopy exams.

Data were evaluated by means of the Kolmogorov-Smirnov test 
and answers were converted to binary variables, with residual vol-
umes up until 100 mL and volumes above 100 mL. Mann-Whitney 
U Test and chi-square distribution were applied with the purpose of 
verifying the existence of linear relation between the metric variables. 
A significance level of 5% was considered for the results interpreta-
tion. SPSS 22.0 software was used to perform the analyses.

RESULTS

Sample was composed of  103 patients, 55 (53.4%) women, 
medium age 61 (±12.1) years, medium weight 75.3 (±14.1) kg, 
medium height 1.7 (±10) m and medium BMI of 26.6 (±3.9) kg/
m2. Average gastric residual volume was 120.9 (0–900) mL.

Gastric residual volume below 100 mL (GRV ≤100 mL) was 
found in 45 (43.6%) patients and above 100 mL (GRV >100 mL) 
in 58 (56.3%). Demographic data are demonstrated in TABLE 1.

TABLE 1. Demographic data of the patients.

Total number of 
patients

103 patients
P-value

GRV >100 mL GRV ≤100 mL

N 58 (56.3%) 45 (43.7 %)

Age (years) 61 (±11.0) 61 (±12.7) 0.99

Male sex 29 (50%) 21 (46.7%) 0.26

BMI 26.2±3.5 26.7±4.02 0.57
GRV: gastric residual volume.

Elapsed time between the ending of  mannitol ingestion 
and the examination was 123.1±49.7 min. with GRV ≤100 mL 
and 95.3±36.4 min. with GRV >100 mL. There was statistical 
significance regarding the usage of  ezetimibe in the group with 
GRV ≤100 mL. and the usage of paroxetine and tadalafil, surgical 
history containing prostatectomy and intestinal bridle surgical 
treatment for GRV >100 mL. The other variables analyzed are in 
the TABLES 2 and 3. 

TABLE 2. Clinical data of the patients.

GRV >100 mL GRV ≤100 mL P-value

N 58 (56.3%) 45 (43.7 %)

Normal 
colonoscopy 23(40%) 14 (31.5%) 0.62

Use of ezetimibe 0 (0%) 6 (13.7%) 0.03

Use of 
paroxetine 3 (6.7%) 0 (0%) 0.02

Use of tadalafil 3 (6.7%) 0 (0%) 0.02

Bridle 
withdrawal 3 (6.7%) 0 (0%) 0.02

Prostatectomy 3 (6.7%) 0 (0%) 0.02

Obstipation 11 (20%) 5 (9.6%) 0.19

N. evacuations/
week 6.3+2.2 5.8+1.9 0.22

N. evacuations 
after bisacodil 4±2.3 4.3±3.1 0.67

N. evacuations 
after manitol 6.4±1.4 6.5±2.0 0.81

Fecal type

Type 1= 2 (3.3%)
Type 2= 2 (3.3%)
Type 3=6 (10%)

Type 4=15 (23.3%)
Type 5=25 (43.3%)

Type 6=6 (10%)
Type 7=2 (3.3%)

Tipo 1=0 (0%)
Tipo 2=1 (2.7%)
Tipo 3=3 (6.8%)
Tipo 4=9 (19.2%)
Tipo 5=26 (56.2%)
Tipo 6=5 (9.6%)
Tipo 7=1 (2.7%)

0.82

Diet type
C=33 (56.7%)
F=17 (30%)
P=8 (13.3%)

C=24 (53.4%)
F=14 (31.5%)
P=7 (15.1%)

0.95

C: carbohydrates; F: fibers; P: proteins.

TABLE 3. Evaluated factors after starting mannitol ingestion.

GRV >100 mL GRV ≤100 mL P-value

N 58 (56.3%) 45 (43.7 %)

Mannitol ingestion 
time period (minutes) 47.2 (SD=13.5) 44.3 (SD=18.2) 0.429

Mannitol starting 
time and the third 
evacuation (minutes)

47.8 (SD=28.7) 52 (SD=28.2) 0.498

Total number of 
evacuations at home 4 (SD=2.3) 4.3 (SD=3.1) 0.676

Total number of 
evacuations in the 
institution

6.4 (SD=1.4) 6.5 (SD=2.0) 0.816

End of mannitol 
ingestion and 
colonoscopy start 
(minutes)

95.3 (SD=36.4) 123.1 
(SD=49.7) 0.003

Colonoscopy findings per patients were: colon polyp on 41 
(39.8%) patients, colon diverticulum on 26 (25.2%), rectal polyp 
on 5 (4.9%), colon erosion on 5 (4.9%), lateral spreading tumor 
3 (2.9%), colon hyperemia on 2 (1.9%), angiectasias on 2 (1.9%), 
colorectal anastomosis on 2 (1.9%), erosive colitis on 2 (1.9%), 
scarring in the rectum on 2 (1.9%), colon lipoma on 2 (1.9%) and 
rectitis on 2 (1.9%).
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DISCUSSION

 The American Society of Anesthesiologists recommends 
a 2-hour fasting of liquids, except for alcohol, before starting the 
sedation, based on the meta-analysis of randomized clinical trials 
that show a low risk of aspiration when liquids are given to patients 
in a time period between 2 and 4 hours before the anesthetic proce-
dure (category A1 – evidence B)(1). Data with human beings shows 
volumes below 1.5 mL/kg in adults are normal in the fasting, not 
being related to clinical significant aspiration(4-8). 

By nature, liquids for the bowel preparation are light and pro-
tocols do not specify how they should react on the patient who is 
being prepared for colonoscopy examination. Despite that, plenty 
of anesthesiologists and medical centers request a fasting of 3 to 8 
hours before the sedation.

Based on the Roberts and Shirley 1974 experiment(9), in which 
the injection of acid solution (pH=2.5) directly into lungs of apes 
would result in adverse effects, it was assumed that the bronquic 
aspiration of 25 mL of gastric solution could have the same effects 
on human beings(10-14). However, patients who submit themselves to 
elective surgery usually have a gastric fluid volume above 25 mL, 
even with an overnight fasting(2), once there is still production of 
saliva and gastric juice by approximately 50 mL/h(10). This is cor-
roborated by studies that demonstrate that patients who ingest 
fluids 2 to 4 hours before the surgery do not have a residual gastric 
volume bigger than the patients who had a longer time period of 
fasting (25 mL) and patients without pre-anesthetic medication(10,11). 
Additionally, adverse events only happen with the aspiration of 
volumes above 25 mL(9,10,14-22) and patients, while fasting, produce 
saliva in an amount of nearly 50 mL/h, which will be swallowed 
and, consequentially, be part of the gastric liquid volume(10).

It was believed that, in the bronquic aspiration, the gastric 
liquid pH and the amount of volume aspirated would be key fac-
tors for the occurrence of chemical bronchopneumonia, and that 
a prolonged fasting of liquid content would decrease the gastric 
residual volume. However, studies published up until 20 years ago 
have shown that the gastric volume and pH do not show significant 
changes after 2 hours of fasting.

Scarr et al.(10) evaluated 211 patients divided in less than 3 hours, 
3 to 4.9 hours, 5 to 8 hours and more than 8 hours of fasting, all 
of which were submitted to general anesthesia and concluded that 
there was no significant statistical difference of GRV and gastric 
pH between the groups.

Juvin et al.(20) compared the pH and GRV of 25 obese patients 
with 23 thin patients and concluded there was no difference of 
the GRV (26±13 mL vs 26±8 mL). However, gastric pH in obese 
patients was slightly lower (pH 2.3 vs pH 2.8).

Schimidt et al.(12), comparing GRV and pH with 1 and 2 hours 
of fasting after ingesting 5 mL/kg (max. 150 mL) of clear liquid 
in the pre-general anesthesia period of  131 children between 1 
and 16 years old, ASA l and ll without gastrointestinal disorders, 
concluded that, despite significantly shorter fasting times for clear 
fluids in group A compared with group B (76/136 min; P<0.001), 
no significant difference was observed regarding gastric pH 1.43 
(1.30–1.56) vs 1.44 (1.29–1.68), P=0.66 or residual volume 0.43 
(0.21–0.84) vs 0.46 (0.19–0.78) mL/kg, P=0.47. Perhaps this ap-
plies only to children because in our series there was a significant 
difference in adults (95.3 x 123.1 minutes; P=0.003).

Huffman et al.(13) divided 712 patients into two groups: one 
group submitted to isolated upper endoscopy (n=411) and one 

group submitted to colonoscopy associated with upper endoscopy, 
divided in two groups: to one group (n=47), bowel preparation was 
done with 4L of  Polyethylene glycol or sodium picosulfateat at 
the morning of  the exam and to another group, part of(n=254) of 
the bowel preparation at home and the other part at the morning 
of  the examination. The group with upper endoscopy only was 
oriented to total fasting over the night before the colonoscopy 
examination. Comparing all groups, GRV was bigger in the groups 
in which the colonoscopy was performed (P=0.0001) with no dif-
ference between both groups with bowel preparation (P=0.85). 
Volumes above 50 mL were found in 8% of  the patients that 
started the bowel preparation at home, in 9% of  the patients with 
whole bowel preparation at the morning of  the exam and in 5%  
whose upper endoscopy only was performed, with no identified 
factor associated to the raise of  gastric volume. Diabetes, use of 
opioids, use of  metoclopramine or the sort of  preparation didn’t 
show significance in the GRV when the liquid was aspirated 2 
hours after the ingestion of the solution for the bowel preparation, 
the same results we found. Author didn’t identify clinical factors 
related to the increase of  gastric liquid retention, despite having 
patients with volumes above 100 mL. In our study were found 
statistical significance to prostatectomy (P=0.02) and intestinal 
bridle surgical treatment (P=0.02) for GRV >100 mL. 

In 161 patients in use of Percutaneous Endoscopic Gastros-
tomy, Agrawal D. et al.(14) found an average GRV of 21 mL ±254 
mL for the ingestion of 4 liters by PEG at the morning of the exam, 
with no difference for a fasting of 2, 2,5 and 3 hours (average of 
27±29, 16±26 and 17±14, accordingly; P=0.27), as well as the co-
existence of diabetes, gastroparesis and use of opioids. Five patients 
presented a volume above 100 mL, without any adverse effects. 

Coriat et al.(23), with ingestion of 4 tablets of sodium phosphate 
diluted in 250 mL of liquid every 15 minutes (total of 16 tablets 
and 1000 mL) in the morning of the examination, controlled by 
ultrasound evaluation, observed gastric emptying of  25% after 
60 minutes of the ingestion, 70% by 120 minutes and 87% by 150 
minutes with no significance for the emptying when considering 
the body mass index (BMI). Despite results previously described, 
we observed patients with GRV >100 mL had a shorter average 
fasting time than those who had GRV ≤100 mL (95.3 x 123.1 min; 
P=0.003).

Paroxetine inhibits the recapture of 5-hydroxytryptamine (5-
HT). On rabbits, it causes a dose-dependent decrease on the ileum 
contractility(15) and on human beings may promote a delay on the 
gastric emptying, despite accelerating the orocecal transit(16,18,22). 
Maybe this effect can explain the result found in our study. Compa-
ring the effects on the gastrointestinal tract by buspirone, paroxetine 
and venlafaxine, Chial et al.(19) concluded there was no significant 
difference (P=0.3) on the gastric emptying time (t=2h) for solid 
content. Paroxetine, when compared to placebo, accelerated the 
orocecal transit time to 6 hours 82 (41.3 to 99)% vs 47 (24.5% to 
59)%, P=0.05), without alterating the colon transit. Besides that, 
it did not have effect on the postprandial gastric volume.

Despite not being any directed studies about the effects of 
tadalafil and ezetimibe, surgery for the withdrawal of bridles and 
usage of mannitol over the gastric residual volume, Remes-Troche 
et al.(21) describes effect of  tadalafil on the treatment of  spastic 
esophageal disorder due to its muscle relaxation effect over the  
esophagus’ smooth muscle. After de injection of 20 mg of tadalafil on 
a control group, on four patients with achalasia and on two patients 
with hypertensive peristalsis, by manometric evaluation of 15, 30, 



Brito HP, Sugai B, Chaves FT, Ide E, Rodrigues RA, Chaves DM.
Gastric residual volume factors after bowel preparation with mannitol express

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 183 

45, 60 and 120 minutes, 24 and 48 hours, was noticed a progressive 
resting pressure decrease of the inferior esophageal sphincter after 
60 minutes in the control group (18.8±4 mmHg vs 22.1±3 mmHg, 
P=0.019), reaching the lowest point after 2, 24 and 48 hours. Out of 
the six patients with peristalsis condition, four of them noticed an 
improvement on their dysphagia between 24 and 48 hours. In tada-
lafil’s medicine leaflet, side effects may include abdominal pain and 
gastric-esophageal reflux. As for the ezetimibe, the medicine leaflet 
describes abdominal pain, diarrhea and flatulence as possible side 
effects. For us, tadalafil is related to GRV >100 mL (P=0.02) and 
the use of ezetimibe is related to decreased GRV ≤100 mL (P=0.03).

Studies(2,24,25) point out liraglutide in patients with diabetes 
mellitus type II as the prompter of  gastric emptying delay and 
inhibitor of  duodenal and small intestine motility. We observed 
patients using this medication did not show statistical significance 
(P=0.146) on the GRV when suspending it seven days before having 
a colonoscopy examination.

This is the first study with mannitol bowel preparation that tries 
to define factors related to the time of gastric emptying and can 
contribute to daily endocopic practice, providing scientific subsidies 
for those services that have already adopted fasting time reduction, 
being able to assist the examination scheduling logistics and the in-
dividualized orientation for patient. Besides that, it may also provide 
data for future studies that evaluate factors that can interfere on it.

CONCLUSION

We may conclude the usage of ezetimibe and fasting above 2 
hours after the ingestion of  mannitol decrease significantly the 
incidence of a GRV >100 mL. The usage of paroxetine, tadalafil 
and surgical history of  prostatectomy or bridle withdrawal may 
contribute to increase de incidence of a GRV >100 mL.

Authors’ contribution
Brito HP: data acquisition, analysis, data interpretation, ar-

ticle writing, article review. Chaves DM: data acquisition, data 
interpretation, article review, final approval. Chaves FT: data 
acquisition, translation, article writing. Sugai B: data acquisition, 
article writing, article review. Ide E: data acquisition, article writ-
ing, article review. Rodrigues RA: data acquisition, article writing, 
article review.

Orcid
Hélcio Pedrosa Brito: 0000-0003-4170-2247. 
Beatriz Sugai: 0000-0001-6817-4152. 
Filipe Tomishige Chaves: 0000-0002-7177-2724. 
Edson Ide: 0000-0003-4533-6117. 
Rodrigo Rodrigues: 0000-0002-0922-839X. 
Dalton Marques Chaves: 0000-0003-4026-533X. 

Brito HP, Sugai B, Chaves FT, Ide E, Rodrigues RA, Chaves DM. Fatores predisponentes do volume residual gástrico após preparo expresso com manitol. 
Arq Gastroenterol. 2021;58(2):180-4. 
RESUMO – Contexto – O preparo intestinal com manitol é um método bem estabelecido no Brasil. No entanto, os fatores que interferem no tempo de 

esvaziamento gástrico ainda não são conhecidos. O conhecimento desses fatores pode favorecer a logística de agendamento do exame e a orientação 
individualizada para cada paciente. Objetivo – Estudar os fatores que podem contribuir para o tempo de esvaziamento gástrico após o preparo intes-
tinal com manitol expresso. Métodos – Trata-se de um estudo observacional prospectivo com o objetivo de conhecer os seguintes fatores que podem 
contribuir no tempo de esvaziamento gástrico: tipo de dieta predominante, comorbidades, uso de medicamentos, cirurgias anteriores, número de 
evacuações por semana, portador de obstipação intestinal, tipo fecal, tipo de dieta, número de evacuações após o uso domiciliar de bisacodil antes da 
ingestão de manitol e número de evacuações após a ingestão de manitol até atingir o preparo intestinal adequado. Antes de iniciar o preparo intestinal, 
os pacientes responderam a um questionário clínico. O endoscópio foi introduzido para aspirar o conteúdo gástrico, antes de iniciar a colonoscopia. 
Resultados – A amostra foi composta por 103 pacientes, sendo 55 mulheres, com média de idade de 61 anos, peso médio de 75,3 kg, altura média de 
1,7 m e IMC médio de 26,6 kg/m2. O volume residual gástrico médio medido foi 120,9 (0–900) mL. Volume residual gástrico inferior a 100 mL (VRG 
≤100 mL) foi encontrado em 45 (43,6%) pacientes, sendo 24 (53,3%) mulheres, com média de idade de 61,0 anos e IMC médio de 26,7 kg/m2. Volume 
residual gástrico acima de 100 mL (VRG >100 mL) ocorreu em 58 (56,3%) pacientes, sendo 29 (50%) mulheres, com idade média de 61,0 anos e IMC 
médio de 26,2 kg/m2. Comparando os dois grupos, notou-se que o tempo médio de jejum após a ingestão de manitol foi significativamente maior 
no grupo com VRG ≤100 mL do que no grupo com VRG> 100 mL, 123,1 (60–246) vs 95,3 (55–195) minutos, respectivamente. Também houve sig-
nificância estatística em relação ao uso de ezetimiba 6 (13,7%), sendo maior no grupo com VRG ≤100 mL. Além disso, houve significância estatística 
no grupo com VRG >100 mL quanto ao uso de paroxetina 3 (6,7%) e tadalafil 3 (6,7%) e história cirúrgica de prostatectomia 3 (6,7%) e retirada de 
bridas 3 (6,7%). Conclusão – Podemos concluir neste estudo que o uso de ezetimiba e o jejum acima de 2 horas após a ingestão de manitol diminuem 
significativamente a incidência de um VRG> 100 mL. O uso de paroxetina, tadalafil e história cirúrgica de prostatectomia ou retirada de bridas podem 
contribuir para o aumento da incidência de um VRG >100 mL.

Palavras-chave – Manitol; sedação; aspiração respiratória do conteúdo gástrico; sedação consciente.
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INTRODUCTION

Anal fistulas treatment still poses a challenge to the surgeons 
due to a high rate of recurrences exceeding 50% regardless of the 
surgical method(1,2). What is more, multiple operations may result 
in damage to the anal sphincters due to inflammation and fibrosis 
of the tissues surrounding the anal canal in the form of so called 
“woody anus” with subsequent fecal incontinence, exceeding 
60%(3,4). Therefore, traditional surgery in those patients should be 
replaced with more conservative methods(5). There are sphincter 
preserving techniques which have been recently introduced such 
as ligation of intersphincteric fistula tract (LIFT), video-assisted 
anal fistula treatment (VAAFT), over the scope clip (OTSC®), or 
even less invasive e.g. fibrins and plugs, however with higher risk 
of recurrences(6-9).

Local application of  platelet-rich plasma (PRP), or platelet 
rich fibrin (PRF), might have become alternatives to aforemen-
tioned methods. The ability of  enriched plasma to provide the 
soft tissues in vicinity of fistulous tracts with high concentration 
of platelet-derived growth factors with following acceleration of 
fistulas healing have been mentioned in few experimental reports, 
including application in complex and Crohn’s anal fistulas(10-12). 
Several technical aspects e.g. enriched plasma acquisition, volume 
of solution, number of applications remain to be determined. The 
aim of  the study was to assess the local application of  PRP in 
recurrent crypto-glandular anal fistulas.
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ABSTRACT – Background – Surgical treatment of recurrent anal fistulas can lead to numerous complications, including fecal incontinence. Therefore, 
sphincter preserving techniques are gaining more popularity. Objective – The aim of the study was to assess effectiveness of  platelet-rich plasma 
(PRP) therapy in the patients with recurrent cryptoglandular anal fistulas. Methods – A cohort of 18 patients with anal fistulas was enrolled into a 
preliminary and prospective trial. They were divided into two groups consisting of eight and ten patients respectively. PRP was injected locally in all 
patients, however in the group II it was applied after 7 days drainage of fistulas with polyurethane foam or negative pressure wound therapy. On av-
erage, three doses of PRP were administered, but with the opportunity to double the number of applications if  it was clinically justified. The patients 
were evaluated in an out-patient department after fortnight and then in 1, 6, and 12 months following the last PRP application. Results – Anal fistulas 
were closed in 4 (50%) patients from the group I and in 7 (70%) patients form the group II. Although, the difference between both groups was not 
statistically significant, PRP therapy should be preceded with fistulous tract drainage in all patients. Summarizing, that successful result was achieved 
in 11 (60%) patients from the entire group of 18 participants. Conclusion – The rate of recurrent cryptoglandular anal fistulas closure reaching 60%, 
after topical treatment with PRP, exceeds the results of other sphincter-saving methods of treatment. Therefore, it might become a novel method of 
anal fistulas therapy. 
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METHODS

The study designed as a preliminary, prospective and a rand-
omized trial to evaluate effectiveness of topical PRP was carried out 
from 2017 to 2019 at the Department of General, Endocrinological 
Surgery and Gastroenterological Oncology, Poznan University of 
Medical Sciences. The study group included 18 patients diagnosed 
with recurrent cryptoglandular anal fistula after at least one cutting 
procedure and with one or at most two active channels. 

All investigated patients underwent digital rectal examination 
and probing under anesthesia supplemented by transrectal ultra-
sound (TRUS). Additional magnetic resonance imaging (MRI) 
was performed to diagnose the fistulas with more than one orifice 
for whom physical examination was not adequate. A total of nine 
patients required this assessment, three patients with transsphinc-
teric fistulas from the group I, four patients from the second group 
and both patients with suprasphincteric fistulas. Patients with non 
crypto-glandular fistulas e.g. Crohn’s, post-radiation, cancerous 
anal fistulas or fistulas to other pelvic organs were excluded from 
this study.

The procedure was preceded by enema the evening before. 
Next, curettage of fistulous tracts to remove the epithelium and 
infected granulation tissue was routinely performed. The patients 
were then divided into two groups. In the first group, consisted of 
eight patients, PRP was administered topically just immediately 
after fistulous tracts debridement whereas in 10 individuals from 
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the group II, application of the plasma was followed after 7 days of 
fistulas continuous drainage. For this purpose a polyurethane foam 
(Wound Pad, Schulke, Germany) or vacuum dressing was inserted 
into the fistula tract (FIGURE 1). The negative pressure wound 
therapy (NPWT) was indicated for fistulas with a diameter greater 
than 10 mm with concurrent abundant discharge, and it took the 
form of a nasogastric catheter wrapped with a polyurethane foam 
(Vivano, Hartmann, Germany), and inserted into a fistula through 
the external opening (FIGURE 2). As far as the dressing was con-
sidered, it was necessary to change the foam soaked with pus every 
second day in most cases, whereas negative pressure drainage was 
changed twice a week. Throughout the treatment, a stable negative 
pressure of 40–60 mm Hg was maintained. Antibiotic prophylaxis 
was not routinely used either before curettage or injection of PRP. 
Although, both NPWT and PRP are approved for medical therapy, 
the novelty was the use of PRP for the treatment of anal fistulas. 
Therefore, the study protocol was approved by the Ethics Com-
mittee of  the author’s institution. Statistical analysis of  all data 
obtained throughout the study was processed with the Statistica 
(Statsoft version 6.0). for Windows software.

PRP
The volume of  1 mL of  PRP with concentration of  106 of 

platelets, was acquired from 15 mL of whole venous blood, through 
the process of gradient density centrifugation with speed of 1776 
g using a commercial kit (Xerthra PRP Kit, Biovico, Poland). The 
concentrate in the volume of 1.5 mL was administered into the tis-
sues surrounding fistulous tracts, beginning from the internal orifice 
towards the external one. The penetration depth was controlled with 
an index inserted into the anal canal or under TRUS (FIGURE 3). 

FIGURE 1. Anal fistula (A) with the tract filled with polyurethane 
foam (B).

FIGURE 2. Debridement the fistula with the use of negative pressure 
wound therapy. Preparation of a vacuum dressing (A) and next steps of 
introducing the dressing into the fistula (B-D).

FIGURE 3. Local injection of platelet rich plasma into the tissues 
surrounding the fistulous tract.

According to the protocol the procedures could be repeated 
three times every fortnight until therapeutic effect was achieved 
with the opportunity to double the number of  applications if  it 
was clinically justified. If  a patient did not respond to the treat-
ment within 6 months from the last injection, an exceptional 
application was considered after individual evaluation based on 
the patients complaints and digital rectal examination. First dose 
of  PRP was administered after admission to hospital, whereas 
subsequent injections were done in most cases on the basis of  a 
proctologic clinic. 

Follow-up
The patients were evaluated in an out-patient department af-

ter fortnight and then in 1, 6, and 12 months following final PRP 
application. That evaluation consisted of digital rectal examina-
tion, TRUS, and completion of Wexner questionnaire. In several 
questionable cases that examination was supplemented by MRI.
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RESULTS

The investigated group consisted of 18 patients with eight males 
and ten females, mean age 41 years (range: 22–67years). Recurrent 
transsphincteric anal fistula was diagnosed in 13 patients, whereas 
suprasphincteric in two and intersphincteric in three. patients. The 
number of previous operations in all patients ranged from three 
through seven, mean four, and everyone underwent at least one 
cutting as well as one non-cutting procedure. Mild form of faecal 
incontinence for gases was recognized in three patients with the 
Wexner score between nine and 11. There was no significant defer-
ence between both groups regarding demographics, type of fistula, 
and number or method of operation (TABLE 1).

TABLE 1. Characteristics of both groups of patients before surgery.

n 
Group I Group II

8 10

Men/female 4/4 4/5

Age (years) 46.5 (32–61) 38.7 (22–67)

Total nuber of previous 
procedures 4 (3–5) 4 (3–6)

Cutting procedures 2 (1–3) 2 (2–3)

Non-cutting procedures 3 (2–4) 2 (1–4)

Type of fistula

   Intersphincteric 1 2

   Transphincteric 6 7

   Suprashincteric 1 1

Discharge as well as gas passage through fistulous tracts were 
reduced in all patients from the group I after first application of 
PRP. In turn, fistula was closed in one patient following second 
injection, whereas sporadic passage of  gases remained in five 
patients. Two patients failed to respond to PRP. Third injection 
of  the concentrate was performed in five patients with sporadic 
evacuation of gases with following complete fistula closure within 
two through four weeks. Afterwards, fistula recurred in three of 
those patients in 6 to 9 weeks after the last application. Therefore, 
fourth and fifth injection was performed, which resulted in fistula 
closure in one patient. Finally, 4 (50%) patients from the group I 
closed fistula in 12 months from the beginning of therapy.

Fistulas in the group II were healed in seven patients after two 
injections of PRP (FIGURE 4). The procedure was repeated in re-
maining three patients due to preserved, however reduced discharge. 
They were given another successful dosage of PRP. Recurrence was 
diagnosed in 1 to 4 months after the last injection in three patients 
with two injections, and in two after three procedures. All five pa-
tients with recurrence underwent additional application of PRP 
with fistula closure in two of them (FIGURE 5). Finally, fistulas 
were healed in 7 (70%) patients form the group II. To sum up, the 
rate of fistula healing was not statistically significant between both 
groups, and it was achieved in 11 (60%) patients from the entire 
group of 18 patients (FIGURE 6).

FIGURE 4. Anal fistula after removal of polyurethane foam dressing and 
before platelet-rich plasma (PRP) treatment (A). Complete closure of the 
fistula after 2 PRP injections and after another 6 weeks following final 
PRP application (B). 

FIGURE 5. The average number of platelet-rich plasma applications 
[App] in patients from both groups.

FIGURE 6. Treatment flow chart including the number of platelet-rich 
plasma (PRP) applications in both groups of patients.
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DISCUSSION

The main difficulties in the treatment of recurrent anal fistu-
las are postoperative scars and tissue fibrosis involving the anal 
sphincter. Fistulous canal is composed of dense, amorphous, and 
poorly vascularized connective tissue, and it is an essential factor 
preventing fistula from healing. Although the rate of recurrences 
after primary operations for anal fistulas is high and ranges from 
30% through 65%, there is scarce of reports regarding secondary 
interventions(6,13). There are also no guidelines based on rand-
omized, multicentre trials recommending surgical treatment for 
recurrent anal fistulas, and the existing experience is based on 
a small number of  the investigated groups of  patients, and that 
primary as well as secondary interventions took place in the same 
center. For example, MAF was used by Podetta et al., in primary 
operations as well as for secondary ones, regardless of similar rate 
of recurrences reaching 26.4% and 21.9% after both interventions 
respectively(14). In turn, Wright et al., identified 20 (37.7%) patients 
with recurrence among 53 after primary LIFT, who then underwent 
loose-seton placement with following either MAF or fistulotomy, 
resulting in fistula closure in 10 (50%) patients(15).

Because repeated operations for recurrent anal fistulas may result 
in damage to the anal sphincters with following faecal incontinence, 
those patients require sphincter-saving methods such as LIFT, 
VAAFT, OTSC® or less invasive e.g. fibrins, cyanoacrylate glue, 
pastes or plugs. Efficacy of fibrins is estimated on 0 to 86%, and 
it decreases with time(6). For example, closure of anal fistulas after 
application of fibrin sealant Tisseel was estimated on 33–69%(16,17). 
The rate of fistula healing was achieved by Basillari et al., in 71.4% 
and 90.2% of patients, after primary and secondary application of 
Cyanoacrylate glue (N-butil-2-cyanoacrylate and methacryloxy 
sulfolane) respectively(18). In turn, Moreno-Serrano et al., reported 
successful over-sewing of internal orifice combined with PRF in 
69% of patients. That result was confirmed on MRI in 42.9% of 
cases(11). Even though these techniques have a higher rate of recur-
rences, all of them may be applied several times if  failures are to 
occur. What is more, during those procedures preparation of lower 
value tissues within recurrent anal fistulas is not necessary. In addi-
tion, bio-products build a scaffold to promote formation of a fresh 
granulation tissue and finally scar within fistulous tracts(19,20). On the 
other hand the impaction of the tract with fibrins or plugs may result 
in infiltration of neutrophils of the tissues surrounding fistulous 
canal. In the aftermath, outpour of cytotoxic and cytodestructive 
enzymes together with oxygen free radicals cause tissue necrosis with 
following anal fistula recurrence5. Hence, despite initial enthusiasm, 
those methods require further investigation to assess their efficacy(7). 

In turn, PRP is an autologous product derived from whole 
blood and therefore with no risk of  transmitting infections, al-
lergies, and rejections. Various cytokines freed from platelets 
granularities such as PDGF, TGF-B, FGF, VEGF, and IGF are 
responsible for creating a fibrin clot which works as a scaffolding 
for granulocytes, endothelial cells, and fibroblasts with follow-
ing formation of  well vascularized fresh granulation tissue, and 
finally fistula healing. The platelet concentrate was applied into 
the tissues surrounding fistulous tract due to its fluid consistency, 
slightly larger than plasma. Hence, mechanical compression of 
internal orifice as well as fistulous canal by edematous tissues 
soaked with PRP is one mode of  action. On the other hand, it 
promotes fistula healing due to a high concentration of  platelet-
derived growth factors(21,22). 

Local injection of PRP is a novel sphincter preserving method 
of  treatment for the patients with recurrent anal fistulas. It is a 
conservative method of  therapy with the opportunity to repeat 
the procedure as often as necessary if  failures or recurrences are to 
occur, with low rate of morbidity. The treatment requires patience 
from the patients’ side, as well as the doctors’, because it is extended 
in time to repeat applications of the plasma as often as necessary. 
However, PRP is accepted by the patients, because it is frequently 
a last resort therapy.

CONCLUSION

The rate of  recurrent crypto-glandular anal fistulas closure 
reaching 60%, after topical treatment with PRP, exceeds the results 
of other sphincter-saving methods of treatment. Therefore, it might 
become a novel method of anal fistulas therapy. 
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Cwaliński J, Hermann J, Paszkowski J, Banasiewicz T. Avaliação do tratamento recorrente de fístulas anais com plasma rico em plaquetas. Arq Gastro-
enterol. 2021;58(2):185-9.
RESUMO – Contexto – O tratamento cirúrgico de fístulas anais recorrentes pode levar a inúmeras complicações, incluindo incontinência fecal. Portan-

to, as técnicas de preservação do esfíncter estão ganhando mais popularidade. Objetivo – O objetivo do estudo foi avaliar a eficácia da terapia de 
plasma rico em plaquetas (PRP) nos pacientes com fístulas anais criptoglandulares recorrentes. Métodos – Uma coorte de 18 pacientes com fístulas 
anais foi inscrita em ensaio preliminar e prospectivo. Eles foram divididos em dois grupos compostos por 8 e 10 pacientes, respectivamente. PRP foi 
injetado localmente em todos os pacientes, porém no grupo II foi aplicado espuma de poliuretano ou terapia de feridas por pressão negativa após 7 
dias de drenagem de fístulas. Em média, foram administradas três doses de PRP, mas com a oportunidade de dobrar o número de aplicações se fosse 
clinicamente justificado. Os pacientes foram avaliados em ambulatório após quinze dias e depois em 1, 6 e 12 meses após a última aplicação do PRP. 
Resultados – As fístulas anais foram fechadas em 4 (50%) pacientes do grupo I e em 7 (70%) pacientes do grupo II. Embora a diferença entre ambos os 
grupos não tenha sido estatisticamente significante, a terapia PRP deve ser precedida de drenagem do trato fístulo em todos os pacientes. Resumindo, 
esse resultado bem-sucedido foi alcançado em 11 (60%) pacientes de todo o grupo de 18 participantes. Conclusão – A taxa de fechamento recorrente 
de fístulas anais criptoglandulares chegando a 60%, após tratamento tópico com PRP, excede os resultados de outros métodos de tratamento que 
preservam o esfíncter. Portanto, pode se tornar um novo método de terapia das fístulas anais. 

Palavras-chave – Plasma rico em plaquetas; fístula anal; espuma de poliuretano.
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INTRODUCTION

Obesity and gastroesophageal reflux disease (GERD) are both 
very prevalent in developed countries, having evolved into a public 
health problem affecting 61% of the USA population(1). In the last 
data collect in 2018, the Brazilian health authority evaluated more 
than 73,000 people living in different areas and found that 55.7% 
of adults presented weight excess or obesity(2). Although obesity is 
considered a disease in itself, it is also an important risk factor for 
many other diseases, such as diabetes mellitus, arterial hypertension 
and coronary artery disease. Obesity is an independent risk factor for 
esophageal symptoms, GERD and motor abnormalities(3). Therefore, 
an effective control of obesity is an essential therapeutic aim, and 
bariatric surgery is the only effective treatment for obesity type III as 
it leads to sustained weight loss and improvement of co-morbidities. 
There are several approaches to the surgical treatment of patients 
with obesity type III, each one with its particular advantages and 
disadvantages(1). When determining the appropriate surgical strategy, 
clinicians should consider patient history, preoperative symptoms, 
pre-existing esophageal motility and esophageal acid exposure. It is 
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still unclear whether candidates to bariatric surgery should perform 
pre-operative reflux testing or not, but they frequently undergo 
esophagogastroduodenoscopy (EGD), pHmetry (PHM) and esopha-
geal manometry (EMN) as part of their pre-operative evaluation. 
This paper reports findings in obesity type III patients, and correlates 
them with the presence of typical symptoms of GERD.

METHODS

This is a retrospective pre-operative study of obesity type III 
patients (BMI=/>40) heading to for bariatric surgery. Our study 
focused on the presence of typical symptoms of GERD, such as 
heartburn and regurgitation. Most patients underwent EGD and 
all had EMN and PHM.

Esophagogastroduodenoscopy
We accessed the presence of  hiatal hernia, defined as an 

esophago-gastric junction situated 2 cm or more above the dia-
phragmatic impression on the esophagus. Esophagitis was defined 
and described according to the Los Angeles classification criteria(4). 
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Esophageal manometry
In our manometric studies, we employed a polyvinyl catheter 

with eight lumens, 4.5 mm external diameter and four proximal 
openings 5 cm apart and four distal openings radially oriented 
at the same level. Each of  the openings of  this setting was con-
nected to external pressure transducers and was perfused with 
distilled water originating from a system of  capillary infusion 
(Alacer, Brazil). Intraluminal pressures were recorded in a poly-
graph and the digital information transferred to a computer. The 
lower esophageal sphincter (LES) was examined with the distal 
openings with the slow-pull technique, and five water swallows to 
evaluate the LES relaxation. The esophageal body was studied by 
placing the proximal openings of  the catheter at 3, 8, 13 and 18 
cm above the upper limit of  the LES. Ten swallows of  water at 
room temperature were recorded at 20 seconds intervals. At the 
end of  the test, the readings were interpreted by means of  a spe-
cific software. The manometric diagnosis followed international 
criteria(5), adapted to normal values obtained at previous studies 
in asymptomatic volunteers(6).

Prolonged esophageal pHmetry
The monitoring of intra-esophageal pH was performed by a 

portable digital system (Alacer, Brasil) attached to an antimonium 
catheter positioned at 5 cm above the LES upper limit, as previously 
described for EMN, and linked to an external reference electrode. 
This exam was performed with the patient leading a normal life 
and a liberal diet, with restriction of citric fruits and juices and 
carbonated beverages only. Proton-pump inhibitors (PPIs) were 
discontinued 7 days, H-2 receptor antagonist 72 hours and pro-
kynetic drugs 24 hours before the test. We considered PHM as 
abnormal when the percentage of the total PHM test time with a 
recording below pH four was higher than 4.5%, higher than 7.0% 
in the orthostatic position and 2.5% in the supine position(7).

Statistical analysis
We used IBM SPSS Student test, and considered P<0.05 as 

the level of significance.

RESULTS

Our study included 114 patients, 93 (81%) females, ages rang-
ing between 19-64 years old (average age =36) and an average BMI 
of 45.3 (40–52). Typical symptoms of GERD (heartburn and/or 
regurgitation) were referred by 43 (38%) patients, the remaining 
62% being asymptomatic.

Esophagogastroduodenoscopy
This test was performed in 82 patients, and esophageal abnor-

malities were found in 36 (42%). Among the abnormal cases, 13 
(36%) had hiatal hernia (HH), 13 (36%) erosive esophagitis (EE) 
(10 with L.A. grade A and 3 with grade B) and 10 (28%) HH+EE 
(4 L.A. grade A and 6 grade B).

