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Introduction: Activation of hepatic macrophages in liver dis-
easeis pathogenically related to portal hypertension (PH). Sol-
uble CD163 (sCD163) is shed in blood by activated macro-
phages and may predict PH progression noninvasively. This
study was designed to investigate the relation of serum
sCD163 to the grade and bleeding risk of esophageal varices
(EV) and its role for prediction of variceal hemorrhage (VH).
Methods: The study included cirrhotic patients divided into 3
groups: patients who presented with acute upper gastrointes-
tinal bleeding (UGIB) proved to originate from EV on endos-
copy, patients without any history of UGIB but who revealed
EV on surveillance endoscopy, and patients without endo-
scopic evidence of varices. Variceal grade and risk signs and
bleeding stigmata were noted simultaneously with measure-
ment of serum sCD163 concentration. Results: Serum sCD163
concentration showed a significant increase in cirrhotic pa-
tients compared to healthy subjects (p < 0.001) with a stepwise
increase among the group without varices, nonbleeder group,
and bleeder group sequentially. Serum sCD163 levels corre-

lated positively with the variceal grade and risk signs in both
the bleeder and nonbleeder groups (p = 0.002, p < 0.001 and
p = 0.004, p < 0.001, respectively). Serum sCD163 at a cutoff
value of 3.6 mg/L performed significantly for prediction of
EV presence (AUC = 0.888). Serum sCD163 at a cutoff value
>4 mg/L significantly predicted large-size and high-risk EV
(AUC = 0.910 and AUC = 0.939, respectively) and the index
bleed risk (AUC =0.977). Serum sCD163 at a cutoff value >4.05
mg/L modestly discriminated bleeding EV from those that had
never bled (AUC = 0.811). Conclusions: Serum sCD163 levels
accurately predicted high-grade and high-risk EV and could
help plan for primary prophylaxis. However, it modestly iden-
tified VH occurrence, and endoscopy would be required to
make a definitive diagnosis.
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Resumo
Introducdo: A ativacdo dos macrofagos hepaticos na
doenca hepatica estd patogenicamente relacionada com
a hipertensao portal (HP). O CD163 soluvel (sCD163) é li-
bertado no sangue por macréfagos ativados e pode pre-
dizer a progressao da HP de forma ndo invasiva. Este es-
tudo foi desenhado para investigar a relacdao do sCD163
ao grau e risco hemorragico por varizes esofagicas (VE) e
o seu papel da predicdo na hemorragia varicosa (HV). Mé-
todos: Estudo incluiu doentes cirréticos divididos em trés
grupos: doentes com hemorragia digestiva alta aguda
(HDA) por VE, doentes sem histéria de HDA mas com VE
comprovadas endoscopicamente e doentes sem evidén-
cia de VE. O grau, sinais de risco e estigmas hemorragicos
das varizes foram avaliados simultaneamente com a me-
dicao sérica da concentracao de sCD163. Resultados: A
concentragao sérica de sCD163 apresentou um aumento
significativo nos doentes cirréticos comparados com os
individuos saudaveis (>4 mg/L) previu de forma significa-
tiva VE grandes e de alto-risco (AUC=0.910 e AUC=0.939
respectivamente) e o risco index-hemorragico (AUC =
0.977). O valor cut-off de sCD163 sérico >4.05 mg/L discri-
minou de forma modesta VE sangrantes daquelas que
nunca sangraram (AUC =0.811). Conclusées: Os niveis de
sCD163 sérico predizem com acuidade VE grandes e de
alto-risco e podem ajudar a planear a profilaxia primaria.
Contudo, apenas modestamente identificaram a ocorrén-
cia de HV, sendo a endoscopia necessaria para fazer um
diagndstico definitivo.

© 2021 Sociedade Portuguesa de Gastrenterologia

Publicado por S. Karger AG, Basel

Development of portal hypertension (PH) is a main
cornerstone in the natural history of any chronic liver dis-
ease (CLD) regardless of the etiological cause and is re-
sponsible for the majority of complications [1]. Patho-
logical increase in the portal venous pressure determined
as the hepatic venous pressure gradient (HVPG) above
the threshold of 10 mm Hg defines clinically significant
PH and is associated with an increased risk of developing
gastroesophageal varices (GEV) and overt clinical de-
compensation [2]. GEV develop at a rate of 7-8% per year
in patients with compensated cirrhosis, and progression
from small to large varices occurs at a rate of 10-12% per
year, with decompensated cirrhosis being an indepen-
dent predictor of progression [3]. Variceal hemorrhage
(VH) occurs at a rate of around 10-15% per year and de-

Soluble CD163 and Esophageal Variceal
Hemorrhage

pends on the severity of liver disease, the size of varices
and presence of red wale marks on endoscopy [3, 4]. Six-
week mortality, which is recognized as the primary end
point to assess the impact of therapies for acute VH, rang-
es between 15 and 25% [4]. If untreated, recurrent VH
occurs in 60% of patients, usually within 1-2 years of the
index bleed [3, 5]. In patients with GEV, an HVPG >12
mm Hg identifies bleeding risk, an HVPG >16 mm Hg
indicates a higher risk of death, and an HVPG 220 mm
Hg predicts failure to control bleeding, early rebleeding,
and death during acute VH [5, 6]. Despite its excellent
diagnostic and prognostic value, HVPG measurements
require specific expertise, are invasive, relatively expen-
sive, and available only in specialized centers.

There is consensus to perform esophagogastroduode-
noscopy when the diagnosis of cirrhosis is established to
screen for GEV and determine the care of varices [3]. Be-
cause endoscopy is a costly invasive procedure and may
engender a large number of negative examinations, sev-
eral authors have attempted to develop noninvasive reli-
able methods that could predict portal pressure so as to
triage some patients [7]. The Baveno VI criteria were ver-
ified in several clinical studies to stratify high-risk esoph-
ageal varices (EV), and their use can obviate up to 20% of
unnecessary endoscopies and merely 3-4% of patients
with EV who need treatment would be missed [4, 8, 9].
The discriminative accuracy of noninvasive methods in
predicting the presence of any GEV may be limited, al-
though fairly accurate to rule out high-risk varices in pa-
tients with advanced CLD [10].

