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Introduction

P o r t a l  h y p e r t e n s i v e 
gastropathy (PHG), a consequence 
of portal hypertension (PHT), is 
characterized by gastric edema, 
dilation of submucosal vessels, 
which become tortuous, and 
absence of inflammatory infiltrate. 
These  histolog ica l  l es ions 
differentiate it from gastritis [1-3].

The severity of PHG lies in 
the associated anemia caused 
by chronic bleeding in 10% of 
the cases and by acute upper 
gastrointestinal bleeding (UGIB) 
in 2.5% of the cases, with the 
mortality rate for the latter 
reaching 12.5% [4].

P o r t a l  h y p e r t e n s i v e 
gastropathy is diagnosed using 
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Abstract

Background: Diagnosis of portal hypertensive gastropathy (PHG) is based on endoscopic criteria. I-scan 
technology, a new technique of virtual chromoendoscopy, increases the diagnostic accuracy for lesions in the 
gastrointestinal tract. Aim: To establish the role of i-scan endoscopy in the diagnosis of PHG.
Method: In this prospective study, endoscopic examination was conducted first by using white light and 
after that i-scan 1 and i-scan 2 technology in a group of 50 consecutive cirrhotic patients. The endoscopic 
diagnostic criteria for PHG followed the Baveno criteria. The interobserver agreement between white light 
endoscopy and i-scan endoscopy was determined using Cohen’s kappa statistics.
Results: Forty-five of the 50 patients met the diagnostic criteria for PHG when examined by i-scan endoscopy 
and 39 patients were diagnosed with PHG by white light endoscopy. The strength of agreement between the 
two methods for the diagnosis of PHG was moderate (k=0.565; 95%CI 0.271-0.859; p<0.001). I-scan 1 classified 
the mosaic pattern better than classic endoscopy; i-scan 2 described better the red spots.
Conclusion: I-scan examination increased the diagnostic sensitivity of PHG. The diagnostic criteria (mosaic 
pattern and red spots) were easier to observe endoscopically using i-scan than in white light.
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endoscopic criteria, and its severity is staged accordingly 
to the Baveno criteria, last revised in 2000 [5]. There is still 
inconsistent data in the literature regarding the diagnostic 
accuracy of these criteria. The old McCormack and New Italian 
Endoscopy Club (NIEC) criteria are still used [3, 4, 6].

Currently, new endoscopic technologies, which improve 
the image quality have become widespread. The diagnostic 
accuracy based on the description of lesion features increased 
as a result of using narrow band imaging (NBI), i-scan, or Fuji 
Intelligent Chromoendoscopy (FICE) [7].

The current study aims to evaluate the role of i-scan virtual 
chromoendoscopy in the diagnosis and characterization of 
PHG and the possible identification of the imaging features  
which increase the diagnostic accuracy of endoscopy in this 
pathology.

Methods

This was a prospective, observational, analytic, transversal 
and cohort study. The study group included 50 consecutive 
patients diagnosed with portal hypertension (PHT) in patients 
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with cirrhosis of any etiology admitted to the Gastroenterology 
Department, Internal Medicine Clinic I, Constanţa between 
November 2014 and July 2015. Diagnosis was based on clinical, 
laboratory, and imaging criteria (history of liver disease; altered 
liver tests; ultrasonographic changes in the liver, spleen, and 
portal venous system), according to the current guidelines [8]. 
The patients with active UGIB were excluded, as the presence 
of the blood prevented an adequate visualization of the gastric 
mucosa. 

The following characteristics of the study participants 
were noted: age, gender, etiology of PHT, Child-Pugh class, 
history of gastrointestinal bleeding, previous endoscopic and/
or pharmacological treatment.

The study protocol was approved by the Ethics Committee 
of the Ovidius University, Constanţa. All patients signed the 
informed consent for inclusion in the study and were examined 
thereafter by endoscopy. 

The diagnostic endoscopic signs of PHT were esophageal 
varices and/or gastric varices. The examinations were 
performed under Propofol sedation and were digitally recorded 
by a young endoscopist, initially using white light and then 
(during the same endoscopy session) using i-scan type 1 (for 
details of the mucosal surface) and i-scan type 2 (for details 
of vascularization). The endoscopist captured two images 
from the antrum, two from the greater curvature (vertical 
portion of the stomach), and two images from the fornix. The 
captured images in i-scan type 1 and type 2 were analyzed 
by one independent expert endoscopist with over 15 years 
of experience, blinded to the diagnosis established by white 
light endoscopy. 