Esophageal manometry
EMN was abnormal in 51/114 (45%) patients. Among the 

abnormal readings, the predominant finding was hypotensive LES 
(<10 mmHg) in 32%, followed by ineffective esophageal motility 
(25%), nutcracker esophagus (19%), hypotensive LES+ ineffective 
esophageal motility (IEM) (10%), intrathoracic LES (6%), hyper-
tensive LES (4%), aperistalsis (2%) and achalasia (2%) (TABLE 1).

TABLE 1. Abnormal esophageal manometry (n=51/114 cases – 45%).

Abnormality Number of patients Percentage

Hypotensive LES 16 32%

IEM 13 25%

NE 10 19%

Hypotensive LES+IEM 5 10%

Intrathoracic LES 3 6%

Hypertensive LES 2 4%

Aperistalsis 1 2%

Achalasia 1 2%

LES: lower esophageal sphincter, IEM: ineffective esophageal motility, NE: nutcracker  
esophagus.

TABLE 3. Abnormal prolonged pHmetry (60/114 cases – 53%).

Reflux pattern Number of patients Percentage

Bi-positional 25 42 %

Supine 20 33 %

Upright 15 25 %

TABLE 4. Prolonged pHmetry vs symptoms.

Symptoms Normal PHM Abnormal PHM

Present (n=43) 17 (40%) 26 (60%)

Absent (n=71) 37 (52%) 34 (48%)

P=0.19. PHM: prolonged pHmetry.

TABLE 2. Esophageal manometry vs symptoms.

Symptoms Normal EMN Abnormal EMN

Present = 43 20 (47%) 23 (53%)

Absent = 71 40 (56%) 31 (44%)

P=0.30. EMN: esophageal manometry.

Esophageal manometry vs symptoms
Among the 43 symptomatic patients, 23 (53%) presented with 

an abnormal EMN, while 31/71 (44%) asymptomatic cases also 
showed abnormal findings (P=0.30) (TABLE 2).

Prolonged pHmetry
PHM revealed abnormal reflux patterns in 60/114 patients 

(53%). The bi-positional reflux pattern predominated, being reg-
istered in 25 (42%) of cases followed by supine reflux pattern in 20 
(33%) and upright reflux pattern in 15 (25%) (TABLE 3). Twenty-
six (60%) of the symptomatic patients showed an abnormal PHM, 
while 34/71 (48%) of asymptomatic cases also presented such find-
ings. There was no significant correlation between the presence of 
reflux symptoms and the finding of  an abnormal reflux pattern 
(P=0.19) (TABLE 4).



Lemme EMO, Alvariz AC, Pereira GLC
Esophageal functional disorders in the pre-operatory evaluation of bariatric surgery

192 • Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun

DISCUSSION

Obesity occurs in about 10% of the world population and is 
an important factor in the genesis of  GERD symptoms, hiatal 
hernia, esophagitis, and Barrett´s esophagus(1,3). Obesity type III 
patients present with co-morbidities such as arterial hypertension, 
diabetes mellitus and coronary artery disease, as well as a significant 
worsening of their quality of life. Bariatric surgery is an important 
contribution to this group of  patients that fail to manage their 
excessive weight by more traditional methods. Candidates for bari-
atric surgery undergo EGD, and, in most centers, EMN and PHM.

Obesity type III patients often present with symptoms of 
GERD, such as heartburn and regurgitation in up to 60 % of 
cases(1). In our study, they were present in 38%, a finding parallel to 
that in another study involving 154 candidates to bariatric surgery, 
where 30.51% presented with heartburn(8). 

At EGD, it is known that obesity predisposes to hiatal hernia 
due to increased intra-abdominal pressure pushing the LES into 
the thorax. It also weakens the normal mechanisms that prevent 
gastro-esophageal reflux(3). A large study involving 1,213 patients 
and correlating the presence of hiatal hernia and erosive esophagitis 
with BMI demonstrated that obese subjects had 4.2 times more 
chance to present with hiatal hernia than lean subjects. It also 
showed that the prevalence of the latter in obese patients was 40% 
as compared with 12.5% in the general population(9). Associated 
esophagitis was found in 38.9% of HH patients and HH was an 
independent predictor of esophagitis. The prevalence of esophagitis 
increased along with the increase of BMI. In our study erosive es-
ophagitis was found in 23 of the 82 (28%) patients that underwent 
EGD. They all classified as A or B of  the LA classification, in 
agreement with a national study which found esophagitis in 25.2% 
of 154 candidates to bariatric surgery(8).

According to a recent paper on the Lyon Consensus, LA grade 
A can be observed in asymptomatic people and the prevalence of 
grade B varies among observers. Therefore, the Consensus recom-
mends pHmetry to confirm abnormal reflux in these patients(10).

Our manometric studies were abnormal in 45% of all obese 
patients, hypo-contractile abnormalities being the most frequent 
finding. In other studies, manometric abnormalities have also been 
found in obese and obesity type III patients. In one of these, EMN 
was abnormal in 51% of 53 obesity type III patients, hypomotility be-
ing found in 85% of the abnormal tests or 43% of the whole group(11). 

Another study found hypotensive LES in 46% of 88 patients(12).
Nutcracker esophagus (NE) was the third most frequent abnor-

mality in our group. This hypercontractile motor disorder shows 
characteristically high amplitude waves in the distal esophagus(13) 

and its main symptoms are chest pain and dysphagia(13,14). In 
30–40% of patients with NE there is associated reflux as seen by 
PHM, and studies show that there is no difference in clinical and 
manometric findings between groups with and without reflux(15). 
Thus, we suggest NE patients should undergo PHM, since this 
disorder is managed with calcium channel-blockers, which lower 
the LES pressure and increase the possibility of reflux(13).

Another study stresses the importance of  obesity as a risk 
factor for GERD and a potential modulator of esophageal motil-
ity. Fornari et al. studied 332 patients categorized as GERD and 
non-GERD after clinical assessment, esophageal conventional 
manometry and pH monitoring. Non-obese and obese patients 
were compared regarding distal esophageal amplitude, LES pres-
sure, manometric diagnosis and esophageal acid exposure. The 

obese patients differed from non-obese in terms of  esophageal 
motility and reflux, regardless of the presence of GERD. Obese 
patients showed stronger peristalsis and increased acid exposure 
in the esophagus(16).

One of our patients had the manometric diagnosis of achalasia. 
This has already been reported in obesity type III patients(17). The 
main symptoms of  achalasia are dysphagia, regurgitation and 
weight loss(18). Some patients present overlapping clinical features, 
which in some cases may suggest GERD, due to the occurrence 
of frequent regurgitation and heartburn, seen in at least 40%(19). 
The association of untreated achalasia and obesity type III stresses 
the importance of this diagnosis in the pre-operative evaluation of 
bariatric surgery(20).

Another study using pre-operative EMN for the selection of 
patients to vertical gastrectomy found abnormal results in 49% of 
73 patients, hypertension of the LES being the most frequent find-
ing, followed by an increased amplitude of peristaltic waves (not 
defined by the authors as NE) and hypotensive LES(21). 

Forty-three of  our 114 (38%) patients had typical reflux 
symptoms. Manometric abnormalities were not predictive of the 
presence of symptoms in obesity type III patients, although our 
study only focused on typical GERD symptoms. A high prevalence 
of asymptomatic motor abnormalities have been found on obesity 
type III patients(22). EMN performed in 111 such patients showed 
motor abnormalities in 61%, mostly a hypocontractile pattern, but 
there were also 16 cases of NE eight with diffuse spasm and one 
with achalasia. Most of the latter referred no dysphagia or were 
totally asymptomatic. These findings suggest to the authors, that 
some patients with obesity type III may represent instances of 
abnormal visceral sensitivity(22).

Earlier studies on prolonged pHmetry mentioned abnormal 
reflux in 30–42% of obesity type III patients(23,24). The prevalence 
of abnormal reflux in these patients is high, even in the absence of 
associated esophagitis. In a group of 50 obesity type III patients 
evaluated for bariatric surgery, 28 (56%) had abnormal reflux 
a PHM(1). Another study found abnormal PHM in 65% of  88 
patients(11). 

Similarly, there was no significant difference between ab-
normal reflux and the presence of  typical GERD symptoms 
(TABLE 4), suggesting that patients with abnormal reflux and 
obesity type III can be asymptomatic. In another study half  of 
the asymptomatic patients presented with abnormal reflux, while 
in the symptomatic group the proportion of  reflux rose to 80% 
(P>0.42). The authors stress the relationship between the presence 
of  symptoms and reflux, although the absence of  symptoms does 
not rule out an abnormal pHmetry(12). Another paper suggests 
that patients with esophagitis and symptoms of  reflux should 
undergo EMN and PHM in the pre-operative evaluation of 
bariatric surgery, especially those facing restrictive procedures. 
These tests would not be necessary in the absence of  symptoms 
or esophagitis, since results were similar to those in a group of 
asymptomatic volunteers(25). This indicates that the literature on 
significance of  symptoms is controversial. 

Our study has some limitations. This is a retrospective study 
and we did not access to the data of all patients. the endoscopy 
had been performed by 72% of the patients up to the moment the 
functional tests were performed.

We are unaware if  the patients underwent surgery or what 
procedure was carried out. Besides, we do not know if  the findings 
of the tests influenced the decision process regarding the type of 
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surgery. In addition, we employed conventional manometry and 
the more utilized esophageal motor disorders classification of 
Spechler and Castell(5).

Recently the indication of esophageal functional tests, manom-
etry and ph-monitoring in pre-operatory evaluation of bariatric 
surgery has been an emerging recommendation(26) 

In summary, this is a descriptive study about functional tests in a 
group of obesity type III patients before surgery. The data presented 
here were similar to those in the pertinent literature and show the 
lack of correlation between typical symptoms and abnormal tests. 

We did not have in our objectives, to do any recommendations 
based in these findings. However, more studies are needed, with 
special emphasis on the follow-up of patients after surgery.

CONCLUSION

Manometric abnormalities were observed in patients with obesity 
type III, a hypotensive LES being the most frequent followed by 
ineffective esophageal motility. Most patients were asymptomatic. 

More than half of them presented with abnormal reflux at prolonged 
pHmetry. There was no significant correlation between abnormal 
reflux and the presence of  symptoms. There was no correlation 
between abnormal motility findings and the presence of symptoms.
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RESUMO – Contexto – A obesidade é fator de risco independente para sintomas esofagianos, doença do refluxo gastroesofágico (DRGE) e alterações 

motoras. Pacientes com obesidade tipo III, candidatos à cirurgia bariátrica foram submetidos a endoscopia digestiva alta (EDA) e também realizaram 
esofagomanometria (EMN) e pHmetria prolongada (PHM) como parte da avaliação pré-operatória. Objetivo – Em um grupo de pacientes com 
obesidade tipo III em pré-operatório de cirurgia bariátrica, descrever os achados endoscópicos, manométricos e pHmétricos, correlacionando-os 
com a presença de sintomas típicos de DRGE. Métodos – Estudo retrospectivo, de pacientes com obesidade tipo III, candidatos a cirurgia bariátrica. 
A avaliação clínica focalizou a presença de sintomas típicos de DRGE (pirose/regurgitação); todos foram submetidos a EMN, PHM e a maior parte 
à EDA, realizada previamente. Resultados – Foram incluídos 114 pacientes, 93 (81%) do sexo feminino, média de idade de 36 anos e IMC médio de 
45,3. Sintomas típicos de refluxo foram referidos por 43 (38%) pacientes e 71 (62%) eram assintomáticos. EDA foi realizada por 82 (72%) pacientes, 
havendo anormalidades esofagianas em 36 (42%). Entre os anormais, havia hérnia hiatal (HH) em 36%, esofagite erosiva (EE) em 36% e HH + EE 
em 28%. A EMN foi anormal em 51/114 (45%). Entre os anormais, predominou o esfíncter esofagiano inferior (EEI) hipotenso em 32%, seguido por 
motilidade esofagiana ineficaz (MEI) em 25%, esôfago em quebra-nozes (19%), EEI hipotenso + MEI (10%), EEI intra-torácico (6%), EEI hipertenso 
(4%), aperistalse (2%) e acalasia (2%). Dentre os 43 sintomáticos, 23 (53%) apresentavam EMN anormal, sendo que em 31 dos 71 (44%) assintomáticos 
a EMN também era anormal (P=0,30). A PHM revelou refluxo anormal em 60 (53%) pacientes. Predominou o refluxo anormal biposicional (42%) 
seguido do refluxo supino (33%) e refluxo ereto (25%). Dentre os 43 pacientes sintomáticos, 26 (60%) apresentavam PHM anormal, sendo que em 
34 dos 71 assintomáticos a PHM também era anormal (48%) – P=0,19. Conclusão – Alterações manométricas foram comuns em obesidade tipo III, 
sendo as mais frequentes o EEI hipotenso, seguida de motilidade ineficaz. A maioria dos pacientes era assintomática. Mais da metade dos pacientes 
apresentou refluxo anormal à PHM. Não houve diferença significativa entre o achado de refluxo anormal e a presença de sintomas. Não houve relação 
entre o achado de alterações motoras e a presença de sintomas. 

Palavras-chave – Cirurgia bariátrica; obesidade; alterações funcionais do esôfago.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) was initially developed 
in Japan for the removal of early gastric cancer(1,2). The distinct ad-
vantage of ESD is the ability to perform en bloc resection of lesion 
regardless of size, thereby providing an optimal histopathological 
specimen. Furthermore, ESD has a substantially lower morbidity 
than surgical esophagectomy(3) and provides higher R0 and curative 
resection rates compare to endoscopic mucosal resection (EMR)(4- 15). 
As such, ESD is currently endorsed by the European Society of 
Gastrointestinal Endoscopy (ESGE) and in a recent American 
Gastroenterology Association (AGA) clinical practice update for 
the removal of select superficial esophageal neoplasms(8,9).

Nonetheless, the adoption of ESD in the esophagus, particu-
larly in the West, has been slower due to technical reasons(10-12). 
For example, the esophageal wall is thinner than the stomach and 
the intraluminal space is more restricted, limiting the ability to 
work in retroflexion. Furthermore, scope control can be impaired 
by heartbeat or breathing patterns(13). Given these technical chal-
lenges, steep learning curve and the lower incidence of superficial 
esophageal neoplasms, esophageal ESD is mostly restricted to 
tertiary care centers(10-12,14-18).
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There are two main technical approaches for ESD in the esopha-
gus: conventional ESD via circumferential incision (ESD-C) and 
ESD via tunneling method (ESD-T). With ESD-C, a circumferen-
tial mucosal incision is first completed around the outer margins of 
the lesion followed by submucosal dissection(19). Conversely, with 
ESD-T, two small separate mucosal incisions (distal and proximal 
margins of the lesion) are performed first. The endoscope is then 
inserted into the mucosal incisional opening in the oral side and 
submucosal tunneling is performed deep to the lesion towards the 
caudal side. Theoretically, this technique diminishes the dispersion 
of the submucosal lift during the procedure(11,20). The study aimed 
to compare the performance and clinical outcomes of  ESD-C 
versus ESD-T. 

METHODS

Study design
This is a single-center retrospective study based on prospectively 

collected data on consecutive patients who underwent esopha-
geal ESD between October 2009 and December 2018 at Clinics 
Hospital, Federal University of  Minas Gerais. Indications for 
esophageal ESD were based on the Japan Esophageal Society (JES) 
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and European Society of  Gastrointestinal Endoscopy (ESGE)  
guidelines(9,21). Preoperative staging included high resolution en-
doscopy (HRE) with virtual chromoendoscopy (FICE, Flexible 
Spectral Imaging Colour Enhancement, Fujifilm Japan) and 0.8% 
Lugol staining plus chest computed tomography and endoscopic 
ultrasound for staging (in selected cases). Exclusion criteria were 
advanced tumors or presence of a non-lifting sign. ESD procedures 
were performed by a single endoscopist (Arantes VN), with more 
than 10 years of ESD practice and over 230 operations. 

The main study outcomes were the comparison of  en bloc 
and R0 resection rates between the two techniques. Moreover, 
the following secondary outcomes were assessed: demographic 
data, clinical and pathological characteristics, procedure dura-
tion, curative resection rate, local recurrence, and adverse events. 
Follow-up HRE was scheduled from 3 to 6 months after the ESD, 
and annually thereafter.

Endoscopic Procedure 
In all cases, ESD was carried out under general anesthesia 

utilizing a single-channel therapeutic gastroscope (RD450 Fujifilm 
Co., Japan) fitted with a cone-shaped distal attachment at the tip  
(ST-hood, Fujifilm Co., Japan), Flush Knife ball-tipped 1.5  
(Fujifilm Co., Japan), water-jet pump infusion (JW2; Fujifilm Co., 
Japan) and electrosurgical generator VIO 300D (ERBE, Turbingen, 
Germany). Markings were placed outside tumor borders after 
target lesion assessment with virtual chromoendoscopy and Lugol 
staining in the cases of  squamous cell dysplasia/cancer or 1.5% 
acetic acid chromoendoscopy for patients with Barrett’s related 
neoplasia. The traction method was used for the procedures. 

Endoscopic submucosal dissection with  
circumferential incision (ESD-C)

After a submucosal (SM) injection of 0.4% sodium hyaluronate 
(Adaptis Fresh, Legrand, Brazil), a mucosa incision was initiated 
at the oral margin of the lesion, followed by an incision along with 
one of the lateral margins and next at the caudal margin of the 
tumor, resulting in a configuration of  the character “C”. After-
wards, a partial SM dissection was carried out from an oral-anal 
direction. Thereafter the remaining mucosa at the lateral side of 
the lesion was incised until the entire circumference of the tumor 
was completely opened, creating a mucosa island. After complete 
mucosal incision, further injections of viscous solution were per-
formed followed by oral-anal SM dissection. FIGURES 1 and 2 
illustrate ESD-C technique.

Submucosal tunnel dissection (ESD-T)
ESD-T is first performed with submucosal injection of 0.4% 

sodium hyaluronate at the caudal margin of the lesion, followed by a 
transverse mucosal incision to the deep submucosa creating a groove 
close to the muscular propria to set up for the endoscopic tunnel. The 
same process is repeated at the oral margin of the lesion. Submucosal 
dissection is then performed in the cranial-caudal direction forming a 
tunnel. When the distal incision is reached, the dissection is extended 
laterally on both sides, incising the lateral boundaries of the tumor. 
Repeat injections are performed, and the dissection is expanded on 
each side of the tumor until a complete resection is reached. FIGURE 
3 and 4 illustrate ESD-T technique.

FIGURE 1. Schematic representation of endoscopic submucosal dissection 
with circumferential incision.

FIGURE 2. Illustrative case of endoscopic submucosal dissection with 
circumferential incision (ESD-C). A: A flat-elevated type 0IIA unstained 
lesion in the esophagus. Markings were placed. B: After submucosal injection 
oral mucosal incision is started. C: Semi-circumferential incision addressing 
gravity side is performed with a configuration of “C” character. D: After 
submucosal trimming to some extension, circumferential incision is finished. 
E: Complete tumor resection is achieved. F: Specimen is fixed and stained 
with lugol. Note unstained lesion surrounded by lugol stained margins. G: 
Histology revealed moderately differentiated squamous cell carcinoma with 
shallow invasion of submucosal layer up to 200 micrometers (SM1) with 
free radial and deep margins (R0 resection). H: Histology also disclosed 
positive vascular invasion and tumoral budding. Resection was considered 
non-curative and patient was referred to oncological adjuvant therapy. 
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Definitions
Tumor morphology was described according to Paris clas-

sification(22). The tumor size was estimated in comparison to an 
opened biopsy forceps with 7 mm in size. En bloc resection was 
considered when the endoscopically visible lesion was removed 
in one piece. R0 resection was defined for esophageal squamous 
cell carcinoma (ESSC) when the tumor was resected en bloc 
and both lateral and deep margins were free of  tumor. For BE 
neoplasia, R0 resection was defined as en bloc resection and the 
highest-grade histology not present at the lateral and deep mar-
gins. Tumor location in the esophagus was divided into superior 
third (from superior sphincter to 23 cm from incisors), middle 
third (23 cm to 30 cm from incisors), and inferior third (from 30 
cm to esophago-gastric junction). Luminal extension of  tumor 
resection was also divided according to the endoscopic inspection 
of  the post-ESD defect in less than 50% of  the circumference, 
between 50% and 75%, and over 75% of  the circumference. Re-
currence was defined when a recurrent tumor with histological 
confirmation (low-grade/high-grade dysplasia, squamous cell 
cancer, or adenocarcinoma) at the resection site was observed 
in the follow-up examination. In ESSC, curative resection was 
considered for R0 resection with tumor invasion up to M2 
(lamina propria), without lymphovascular invasion, and in those 
well-differentiated lesions with M3/ SM1 tumor depth (≤200 µm) 
without lymphovascular invasion(9). Curative resection of  BE 
associated lesions, was defined as R0 resection of  any dysplastic 
lesion, and also well or moderately differentiated adenocarci-
noma without lymphatic or vascular invasion and submucosal 
invasion depth up to 500 µm (T1Bsm1)(9). When the criteria for 
curative resection were not achieved, additional therapies such as 
chemotherapy, radiotherapy, or surgery were considered, accord-
ing to tumor characteristics and staging, as well as the patient’s 
performance status and willingness to undergo esophagectomy 
or oncological therapy. Adverse events were defined according to 
the ASGE lexicon(23) when it prevented completion of the planned 
procedure and/or resulted in prolongation of  existing hospital 
stay, another procedure (repeated endoscopy needing sedation/
anesthesia or surgery), or subsequent medical consultation. These 
adverse events included esophageal perforation, delayed bleeding, 
bacteremia, sepsis, pneumothorax or pleural effusions. 

Statistical analysis
A descriptive analysis of data was performed with frequency 

and proportion for categorical and average variables, standard 
deviation, median and mean ±SD for continuous variables. Pear-
son’s chi-square test was used to evaluate the association and a 
comparison of continuous variables, Student’s t-test for variables 
with normal distribution and Mann Whitney’s test for variables 
that do not follow normal distribution were used. Analyzes were 
performed on STATA software (Stata Corporation, College Sta-
tion, Texas) version 12.0, considering a 5% significance level. 

RESULTS

A total of  65 esophageal ESD procedures were performed 
during the study period. The subjects were distributed into two 
groups: ESD-T: 23 interventions carried out from 2009 to 2012 and 
ESD-C: 42 operations executed from 2012 to 2018. The follow-up 
was 101±8.5 months for ESD-T and 36±21.1 months (mean ±SD) 
for ESD-C (P<0.001). TABLE 1 demonstrates that there were no 
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FIGURE 3. Schematic representation of endoscopic submucosal tunnel 
dissection

FIGURE 4. Illustrative case of endoscopic submucosal tunnel dissection 
(ESD-T). A: A flat type 0IIB lesion with redness in the esophagus. B: 
After placing markings and submucosal injection, anal mucosal incision 
is performed to set up tunnel distal limit. C: Oral incision is performed 
to start tunneling. D: Tunneling dissection from oral to anal direction. 
E: Anal incision is reached through the tunnel and a window is opened 
visualizing the lumen. F: Complete tumor resection is achieved. G: Speci-
men is fixed, 3 cm in size. H: Intraepithelial high-grade neoplasia limited 
to M1 with free margins is revealed in histology. Curative R0 resection.
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The depth of  tumor invasion was similar in both groups 
(P=0.745). ESD-T group lesions invaded M1/M2 in 12 (52.2%) 
cases, M3 / SM1 in 9 (39.1%) cases and SM2 in 2 (8.7%) cases. 
ESD-C group presented M1/M2 invasion depth in 21 (50%) 
subjects, M3/SM1 in 12 (28.6%) individuals and SM2 invasion 
in 9 (21.4%) patients. Regarding procedure-related complica-
tions, groups ESD-T versus ESD-C had respectively a bleeding 
rate of  0% and 4.7%, (P=0.53), perforation rate of  4.3% and 
0 % (P=0.610) and esophageal stricture rate of  8.7% and 9.5%, 
(P=0.310). Two patients from the ESD-C group (4.8%) experi-
enced more intense intraoperative bleeding, requiring mechanical 
hemostasis with endoclips. Two patients in the ESD-T group 
(8.7%) and 4 (9.5%) patients in the ESD-C group developed 
strictures that were treated successfully with endoscopic dilation. 
There was one case of esophageal perforation in the ESD-T group 
that did not prevent en bloc excision and was treated conserva-
tively by endoclip closure, intravenous hydration, and antibiotics. 
There was no procedure-related mortality.

DISCUSSION

The optimal ESD approach for the resection of  esophageal 
superficial neoplasia has not been well defined. In this study, we 
demonstrate similar clinical outcomes and safety profiles between 
consecutive patients who underwent either ESD-C or ESD-T. 
There are previous publications regarding ESD-T and ESD-C 
for the treatment of  superficial esophageal neoplasms, however 
studies comparing these two techniques in human studies are 
rare(24,25). In experimental settings, a randomized study in animal 
models demonstrated similar procedure time, en bloc resection, 
and adverse event rates between ESD-C and ESD-T. Notably, the 
study demonstrated that higher-quality deeper margins and thicker 
specimens were obtained with the submucosal tunneling method(25). 
A recent study in humans reported by Li et al. compared short-term 

TABLE 1. Comparative analysis of baseline characteristics.

Characteristics ESD-T ESD-C Total P value

Procedures 23 42 65

Gender 0.317***

   Male 19 (82.6%) 30 (71.4%) 49 (75.4%)

   Female 4 (17.4%) 12 (28.6%) 16 (24.6%)

Age (years old) 
average ±SD 64.6±12.4 64.8±9.8 64.7±10.6 0.947*

Tumor size (mm) 
±SD 28.9±12 35.8±19.9 33.4±17.7 0.380**

Tumor location in the esophagus 0.165*

   Superior third 1 (4.3%) 6 (14.3%) 7 (10.8%)

   Middle third 8 (34.8%) 20 (47.6%) 28 (43.1%)

   Inferior third 14 (60.9%) 16 (38.1%) 30 (46.2%)

Paris classification 0.773*

   Elevated 0-IIa 4 (17.4%) 12 (28.6%) 16 (24.6%)

   Flat 0-IIb 15 (65.2%) 24 (57.1%) 39 (60.0%)

Depressed 
0-IIc 3 (13%) 5 (11.9%) 8 (12.3%)

   Mixed types 1 (4.3%) 1 (2.4%) 2 (3.1%)

Circumferential extension 0.147*

   <50% 14 (60.9%) 15 (35.7%) 29 (44,6%)

   ≥50% <75% 5 (21.7%) 16 (38.1%) 21 (32.3%)

   ≥75% 4 (17.4%) 11 (26.2%) 15 (23.1%)

Lesion type 0.129*

   ESCC 17 (73.9%) 23 (54.8%) 40 (61.5%)

   BE-associated 
neoplasia 6 (26.1%) 19 (45.2%) 25 (38.5%)

ESD-T: endoscopic submucosal dissection tunneling; SD: standard deviation; BE: Barrett’s 
esophagus; SCC: squamous cell carcinoma. *Chi square test. **Mann Whitney test. ***T-
-Student test.

significant differences in gender, age, tumor size, tumor location, 
Paris classification, and luminal extension between both groups. 
Histological assessment from ESD-T specimens revealed ESCC 
in 17 (73.9%) lesions and dysplasia or adenocarcinoma associated 
with Barrett’s esophagus in 6 (26.1%) subjects. The ESD-C group’s 
histological assessment demonstrated that 23 (54.8%) lesions were 
ESCC and 19 (45.2%) tumors were dysplasia or adenocarcinoma 
associated with BE. No statistical difference was noted between 
the histological assessment of both groups (P=0.129). In a total 
of 25 lesions with Barrett’s esophagus, 18 (72%) were high-grade 
dysplasia and 7 (28%) were adenocarcinoma.

TABLE 2 presents clinical outcomes of  ESD procedures 
demonstrating no statistically significant difference between the 
two groups. En bloc resection rate, R0 resection rate and curative 
resection rate for ESD-T and ESD-C were respectively: 91.3% vs 
100% (P=0.122), 65.2% vs 78.6% (P=0.241) and 65.2% vs 73.8% 
(P=0.466). In relation to procedure duration, ESD-T lasted 
118.7±50.8 minutes from marking the lesion to final resection and 
ESD-C 102.4±40.4 minutes (mean ±SD) (P=0.351). Local tumor 
recurrence occurred in 8.7% treated with the tunneling technique 
and 2.4% with the conventional technique (P=0.284).

TABLE 2. Comparative analysis of ESD outcomes.

Characteristic ESD-T ESD-C Total P value

Curative 
resection 15 (65.2%) 31 (73.8%) 46 (70.8%) 0.466*

R0 resection 15 (65.2%) 33 (78.6%) 48 (73.8%) 0.241*

En bloc 
resection 21 (91.3%) 42 (100%) 63 (96.9%) 0.122**

Procedure time 
(min) ±SD 118.7±50.8 102.4±40.4 108±44.6 0.351***

Recurrence 2 (8.7%) 1 (2.4%) 3 (4.6%) 0.284**

Tumor invasion depth 0.745*

   M1/M2 12 (52.2%) 21 (50%) 33 (50.7%)

   M3/SM1 9 (39.1%) 12 (28.6%) 21 (32.3%)

   SM2/SM3 2 (8.7%) 9 (21.4%) 11 (16.9%)

Procedure-related complications

   Bleeding 0 2 (4.8%) 2 (3.0%) 0.536**

   Perforation 1 (4.3%) 0 1 (1.5%) 0.610**

   Stenosis 2 (8.7%) 4 (9.5%) 6 (9.2%) 0.310*

ESD-T: endoscopic submucosal dissection tunneling. *Chi square test. **Fisher test. ***Mann 
Whitney test. 
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outcomes of ESD-C versus ESD-T dissection techniques for treat-
ing early ESCC in a total of 40 patients. The authors reported that 
ESD-T had a shorter dissection time (P=0.047), but no difference 
was noted regarding the en bloc resection rate and R0 resection 
rate. Moreover, there was no significant difference in adverse events 
such as perforation, bleeding, or stenosis(24). 

The study included a predominantly male elderly population 
(74.5%), with a median tumor size of 30 mm, located mostly in the 
middle and lower thirds of the esophagus (89.3%) and classified 
as type 0-IIb of Paris in 60% of the cases. Regarding histological 
type, 61.5% were SCC and 38.5% dysplasia/adenocarcinoma type 
associated with BE. The higher proportion of SCC in this study 
is probably due to an ongoing screening program for esophageal 
early tumors in patients with head and neck cancer(26).

In expert hands in Asian countries ESD has shown excel-
lent results in the management of  ESSC: en bloc resection rate 
around 83–100%, R0 resection between 78–100%, and a local 
recurrence rate of  0–2.6%(1,2,4,8,10). Results reported for Barrett’s 
esophageal-associated lesions range from 90% to 100% of en bloc 
resection, R0 resections from 64% to 85%, curative resections of 
early adenocarcinoma between 48% and 96%(15,27-29). A recently 
published meta-analysis by Yang et al.(30) assessing BE-associated 
ESD showed the following results: en bloc resection rate 92.9% 
(95%CI, 90.3%–95.2%), R0 resection 74.5% (95%CI 66.3%–81.9%) 
and curative resection 64.9% (95%CI 55.7%–73.6%). The rates of 
perforation, bleeding and stenosis were 1.5% (95%CI, 0.4%–3.0%), 
1.7% (95%CI, 0.6%–3.4%) and 11.6% (95%CI, 0.9%–29.6%) re-
spectively. During an average follow up of 22.9 months (95%CI, 
17.5–28.3) the incidence of recurrent lesions was 0.17% (95%CI, 
0%–3%). The average procedure time was 107.5 minutes(30). The 
results presented in our series are comparable to the clinical out-
come reported by Asiatic expert centers and the recently published 
meta-analysis. Moreover, when we analyze all patients that entered 
the study (including ESCC and BE-associated lesions) an en bloc 
resection rate of 96.9%, R0 resection rate of 73.8% and curative 
resection rate of 70.8% was achieved.

The most common adverse effects of ESD are bleeding, per-
foration, and stenosis. The management of these complications is 
technically more difficult in the esophagus(15). In the present series, 
two patients (3%) had major intraoperative bleeding, requiring 
endoscopic approach with mechanical hemostasis with clips. 
Bleeding can also be observed at a rate that ranges from 0–22.8% 
of procedures(9,15,18). We experienced one esophageal perforation 
(1.5%) treated successfully by clips without impairing ESD resec-
tion. In Japanese expert centers esophageal perforation rate has 
been reported in up to 2% of the ESD cases(15,18,29). Esophageal stric-
ture may occur in 10% to 20% of patients undergoing esophageal 
ESD(15). In our series, a total of six patients developed post-ESD 
stricture (9.2%) with similar rates between the two groups. In all 
cases the resection site was greater than three quarters of circum-
ference and were managed by dilation.

The change from the tunneling method to circumferential 
incision approach during esophageal ESD at our center occurred 
due to the additional training that the operator received in Japan 
in 2012. After this education, the adoption of  the tunneling tech-
nique was implemented. ESD-T was carried out in our institution 
between 2009 and 2012 but can be considered as an emerging 
technique. Mastery of  the technique is important as the use of 
the submucosal space for tunnel dissection has been proven to 
be effective for the treatment of  large and even circumferential 

superficial lesions of  the esophagus, peroral endoscopic myotomy 
(POEM), resection of  subepithelial tumors and perhaps in the 
near future will enable interventions outside the gastrointestinal 
tract, including lymph node resection and removal of  benign 
tumors in the mediastinum or abdominal cavity(31-33). Modifica-
tions to ESD-T, including the performance of  more than one 
submucosal tunnel have been described for more extensive and 
circumferential lesions(34-37). Some studies suggest that ESD-T 
may have a higher operation efficacy compared to ESD-C in 
the treatment of  extensive esophageal superficial neoplasms(32), 
albeit we did not find differences in outcomes between these two 
techniques in our analysis. 

This study is one of the largest series analyzed in the treatment 
of superficial esophageal neoplasms in Latin American countries, 
comparing two different esophageal ESD techniques. Neverthe-
less, this report is not without limitations. This is a single-center 
study based on retrospective data. A single operator with extensive 
training in the technique performed all procedures, which limits 
the generalizability of these results. It is not possible to rule out 
the learning curve effect on the analysis of clinical outcomes, espe-
cially in ESD-C, since from 2012 to the present, this has been the 
technique adopted in our center. Finally, the number of patients 
included in this series is relatively small and includes both patients 
with ESCC and Barrett’s esophagus associated lesions. Hence, 
the small sample size and heterogeneous lesion types may have 
precluded the detection of potentially meaningful differences in 
outcomes. Therefore, the lack of a statistically significant difference 
may not necessarily exclude the possibility of  clinically relevant 
differences. Future larger prospective comparative trials are needed 
to further corroborate our findings. 

In conclusion, ESD performed via the tunneling method or via 
the conventional approach demonstrated to be equally feasible and 
safe in the treatment of  superficial esophageal neoplasms. Both 
techniques had high rates of en bloc resection, R0 resection, and 
curative resections, and minimal adverse events. The choice of 
one technique over the other may be defined at the discretion of 
the endoscopist according to his or her experience and preference.
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INTRODUCTION

Upper gastrointestinal bleeding (UGIB) is considered a 
medical emergency(1,2) associated with hospitalizations(3) and high 
morbimortality due to the need for surgical interventions, 30-day 
hospital readmissions and, in-hospital mortality(4). The mortality 
ranges from 1.1 to 11%(5) and even 26% in inpatients(6). 

UGIB has a variceal and non-variceal (NVUGIB) etiology(7), 
being NVUGIB the etiology with the highest incidence(1) and it is 
also one of the most serious adverse drug reactions(8). Peptic ulcers 
and gastroduodenal erosions, which are commonly associated with 
Helicobacter pylori infection(9) and exposure to certain drug classes 
(i.e. antiplatelet agent, non-steroidal anti-inflammatories and, oral 
anticoagulants)(10-12), are the most common cause of  NVUGIB, 
followed by malignancies, Dieulafoy lesions, angiodysplasia, and 
Mallory Weiss tear(1). 
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Most of  the studies were conducted in developed countries 
and reported the epidemiological profile, associate risk factors(13,14) 
and the frequency of diagnosis and incidence of UGIB including 
variceal etiology(15,16). However, little is known regarding NVUGIB 
due complications of peptic ulcer disease and as a possible adverse 
drug reaction(17,18); and we are not aware of any Brazilian study. In 
this context, it was intended to identify the frequency of diagnosis 
of NVUGIB due complications of peptic ulcer disease and to report 
the epidemiological profile of these patients in a tertiary referral 
Brazilian hospital. 

METHODS

Study design and ethical aspects 
A prospective observational study was conducted and the re-

port was based on Strengthening the Reporting of Observational 
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Studies in Epidemiology (STROBE)(19). This study was approved 
by the Research Ethics Committee of the Clinical Hospital of the 
Ribeirão Preto Medical School of  the University of  São Paulo, 
under protocol n. 1.657.615.

Setting and participants
This study was conducted at the emergency unity of Clinical 

Hospital of the Ribeirão Preto Medical School of the Universi-
ty of  São Paulo, Brazil. The unity has 300 beds and comprises 
the Regional Health Directory XIII population, which includes 
Ribeirão Preto and other 25 municipalities in the region (about 
1,471,172 inhabitants).

From July 2016 to December 2019, all upper gastrointesti-
nal endoscopy (UGE) of  patients admitted to the Emergency 
Unity were monitored daily by three researchers independently 
(Forgerini M, Urbano G and Nadai TR). The UGE reports were 
evaluated according to the endoscopic findings in addition to 
the clinical symptoms of  the patient. In cases of  disagreement 
regarding the diagnosis of  NVUGIB secondary to peptic ulcer 
disease; the research team discussed the clinical cases and reached 
a consensus. In order to control the initial discrepancy rates be-
fore the consensus, the index of  agreement between researchers 
(kappa) was calculated. The process of  daily monitoring and 
analysis of  endoscopic reports and medical records is described 
in FIGURE 1.