CD163 is a 130-kDa macrophage lineage-specific pro-
tein that acts as the scavenger receptor of the tight com-
plex of hemoglobin-haptoglobin formed instantly in
plasma when hemoglobin escapes red blood cells during
intravascular hemolysis [11]. A soluble form of CD163
(sCD163) is present in the plasma and other body fluids,
at least partly due to proteolytic shedding of the receptor
from monocytes and macrophages [12]. The protein is
constitutively released from the cells; however, in case of
macrophage recruitment, the concentration increases
acutely due to metalloproteinase-mediated cleavage near
the cell membrane, and therefore sCD163 works as a spe-
cific biomarker of macrophage activation in various
inflammatory diseases, such as hemophagocytic syn-
drome, sepsis, and liver diseases [12, 13]. Concentration
of sCD163 was noticed to increase by 12% from the portal
to the hepatic vein, which confirmed the hypothesis that
sCD163 is mainly produced by the resident hepatic mac-
rophages and can be viewed as a reflection of Kupffer cell
activation in liver diseases [14]. Overexpression of CD163
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in the blood and the liver has been demonstrated in viral
and alcoholic hepatitis and acute liver failure [14-16]. In
liver cirrhosis, sCD163 associates with liver disease sever-
ity scores, increases steeply with HVPG elevations, and
accurately predicts disease progression [14, 17]. The ra-
tionale for using inflammatory serum biomarkers is based
on the fact that PH is pathogenically related to liver in-
jury and fibrosis, and that in turn these are associated
with the activation of inflammatory pathways [18].

Therefore, the present work was designed to investi-
gate the relation of serum sCD163, and other calculated
noninvasive parameters, to the grade and bleeding risk of
EV and the role for prediction of VH in patients with
liver cirrhosis.

The present study included 100 patients with hepatitis C virus
(HCV)-related liver cirrhosis who were referred to the Hepatobi-
liary Unit at Alexandria Main University Hospital. The diagnosis
of liver cirrhosis was based on clinical, laboratory, and ultrasono-
graphic findings. Also, 20 age- and sex-matched healthy subjects
with no evidence of liver disease were included as control group.

Patients included in the study were divided into 3 groups.
Group I (bleeder group) included 40 cirrhotic patients who pre-
sented with acute upper gastrointestinal bleeding (UGIB) proved
to originate from EV on endoscopy. Group II (nonbleeder group)
included 40 cirrhotic patients without any history of UGIB but re-
vealed EV on surveillance endoscopy. Group III (no-varices group)
included 20 cirrhotic patients without any history of UGIB and did
not reveal any EV on surveillance endoscopy. Patients with PH
were excluded from the study in cases of noncirrhotic PH, portal
vein thrombosis or cavernomatosis, current use of noncardio-se-
lective B-blockers, previous endoscopic variceal ligation or sclero-
therapy, transjugular intrahepatic portosystemic stent placement,
previous portosystemic shunt surgery, splenectomy or hepatecto-
my, serious infections or inflammatory diseases, any kind of ma-
lignancy like hepatic or esophageal cancer, or chronic diseases
such as diabetes mellitus and cardiopulmonary or renal diseases.

All patients included in the study were evaluated clinically as
regards age, sex, detailed history of UGIB, and manifestations of
CLD. Routine laboratory investigations done for all patients and
healthy subjects involved complete blood picture and liver test pro-
file. Abdominal ultrasonography was done to assess echo texture of
the liver and the presence of cirrhosis, the presence of ascites, and
the splenic size that is taken as the maximal bipolar diameter from
the inferior splenic tip to the superiomedial extremity. Severity of
liver disease in patients with liver cirrhosis was identified according
to the Child-Pugh class and score. Esophagogastroduodenoscopy
was done for all patients to assess the presence of EV, their size and
grade, the risk signs, and the stigmata of recent bleeding. EV were
simply graded into small or large by quantitative size assessment
with a suggested cutoff diameter of 5 mm, whereby large varices
were those >5 mm in size [2]. The diagnosis of variceal risk signs is
made when diagnostic endoscopy showed any of the following: red
wale marks (defined as longitudinal dilated venules resembling
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whip marks on the variceal surface), or red spots (defined as local-
ized reddish mucosal area or spots on the mucosal surface of a var-
ix) [2, 3]. The diagnosis of VH is made when diagnostic endoscopy
showed any of the following: active bleeding from a varix, a “white
nipple” overlying a varix, clots overlying a varix, or varices with no
other potential source of bleeding [2, 3]. Management of GEV and
VH was made according to the clinical guidelines [3, 4].

Calculation of Noninvasive Parameters

— Aspartate aminotransferase-to-platelet ratio index (APRI) cal-
culated using Wai’s formula as (aspartate aminotransferase
[IU/L]/upper limit of normal [TU/L]) x 100/platelet count (10°
cell number/L) [19]

— Fibrosis-4 score (FIB-4) calculated using Sterling’s formula as
(age [years] x aspartate aminotransferase [IU/L])/(platelet count
[10° cell number/L] x V alanine aminotransferase [IU/L]) [20]

— Platelet count-to-spleen diameter ratio (PSR) calculated as
platelet count (10° cell number/L)/spleen diameter (millime-
ters) [21].

Measurement of Serum sCD163 Level

Quantitative determination of serum sCD163 levels in all pa-
tients and healthy subjects included in the study was performed us-
ing a commercially available enzyme-linked immunosorbent assay
(ELISA) kit (Cat. No.: E-02073hu, Cloud-Clone Corp., Houston,
TX, USA) according to the manufacturer instructions [22]. The se-
rum sCD163 concentration was expressed as milligrams per liter.