The images of gastric mucosa were described based on 
the Baveno criteria [8]. The following data were recorded: 
the presence of a mosaic pattern (mild or severe), red 
spots (isolated or confluent), and gastric antral vascular 
ectasia (GAVE). The diagnosis of PHG was established by 
identification of the endoscopic criteria listed above (Baveno), 
first by endoscopy in white light, and then by i-scan 1 and 2 
methods. If the i-scan type 1 or 2 examination brought new 
diagnostic elements which had not initially identified PHG 
by white light endoscopy, the final diagnosis was established 
based on this data. 

Statistical analysis was performed using MedCalc Statistical 
Software version 16.4.3 (MedCalc Software bvba, Ostend, 
Belgium; https://www.medcalc.org; 2016). Nominal data were 
described by absolute and relative frequency. Quantitative 
data were described by mean and standard deviation 
(normal distribution). The interobserver agreement between 
the endoscopy with white light and i-scan endoscopy was 
determined using Cohen’s kappa statistics. The kappa values 
were interpreted as follows: 0.41– 0.60 as moderate, 0.61–0.80 
as good, and 0.81–1.00 as almost perfect agreement. A p value 
< 0.05 was considered statistically significant.

Results

The characteristics of the patients are presented in Table I. 
Thirty-nine patients were diagnosed with PHG in 

accordance with the Baveno criteria by using white light 
endoscopy. After applying i-scan endoscopy, 6 more patients 

presented signs of PHG, finally resulting in a total of 45 patients 
having PHG. Six (12%) patients were considered healthy by 
classic endoscopy, but were diagnosed with PHG by i-scan 
endoscopy (Table II). The strength of agreement between the 
two methods was moderate (k=0.565; 95%CI 0.271-0.859; 
p<0.001). 

Table I. Characteristics of the 50 patients studied

Gender, n (%)

Male 28 (56)

Female 22 (44)

Cirrhosis etiology, n (%)

Alcohol 9 (18)

HBV 7 (14)

HCV 25 (50)

Alcohol + HBV 1 (2)

Alcohol + HCV 8 (16)

Age, years (SD) 58.5±8.7

Child-Pugh class, n(%)

Class A 8 (16)

Class B 22 (44)

Class C 20 (40)

History of gastrointestinal bleeding, n (%) 12 (24)

Previous endoscopic treatment, n (%) 7 (14)

Pharmacological treatment (propranolol), n (%) 43 (86)

Table II. Comparison between I-scan and endoscopy with white light 
regarding the PHG diagnosis

I-scan endoscopy (%)

PHG absent PHG present

Endoscopy in 
white light (%)

PHG absent 5 (100) 6 (13.3)

PHG present - 39 (86.7)

The mosaic pattern was misclassified by white light 
endoscopy in 8 (16%) patients (Table III). In 3 (6%) cases the 
mosaic pattern was absent at the classic endoscopy, but the 
i-scan 1 endoscopy revealed a mild mosaic pattern. In 5 (10%) 
patients, the mosaic pattern was described as mild by the classic 
endoscopy, but the i-scan 1 endoscopy classified it as severe. 
The strength of agreement between the two methods was good 
(k=0.800; 95%CI0.669 – 0.932; p<0.001).

The i-scan 2 endoscopy had a lower specificity for the 
mucosal surface even when compared to classic endoscopy 
(Table IV). In 5 (10%) patients, i-scan 2 endoscopy failed to 

Table III. Comparison between i-scan 1 and endoscopy with white light 
regarding the mosaic pattern

Mosaic pattern described at 
i-scan 1 endoscopy (%)

Absent Mild Severe

Mosaic pattern described 
at endoscopy in white light  
(%)

Absent 5 (100) 3 (10.7) -

Mild - 25 (89.3) 5 (29.4)

Severe - - 12 (70.6)
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recognize the presence of a mild mosaic pattern, and in 4 (8%) 
patients it misclassified the severe mosaic pattern as mild. 
However, the strength of agreement between the two methods 
was still good (k=0.785; 95%CI 0.652 – 0.917; p<0.001). 

i-scan examinations in the diagnosis of PHG had not been 
previously studied. There are, however, studies on the diagnostic 
accuracy of white light endoscopy. The study of De Macedo et 
al. [9] reported  a sensitivity of 4.35–52.17% and a specificity of 
88.31–100.0% for the use of Baveno criteria to diagnose PHG 
by white light endoscopy. Recent studies described the role 
of the i-scan and other virtual chromoendoscopy techniques 
(NBI, FICE) in the diagnosis of Barrett‘s esophagus, esophageal 
adenocarcinoma, atrophic gastritis, intestinal metaplasia, and 
early gastric cancer [7, 10].