The diagnosis of  NVUGIB secondary to peptic disease was 
defined as endoscopic findings of ulcer, cardiac or pyloric erosions, 
acute gastric mucosal lesions and, erosive gastritis or duodenitis 
with or without active or recent bleeding and clinical symptom-
atology (hematemesis, melena, hematochezia, intense sweating, 
dizziness, abdominal pain, nausea and vomiting). Stigmata of active 
or recent bleeding ulcer were classified according to the Forrest 
classification: Forrest Ia (active spurting bleeding); Ib (active oozing 
bleeding); IIa (non-bleeding visible vessel); IIb (adherent clot); IIc 
(spots on base ulcer) and III (clean-base ulcer)(20). Patients who 
underwent endoscopic hemostasis were identified. 

Primary and secondary exclusion criteria were considered. 
Primary exclusion: (i) patients under 18 years of age; (ii) excludable 
endoscopic diagnosis (e.g., varices, Mallory-Weiss tear, cirrhosis); 
(iii) admission not due to NVUGIB secondary to peptic ulcer 
disease; (iv) pathological antecedents (malignancies and acquired 
immunodeficiency syndrome); (v) in-hospital NVUGIB; and (vi) 
probe holders (nasogastric, enteral or subcutaneous). Secondary 
exclusion: (i) discharge from hospital in the 15 days before to current 
hospital admission; (ii) endoscopy performed more than 48 hours 
after hospital admission; (iii) patients with severe health condition 
and without a familiar member to consent the participation in the 
study; (iv) patient died before the interview (death); (v) impossibility 
to perform the interview within 15 days after admission; and, (vi) 
patient living in a closed institution FIGURE 2. 

FIGURE 1. Flowchart of the monitoring and analysis process of upper gastrointestinal endoscopies of patients admitted to the Emergency Unity of 
Clinical Hospital of the Ribeirão Preto Medical School of the University of São Paulo.

FIGURE 1. Flowchart of the monitoring and analysis process of upper gastrointestinal endoscopies of patients admitted to the Emergency Unity of 

Clinical Hospital of the Ribeirão Preto Medical School of the University of São Paulo.  

 

 

  

Daily monitoring of upper gastrointestinal endoscopies of patients admitted to the Emergency Unity of the 
Ribeirão Preto Medical School of the University of São Paulo, Brazil (1,277 days) 

Reports with endoscopic findings of interest: peptic ulcer, 
cardiac or pyloric erosions, acute gastric mucosal lesions, and 
erosive gastritis or duodenitis, with or without active or recent 

bleeding (n= 633) 

Exclusion of reports that correspond to patients underwent 
to more than one endoscopy gastrointestinal endoscopy 

during hospital admission (n=276) 

Analysis of the patient's electronic medical record (n=633)	

Hospital admission due to clinical signs and symptoms of hematemesis, melena, 
hematochezia, intense sweating, dizziness, abdominal pain, nausea and vomiting 

(n=554) 

Hospital admission for reasons other than non-variceal upper 
gastrointestinal bleeding due peptic ulcer disease (i.e., signs and 
symptoms of other health problems; choking; accident) (n=79) 

Analysis of date of hospital admission; the performance of upper gastrointestinal 
endoscopy and the last hospital admission; if the patient has pathological 
antecedents (i.e., neoplasm); if the patient has a probe (i.e., nasogastric, enteral, 
subcutaneous) and; general medical condition of the patient (i.e., severe health 
condition) (n=554) 
 

If: date of last hospital admission > 15 days; endoscopy performance <48 hours 
after hospital admission; absence of pathological antecedents and probe; and 

stable health status ! invitation for the patient to participate in the study (n=178) 
 

Patient 
exclusion 

(n=79) 

Analysis of endoscopic reports of upper gastrointestinal 
endoscopies (n=2,779)  

Exclusion of reports with excludable endoscopic 
gastrointestinal (i.e., absence of endoscopic changes; 

esophageal or gastric varices; hypertensive gastropathy; 
Malory-Weiss tear) (n=1,870) 

Analysis of the remaining endoscopic reports of upper 
gastrointestinal endoscopies (n=2,503)  

	

Exclusion of patients for not meeting the inclusion 
criteria (n=376) 
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Period 1 
373 patients 

 

 

 

 

 

 

 

276 upper gastrointestinal endoscopy reports correspond to 
patients underwent to more than one endoscopy 
gastrointestinal endoscopy during hospital admission  

2,503 patients 

	

Primary exclusion (n=333) 
 
Age <18 years (n=29) 
Excludable diagnosis (n=268) 
Pathological antecedents (n=7) 
In-hospital NVUGIB (n=22) 
Admission not due to NVUGIB (n=7) 
Probe carrier (n=0) 
 
 

2,779 upper gastrointestinal endoscopy reports 

Period 2 
752 patients 

 

 

 

 

 

 

 

Period 3 
733 patients 

 

 

 

 

 

 

 

 

Period 4 
645 patients 
 

 

 

 

 

 

 

 

Secondary exclusion (n=8) 
 
Hospital stay <15 days (n=4) 
UGE> 48 hours (n=1) 
Hospital discharge before interview 
(n=2) 
Severe health condition (n=0) 
Death (n=0) 
Lives in a closed institution (n=1) 
 

Primary exclusion (n=656) 
 
Age <18 years (n=53) 
Excludable diagnosis (n=501) 
Pathological antecedents (n=24) 
In-hospital NVUGIB (n=46) 
Admission not due to NVUGIB (n=31) 
Probe carrier (n=1) 
	
	

Primary exclusion (n=670) 
 
Age <18 years (n=63) 
Excludable diagnosis (n=550) 
Pathological antecedents (n=16) 
In-hospital NVUGIB (n=19) 
Admission not due to NVUGIB (n=20) 
Probe carrier (n=2) 
	
	

Primary exclusion (n=562) 
 
Age <18 years (n=44) 
Excludable diagnosis (n=472) 
Pathological antecedents (n=20) 
In-hospital NVUGIB (n=4) 
Admission not due to NVUGIB (n=21) 
Probe carrier (n=1) 
	
	

Secondary exclusion (n=26) 
 
Hospital stay <15 days (n=2) 
UGE >48 hours (n=2) 
Hospital discharge before interview (n=15) 
Severe health condition (n=4) 
Death (n=3) 
Lives in a closed institution (n=0) 
	

	

Secondary exclusion (n=24) 
 
Hospital stay <15 days (n=1) 
UGE >48 hours (n=3) 
Hospital discharge before interview (n=18) 
Severe health condition (n=1) 
Death (n=0) 
Lives in a closed institution (n=1) 
	

	

Secondary exclusion (n=46) 
 
Hospital stay <15 days (n=0) 
UGE >48 hours (n=23) 
Hospital discharge before interview 
(n=17) 
Severe health condition (n=1) 
Death (n=5) 
Lives in a closed institution (n=0) 
	

	
32 patients with NVUGIB diagnosis  

 

 

 

 

 

 

70 patients with NVUGIB diagnosis  

	

39 patients with NVUGIB diagnosis 37 patients with NVUGIB diagnosis 

	

Variables, data sources and measurement 
NVUGIB secondary to peptic ulcer disease diagnosis was consid-

ered the outcome. Demographic and clinical variables were collected 
through interviews led by two physicians (Urbano G and Nadai TR). 

The interviews were conducted through a standardized ques-
tionnaire(17) with the patient and/or familiar and, scores from zero 
to ten were assigned according to the reliability of the information 
obtained (TABLE 1).

Statistical methods 
The UGE of  patients admitted to the Emergency Unity were 

evaluated for 42 months (July 2016 to December 2019). When the 
same patient underwent more than one UGE during the hospital 
stay, these endoscopic reports were identified. This process of 
identifying different endoscopic reports for the same patient 
aimed to avoid bias and overestimate the number of  patients 
underwent UGE.

To identify the frequency of diagnosis of NVUGIB secondary to 
peptic ulcer disease among patients underwent UGE, the monitored 
months in this study were divided into four periods: (1) July 2016 
to December 2016; (2) year 2017; (3) year 2018; and, (4) year 2019.

The relative frequency of  diagnosis of  NVUGIB secondary 
to peptic ulcer disease in the four periods was identified using the 
following formula:

Frequency of 
diagnosis (%):

Number of patients with diagnosis of 
NVUGIB secondary to peptic ulcer disease  

in the period

Number of patients who underwent upper 
gastrointestinal endoscopy in the same period

In addition, the total relative frequency of NVUGIB diagnosis 
during the period of  the study was calculated. To identify total 
frequency of  diagnosis, the number of  all the eligible patients 
with NVUGIB secondary to peptic ulcer disease diagnosis and 
the number of  all the patients who underwent UGE during this 
study were considered (42 months). 

To compare if  there was a difference in the number of  di-
agnoses of  NVUGIB secondary to peptic ulcer disease in the 
respective four periods of  the study, the chi-square for trend 
test was applied (BioEstat 5.3). The variables evaluated in this 
study were reported through descriptive statistics (absolute and 
relative frequency).

RESULTS

In the period from July 2016 to December 2019, 2,779 UGE 
were conducted. After identified different UGE performed for a 
same patient, 2,503 patients were evaluated. 

One hundred and seventy eight patients with diagnosis of 
NVUGIB secondary to peptic ulcer disease were eligible, being: 
(1) 32 patients from July 2016 to December 2016; (2) 70 patients in 
2017; (3) 39 patients in 2018; and, (4) 37 patients in 2019 (P-value 
of qui-square test: 0.007). A mean of four diagnoses per month 
(standard deviation: ±3) was identified. 

The index of agreement (kappa) among the researchers (Forgerini 
M, Urbano G, and Nadai TR) in the UGE analysis was 0.82 and 
the discrepancies were solved through clinical discussions and con-
sensus . The flowchart of UGE analysis and primary and secondary 
exclusions were described in FIGURE 2. 

The total frequency of  diagnosis of  NVUGIB secondary to 
peptic disease found was 7.1% considering the 42 months of UGE 

FIGURE 2. Flowchart of evaluation of upper gastrointestinal endoscopy reports, identification of patients diagnosed with non-variceal upper gastrointes-
tinal bleeding secondary to peptic ulcer disease and the respective primary and secondary exclusions, according to the four periods established in this study.
NVUGIB: non-variceal upper gastrointestinal bleeding secondary to peptic ulcer disease; UGE: upper gastrointestinal endoscopy.
Four periods of study: (1) July 2016 to December 2016; (2) year 2017; (3) year 2018; and, (4) year 2019.
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TABLE 1. Variables analyzed, data sources and measurement.

Variable Data source and measurement 

Non-variceal upper gastrointestinal bleeding and  frequency of diagnoses  

Non-variceal upper 
gastrointestinal bleeding 
(NVUGIB) secondary to peptic 
ulcer disease

Diagnosis through upper gastrointestinal endoscopy (endoscopic findings of ulcer, cardiac or pyloric erosions, 
acute gastric mucosal lesions, and erosive gastritis or duodenitis, with or without active or recent bleeding) 
and clinical symptomatology (hematemesis, melena, hematochezia, intense sweating, dizziness, abdominal 
pain, nausea or vomiting).

Total frequency of non-variceal 
upper gastrointestinal bleeding 
secondary to peptic ulcer disease

Upper gastrointestinal endoscopies were evaluated for 42 months (July 2016 to December 2019). The 
total frequency was calculated using the ratio of the number of patients diagnosed with non-variceal upper 
gastrointestinal bleeding secondary to peptic disease during the study and divided by the total number of 
upper gastrointestinal endoscopies performed.

Frequency of non-variceal 
upper gastrointestinal bleeding 
secondary to peptic ulcer disease

The study four periods: (1) July 2016 to December 2016; (2) year 2017; (3) year 2018; and, (4) year 2019. 
The frequency in the four periods was calculated using the ratio of the number of patients diagnosed with 
non-variceal upper gastrointestinal bleeding secondary to peptic disease in the respective period and divided 
by the total number of upper gastrointestinal endoscopies performed in the same period. 

Variables recorded in the face-to-face interview

Sex, age and, ethnicity Recorded through self-report in the interview.

Body mass index (kg/m2) Weight and height were recorded through interviews and confirmed by electronic medical records.

Comorbidity 
Diabetes mellitus, high blood pressure, dyslipidemia, cardiovascular disease, migraine, arthorosis and, 
arthiritis were recorded through interviews and electronic medical records as a secondary source of 
information.

Personal history of 
gastrointestinal diseases and 
family history of ulcer

Personal history of dyspepsia (pain, burning in the stomach and/or feeling of slow digestion); bleeding 
(melena and/or hematemesis); ulcer (gastric and/or duodenal); previous Helicobacter pylori infection and family 
history of ulcer were recalled through self-report during the interviews.

Drug therapy The drug therapy used in the two months prior to the onset of signs and symptoms of NVUGIB were recalled 
through self-reports during the interviews and electronic medical records as a secondary source of information.

Smoking habit
The habit of smoking was recalled through self-reporting during the interviews and was stratified into: non-
smokers; ex-smokers and smokers. The amount of tobacco consumed by smokers was stratified as “moderate” 
(1 to 15 cigarettes/day) and “heavy” (>15 cigarettes/day)(17). 

Alcohol consumption 

Alcohol consumption was recalled through self-report during the interviews and was stratified into: non-
consumption (abstainer) and “little” consumption (0 to ≤30 grams of alcohol/day), “moderate” (30 to ≤90 
grams of alcohol/day) and “heavy” (>90 grams of alcohol/ day). In addition, alcohol consumption was stratified 
into fermented beverages (beer, red and white wine) and distilled beverages (whiskey, cachaça and vodka)(17). 

Reliability of interview Interview reliability was measured using scores from 0 to 10. The interviewer assigned the score according to 
the reliability of the information provided by the patient and/or family member during the interviews. 

analysis. Therefore, it is estimated that for every 100 patients who 
underwent UGE, seven were diagnosed with NVUGIB secondary 
to peptic ulcer disease. Regarding the four periods established in 
this study, the frequency of diagnosis of  8.6%, 9.3%, 5.3%, and 
5.7% (FIGURE 3).

FIGURE 3. Frequency of diagnosis of non-variceal upper gastrointestinal  
bleeding secondary to peptic ulcer disease during the four periods* 
established by this study.
*Four periods of study: (1) July 2016 to December 2016; (2) year 2017; (3) year 2018; and, 
(4) year 2019.

The majority of patients diagnosed with NVUGIB secondary to 
peptic ulcer disease were men (72.8%), self-declared white (71.8%) 
and older than 60 years (56.7%). The median age was 63 years 
(interquartile range: 50–74), with a range of 18 to 93 years. 91.6% 
of the interviews were assigned with reliability scores between six 
to nine (TABLE 2). The main source of information during the 
interviews was the patient (n=139). 

The clinical symptoms most frequently reported by patients 
on hospital admission were melena (62.8%), hematemesis (45%), 
weight loss (43.3%) and epigastric pain (31.1%). 90% of the patients, 
among other endoscopic findings, had peptic ulcers (duodenal or 
gastric), with 6% being of pre-pyloric origin. Considering that a 
patient may have more than one type of ulcer concurrently, 200 
ulcerative findings were identified. Most ulcers were classified as 
Forrest IIa (62 ulcers) and III (86 ulcers). Ten percent of patients 
had only findings of pangastritis or erosive gastritis. 

Thirty-nine patients underwent endoscopic hemostasis, being 
sclerotherapy (n=38), and only endoscopic hemoclip (n=1). The 
sclerotherapy was through injection of adrenalin and it was asso-
ciated with endoscopic hemoclip (n=5); ethamoline solution (n=1) 
and electrocoagulation with argon (n=1). 

Fifteen patients had rebleeding episodes during the study period 
and four patients died during the hospitalization.
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TABLE 2. Demographic and clinical variables of the patients with diagnosis of non-variceal upper gastrointestinal bleeding secondary to peptic ulcer 
disease (n=178) according to the four periods established in the study, Emergency Unity of Clinical Hospital of Ribeirão Preto Medical School of the 
University of São Paulo, July 2016 to December 2019. 
Period* Period 1 (32 patients) Period 2 (70 patients) Period 3 (39 patients) Period 4 (37 patients)
Variable N N N N
Sex
Male/Female 26/06 48/22 27/12 27/10
Age
Median (interquartil range) 57.0 65.0 66.0 61.0
Interquartil range (Q1; Q3) 48.5–73.2 50.2–74.5 50.0–74.5 50.2–71.7
Patients >60 years old 15 42 24 20
Reliability of interview 
6–7 16 35 20 12
7–9 10 34 17 19
>9 6 1 2 6
Body mass index (kg/m2)
Under-weight (<18) 3 2 2 1
Normal (≥18≤24) 15 33 11 9
Overweight (≥25≤30) 9 19 14 13
Obesity (≥30≤35) 2 9 8 10
Moderate obesity (≥35≤40) 0 5 4 3
Severe obesity (>40) 2 2 0 1
Without knowledge 1 0 0 0
Ethnicity
White 25 46 24 27
Black 7 23 15 10
Oriental 0 01 0 0
Personal history of gastrointestinal disorders
Ulcer 8 13 9 7
Bleeding 10 10 7 7
Dyspepsia 12 22 13 3
Comorbidity
Cardiovascular disease 10 19 16 5
High blood pressure 14 42 22 21
Diabetes mellitus 5 15 10 8
Elevated cholesterol 5 8 1 5
Migraine 3 0 1 0
Arthritis 1 1 1 0
Arthrosis 2 1 2 1
Drug exposure
Non-steroidal anti-inflammatories 14 25 14 11
Proton pump inhibitor 11 11 6 0
H2 receptor antagonists 1 1 0 0
Low-dose aspirin** 13 24 9 7
Antiplatelet agents (not including low-dose aspirin) 1 25 7 6
Oral anticoagulant 5 8 6 1
Smoking
Non-smoker 13 34 16 19
Ex-smoker 9 20 9 11
Smoker 10 16 14 7
   Moderate consumption 4 5 4 3
   Heavy consumption 6 11 10 4
Alcohol consumption
Abstainer 15 39 22 17
Alcohol consumption 17 31 17 20
Consumption of fermented alcoholic beverages*** 17 29 16 17
Consumption of distilled alcoholic beverages*** 4 13 7 8
Little 13 21 13 14
Moderate 3 10 4 6
Heavy 1 0 0 0

*The study established four periods: (1) July 2016 to December 2016; (2) Year 2017; (3) Year 2018; and, (4) Year 2019. **Low-dose aspirin was defined as aspirin at dose <300 milligrams per 
day. ***The same patient can consume fermented and distilled alcohol beverage concurrently.
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The most prevalent comorbidity was high blood pressure 
(55.6%) followed by cardiovascular diseases (28.1%), diabetes mel-
litus (21.3%) and, dyslipidemia (10.7%). 60.1% of the patients had 
no family or personal history of gastrointestinal diseases, being: 
21.7% patients had family history of ulcer and 28.1% had personal 
history of dyspepsia; 20.8% peptic ulcer and, 19.1% hemorrhage. 
Only ten patients reported previous infection with Helicobacter 
pylori (5.0%) (TABLE 2). 

Patients made chronic use of low-dose aspirin (LDA) (29.8%), 
other antiplatelet agents (21.9%), proton pump inhibitors (15.7%) 
and, oral anticoagulants (11.2%). Furthermore, 35.9% of patients 
use of non-steroidal anti-inflammatory drugs (NSAIDs) in the two 
months prior to the onset of  signs and symptoms of  NVUGIB 
secondary to peptic ulcer disease. However, 25.8% patients made 
use of  NSAIDs during the week before signs and symptoms of 
NVUGIB secondary to peptic ulcer disease (TABLE 2). 

Regarding life habits, 85 (47.7%) of the patients consumed al-
coholic beverages in the two months prior to the onset of signs and 
symptoms of NVUGIB. Forty-seven (26.4%) of the patients were 
smokers and forty-nine of the patients were ex-smokers (TABLE 2). 

DISCUSSION

One hundred and seventy eight patients with diagnosis of 
NVUGIB secondary to peptic ulcer disease (mean of four diag-
noses per month) and a total frequency of diagnoses of 7.1% were 
identified during this study (July 2016 to December 2019). Besides, 
it was observed statistical difference between frequency of diagnosis 
in the four periods of the study (P-value: 0.007).

Haro and Fey (2010) conducted a study at a Brazilian Emer-
gency Hospital and identified 65 patients with NVUGIB diagnosis, 
with the majority of patients being elderly, male and white, cor-
roborating with the demographic data identified in our study(21). 
However, despite the relevant clinical discussion conducted by the 
authors, the study was conducted in 2008 and it is not clear the sam-
ple size, identification process of patients with NVUGIB diagnosis, 
as well as other important variables (i.e. coexisting comorbidities 
and drug exposure), in addition to inclusion of neoplastic, vascular 
and Mallory-Weiss tear etiology. 

Considering other studies in the literature, rates of new diag-
nosis has high heterogeneity between countries (37 to 172/100,000 
adults)(16) and most of them estimated the incidence of upper gas-
trointestinal bleeding including both the varicose and non-varicose 
etiology(15,16,22). This heterogeneity may be due to methodological 
and population aspects, since there are different study designs, 
sample size, criteria for upper gastrointestinal bleeding diagnosis, 
as well as variability between populations. From this perspective, 
the epidemiological profile of the patients, the drug prescription 
culture and, genetic variability are important aspects to be consider.

Most patients eligible in this study are men and elderly people, 
corroborating the findings of other studies(23-25). Although we are 
not aware of any study justifying the higher incidence of NVUGIB 
in men, aging has been considered a significant risk factor for 
NVUGIB(3,9,26) and for non-gastrointestinal comorbidities that are 
also associated with increased risk and mortality from NVUGIB 
(i.e., cardiovascular disease)(1,27). Furthermore, aging is related to the 
increased exposure to some drug classes, such as non-steroidal an-
ti-inflammatory drugs (NSAIDs), LDA and, antiplatelet agents(9). 
Exposure to these drugs and the risk of NVUGIB is well elucidated 
in the literature(1,10-12), since NSAIDs and LDA is associated with 

gastric erosion, inhibition of platelet aggregation and consequently 
in the risk of ulcer and bleeding(28). 

Regarding population variability, ethnicity and ancestry are 
important factors that directly influence in the genetic variability 
among different populations(29,30). In this context, some studies iden-
tified genetic susceptibility to the incidence of NVUGIB secondary 
to peptic ulcer disease(14,17,18), as well as for rebleeding episodes(31). 
Besides, use of  LDA and NSAIDs in patients who have genetic 
variants in the CYP2C9(17,32) and VKOCR1(24), genes responsible 
for these drugs metabolism, might lead to an additive interaction 
and enhance the risks of NVUGIB secondary to peptic disease.

Ethnicity, in addition to influencing the presence of  genetic 
variant, is also associated with the occurrence frequency of  the 
variant(29). Most patients included in this study are white, which 
corroborates with the findings of Haro and Fey (2010)(21). However, 
some studies in the area included only white participants(17,25,32), 
since some genetic variants has been more prevalent in self-declared 
white than black ones(33). Therefore, a hypothesis to be tested is the 
presence of genetic variants and the risk of NVUGIB secondary to 
peptic ulcer disease considering all the variables identified in this 
study (i.e. ethnicity; comorbidities, drug exposure and, life habits), 
since there is no study in the Brazilian population(34).

Another important factor to be considered is Helicobacter 
pylori infection. Patients with Helicobacter pylori infection have 
6.8-fold higher risk of developing peptic ulcer disease(35), the main 
etiology of NVUGIB(1). However, in our study, only ten patients 
reported previous Helicobacter pylori infection and we consider 
this number underestimated. This hypothesis can be justified by 
the higher prevalence of Helicobacter pylori infection in developing 
countries(9), in addition to the unequal access to health systems 
and to diagnostic tests, since the cost may be considered relatively 
expensive(36).

Furthermore, the life habits of the population should also be 
taken into consideration, since the consumption of alcohol and 
tobacco, for instance, have also been associated with the risk of 
upper gastrointestinal bleeding(37,38). In our study, most patients 
are abstainers and non-current smokers; however, such data may 
not represent the reality of other countries. In relation to tobacco 
consumption, there are several countries that have implemented 
smoking control policies, which may be related to the reduction in 
the number of smokers.

Lastly, our study shows a decrease in the proportion of diagno-
sis of NVUGIB secondary to peptic disease in the tertiary hospital 
of this study. This possible decrease can be justified by advances 
in medicine, such as the introduction of potent anti-acid secretion 
suppressant drugs and advances in diagnosis and therapeutic en-
doscopy(1,39). From another perspective, despite the advances, the 
issue of  access to health service remains, which can lead to late 
access and a worse prognosis, and even non-access(40). Besides, 
another hypothesis is that the patients might go to other health 
services, consequently, reducing the number of UGE conducted 
in this Emergency unity hospital. 

Hence, several risk factors might be associated with NVUGIB 
secondary to peptic disease risk, independently (i.e. aging, co-
morbidities)(9,27) or synergistically (i.e. combination of  NSAIDs 
and LDA use; drug exposure in addition to genetic variants)(15,17). 
Therefore, these risk factors should be identified through a patient 
assessment to promote patient safety. In this line, Franco et al. 
(2015) proposed a clinical care pathway for the management of 
patients with NVUGIB hospitalized in tertiary hospital, which can 
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contribute to standardization of medical practices, in addition to 
decrease of hospital length and costs(41). Furthermore, the perfor-
mance of the UGE in the first 24 hours of bleeding onset allowed 
a diagnostic accuracy(40). 

Although the strength of this study is the diagnosis of NVUGIB 
secondary to peptic ulcer disease through UGE besides the clin-
ical symptoms, the non-indication of potential patients with the 
diagnosis for UGE would lead to under-registration of diagnoses 
due to limitations of the health service or access to it. In addition, 
our study may have limitations to assess temporal trends since it 
was conducted for three and a half  years and it was not possible 
to calculate population-based incidence, since only an Emergency 
hospital was assessed. 

Indeed, our study has several strengths: a) this is the first 
Brazilian study to assess the frequency of diagnosis of NVUGIB 
secondary to peptic disease; b) the study lead time can reduce 
the risk of bias due to seasonality in the frequency of NVUGIB 
diagnosis; c) the process of  UGE monitoring was conducted by 
three researchers, independently, reducing the selection bias; and, 
d) the interviews conducted face-to-face allowed to reduce the data 
collection bias in databases. In addition, it is relevant to highlight 
that the inclusion and exclusion criteria of this study were carefully 
designed in order to identify patients diagnosed with NVUGIB sec-
ondary to peptic ulcer disease as a possible adverse drug reaction, 
excluding other possible confounding etiologies.

CONCLUSION

The total frequency of NVUGIB secondary to peptic disease 
was about seven patients for every hundred patients addmited in a 
tertiary hospital and underwent UGE. The majority of patients are 
men; older people; self-declared white; diagnosed with high blood 

pressure, cardiovascular diseases, and diabetes mellitus; with no 
family or personal history of gastrointestinal diseases; abstainers 
and, non-current smokers. Furthermore, our data may suggest a 
possible decrease in the number of  diagnosis of  NVUGIB sec-
ondary to peptic ulcer disease in the tertiary hospital of this study.
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Forgerini M, Urbano G, Nadai TR, Zapata-Cachafeiro M, Kemp R, Mastroianni PC. Perfil epidemiológico de pacientes com hemorragia gastrointestinal 
alta não varicosa decorrente de doença péptica em um hospital brasileiro terciário de referência. Arq Gastroenterol. 2021;58(2):202-9.
RESUMO – Contexto – A hemorragia digestiva alta não varicosa (HDANV) secundária à úlcera péptica é uma emergência médica digestiva e pode ser 

uma reação adversa a medicamento severa. Objetivo – Estimar a frequência de HDANV secundária à doença péptica. Métodos – Estudo prospectivo e 
epidemiológico realizado em um hospital brasileiro terciário de referência, no período de julho de 2016 a dezembro de 2019. Os laudos de endoscopia 
gastrointestinal alta foram avaliados diariamente. O diagnóstico de HDANV secundária para úlcera péptica foi definido por achados endoscópicos 
de úlcera péptica e lesões gástricas erosivas e sintomas clínicos. A frequência de diagnóstico de HDANV secundária à úlcera péptica foi estimada por 
meio da razão entre o número de pacientes diagnosticados e o número de pacientes submetidos à endoscopia gastrointestinal alta no mesmo período. 
Resultados – Um total de 2.779 laudos endoscópicos (2.503 pacientes) foram avaliados e 178 pacientes foram elegíveis. A frequência total de diag-
nóstico de HDANV secundária à úlcera péptica foi de 7,1%. A frequência anual de diagnósticos entre 2017 e 2019 variou de 9,3% a 5,7%. A maioria 
dos pacientes era do sexo masculino (72,8%); auto-declarado branco (71,8%); idoso (56,7%); e não possuía histórico familiar ou pessoal de doenças 
gastrointestinais (60,1%). 90% dos pacientes apresentaram úlcera péptica e melena (62,8%). Os pacientes faziam uso crônico de ácido acetilsalicílico 
como antiagregante plaquetário (29,3%), outros antiplaquetários (21,9%) e anticoagulantes orais (11,2%); e fizeram uso e uso de anti-inflamatórios 
não esteroidais na semana anterior ao início dos sintomas clínicos de HDANV (25,8%). Conclusão – Cerca de sete em cada 100 pacientes admitidos 
em um hospital terciário e submetidos à endoscopia gastrointestinal alta foram diagnosticados com HDANV secundária à úlcera péptica. 

Palavras-chave – Endoscopia gastrointestinal; epidemiologia; hemorragia gastrointestinal; hospitalização; segurança do paciente; úlcera péptica.



Forgerini M, Urbano G, Nadai TR, Zapata-Cachafeiro M, Kemp R, Mastroianni PC 
Epidemiological profile of patients with non-variceal upper gastrointestinal bleeding secondary to peptic disease in a tertiary referral Brazilian hospital

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 209 

REFERENCES

1.  Lanas A, Dumonceau JM, Hunt RH, Fujishiro M, Scheiman JM, Gralnek IM, et 
al. Non-variceal upper gastrointestinal bleeding. Nat Rev Dis Prim. 2018;4:18020. 

2.  Rahman SIU, Saeian K. Nonvariceal Upper Gastrointestinal Bleeding. Crit Care 
Clin. 2016;32:223-39. DOI: 10.1016/j.ccc.2015.12.002.

3.  Laine L. Upper Gastrointestinal Bleeding Due to a Peptic Ulcer. Solomon CG, 
editor. N Engl J Med. 2016;374:2367-76. 

4.  Quan S. Upper-gastrointestinal bleeding secondary to peptic ulcer disease: Inci-
dence and outcomes. World J Gastroenterol. 2014;20:17568. 

5.  Jairath V, Martel M, Logan RFA, Barkun AN. Why Do Mortality Rates for Non-
variceal Upper Gastrointestinal Bleeding Differ around the World? A Systematic 
Review of Cohort Studies. Can J Gastroenterol. 2012;26:537-43. 

6.  Hearnshaw SA, Logan RFA, Lowe D, Travis SPL, Murphy MF, Palmer KR. Acute 
upper gastrointestinal bleeding in the UK: Patient characteristics, diagnoses and 
outcomes in the 2007 UK audit. Gut. 2011;60:1327-35. 

7.  Feinman M, Haut ER. Upper Gastrointestinal Bleeding. Surg Clin North Am. 
2014;94:43-53. 

8.  Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, et al. Adverse 
drug reactions as cause of admission to hospital: prospective analysis of 18 820 
patients. BMJ. 2004;329:15-9. 

9.  Sostres C, Lanas A. Epidemiology and Demographics of Upper Gastrointestinal 
Bleeding: Prevalence, Incidence, and Mortality. Gastrointest Endosc Clin N Am. 
2011;21:567-81. 

10.  Lanas Á, Carrera-Lasfuentes P, Arguedas Y, García S, Bujanda L, Calvet X, 
et al. Risk of  Upper and Lower Gastrointestinal Bleeding in Patients Taking 
Nonsteroidal Anti-inflammatory Drugs, Antiplatelet Agents, or Anticoagulants. 
Clin Gastroenterol Hepatol. 2015;13:906-12. 

11.  Lanas A, García-Rodríguez LA, Arroyo MT, Gomollón F, Feu F, González-Pérez 
A, et al. Risk of upper gastrointestinal ulcer bleeding associated with selective 
cyclo-oxygenase-2 inhibitors, traditional non-aspirin non-steroidal anti-inflam-
matory drugs, aspirin and combinations. Gut. 2006;55:1731-8. 

12.  Lanas A, Bajador E, Serrano P, Fuentes J, Carreño S, Guardia J, et al. Nitrova-
sodilators, Low-Dose Aspirin, Other Nonsteroidal Antiinflammatory Drugs, and 
the Risk of Upper Gastrointestinal Bleeding. N Engl J Med. 2000;343:834-9. 

13.  Shiotani A, Murao T, Fujita Y, Fujimura Y, Sakakibara T, Nishio K, et al. Single 
nucleotide polymorphism markers for low-dose aspirin-associated peptic ulcer 
and ulcer bleeding. J Gastroenterol Hepatol. 2014;29:47-52. 

14.  Wu Y, Hu Y, You P, Chi Y-J, Zhou J-H, Zhang Y-Y, et al. Study of Clinical and 
Genetic Risk Factors for Aspirin-induced Gastric Mucosal Injury. Chin Med J 
(Engl). 2016;129:174-80. 

15.  Hreinsson JP, Kalaitzakis E, Gudmundsson S, Björnsson ES. Upper gastrointes-
tinal bleeding: Incidence, etiology and outcomes in a population-based setting. 
Scand J Gastroenterol. 2013;48:439-47. 

16.  van Leerdam ME. Epidemiology of acute upper gastrointestinal bleeding. Best 
Pract Res Clin Gastroenterol. 2008;22209-24. 

17.  Figueiras A, Estany-Gestal A, Aguirre C, Ruiz B, Vidal X, Carvajal A, et al. 
CYP2C9 variants as a risk modifier of NSAID-related gastrointestinal bleeding: 
A case-control study. Pharmacogenet Genomics. 2016;26:66-73. 

18.  Mallah N, Zapata-Cachafeiro M, Aguirre C, Ibarra-García E, Palacios–Zabalza 
I, Macías-García F, et al. Influence of Polymorphisms Involved in Platelet Acti-
vation and Inflammatory Response on Aspirin-Related Upper Gastrointestinal 
Bleeding: A Case-Control Study. Front Pharmacol. 20209;11:860.

19.  Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement: guidelines for reporting observational studies. J Clin 
Epidemiol. 2008;61:344-9. 

20.  Forrest J. AH, Finlayson ND. DC, Shearman DJ. JC. Endoscopy in gastrointes-
tinal bleeding. Lancet. 1974;304:394-7.

21.  Haro CP, Fey A. Analysis of  the epidemiological, treatment and evolution of 
patients with upper gastrointestinal bleeding admitted to the emergency Hospital 
Regional Alto Vale. Arq Catarinenses Med. 2010;39:51-6.

22.  Danis N, Tekin F, Akarca US, Unal NG, Erdogan EI, Akat K, et al. Changing 
patterns of  upper gastrointestinal bleeding over 23 years in Turkey. Turkish J 
Gastroenterol. 2019;30:877-82. 

23.  Wang T. Association between TNF‐α polymorphisms and the risk of upper gas-
trointestinal bleeding induced by aspirin in patients with coronary heart disease. 
Ann Hum Genet. 2019;83:124-33. 

24.  Groza I, Matei D, Tanţău M, Trifa AP, Crişan S, Vesa ŞC, et al. VKORC1-1639 
G>A polymorphism and the risk of non-variceal upper gastrointestinal bleeding. 
J Gastrointest Liver Dis. 2017;26:13-8. 

25.  Piazuelo E, Fuentes J, Garcfa-González MA, Jiménez P, Lanas A. A case-control 
study of the association between polymorphisms of the endothelial nitric oxide 
synthase and glycoprotein IIIa genes and upper gastrointestinal bleeding in users 
of low-dose aspirin. Clin Ther. 2008;30:121-30. 

26.  Marques SB, Mattar R, Artifon ELA, Sakai P, Carrilho FJ. High prevalence of 
duodenal ulcer in a tertiary care hospital in the city of São Paulo, SP, Brazil. Arq 
Gastroenterol. 2011;48:171-4. 

27.  Crooks CJ, West J, Card TR. Comorbidities affect risk of  nonvariceal upper 
gastrointestinal bleeding. Gastroenterology. 2013;1441384-93. 

28.  de Carli DM, Pires RC, Rohde SL, Kavalco CM, Fagundes RB. Diferentes 
frequências da úlcera péptica relacionadas com H. pylori ou AINES. Arq Gas-
troenterol. 2015;52:46-9. 

29.  Ramos E, Doumatey A, Elkahloun AG, Shriner D, Huang H, Chen G, et al. 
Pharmacogenomics, ancestry and clinical decision making for global populations. 
Pharmacogenomics J. 2014;14:217-22. 

30.  Li J, Zhang L, Zhou H, Stoneking M, Tang K. Global patterns of genetic diver-
sity and signals of natural selection for human ADME genes. Hum Mol Genet. 
2011;20:528-40. 

31.  Kim H-S, Hwang K-Y, Chung I-K, Park S-H, Lee M-H, Kim S-J, et al. Tissue 
Plasminogen Activator and Plasminogen Activator Inhibitor Type 1 Gene Poly-
morphism in Patients with Gastric Ulcer Complicated with Bleeding. J Korean 
Med Sci. 2003;18:58. 

32.  Pilotto A, Seripa D, Franceschi M, Scarcelli C, Colaizzo D, Grandone E, et 
al. Genetic Susceptibility to Nonsteroidal Anti-Inflammatory Drug-Related 
Gastroduodenal Bleeding: Role of  Cytochrome P450 2C9 Polymorphisms. 
Gastroenterology. 2007;133:465-71. 

33.  Rodrigues-Soares F, Kehdy FSG, Sampaio-Coelho J, Andrade PXC, Cés-
pedes-Garro C, Zolini C, et al. Genetic structure of pharmacogenetic biomarkers 
in Brazil inferred from a systematic review and population-based cohorts: a 
RIBEF/EPIGEN-Brazil initiative. Pharmacogenomics J. 2018;18:749-59. 

34.  Forgerini M, Lucchetta RC, Urbano G, de Nadai TR, de Carvalho Mastroianni 
P. Genetic polymorphisms associated with upper gastrointestinal bleeding: a 
systematic review. Pharmacogenomics J. 2021;21:20-36. DOI: 10.1038/s41397-
020-00185-6.

35.  Li Z, Zou D, Ma X, Chen J, Shi X, Gong Y, et al. Epidemiology of Peptic Ulcer 
Disease: Endoscopic Results of the Systematic Investigation of Gastrointestinal 
Disease in China. Am J Gastroenterol. 2010;105:2570-7. 