Statistical Analysis

Data were fed to the computer and analyzed using the Statisti-
cal Package for Social Sciences (SPSS) software version 20.0. (Ar-
monk, NY, USA; IBM Corp.). Quantitative data were described as
range, mean * SD, and median. Qualitative data were described as
number and percentage. The Kolmogorov-Smirnov test was used
to verify the normality of data distribution. Statistical significance
of the obtained results was judged at the p < 0.05 level. All calcu-
lated p values were 2-tailed. The ¥ test and Fisher’s exact test with
Monte Carlo correction were used for comparison between differ-
ent groups with respect to categorical variables, as appropriate.
Comparisons between 2 groups for normally distributed numeri-
cal variables were done using the Student ¢ test. The Mann-Whit-
ney U test was used to compare between 2 groups for nonnormal-
ly distributed numerical variables. Comparisons between more
than 2 groups as regards normally distributed numerical variables
will be performed by the one-way analysis of variance test with post
hoc (Tukey’s) analysis. Comparisons between more than 2 groups
as regards nonnormally distributed numerical variables will be
performed by the Kruskal-Wallis test with post hoc (Dunn’s) anal-
ysis. Pearson’s correlation coefficient was used to measure the
strength of association of the normally distributed numerical vari-
ables. Spearman’s correlation coefficient was used to measure the
strength of association of the nonnormally distributed numerical
variables. The receiver-operating characteristic curve was plotted
to determine the cutoff value, sensitivity, specificity, and area un-
der the receiver-operating characteristic curve (AUC) for serum
sCD163 concentration and the other calculated noninvasive pa-
rameters to discriminate between the different patient groups. The
positive predictive value (PPV) and negative predictive value
(NPV) were calculated for the cutoff value which showed the high-
est sensitivity and specificity.
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Table 1. Baseline clinical and biochemical data, calculated noninvasive parameters, and endoscopic findings of
the groups of cirrhotic patients included in the study

Bleeder group Nonbleeder group  No-varices group p value
(n =40) (n =40) (n=20)

Age, years

Range 41-65 40-65 35-73

Mean + SD 55.88+7.133 56.78+6.796 52+7.89 0.066
Sex

Male:female 29:11 18:22 11:9 0.022*
Hemoglobin level, g/dL

Mean + SD 9.00+0.953 11.06+1.097 12.06+1.91 <0.001*
Leukocyte count, x10%>/mm?

Mean + SD 4.80+1.845 5.74+1.801 5.14+1.68 0.069
Platelet count, x10*/mm?

Mean + SD 104.80+29.715 127.23+24.288 135.10+£53.74 0.002*
Serum AST, U/L

Mean + SD 52.77+19.243 50.78+19.112 47.70+23.04 0.660
Serum ALT, U/L

Mean + SD 34.70+£14.972 35.63+£15.256 55.95+21.48 <0.001*
Serum albumin, g/dL

Mean + SD 3.13+0.433 3.40+0.356 3.40+0.52 0.022*
Serum bilirubin, mg/dL

Mean + SD 1.62+0.641 1.15+0.549 1.13+0.80 0.002*
Prothrombin activity, %

Mean + SD 71.10+8.038 75.12+11.411 79.13£15.69 0.034
Child-Pugh class

A:B:.C 24:12:4 21:16:3 15:3:2 0.633
Child-Pugh score

Mean + SD 6.82+1.318 6.00£1.539 5.70+2.0 0.028*
Variceal grade

Small:large 9:31 28:12 NA <0.001*
Variceal risk signs

Absent:present 8:32 26:14 NA <0.001*
Congestive gastropathy

None:mild:severe 0:8:32 8:18:14 9:10:1 <0.001*
APRI

Mean + SD 1.34+0.645 1.02+0.460 1.11+0.72 0.055
FIB-4

Mean + SD 5.22+2.263 3.91+1.150 2.77%1.31 <0.001*
PSR

Mean + SD 606.89+231.346 858.57+251.300 997.65+436.48 <0.001*

ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI, aspartate aminotransferase-to-plate-
let count ratio index; FIB-4, fibrosis-4 index; PSR, platelet count-to-spleen diameter ratio; NA, not applicable.

* Statistically significant at p < 0.05.

Baseline clinical and biochemical data, calculated non-
invasive parameters, and endoscopic findings of the
groups of cirrhotic patients included in the study are pre-
sented concisely in Table 1.

Soluble CD163 and Esophageal Variceal
Hemorrhage

Serum sCD163 Level

Serum sCD163 concentration ranged between 2.99
and 13.59 and 1.7 and 5.15 mg/L in cirrhotic patients of
the bleeder group and the nonbleeder group, respectively,
and it ranged between 1.56 and 3.6 mg/L in cirrhotic pa-
tients of the no-varices group, while it ranged between 1.5
and 2.7 mg/L in healthy subjects. The mean value of se-
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Table 2. Statistical comparison between the groups of cirrhotic patients included in the study and healthy subjects
as regards soluble CD163 (sCD163) serum levels (mg/L)

Parameter Bleeder group Nonbleeder group No-varices group Healthy subjects
(n=40) (n=40) (n=20) (n=20)
Serum sCD163, mg/L
Range 2.99-13.59 1.70-5.15 1.56-3.60 1.50-2.70
Median 4.35 3.80 3.01 2.15
Mean + SD 5.27+2.407 3.68+0.824 2.91+0.661 2.08+0.343
H, p value H = 68.019%, p < 0.001*

Significance between groups  p; < 0.001* p, < 0.001%, p3 < 0.001%, ps = 0.062, p5 - 0.044* ps_0.896

H, Kruskal-Wallis test. Pairwise comparison between each 2 groups was done using the post hoc test (Dunn’s
test for multiple comparisons). * Statistically significant at p < 0.05. p, p value for comparing between the differ-
ent studied groups. p;, p value for comparing bleeder group and nonbleeder group; p,, p value for comparing
bleeder group and no-varices group; ps, p value for comparing bleeder group and healthy subjects; p,, p value for
comparing nonbleeder group and no-varices group; ps, p value for comparing between nonbleeder group and

healthy subjects; pe, p value for comparing no-varices group and healthy subjects.
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groups of cirrhotic patients included in the
study and healthy subjects as regards solu-
ble CD163 (sCD163) serum levels (mg/L).

rum sCD163 levels showed a significant increase in all the
groups of cirrhotic patients compared to healthy subjects
(p <0.001) with a stepwise increase among the no-varices
group, the nonbleeder group, and the bleeder group se-
quentially (Table 2; Fig. 1).