I-scan is based on an endoscopic image achieved in 
white light in real time, and processed by technical analysis 
software. The brightness per pixel is changed by using three 
algorithms: surface enhancement (SE), contrast enhancement 
(CE), and tons enhancement (TE). Details of mucosal surface 
in i-scan type 1 endoscopy and details of the mucosal and 
submucosal vessels in i-scan type 2 and 3 endoscopy are 
obtained by combining their results [7, 10]. Switching from 
white light scanning to i-scan is done by pressing a button on 
the endoscope.

We analyzed each diagnostic criteria for PHG according 
to Baveno, in order to calculate the diagnostic agreement 
between white light endoscopy and i-scan endoscopy for each 
Baveno criterion taken separately, and evaluated the diagnostic 
agreement on PHG. Although both white light and i-scan 
endoscopy diagnosed PHG, 12% of the patients were initially 
considered not to have PHG, but were diagnosed with PHG 
after examining the images with i-scan. I-scan endoscopy had 
a higher efficacy as compared to classic endoscopy in terms 
of PHG diagnosis.

The first Baveno criterion, i.e. the mosaic pattern, was 
reinterpreted in 16% of cases by i-scan endoscopy. The i-scan 
1 examination improved the visibility of the gastric mucosa 
due to an increased contrast allowing a better depiction of the 
mucosal edema (Fig. 1).

This phenomenon was not observed when using i-scan 2 
endoscopy, which had even a lower accuracy in recognizing 
the mucosal pattern than the white light endoscopy.

Regarding the second Baveno criterion, i.e. presence and 
aspect of red spots, it was equally identified by white light and 
i-scan 1 endoscopy. However, using the i-scan 2 technique, 
6% of the patients without red spots in white light endoscopy 
were reclassified, and 12% of the cases were reclassified from 
isolated to confluent red spots.

The results for the i-scan type 2 examination were slightly 
better than those for the white light examination due to the 
increased visibility of the blood vessels in the gastric mucosa 
and the appearance of mucosal vascular ectasia as red spots. 
Although the improvement concerning accuracy was not 
very distinct, a better contrast and slightly more highlighted 
red points were depicted during examination with i-scan as 
compared with white light (Fig. 2).

The third Baveno criterion, i.e. the gastric antral vascular 
ectasia, did not bring significant changes in the diagnosis of 
PHG when shifting from white light examination to i-scan 
examination (Fig. 3).

Regarding the endoscopic diagnosis of PHG, a head-
to-head comparison between i-scan technology and other 
methods of virtual chromoendoscopy is not available in the 

Table IV. Comparison between i-scan 2 and endoscopy with white light 
regarding the mosaic pattern

Mosaic pattern described at 
i-scan 2 endoscopy (%)

Absent Mild Severe

Mosaic pattern described 
at endoscopy in white light, 
(%)

Absent 8 (61.5) - -

Mild 5 (38.5) 25 (86.2) -

Severe - 4 (13.8) 8 (100)

Red spots were detected in the same patients by both classic 
and i-scan 1 endoscopy (Table V). The strength of agreement 
between the two methods was excellent (k=1; p<0.001).

Table V. Comparison between i-scan 1 and endoscopy with white light 
regarding the red spots

Red spots described at i-scan 1 
endoscopy (%)

Absent Isolated 
red spots

Confluent 
red spots

Red spots 
described at 
endoscopy in 
white light (%)

Absent 17 (100) - 0

Isolated red 
spots

0 19 (100) 0

Confluent 
red spots

0 0 14 (100)

Table VI. Comparison between i-scan 2 and endoscopy with white light 
regarding the red spots

Red spots described at i-scan 2 
endoscopy (%)

Absent Confluent 
red spots

Isolated red 
spots

Red spots 
described at 
endoscopy in 
white light (%)

Absent 14 (100) 3 (18.8) -

Isolated red 
spots

- 13 (81.2) 6 (30)

Confluent 
red spots

0 0 14 (70)

The red spots were missed by white light endoscopy in 3 
(6%) patients (Table VI). In 6 (12%) cases the red spots were 
considered as isolated at the classic endoscopy, but the i-scan 
2 endoscopy described them as confluent. The strength of 
agreement between the two methods was close to excellent 
(k=0.863; 95CI 0.776 – 0.950; p<0.001).