36.  Burkitt MD, Duckworth CA, Williams JM, Pritchard DM. Helicobacter pylori 
-induced gastric pathology: insights from in vivo and ex vivo models. Dis Model 
Mech. 2017;10:89-104. 

37.  Andersen IB, Jørgensen T, Bonnevie O, Grønbæk M, Sørensen IA. Smoking 
and alcohol intake as risk factors for bleeding and perforated peptic ulcers: A 
population-based cohort study. Epidemiology. 2000;11:434-9. 

38.  Gallerani M, Simonato M, Manfredini R, Volpato S, Vigna G., Fellin R. Risk 
of  hospitalization for upper gastrointestinal tract bleeding. J Clin Epidemiol. 
2004;57:103-10. 

39.  Targownik LE, Nabalamba A. Trends in Management and Outcomes of Acute 
Nonvariceal Upper Gastrointestinal Bleeding: 1993–2003. Clin Gastroenterol 
Hepatol. 2006;4:1459-66. 

40.  Zaltman C, De Souza HSP, Castro MEC, Sobral M de FS, Dias PCP, Lemos V. 
Upper gastrointestinal bleeding in a Brazilian hospital: A retrospective study of 
endoscopic records. Arq Gastroenterol. 2002;39:74-80. 

41.  Franco MC, Nakao FS, Rodrigues R, Maluf-Filho F, de Paulo GA, Libera E 
Della. Proposal of a clinical care pathway for the management of acute upper 
gastrointestinal bleeding. Arq Gastroenterol. 2015;52:283-92. DOI: 10.1590/
S0004-28032015000400007. 



ORIGINAL ARTICLE

210 • Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun

INTRODUCTION

Gastrointestinal neuroendocrine tumors (NETs) account for 
more than 60% of  all NETs, with 12–36% of  gastrointestinal 
NETs being rectal (rNETs), representing the third most common 
site involved.

rNETs are known to not be aggressive, with a 5-year survival 
rate of  88.3% for all stages(1,2). rNETs smaller than 10 mm are 
considered good candidates for endoscopic treatment because 
fewer than 2% and 1% are associated with lymph node and distant 
metastases, respectively(2). Nonetheless, several studies have sug-
gested that rNETs from 10 mm to 15 mm in size might be treated 
endoscopically if  they did not have a high mitotic count and pro-
liferation or lymph node metastasis(2).

Surgical resection represents the treatment of choice for rNETs. 
However, small rNETs confined to the mucosa or submucosa (i.e., 
American Joint Committee on Cancer – T1 tumors) are currently 
treated with endoscopic resection because of  their low risk of 
metastasis(3).

Regardless, for G1 rNETs <20 mm, there is still a debate about 
the best method of removal because endoscopic resection of rNETs 
results in good long-term outcomes. 

In a recent study involving 727 patients with rNET, lymph node 
and distant metastases were present in 1.1% of  lesions ≤10 mm 
and in 6.6% of lesions 11–19 mm. Metastasis negatively impacted 
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the 5-year survival of these patients (78% vs 100%, P<0.001), but 
endoscopic resection performed as well as radical surgery did, with 
100% in 5-year survival(4).

Many techniques for rNET endoscopic resection have been 
described, including polypectomy, endoscopic mucosal resection 
(EMR), EMR with band ligation, endoscopic submucosal dissec-
tion (ESD), and even transanal endoscopic microsurgery(5). The 
technique most commonly applied is EMR with saline injection. 
However, because submucosal invasion of these tumors occurs very 
early, obtaining deep free margins with the EMR technique might 
be challenging, and it is not uncommon to achieve only exiguous 
or even involved deep margins.

Underwater endoscopic mucosal resection (UEMR) is an 
alternative to EMR and represents a simple and inexpensive new 
technique that has been used for the treatment of polyps and flat 
lesions(6-8). Kawaguti et al.(7) first reported the UEMR technique 
for resection of rNETs(9).

The underwater method likely increases the buoyancy of 
submucosal tumors, which lift and float away from the muscularis 
propria. Additionally, deflating the air loosens the mucosal folds, 
which creates pseudopedicles that allow the operator to more easily 
snare the lesions(9).

Therefore, we aimed to evaluate the efficacy and safety of using 
the UEMR technique for the resection of small rNETs. 
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doi.org/10.1590/S0004-2803.202100000-37



Coutinho LMA, Lenz L, Kawaguti FS, Martins BC, Baba E, Gusmon C, Andrade G, Simas M, Safatle-Ribeiro A, Maluf-Filho F, Rodrigues R, Ribeiro Junior U 
Underwater endoscopic mucosal resection for small rectal neuroendocrine tumors

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 211 

METHODS

This is a retrospective study performed at two institutions, 
Instituto do Câncer do Estado de São Paulo (ICESP) and Fleury 
Medicina e Saúde (FMS), between June 2015 and October 2018. The 
records of 11 consecutive patients with rNETs ≤12 mm in diameter 
who underwent UEMR were evaluated (FIGURE 1). The main 
outcome of this study was to assess the efficacy and safety of using 
the UEMR technique for resecting small rNETs.

FIGURE 1. rNETs: rectal neuroendocrine tumors.

All procedures were performed using a standard colonoscope 
(CF-H180 Olympus®, Tokyo, Japan – ICESP and 600HL Fujinon®, 
Tokyo, Japan) without a distal cap. Electrical cutting and coagula-
tion was carried out using a VIO 300D (ERBE® Elektromedizin, 
Tübingen, Germany) power source. Patients were sedated with 
fentanyl, midazolam and propofol. Hyoscine (Buscopan®) was 
used to reduce peristalsis. The UEMR procedure employed a 
polypectomy snare (Captivator II, Boston 13 mm, United States 
of America). Insufflation was switched off. The colon lumen was 
entirely deflated, and water (at room temperature) was infused 
using an irrigation pump until complete filling of the lumen was 
achieved. All gas pockets in the operative field were evacuated. 
No submucosal injection was performed(10). The lesion was then 
snared, together with the surrounding normal mucosa, and resected  
(FIGURE 2). All patients consumed a soft meal after the procedure, 
and no hospitalization was required for any of them. 

Argon plasma was not used in any procedure. No clip was 
needed to close the mucosal defect. The wound was observed 
underwater and then with air insufflation. Complications were 
assessed by reviewing medical records.

All resected lesions were sent to a board-certified pathologist 
for histopathology (histologic grade, status of  resected margins, 
depth of invasion, lymphovascular invasion). 

RESULTS

A total of 11 patients (TABLE 1), nine (81%) of whom were 
female, with a mean age 55.8 years (range from 30 to 73 years) and 
11 lesions (mean size 7 mm, range from 3 to 12 mm) underwent 
UEMR for small rNETs. Three patients were referred for resection 
of a lesion previously identified, whereas the finding was incidental 

in eight patients. There were nine (81%) patients with G1 rNET 
and two with G2; all lesions infiltrated the submucosa, except for 
one that was restricted to the mucosa. No vascular or perineural 
invasion was detected. All lesions were removed en bloc. A total 
of nine (81%) resections had free margins. Two patients had deep 
margin involvement: one had negative biopsies via endoscopic 
surveillance (60 months follow up); the other was lost to follow-
up. No perforation or delayed bleeding occurred. The follow-up 
time ranged from 5 to 60 months. Only one patient was lost to 

FIGURE 2. Underwater endoscopic mucosal resection procedure.
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follow-up. Both patients with G2 had endoscopic surveillance 
with biopsies of the scar without any sign of neoplasia, and both 
have been out patient follow-up for 60 months (5 years) without 
evidence of disease.

DISCUSSION

Endoscopic resection should be considered for most rNETs 
<10 mm and can be considered for rNETs varying in size from 10 
mm to 12 mm if favorable findings are present at pre-interventional 
evaluation and by histopathological analyses(6).

In this study, UEMR for rNETs G1 ≤12 mm in diameter 
achieved a 100% en bloc resection rate and an 81% R0 resection 
rate, with no adverse events. In a series including 6 rNETs <10 
mm, Yamashina et al.(9) also obtained a 100% en bloc resection 
rate and an 83% R0 rate.

It has been suggested that ESD results in a higher en bloc 
resection rate than does EMR (UEMR, ESMR-L, polypectomy). 
ESD was applied for the first time to remove rectal carcinoids in 
the study of Naoyuki et al.(11) in which 20 rNETs measuring 10 mm 
or less in diameter were treated. En bloc resection was achieved for 
all lesions. In the current series, complete resection was achieved 
for 90% (18/20). The median time for ESD treatment in their study 
was 45 min (range, 20–140 min; mean, 54.5 min), and there was 
one case of perforation(11).

Among 31 patients subjected to ESD and 62 subjected to 
EMR, Park et al.(12) reported that the resection time was longer in 
the ESD group (11.4±3.7 minutes vs 4.2±3.2 minutes, P<0.001). 
The en bloc resection rate was 100% (31 of 31) in the ESD group 
and 95.2% (59 of 62) in the EMR group (P<0.213), and the R0 
rate was 90.3% (28 of 31) in the ESD group and 71.0% (44 of 62) 
in the EMR group (P=0.035). Suspected perforation occurred in 
one ESD patient (3.2%) and in one EMR patient (1.6%), and both 
patients were successfully managed by conservative measures. Im-
mediate bleeding occurred in one ESD patient (3.2%) and in four 
EMR patients (6.5%); all instances of  bleeding were controlled 
endoscopically. There was no local recurrence or distant metasta-
sis in any patient in either group during the follow-up period(12). 
Lee et al.(13) also compared the safety and efficacy of ESD versus 
EMR for rNETs. For 74 lesions, 28 were resected by EMR, and 
46 were removed by ESD. The endoscopic complete resection rate 
was significantly higher in the ESD group (46 lesions, 100%) than 
in the EMR group (25 lesions, 89.3%) (P=0.049), and the R0 rate 
was also higher in the ESD group (38 lesions, 82.6%) than in the 

EMR group (18 lesions, 64.3%). However, this difference was not 
significant (P=0.07), and the overall complication rate did not 
differ(13). In the above-mentioned series, conventional EMR or 
ESMR-L was employed. 

In a recent study, published in 2020(14) the authors compared 
UEMR and ESD in 115 patients (36 patients underwent UEMR 
and 79 patients underwent ESD). The study reported that there 
was no difference of R0 resection rates in both groups, however, 
the procedure time was significantly shorter in the UEMR group. 
There was no statistically significant difference of adverse events, 
however ESD group had 2.5% of adverse events and UEMR group 
had none. Overall, ESD requires high levels of expertise and has a 
longer procedure time. Comparatively, UEMR seems to be techni-
cally simpler, less invasive and faster.

Concerning long-term results, Sekiguchi et al.(15) evaluated the 
outcomes of patients with rNETs treated by polypectomy/endo-
scopic mucosal resection (n=3), endoscopic submucosal resection 
with a ligation device (ESMR-L) (n=83), and ESD (n=4). The 
median tumor size was 5 mm, and eight lesions were 10 mm or 
larger. This study achieved en bloc resection for all lesions treated 
by ESMR-L, except for two. En bloc resection with tumor-free 
margins (R0) was achieved for all but three lesions. Furthermore, 
none of  the patients developed local recurrence or metastasis 
during the follow-up period of  67.5 months (range, 12.2–175.2 
months)(15). Mashimo et al.(16) also retrospectively analyzed endo-
scopic resection with a ligation device (ESMR-L) for rNETs <10 
mm in diameter; the sizes of resected tumors ranged from 2 to 12 
mm in diameter. Mashimo et al.(16) reported similar results, with 
ESMR-L providing an overall high complete resection rate of 
95.2% (60/63). In that study, margin involvement after ESMR-L was 
found for three lesions, which were histopathologically considered 
incomplete resections. No additional treatment but careful follow-
up was conducted, and no local recurrence or distant metastasis 
was detected within a short period after ESMR-L. Moreover, no 
major complications occurred(16).

The main limitation of this study is the small sample size and 
the retrospective, uncontrolled design. However, to our knowledge, 
this is the second largest series ever published. In conclusion, the 
results of small series suggest that UEMR may be an effective and 
safe alternative method for treating small rNETs without adverse 
events and with high en bloc and R0 resection rates. 

Further prospective studies are needed to compare available 
endoscopic techniques to elucidate the most appropriate manage-
ment for rNETs.

TABLE 1. Patients characteristics and procedure outcomes.

Case Age (years) Sex Depth of 
invasion Size (cm) Vessel 

invasion Lesions margins Classification Perforation Follow-up 
(months)

1 55 F submucosa 0.6 No Free G1 No 16 months
2 66 M submucosa 0.6 No Free G1 No 32 months
3 64 F submucosa 1 No Deep involvement G2 No 60 months
4 54 F submucosa 0.8 No Free G2 No 60 months
5 54 F submucosa 1 No Free G1 No 27 months
6 72 M submucosa 1.2 No Free G1 No 10 months
7 30 F mucosa 0.6 No Free G1 No 6 months
8 73 F submucosa 0,3 No Free G1 No 33 months
9 35 F submucosa 0.5 No Free G1 No 24 months
10 51 F submucosa 0.6 No Deep involvement G1 No Lost follow-up
11 61 F submucosa 0.7 No Free G1 No 5 months
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INTRODUCTION

Celiac disease (CD) is a chronic immune-mediated disease 
triggered by the exposure to dietary gluten with strongly genetical 
influence, specially related to the presence of HLA DQ2/DQ8.(1) 
Usually the diagnosis is based on clinical symptoms, positivity of 
autoantibodies and histologic findings in patients ingesting glu-
ten(1,2). However, there are cases when the clinical profile indicates 
CD and the autoantibodies are negative, causing a dilemma for 
the professional(3). CD diagnosis can be missed if  the serology is 
negative(4). The objective of this study is to present a series of cases 
with seronegative celiac disease (SNCD).

METHODS

This study was approved by the Ethics Committee of the Evangel-
ical Beneficent Society of Curitiba (CAAE 84793318.0.0000.0103). 
This is a retrospective study performed through a survey of clini-
cal charts. The same physician attended all the patients in a single 
private practice in the city of Curitiba, Brazil, during the period 
2013 to 2019.

All included patients were diagnosed with CD based on clinical 
complaints, HLA-DQ2 and/or HLADQ-8 positivity and confirma-
tion by histological findings of the duodenal mucosa, according 
to the Marsh classification(5). The complaints registered were aph-
tha, gastroesophageal reflux, epigastric pain, indigestion, nausea, 
vomiting, flatulence, abdominal pain, diarrhea, constipation and 
abdominal distension, depression and anxiety. In addition, weigh-
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ting, routine laboratory tests and Dual-X ray absormetry was done. 
Delay at diagnosis, family history of CD and previous autoimmune 
diseases was checked. Differential diagnosis with parasitic, infec-
tious or inflammatory diseases, and the use of drugs, were ruled 
out as preconized by anamnesis and appropriate tests. 

All the patients were simultaneously tested for serum levels of 
IgA and for autoantibodies class IgA-anti-tissue transglutaminase 
and IgA anti-endomysial. Upper endoscopy was performed with 
two or three biopsies of the duodenal bulb and at least four speci-
mens post-bulbar(2). Standard haematoxylin and eosin (H&E) was 
used for the analysis of the fragments. Experienced gastrointestinal 
pathologist referred results according to Marsh classification(5). 
HLA-DQ2 and HLA-DQ8 presence were tested using DNA ampli-
fied by polymerase chain reaction.

After diagnosis, the patients were informed about CD and 
how to adhere to a gluten-free diet (GFD). After one year, they 
were clinically and laboratory reevaluated and a second duodenal 
biopsies were performed.

RESULTS

Were studied ten Caucasian Brazilian patients, seven women 
and three men, median age 30.5 years (range 16 to 68 years), 
who presented clinical symptoms suggestive of CD and negative 
autoantibodies (IgA-antiendomysial and IgA-anti tissue transglu-
taminase). Familiar occurrence of CD was reported in 40% of the 
cases (three mothers and one sister). The demographic, clinical and 
laboratorial findings were demonstrated in TABLE 1.
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In relation to symptoms, abdominal pain, abdominal disten-
sion, flatulence and gastroesophageal reflux were referred in 80%; 
depression in 60%; epigastric pain in 50%; diarrhea, constipation, 
aphtha and indigestion in 30%; nausea and vomit in 20%.

In nine cases a Dual-X densitometry was performed. Five 
patients had normal results. Osteopenia was observed in two 
cases (both women, with 18 and 57 years), while osteoporosis was 
detected in two males (16 and 68 years). All the patients had low 
levels of vitamin D.

TABLE 1 also shows the HLA typing, delay diagnostic, endo-
scopic and histological findings at diagnosis and after GFD. After 
one year of GFD, eight patients were reevaluated. Adherence was 
report by all, referring improvement of symptoms, with return of 
them only when gluten was ingested inadvertently. All the labora-
tory tests were normal. Duodenal biopsies were done in five cases, 
showing histological improvement in four cases. 

DISCUSSION

This study presented a series of cases of SNCD, demonstrating 
that, although not frequent, can occur in the clinical practice. Clini-
cal manifestations of CD have a wide range of symptoms and some 
patients can show oligo symptomatic form, and the serological tests 
are useful for identifying CD. The SNCD is characterized by the 
lack of demonstrable serological markers along with clinical signs 
of malabsorption and atrophy of the mucosa in patients ingesting 
gluten(6). Even with a high sensitivity of tests, a minority of patients 
with CD are seronegative, with prevalence of 1.03% among all CD 
patients to 28% in latent CD(7).

All diagnostic serologic testing should be done with the 
patients on a gluten-containing diet(2). It is recommended that 
cases of  patients ingesting gluten with negative serology, but with 
positive histology for CD and compatible HLA, may be treated 
as having CD(8).

In CD, the production of autoantibodies occurs in the intes-
tinal mucosa, as evidenced by the presence of immune complexes 
by immunofluorescence test(7). These autoantibodies usually cross 
the mucosa and reach the blood vessels. However, in SNCD these 
antibodies may stay in the lamina propria rather than passing into 
the bloodstream(7). Immaturity of plasma cells is another hypothesis 
in the mechanism of SNCD(9).

In this study, we found in all cases HLA compatible with CD, 
supporting the diagnosis of CD(10). CD occurred in subjects who 
presented HLA-DQ2 and/or DQ8 gene loci, at any age, following 
ingestion of gluten-containing food(10). DQ2 is detected in 95% and 
DQ8 in 5% of the patients with CD, and although these haplotypes 
are very common in the general population, with a mean prevalence 
of 20%, although only a minority develop CD, presenting a high 
negative predictive value(10). Thus, in SNCD, HLA testing is useful 
to support diagnosis when biopsy or serology are equivocal. 

The symptoms referred by the patients were similar to the 
reported in Brazilian patients with seropositive CD(11). Nutritional 
profile of adults with CD is important, however, in our patients 
60% presented normal weight, 10% were above and 30% present 
overweight. Awareness of obesity needs to be considered to avoid 
fail or delayed in the diagnosis of CD(12).

Anemia due to iron and vitamin B12 deficiency was verified in 
40% of our patients and low levels of vitamin D in all, with bone 
disease in four, inclusive two young patients. Deficiency of micro-
nutrients could require dietary supplementation in the beginning 
of treatment until a strict GFD proved improvement(13).

In Brazilians patients with seropositive CD, Silva et al. demon-
strated that 69% at diagnosis had low bone mineral density, being 
36 (35.6%) younger than 30 years(14), values similar to observed 
in the present investigation, which low bone mineral density was 
detected in four cases. 

Although all of our patients had symptoms of CD, the observed 
diagnostic delay was long in almost all cases. The fact that serologi-
cal tests are negative can influence this fact, given that such tests are 
used as screening. In patients with SNCD, the difficulty in diagnos-
ing CD is certainly greater and further investigation is necessary.

There was not strict correlation between endoscopy and histo-
logic findings since duodenal mucosa can show patchy lesions(15). 
Our findings are in accordance with this proposition. 

Clinical and laboratory parameters improve in patients with 
SNCD after a strict adherence to a GFD, similarly to patients with 
seropositive CD, as was find in our study. Especially important 
is the improvement of  intestinal mucosa observed in the most 
of  patients in the duodenal specimens obtained after GFD as 
demonstrated in the present study. Histological changes after a 
GFD in patients with and without villous atrophy strongly sup-
port diagnosis of  SNCD(2).

TABLE 1. Demographic, clinical and laboratorial findings of patients with celiac disease seronegative.

Patient Gender Age
Delay  
diag-
nostic

Weight Dual-X  
densimetry

Iron  
plasmatic

B12  
plasmatic

Upper  
Endoscopy

HLA- 
DQ2

HLA- 
DQ8

Marsh 
Classifi-
cation

Second 
biopsy* 
after one 

year

1 Female 18 NA Normal Osteopenia Normal Normal Normal Positive Positive II NA

2 Female 19 5 years Normal Normal Normal Normal Atrophy Positive Negative III NA

3 Female 19 11 years Dim Normal Dim Dim Atrophy Positive Negative III I

4 Female 30 4 years Over Normal Dim Dim Normal Positive Negative II NA

5 Female 31 NA Normal Normal Dim Dim Normal Negative Positive II I

6 Female 39 1 year Over Normal Normal Normal Atrophy Positive Negative III I

7 Female 57 1 year Normal Osteopenia Dim Dim Normal Positive Negative II I

8 Male 16 11 years Over Osteoporosis Normal Normal Nodular Negative Positive III NA

9 Male 32 19 years Normal NA Normal Normal Duodenitis Positive Negative II NA

10 Male 68 NA Normal Osteoporosis Normal Normal Duodenitis Positive Positive I I
NA: not available; Dim: diminished; GFD: gluten free diet. *According Marsh Classification. Note: all the patients had normal IgA levels for age.
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Immune mediated disease (IMD) are reported as comorbidities 
in patients with CD before, at diagnosis or in the follow-up(15). In the 
present study, we confirm this fact. Before the diagnosis of CD, one 
man reported hypothyroidism after Hashimoto thyroiditis, sclero-
derma in plaques and alopecia areata. After a GFD, three patients 
presented immune mediated disorders in a one-year reevaluation 
(two endometriosis, one hyperthyroidism and one lymphocytic 
colitis). If  diagnosis of CD and subsequent dietary treatment can 
prevent autoimmune diseases remains controversial(16).

This study had some limitations. Three patients did not perform 
the second biopsy. It is need to considerer that in clinical practice 
is difficult that patients with an excellent response to a gluten-free 
diet agree to be submitted to a second upper endoscopy.

Concluding, patients presenting clinical profile of  CD with 
negative serology and normal levels of  IgA, especially those 

with family members with CD, should be submitted to duodenal 
biopsies to look for histological findings.
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RESUMO – Contexto – A doença celíaca (DC) é uma doença autoimune caracterizada por reação imune principalmente ao glúten do trigo. O diagnóstico 

é baseado em achados clínicos, sorológicos e histológicos em pacientes que ingerem glúten. Casos em que o perfil clínico indica DC e os autoanticorpos 
são negativos trazem um dilema para o profissional, como o risco de não realizar ou atrasar o diagnóstico da DC. Objetivo – Mostrar a importância 
do diagnóstico correto de casos com doença celíaca soronegativa (DCSN). Métodos – Dez casos de pacientes brasileiros com DCSN foram estudados 
retrospectivamente (2013 a 2019). Foram compilados dados de queixas clínicas, autoanticorpos, níveis séricos de IgA, achados histológicos e HLA-
DQ2 / DQ-8. Densitometria, atraso no diagnóstico, doenças autoimunes prévias e histórico familiar de DC também foram verificados. Resultados 
– Todos os pacientes com DCSN apresentaram sintomas clínicos de DC, com diagnóstico confirmado por achados histológicos da mucosa duodenal 
e positividade para HLA-DQ2 e/ou HLA-DQ8. Todos os pacientes apresentavam níveis normais de IgA e autoanticorpos negativos (IgA-anti-trans-
glutaminase e anti-endomisial). A densitometria detectou osteopenia em duas mulheres e osteoporose em dois homens, todos com baixos níveis de 
vitamina D. O atraso no diagnóstico variou de 1 a 19 anos. A ocorrência familiar de DC foi relatada em 40% dos casos. Após 1 ano de dieta isenta 
em glúten, oito pacientes referem melhora dos sintomas, enquanto as biópsias duodenais, realizadas em cinco casos, mostraram melhora histológica. 
Conclusão – Pacientes que apresentam quadro clínico de doença celíaca com sorologia negativa e níveis normais de IgA, principalmente aqueles que 
possuem familiares com doença celíaca, devem ser submetidos à biópsia duodenal para pesquisa de achados histológicos.

Palavras-chave – Doença celíaca; auto anticorpos; diagnóstico.
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INTRODUCTION

Childhood liver diseases may be diagnosed at a late moment or 
even be underdiagnosed by pediatricians due to their asymptomatic 
character or nonspecific signs and symptoms in the initial phase(1), 
acute manifestation or progression to chronicity, with onset or 
persistence of changes in biochemical and/or laboratory tests(1,2). In 
Brazil, there are about 61.2 million children(2), and the number of 
children needing liver transplantation (LT) to survive grows every 
year. In recent years, an average of 204 liver transplants have been 
performed per year, with a survival rate greater than 90% in the 
first year after this procedure(3).

With the increase in life expectancy after treatment of  liver 
diseases, it is observed that the focus of professionals who deal with 
these children has expanded from mere survival to a careful look at 
long-term functionality and quality of life(4). Neuropsychomotor 
aspects, such as cognitive function, and motor and social develop-
ment are essential skills for the adequate school development and 
future occupational activity of these children and adolescents and 
also for family balance(5).
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declines in cognitive, motor and language functions. Although the scores improve after liver transplantation, children remain below average when 

compared to healthy children.
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Some studies have shown cognitive deficits in attention, intelli-
gence, motor and language deficits in patients with liver diseases(5-8). 
The earlier the brain is exposed to neurotoxic disease conditions, 
the greater the neuropsychomotor damage. On the other hand, 
the shorter the time between indication and transplantation, the 
less damage to the immature neurological system and the greater 
the chances of recovery due to neuroplasticity in young patients(5). 
However, little is known about the motor development of children 
who remain with their native liver(6).

In 2018, Rodijk et al.(6) carried out a systematic review with the 
objective of determining neurodevelopmental results in children 
with liver disease, but without meta-analysis. To our knowledge, 
no meta-analysis compiling data on neuropsychomotor develop-
ment involving children and adolescents with acute and chronic 
liver diseases has been published so far. Thus, the aim of this study 
was to systematically review the effects of  liver disease on the 
neuropsychomotor development of children and adolescents with 
their native livers and of those who underwent LT, and compare 
the results of cognitive, language and motor skills between these 
two groups through a meta-analysis.

AG-2020-198
doi.org/10.1590/S0004-2803.202100000-40



Santos JC, Saquetto MB, Gomes Neto M, Santos JL, Silva LR
Neuropsychomotor development in children and adolescents with liver diseases: systematic review with meta-analysis

218 • Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun

METHODS

Systematic review and meta-analysis carried out according to 
PRISMA recommendations and guidelines.

Selection criteria
Nineteen cross-sectional and six longitudinal studies that 

investigated aspects of  neuropsychomotor (neurocognitive and 
neuromotor) development of children and adolescents with acute 
and chronic liver diseases were included in the study. The results 
of interest were: intelligence coefficients (full and verbal IQ), per-
ceptual reasoning, working memory, processing speed, general, 
receptive and expressive language, general motor skill, manual 
dexterity, ability with a ball and balance. Articles in which the 
age of the participants was ≥18 years and which presented other 
diseases in addition to liver diseases were excluded.

Search strategy
Searches were performed in the databases PubMed and Scopus 

databases, including the first studies published in the 1980s until 
June 2019, without restrictions of language or publication status. 
The search was carried out by two independent reviewers, who 
read the titles and abstracts. A third reviewer read the articles in 
full length and applied the inclusion and exclusion criteria for 
selection of manuscripts. The references of  the included articles 
were revised to identify potential studies. The following Medical 
Subject Headings (MeSH) and Health Sciences Descriptors (DeCS) 
in the English language were used as keywords: “liver diseases in 
children”, “developmental disorders”, “neuropsychomotor delays”, 
“cognitive delays”, “child liver transplantation”, “learning disor-
ders”, “motor delays”, “chronic liver failure” and “observational 
studies”, with combinations made using “AND” and/or “OR”. 

Assessment of methodological quality
The Newcastle-Ottawa scale (NOS) for quality assessment was 

used to evaluate the risks of  bias in the included studies(7). Ten 
stars were adopted for cross-sectional studies. A maximum of six 
stars was assigned to cohort studies, since none of  the included 
studies selected an unexposed cohort and no comparison could 
be made. Adequate follow-up was defined as that conducted for 
at least 12 months.

Statistical analysis
Estimates of the combined effect were obtained by comparing 

the minimum squares of the average percentage variation between 
measures obtained for each group, and were expressed as weighted 
average differences between groups. The calculations were made us-
ing a random effects model. Two comparisons were made: Post-liver 
transplant group versus control group and Pre-liver transplant group 
versus control group. Reference values for standardization of the 
scales that evaluated the variables in each study were used to perform 
the meta-analysis of studies that did not have a control group(9-12).

An α value of 0.05 was considered significant. The statistical 
heterogeneity of the treatment effect between studies was assessed 
by the Cochran Q test and the inconsistency index test, where val-
ues above 25 and 50% were considered to indicate moderate and 
high heterogeneity, respectively. If  meta-analysis was not possible 
due to clinical heterogeneity, data were analyzed descriptively. 
All analyses were performed using Review Manager version 5.0 
(Cochrane Collaboration) (13).

RESULTS

Description of selected studies
Initially, 8,124 related articles were identified. After reading 

the titles and abstracts, the two independent reviewers selected 72 
articles, which were considered potentially relevant. A third reviewer 
read the studies in full length and applied the inclusion and exclu-
sion criteria, and a total of 25 articles were selected (FIGURE 1). 
The number of participants with liver diseases was 909, and 649 
underwent LT. The period of publication of the studies was from 
1988 to 2018; the size of the population with liver diseases studied 
in the articles varied between 13(14) to 144(9), and the average age of 
the participants ranged from 3(10) months to 18 years(11). Results of 
the assessment of risk of bias are presented in FIGURE 2.

FIGURE 1. Flow diagram of studies for inclusion in the systematic review.

Cross-sectional Selection Comparability Outcome Study 
quality

Lee et al., 2017 *** * *** 7/10
Kaller et al., 2013 **** ** *** 9/10
Sorensen et al., 2015 **** ** *** 9/10
Sorensen et al., 2011 **** * *** 8/10
Sorensen et al., 2014 **** ** *** 9/10
Afshar et al., 2018 **** ** *** 9/10
Macedo et al., 2017 **** ** *** 9/10
Almaas et al., 2015 **** ** *** 9/10
Ee et al., 2014 ***** ** *** 10/10
Haavisto et al., 2011 **** ** *** 9/10
Caudle et al., 2012 **** ** *** 9/10
Caudle et al., 2010 **** ** *** 9/10
Abu Faddan et al., 2014 *** * *** 7/10
Krull et al., 2003 **** * *** 8/10
Rodrigue et al., 2009 **** * *** 8/10
Gold et al., 2017 **** * *** 8/10
Stewart et al., 1991 *** * *** 7/10
Kaller et al., 2010 *** ** *** 8/10
Stewart et al., 1988 *** ** *** 8/10
Cohort Selection Comparability Outcome Total
Sorensen et al., 2018 ** = *** 5/6
Gilmour et al., 2009 ** = *** 5 /6
NG et al., 2018 ** = *** 5/6
Wayman et al., 1997 ** = ** 4/6
van Mourik et al., 2000 ** = ** 4/6
Stewart et al., 1989 ** = *** 5/6
FIGURE 2. Quality assessment of included studies.
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Study characteristics
All studies investigated some aspect of  neuropsychomotor 

development in children and adolescents with acute and/or chronic 
liver diseases. Nineteen studies were conducted with children after 
LT. The most common diseases were biliary atresia, cholestatic dis-
eases, and diseases of metabolic and viral etiologies. Eight studies 
had a control group. Nineteen studies were subject to meta-analysis.

Ten instruments were used to evaluate the variables of interest. 
For cognition and executive functions, versions of  the Wechsler 

Intelligence Scales (WISC) were the most used (15/17)(5,9,12,14-22). 
General, fine and gross motor development were assessed using 
the following instruments: Movement Assessment Battery for Chil-
dren (M-ABC)(23), Mullen Scales of Early Learning (MSEL)(10,24), 
Bayley Development Scales(25,26), Griffiths Mental Ability Scales 
(GMDS)(27) and General Development Scale of Minnesota Child 
Development Inventory (MCDI)(15). Some of  these instruments 
also evaluated general language(25), receptive and expressive  
  language(10,24) (TABLE 1).

TABLE 1. Characterization of studies on neuropsychomotor development in children and adolescents with liver disease.

Authors / year Study design Participants / age 
range Liver disease Assessment Neurognitive results

Lee et al., 2017 Cross-sectional 28 (0.5–15.3 years) Chronic (LT)/BA WPPSI-III = FSIQ, VIQ

Kaller et al., 2013 Cross-sectional 64/64 (6–16 years) Chronic (LT) /BA, CD, 
MGD WISC-IV  FSIQ, VIQ, PRI, WMI, PSI

Sorensen et al., 2015 Cross-sectional 36/ (6–16 years) Acute (LT)/ AT, AD, MD, 
VI, IN, OT WISC-IV = FSIQ, VIQ, PRI, WMI, PSI

Sorensen et al., 2018 Longitudinal 25/ (<18 years) Acute (LT)/AT, AD, MD, 
VI, IN, OT WISC-IV = FSIQ, VIQ, PRI, WMI, PSI

Sorensen et al., 2011 Cross-sectional 144/ (5–7 years) Acute and Chronic (LT)/BA, 
CD, MD, AHI, OT WPPSI-III  FSIQ, VQI, PRI, = PSI

Sorensen et al., 2014 Cross-sectional 93 (7–9 years) Acute and chronic (LT)/ BA, 
CD, MD, AHI, OT WISC-IV  FSIQ, VQI = PRI, WMI, PSI

Afshar et al., 2018 Cross-sectional 40 (6–16 years) Chronic (LT) /BA, AD, 
A1AT, OT WISC-IV  FSIQ, VIQ, PRI, WMI, = PSI

Macedo et al., 2017 Cross-sectional 45/60 (2–7 years) Chronic (LT)/ BA,
CD, CR, A1AT, OT TELD -3  Receptive language

= expressive language

Almaas et al., 2015 Cross-sectional 35/480 (4–12 years) Chronic (LT) /BA, CD, 
A1AT, OT M-ABC General motor skills, manual 

dexterity, ball skills, balance

Ee et al., 2014 Cross-sectional 13/6 (6–17 years) Chronic (LT) /BA, CD, 
A1AT, OT WISC-IV = FSIQ, VIQ, WMI, PSI

Haavisto et al., 2011 Cross-sectional 18/17 (7–16 years) Acute and chronic (LT) /BA, 
AHI, OT WISC-IIII = FSIQ, VIQ

Caudle et al., 2012 Cross-sectional 33 (3–20 months) Chronic (before LT) /BA MSEL  Receptive and expressive language, 
ball skills, = manual dexterity

Caudle et al., 2010 Cross-sectional 15 (4–21 months) Chronic (before LT) /BA MSEL  Receptive and expressive language, 
ball skills, manual dexterity

Abu Faddan et al., 2014 Cross-sectional 35/23 (3–18 years) Chronic (before LT) /HTC Stanford–Binettest  FSIQ
Gilmour et al., 2009 Logitudinal 20 (>47 months) Chronic (LT) /BA, OT WISC-IIII  FSIQ, VIQ

Krull et al., 2003 Cross-sectional 15 (4–12 years) Chronic (LT) /BA,  
A1AT, DC

WPPSI-R/WISC-
III/CELF-P/CELFR

 FSIQ, VIQ, receptive, expressive 
and general language

Rodrigue et al., 2009 Cross-sectional 114 (9–11 years) Chronic (pre – LT) /HTC BRIEF T WMI

Ng et al., 2018 Longitudinal 42 (<42 months) Chronic (pre – LT) /BB Bayley III General language, gross motor 
skills

Wayman et al., 1997 Longitudinal 
(1year LT) 40 (<2 years) Chronic (LT) /BB Bayley  FSIQ, general motor skills

Van Mourik et al., 2000 Longitudinal
(1 year LT)

14 (<12months–5 
years)

Acute and chronic (LT) /BA, 
A1AT, OT GMAS

General language, general 
motor skills, ball skills,  manual 

dexterity

Stewart et al., 1989 Longitudinal
(1 year LT)

14 (3 months–16 
years)

Chronic (LT) /BA, A1AT, 
OT WISC, MCDI FSIQ, VIQ, general motor skills

Gold et al., 2017 Cross-sectional 13/5 (3–7 years) Chronic (LT) /BA, A1A, OT WPPSI-IV = FSIQ

Stewart et al., 1991 Cross-sectional 28 (4–14 years) Chronic (LT) /BA, A1AT, 
OT WISC-R = VIQ

Kaller et al., 2010 Cross-sectional 59 (6–18 years) Chronic (LT) /BA TAP  WMI
Stewart et al., 1988** Cross-sectional 21/15 (0–12 years) Chronic (pre LT) BA, A1AT WISC  FSIQ, VIQ
*Average scores/no significant difference with norms / control groups.  High scores/significantly higher than norms / control groups.  Low scores/significantly lower than norms / control 
groups. LT: live transplantation; WPPSI/ WISC: Wechsler intelligence scales; FSIQ: full scale intelligence quotient; VIQ: verbal intelligence quotient; PRI: perceptual reasoning index; WMI: 
working memory index; PSI: processing speed index. BA: biliary atresia; CD: cholestatic diseases; MGD: metabolic genetic diseases; AT: acetaminophen toxicity; AD: autoimmune diseases; MD: 
Metabolic disorders; VI: viral infections; CR: cirrhosis; A1AT: alpha-1-antitrypsin deficiency; HTC: hepatitis C; ALF: acute liver failure; AHI: acute hepatic infections; IN: indeterminate; OT: 
others; CELFP / CELFR: clinical evaluation of language fundamentals; GMAS: griffiths mental ability scales; MCDI: Minnesota child development Inventory); TAP: test of attentional performance. 
**Results of children with early clinical manifestations under the age of 12 months.
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NEUROPSYCHOMOTOR RESULTS  
AFTER LIVER TRANSPLANTATION

Full scale intelligence quotient – FSIQ
Fourteen studies evaluated the full total intelligence coefficient 

with WISC(5,9,12,14-19,26,28-31). Eleven studies had no control group and 
the meta-analysis was made using the reference values of the instru-
ment(5,9,12,15,17-19,28-30). It was demonstrated that transplanted children 
aged 20 months to 18 years had a lower full IQ -0.41 (95%CI: -0.51 
to -0.32; N: 9,973) compared to the group with reference values. 
The meta-analysis of the studies which had a control group(14,16,31) 
also showed a worse full IQ in transplanted recipients -0.53 (95%CI: 
-0.85 to -0.22; N: 165). All studies revealed a reduction in total IQ 
-0.42 (95%CI: -0.51 to -0.33; N: 10,138) (FIGURE 3.A).