Statistical Correlation of sCD163 and the Other

Calculated Noninvasive Parameters (APRI, FIB-4,

PSR) to the Variceal Grade and Risk Signs

The mean value of serum sCD163 correlated positive-
ly with the grade of EV and the presence of variceal risk
signs in the total sample of cirrhotic patients (p < 0.001
each) as well as in cirrhotic patients of both the bleeder
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group and the nonbleeder group (p = 0.002, p < 0.001 and
p =0.004, p < 0.001, respectively; Tables 3, 4).

The mean value of APRI showed a positive correla-
tion with the grade of EV and the presence of variceal
risk signs in the total sample of cirrhotic patients (p <
0.001 each) and in cirrhotic patients of the nonbleeder
group (p = 0.006 each) but not cirrhotic patients of the
bleeder group (p = 0.103 and p = 0.079, respectively; Ta-
bles 3, 4). Also, the mean value of FIB-4 correlated pos-
itively with the grade of EV and the presence of variceal
risk signs in the total sample of cirrhotic patients (p <
0.001 each) and in cirrhotic patients of the nonbleeder
group (p < 0.001 each) but not cirrhotic patients of the
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Table 3. Statistical correlation of soluble CD163 (sCD163) and the
other calculated noninvasive parameters (APRI, FIB-4, PSR) to the
variceal grade in the total sample and each group of cirrhotic pa-
tients included in the study

Table 4. Statistical correlation of soluble CD163 (sCD163) and the
other calculated noninvasive parameters (APRI, FIB-4, PSR) to the
variceal risk signs in the total sample and each group of cirrhotic
patients included in the study

Variceal grade

Variceal risk signs

bleeder nonbleeder total sample bleeder nonbleeder total sample

sCD163 sCD163

r 0.467 0.691 0.709 r 0.447 0.789 0.752

p 0.002* <0.001* <0.001* p 0.004* <0.001* <0.001*
APRI APRI

r 0.261 0.424 0.434 r 0.281 0.431 0.445

p 0.103 0.006* <0.001* P 0.079 0.006* <0.001*
FIB-4 FIB-4

r 0.296 0.702 0.568 r 0.230 0.652 0.521

p 0.064 <0.001* <0.001* P 0.153 <0.001* <0.001*
PSR PSR

r -0.621 -0.752 -0.772 r -0.567 -0.743 -0.772

p <0.001* <0.001* <0.001* p <0.001* <0.001* <0.001*

APRI, aspartate aminotransferase-to-platelet count ratio in-
dex; FIB-4, fibrosis-4 index; PSR, platelet count-to-spleen diame-
ter ratio; sCD163, soluble CD163. * Statistically significant at p <
0.05.

APRI, aspartate aminotransferase-to-platelet count ratio in-
dex; FIB-4, fibrosis-4 index; PSR, platelet count-to-spleen diame-
ter ratio; sCD163, soluble CD163. * Statistically significant at p <
0.05.

bleeder group (p = 0.064 and p = 0.153, respectively; Ta-
bles 3, 4). However, the mean value of PSR correlated
negatively with the grade of EV and the presence of var-
iceal risk signs in the total sample of cirrhotic patients
(p < 0.001 each) as well as in cirrhotic patients of both
the bleeder group and the nonbleeder group (p < 0.001
each; Tables 3, 4).

Performance of sCD163 to Predict EV Presence in

Cirrhotic Patients

Serum sCD163 at the cutoff value of 3.6 mg/L signifi-
cantly predicted EV presence in cirrhotic patients with
100% sensitivity and 100% NPV (AUC = 0.888, accuracy
= 80%, p < 0.001) (Table 5; Fig. 2).

Performance of sCD163 and the Other Calculated

Noninvasive Parameters (APRI, FIB-4, PSR) to

Predict High-Grade and High-Risk EV in Cirrhotic

Patients

Serum sCD163 at a cutoff value >4 mg/L yielded sig-
nificant prediction of cirrhotic patients with large-size
EV (AUC = 0.910, accuracy = 82%, p < 0.001; Table 6;
Fig. 3) and high-risk EV (AUC = 0.939, accuracy = 87.8%,
P <0.001; Table 7; Fig. 4). Moreover, serum sCD163 at the
same cutoff value significantly predicted the risk of index

Soluble CD163 and Esophageal Variceal
Hemorrhage
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Fig. 2. Performance of soluble CD163 (sCD163) to predict pres-
ence of esophageal varices in the total sample of cirrhotic patients
included in the study.
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Table 5. Performance of soluble CD163 (sCD163) to predict EV presence in the total sample of cirrhotic patients
included in the study

AUC pvalue 95% CI Cutoff  Sensitivity Specificity PPV~ NPV Accuracy
LL UL
sCD163  0.888 <0.001* 0.809  0.942 <3.6 100 75.00 50.0 100 80.00

AUC, area under the curve; CI, confidence interval; LL, lower limit; UL, upper limit; PPV, positive predictive
value; NPV, negative predictive value; sCD163, soluble CD163. * Statistically significant at p < 0.05.

Table 6. Performance of soluble CD163 (sCD163) and the other calculated noninvasive parameters (APRI, FIB-
4, PSR) to predict high-grade esophageal varices in the total sample of cirrhotic patients included in the study

AUC pvalue 95% CI Cutoff  Sensitivity Specificity PPV~ NPV Accuracy
LL UL
sCD163 0910 <0.001* 0.825 0.963 >4.0 95.35 78.38 83.7 87.80  82.00
APRI 0.749 <0.001* 0.639  0.839 >1.6 39.53 100.00 100.0 51.40 49.80
FIB-4 0.829  <0.001* 0.728  0.904 >3.68 83.70 73.00 78.3 60.80  65.80
PSR 0.947 <0.001* 0.872  0.984 <685 83.70 91.90 92.3 87.00 89.40

AUG, area under the curve; CI, confidence interval; LL, lower limit; UL, upper limit; PPV, positive predictive
value, NPV, negative predictive value; APRI, aspartate aminotransferase-to-platelet count ratio index; FIB-4, fi-
brosis-4 index; PSR, platelet count-to-spleen diameter ratio; sCD163, soluble CD163. * Statistically significant at
p<0.05.