The presence of GAVE was described in 4 (8%) patients 
by all the endoscopic methods. The strength of agreement 
between the any i-scan endoscopy and endoscopy with white 
light methods was excellent (k=1; p<0.001).

Discussion

From what we know so far, and after studying the literature 
accessed through public databases, we found that the role of 
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literature. Among the methods of virtual chromoendoscopy, 
NBI technology was introduced in endoscopic practice before 
the i-scan technology. In NBI technology, the device projects 
over the mucosa a white light with a wave length band (415-
540 nm) narrower than normal white light (400-700 nm), 
which determines the maximum absorption of the light by 
the structures that contain hemoglobin. This emphasizes the 
contrast for visualising the vascular structures (capillaries, 
venules) of the mucosa [11]. In theory, this phenomenon could 
increase the accuracy of PHG diagnosis (better depiction of 
red spots), but it remains questionable whether the accuracy of 
the details of the mucosal surface (those given by edema of the 
mucosa, namely the criterion of „mosaic pattern” of Baveno) 
will be just as high. 

Nevertheless, these are only theoretical assumptions that 
need to be confirmed or denied by clinical studies. So far, there 
is only one study published in 2014 showing an increase of 
diagnostic accuracy of PHG using the NBI technology [12].

Finally, here are some flaws of this study: the relatively small 
number of patients that could have an impact on the statistical 
significance of the results obtained, and the fact that we did 
not search for the presence of Helicobacter pylori infection and 

gastric mucosal changes secondary to infection, a factor that 
could induce some confusion with PHG (regarding mucosal 
edema and erythema). Another limitation of the study was 
the high prevalence of PHG (90%) in our study population, 
which might affect statistical calculations. In the literature, 
the prevalence of PHG in patients with pHT ranges from 4% 
to 98% [13].

Conclusions

The i-scan endoscopic examination slightly increased the 
diagnostic efficacy for PHG, the mosaic pattern and red spots 
being more easily observed than in white light endoscopy.

The i-scan technology improved the endoscopic image 
quality both in terms of surface details (it can identify PHG 
in cases where the white light examination revealed no typical 
changes) and details of the submucosal vasculature.
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Eficacitatea cromoendoscopiei virtuale pentru diagnosticul 
gastropatiei portal-hipertensive

ABSTRACT / REZUMAT

Premize Diagnosticul de gastropatie portal hipertensivă (GPH) este stabilit pe criterii endoscopice. Tehnologia i-scan este o metodă nouă 
de cromoendoscopie virtuală, care mărește acuratețea diagnostică în afecțunile tractului gastrointestinal. Scop: stabilirea rolului endoscopiei 
cu i-scan în diagnosticul GPH.
Metodă: Acesta este un studiu prospectiv în care examinarea endoscopică s-a efectuat inițial cu lumină albă, apoi cu i-scan 1 și i-scan 2, la 
un grup de 50 pacienți consecutivi având ciroză hepatică, indiferent de etiologie. Rezultatele endoscopiei au fost notate respectând criteriile 
Baveno. Analiza acestor date a urmărit concordanța diagnostică între cele două metode endoscopice.
Rezultate: 45 din cei 50 de pacienți au îndeplinit criteriile diagnostice de GPH folosind endoscopia cu i-scan, dar numai 39 pacienți au fost 
diagnosticați prin endoscopia cu lumină albăa. Puterea concordanței diagnostice între cele două metode de diagnostic a GPH a fost moderată 
(k=0.565; 95%CI 0.271 - 0.859; p<0.001). Prin i-scan, modelul în mozaic a fost recunoscut mai frecvent decât prin endoscopia clasică, iar prin 
i-scan 2 punctele roșii au fost diagnosticate cu acuratețe mai mare.
Concluzii: Endoscopia cu i-scan mărește sensibilitatea diagnostică pentru GPH deoarece criteriile de diagnostic (modelul in mozaic și punctele 
roșii) sunt mai ușor de observat endoscopic cu i-scan decât în lumina albă.