Verbal intelligence quotient – VIQ
Thirteen studies investigated the VIQ with WISC(5,9,12,15-19,22, 

28-29,32). The meta-analysis of studies compared with reference val-
ues showed that transplanted children and adolescents had worse 
verbal IQ -0.38 (95%CI: -0.57 to -0.18; N: 10,284). The same was 
seen in two studies conducted with control groups -0.47 (95%CI: 
-0.80 to -0.14: N: 147)(16,32). The worst verbal IQ was maintained 
when the meta-analysis was made with all studies -0.39 (95%CI: 
-0.56 to -0.22: N: 10,431) (FIGURE 3.B). 

Perceptual reasoning – PRI
Six studies investigated this variable with WISC(9,12,17-19,31). Only 

one study had a control group, making it impossible to perform a 
meta-analysis between groups. The meta-analysis showed a decline 
in the Perceptual Reasoning Index in transplanted children aged 5 
to 16 years, in relation to the reference values -0.30 (95%CI: -0.41 
to -0.19; N: 5,483) (FIGURE 3.C).

Working memory – WMI
Seven studies evaluated working memory with WISC in the 

population aged 6 to 18 years(12,16-19,31,32). The meta-analysis of the 
studies compared with reference values (5/7)(12,17-19,32) showed the 
worst performance in this variable -0.43 (95%CI: -0.56 to -0.30; N: 
4,628). In the analysis of the studies which had a control group, it 
was observed that there was no statistically significant difference 
between groups -0.30 (95%CI: -0.63 to 0.03; N: 147)(16,31). However, 
in the meta-analysis of  the studies altogether, working memory 
was worse in transplanted patients -0.42 (95%CI: -0.54 to -0.29; 
N: 4,775) (FIGURE 3.D).

Processing speed – PSI
Seven studies evaluated this variable with WISC (9,12,16-19,31). 

The meta-analysis showed worse cognitive processing speed -3.00 
(95%CI: -4.67 to -1.33; N: 5,355) in the five studies compared with 
reference values (9,12,17-19) (20,11,21,14,22). Decline in this variable 
was also found in the meta-analysis of  the studies which had a 
control group -7.20 (95% CI: -12.12 to -2.28; N: 147)(16,31), as well 
as in the general analysis -3.43 (95%CI: -5.02 to -1.85; N: 5,128) 
the PSI in the 5 to 18 year old sample (FIGURE 3.E).

Expressive and receptive language
Two studies evaluated expressive and receptive language in 

children aged 2 to 12 years. (FIGURE 3.F,G)(4,29). The meta-
analysis demonstrated that there was no statistically significant 
difference between groups in terms of  expressive language -0.78 

(95%CI: -1.99 to 0.42; N: 921). In turn, the meta-analysis showed 
lower performance in receptive language among transplanted 
children -0.85 (95%CI: -1.16 to -0.53; N: 921) in relation to the 
contrasted groups.

Motor skill
Four studies in this review evaluated general motor skills(15,23,26,27), 

although using different instruments. In 1989, Stewart et al.(15) 
evaluated motor skills before and after LT. They observed that there 
was an improvement in the scores after the surgical intervention 
(74.4±22.4; 75.4±21.4), although they still remained below expecta-
tions (values below 80 of the MCDI) in children with an average age 
of 4 years. In the 4 year prospective follow-up that Van Mourik et 
al. conducted in their population aged 12 months to 5 years, it was 
identified that this variable was not reduced in the pre-transplant 
sample (90.6±4.6); however, the scores only improved 1 and 4 years 
after LT (93.8±2.8; 97.3±4.4, respectively)(27).

Wayman et al.(26) also carried out a prospective study and evalu-
ated children under 2 years of age in three moments: before, 3 and 
12 months after LT. They found scores with a standard deviation 
(82.5±13) below the Bayley’s normal values (100±15) in the moment 
pre-LT, which were reduced by two standard deviations (69±16.1) 
3 months after the surgical procedure and were reestablished to 
pre-LT values 1 year later (80.9±8.7). Almas et al. found in a 4 
year follow-up of a longitudinal cohort an impaired general motor 
function (8.12±1.88) compared to the control group (3.5±1.46). The 
M-ABC made it possible to assess other motor aspects that were 
affected, such as manual dexterity (3.5±1.74), when compared to 
the control group (1.24±0.9), and skill with the ball (1.75±1.18) 
and balance (1.62±1.3) when compared to healthy controls (0.6±0.6 
and 0.47±0.6, respectively)(23).

NEUROPSYCHOMOTOR RESULTS OF CHILDREN AND  
ADOLESCENTS WITH NATIVE LIVER

Neurocognitive results (FSIQ, VIQ, WMI)
Stewart et al. in 1988(21) analyzed the verbal and total coefficients 

of children with clinical manifestations in the first year of life (2±3 
months) and after that period (7±3.5 years) and identified that 
children with early symptoms had full and verbal IQ scores (85±8.8; 
86.3±10.6 respectively) lower than those of  children with late 
manifestations liver disease (99.5±13.8; 96.2±9.2) (FIGURE 4.A).

The meta-analysis demonstrated a lower FSIQ when compared 
to the control group -2.28 (95%CI: -4.26 to -0.29; N: 94) in two 
studies in children with preservation of  their native livers aged 
between 2 months and 18 years(11,21).

Working memory (54±11) and other cognitive variables were not 
compromised in children with an average age of 11±3 years infected 
with hepatitis C virus in the initial stage of the disease in the study 
by Rodrigue et al., when compared with normal values (50±10)(33).

EXPRESSIVE AND RECEPTIVE LANGUAGE

Two studies checked the expressive and receptive language 
(FIGURE 4.B,C) using the MSEL instrument(10,24) in babies aged 3 
to 21 months. The expressive language in the meta-analysis proved 
to be reduced compared to reference values -40.32 (95%CI: -79.74 
to -0.89; N: 3,746) while receptive language scores. Receptive 
language did not show statistically significant differences between 
groups -31.85 (95%CI: -75.38 to 11.67; N: 3,746).
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FIGURE 3. Meta-analysis comparing developmental aspects of children and adolescents after liver transplantation in the group control. A. FSIQ – full 
scale intelligence quotient. B. VIQ -verbal intelligence quotient. C. PRI – Perceptual Reasoning Index. 
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FIGURE 3. Meta-analysis comparing developmental aspects of children and adolescents after liver transplantation in the group control. D. WMI, 
Working Memory Index. E. PSI – Processing Speed Index. F. Expressive language and (G). G. Receptive language.
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Manual dexterity
Two studies evaluated manual dexterity with MSEL(10,24). The 

meta-analysis showed that there were no differences between the 
group with liver disease and the group with reference values -28.18 
(95%CI: -72.20 to 15.84; N: 3,746) (FIGURE 4.D).

Ability with a ball
Two studies assessed ball skills with MSEL(10,24). The meta-

analysis showed that this ability was reduced in children with liver 
disease -46.29 (95%CI: -81.55 to -11.03; N: 3,746) compared to the 
groups with reference values (FIGURE 4.E).

NG et al. identified that 1-year-old children with BA presented 
a higher risk of  delayed neurocognitive development even after 
hepatoportoenterostomy surgery. General motor (89.0±13.6) 
and language (92.5±14.4) skills presented low performance when 
compared with Bayley’s normal values (100±15)(25).

DISCUSSION

In this systematic review, the meta-analysis indicates that 
children and adolescents with acute and/or chronic liver diseases 
have a deficit in neuropsychomotor development. With LT, these 
results improve, but many of them do not reach the neurodevelop-
ment of healthy children. Those with their native livers also show 
low neurocognitive results. Children with hepatic manifestations 
in the first 2 years of life have lower neurodevelopmental scores 
because they are exposed to pathogenicity in the period of rapid 
development and maturation of the neural system, and because 
they remain with the liver disease longer.

Although LT improves patient survival, cognitive scores remain 
low and may compromise school performance and the future 
independence of  these children and adolescents. Sorensen et al. 
reported in their multicenter study that children who received a 

FIGURE 4. Meta-analysis comparing developmental aspects of children and adolescents liver native in the group control. A. FSIQ – full scale  
intelligence quotient. B. Expressive language. C. Receptive language. D. Fine motor. E. Gross motor.
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liver transplant before the age of 5 years had twice the rate of intel-
lectual delay and thrice the rate of learning difficulties compared 
to the general population(27,34). The vulnerability of  the nervous 
system in advanced liver disease in the first months of life worsens 
intellectual development, as this is the time of greatest neurological 
development. Associated with this, the waiting time to perform 
the transplantation procedure can enhance the deficits, especially 
in those children with chronic liver diseases when compared with 
those with acute liver diseases(28,31).

Neurotoxic aspects are important in the context of advanced 
liver disease and cirrhosis. Ammonia is the neurotoxin that best 
characterizes the pathogenesis of chronic encephalopathy in these 
patients. Residues of this substance accumulate in the systemic cir-
culation, as the liver is unable to eliminate it. Such toxins cross the 
blood-brain barrier, and excess ammonia is able to cause changes 
in astrocytes and consequently generate hepatic encephalopathy(35).

In 2009, Gilmour et al.(28) identified an elevation of  pre-LT 
serum ammonia and proved its correlation with low cognitive 
performance. The most relevant neurotoxicity in their study was 
due to elevation of calcineurin inhibitors, an immunosuppressant 
used after LT. They observed a worse performance in total and 
verbal IQ, since this medication can cause cumulative injuries and 
consequent neurological deterioration. (The authors Gilmour et al. 
justify their results of worse deficits when using this medication).

The general analysis of  the studies showed that working 
memory was impaired in children and adolescents with liver dis-
eases. Working memory is a system of limited capacity that allows 
temporary reservation and manipulation of information to perform 
complex skills such as language, learning and reasoning(36,37). It is 
believed that the use of corticosteroids after LT can be toxic to the 
hippocampus, an essential area for learning and memory(34). The 
study by Ee LC et al. evaluated children in a long-term approach 
post-LT (10 years post-LT), thus allowing a greater time for recov-
ery in this score in relation to short-term studies(16). They also used 
a sibling control group, preventing that the effect of genetic and 
family environment compromised the results. Kaller et al. argued 
that their cognitive scores were not significantly different from the 
average of the population without liver disease(17,32). As the LT of 
their sample were performed in children younger than 12 months, 
that is, at an early moment, these children were less exposed to the 
disease, contradicting the literature, which shows that children af-
fected in early childhood with liver diseases and submitted to LT 
have greater risk for cognitive delays(38). Naturally, multiple factors 
contribute to full development and all cognitive and motor skills, 
the types of  stimuli that these children receive, and the chronic 
diseases themselves can compromise this development.

Children performed worse in receptive language, the matura-
tional course of language development occurs in an orderly manner, 
where the regions related to receptive language are myelinated ear-
lier than those responsible for functions of expressive language(39). 
This was perhaps a justification, because the study by de-Paula et 
al.(4), whose population had an average age of 17 months, influenced 
the result of the meta-analysis.

The meta-analysis of  the group of  children who remained 
with their native livers obtained opposite results to the group 
post-LT, that is, the expressive language was reduced, while re-
ceptive language showed no statistical differences. Nonspecific 
factors can influence language acquisition in children with liver 
disease, including social deprivation, malnutrition, family income 
and educational level of  parents, in addition to methodological 

aspects of the studies included (reduced sample, different assess-
ment instruments)(5,15,18,28). It was clear that children with native 
livers had language deficit when compared to children post-LT, and 
even transplanted children did not achieve scores equal to those of 
healthy children without liver disease.

This review demonstrated that the motor capacity of children 
with liver disease was impaired. The time of exposure to the disease 
and its severity are crucial to the increase in neuromotor and cog-
nitive deficits(6,18,21,25,29). The underlying disease that compromises 
the multiple functions of  the liver, malnutrition (which causes 
loss of  muscle mass and weakness), the presence of ascites, and 
recurrent hospitalizations clearly diminish the opportunities for 
the performance of fundamental motor experiments in order to 
achieve a good development, impairing functional capacity at home 
and at school(40). When submitted to transplantation, there was 
an improvement in survival and a reduction in mortality in these 
patients, but postoperative effects such as rejections, vascular prob-
lems, neurotoxicity of the drugs, reduced motor activity, together 
and in combination, can continue to impair fine and gross motor 
acquisition and development(15,40). It is, therefore, suggested that 
surgical approaches to mitigate the effects of liver disease should 
be performed early, and children who cannot undergo immediate 
surgical treatment and also those who receive a conservative thera-
peutic approach require support from a multidisciplinary team to 
minimize the deleterious effects on neurodevelopment.

This study had as limitations the fact that the inserted articles 
presented heterogeneous liver diseases, time of  follow-up in the 
cohorts (short- and long-term), assessment instruments, and age 
variation of children and adolescents.

In view of these outcomes and limitations, studies addressing 
specific liver diseases, particularly those more prevalent in the 
pediatric population, and with less variability in the age of  the 
population and instruments for assessing neurodevelopment are 
recommended. Long-term follow-up can be a possibility to broaden 
the understanding of the academic and work performance of LT 
survivors. Children who remain with their native livers need to be 
better investigated at older ages, as there is a lack of studies with 
adolescents and young people. Knowing how these patients carry 
on their academic and professional lives after reaching adult age 
could confirm which therapeutic approaches are the best or which 
changes in medical care are necessary.

CONCLUSION

Acute or chronic liver disease can cause declines in cognitive, 
motor and language functions. Liver transplantation appears as 
a therapeutic possibility to reduce mortality and improve quality 
of life. Although the scores improve after LT, children with liver 
disease remain below average when compared to healthy children 
without chronic conditions. Early diagnosis and interventions in 
this population seem to be the path to less exposure to liver disease 
and less damage to neurodevelopment.
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Santos JC, Saquetto MB, Gomes Neto M, Santos JL, Silva LR. Desenvolvimento neuropsicomotor em crianças e adolescentes com doenças hepáticas: 
revisão sistemática com meta-análise. Arq Gastroenterol. 2021;58(2):217-26.
RESUMO – Contexto – A natureza da doença hepática, curso evolutivo e duração das hepatopatias, bem como grau de severidade e incapacidade podem 

desencadear desfechos múltiplos e com repercussões na aquisição e desenvolvimento neuromotores. Objetivo – Revisar sistematicamente e avaliar por 
meta-análise os efeitos da doença hepática sobre o desenvolvimento neuropsicomotor de crianças e adolescentes com seus fígados nativos e aquelas 
que realizaram transplante hepático. Métodos – As buscas foram realizadas nas bases de dados PubMed e periódicos Scopus desde as primeiras publi-
cações na década de 1980 até junho de 2019, de estudos observacionais. Um valor de 0,05 foi considerado significativo. A heterogeneidade estatística 
do efeito do tratamento entre os estudos foi avaliada pelo teste Q de Cochran e o teste de inconsistência I2, no qual valores acima de 25 e 50% foram 
considerados indicativos de heterogeneidade moderada e alta, respectivamente. As análises foram realizadas com o Review Manager 5.3. Resulta-
dos – Vinte e cinco estudos preencheram os critérios de elegibilidade, incluindo 909 crianças e adolescentes com doenças hepáticas. As meta-análises 
mostraram déficits QI total -0,41 (IC 95%: -0,51 até -0,32; N: 9.973), QI verbal -0,38 (IC 95%; -0,57 até -0,18; N: 10.284) e linguagem receptiva -0,85 
IC 95%: -1,16 até -0,53; N: 921) nos transplantes hepáticos e as com fígados nativos que apresentaram sintomas precocemente tinham escores de QI 
total e verbal (85±8,8; 86,3±10,6 respectivamente) menores do que aquelas com manifestações tardias (99,5±13,8; 96,2±9,2). Habilidade motora grossa 
apresentou-se reduzida -46,29 (IC 95%: -81,55 até -11,03; N: 3.746). Conclusão – A doença hepática aguda ou crônica pode determinar declínios nas 
funções cognitivas, motoras e de linguagem. Muito embora, os escores melhorem após transplante hepático, as crianças continuam abaixo da média 
quando comparadas às crianças sadias.

Palavras-chave – Doença hepática; transplante de fígado; desenvolvimento infantil.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a cholestatic liver dis-
ease characterized by chronic inflammation and concentric and 
obliterative fibrosis, which progressively leads to multifocal bile 
duct fibrosis, stenosis, cholestasis, disruption of the normal liver pa-
renchyma architecture and, finally, cirrhosis(1). Its etiology remains 
not fully elucidated, which partially justifies the lack of effective 
medical therapy for this condition. In adults, PSC is asymptomatic 
and suspected after the incidental findings of abnormal serum liver 
tests and/or intrahepatic biliary tree dilation on imaging studies in 
approximately half of the cases(2). As the disease progresses, several 
intra- and extra-hepatic complications may develop, such as chole-
lithiasis and choledocholithiasis, acute bacterial cholangitis, liver 
abscess, portal hypertension, malignancies (gallbladder, liver and 
colorectal)(3). In pediatrics, given the rarity of this disease – with a 
reported incidence of 0.2 cases per 100,000 children(4) (even more 
rare children under 2 years of age)(5), there was limited data on the 
natural history of PSC, until the publication of a recent multicenter 
international collaboration(6).
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ABSTRACT – Background – Primary sclerosing cholangitis (PSC) is a rare hepatobiliary disorder, whose etiology remains not fully elucidated. Given 
how rare PSC is in childhood, until the recent publication of a multicenter international collaboration, even data on its characteristics and natural 
history were scarce. Symptomatic cholelithiasis has not been previously reported as the presentation of PSC. Objective –The aim of this study was the 
diagnosis of PSC following the initial unusual presentation with symptomatic cholelithiasis, that followed an atypical clinical course that could not 
be explained by cholelithiasis alone. A literature review was also conducted. Methods – We conducted a retrospective chart review of three patients, 
who were diagnosed and/or followed at the Clinics Hospital, University of Campinas – Sao Paulo/ Brazil, between 2014 and 2020. Data analyzed 
included gender, age of presentation, past medical history, imaging findings, laboratory results, endoscopic evaluation, response to medical therapy 
and follow-up. Results – Age at time of presentation with cholelithiasis varied from 10 to 12 years. In two of the cases reported, a more subacute onset 
of symptoms preceded the episode of cholelithiasis. Two patients were managed with cholecystectomy, not followed by any surgical complications, 
one patient was managed conservatively. Percutaneous liver biopsy was performed in all three cases, showing histological findings compatible with 
PSC. Associated inflammatory bowel disease (IBD) was not seen in any of the patients. The patients have been followed for a mean time of 3.4 years. 
Conclusion – PSC and cholelithiasis are both rare in the pediatric population. This study reports on symptomatic cholelithiasis as a presentation of 
PSC and raises the importance of suspecting an underlying hepatobiliary disorder in children with cholelithiasis without any known predisposing 
factors and/or that follow an atypical clinical course for cholelithiasis alone.
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Clinical manifestations of  PSC in children are variable and 
similar to those reported in adults(7,8), and when present, they 
are typically discrete and non-specific, such as hepatomegaly, 
splenomegaly and jaundice. Other manifestations, historically 
described include pruritus, right upper quadrant pain, weight loss 
and fatigue(9). The current reality is that pediatric PSC diagnosis 
is usually established during the investigation and follow-up of 
abnormal liver enzymes: typically, there is a progressive increase 
in serum levels of  gamma-glutamyl transferase (GGT), alanine 
aminotransferase (ALT), Immunoglobulin G (IgG), in addition 
to the presence of  autoantibodies, such as antinuclear antibodies 
(ANA) and smooth muscle antibodies (SMA)(6). When disease is 
already advanced on the occasion of the diagnosis, manifestations 
may arise from portal hypertension, such as upper gastrointestinal 
bleeding from gastroesophageal varices and hypersplenism(10). 
Recently, a group of  researchers validated a pediatric prognosis 
score for PSC (SCOPE score – sclerosing cholangitis outcomes in 
pediatrics) that includes biochemical tests (total and fractioned 
bilirubin, albumin, platelet count and GGT) and imaging (cholan-
giography) to predict a primary outcome of  liver transplantation 
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and death and a secondary outcome of  portal hypertension and 
hepatobiliary neoplasms, stratifying patients into low, medium 
and high risk for poor outcomes of  liver transplantation or 
death(11).

Cholelithiasis is among other rare disorders of  the gallblad-
der and biliary tract that can inflict on the pediatric population. 
As opposed to the adult population, epidemiologic data on the 
prevalence of  cholelithiasis in childhood is relatively scarce. It is 
well established that hemolysis constitute an important risk fac-
tor for pigmented stones and the prevalence is much higher when 
hemolytic disorders are present(12-14). Beyond hemolysis, other well 
known risk factors for cholelithiasis are: a positive family his-
tory, the presence of  underlying ileal disease, use of  ceftriaxone, 
total parenteral nutrition, short bowel syndrome, cystic fibrosis, 
and, most importantly, obesity was found to be predisposing 
factors associated with cholelithiasis in children in scholar age 
and adolescents(13,15). Historically, the estimated prevalence of 
childhood gallstones was initially reported to range between 
0.13 and 0.22%(16), but later a higher prevalence of  1.9% in the 
general pediatric was reported(13). It is arguable that a large part 
of  this perceived increase in prevalence may be due to the advent 
and diffusion of  abdominal ultrasound in recent years, however, 
increase in pediatric obesity is probably another important driver. 
Among obese children and teenagers, the reported prevalence 
of  cholelithiasis is as high as 6.1% in association with metabolic 
syndrome(17,18) 

The diagnosis of cholelithiasis happens more often upon the 
incidental imaging finding in an otherwise asymptomatic patient, 
or, less frequently – in 6 to 8% of cases(17) – upon the occurrence 
of obstructive presentations, such as cholecystitis, cholangitis or 
pancreatitis. In pediatrics, management for asymptomatic cases 
remains highly controversial, and in cases when a conservative 
approach is chosen, there is also no consensus on the frequency 
of imaging follow-up(17). Symptomatic gallstones typically warrant 
early cholecystectomy(19). The gold standard elective treatment is 
laparoscopic cholecystectomy; however, the exploration of  the 
biliary tree remains controversial in the pediatric age group. The 
options available depend on the expertise of  the surgical team 
and the studies have not yet reached a consensus for a protocol(20).

Although chronic hepatobiliary diseases are reported as a risk 
factor for the occurrence of  gallstones in childhood(21), sympto-
matic cholelithiasis has not been reported as the presentation of 
PSC(4,6,10,22). Thus, the aim of this study was the diagnosis of PSC 
following the initial unusual presentation with symptomatic chole-
lithiasis, that followed an atypical clinical course which could not 
be explained by cholelithiasis alone.

METHODS

A retrospective chart review of  all pediatric patients with 
primary sclerosing cholangitis, whose initial manifestation was 
symptomatic cholelithiasis and who were diagnosed and/or fol-
lowed at the Clinics Hospital, University of  Campinas – Sao 
Paulo/ Brazil, between 2014 and 2020 was conducted. Subjects 
were identified from a patient registry kept by the senior author. All 
included patients had persistently abnormal serum liver tests post 
operatively (following cholecistectomy) and had the diagnosis of 
PSC confirmed with magnetic resonance cholangiopancreatogra-
phy (MRCP) or endoscopic retrograde cholangiopancreatography 
(ERCP), in addition to a liver biopsy. 

Clinical and demographic data were collected, including age, 
gender, presenting symptoms, endoscopic findings, histological 
features, treatment modalities and clinical course during follow-
up. The present study was approved by the Research Ethics 
Committee of  the State University of  Campinas (UNICAMP) 
under certificate number: 92692718.0.0000.5404. A literature 
review on pediatric PSC and on cholelithiasis in childhood was 
also conducted.

RESULTS

Three patients with the final diagnosis of PSC and initial mani-
festation of symptomatic cholelithiasis were identified. All cases 
presented with acute cholecystitis, occasion when the diagnosis 
of  underlying cholelithiasis as the etiology of such presentation 
was confirmed by abdominal ultrasound (AUS). Two patients 
were managed with cholecystectomy, not followed by any surgical 
complications. Following a symptom-free period or during clini-
cal follow-up, there was recurrence of choluria, jaundice, and/or 
associated elevation of serum liver and canalicular enzymes. The 
investigation included MRCP in two cases, and ERCP in one. Those 
studies revealed no evidence of remaining calculi in the biliary tree, 
while findings compatible with periductal inflammatory reaction 
in the intrahepatic biliary tract were noted. A liver biopsy was 
performed, showing histologic findings compatible with PSC in 
all three cases. All patients underwent upper endoscopy and colo-
noscopy for the evaluation of possible concomitant inflammatory 
bowel disease (IBD), not found in any of the patients.

A clinical vignette for each of the cases is provided below, while 
TABLE 1 summarizes clinical, biochemical, radiological, histologi-
cal and endoscopic findings, as well as SCOPE score assessment.

Case 1
A twelve-year-old male, with a previous history of  Autism 

spectrum disorder, presented with jaundice, acholic stools and 
choluria. Laboratory findings positive for elevation in serum liver 
and canalicular enzymes, as well as pancreatic enzymes. Careful 
history taking and review of systems revealed positive complaints 
of  abdominal pain/ discomfort, dark urine and weight loss over 
the past 4 months. Physical exam was normal; neither hepato-
megaly nor splenomegaly was appreciated on physical exam or 
seen in further imaging studies. Endoscopic ultrasound showed 
the presence of  biliary sludge and choledocholithiasis. He under-
went cholecystectomy and liver biopsy. Liver histology chronic 
demonstrated the presence of  chronic liver disease with active 
biliary inflammation, periductal concentric fibrosis and intense 
portal bile reaction, nodular transformation of  the parenchyma. 
MRCP status post cholecystectomy revealed distortion of  the 
intra-hepatic biliary tree and segmental dilatation and tapering 
thinning of  the common bile duct (CBD). Ursodeoxycholic acid 
was initiated to treat PSC with leading to significant biochemical 
improvement, but not complete normalization of  transaminases 
and bilirubin (dropped roughly by 50%), as it is commonly the 
case in PSC. After the diagnosis of  PSC was established, the pa-
tient underwent a colonoscopy, to assess for possible presence of 
concomitant IBD, which was not seen – there was the incidental 
of  a small, 10 mm, sessile polyp, which was removed (histology 
showed it was an inflammatory polyp). He has been followed for 
the past 2 years, with no signs of  portal hypertension or com-
plaints of  underlying IBD. 
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TABLE 1. Clinical and laboratory characteristics of primary sclerosing cholangitis (PSC) pediatric patients.

Clinical 
features

Initial ultra-
sound

Histologi-
cal report 
– cholecys-
tectomy

MRCP, ERCP, 
endoscopic 
ultrasound

Liver biopsy

Liver and 
canalicular 
enzymes, 
bilirrubins, 
and CBC on 
presenta-
tion

Liver and 
canalicular 
enzymes and 
CBC at latest 
follow-up

Endoscopic 
findings

SCOPE 
index(11)

Time 
of fol-
low-up

Case #1
Male,
12 years old
BMI = 
Overweight

Multiple 
calculi seen in 
the gallblad-
der and com-
mon bile duct 
(cholelithiasis 
+ choledo-
cholithiasis) 
Signs of 
chronic liver 
disease, and 
portal hyper-
tension.

Chronic 
moderate 
cholecys-
titis, with 
pseudopi-
loric meta-
plasia

Endoscopic 
ultrasound 
(pre-op): biliary 
sludge MRCP 
(post chole-
cystectomy): 
distortion of the 
intra-hepatic 
biliary tree and 
segmental dila-
tation and ta-
pering thinning 
of the common 
bile duct.

Chronic liver 
disease, with 
active biliary 
inflammation, 
periductal 
concentric 
fibrosis and 
intense portal 
bile reaction, 
severe fibrosis, 
with nodular 
transforma-
tion of the 
parenchyma.

AST: 279
ALT: 291
AlkPhosp: 
1341
GGT: 784

Hgb: 15.2
WBC: 8330
Plt: 251.000

Bilirubin
Total: 4.25
Conjugated: 
2.63

AST: 141
ALT: 166:
AlkPhosp: not 
measured.
GGT: 602

Hgb: 14.6
WBC: 6790
Plt: 318000

Bilirubin
Total: 2.23
Conjugated: 
1.3

No signs of 
portal hy-
pertension 
or IBD seen 
in the upper 
endoscopy.
No colo-
noscopic 
findings of 
IBD.

6
High 
risk

2 years 
and 2 
months

Case #2
Female,
10 years old
BMI = 
Normal

Large (30 
mm) hy-
perechoic 
round struc-
ture, with 
an acoustic 
shadow was 
visualized on 
the common 
bile duct, 
consistent 
with choledo-
cholithiasis.

Cholelithia-
sis and mild 
chronic 
cholecys-
titis. Focal 
pyloric 
metaplasia.

ERCP: papillot-
omy performed, 
but no evidence 
of calculi was 
seen. MRCP: 
multifocal ir-
regularities and 
strictures of the 
intrahepatic bil-
iary tree, ectasia 
of the intra and 
extrahepatic 
bile ducts with 
diffuse CBD 
dilatation  
(up to 8 mm).

Chronic and 
moderately 
active liver 
disease, duc-
topenia, and 
diffuse nodu-
lar fibrosis.

AST: 196
ALT:140
FALC: 551
GGT: 439

Hgb: 10.8
WBC: 4420
Plt: 154000

Bilirubin
Total: 2.0
Conjugated: 
1.71

AST: 38
ALT: 56
AlkPhosp: 158
GGT: 171

Hgb: 11.0
WBC: 2410
Plt: 75000

Bilirubin
Total: 0.45
Conjugated: 
NA

Grade 1 
esophageal 
varices in 
the upper 
endoscopy. 
No colo-
noscopic 
findings of 
IBD.

7
High 
risk

5 years 
and 5 
months

Case #3
Male,
11 years old
BMI = 
Overweight

Two large 
hyperechoic 
images (up to 
9 mm), with 
an acoustic 
shadow in the 
gallbladder. 
(cholelithi-
asis). Signs 
of chronic 
liver disease, 
and portal 
hypertension, 
significant 
splenomegaly 
(18 cm).

Patient did 
not undergo 
cholecystec-
tomy

MRCP: 
cholelithiasis, 
without associ-
ated dilation of 
the biliary; signs 
of advanced 
chronic liver 
disease with 
portal hyperten-
sion.

Chronic and 
moderately 
active liver 
disease, mod-
erate ductope-
nia, and focal 
concentric 
periducal 
fibrosis.

AST: 88
ALT: 83
AlkPhosp: 
454
GGT: 378

Hgb: 13.9
WBC: 4870
Plt: 160000

Bilirubin
Total: 0.5
Conjugated: 
NA

AST: 97
ALT: 109
AlkPhosp: 301
GGT: 181

Hgb: 13.7
WBC: 3550
Plt: 153.000

Bilirubin
Total: 0.44
Conjugated: 
NA

No signs of 
portal hy-
pertension 
or IBD seen 
in the upper 
endoscopy.
No colo-
noscopic 
findings of 
IBD.

4
Medium 
risk

2 years

MRCP: magnetic resonance cholangiopancreatography; ERCP: endoscopic retrograde cholangiopancreatography; CBC: complete blood count. SCOPE index(11): 0–3 (low risk), 4–5 (medium 
risk), 6–11 (high risk). ALT: alanine aminotransferase (reference range: <35 U/L). AST: aspartate aminotransferase (reference range: 15–60 U/L). AlkPhop: alkaline phosphatase (reference ran-
ge: 129–417 U/L). GGT: gamma-glutamiltransferase (reference range: 3–22 U/L). Hgb: hemoglobin. WBC: white blood count. Plt: platelets. NA: not available (as conjugated bilirubin not 
measurable when total bilirubin is low).
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Case 2
Ten-year-old female, previously healthy, presented with in-

termittent cramping abdominal pain, jaundice and choluria. An 
abdominal US confirmed the presence of a cholelithiasis, in keep-
ing with this, laboratory findings revealed elevated serum liver and 
canalicular enzymes (as can be seen in TABLE 1). She was initially 
seen by pediatric surgery, and further imaging was completed with 
MRCP: a distended gallbladder was seen, with at least two calculi 
identified in the common bile duct (one 20 mm and the second one 
30 mm).  Endoscopic retrograde cholangiopancreatography with 
sphincterotomy was performed, but at that time, no clear evidence 
of calculi passage was seen, just biliary sludge.  Repeated MRCP 
post-procedure showed ectasia of the intra and extrahepatic bile 
ducts with diffuse CBD dilatation (up to 8 mm). Given the persis-
tence of jaundice and choluria, a decision was made to proceed 
with laparoscopic cholecystectomy. As there was no biochemi-
cal improvement, a liver biopsy followed, revealing chronic and 
moderately active liver disease, ductopenia, and diffuse nodular 
fibrosis. Small straight esophageal varices (grade 1) were seen dur-
ing upper endoscopic assessment, while colonoscopy was normal. 
Ursodeoxycholic acid therapy was started, with satisfactory clinical 
and laboratory improvement – in this case, normalization of liver 
enzymes and bilirubin, but not canalicular enzymes, was seen. This 
patient has been followed for the past 5 years for the diagnosis of 
PSC, and she remains clinically well, although progressive spleno-
megaly has been noted. So far, she has not had any episodes of 
upper GI bleeding and he does not have ascites. 

Case 3
Eleven-year-old male, previously healthy, presented with suba-

cute intermittent abdominal pain associated with nausea and vomit-
ing. A US investigation showed the presence of two hyperechogenic 
images of around 9 mm with posterior acoustic shadow, compatible 
with cholelithiasis. The symptoms persisted and a MRCP confirmed 
the presence of cholelithiasis, without associated dilation of the 
biliary; and revealed signs of advanced chronic liver disease with 
portal hypertension. A liver biopsy was performed and histological 
findings of chronic and moderately active liver disease, moderate 
ductopenia, and focal concentric periductal fibrosis were seen. This 
patient did not undergo a cholecystectomy, his symptoms improved 
on therapy with Ursodeoxycholic Acid, while his GGT dropped 
significantly, and his liver enzymes remained elevated around 2-3 
times the upper limit of normal. He underwent upper endoscopy 
and colonoscopy, which were both normal. He has been followed 
for the past 2 years, with no signs of portal hypertension or com-
plaints of underlying IBD.

None of  these patients had another predisposing factor to 
cholelithiasis other than chronic hepatobiliary disease – PSC di-
agnosed after the initial event. Viral hepatitis, alpha-1-antitrypsin 
deficiency, Wilson’s disease and autoimmune hepatitis were ruled 
out in all three patients. These patients have been followed for a 
mean time of 3.4 years so far, and no other complications were seen 
– none of the patients had any sign of synthetic liver disfunction/ 
coagulopathy or decompensated cirrhosis so far. 

DISCUSSION

This study presents an unusual combination of two rare enti-
ties in the pediatric population: cholelithiasis and PSC, raising the 
importance of suspecting and underlying hepatobiliary disorder in 

children who present with cholelithiasis without any known pre-
disposing factors. In our case series, we report three patients who 
presented between 10 and 12 years old with symptomatic cholelithi-
asis and were later diagnosed with PSC, in keeping with a common 
age of PSC presentation described in the literature(6). The clinical 
suspicion for PSC in the cases was raised due to carefully clinical 
history revealing that the presentation was subacute or preceded 
by chronic nonspecific complaints, and/or because the clinical 
and laboratory course after a cholecystectomy did not follow the 
expected course after uncomplicated acute calculous cholecystitis.

The incidence of cholecystectomy in the pediatric population 
has been steadily increasing over the past 2 decades(23-25), what has 
been largely related to the rising prevalence of pediatric obesity and 
overweight(24,26) and the increased ability in making this diagnosis 
with abdominal ultrasound(18). It is important, however, to keep into 
perspective that cholelithiasis can be the presentation of a previously 
silent underlying hepatobiliary disorder, and that overweight and 
obesity can coexist with liver and biliary diseases. Despite this rais-
ing incidence of cholelithiasis, the controversy in its management 
persists: there is still a broad variation in the therapeutic strategies 
adopted among different pediatric centers(21). While in adults, the 
preferred approach is ERCP with sphincterotomy later followed by 
laparoscopic cholecystectomy, in pediatrics there is no consensus in 
management. While in adults, the preferred approach is ERCP with 
sphincterotomy later followed by laparoscopic cholecystectomy, in 
pediatrics there is no consensus about management(20). Ursodeoxy-
cholic acid is reported to provide symptomatic relief, however to 
be relatively ineffective in the actual dissolution of the stone, while 
laparoscopic cholecystectomy has shown to be a safe and efficient 
treatment(21), however, to this date, there are no guidelines that clearly 
dictate the management of cholelithiasis in children and adolescents. 
It is important to monitor patients post-cholecystectomy  in the short 
and long term: mainly to detect bile duct injury, which may present 
in the early postoperative period (first 30 days) or later, with chol-
angitis, biliary peritonitis or peri-anastomosis abscess. In long-term 
follow-up of these patients, failure in bile drainage can be detected, 
characterizing stenosis in the anastomosis(26). As illustrated in the 
present study, PSC should also be considered if there is no clinical 
or laboratory remission post-cholecystectomy. 