100
90
80
70
5 60
=
=R
c
A
40
30
— sCD163 20 — sCD163
— APRI 10 — APRI
— FIB-4 PB4
..... PSR 0 .~ PSR
A T AT
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
100 - specificity 100 - specificity

Fig. 3. Performance of soluble CD163 (sCD163) and the other cal-  Fig. 4. Performance of soluble CD163 (sCD163) and the other cal-
culated noninvasive parameters (APRI, FIB-4, PSR) to predict culated noninvasive parameters (APRI, FIB-4, PSR) to predict
high-grade esophageal varices in the total sample of cirrhotic pa-  high-risk esophageal varices in the total sample of cirrhotic pa-
tients included in the study. tients included in the study.
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Table 7. Performance of soluble CD163 (sCD163) and the other calculated noninvasive parameters (APRI, FIB-
4, PSR) to predict high-risk esophageal varices in the total sample of cirrhotic patients included in the study

AUC pvalue 95% CI Cutoff  Sensitivity Specificity PPV~ NPV Accuracy
LL UL
sCD163 0.939 <0.001* 0.862  0.980 >4.0 95.70 85.30 89.8 9540 87.80
APRI 0.757 <0.001* 0.648 0.846 >0.80 73.90 64.70 7390 50.20 51.40
FIB-4 0.804 <0.001* 0.700 0.884 >4.83 52.17 97.06 96.0 78.80 60.80
PSR 0.935 <0.001* 0.857 0.978 <685 80.43 94.12 9490 89.80 87.00

AUC, area under the curve; CI, confidence interval; LL, lower limit; UL, upper limit; PPV, positive predictive
value; NPV, negative predictive value; APRI, aspartate aminotransferase-to-platelet count ratio index; FIB-4, fi-
brosis-4 index; PSR, platelet count-to-spleen diameter ratio; sCD163, soluble CD163. * Statistically significant at

p <0.05.
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Fig. 5. Performance of soluble CD163 (sCD163) and the other cal-
culated noninvasive parameters (APRI, FIB-4, PSR) to predict the
risk of index bleed in cirrhotic patients of the nonbleeder group
included in the study.

bleed in the nonbleeder group with 100% PPV (AUC =
0.977, accuracy = 95.4%, p < 0.001; Table 8; Fig. 5).

All the other calculated noninvasive parameters per-
formed significantly for prediction of high-grade and
high-risk EV with considerable sensitivities and specific-
ities. Amongst them, PSR at a cutoff value <685 had the
best diagnostic performance in identifying cirrhotic pa-
tients with large-size EV (AUC =0.947, accuracy = 89.4%,
P <0.001; Table 6; Fig. 3) and cirrhotic patients with high-
risk EV (AUC = 0.935, accuracy = 87%, p < 0.001; Table
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Fig. 6. Performance of soluble CD163 (sCD163) and the other cal-
culated noninvasive parameters (APRI, FIB-4, PSR) to predict var-
iceal hemorrhage occurrence in the total sample of cirrhotic pa-
tients included in the study.

7; Fig. 4). Moreover, PSR at a cutoff value <673.33 sig-
nificantly predicted the risk of index-bleed in the non-
bleeder group with 85.7% PPV (AUC = 0.949, accuracy =
89.8%, p < 0.001; Table 8; Fig. 5).

Performance of sCD163 and the Other Calculated

Noninvasive Parameters (APRI, FIB-4, PSR) to

Predict VH Occurrence in Cirrhotic Patients

Serum sCD163 at a cutoff value >4.05 mg/L (AUC =
0.811, accuracy = 62.2%, p < 0.001) modestly discrimi-
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Table 8. Performance of soluble CD163 (sCD163) and the other calculated noninvasive parameters (APRI, FIB-
4, PSR) to predict the risk of index bleed in cirrhotic patients of the nonbleeder group included in the study

AUC pvalue 95% CI Cutoff  Sensitivity Specificity PPV~ NPV Accuracy
LL UL
sCD163 0.977 <0.001* 0.871  1.000 >4.0 92.9 100 100 62.20  95.40
APRI 0.751 0.002* 0.590 0.874 >0.7 85.7 53.85 50 36.00 50.20
FIB-4 0.894 <0.001* 0.756  0.969 >3.58 92.9 76.9 68.4 3440  78.80
PSR 0.949 <0.001* 0.830 0.994 <673.33 85.7 92.3 85.7 54.00  89.80

AUC, area under the curve; CI, confidence interval; LL, lower limit; UL, upper limit; PPV, positive predictive
value; NPV, negative predictive value; APRI, aspartate aminotransferase-to-platelet count ratio index; FIB-4, fi-
brosis-4 index; PSR, platelet count-to-spleen diameter ratio; sCD163, soluble CD163. * Statistically significant at

p<0.05.

Table 9. Performance of soluble CD163 (sCD163) and the other calculated noninvasive parameters (APRI, FIB-
4, PSR) to predict variceal hemorrhage occurrence in the total sample of cirrhotic patients included in the study

AUC pvalue 95% CI Cutoff  Sensitivity Specificity PPV~ NPV Accuracy
LL UL
sCD163  0.811 <0.001* 0.708  0.890 >4.05 87.5 72.5 76.1 853 62.20
APRI 0.680  0.003* 0.567 0.780 >0.7 90.0 40.0 60.0  80.0 36.00
FIB-4 0.672  0.005* 0.558 0.773 >5.01 42.5 92.5 85.0 61.7 34.40
PSR 0.770  <0.001* 0.663  0.857 <678.95 47.5 100.0 100.0 65.6 54.00

AUG, area under the curve; CI, confidence interval; LL, lower limit; UL, upper limit; PPV, positive predictive
value; NPV, negative predictive value; APRI, aspartate aminotransferase-to-platelet count ratio index; FIB-4, fi-
brosis-4 index; PSR, platelet count-to-spleen diameter ratio; sCD163, soluble CD163. * Statistically significant at

p<0.05.

nated cirrhotic patients with bleeding EV from cirrhotic
patients with EV that had never bled yet with 85.3% NPV
(Table 9; Fig. 6).

PSR at a cutoff value <678.95 (AUC = 0.770, accuracy
= 54%, p < 0.001) had the best diagnostic performance
among the other calculated noninvasive parameters in
discriminating cirrhotic patients with bleeding EV from
cirrhotic patients with nonbleeding EV with 100% PPV
(Table 9; Fig. 6).

PH is a key event in the progression of most CLDs and
is responsible for the majority of consequences of liver
cirrhosis [1]. Kupffer cells and recruited macrophages
play important roles in infection, inflammation, cell
death, and fibrogenesis seen in cirrhosis and are often
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linked to the development of PH-related complications
[23]. PH increases bacterial translocation and endotox-
emia, which induces an inflammatory response in the liv-
er and in the systemic circulation and increases portal
venous pressure [24]. This vicious circle seems to be due
to the endotoxin load leading to increased release of vari-
able proinflammatory cytokines, activation of tumor ne-
crosis factor-producing macrophages and monocytes,
and subsequent coactivation of hepatic stellate cells lead-
ing to fibrosis [25, 26]. This sequence of events suggested
that Kupfter cells, the fixed hepatic macrophages consti-
tuting the large majority of body macrophages, play an
important role as a mediator between inflammation and
PH [26]. CD163 is a macrophage lineage-related hemo-
globin-haptoglobin scavenger receptor and a specific
marker for macrophage activation [27]. The soluble form
of CD163 is shed into the circulation after Toll-like recep-
tor activation, and the serum concentrations of sCD163
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are accordingly elevated during conditions of macro-
phage activation and proliferation [11, 28].

Patients with liver disease, such as hepatitis and cirrho-
sis, have high sCD163 levels which is probably related to
the high number of activated Kupffer cells with strong
CD163 expression in these conditions [14, 16]. Patients
with acute hepatic failure have very high serum concen-
trations of sCD163, comparable with those in patients
with macrophage activation syndrome, and a cutoff value
of 26 mg/L identifies patients who are at high risk for mor-
tality with a sensitivity and specificity of 62 and 81%, re-
spectively [16, 29]. The concentration of sCD163 is highly
increased in patients with liver cirrhosis, however, with a
large variation among individual patients as related to the
severity of the disease [30, 31]. Gronbacek et al. [17] re-
ported that the circulating sCD163 concentration was
nearly 3 times higher in cirrhotic patients than in controls.
Even greater serum sCD163 levels compared to the values
in healthy subjects were reported in other studies [14, 30].
In cirrhosis, serum sCD163 concentration is positively as-
sociated with the model for end-stage liver disease score
and the Child-Pugh class, although the association with
standard liver tests is weak or absent [14, 17, 30-32].
Moreover, cirrhotic patients who progressed from com-
pensated liver disease showed a mean 2.5 times higher se-
rum sCD163 concentration, and hence it could predict
disease progression [30]. Interestingly, serum sCD163
was a strong predictor of overall survival in cirrhotic pa-
tients independently of the model for end-stage liver dis-
ease score, systemic inflammatory response, age, and gen-
der [31]. These associations have important implications
for using sCD163 as a prognostic marker in cirrhosis.

Interestingly, the plasma sCD163 concentration was
linearly related to the portal venous pressure even after
adjustment for cirrhosis status. This strong positive cor-
relation to PH has been shown in 2 cohorts of cirrhotic
patients and further confirmed in independent studies
[14, 17, 31]. Gronbaek et al. [17] found that HVPG rose
steeply to an asymptote of 22 mm Hg with increasing se-
rum sCD163 up to 5 mg/L but not to higher values with
higher sCD163 levels. A serum sCD163 cutoff value >3.95
mg/L (AUC = 0.83) predicted HVPG 210 mm Hg with
PPV of 99%, yielding 66% sensitivity and 94% specificity.
The biological explanation for such an association could
be a direct involvement of Kupffer cells in the propagation
of portal pressure by release of vasoactive substances and
by propagation of fibrous tissue formation [17, 26]. Hol-
land-Fischer et al. [14] found that Kupffer cells were acti-
vated in patients with liver cirrhosis in parallel with their
PH; however, interestingly, the serum sCD163 concentra-
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tion did not change after mechanical reduction of portal
pressure by installation of a transjugular intrahepatic por-
tosystemic stent. These findings suggested that Kupffer
cell activation is a constitutive event which may play a
pathogenic role for cirrhotic PH, and that sCD163, being
a specific marker of activated macrophages, may indepen-
dently predict HVPG and identify cirrhotic patients with
clinically significant PH, but probably unsuitable for
monitoring a reduction in portal venous pressure.