Cholelithiasis is listed as part of the differential diagnosis of 
PSC(27), and some authors consider that the presence of cholelithi-
asis favors secondary sclerosing over PSC(28). The overlap between 
these two entities rely on the fact that cholelithiasis may be a compli-
cation in up to 8% of patients with PSC, and it has been suggested 
that PSC with cholelithiasis may even represent a distinct phenotype 
of PSC, with poor prognosis in terms of symptoms, relapses and 
need for transplant(28). It is hypothesized that the susceptibility to 
cholelithiasis would be secondary to chronic cholestasis(29). Further-
more, in adults, dominant strictures are a well-known complication 
of PSC that further aggravates cholestasis, increasing the risk of 
both cholangitis and cholelithiasis, and that can/should be treated 
with ERCP balloon dilatation or stent placement(8,30). The literature 
on cholelithiasis in pediatric PSC and cholelithiasis is scarce – the 
prevalence of this complication in this age group is unknown. In 
the current case series, we present e cases in which cholelithiasis 
was the primary presentation that led to the final diagnosis of 
pediatric PSC – we are not hypothesizing that cholelithiasis was 
the trigger or the primary insult for liver disease, and we are not 
suggesting that every child that presents with cholelithiasis warrants 
and investigation for PSC or underlying liver diseases. However, it 



Alvarenga LR, Sandy NS, Gomez GS, Hessel G, de Tommaso AMA, Bellomo-Brandão MA
Symptomatic cholelithiasis as the presentation of pediatric primary sclerosing cholangitis – case series and literature review

Arq Gastroenterol • 2021. v. 58 nº 2 abr/jun • 231 

is important that assure that pediatric patients with cholelithiasis 
have proper follow-up to ensure biochemical normalization of 
liver/ canalicular enzymes and bilirubin, as well as resolution of 
jaundice and/or choluria – or in case, if  it is not the case, than an 
evaluation for an underlying hepatobiliary disease is warranted. 

Both PSC and cholelithiasis share some common features in the 
pediatric population and in the adult world, while some diverging 
characteristics are reported according to age group. Importantly, 
this knowledge is also changing recently, as we have been progres-
sively learning more about these biliary disorders in childhood. 
Small duct PSC was initially thought to be more common in chil-
dren than adults – earlier and smaller reports found it to affecting 
24 to 33% of children with PSC (vs <25% of adult cases)(31), however 
more recent and multicentric data identified small duct PSC in only 
13% of the pediatric cases(6). Both in children and in adults, small 
duct phenotype seem to be associated with a milder phenotype 
and more favorable prognosis(6,11). The antibody most commonly 
found in children(6,31) and adults(31,32) is pANCA. In children, GGT 
is a more sensitive marker in diagnosis and response to treatment 
than Alkaline phosphatase, as the latter is often influenced by bone 
health related aspects. 

The association between PSC and IBD is well-known and 
strong: the coexistence of these conditions reported in the literature 
is somewhat similar in children – approximately 75%(6) – and in 
adults – 60 to 80%(33). In adults, there are strong recommendations 
for endoscopic assessment/ investigation of  IBD in all patients 
with PSC(34), a practice that has also been sought in the absolute 
majority of pediatric cases(6), and should be considered standard 
of care. Interestingly, IBD was not seen in any of our patients, but 
we recognize that this may be related to relatively short follow-up 
period. There are still many controversies around the interval in 
which endoscopic evaluation need to be repeated for IBD surveil-
lance in children who are asymptomatic from a gastrointestinal 
perspective(31) – one important point being that symptoms do not 
correlate with colonoscopic findings in children with IBD and PSC. 
Previous studies reported these association, so-called “PSC-IBD”, 
determined a more severe disease in the pediatric population(35), but 
recently this paradigm was challenged(36,37), and the largest cohort 
of pediatric PSC published so far reported PSC-IBD presentation 
with less advanced stages of liver disease and a slower progression 
to complications as compared to PSC patients without IBD(6).

Besides IBD, PSC is reported in association with other auto-
immune diseases, including autoimmune hepatitis and diseases 
related to immunoglobulin G4 (IgG4)(3). The AIH and PSC overlap 
is more common in the pediatric population when compared to 
adults with PSC(7), and receives the denomination of autoimmune 
sclerosing cholangitis (ASC)(38).Other well-known associations 
of pediatric PSC include ABCB4 (MDR3) gene mutation, cystic 
fibrosis, immunodeficiencies, and Langerhans cell histiocytosis(39). 
In the present cohort, no features of AIH or other autoimmune 
or associated conditions were noted. 

The SCOPE index, published this year, is the first prognostic 
tool described for children with PSC: it is reported that it correlates 
strongly with biopsy-proven liver fibrosis(11). Given the progressive 
nature of PSC, this index is age-dependent. Applying that score in 
three cases currently reported, the first two would be classified as 
high risk (9% annually) for liver transplantation or death, and, as 
expected, liver histology confirmed the presence of advanced liver 
fibrosis. Meanwhile, the third patient would be at medium risk for 
poor outcomes – with an estimated risk of transplantation or death 
of 3% annually, according to the referred index. 

Chronic Ursodeoxycholic acid therapy is the most commonly 
described therapy used in the medical management of PSC(6), and 
although it is often described that it may lead to a biochemical im-
provement (as reported in our patients), its role in avoiding disease 
progression remains questionable – for this reason and given the 
concern with possible deleterious effects, the society paper from the 
European Society of Pediatric Gastroenterology, Hepatology and 
Nutrition advises on the use of doses that do not exceed 15 mg/kg/
day(38). Its use should only be maintained if  there is a biochemical 
response. In our group of patients, the indication and use of this 
medication followed these premises and was given following a dose 
regimen of 10 mg/kg/day.

The retrospective nature and small number of cases are impor-
tant limitations of many childhood PSC studies, as is the case of 
our study, but we describe a presentation of PSC not previously 
described and discussed in the medical literature, raising the im-
portance of  having a high index of  suspicion for an underlying 
hepatobiliary disorder in children that present with cholelithiasis 
without any known predisposing factor, especially if  their clinical 
course does not follow a typical pattern for isolated cholelithiasis. 
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RESUMO – Contexto – A colangite esclerosante primária (CEP) é uma doença hepatobiliar rara, cuja etiologia ainda não está totalmente elucidada. Dada a 

raridade do CEP na infância, até a recente publicação de uma colaboração multicêntrica internacional, mesmo dados sobre suas características e história 
natural eram escassos. A colelitíase sintomática não foi relatada anteriormente como a apresentação inicial de CEP na infância. Objetivo – O objetivo 
deste estudo foi o diagnóstico de CEP após a apresentação inicial incomum com colelitíase sintomática, que seguiu um curso clínico atípico que não 
poderia ser explicado apenas pela colelitíase. Também foi realizada uma revisão da literatura. Métodos – Foi realizada uma revisão retrospectiva dos 
prontuários de três pacientes, que foram diagnosticados e/ou acompanhados no Hospital das Clínicas da Universidade Estadual de Campinas – São 
Paulo / Brasil, entre 2014 e 2020. Os dados analisados incluíram sexo, idade de apresentação, história médica pregressa, achados de imagem, resultados 
laboratoriais, avaliação endoscópica, resposta à terapia médica e acompanhamento. Resultados – A idade no momento da apresentação da colelitíase 
variou de 10 a 12 anos. Em dois dos casos relatados, um início mais subagudo dos sintomas precedeu o episódio de colelitíase. Dois pacientes foram 
tratados com colecistectomia, não seguida de qualquer complicação cirúrgica, e um paciente foi tratado de forma conservadora. Biópsia hepática 
percutânea foi realizada em todos os três casos, mostrando achados histológicos compatíveis com CEP. Doença inflamatória intestinal associada 
não foi observada em nenhum dos pacientes. Os pacientes foram acompanhados por um tempo médio de 3,4 anos. Conclusão – CEP e colelitíase são 
raras na população pediátrica. Este estudo relata a colelitíase sintomática como uma apresentação de CEP e levanta a importância da suspeita de 
doença hepatobiliar subjacente em crianças com colelitíase sem quaisquer fatores predisponentes conhecidos e/ou que seguem um curso clínico atípico.

Palavras-chave – Colelitíase; colangite esclerosante; trato biliar; criança.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is defined by the 
accumulation of  triglycerides in more than 5% of  hepatocytes 
and the absence of secondary causes such as significant alcohol 
consumption (>20g for women and >30g for men daily), use of 
potentially steatogenic medications or hereditary disorders, and is 
commonly associated with metabolic comorbidities such as obesity, 
insulin resistance (IR) / type 2 diabetes mellitus (DM2) and dys-
lipidemia(1). Recently, an international consensus proposed a new 
definition for the diagnosis of the now called metabolic associated 
fatty liver disease (MAFLD), stablishing “positive criteria” based 
on the evidence of hepatic steatosis and one of the following three 
criteria, namely overweight/obesity, presence of DM2, or evidence 
of metabolic dysregulation, independent of other liver diseases(2). 

The pathogenesis of NAFLD is complex and multifactorial. 
Eating habits with excessive consumption of processed foods and 
high consumption of sugary drinks, associated with environmen-
tal and genetic factors can lead to IR, obesity and changes in the 
intestinal microbiota(3). These factors directly interfere with liver 
metabolism, inhibiting fatty acid oxidation, reflecting decreased 
uptake and utilization of glucose, generating IR and consequently 
production of reactive oxygen species (EROS) in the liver, stimulat-
ing the production of tumor necrosis factor alpha (TNF-α)(4). The 
damage caused by EROS not only inactivates the metabolites and 
structures from macronutrients, but promotes vitamin deficiency, 
being the vitamin B12 absorption the most affected. Low serum 
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ABSTRACT – Background – The vitamin B12 absorption can be affected in patients with nonalcoholic fatty liver disease (NAFLD), and low serum vitamin 
B12 levels has been related to the high homocysteine (HCY) levels and to the degree of NAFLD. Objective – To carry out a systematic review and 
metanalysis of serum vitamin B12 and HCY levels in patients with NAFLD. Methods – Original studies including serum vitamin B12 and HCY levels 
in humans with NAFLD were included. The searches were performed in four databases. Results – 159 studies were identified, and after excluding the 
duplicates and non-eligible titles, eight original articles were included. Six out of eight showed higher B12 levels in NAFLD patients (404.9±136.2 pg/
mL in relation to controls 353.91±117.3 pg/mL). Seven of the eight studies also showed higher HCY levels in NAFLD patients (14.2±3.44 umol/L 
in relation to controls 11.05±3.6 umol/L). The results for serum vitamin B12 and HCY levels were submitted to metanalysis, showing no difference 
in the vitamin B12 levels between patients with NAFLD and controls. However, the levels of Hcy were higher in NAFLD patients than in controls. 
Conclusion – There was no relashionship between the vitamin B12 levels and NAFLD. The levels of HCY were significantly higher in patients with 
NAFLD, suggesting this could be a potential marker for liver damage.
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vitamin B12 levels has been related to patients with NAFLD, and to 
the degree of NAFLD activity and fibrosis(5). Patients with chronic 
liver disease can benefit from this vitamin, since its antioxidant ef-
fect has postulated hepatoprotective function and, therefore, the 
importance of understanding the relationship of serum levels of 
this vitamin in patients with NAFLD(4). Low levels of vitamin B12 
have been linked to high levels of homocysteine (HCY) characte-

rizing hyperhomocysteinemia as an indicator of oxidative stress(4).
This study has as its main objective to conduct a systematic 

review and metanalysis of serum vitamin B12 and HCY levels in 
NAFLD patients and their staging.

METHODS

The search was carried out for publications on bases up to 
August 2020. The databases were PubMed, Lilacs, Embase and 
SciELO. The studies were located based on the definition of  a 
search strategy and selected according to predefined criteria after 
reading by two independent reviewers; doubt cases were evaluated 
by a third reviewer. 

Search strategy
The search strategy used to locate the publications was based on 

entering the English terms for vitamin B12: “B 12, vitamin” [MeSH] 
OR “vitamin B12” OR “B12, vitamin” OR “cyanocobalamin” 
OR “cobalamins” OR “cobalamin” OR “eritron”; for homocyst-
eine: “homocysteine” [MeSH] OR “2-amino-4-mercaptobutyric 
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acid” OR “2 amino 4 mercaptobutyric acid” OR “homocysteine, 
L-Isomer” OR “homocysteine, L Isomer” OR “L-isomer homo-
cysteine”; for NAFLD: “nonalcoholic fatty liver disease” [MeSH] 
OR “NAFLD” OR “nonalcoholic fatty liver disease” OR “fatty 
liver, nonalcoholic” OR “fatty livers, nonalcoholic” OR “liver, 
nonalcoholic fatty” OR “livers, nonalcoholic fatty” OR “nonalco-
holic fatty liver” OR “nonalcoholic fatty livers” OR “nonalcoholic 
steatohepatitis” OR “Nonalcoholic steatohepatitides” OR “stea-
tohepatitides, nonalcoholic” OR “steatohepatitis, nonalcoholic”; 
and the combinations.

Elegibility criteria
Studies evaluating serum vitamin B12 and HCY levels in adults 

diagnosed with NAFLD were included. Studies whose research de-
signs comprised revision studies, case reports, experimental studies 
or evaluating children were excluded. The articles were not limited 
as to the year of publication nor to language due to the scarcity of 
publications on the subject. 

Analysis
Random models were analyzed using crude mean difference as 

the measure of effect. Calculation was obtained by the mean of 
the exposed group – mean of the control group.

Risk of bias
The risk of bias was assessment for non-randomized studies 

based on the Risk of Bias Assessment tool for Non-randomized 
Studies’criteria (RoBANS).

RESULTS

Overall, 37 studies were identified, and after excluding the 
duplicates and non-eligible titles, eight original articles were in-
cluded(6-13). A detailed flowchart showing the study selection process 
is presented in FIGURE 1. The inter-rater agreement, as calculated 
by Cohen’s kappa coefficient was 0.9.

The general characteristics of  the eight included studies are 
described in TABLE 1. All the eight studies evaluated B12 levels, 
HCY and compared NAFLD patients with controls. One study 
divided patients in having NAFLD and nonalcoholic steatohepa-
titis (NASH)(10). 

All studies used healthy individuals as controls, and one of them 
added a chronic viral hepatitis as a second control(13). All the eight 
studies had a cross-sectional design. All studies were published 
between the years 2005 and 2019. The number of included patients 
varied between 17 and 1358 patients.

The main characteristics of the included patients are presented 
in TABLE 2. All studies included both genders, with a predomi-
nance of women, and the average age varied between 39 and 54 
years. The average BMI of the included patients was 38.31±3.64 kg/
m2. Six out of eight showed a higher B12 level in NAFLD patients 
(mean 223.5 to 473.1 pg/mL) when compared to controls (mean 
171.9 to 448.0 pg/mL). Seven out of eight studies presented higher 
HCY levels in NAFLD patients (mean 9.18 to 56.3 umol/L) when 
compared to controls (mean 8.49 to 19.7 umol/L).

The results for serum vitamin B12 and HCY levels were submit-
ted to metanalysis (FIGURE 2 and 3 respectively), showing that it 

TABLE 1. Characteristics of the included studies.

Author / year Purpose Design N
Saczi, 2008(6) To investigate the relation between vitamin B12 and NAFLD Cross-sectional 57
Polyzos, 2012(7) To evaluate the levels of homocysteine in patients with NAFLD Cross-sectional 31

Moretti, 2019(8)
To find a relationship between some vascular risk factors, such as lack of folate, vitamin B12, 
vitamin D and increased levels of homocysteine with cognitive and behavioral changes in 
patients with NAFLD

Cross-sectional 1358

Leach N, 2014(9) To investigate homocysteine and oxidative stress in NAFLD, and the association with 
cardiovascular disease. Cross-sectional 35

Kasapoglu, 2015(10) To determine the association between NAFLD, hyper-homocysteine levels Cross-sectional 150
Hirsch, 2005(11) To investigate the relation between folate and homocysteine levels in obese with NAFLD Cross-sectional 17
Gulsen, 2005(12) To evaluate seric levels of homocysteine in patients with NASH Cross-sectional 71

De Carvalho, 2013(13) To investigate the relation between homocysteine levels and MTHFR C677T polimorfisms in 
patients with NAFLD Cross-sectional 35

NAFLD: nonalcoholic fatty liver disease.

FIGURE 1. Vitamin B12 levels in patients with nonalcoholic fatty liver disease, metanalysis.
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TABLE 2. Characteristics of the included studies.

Aurhor / year Gender Age BMI Vitamin B12 Homocysteine

Saczi, 2008(6) NAFLD 45.05 
CONTROL 43.32

NAFLD 44.25±5.85
CONTROL 
44.73±5.15

25.62±3.8
NAFLD 469.45±264.4

CONTROL 
333.8±117.6

NAFLD 13.2±7.42
CONTROL 10.48±3

Polyzos, 2012(7) NAFLD 74.2
CONTROL 68.6

NAFLD 54±11
CONTROL 52±9 30.7±3.8

NAFLD 388±139
CONTROL 
344.0±110.0

NAFLD 13.5±2.6
CONTROL 12.6±4.6

Moretti, 2019(8) NAFLD 45.5 
CONTROL 46.1

NAFLD 56±1.6 
CONTROL 59.1±1.4

NAFLD
<25:103 (15.9)

25–29.9:210 (32.4)
≥30:334 (51.6)

CONTROL
<25:209 (32.0)

25–29.9:284 (43.3)
≥30:160 (24.5)

NAFLD 353.3±45.3
CONTROL 
237.2±12.5

NAFLD 56.3±8.5
CONTROL 19.7±3.4

Leach, 2014(9) NAFLD 42.9 NAFLD 45.7±10.9
CONTROL 44.9±7.7 22.8±3.6 NAFLD 223.5

CONTROL 171.9
NAFLD 12.7±3.4

 CONTROL 9.95±2

Kasapogl, 2015(10) NAFLD 70.3
CONTROL 69.1

NAFLD 49.4±11.3
CONTROL 45.8±14.9 28.4±3.1

NAFLD 369.9±160.4
CONTROL 
382.5±182.2

NAFLD 19.2±2.7
CONTROL 15.7±8.4

Hirsch, 2005(11) NAFLD 100
CONTROL 100

NAFLD 37.4±12.3
CONTROL 42.2±11.0 41.3±5.3

NAFLD 407.2±285.5
CONTROL 
388.1±195.3

NAFLD 9.18±2.40
CONTROL 9.65±3.91

Gulsen, 2005(12) NAFLD 14.3
CONTROL 13.33

NAFLD 38.17±5.86
CONTROL 
39.28±13.5

25.14±2.3
NAFLD 375.7±8.86

CONTROL 
468.0±103.6

NAFLD 13.7±2.65
CONTROL 10.5±1.53

De Carvalho, 2013(13) NAFLD 74.2
CONTROL 68.6

NAFLD 49
CONTROL 39 24.2±3.6

NAFLD 473.1±199.4
CONTROL 
355.0±178.0

NAFLD 9.69±2.89
CONTROL 8.49±1.76

Units: Gender (% females); Age (average ±SD; years); BMI (average ±SD; kg/m² or n (%); Vitamin B12 (average ±SD; pg/mL); Homocysteine (average ±SD; mmol/L); Folate (average ±SD;  
ng/mL). NAFLD: nonalcoholic fatty liver disease.

FIGURE 2. Homocysteine levels in patients with nonalcoholic fatty liver disease, metanalysis.
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is not possible to state that patients with liver disease have different 
vitamin B12 levels than controls. However, patients with liver dis-
ease have higher HCY levels than controls. The studies presented 
a high heterogeneity (89% for vitamin B12 and 77% for HCY).

When the risk of bias was assessed, the selection of participants 
was described in all; confounding variables was not well described 
in three studies(8,10,12), the measurement of exposure in two(8,10), the 
blinding of outcomes was described in all, incomplete outcome data 
in one(8) and selective reporting in one(13) (FIGURE 4). 

DISCUSSION

There are relatively few studies evaluating the serum levels of 
HCY in patients with NAFLD and NASH, showing contradictory 
results. The study of  Leach NV et al.(14), showed a high level of 
HCY in NASH patients when compared to controls (12.73±3.43 
μmol/L vs 9.95±2 μmol/L; P=0.001) and it was not caused by the 
deficiency of cofactors (the levels of the vitamins B6, B12 and folic 
acid were similar in both groups). These data are consistent with 
the metanalysis of  Yining Dai et al.(15), that found eight studies 
totaling 935 participants (397 NAFLD cases and 538 controls), that 
evaluated the serum HCY levels and/or the levels of HCY -related 
vitamins. They found that NAFLD patients presented increased 
levels of HCY, although the levels of HCY -related vitamins were 
not statistically significantly different comparing with controls 
(P=0.342). On the other hand, Polyzos et al.(7,16) have reported that 
HCY levels were similar in NAFLD patients and control. 

A relationship between liver diseases and serum vitamin B12 
levels has been proposed(17). However, the present systematic review 
and metanalysis found eight studies(6-13) evaluating vitamin B12 
levels and HCY in NAFLD patients, and showed no relashionship 
between vitamin B12 levels and NAFLD. On the other hand, when 
the levels of HCY were metanalysed, it was observed higher values 
in patients with NAFLD. 

One of  the studies evaluated 45 consecutive patients with 
NAFLD and 30 healthy controls. The authors concluded that the 
serum vitamin B12 levels were significantly lower in the patients 
with NAFLD than in those of  the control group, though still 
remaining in the reference range. Consequently, low vitamin B12 
levels should be associated with NAFLD, especially in grade 2 to 
grade 3 hepatosteatosis(17). 

On the other side, another authors evaluated 57 NASH pa-
tients and 245 healthy controls, showing controvertial results. The 
serum levels of  vitamin B12 were significantly lower in control 
patients than in those with NAFLD (246.33±86.89 pmol/L vs 
346.37±195.10 pmol/L; P=0.022)(6). 

Genetic mutations observed in folate metabolism may result in 
increased HCY levels. It has been reported that increased serum 
HCY levels may affect the intracellular fat metabolism causing en-
hanced fatty infiltration in the liver resulting, in NAFLD. However, 
there are no satisfactory data on HCY concentrations in patients 
with NAFLD(10).

The study of  Gulsen M et al.(12) evaluated the clinical sig-
nificance of  plasma HCY concentrations in 71 patients with 
NAFLD and 30 healthy controls, showing that the HCY levels in 
the NAFLD group was significantly higher than in controls, and 
was especially higher in the NASH patients when compared with 
those with simple steatosis. Also, a negative correlation was found 
between HCY and folate or vitamin B12. 

FIGURE 3. Risk of bias assessment for non-randomized studies based 
on the Risk of Bias Assessment tool for Non-randomized Studies’criteria 
(RoBANS).

FIGURE 4. Flowchart of study selection.
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The study of Kasapoglu B et al.(10) evaluated 150 patients with 
NAFLD and 136 healthy controls without NAFLD. Although 
there was no significant difference in vitamin B12 and folic acid 
serum levels, HCY levels were significantly higher in the more severe 
disease than that of control and mild groups (P<0.001). 

A Brazilian study evaluated 35 patients with NAFLD by liver 
biopsy and 45 healthy controls, observing that the plasma HCY 
levels was higher in NAFLD patients compared to the control 
group (P=0.0341). Also, a negative correlation was observed be-
tween levels of vitamin B12 and HCY concentration (P=0.005)(13). 

The study of Hisrsch S et al.(11) investigated 43 obese patients 
who underwent bariatric surgery, observing and similar concentra-
tions of serum HCY and vitamin B12 in both groups. 

Other authors(18) evaluated serum vitamin B12 levels in 30 pa-
tients with biopsy-proven NAFLD and their association with the 
disease severity, relating similar vitamin B12 levels in non-NASH 
and NAFLD patients, and also in controls. 

The same group(7) evaluated the serum HCY levels in 31 patients 
with NAFLD and 22 healthy controls. There was no difference in 
mean serum HCY levels between controls and NAFLD patients 
(12.6±4.6 vs 13.5±2.6 mmol/L, respectively; P=0.432). Serum vi-
tamin B12 were also similar between the study groups. However, 
NASH patients had lower mean serum HCY levels when compared 
to NAFLD patients (12.3±2.5 vs 14.7±2.1 mmol/L; P=0.006). HCY 
independently predicted NASH (P=0.045), and the data suggested 
that serum HCY levels are lower in NASH compared with NAFLD 
patients and can independently predict NASH. 

In the same way, the serum HCY levels and oxidative stress 
were evaluated in 50 patients with NASH and 30 healthy controls. 
No differences in vitamin B12 levels was observed(18). 

When the risk of bias was assessed, the selection of participants 
was described in all; confounding variables was not well described 
in three studies(8,10,12), the measurement of exposure in two(8,10), the 
blinding of outcomes was described in all, incomplete outcome data 
in one(8) and selective reporting in one(13). Also, a great heterogeneity 
in the metanalysed studies was observed.

CONCLUSION

In conclusion, the present systematic review and metanalysis 
showed no relashionship between vitamin B12 levels and NAFLD. 
On the other side, the levels of HCY were significantly higher in 
patients with NAFLD, suggesting this could be a potential marker 
for liver damage.
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Costa DS, Guahnon MP, Seganfredo FB, Pinto LP, Tovo CV, Fernandes AS. Vitamina B12 e homocisteína em pacientes com DHGNA: revisão sistemática 
e metanálise. Arq Gastroenterol. 2021;58(2):234-9. 
RESUMO – Contexto – A absorção de vitamina B12 pode ser afetada em pacientes com doença hepática gordurosa não alcoólica (DHGNA), e baixos níveis 

séricos de vitamina B12 têm sido relacionados a níveis elevados de homocisteína (HCI) ao grau de DHGNA. Objetivo – Realizar revisão sistemática 
e metanálise dos níveis séricos de vitamina B12 e de HCI em pacientes com DHGNA. Métodos – Estudos originais que incluíssem avaliação dos 
níveis séricos de vitamina B12 e de HCI em humanos com DHGNA foram incluídos. As buscas foram realizadas em quatro bases de dados. Resulta-
dos – Foram identificados 159 estudos e, após exclusão das duplicatas e dos não elegíveis, oito artigos originais foram incluídos. Seis dos oito artigos 
apresentaram níveis mais elevados de vitamina B12 nos pacientes com DHGNA (404,9±136,2 pg/mL) em relação aos controles (353,91±117,3 pg/mL). 
Sete dos oito estudos determinaram os níveis de HCI, estando aumentados em pacientes com DHGNA (14,2±3,44 umol/L) em relação aos controles 
(11,05±3,6 umol/L). Os resultados dos níveis séricos de vitamina B12 e HCI foram submetidos à metanálise, mostrando que não há diferença nos 
níveis de vitamina B12 entre os pacientes com DHGNA e os controles. No entanto, os níveis de HCI foram maiores nos pacientes com DHGNA do 
que nos controles. Conclusão – Não houve relação entre DHGNA e nível sérico de vitamina B12. Os níveis de HCI foram significativamente maiores 
em pacientes com DHGNA, sugerindo que esse poderia ser um potencial marcador de lesão hepática.

Palavras-chave – Doença hepática gordurosa não-alcoólica; esteato-hepatite não alcoólica; vitamina B12; vitaminas; homocisteina.
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INTRODUCTION

Duodenal papilla neuroendocrine tumors (DP-NET) are 
rare; therefore, their natural and evolutionary history is not well 
established(1). They correspond to 2% of periampullary malignant 
neoplasms and <1% of gastrointestinal NETs(2). They usually have 
good prognosis, although a small portion may present local inva-
sion or distant metastasis(3). Duodenopancreatectomy (DP) and 
surgical ampullectomy (SA) may be recommended; however, these 
procedures have high rates of morbidity and mortality(1).

Endoscopic papillectomy (EP) is safe and effective for complete 
resection of tumors at this site; however, good results depend on 
tumor size, degree of differentiation, histological invasion, and the 
patient’s individual characteristics(3-7). There are few studies in the 
literature describing the immediate and long-term results of EP in 
patients with DP-NETs. Thus, we report a case series of patients 
with DP-NETs who underwent EP, describing its main characteris-
tics and the long-term follow-up. In addition, this report includes a 
literature review of described cases of patients with DP-NETs who 
were subjected to EP, providing information expected to be useful 
in therapeutic decisions for patients with DP-NETs.

Long-term follow-up of patients undergoing 
endoscopic papillectomy for papillary 
neuroendocrine tumor: a case series and 
literature review

Facundo GALETTI1, Jessé Clementino de ARAÚJO-FILHO1, Eliza Ribeiro Alves de ANDRADE1,  
Eloy TAGLIERI1, Otávio MICELLI-NETO1 and José Celso ARDENGH1,2,3

Received: 26 October 2020
Accepted: 11 November 2020 

ABSTRACT – Background – Duodenal papilla neuroendocrine tumors (DP-NET) are rare. Surgical therapy may be recommended for their treatment. 
However, they have high rates of morbidity and mortality. Endoscopic papillectomy (EP) is safe and effective for complete resection of tumors at this 
site. Objective – This study aimed to describe a case series of DP-NETs resected by EP and perform a literature review. Methods – A series of patients 
with DP-NETs underwent EP as primary treatment between Jan/2008 and Mar/2020 at a tertiary referral center. A comprehensive search was made 
on the MEDLINE primary electronic database. The search strategy was designed to find all articles related to DP-NETs published in the literature. 
Results – Six patients underwent EP for presenting DP-NETs, four of whom were women (mean age, 63 years). The mean diameter of DP-NETs 
was 1.6±0.3 cm. Four of six patients were followed up, one of whom suffered relapse at the resection site after 3 months and was referred to surgery 
(pT3n1b) and the remaining three patients experienced no endoscopic or histological recurrence during follow-up periods of 10, 7, and 4 years, re-
spectively. Eighteen articles were found in the literature search in MEDLINE. The articles included case reports of endoscopically treated DP-NETs. 
Conclusion – EP is safe and effective for DP-NETs that are ≤20 mm, confined to the submucosal layer, well-differentiated, and without local or remote 
metastasis. Adequate endoscopic follow-up and definitive surgical treatment in the presence of relapse are necessary. 

Keywords – Neuroendocrine tumors; endoscopic papillectomy; endoscopic ultrasonography; duodenal papilla; ampulla of Vater; endoscopic treatment; diagnosis.
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METHODS

Patients
This study was approved by the institution’s Research Ethics 

Committee, and voluntary and informed written consent was ob-
tained from all patients who participated in the study. All patients 
with DP-NETs aged >18 years who underwent EP as the primary 
treatment between January 2008 and March 2020. We included 
patients with DP-NETs of  ≤2.0 cm, restricted to the duodenal 
papilla, and with an endoscopic biopsy positive for DP-NETs. All 
patients were submitted computerized tomography (CT), posi-
tron emission computerized tomography (PET/CT) or magnetic 
resonance imaging (MRI) before the endoscopic procedure for 
staging. All patients underwent endoscopic ultrasonography (EUS) 
immediately before EP, and there were no signs of invasion of the 
bile or main pancreatic duct. Exclusion criteria were patients with 
ulcerated or hardened tumors; those with papilla roof involvement 
on duodenoscopy; those shown by EUS to be at an advanced stage 
(>uT1 and/or N+ and/or biliary or pancreatic intraductal invasion); 
and those with locoregional or radiological distant metastasis. 
Excluded patients were referred to surgery.
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All EUS and EP procedures were performed by experienced 
endoscopists, under general anesthesia or controlled sedation 
with propofol, with hospitalization for 2 days after the procedure. 
Staging and intraductal involvement were evaluated by EUS im-
mediately before EP. All EUS examinations were performed using 
Fujifilm echoendoscopes, models EG-530UT, EG-530UT2, EG-
530UR, or EG-530UR2 (FUJIFILM Medical Systems, Wayne, 
New Jersey, U.S.A.). EP was indicated in cases classified as uT1(8).

The EP technique was always performed using same protocol. 
An oval or hexagonal polypectomy snare (1.3–3 cm) was used for 
apprehension of the entire tumor/papilla complex in the caudal-
cranial direction, with the snare initially supported on the proximal 
base of the papilla, then introducing the device distal to the papilla 
and performing the apprehension of the entire papilla, preferably 
using monobloc resection(8), and applying a pure-cut monopolar 
current with 35 W output power without coagulation (Covidien 
WEM SS-200E electrocautery device and Valleylab Force FX elec-
trosurgical generator, Medtronic, Dublin, Ireland). The Fujinon 
ED-530XT8 duodenoscope (FUJIFILM Medical Systems, Wayne, 
New Jersey, U.S.A.) was used.

Adverse events after EP
We observed adverse events (AEs) during the procedure, in the 

recovery room, and during the 2 days of hospitalization. AEs that 
occurred after discharge were annotated when reported by another 
health professional or by the patient in the subsequent follow-up 
consultation. We documented the AEs and classified their sever-
ity based on consensus criteria(9). The size, number of  resection 
fragments, and final staging of the lesion were documented. The 
resected specimen was recovered for histopathological evaluation.

Therapeutic success of EP
Therapeutic failure was considered to have occurred if  there 

was invasion of the muscularis propria; lateral and/or deep-margin 
involvement in the resected part; positive endoscopic and/or histo-
logical tumor relapse in a control endoscopy; or endoscopic and/
or histological recurrence of the tumor during follow-up. In cases 
of therapeutic failure, the therapeutic conduct to be followed was 
evaluated by an oncological committee.

Follow-up
The post-treatment surveillance protocol (follow-up) consisted 

of performing an endoscopy with systematic biopsy associated with 
a digestive EUS in 1–3 months after the procedure (depending on 
the initial success of the treatment) and follow-up every 6 months 
for 2 years and annually for a total period of 5 years. Mean follow-
up time was calculated in months from the initial EP to the most 
recent endoscopic examination or surgical intervention.

Literature review
A comprehensive search was conducted on the MEDLINE 

primary electronic database using as many terms as possible re-
lated to the subject, with the intention of  increasing sensitivity. 
The search strategy was designed to find all articles related to 
DP-NETs published in the literature. The search was performed 
using the following strategy: ampullary neuroendocrine tumor OR 
ampullary neuroendocrine neoplasm OR neuroendocrine tumor 
of the ampulla of Vater OR ampullary carcinoid OR gastroduo-
denal neuroendocrine tumor OR gastroduodenal neuroendocrine 
neoplasm. Next, for evaluation and data extraction, we selected the 

articles in which DP-NETs were described to be treated only by 
endoscopy. The selection of related articles was initially made by 
analyzing the titles of the papers, followed by the abstracts. Articles 
were included after evaluating the full text.

We evaluated the characteristics of the patients included in the 
studies, the basic demographic data, and relevant data regarding the 
preoperative characteristics of the lesion; type and particularities 
of the endoscopic procedures performed for DP-NETs resection; 
and the postoperative period. Full-text studies were included, 
without period, format, or language limitation. The last search 
date was March 2020.

Statistical analysis
Categorical variables were expressed as percentages. Continu-

ous variables were expressed as median with range and standard 
deviations. All statistical analyses were performed using Stata 13 
(Stata Corp, College Station, TX: Stata Corp LLC).

RESULTS

Patients
During the study period, 74 patients underwent EP and 6/74 

(8.1%) for DP-NETs, 4 (66.6%) of whom were women with a mean 
age of 63 years-old (22–96). None presented an association with 
neurofibromatosis, a condition that indicates a predisposition to 
DP-NETs. The clinical characteristics of all patients are presented 
in TABLE 1.

TABLE 1. Patient characteristics, symptoms, laboratory and EUS findings. 

Characteristics n
Sex, n (%) Female, 4 (66) 
Age (median), years (range) 66 (22–96)
Presenting symptoms, n=6 patients
   Nonspecific abdominal pain 3
   Jaundice 2
   Pancreatitis 1
Clinical laboratory, median (SD)
   Total billirubin (mg/dL) 1.22±0.5
   Amilase (mg/dL) 284.3±38
Endoscopic ultrasound staging, n=7 tumors*
   T1 N0 7

Mean diameter common bile duct,  
median, mm (SD)

5.5±2.6

Mean diameter main pancreatic duct,  
median, mm (SD)

3.8±2.2

Initial biopsies, n=7 tumors*
   Neuroendocrine tumor 6
   Villous adenoma 1

*One patient presented the same type of DP-NET in the major and minor duodenal papilla.

All patients were detected with DP-NETs during digestive en-
doscopy performed for nonspecific abdominal pain(3), pancreatitis(1), 
and jaundice(2). The patient with pancreatitis presented changes in 
the imaging tests prior to the procedure, namely a dilatation of the 
main bile duct, which was observed by computerized tomography 
(CT) and confirmed by abdominal magnetic resonance imaging 
(MRI). Endoscopic biopsy identified DP-NETs in 5/6 patients 
(83.3%) and villous adenoma in one (16.7%). EUS staged the 
tumors as uT1N0 in five patients (83.3%) and as uT1N1 in one 

https://www.ncbi.nlm.nih.gov/mesh/68019411
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patient (16.7%). EUS-guided fine needle aspiration (EUS-FNA) 
reclassified UT1N1 as uT1N0 after the fine needle puncture of two 
peripancreatic lymph nodes performed along with the EP.

The mean diameter of DP-NETs was 1.6±0.3 cm. One patient 
underwent two EPs because a synchronic DP-NET of the minor 
papilla was found. First, the DP-NET of the major papilla was 
resected, and then the tumor of the minor papilla was excised at 
the same time. In both tumors, DP-NETs with the same charac-
teristics were diagnosed. Seven EPs were performed in six patients. 
Monoblock resection was performed in 6/7 (86%) patients and 
piecemeal resection in 1/7 (14%). Endoscopic papillotomy, pan-
creatic sphincterotomy, and implantation of a plastic pancreatic 
prosthesis to prevent acute and biliary pancreatitis were performed 
in 1/7 (14%), 0/7 (0%) and 1/7 (14%) patients, respectively.

Adverse events
AEs occurred in 4/6 (66.6%) patients. Two exhibited immedi-

ate bleeding and were successfully treated by endoscopy, and one 
experienced delayed bleeding (>24 hours after resection), which 
manifested as hematochezia, also solved by endoscopy treatment. 
Treatment was conservative and had clinical success in patients 3 
(75%), whereas 1 (25%) underwent duodenopancreatectomy (DP) 
immediately after EP, with disinsertion of the duodenal papilla, 
even after endoscopically implanting plastic prostheses in the 
common bile duct and MPD, and this patient was excluded from 
the follow-up(10).