A pathological increase in the HVPG above the thresh-
old of 10 mm Hg leads to the formation of portocaval
shunts such as GEV with an increased risk of serious
bleeding [3]. Supporting the relationship between sCD163
and portal pressure, a large Chinese study showed that the
circulating sCD163 level was significantly elevated in cir-
rhotic patients complicated by EV compared to patients
without EV (p =0.015) [33]. A serum sCD163 cutoff value
of 7.05 mg/L (AUC = 0.811) was good for predicting the
presence of EV with 80% sensitivity and 89% specificity.
Similarly, other studies found that the serum sCD163 lev-
el can distinguish cirrhotic patients having EV from those
without varices with good sensitivities and specificities
[14, 16, 17]. An Egyptian study found that the mean serum
sCD163 level in cirrhotic patients with and without EV
was increased fairly 3 times more than that of the control
group and nearly doubled in patients with EV than pa-
tients without varices (p = 0.001); hence, it could poten-
tially predict the presence of EV in Child-Pugh class A
cirrhotic patients [34]. Another study found that serum
sCD163 is a good noninvasive predictor for the presence
of EV and may be used to determine the grade of varices
[35]. It showed that the median serum sCD163 concentra-
tion was significantly elevated in cirrhotic patients with
and without EV compared to healthy subjects (p = 0.009)
and significantly higher in patients with large-size EV
compared to patients with small-size varices (p < 0.001).
This study suggested a cutoff value >191.71 ng/mL (AUC
= 0.82) of serum sCD163 concentration to predict the
presence of EV with a PPV of 86.1%, yielding 77.5% sen-
sitivity and 75% specificity, and a cutoff value >199.19 ng/
mL (AUC = 0.863) for the detection of large-size EV with
a PPV 0f 89.5%, yielding 85% sensitivity and 90% specific-
ity. Although another study reported that serum sCD163
cannot predict the presence of varices, its concentration
was found to be significantly higher in patients with large-
size EV (p = 0.012) and varices requiring treatment (p =
0.03); hence, it could serve as a good determinant of the
grade of EV and the need for interventions [32].

In a cohort of cirrhotic patients, it was shown that pa-
tients with high serum sCD163 levels at baseline had a

GE Port ] Gastroenterol 2022;29:82-95 91
DOI: 10.1159/000516913



significantly higher risk of variceal bleeding in compari-
son to patients with a low concentration during follow-
up, and a serum sCD163 level >4,100 ng/L was associated
with VH independently of the variceal stage and red spots
identified by gastroscopy [31]. Similarly, another study
showed that serum sCD163 levels were significantly high-
er in patients at high risk of bleeding (p = 0.04), and the
bleeder patients who experienced VH (p = 0.001) [32].
These studies suggested that plasma sCD163 could be a
new independent noninvasive predictor for bleeding
from EV in patients with liver cirrhosis.

Based on the results of the present work, the stepwise
increase in serum sCD163 concentration in cirrhotic pa-
tients with varices and those who bled from EV compared
to those who had never experienced UGIB suggests that
the level of sSCD163 expression could reflect the severity
of PH. Also, the direct correlation of the serum sCD163
level to the grade of EV and the presence of variceal risk
signs on endoscopy whatever the state of UGIB indicates
that the serum sCD163 concentration could identify a
subset group of cirrhotic patients who have varices need-
ing treatment and those at risk of index bleed, so it could
help decide on the need for doing endoscopy in order to
plan for primary prophylaxis of varices in such cirrhotic
patients. Hence; serum sCD163 is a potentially reliable
simple noninvasive biomarker of PH, and its use could at
least help refine the Baveno VI criteria. Unfortunately,
the circulating sCD163 level performed modestly in dis-
criminating cirrhotic patients with bleeding EV from
those with EV that had never bled yet, and endoscopy
would be required to make a definitive diagnosis of VH
occurrence.

Noninvasive models such as APRI and FIB-4 were use-
ful in predicting severe liver fibrosis or cirrhosis; howev-
er, it remains unknown whether these markers could
identify patients without high-risk varices among those
who do not meet the Baveno VI criteria [36, 37]. APRI
was first introduced as a simple noninvasive test for the
diagnosis of significant fibrosis and cirrhosis of various
etiologies [19]. Subsequently, studies have shown that
APRI correlated with HVPG, and an APRI of >1.09 had
a diagnostic accuracy of 68% for predicting HVPG >12
mm Hg and hence could fairly predict the presence of EV
[38, 39]. Sebastiani et al. [40] suggested APRI at a cutoff
value of 1.4 for the prediction of EV and a cutoff value of
1.5 for the detection of large EV. Moreover, other studies
proposed APRI at almost similar cutoff values for the pre-
diction of EV [41-43]. However, Stefanescu et al. [44]
suggested APRI at a cutoff value >2.201 (AUC = 0.538)
for the detection of large EV. An Egyptian study reported
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that APRI at a cutoff value >1.26 (AUC = 0.695) could
predict the presence of EV with PPV 0f 81.42%, and APRI
at a cutoff value >1.47 (AUC = 0.734) could predict large
EV [45]. Another study suggested a cutoff value of APRI
>0.16 for the detection of EV and prediction of large EV
[46]. Nevertheless, other studies found that the mean
APRI was not significantly different between cirrhotic pa-
tients with small EV and those with large EV, and hence
unable to predict the grade of EV, although it could iden-
tify varices [34, 35]. A retrospective study of a cohort of
cirrhotic and noncirrhotic patients with acute UGIB eval-
uated APRI, among other noninvasive parameters, as
predictors of VH [37]. For all patients with UGIB, APRI
appeared to accurately predict the presence of varices pri-
or to endoscopy and to be slightly less accurate in predict-
ing a variceal culprit lesion as the cause of bleeding. For
cirrhotic patients with UGIB, however, APRI did not dis-
tinguish between a variceal culprit and other lesions, and
the optimal cutoff value useful for predicting varices as
the culprit bleeding lesion could not be identified.

The FIB-4 score is a test derived from the Apricot da-
tabase which produced interesting results as a good non-
invasive marker of liver fibrosis in HCV-related CLD with
performances similar to the Fibrotest [20]. FIB-4 was also
tried for the prediction of EV in patients with liver cirrho-
sis [40, 44]. Sebastiani et al. [40] found that FIB-4 could
fairly identify EV at a cutoff value >3.5 (AUC = 0.64),
while the cutoff value 24.3 (AUC = 0.63) was good for the
prediction of large EV. Stefanescu et al. [44] used FIB-4
for the diagnosis of EV at a cutoff value >3.98, while the
cutoff value >6.75 performed well for the prediction of
large EV. A much lower FIB-4 cutoff value at 2.8 was pro-
posed in another study for predicting EV with a PPV of
92.7%, yielding 76% sensitivity and 80% specificity [47].
Nevertheless, other studies found that the mean FIB-4 was
not discriminative between small and large EV, and hence
unable to predict the variceal grade, although a high FIB-4
could potentially predict the presence of varices [34, 35].
Morishita et al. [48] included patients with HCV-related
cirrhosis in a study to assess the clinical usefulness of
acoustic radiation force impulse and other noninvasive
parameters in the diagnosis of EV presence and risk. The
acoustic radiation force impulse had the best diagnostic
performance for predicting EV presence and identifying
high-risk varices compared with APRI and FIB-4, al-
though the serum-based parameters performed signifi-
cantly. FIB-4 at a cutoff value of 6.21 (AUC = 0.745) and
APRI at a cutoff value of 1.5 (AUC = 0.684) fairly diag-
nosed the presence of EV with acceptable performance.
Moreover, FIB-4 at a cutoff value of 7.7 (AUC = 0.741) and
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APRI at a cutoff value of 1.62 (AUC = 0.669) significantly
predicted high-risk EV with good accuracy.