Therapeutic success and histopathology
Seven DP-NETs were removed from six patients. The patho-

logical outcome was 5 (71.5%) non-functioning DP-NETs and 2 
(28.5%) somatostatinomas. Of the non-functioning DP-NETs, 4 
(75%) were classified as G1 and 1 (25%) as G2. Five patients met 
the criteria for therapeutic success of  EP, even the patient who 
underwent duodenopancreatectomy (DP) after disinsertion of the 
duodenal papilla, because the operative specimen did not reveal 
residual neoplasm or metastatic lymph nodes (pT0N0), this patient 
was excluded from the follow-up. In one patient, the EP did not 
completely remove the DP-NET and was considered an immedi-
ate failure. A DP was performed shortly after EP and revealed a 
pT3n1b tumor, confirming the suspicion.

Follow-up
Three months after EP, 1 (16.7%) patient, who was referred 

for DP, presented with tumor recurrence at the site of  resection 
(pT3N1b stage). The other three patients did not present any 
endoscopic or histological recurrence during follow-up periods of 
10, 7, and 4 years, respectively. Data about EP, occurrence of AEs, 
and follow-up are summarized in TABLE 2.

Literature review
A total of 9784 records were retrieved from MEDLINE. After 

evaluation of the title and abstract, studies which did not cover the 
topic in question were excluded. Eventually, 18 articles were selected 
for full-text evaluation. The 18 articles included were case reports 
describing DP-NETs that were endoscopically treated. The total 
number of patients included was 30, with 59% of female patients 
and a mean age of 51 years (range 42–77)(1,3-7,10-21). 

Most authors selected EP as a resection method, varying in the 
choice of whether to use submucosal saline injection, prophylactic 
stenting (pancreatic or biliary), and biliary sphincterotomy. In all 

studies, the presence of metastasis in regional lymph nodes or at 
distance was excluded before subjecting the patient to the procedure, 
and it is noteworthy that in three patients, it was decided to perform 
EP after the patients rejected the surgical option.

Of the 30 patients, 23 were adequately followed-up. Two patients 
had positive DP-NET diagnoses during follow-up; one patient in 
whom DP-NET was histologically diagnosed as somatostatinoma 
developed liver metastases during follow-up. Another patient with 
DP-NET type G2, 8 mm in diameter, with R1 resection, exhibited 
hepatic metastases 22 months after EP. The main features of the 
studies are summarized in TABLES 3 and 4.

DISCUSSION

This is a retrospective study that outlines EP as a form of first-
choice treatment in patients with DP-NET of ≤2.0cm as described 
in our case series. For larger non-invasive tumors of the duodenal 
papilla, EP is safe and effective, with an 80% long-term follow-up 
curative resection rate and a 33% recurrence rate. Morbidity rates 
vary between 9.7% and 20% and mortality rates between 0.09% and 
0.3%(22). The present study showed that DP-NETs have a curative 
resection rate of  66.6% and a relapse rate of  33.3%. Morbidity 
and mortality rates were 66.6% and 0%, respectively. These data 
corroborate those found in the literature review.

DP and transduodenal ampullectomy are feasible surgical al-
ternatives to EP. Both have significant rates of curative resection. 
However, high morbidity and mortality rates are observed. Surgical 
ampullectomy shows a morbidity rate of approximately 20%–30% 
and a mortality rate of 0%–6%, whereas DP has a morbidity rate 
between 25% and 50% and a mortality rate between 3% and 9%(23).

TABLE 2. Tumor characteristics, endoscopic success, adverse events, 
follow-up and recurrence. 

Variables n (%)

Type of resection, n=7 tumors*

   En bloc 6 (86)

   Piecemeal 1 (14)

Tumor size, mm (SD) 1.8±0.4

Final pathologic finding, n=7 tumors*

   Neuroendocrine tumor 4 (58)

   Somatostatinoma 2 (28)

   Neuroendocrine carcinoma 1 (14)

Endoscopic success, n=6 patients 5 (83.3)

Adverse events post endoscopic papillectomy, n=6 
patients

4 (66.6)

   Early bleeding 2 (76.8)

   Delayed bleeding 1 (16.6)

   Perforation (duodenal papillary disinsertion) 1 (16.6)

Referral to surgery after failed papillectomy, n=2/6 patients

   Early therapeutic failure 1 (50)

   Perforation (duodenal papillary disinsertion) 1 (50)

Follow-Up

   Follow-up, n=4/6 patients, months median (SD) 62.6±33.7

   Recurrence during follow-up, n=4/6 patients 1 (25)

* One patient presented the same type of DP-NET in the major and minor duodenal papilla.

https://www.ncbi.nlm.nih.gov/pubmed/25857473
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TABLE 4. Summary of the literature review of cases (18 reports containing data on 36 cases). Resection type, management, adverse events, pathological 
results and follow-up.

Author Resection 
type Procedure Adverse 

events Layer Margins Immunohisto-
chemical (+)

Ki 67 
Index Mitosis

Grading 
criteria 

(ENETS/
WHO)

Follow-up, 
months

Pyun DK et al.(3) EP SSI/PPS N M (-) CA / SY NR NR NR (-), 6

Niido T et al.(19) EP NR NR SB (-) CA / NSE / SE 
/ SY NR NR NR (-), 18

Chahal P et al.(12) EP Non SSI N SB (-) CA / SY NR NR NR (-), 14

Gilani N et al.(5) EP Non SSI – PI 
– PPS BL (EH) MP NR CA / SE / SY NR NR NR (-) (time 

NR)
Fukatsu H et al.(4) EP Non SSI N M NR SO NR (-) G1 NR
Katsinelos P et al.(17) EP Non SSI BL (EH) NR NR NR NR NR NR (-), 4
Yi H et al.(7) ESD NR NR SB NR NR NR NR G2 (-), 6
Odabasi M et al.(6) EP Non SSI/PPS N MP (-) CA / SY <1% (-) G1 (-), 14
Dhir V et al.(13) EP Non SSI N NR NR CA / SY <2% NR G1 NR

Lee SH et al.(18) EP  
(Two-step)

SSI/PPS/
(failed) N SB (-) SY NR NR G1 (-), 24

Attila T et al. (11) NR NR N NR (-) NR NR NR NR (-), 24 (ME)

Fukasawa A et al.(15) NR PPS BL (EH) / 
MP SB (-) CA / SY <2% NR G1 NR

Seo YK et al.(1) NR NR N SB (-) SY <2% 1 per 10 
HPF NR (-), 16

Dogeas E et al.(14) NR NR N NR NR NR NR NR NR (-), 13 (ME)
Will U et al.(21) NR NR N NR NR NR NR NR NR NR

Vanoli A et al.(20) NR NR N NR NR NR NR NR NR 1/4 (+),  
114 (ME)

Gincul R et al.(16) EP SSI / PPS N NR 5/7 (-) – 
2/7 (+) NR NR NR 6/7 G1 / 

1/7 G2 1/7 (+), (G2)

Galetti F et al. EP Non SSI 3/4 BL / 1/4 
PD (ST) M (7)* 6/7* (-) – 

1/7* (+) CA / SY 6/7* <1% 
1/7* >5% NR 6/7* G1 / 

1/7* G2
4/6 (-),  

62.2 (ME)
*One patient presented the same type of DP-NET in the major and minor duodenal papilla. (-): negative; (+): positive; ABP: abdominal pain; AP: acute pancreatitis; ASY: asymptomatic; BL: 
bleeding; CA: chromogranin A; DP: dyspepsia; DP-NET: duodenal papilla neuroendocrine tumor; EH: endoscopic hemostasis; ENETS: European Neuroendocrine Tumor Society; EP: endos-
copic papillectomy; ESD: endoscopic submucosal dissection; GERD: gastroesophageal reflux disease; HPF: high-power fields; J: jaundice; M: mucosae; ME: median; MP: mild pancreatitis; 
MP: muscularis propria; N: non; NR: not reported; NSE: neuron-specific enolase; PD: papillary disinsertion; PI: piecemeal; PPS: plastic pancreatic stent; SB: submucosa; SE: serotonin; SO: 
somatostatin; SSI: submucosal saline injection; ST: surgical treatment; SY: synaptophysin; WHO: World Health Organization. G1: well differentiated dp-NET or Ki67<3%. G2:  3-20% Ki67.

TABLE 3. Summary of the literature review of cases (18 reports containing data on 36 cases) of duodenal papilla neuroendocrine tumors. Patients and 
DP-NETs characteristics. 

Author Year N Age, y/median Sex (F-M) Size (mm) Symptoms
Preoperative biopsy

DP-NET Adenoma

Pyun DK et al.(3) 2004 1 62 M 7 NR (+) (-)
Niido T et al.(19) 2005 1 51 NR 24 NR NR NR
Chahal P et al.(12) 2007 1 57 F 15 GERD (+) (-)
Gilani N et al.(5) 2007 1 71 M 15 NR NR NR
Fukatsu H et al.(4) 2007 1 71 M 15 NR (+) (-)
Katsinelos P et al.(17) 2009 1 59 F NR ABP NR NR
YI H et al.(7) 2012 1 67 F 25 ABP NR NR
Odabasi M et al.(6) 2013 1 45 F 20 ABP (+) (-)
Dhir V et al.(13) 2013 1 63 M NR AP (+) (-)
Lee SH et al.(18) 2016 1 53 F 10 DP (-) (+)
Attila T et al.(11) 2017 1 NR NR NR NR NR NR
Fukasawa A et al.(15) 2017 1 57 M 10 ASY (+) (-)
Seo YK et al.(1) 2018 1 42 F 16 ABP (+) (-)
Dogeas E et al.(14) 2017 2 NR NR <10 NR NR NR
Will U et al.(21) 2013 4 NR NR NR NR NR NR
Vanoli A et al.(20) 2017 4 NR NR 11 NR NR NR
Gincul R et al.(16) 2016 7 NR NR NR NR (+) (-)
Galetti F et al. 2020 6* 63 (me) (4–2) 16 ABP/J/AP 6 (+) 1 (+)

*One patient presented the same type of DP-NET in the major and minor duodenal papilla. (-): negative; (+): positive; DP-NET: duodenal papilla neuroendocrine tumor; NR: not reported; 
GERD: gastroesophageal reflux disease; DP: dyspepsia; ASY: asymptomatic; ABP: abdominal pain; J: jaundice; AP: acute pancreatitis.
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The current literature on the use of  EP in patients with 
DP-NETs is scarce because the main guidelines on this subject 
include the therapeutic management of  DP-NETs in the chapter 
on duodenal neuroendocrine tumors (NETs). In a recent guideline 
for gastrointestinal NETs, the European Neuroendocrine Tumor 
Society (ENETS) included DP-NETs in the management of 
duodenal NETs, and its therapeutic algorithm suggests the surgi-
cal treatment of  all DP-NETs(24). The National Comprehensive 
Cancer Network (NCCN) also includes DP-NETs in the treat-
ment of duodenal NETs and recommends endoscopic resection in 
cases of  non-invasive tumors, with adequate endoscopic follow-
up(25). In its guidelines for subepithelial lesions, the American 
Society for Gastrointestinal Endoscopy (ASGE) highlights that 
most patients with duodenal NET have low risk of  invasion of 
regional lymph nodes, especially tumors of  <2 cm, which does 
not affect the muscularis propria(26). ASGE guidelines recom-
mend endoscopic resection by polypectomy or mucosectomy in 
well-differentiated tumors of  <1 cm, referring the patients who 
exhibit invasion of  the muscularis propria, histological grade 2/3, 
or vascular and lymphatic invasion on the histological analysis of 
the endoscopic specimen after resection to surgery(26). An article 
published by Kandler J et al. in the Mentoring, Education and 
Training Corner of the Gastroenterology journal of the American 
Gastroenterological Association (AGA) recommends EP for all 
papillary tumors of ≤2 cm, while recommending definitive surgical 
resection in the presence of  malignant or high-risk characteris-
tics on histological analysis (R1 resection, poor differentiation, 
lymphovascular or submucosal invasion, the latter in the case of 
adenomas)(22).

EUS provides useful information in the evaluation of DP-NETs. 
It determines the degree of tumor extension (uT), accurately identi-
fies the layer affected by the lesion (T) and identifies regional lymph 
nodes (N). After the analysis of these characteristics, the patient 
may be referred to endoscopic or surgical treatment(22). EUS is supe-
rior to CT, MRI, or transabdominal ultrasound for tumor staging 
(T) and evaluation of tumor extension into the intraductal wall(27). 
Conversely, MRI was found to be superior to EUS in lymph node 
staging, whereas CT and positron emission tomography (PET/CT) 
can detect small metastases that are not detected by conventional 
or intraductal EUS(28). In the present study, the TN classification 
by EUS underestimated 2 (33.3%) patients, who were diagnosed as 
T1N0 at first, but in the definitive histological specimen, the tumor 
was classified as pT3N1b. Alternatively, the use of EUS immedi-
ately before EP provides the certainty to perform an extended EP 
because in the two cases reported above, the specimen from the EP 
presented free margins; however, during follow-up, both patients 
showed recurrence of the lesion. This draws attention to the fact 
that even when the margins are initially free, a close follow-up of 
these patients is fundamental.

The present study included two patients diagnosed with 
somatostatinoma who were asymptomatic; their diagnosis was 
histologically confirmed by the presence of  psammoma bodies. 
Because these tumors are included among the functioning DP-
NETs, we followed the general principles of diagnosis and thera-
peutic management for this type of tumor. Somastotatinomas are 
rare, located mainly in the pancreas (60%), and to a lesser extent 

in the duodenum or jejunum (40%)(29). In the duodenum and the 
ampullary region, somatostatinomas are usually small, with a mean 
size of 2.4 cm. Histological examination shows immunoreactivity 
of the somatostatin type and is often associated with psammoma 
bodies (11%) and to a lesser extent, with metastases at diagnosis 
(30%–40%)(29). These tumors are frequently associated with neurofi-
bromatosis type 1 and multiple endocrine neoplasia type 1 (MEN 
1). Their diagnosis and management follow the general principles 
adopted for NETs(30).

Regarding for the limitations of this case series, it is a retrospec-
tive study limited by the rarity of the disease. This is real problem 
evidenced by the fact that this study’s review of the literature found 
only 30 patients treated with EP. If  the six cases from the present 
series are added, the total remains 36. Still, EP appears to be an 
attractive method to treat patients with DP-NETs immediately after 
an EUS examination has been conducted, providing substantial 
information to aid in a well-founded therapeutic decision for this 
type of patient.

Recently, the use of endoscopic resection of DP-NETs from the 
ampullary region has increased as an alternative to conventional 
surgery. As in all neoplastic lesions, in the choice of therapeutic 
conduct, it is necessary to consider factors related to the patient, 
the lesion, and the procedure itself, such as comorbidities, age, 
expected life expectancy, tumor stage, and risk of  locoregional 
or distant metastases. All these factors imply that the therapeutic 
management of DP-NETs should be personalized for each patient.

According to our literature review EP preceded by EUS exami-
nation for staging is safe and effective for lesions that are ≤20 mm, 
restricted to the submucosal layer, well-differentiated, and without 
local or remote metastasis. Adequate endoscopic follow-up and 
definitive surgical treatment is necessary in the presence of relapse, 
positive margins, or perilesional lymph nodes.
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Galetti F, Araújo-Filho JC, Andrade ERA, Taglieri E, Micelli-Neto O, Ardengh JC. Seguimento de longo prazo de pacientes com tumor neuroendócrino 
da papila duodenal submetidos à papilectomia endoscópica: série de casos e revisão da literatura. Arq Gastroenterol. 2021;58(2):240-5. 
RESUMO – Contexto – Tumores neuroendócrinos da papila duodenal (TNE-PD) são raros. A cirurgia deve ser recomendada para o tratamento. No 

entanto, apresentam altas taxas de morbimortalidade. A papilectomia endoscópica (PE) é segura e eficaz para a ressecção completa de tumores 
nesta região. Objetivo – Descrever uma série de casos de TNEs-PD ressecados por PE e realizar uma revisão da literatura. Métodos – Pacientes com 
TNEs-PD submetidos a PE como tratamento primário com intenção curativa entre jan/2008 e mar/2020 em um centro de referência terciário foram 
estudados. Uma pesquisa abrangente foi feita no MEDLINE. A estratégia de busca foi desenhada para encontrar todos os artigos relacionados a 
TNEs-PD publicados na literatura, que haviam sido submetidos a PE. Resultados – Seis pacientes foram submetidos a PE por apresentar TNEs-PD, 
sendo quatro mulheres, com média de idade de 66 anos (22–96). O diâmetro médio dos TNEs-PD foi de 1,8±0,4 cm. Quatro dos seis pacientes foram 
acompanhados, um dos quais sofreu recidiva no local da ressecção após 3 meses e foi encaminhado para cirurgia (pT3n1b), e os três pacientes restan-
tes não apresentaram recorrência endoscópica ou histológica durante os períodos de acompanhamento de 10, 7 e 4 anos, respectivamente. Dezoito 
artigos foram encontrados no MEDLINE. Os artigos incluíram relatos de casos de TNEs-PD tratados pela PE. Conclusão – A PE é segura e eficaz 
para TNEs-PD ≤20 mm, confinados à camada submucosa, bem diferenciados e sem metástases locais ou remotas. Acompanhamento endoscópico 
adequado e tratamento cirúrgico definitivo na vigência de recidiva são necessários.

Palavras-chave – Tumor neuroendócrino; papilectomia endoscópica; ultrassonografia endoscópica; papila duodenal; ampola de Vater; tratamento endos-
cópico; diagnóstico.
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INTRODUCTION

The liver is one of the major organs of the body that carries 
more than five hundred functions in the body. Metabolism of all 
macronutrients carbohydrates, fats and protein takes place in liver 
accordingly. Liver has been considered very significant in respect 
to nutrition. Moreover, it plays major roles in enzymatic functions 
of the body(1). Liver cirrhosis is the progressive disorder of the liver 
in which normal hepatic cells are converted into scar tissues ac-
companied by loss of functioning(2). Cirrhosis can be classified into 
two types. Compensated liver cirrhosis and decompensated liver 
cirrhosis. In the former type, liver tissues converted to diseased one 
with moderate loss of liver functioning while in decompensated liver 
cirrhosis, there will be increased damage to liver tissues with the pro-
gression of complications including hepatic encephalopathy, portal 
hypertension, ascites, edema, oesophageal varices and others(3,4).

Portal hypertension in liver cirrhosis patients is related to 
other complications like ascites, intrahepatic vascular resistance, 
and esophageal varices. Portal hypertension can be defined as a 
pathological condition in which there is an increase in pressure 
gradient due to the obstruction of  portal blood flow within the 
portal system(8). It is the difference in the pressure between the 
portal vein and hepatic vein(9).

From the past two decades’ prevalence of liver cirrhosis have been 
increased approximately two folds. With the increased prevalence of 
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chronic liver disease approximately two million deaths are reported 
worldwide due to liver cirrhosis(5). Roughly 71 million patients with 
hepatitis C and 257 million patients with hepatitis B virus had 
reported that are the leading causes of chronic liver disease and 
cirrhosis worldwide(6,7).

There are many etiological factors of  chronic liver disease 
and liver cirrhosis among them chronic hepatitis (B and C), stea-
tohepatitis, alcoholic liver disease, non-alcoholic steatohepatitis 
(NASH), and non-alcoholic fatty liver disease (NAFLD) are com-
mon(8-10). Malnutrition is the most prominent issue in hospitalized 
chronic liver disease patients. Malnutrition occurred by multiple 
factors such as nausea, vomiting, early satiety, constipation, and 
liver cirrhosis complications(11). Malnutrition at the early phase of 
chronic liver disease may increase the disease burden, early onset 
of complications, increase the length of hospital stay, morbidity, 
and mortality(12).

Nutrition assessment
To combat malnutrition early nutrition screening within 24 

to 48 hours of  hospital stay should be needed. Malnutrition is 
closely linked with increases chances of morbidity and mortality 
in patients that may be explained as loss in mass and strength of 
skeletal muscles as well as reduced subcutaneous and visceral fats(13) 
it may be present in 5% to 99% of the patients and also depends on 
the tools that are being used for assessment(14). Complete nutrition 
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assessment comprises of anthropometric measurements, biochemi-
cal data, clinical assessment, and dietary evaluation. Assessment 
of all these parameters helps to provide adequate nutrition to the 
patient to prevent malnutrition(14,15).

Anthropometric measurements in liver cirrhosis patients are a 
controversial issue due to edema and ascites in the patients. Body 
mass index that would be calculated by using dry weight of  the 
patients can be a quick method for patients nutritional assessment, 
whereas, to get that complete picture of nutritional assessment the 
practitioner should be considering the methods and their limitations 
while assessing the liver cirrhosis patient(1,16,17). Some methods are 
used to assess muscle functionality directly, but not the amount of 
muscle mass. These methods are useful because they can reflect, 
indirectly, body preservation (TABLE 1).

Sarcopenia (a most important criterion for the detection of 
malnutrition) is very common in patients with liver cirrhosis and it 
has been studied for many years. It is a progressive loss of function, 
strength, and mass of skeletal muscles(18). Sarcopenia is character-
ized by loss of skeletal mass and strength related to the progression 
of the disease(19). In chronic liver disease and cirrhosis sarcopenia 
is common as it reflects malnourishment in patients that further 
linked with altered cardiopulmonary performance, quality of life, 
increase morbidity, and mortality(20).

Other nutrition assessment tools for liver cirrhosis patients 
include Chair Stand test, it is evaluated by counting the number 
of times a patient can fully stand up from the chair and sit down 
within 30 seconds without taking help from hands or any external 
object(18). A 6-minute walk test is another test that can be used to 
assess the functional capacity of hospitalized patients. It is simple, 
inexpensive, and required no training or special instructions before 
the test. It may be effected according to the patient’s conditions and 
skeletomuscular morbidities(21). Psoas muscle index is an easy method 
and not effect by the abdominal swelling. It can be used as a predictor 
of mortality in liver cirrhosis patients(22,23). Accuracy of the test may 
be affected due to excess fluid in the body, BMI, and activity levels. 
Liver Frailty Index (LFI) is a test for assessment of physical function 
and related health outcomes in cirrhosis patients. It comprised three 
tests including handgrip strength, chair stand test, and balance(24). 
LFI is non-expensive, safe, and easy to perform in conscious patients, 
its results may be affected if hepatic encephalopathy exists or due to 
patient’s efforts(21). Literature has supported the validity of the frailty 
index in cirrhosis patients for prediction of mortality(25).

Subjective global assessment
For efficient assessment of liver cirrhosis patients Subjective 

Global Assessment (SGA) has been using worldwide. In SGA 
short term and long term data of the patients has been acquired by 
either questioning or physical assessment(26). Parameters in SGA are 
weight change, dietary intake, gastrointestinal symptoms (nausea, 
vomiting, satiety, constipation, and others), functional capacity and 
ascites, and edema. It divides patients into three categories, well-
nourished, moderately malnourished, and severely malnourished(14).

There are other assessment tools to identify malnutrition in 
patients that include the Malnutrition Universal Screening Tool 
(MUST). In this tool malnutrition among patients can be detected 
by using weight loss, body mass index, and disease-related dysfunc-
tion.The results of  MUST tool, categorized patients in low risk 
of malnutrition, medium and high risk of malnutrition based on 
the score assembeled subsequently. It can be used to be predictive 
validity for a length of  hospital stay(27). Mini Nutrition Assess-

TABLE.1 Anthropometric measurement in liver cirrhosis patients.

Methods Uses Limitations

Body mass 
index (BMI)

Quick, non-invasive method 
for nutrition assessment of 

hospitalized patients. For liver 
cirrhosis patients BMI can be 

calculated by using dry weight. 
It can be measured by using the 

formula
BMI= weight in kg/Height in m2

BMI classified as
Underweight (BMI < 18 kg/m2)
Normal (BMI 18.5-24.9 kg/m2)

Overweight (BMI 25-29.9 kg/m2)
Obese (BMI >30 kg/m2)

Reduce 
reliability for 
liver cirrhosis 
patients due 

to the presence 
of ascites and 

edema.

Mid 
upper arm 
circumference 
(MUAC)

It is measured by using a 
measuring tape from the 

acromion process of the scapula 
to the olecranon process in cm. It 
predicts the muscle mass of the 
body. Its values are also valuable 

to calculate MAMC of the patients 
for a clear depiction of muscle 

mass of the body.

Reliability of 
this tool is based 
on the observer 

experience
Difficult to 

identify patients 
with severe 

malnutrition.

Mid arm 
muscle 
circumference 
(MAMC)

It is an easy non-invasive body 
measurement method for patients. 
It predicts about muscle mass of 
the body. MAMC values are not 
affected by fluid retention. It can 
be measured by using the formula

MAMC= (MAC-TSF×0.341)

Reliability of 
this tool is based 
on the observer 

experience.

Triceps skin 
fold thickness 
(TSF)

It is the body measurement 
method used to assess the fat 

mass. In liver cirrhosis patients for 
identification of sarcopenia TSF 
is a better method. TSF values 

are not affected by fluid status. It 
is measured by the help of TSF 

caliper in mm.

The reliability of 
this tool is based 

on observer 
experience.
Difficult to 

identify patients 
with severe 

malnutrition
Cannot be 
estimated 

correctly in 
people having 

ascites or edema.

DEXA
It is a body measurement method 
that assesses lean soft tissues, bone 

mineral content, and fat mass.

DEXA 
miscalculates 
the prevalence 
of sarcopenia in 
patients with 
fluid overload.

Bioelectrical 
Impedance 
analysis (BIA)

It acts on the conductance of 
hydrated tissues, measures the 
total volume of body water and 

assesses the lean body mass 
through an equation

It is 
controversial 

to use in 
decompensated 
liver cirrhosis.

Hand grip 
strength

It is used to record the mean value 
after taking three measurements 
by the dominant arm gripping 

the dynamometer and the value is 
recorded in kilograms

It is an 
independent 

factor for 
mortality but it 
weekly correlates 

with muscle 
mass.
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ment tool (MNA) is used for elder patients and includes a dietary 
questionnaire, predict social and mental functioning to predict 
malnutrition(28). In MNA, patients were categorized as with normal 
nutritional status, at risk of  malnourishment and malnourished 
based on the score calculation.

Biomarkers
Biomarkers that represent serum albumin are very important in 

assessing the nutritional status of the patient as the synthesis and 
breakdown of albumin decreases in liver cirrhosis as compared to 
a person having a normal liver function. Other biomarkers include 
red blood cell count, liver function tests, cholinesterase, albumin, 
rapid turnover proteins, vitamins (A, D, E, K, B6, B12, and folate) 
minerals, adipocytokines and creatinine height index in the urine. 
Serum albumin concentration can be affected by many factors such 
as the type and amount of food taken, digestion, and absorption 
from the intestine. It is the main secretion protein and synthesis oc-
curs in the liver but its concentration decreases in patients with liver 
cirrhosis as compared to the one having normal liver functions(29).

To check the short term status of  nutrition in liver cirrhosis 
patients’ rapid turnover proteins that include pre-albumin, retinol-
binding protein, and transferrin are also used as biomarkers(17). Adi-
pocytokines are also important biomarkers for nutritional status. 
Leptin, adiponectin, and resistin are important peptide hormones. 
Plasma adiponectin comes in three forms; low molecular weight, 
medium, and high molecular weight. And in patients with liver cir-
rhosis, high molecular weight form is increased and is also related 
to the severity of liver damage in such patients. Vitamins (both fat 
and water-soluble), as well as trace minerals such as copper, zinc, 
iron, selenium and manganese, should also need to be considered 
while having a nutrition assessment of the patient(30).

Dietary intake
The composition of food and drinks with their meal schedule 

should be asked in this category of nutrition assessment. Periods of 
fasting should also be a notable point because it may cause harm in 
cirrhotic patients. Twenty-four-hour dietary recalls, food frequency 
questionnaires, and calorie counts are the tools that should be used to 
check if the patients are meeting their required caloric and nutritional 
needs(31). Factors that hinder oral intake should also be noticed and 
addressed(13). But it may hinder the correct results because it depends 
on the patients’ memory to recall the food eaten(14).

Nutritional management
For hospitalized liver cirrhosis patients, after complete assess-

ment, medical nutrition therapy should be applied. The provision 
of  adequate calories and protein should be ensured to prevent 
malnutrition. To provide adequate nutrients balanced oral diet is 
highly recommended. In liver cirrhosis, the patient’s ratio of aro-
matic amino acid and branched-chain amino acids is disturbed due 
to hyper metabolism, altered liver function, and decrease dietary 
intake(32). Oral supplementation in patients with malnutrition or 
borderline nutritional status is a better option to avoid further de-
terioration. General recommendations such as small and frequent 
meals, snacks enriched in branched-chain amino acids have been 
supported by many studies for liver cirrhosis patients. Patients that 
are unable to take essentials through oral diet should be transferred 
to enteral nutrition. In patients with contraindication of enteral 
nutrition after assessing their conditions and time of regime prac-
titioner switch it to parenteral nutrition support.

Nutritional support has been prioritized for liver cirrhosis 
patients to prevent and manage malnutrition as evidenced by lit-
erature. The priority of nutrition restoration in cirrhosis patients is 
the provision of adequate calories and protein. The next priorities 
for hospitalized patients are the management of meal frequency 
and quality of protein(33). For hospitalized patient’s hyperglycaemia 
has been reported as a common complication in many studies. That 
is linked with the hyper metabolic state and altered functioning of 
the liver. For both peripheral parenteral nutrition and total pa-
rental nutrition, hyperglycaemia should be avoided in the patients 
by giving glucose 2–3 g/kg/day or less than or equal to 1 g/kg/day. 
Other than this in patients with ascites and edema fluid overload 
should be avoided by providing high concentration formulas(34). 
According to ESPEN (European Society for Clinical Nutrition and 
Metabolism) guidelines of nutritional management in liver cirrhosis 
patients, for the conservation of normal nutritional status of the 
malnourished patient’s, energy should be provided 35 kcal/kg/day 
while to prevent hypoalbuminemia and maintain the protein stores 
in the body, 1.5 g/kg/day protein has been recommended (TABLE 
2)(8,35,36). Carbohydrates and fats for liver cirrhosis patients are 
recommended 50% to 60% and 10 % to 20% of the total dietary 
intake respectively(37-39).

TABLE 2. Nutritional recommendations in liver cirrhosis.

Categories 
(Nutritional status) Nutritional recommendations

Malnourished 
Calories
Protein
Lipids

30–40 kcal/kg body weight/day
1.2–1.5 g/kg body weight/day
10–20% of daily requirements

Normally nourished
Calories
Protein
Lipids

35 kcal/kg body weight/day
1.5 g/kg body weight/day

10–20% of daily requirements

Overweight and obese 
Calories
Protein
Lipids

20–25 kcal/kg body weight/day
>1.5 g/kg body weight/day

10–20% of daily requirements

Recent studies have reported that for hospitalized liver cir-
rhotic patient’s nutrition care process could be better attained by 
early nutrition screening with the help of a multidisciplinary team, 
continuous monitoring at certain intervals, and follow up. This 
kind of approach will help the patients to reduce disease-related 
malnutrition and complications(40). Nutrition therapy in cirrhotic 
patients and chronic alcoholic hepatitis patients has been proved to 
be beneficial to reduce complications, morbidity, and mortality(41).

Micronutrient deficiency in liver cirrhosis patients is also stated 
that is possibly due to inadequate oral intake, restricted diet, altered 
taste, gastrointestinal problems, and others. A systematic review 
had reported the effect of severe vitamin D deficiency on mortal-
ity rates of hospitalized liver cirrhosis patients. Supplementation 
within the upper limit ranges can be supplemented to the patients, 
Moreover, there is a need for conduction of clinical trials to identify 
the efficiency of vitamin D supplementation on clinical outcomes 
of the patients(42). A study was performed to assess trace minerals 
(copper, selenium, zinc, and magnesium) levels in liver cirrhosis 
patients and associate them with the severity of the disease. The 
result showed a significant decrease in the trace minerals except for 
copper. A significant correlation was found between trace miner-
als status and severity of disease that was further linked with liver 
dysfunction(43).
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Inadequate oral intake in liver cirrhosis patients is the key factor 
participating in malnutrition. Diseased patients are unable to take 
adequate calories and protein resulting in deteriorated nutritional 
status. Various studies stated different methods to increase oral 
intake of hospitalized liver cirrhosis patients that includes smaller 
meals with increased frequency, improves sensory characteristics 
of  the meal, mealtime without any interruption, and nutrition 
education(37,44,45). To prevent and reverse the degree of  malnutri-
tion in patients, improvement of dietary intake is a crucial factor. 
A study was conducted to improve the intake of patients enriched 
with BCAA. For this purpose, late evening snacks enriched with 
BCAA was introduced to liver cirrhosis patients. Results showed 
that the Fischer ratio (BCAA: AAA) was significantly increased in 
patients with late evening snacks as compared to control(46). Fischer 
ratio is defined as the ratio of branched chain amino acids to aro-
matic amino acids and is important for assessing liver metabolism, 
hepatic functional reserve and liver dysfunction severity. The study 
suggested that providing patients with late evening snacks helps in 
the improvement of total dietary intake as well as the Fischer ratio 
that prevents patients from further complications(47).

A randomized control trial has been conducted in liver cirrho-
sis patients to investigate the effect of high protein, high fiber diet 
supplemented with branched-chain amino acids for 6 months. The 
study showed an increase in muscle mass and a decrease in fat mass 
in the trail group while the levels of ammonia and glucose in serum 
did not elevate. Hence, supplementation of BCAA with protein and 
fiber is worth considering intervention among cirrhotic patients(48). 
Another clinical trial was conducted in post-operative liver cirrhosis 
patients to assess the efficacy of parenteral fatty acids in the recovery 
of patients. Results showed that patients receiving 10% n-3 fatty acids 
for 5 days (post-operation) had reduced morbidity and mortality as 
compared to other patients as well as there was decrease length of 
hospital stay and infections among the patients(49).

Hospitalized liver cirrhosis patients who are unable to take 
adequate nutrition related to other complications should be shifted 
towards enteral nutrition support. Routes can be varying in patients 
according to the patient’s conditions that would be either nasogas-
tric feeding, nasojejunal feeding, or percutaneous endoscopic gas-
trostomy feeding protocols(50). Patients on enteral nutrition should 
be monitored appropriately to avoid complications.

In critically ill patients, enteral nutrition should be initiated 
with 10–20 mL per hour with critical monitoring of gastrointes-
tinal symptoms. The energy and protein supply of  patients will 
be planned with a lower level to prevent feeding intolerance(51). 
In liver cirrhosis key objective of nutritional management is the 
prevention of malnutrition and maintenance of nutritional status 
in patients. For this purpose, adequate energy and protein intake 
should be prioritized. Energy expenditure can be calculated by us-
ing formulas or directly according to ESPEN (European Society 
for Clinical Nutrition and Metabolism) guidelines(32). Sources of 
protein should be introduced precisely to the patients according 
to the condition of patients. Protein sources can vary from animal 
sources to plant sources by taking BCAA to AAA ratio under 
consideration to prevent further complications(52).

Complications of liver cirrhosis and nutrition  
management

One of the most common complications reported in decom-
pensated liver cirrhosis patients is ascites. Ascites is well-defined as 
less than or equal to 200 mL fluid accumulation in the abdominal 

cavity as a result of  any clinical manifestation. Pathophysiology 
of  ascites in liver cirrhosis patients is portal hypertension and 
hypoalbuminemia for most of the cases. Usually, ascites is further 
classified into three grades based on the signs and symptoms and 
volume of fluid accumulated in the peritoneal cavity(53). Some of 
the studies support the nutritional management of ascites as so-
dium and total fluid intake restriction for the shorter duration of 
time(54), furthermore, providing adequate calories and protein to 
the patient prevents them, from hypoalbuminemia that will help the 
patients against ascites(55). According to the European association 
for the study of liver, limited data was available on the sodium levels 
recommendation in ascites. However, the study supported sodium 
restriction (1.8–2.0 grams/day) would be helpful in patients with 
edema and ascites(56,57).

Hepatic encephalopathy is another severe liver cirrhosis com-
plication that is defined as brain dysfunction associated with liver 
insufficiency and portal hypertension leading to end-stage liver 
disease, morbidity, and mortality in patients(58). Hepatic encepha-
lopathy is categorized into four stages that depend upon the signs 
and symptoms of the patients(59). Grade 1 patients are characterized 
by sleep disorder and altered attention, grade 2 includes patients 
with complaints of  disorientation, personality disorders, and 
lethargy. Grade 3 is described with confusion, altered speech, and 
disorientation that is followed by comma categorized as stage 4 of 
hepatic encephalopathy(60). Nutritional management in this stage 
is very crucial. Although protein restriction is controversial in 
hepatic encephalopathy. A systemic study reported 16 randomized 
trials on hepatic encephalopathy patients concluded that the pro-
vision of branched-chain amino acid rich sources has beneficial 
effects on patients. In advanced liver cirrhosis, the patient’s level 
of branched-chain amino acids (leucine, isoleucine, and valine) in 
serum decreased resulting in hepatic encephalopathy. Branched-
chain amino acids facilitate the synthesis of glutamate by provid-
ing nitrogen to alpha-ketoglutarate(61). Glutamate is a substrate in 
brain and muscle cells for ammonia detoxification into glutamine. 
In advanced liver disease patient ratio of aromatic amino acids (ty-
rosine, tryptophan, and phenylalanine) and branched-chain amino 
acids decreases commonly termed as Fischer ratio. A decrease in 
the Fischer ratio characterizes progression in liver disease resulting 
in hepatic encephalopathy(62). Supplementation of  BCAA helps 
in liver cirrhosis to prevent complications and improve survival 
rates(63). Nutritional recommendations for hepatic encephalopathy 
are further categorized based on severity. For low-grade hepatic 
encephalopathy patients (grade 1,2) 25–35 kcal/day calories and 
1–1.5 g/kg/day while for severe encephalopathy patients (garde 3,4) 
25–35 kcal/day calories and >1 g/kg/day protein is recommended. 
Protein sources in such types of patients should be shifted towards 
plant sources with BCAA rich solutions(64,65). 

A longitudinal study was planned in liver cirrhosis patients 
to evaluate the effect of  branched-chain amino acids in glucose 
metabolism, skeletal muscle, and survival of  patients(66). Results 
revealed that after dietary branched-chain amino acids for 48 weeks 
there was a significant decrease in intramuscular adipose tissue 
while skeletal muscle mass increases that improved the survival of 
liver cirrhosis patients(67). Another retrospective cohort study was 
done recently to evidence the beneficial effects of long term sup-
plementation of BCAA in liver disease. In a group where patients 
take supplementation for approximately 6 months, there was a 
significant improvement in the MELD (model for end stage liver 
disease) score as compared to the control group. A MELD score 
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is basically a number that ranges from 6–40 and it tells about the 
degree of  sickness and the need of  the transplant, higher score 
denotes higher need of  liver transplant. Moreover, there was a 
significant difference in serum albumin, bilirubin and CP score 
between both groups(68). Systematic reviews supported beneficial 
effects of  BCAA supplementation especially improving muscle 
strengths, survival rates, edema, and ascites in hepatic encepha-
lopathy patients(69). Another study was reported to highlight the 
importance of branched-chain amino acids supplementation in liver 
cirrhosis patients for improving muscle strength and volume(70,71).

Another major complication in decompensated liver cirrhosis 
patients is oesophageal varices. Oesophageal varices is defined as 
enlarged veins of esophagus resulting due to obstructed blood flow 
from portal vein. In case of severe complications (as stated above) 
and inadequate oral intake, first priority of optimizing nutrition is 
oral supplementation that will progress towards nutritional support 
based on patient’s condition(1,53,54).

Portal hypertension is another complication in liver cirrhosis 
patients further associated with ascites, intrahepatic vascular resist-
ance, hepatic encephalopathy and oesophageal varices. Literauture 
suggested that portal hypertension can be efficiently reduced by 
various approaches to prevent disease related complications and 
malnutrition in advanced liver cirrhosis patients(72).

There are multiple contributing factors for malnutrition in 
advanced liver disease patients. Most important is an inadequate 
oral intake that is associated with dysgeusia, anorexia, early sa-
tiety, restricted diet, and NPO for a certain duration of  time as 
criteria for testing. Hyper metabolism and malabsorption in liver 
cirrhosis patients are also a causative factor in malnutrition that 
is due to ascites, increased protein metabolism, impaired glycogen 
metabolism, bacterial overgrowth, and impaired bile secretion(73,74). 
Cirrhotic patients with the above mentioned complications have an 
increased probability of malnutrition(75). Malnourishment in such 
patients causes deterioration of not only anthropometric measure-

ments but also affects biochemical profile and dietary intake. In liver 
cirrhosis, malnutrition is linked with decreased liver functioning, 
handgrip strength, and quality of life(76-78). 

CONCLUSION

In summary, malnutrition is exceptionally prevalent among 
cirrhosis patients. Regardless of cause and severity, it is important 
to screen all patients to identify the malnutrition in such patients. 
Although several assessment tools are available for scoring the 
severity of  complications a standardized simple and accurate 
method for evaluating malnutrition remains a challenge in end-
stage liver disease patients. Precise and accurate assessment of 
nutritional status in cirrhotic patients is the top priority so that 
proper nutrition intervention can be planned and implemented 
to prevent complications of the disease. Intake of quality protein 
and adequate supplementation can overcome deficiencies and com-
plications associated with end-stage liver failure. Guideline for a 
nutritional recommendations and dietary plan must be referred with 
ESPEN (European Society for Clinical Nutrition and Metabolism) 
and EASL (European Association for the Study of the Liver) for 
chronic liver disease and cirrhosis patients.
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RESUMO – Contexto – A cirrose hepática é uma doença crônica e progressiva que ocorre por lesão hepatocelular prolongada. A desnutrição causa 

complicações em pacientes com cirrose que pioram a condição para insuficiência hepática. A cirrose e a desnutrição estão intimamente ligadas e 
aumentam as chances de morbidade e mortalidade. O rastreamento e monitoramento nutricional regulares são as principais preocupações para esses 
pacientes, incluindo histórico alimentar abrangente, testes laboratoriais e avaliação de capacidades de perda muscular e força para determinar o grau 
de fragilidade. Para uma avaliação eficiente de pacientes com cirrose hepática, a Avaliação Global Subjetiva tem sido usada em todo o mundo. Os 
objetivos nutricionais desses indivíduos devem ser recuperar as funções hepáticas, prevenir complicações associadas e superar deficiências nutricio-
nais que causam desnutrição. Métodos – Realizada uma revisão de literatura usando PubMed, Google Scholar e Science Direct para este fim, e um 
total de 130 artigos foram revisados dos quais 80 (dos últimos 5 anos), incluindo pesquisas publicadas originalmente. Artigos de revisão e resumos 
também foram incluídos. Os critérios de exclusão dos estudos selecionados foram ano de publicação, irrelevância e estudos em animais com base na 
finalidade do estudo atual. O objetivo deste estudo foi verificar o manejo nutricional em pacientes com complicações da cirrose hepática. Resultados 
– De acordo com as diretrizes, para a conservação do estado nutricional normal dos pacientes desnutridos, a energia deve ser fornecida 35 kcal/kg/
dia, enquanto para prevenir hipoalbuminemia e manter os estoques de proteínas no corpo, 1,5 g/kg/dia de proteína foi recomendada. Carboidratos 
e gorduras para pacientes com cirrose são recomendados de 50% a 60% e 10% a 20% da ingestão alimentar total, respectivamente. Conclusão – A 
identificação inicial e a prevenção da desnutrição têm a probabilidade de levar a melhores desfechos de saúde, prevenção de complicações da doença 
e melhoria da qualidade de vida.

Palavras-chaves – Cirrose; desnutrição; encefalopatia; suporte nutricional; qualidade de vida.
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INTRODUCTION

Ingestion of caustic products and the development of esoph-
ageal strictures are recognized major public health problems in 
childhood(1,2). Esophageal perforation and mortality are potentially 
serious complications in the acute period, while strictures and cancer 
may occur in the chronic period(3,4). Caustic strictures are considered 
the most challenging among esophageal strictures, with dilation as 
first-line treatment, aiming at preserving the native esophagus(5,6). 

The traditional initial treatment is serial esophageal intralumi-
nal dilation. However, when applied in isolation, it may not reach 
the necessary diameter for significant symptoms improvement. 
Furthermore, the relapse of  injuries is common after dilations 
due to the process of trauma and healing repeatedly caused to the 
inner mucosa(7).

There is an unmet need to evaluate novel treatments, such as 
topical or intralesional corticoid application, esophageal stents, 
surgical resection of stenosed segments, or esophagectomy with 
complex reconstruction in refractory cases(2,4,8,9). 

Efficacy of endoscopic topical mitomycin C 
application in caustic esophageal strictures in  
the pediatric population: a systematic review and 
meta-analysis of randomized controlled trials
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ABSTRACT – Background – Caustic ingestion and development of esophageal strictures are recognized major public health problems in childhood. Dif-
ferent therapeutic methods have been proposed in the management of such strictures. Objective – To evaluate efficacy and risk of endoscopic topical 
application of mitomycin C in the treatment of caustic esophageal strictures. Methods – We searched MEDLINE, EMBASE, Central Cochrane, 
and LILACS databases. The outcomes evaluated were dysphagia resolution rate, number of dilations performed in resolved cases, and the number 
of dilations performed in all patients. Results – Three randomized clinical trials were included for final analysis with a total of 190 patients. Topical 
mitomycin C application group showed a significant increase in dysphagia resolution rate, corresponding to a 42% higher dysphagia resolution as 
compared to endoscopic dilation alone, with statistical significance between the two groups (RD: 0.42 – [CI: 0.29–0.56]; P-value <0.00001). The mean 
number of dilations performed in resolved cases were significantly less in the topical mitomycin C application group, compared to endoscopic dilations 
alone, with statistical significance between the two groups (MD: 2.84 [CI: 1.98–3.69]; P-value <0.00001). When comparing the number of dilations in 
all patients, there was no statistical difference between the two groups (MD: 1.46 [CI: -1.53–4.44]; P-value =0.34). Conclusion – Application of topical 
mitomycin C with endoscopic dilations in caustic esophageal strictures was more effective in dysphagia resolution than endoscopic therapy alone 
in the pediatric population. Moreover, topical mitomycin C application also reduced the number of dilation sessions needed to alleviate dysphagia 
without rising morbidity.
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Some recent studies have evaluated the efficacy of  using a 
topical or intralesional application of  mitomycin C within this 
context(10,11). 

Nonetheless, the use of mitomycin C is still controversial due 
to a small number of comparative studies available in the current 
literature and few prospective data evaluating efficacy, indication, 
dosage, application technique, and safety. This is the first systematic 
review with meta-analysis using only randomized clinical trials to 
assess the efficacy of endoscopic topical application of mitomycin 
C associated with dilation in caustic esophageal strictures in the 
pediatric population.

The goal of  this study is to compare the endoscopic topical 
application of mitomycin C associated with esophageal dilation 
using semiflexible thermoplastic bougies to esophageal dilation 
only as approaches to caustic esophageal strictures in the pediatric 
population. Efficacy and risk were evaluated, comparing random-
ized clinical trials available in the current literature, by means of 
a systematic review and meta-analysis, to demonstrate the real 
impact of such a method. 

AG-2020-252
doi.org/10.1590/S0004-2803.202100000-38
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METHODS

Protocol and registration
This systematic review was designed according to the Cochrane 

Handbook for Systematic Reviews of Interventions and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA). The study was registered in The International Prospec-
tive Register of Systematic Reviews (PROSPERO) – available in 
https://www.crd.york.ac.uk/prospero – maintained by the Centre 
for Reviews and Dissemination, University of  York (England), 
under the code CRD42020137676. The study was approved by the 
local institutional review board.

Eligibility criteria
Types of studies: randomized clinical trials comparing the endo-

scopic topical application of mitomycin C associated with esoph-
ageal dilation to esophageal dilation only in caustic strictures in 
children, irrespective of language or date of publication. Exclusion 
criteria were stricture related to other etiologies, non-esophageal 
caustic strictures, non-pediatric population, non-explicit study 
design, studies that did not provide sufficient data for outcome 
analysis, studies that did not provide a complete text, and non-com-
parative studies

Types of participants: a pediatric population with esophageal 
strictures of caustic etiology submitted to therapeutic methods. 

Types of interventions: endoscopic topical application of mito-
mycin C associated with either esophageal dilation (intervention) 
and esophageal dilation only or to endoscopic topical application 
of saline/placebo (comparison). 

Outcomes: primary outcomes included dysphagia resolution 
rate, the mean number of dilations performed in cases of a complete 
resolution of dysphagia, and mean number of dilations performed 
in all patients. As secondary outcomes, we evaluated complications 
inherent to therapeutic methods and treatment costs. 

Information sources and search
We searched the following electronic databases: MEDLINE, 

EMBASE, Cochrane Central Register of  Controlled Trials, and 
LILACS. We also performed a manual search and a gray literature 
search by means of reviewing the references about the topic. The 
last search was performed in November 2020. The following search 
strategy was used for all databases:

– MEDLINE; EMBASE; Central Cochrane e LILACS: 
((esophageal OR esophagus)) AND (stricture OR stenosis) AND 
mitomycin C + ((esophageal OR esophagus)) AND (mitomycin C).

Study selection and data collection process
Two independent investigators extracted the data according to 

the pre-defined data extraction form. After the initial evaluation of 
titles and abstracts, some studies were selected for a full reading. 
Duplicated studies were removed. Any disagreements were resolved 
by consulting a third reviewer. The researchers used Excel sheets 
to extract the data and relevant results. 

Data items
After selecting the studies for final analysis, we collected the 

following data: author, country, publication year, study type, 
total number of  patients, gender, age-range, stricture etiology, 
stricture length, stricture diameter, number of  necessary dila-

tions to resolve dysphagia, mitomycin C application techniques, 
applied dosage, esophageal dilation technique, adverse effects, 
complications, dysphagia score before and after treatment, cost 
of  method and follow-up. 

Risk of bias in individual studies
Risk of  bias in the individual studies was assessed by the 

Revised Cochrane Risk-of-Bias tool for randomized clinical 
trials (RoB-2). We performed a full analysis using RoB-2 for 
each outcome of  every included study. Aiming at simplifying the 
analysis, we also assessed the global risk of  bias for each study 
using the same domains suggested by RoB-2. 

Summary measures, synthesis of  
results and data analysis

We calculated the risk difference (RD) using the Man-
tel-Haenszel method with the fixed-effect model for dichotomous 
variables. Mean difference (MD) was calculated by random effect 
with inverse variance for continuous variables. Both parameters 
were assessed using a confidence interval (CI) of 95%. The quanti-
tative values were described by weighted arithmetic mean using the 
number of patients in each study, along with the standard deviation. 
All data were processed with an intention-to-treat analysis. Het-
erogeneity values (I2) were qualified according to the Chi-squared 
test (x2) and the Higgins method. 

Heterogeneity values above 50% were considered high, with the 
application of the random effects model in this case. For heteroge-
neity values under 50%, we used the fixed-effect model. Absolute 
numbers, mean and standard deviations were used in data analysis. 
For studies that lacked mean and standard deviation determination, 
data standardization was estimated using mathematical formulae 
(S. P. Hozo, B. Djulbegovic, I. Hozo).

We used the RevMan 5 software (Review Manager version 
5.3.5 – Cochrane Collaboration, Oxford, United Kingdom) to 
perform the meta-analysis and forest plot and to calculate confi-
dence intervals.

Risk of bias across studies and  
quality of evidence (GRADE)

We assessed the clinical randomized trials using the criteria from 
Cochrane Collaboration’s tool for assessing the risk of bias – RoB2 
– (Higgins, 2019). The tool analyzes the risk of bias by classifying it 
into five different domains: randomization process, deviations from 
intended intervention, missing outcome data, measurement of the 
outcome, and selection of the reported result. The risk of bias for 
each specific domain is assessed as “low risk”, “some concerns”, and 
“high risk”, for each outcome, according to the criteria described 
in detail in the Cochrane Handbook.

Quality of  evidence was assessed using the objective criteria 
of GRADE (Grading of Recommendations Assessment, Devel-
opment and Evaluation) for each outcome, and result by means of 
GRADEpro – Guideline Development Tool Software (McMaster 
University, 2015; Evidence Prime, Inc., Ontario, Canada). The 
items considered in quality of evidence assessment are based on 
criteria that involve evaluation of the risk of bias, inconsistency, 
indirect evidence, imprecision, and publication bias. The evalua-
tion of the risk of bias and study quality was performed under the 
supervision of our statistical analysis team (TABLE 1). 
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RESULTS

Study selection
At first, a total of 534 records were identified through a database 

search, manual search, and gray literature search. After adjusting 
for duplicates, 337 studies were selected. Of these, 89 studies were 
screened based on the abstract evaluation. After applying exclusion 
criteria, 29 entries were eligible for full-text assessment, of which 26 
were then excluded. Therefore, we included three randomized clini-
cal trials for quantitative analysis and meta-analysis (FIGURE 1). 
Selected studies were published between 2013 and 2018. 

Definitions
In the included studies, we used two distinct score metrics 

(equivalent to each other) to assess the degree of dysphagia after 
interventions. Sweed et al.(12) – used the score suggested by Earlam 
and Cunha-Melo (1981)(13). El-Asmar et al.(14) – and Ghobrial et 
al.(15) – used the Dysphagia Scoring system. In the present study, 
complete resolution of dysphagia is referred to as the capacity to 
ingest any type of food (grade 1 – Earlam and Cunha-Melo; grade 
0 – Dysphagia scoring system) – FIGURE 2. 

TABLE 1. Assessment of quality (certainty) of evidence using GRADE-pro. ‘Mitomycin C + Dilation’ compared to ‘Dilation Only’ for caustic  
esophageal stenosis in children.

Outcomes
N of participants 

(studies) 
Follow-up

Certainty of the 
evidence  
(GRADE)

Relative effect 
(95% CI)

Anticipated absolute effects

Risk with dilation 
only

Risk difference 
with mitomycin C + 

dilation
Resolution of dysphagia (%) 
assessed with: (%) follow up: 
mean 6 months 

160 (2 RCTs)
k k k k

HIGH not estimable 388 per 1.000
388 fewer per 1.000 
(388 fewer to 388 

fewer)
Number of dilations performed 
in resolved cases only assessed 
with: mean ±SD follow up: mean 
6 months 

96 (2 RCTs) k k k k 
HIGH –

The mean number of 
dilations performed 

in resolved cases only 
was 0

0 (0 to 0)

Number of dilations performed in 
all patients assessed with: mean 
±SD follow up: mean 6 months 

70 (2 RCTs) k k k k

LOW –
The mean number of 
dilations performed 
in all patients was 0

0 (0 to 0)

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately confident 
in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. 
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. 
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: 
confidence interval.

FIGURE 1. Flow diagram of included and excluded clinical trial.

FIGURE 2. Grading of dysphagia.

The number of dilations performed both on resolved cases only 
and on all participating patients was reported as the mean and the 
standard deviation. The cost of treatment was assessed only in the 
study by Ghobrial et al.(15) - who used mean and standard deviation 
in American dollars (US$), only for patients that presented with 
some degree of  clinical or endoscopic improvement. Regarding 
complications, the authors assessed: local pain after the procedure, 
bleeding, and esophageal perforation.
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Study characteristics
Three randomized clinical trials, with a total of 190 patients 

were included of which 98 were treated with esophageal dilations 
associated with endoscopic topical application of mitomycin C. A 
total of 92 were treated only with esophageal dilations using semi-
flexible thermoplastic bougies. All studies were conducted in Egypt 
between 2013 and 2018. Concerning mitomycin C concentration, 
all included studies used the same dosage of 0.4 mg/mL, applied 
to all patients in the intervention group. All patients included in 
the study were treated with H2 blockers (ranitidine) to eliminate 
the effect of acid reflux in the evolution of strictures. Population 
characteristics of each study are summarized in TABLE 2. 

Description of interventions 
Ghobrial et al.(15) – topical application through a multi-porous 

spray catheter placed on the injury under direct visualization using 
a concentration of 0.4 mg/mL after an initial dilation. The initial 
schedule was for four applications within 2 weeks between them. 
Subsequent dilations depended on clinical evaluation and symptom-
atology during follow-up. The same dosage was used for all patients. 

Sweed et al.(12) – topical application through the placement of 
cotton soaked in mitomycin C on the injured region using a con-

centration of 0.4 mg/mL and maintaining contact for 5 minutes. 
The application of  mitomycin C was initiated 2 weeks after the 
first dilation session. Subsequent dilatations were performed at 
intervals of 2 weeks during follow-up. The same dosage was used 
for all patients.

El Asmar et al.(14) – the application was executed through the 
placement of cotton soaked in mitomycin C on the region of injury 
using a concentration of 0.4 mg/mL and maintaining contact for 5 
minutes. The application of mitomycin C was initiated 2 weeks after 
the first dilation session. Subsequent dilatations were performed 
with intervals of 2 weeks during follow-up. The same dosage was 
used for all patients.

All endoscopic dilations were performed using semiflexible 
thermoplastic bougies (Savary-Gilliard, for instance) according to 
the diameter of each stricture. The assessed results were divided 
into descriptive and meta-analyzed results. 

Risk of bias in the included studies
The risk of  bias for each study was assessed by the Revised 

Cochrane Risk-of-Bias Tool for randomized clinical trials (RoB-
2). The complete risk of  bias for each outcome in each study is 
detailed in FIGURE 3. The high risk of  bias in cost assessment 

TABLE 2. Characteristics of the patient samples in the included studies. 

Author
Publi-
cation 
year

Country Study 
type

Patients 
(n)

MMC + 
Dilation 
(n)

Dilation 
only (n)

Age range – 
MMC (mean 
±SD)

Age range 
– dilation 
(mean ± SD)

Stenosis 
length – 
MMC (cm)

Stenosis 
length –  
dilation (cm)

Gender
Concen-
tration 
– MMC

Fol-
low-up 
(months)

Primary  
outcome

Ghobrial, 
CM 2018 Egypt RCT 120 60 60 3.50±1.50 

(y-o)
3.09±1.39 

(y-o)
6.88 ±2.04 

cm
6.71±1.97 

cm
66M 
54F

0.4 mg/
mL 6 % of complete 

cure

Sweed, AS 2014 Egypt RCT 30 18 12 3.57±0.82 
(y-o)

2.50 ±0.35 
(y-o)

3.12±0.62 
cm

3.25±0.38 
cm

13M 
17F

0.4 mg/
mL 9.1

Improvement 
of dysphagia 

grade

El-Asmar, 
KM 2013 Egypt RCT 40 20 20 2.80±0.92 

(y-o)
2.77±1.04 

(y-o)
1.85±0.65 

cm
1.92±0.91 

cm
23M 
17F

0.4 md/
mL 6

Number 
of dilation 
sessions for 

resolution of 
dysphagia

MMC: mitomycin C.

FIGURE 3. Risk of bias by outcome of individual studies assessed by the RoB-2 tool.
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took into account the analysis of  data only for patients who pre-
sented with some degree of  clinical or endoscopic improvement. 
Sweed et al.(12) – showed “some concerns” in all their outcomes: 
the randomization process was not described in a clear and ob-
jective manner.

DESCRIPTIVE RESULTS

Complications
Ghobrial et al.(15) reported the presence of  local pain in all 

patients from both groups. There were no reports of other adverse 
effects such as anaphylaxis, perforations, nausea, vomiting, or fever. 
A follow-up endoscopy visualized a healthy-looking mucosa in the 
site of the previous stricture. No biopsies were performed. 

El-Asmar et al.(14) reported the occurrence of three perforations 
(in different patients) during 215 dilation sessions, configuring at a 
rate of 1.39%. One occurred in the group of mitomycin C and the 
other two in the group of dilation only (P=1.0). The perforation 
that occurred in the mitomycin C group received conservative treat-
ment, while the other two needed surgical treatment (one with the 
performing of esophagostomy + gastrostomy and the other with a 
surgical suture of the abdominal esophageal perforation). None of 
these perforations occurred during the sessions of the application 
of mitomycin C or placebo. Adverse effects or other complications 
were not reported during follow-up. 

Sweed et al.(12) report that there were not any complications 
or adverse effects in the patients included in the study during 
follow-up.

Costs
Only one study assessed the costs of  therapeutic methods. 

Ghobrial et al.(15) evaluated the cost of sessions only in patients that 
presented with any degree of symptomatic or endoscopic improve-
ment. The cost of a single dilation session was 50 US$ (American 

dollars), while the cost of the session of dilation + mitomycin C 
application was 60 US$. The mean cost of performed sessions was 
272.2±51 US$ and 404±55.7 US$ (P<0.00001) for the mitomycin 
C and dilation only groups, respectively.

META-ANALYZED RESULTS

Resolution of dysphagia
Two studies reported the dysphagia resolution rate (Ghobrial 

et al.(15); El-Asmar et al.(14)) with a total of 80 patients in the mito-
mycin C group and 80 patients in the dilation only group. A 42% 
increase was observed in dysphagia resolution rate with mitomycin 
C combined with esophageal dilation with statistical significance 
between the two groups - RD: 0.42 (95%CI: 0.29–0.56); P<0.00001, 
as displayed in FIGURE 4. According to GRADE criteria, this 
outcome has high-quality evidence.

Number of dilations performed in resolved cases only
Two studies reported the number of  dilations performed in 

cases with complete resolution of dysphagia, including a total of 
65 patients in the mitomycin C group and 31 patients in the dilation 
only group (Ghobrial et al.(15); El-Asmar et al.(14) A decrease of 2.84 
dilations was shown when associating mitomycin C to dilations with 
statistical significance between the two groups – MD: 2.84 (95%CI: 
1.98–3.69); P<0.00001, as shown in FIGURE 5. According to the 
GRADE criteria, this outcome has high-quality evidence.

Number of dilations performed in all patients
Two studies reported the number of dilations performed on all 

patients, globally, submitted to two techniques, including 38 pa-
tients in the mitomycin C group and 32 patients in the dilation group 
(Sweed et al.(12); El-Asmar et al.(14)). There was not any statistical 
difference between the two groups - MD: 1.46 (95%CI: -1.53–4.44); 
P=0.34, FIGURE 6. High heterogeneity was established between 

FIGURE 4. Forest plot for the outcome of resolution of dysphagia (n) using fixed-effects with the Mantel-Haenszel method (M-H). 
CI: confidence interval; MMC: mitomycin C.

FIGURE 5. Forest plot for the outcome of number of dilations performed in resolved cases only (mean ±SD) using the fixed-effects model with the 
inverse variance test. 
CI: confidence interval; IV: inverse variance test; MMC: mitomycin C.
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the studies (I2=95%). For this reason, the random-effects model 
was applied in the analysis. According to the GRADE criteria, 
this outcome has low-quality evidence. 

DISCUSSION

Summary of evidence
This is the first systematic review with a meta-analysis assessing 

the efficacy of endoscopic topical application of mitomycin C in 
caustic esophageal strictures in the pediatric population. 

Esophageal strictures are categorized as congenital, acquired, 
or functional. Among the acquired ones, caustic strictures are the 
main reason for complex and difficult-to-handle strictures(16-19). 
These strictures predominantly affect the proximal and middle 
esophagus(20). Caustic substances are present in many products of 
domestic use, which makes children a group that is particularly 
vulnerable to these accidents(21). The age group that is subject to 
greater risk comprises children under the age of 5, since they already 
present autonomous capacity for mobility, but lack the cognitive 
capacity to recognize danger(22). Each year, approximately 5,000 
accidents with corrosive substances occur in children under the 
age of 5 in the United States(3). 

The involved type of product varies according to geographic 
region, but the most frequent ones include sodium hypochlorite 
(present in bleaches and disinfectants) and sodium hydroxide 
(caustic soda)(23-24). The physiopathology of the harm caused by 
caustic substances involves deep penetration (able to reach the 
muscularis propria), causing liquefactive necrosis of the mucosa, 
following damage to the submucosa. When in contact with lipids, 
they cause saponification and higher dissemination through tissues. 
The most common symptoms that occur after ingestion of corrosive 
substances include vomiting, dysphagia, sialorrhea, epigastric pain, 
and refusal to eat(25).

Endoscopic examination between 12–24 hours after the ac-
cident is useful to assess injury degree and generate information 
regarding the possible complications in the short and long term, 
according to the findings of the examination(3).

In the literature, some systematic reviews have suggested ben-
efit in the utilization of mitomycin C associated with esophageal 
dilation in the treatment of  caustic strictures(1,26,27). The initial 
therapeutic method for such cases is the esophageal intraluminal 
dilation with semiflexible thermoplastic bougies and balloon di-
lators(28). As an alternative method, the intralesional or systemic 
application of corticoids combined with esophageal dilation has 
been effective in children, especially in complex structures(10). A 

large variety of surgical procedures, such as esophagectomy and 
gastric tube reconstruction, and jejunal or colonic interposition, 
may also be applied in the resolution of such injuries(29). Despite 
technical advances, such procedures still have high morbidity and 
mortality. Each therapeutic method has its advantages and disad-
vantages(30,31). Berger et al.(1) in their systematic review assessed the 
topical application of mitomycin C in a dosage that varies from 
0.1 to 1.0 mg/mL in pediatric patients only, exhibiting safety in the 
application of such dosages.

Mitomycin C, isolated from Streptomyces caespitosus, is an an-
timetabolite that acts at the cellular level blocking DNA and RNA 
replication and inhibiting protein synthesis and cell proliferation 
mainly during G1 and S phases. It has anti-fibroblastic activity and 
antiproliferative properties that decrease the incidence of stenoses 
and that may avoid or retard a more invasive surgical procedure, 
which implicates in high morbidity, mortality, and potential risk 
of anastomosis strictures(8,21,32). 

The physiopathology of  caustic stricture formation involves 
fibroblast proliferation and collagen deposition, secondary to the 
injury promoted during the contact between caustic agent and mu-
cosa, depending on concentration, quantity, and exposure time(33). 
In general, fibroblast deposition and formation of scar retractions 
begin around 3 weeks after ingestion and are potentiated by acid 
reflux in the affected area(20). Commonly, the ideal period to initi-
ate dilations is after acute period healing, often between the third 
and sixth week. Late initiation of dilations is also associated with 
a greater number of  necessary sessions since there will be more 
fibrosis and collagen deposition.

Only one of  the randomized clinical trials included patients 
carrying strictures considered refractory alone, which were defined 
as the incapacity of dilation up to 14 mm of diameter or 40 Fr after 
five sessions of dilations with an interval of 2 weeks(15). There are 
several definitions in the literature to consider esophageal stricture 
as refractory, which hinders standardization in the selection of 
such patients(34). 

We consider as therapeutic failure factors with serial dilations: 
small diameter during the first dilation; diameter inferior to 28 Fr 
after three months of dilations; strictures larger than 3 cm and the 
presence of multiple strictures(20).

In our meta-analysis, there was a benefit in favor of the mito-
mycin C group regarding improvement of dysphagia and a decrease 
in the number of necessary dilations to resolve dysphagia in the 
resolved patients. When compared to the number of  dilations 
performed in all patients, globally, there was not any statistical sig-
nificance. A critique of the included studies is the limited follow-up 

FIGURE 6. Forest plot for the outcome of number of dilations performed on all patients (mean ±SD) using a random-effects model with the inverse 
variance test. 
CI: confidence interval; IV: inverse variance test; MMC: mitomycin C.
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that lasted, on average, only 6 months. This period is considered 
short and may be insufficient to adequately assess for relapse of 
symptoms, strictures, or evolution of  complex structures. These 
children will still go through different growth phases and esopha-
geal remodeling over the years. Remodeling time, that is, the period 
necessary for stricture stabilization varies between 6 months and 3 
years. However, the progression may be very long due to ischemic 
injury as a result of microvascular involvement, which corroborates 
the necessity for longer follow-up. 

Topical application of mitomycin C to the esophageal mucosa 
alters cellular turnover, which can lead to dysplasia in the applica-
tion areas, mainly after repeated sessions. Other collateral effects 
described are myelosuppression, nausea, vomiting, dementia, 
alopecia, and even pulmonary toxicity(35,36). The included studies 
did not report in detail the presence or absence of such collateral 
effects. This is one more reason that justifies a longer follow-up of 
these patients. 

If  possible, performing biopsies in the region subjected to con-
tact with mitomycin C in subsequent exams, whether by evaluation 
of the application of mitomycin C in the long term or by assessing 
the risk of developing an esophageal carcinoma inherent to caustic 
ingestion is warranted. Esophageal carcinomas occur in 1–2% of 
patients with a history of caustic ingestion. In regards to squamous 
cell carcinomas, 1% are associated with a previous accident with a 
caustic substance, representing a risk 1.0 times higher when com-
pared to the general population(1,20,21).

The major complication associated with esophageal dilations 
are bleeding and perforation(16). The perforation rate reported by 
El-Asmar et al.(14) was 1.39%. In the literature, the perforation rate 
in caustic esophageal strictures varies from 0.4 to 17.4%, which 
is higher than that seen in congenital strictures, associated with 
gastroesophageal reflux, or with anastomoses strictures(20). 

In regards to application technique, the number of applications, 
dosage, and application interval, there is still no sufficient evidence 
in the literature to standardize such parameters. Nevertheless, all 
techniques described in the included studies had benefits in favor 
of the mitomycin C group, which supports the efficacy of its uti-
lization. There are not in the literature studies that compare the 
effectiveness of different concentrations, dosages, and topical or 
intralesional application of mitomycin C(37). The most commonly 
used concentration is 0.4 mg/mL. Length of  application in the 
studies varies from 1 to 5 minutes, which is a duration that is 
considered safe. 

Thus, endoscopic topical application of mitomycin C proves 
to be a safe and effective therapeutic method for the treatment of 
caustic esophageal strictures in the pediatric population. Although 
the results of this study are encouraging, there is still the necessity 
for a larger number of prospective studies with a longer follow-up 
and a greater number of  included patients to better define the 
technique to be applied, the most effective and safe dosage and 

concentration, optimal indications, and the best moment to start 
mitomycin C application. It is important to highlight that im-
plementation of preventive measures is one of the most effective 
solutions in the long term. 

Limitations
This study has several limitations. First, different definitions 

of  refractory strictures, technical non-standardization, indica-
tions, dosage, and the number of applications may interfere in the 
obtained results, in addition to the short follow-up in each study. 
Second, the small number of randomized clinical trials with few in-
cluded patients is the greatest limitation, which supports the neces-
sity of more prospective studies about the topic. In this systematic 
review, only 1% (3/337) of the eligible studies were used in the me-
ta-analysis, which demonstrates the small number of randomized 
clinical trials on this topic. It is known that the small number of 
randomized clinical trials can exclude or mitigate possible adverse 
outcomes. However, using only this study design, we obtained a 
better quality of  evidence. Therefore, it is necessary to prepare 
new studies to assess new outcomes, whether these are favorable 
or not. Future studies may contradict the herein obtained results. 

CONCLUSION

Endoscopic topical application of  mitomycin C in caustic 
esophageal strictures in the pediatric population is safe and effec-
tive, reducing the number of necessary dilations to reach complete 
resolution of dysphagia, and increasing the complete dysphagia res-
olution rate without increasing morbidity. These results support the 
applicability of this therapeutic method in this patient population. 
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Pancreatic intraductal papillary mucinous neoplasia (IPMN) 
is an epithelial neoplasia, characterized by papillary prolifera-
tion and dilation of the main pancreatic duct, with consequent 
cyst formation(1). Its identification is usually made by magnetic 
resonance cholangiopancreatography (MRCP), which can be 
confirmed by endoscopic ultrasound (EUS) imaging and cor-
roborated by fine-needle (FNA) and histopathological analysis 
demonstrating the presence of mucin-producing cells(2). IPMN 
can present a fistulizing variant in up to 6% of cases(3), usually at 
the duodenum (65% of cases)(4). A fistulizing IPMN can vary in 
behavior as being invasive (penetrating) due to advanced neoplasia 
or by compression and ischemia of the digestive tube wall (me-
chanical), the latter usually not associated with malignancy, and 
responsible for up to 2/3 of the cases(3). The authors present a case 
of spontaneous gastropancreatic fistula secondary to mixed type 
IPMN confirmed by upper gastrointestinal endoscopy and EUS.

CASE REPORT

A 68 years-old female patient came to the gastroenterology 
clinic in May 2018 with a complaint of  postprandial fullness 
and abdominal discomfort for 2 years. She had type 2 diabetes 
mellitus for 1 year, hypothyroidism, COPD due to smoking 
(25 packs/year), dyslipidemia, appendectomy, and incisional 
herniorrhaphy. Among the routine diagnostic tests performed, 
there was an undetermined solid-cystic lesion in pancreatic 
body measuring about 3 cm revealed in an abdominal ultra-
sound. She underwent MRCP, EUS and upper endoscopy 
with biopsies which confirmed the hypothesis of  mixed-type 
IPMN with gastropancreatic fistula (E-VIDEO*, FIGURE 1, 
FIGURE 2, FIGURE 3, FIGURE 4). A total pancreatectomy 
was originally planned, however, a distal pancreatectomy and 
partial gastrectomy with splenectomy was ultimately performed 
due to adhesions in the pancreatic head. The proximal ductal 
margin frozen section came negative for dysplasia. The final 
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FIGURE 1. Magnetic resonance cholangiopancreatography showing 
marked pancreatic ductal dilatation (red arrows), parenchymal atrophy 
and signs of a gastropancreatic fistula (blue arrow).

FIGURE 2. Upper gastrointestinal endoscopy imaging revealing a mucous 
plug drop coming from a gastropancreatic fistula orifice (blue arrows).

https://youtu.be/K4YRop2vCok
https://youtu.be/K4YRop2vCok
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histopathological diagnosis was high grade dysplasia and no 
invasive cancer. The patient was discharged 11 days after surgery. 
Six months later she was admitted to hospital for diarrhea and 
malnutrition which responded to nutritional therapy and pan-
creatic enzyme upscaling. She died a month later due to sepsis 
from unknown origin.

FIGURE 3. Endoscopic ultrasound imaging revealing a dilated main 
pancreatic duct and a doppler-positive vegetation (blue arrow).

FIGURE 4. Upper endoscopy biopsy histopathological examination con-
firmed the presence of intestinal papilliform epithelium with high-grade 
dysplasia, corroborating the diagnosis of mixed-type intraductal papillary 
mucinous neoplasia. Hematoxylin-eosin 40x.
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Situs inversus totalis is a rare autosomal recessive congenital 
anomaly, with an estimated incidence of 1 case per 10,000 births(1,2).  
Endoscopic retrograde cholangiopancreatography (ERCP) is a 
challenging procedure in this condition(3-6).

We present the case of a 55-year-old woman with a previous 
diagnosis of  situs inversus totalis (FIGURE 1) and history of 
intraductal papillary mucinous neoplasm (IPMN) in the head 
of  the pancreas who progressed to malignant degeneration and 
obstructive jaundice in July 2019. She was submitted to ERCP 
in an external service when the diagnosis was made and biliary 
drainage was performed for later palliative chemotherapy. In July 
2020, the patient presented clinical worsening and jaundice (total 
bilirubin =20mg/dL, predominantly direct hyperbilirubinemia), 
being referred for another ERCP.
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FIGURE 1. Computed tomography of the abdomen highlighting the 
altered anatomy in the patient with situs inversus totalis.

In this procedure, we highlight the technical difficulty, both 
initially and during the exam, as the endoscopist’s movement is 
completely opposite to the usual (FIGURE 2), as well as the inter-
pretation of the images in radioscopy (FIGURE 3) (E-VIDEO*).

 The procedure was performed with the patient in ventral 
position.  A tumor infiltration in the papilla was observed causing 
tissue retraction with friable mucosa. With surgical precision, the 
cannulation was performed in a single attempt, and after widen-
ing the previous biliary sphincterotomy there was an abundant 

FIGURE 2. Due to anatomical changes, the endoscopic retrograde  
cholangiopancreatography (ERCP) maneuvers are completely reversed. 
The passage of the duodenoscope to the second duodenal portion is 
demonstrated.

drainage of  frankly purulent content demonstrating suppurative 
cholangitis.Then, a 10 Fr x 6 cm double pigtail plastic biliary 
stent was placed, with good drainage of  the purulent contents. 
The patient received antibiotics during the procedure and up to 
7 days afterward.

She progressed well and was discharged 2 days after the 
procedure, with a drop in total bilirubin levels to 2.3 mg/dL. Cur-
rently, she has an outpatient follow-up and is still under palliative 
chemotherapy.

FIGURE 3. Radioscopy highlighting the altered anatomy in the 
patient with situs inversus totalis. A. Beginning of the procedure.  
B. Final aspect.

https://youtu.be/8Y68R_hTDr0
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