The PSR is an easy-to-calculate index that initially
showed an excellent performance for the prediction of EV
at a cutoff value of 909, with NPV of 100% and PPV of
96%, and was confirmed to be reproducible even in the
subgroup of patients with compensated disease [21]. Lat-
er, a multicenter study using the 909 ratio showed that the
test performed less well than in the original study with
PPV of 76.6% and NPV of 87.0% [49]. In validation stud-
ies, the test was less useful when compared with other
noninvasive methods for EV prediction at different cutoff
points [50-52]. Nevertheless, an Egyptian study reported
a cutoft value of PSR at 939.7, which is very close to that
reported by Giannini et al. [49], for prediction of EV pres-
ence in cirrhotic patients at 96.5% diagnostic accuracy
[53]. Agha et al. [54] identified a PSR of 792 as the best
cutoff value for the presence of EV in patients with com-
pensated HCV-related cirrhosis and suggested that a
greater ratio could be useful to identify patients at low risk
of having EV on endoscopic surveillance. A modestly
lower cutoff value was reported in other studies yielding
good sensitivities and specificities for prediction of EV in
cirrhotic patients, but it did not appear to predict the
grade of varices [35, 55]. Excitingly, an Egyptian study
used a cut-off value of 1,326.58 for the PSR to predict EV
in HCV-related cirrhosis at 96.34% sensitivity and 94%
diagnostic accuracy [56]. A meta-analysis of 20 studies
calculated a sensitivity and specificity of 92 and 87% for
the PSR, respectively, but there was a significant hetero-
geneity among the included studies, with some of them
showing NPV as low as 43% [57].

A large cohort of Japanese patients with CLD were en-
rolled in a study to validate the clinical value of liver stiff-
ness-spleen size-to-platelet ratio risk score and other non-
invasive parameters for EV detection and identification of
high-risk varices [58]. The liver stiffness-spleen size-to-
platelet ratio risk score had the highest discrimination for
EV presence and severity, although the other noninvasive
parameters performed well. PSR at a cutoff value of 1,330
(AUC = 0.807) and FIB-4 at a cutoff value of 4.1 (AUC =
0.779) and APRI at a cutoff value of 1.2 (AUC = 0.749)
significantly predicted the presence of EV at high diagnos-
tic accuracies. Moreover, PSR at a cutoff value of 990
(AUC = 0.817) and APRI at a cutoff value of 1.7 (AUC =
0.762) and FIB-4 at a cutoff value of 5 (AUC = 0.716) fair-
ly diagnosed high-risk EV with good performance.

In a cross-sectional study of Indian patients with alco-
holic cirrhosis, Kothari et al. [59] found that only the PSR
at a cutoff value <997 (AUC = 0.656) was significant for
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predicting EV with a diagnostic accuracy of 52.97%. In-
terestingly, PSR at a cutoff value <985 (AUC = 0.78)
showed a good sensitivity of 81.97% with a diagnostic ac-
curacy of 68.81% for the prediction of VH on follow-up.
Also, FIB-4 at a cut-off value >3.91 (AUC = 0.74) per-
formed well for the diagnosis of VH, yielding sensitivity
of 72.13% and specificity of 60.28% with a diagnostic ac-
curacy of 63.86%. Meanwhile, APRI at a cutoff value
>1.05 (AUC = 0.72) showed lower sensitivity and speci-
ficity for the prediction of VH. This study suggested that
PSR and FIB-4 may be the most useful among the arma-
mentarium of noninvasive parameters for predicting the
risk of VH in alcoholic cirrhosis. Nevertheless, in another
study, Kraja et al. [60] found that none of the noninvasive
parameters turned out to be a useful predictor of the in-
dex VH during the follow-up of nonbleeder patients with
liver cirrhosis of variable etiologies.

Based on the results of the present work, the associa-
tion of APRI, FIB-4, and PSR parameters to the grade of
EV and the presence of variceal risk signs on endoscopy
indicates that these noninvasive parameters could help
identify cirrhotic patients with EV at a high probability of
bleeding. Among the calculated noninvasive parameters,
PSR yielded the highest discrimination for EV presence
and severity, with acceptable predictability of VH in pa-
tients with liver cirrhosis.

In conclusion, the clinical usefulness of serum sCD163
solely or as a supplement to a panel of noninvasive ap-
proach to predict clinically significant PH and its major
sequel of VH in cirrhotic patients could have an impor-
tant future clinical implication with the objective to sub-
stitute for endoscopic surveillance and improve the
guidelines for the prophylaxis of EV and management of
VH.

In order to correct for the limitations in the present
work, it may be recommended that the validity of serum
sCD163 to predict the bleeding risk of EV, the occurrence
of VH, and even the variceal recurrence after endoscopic
obliteration in cirrhotic patients should be extensively
studied in prospective longitudinal studies of large-scale
populations with inclusion of patients with etiologies of
chronic liver disease other than HCV infection. More-
over, future research is imperative to fully explore the po-
tential role of sCD163 in other clinical stages of CLD (like
decompensated liver disease) and discover its potential
contribution to liver disease progression and prognosis.
Further studies to search for any significant role of
sCD163 in the pathophysiology of other consequences of
PH (like ascites and spontaneous bacterial peritonitis)
should be done as well.
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