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Abstract

Aim of the study: To investigate plasma D-dimer levels in correlation with Child-Pugh-Turcotte
(CTP) and Model for End-Stage Liver Disease (MELD) scores in patients with liver cirrhosis (LC) of
different severity, as well as the correlation with LC-associated clinical, biochemical parameters and
complications. Material and methods: Fifty patients with LC were divided in three groups according
to LC severity using the CTP Score (CTP-A, CTP-B, CTP-C). The levels of D-dimer were measured in
sodium-citrate plasma on Siemens, BCS XP Blood Coagulometer. Kruskal-Wallis test was used to
compare D-dimer levels between the groups. Mann-Whitney U test was used to evaluate the difference
of D-dimer levels in groups with different MELD score, and to evaluate the difference in D-dimer levels
in patients with presence or absence of ascites and the difference of D-dimer levels in patients with
or without spontaneous bacterial peritonitis (SBP). Pearson’s coefficient of correlation was used to
evaluate the correlation between D-dimer levels with MELD score and the correlation between D-dimer
levels and the concentration of LC-associated biochemical, clinical parameters and complications.
Results: D-dimer levels increased with severity of the disease as assessed with CTP and MELD scores,
with a statistically significant difference between the groups (p=.0000 and p=.0001, respectively).
Group CTP-C demonstrated the highest D-dimer levels, followed by groups B and A. Patients with SBP
had significantly higher levels of D-dimers than patients without SBP (p=.0006). A significant positive
correlation between D-dimers and CTP and MELD score was detected (r= 0.74 and r=0.44, respectively;
p<.001). A correlation between D-dimer levels and several biochemical parameters characterizing
progressive liver dysfunction was observed. From all investigated biochemical parameters, the
highest significant correlation was detected between D-dimer levels and the concentration of serum
albumin (r= -0.65, p<.001). Conclusions: Plasma D-dimer levels are tightly correlated with the degree
of liver dysfunction and LC-associated complications. Therefore, D-dimer levels could be utilized as
a prognostic stratification marker and adjunctive diagnostic marker in LC-associated complications.
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VsBamok

[len Ha cryzmjara: Jla ce ucnita HUBOTO Ha Jl-IMepH Bo M1a3Ma Bo Kopesariyja co KIMHAUKMATE CKOPOBIL
Child-Pugh-Turcotte (CTP) u Model for End-Stage Liver Disease (MELD) kaj narmeHT# co 1ipHofpobHa 1u-
po3a co pasAYHa TeKIMHA, KAKO 1 HIBHA KOpeyalja co KITMHUIKY, OMOXeMUCKH TTapaMeTpyl 1 KOMITIH-
Kaliy MOBP3aHK Co 1[pHOf[poOHa 1po3a. Marepujaru v Metopu: BKymHo 50 matieHTH co 1ipo3a Ha 1[pH
7ipob Gea MoiesieHy BO TPH TPYIH CTIOpe]] TeXKMHATA Ha [Mpo3a Ha LipHIoT pob Bp3 ocHosa Ha CTP Score
(CTP-A, CTP-B, CTP-C). KonuenTpanujata Ha JI-immepuTe Oetiie ofjpe/ieHa BO I1a3Ma co HaTPUyM LATpar
Kopuctejkn ro Siemens, BCSXP kpBHuoT Koarynometap. Kruskal-Wallis Tector berrie kopucteH 3a fia ce
criopepiar HiuBoata Ha J[-mumepu riomery CTP rpymmre. Mann-Whitney U Tector Gelile HarpaBeH 3a jia ce
OfIpe/ii pa3/KaTa Bo HUBoaTa Ha JI-inMepute romery rpymite co pasmiuer MELD ckop, 11 3a fia ce otjeru
pas/MKaTa Bo HUBoaTa Ha Jl-MepuTe Kaj atyeHTy Co PUCYCTBO WM OTCYCTBO Ha aCLIUT 1 pas/ivKaTa BO
HIBOATA Ha JI-IMMepyTe Kaj MaLeHTH co ik Oe3 crioHTaH baktepucku neputorutic (SBP). Pearson-oBu-
oT KoedpuIiieHT Ha Kopenariija Oellle KOprCTeH 3 Jla ce olleHV Kopearjjara moMery HuBoata Ha [l-7iime-
pu co MELD cKopoT 11 Kopernariyjata moMery HuBoata Ha [I-IMepu 1 KOHLIeHTpaLjaTa Ha OMOXeMICKH,
KTMHIUKY TTAPAMETPH 1 KOMIUIMKAIY TIOBP3aHHU CO [PHOApoOHa 1po3a. Pesynrati: KoHreHTpatmjaTa
Ha [I-mmepuTe ce 3rofieMu co TeXMHaTa Ha Oosecta riporieHeta co CTP 1 MELDcKopOT co cTaTicTuKu
3HauajHa pasymka romery rpymare (p=,0000 1 p=,0001, coonpetro). I'pynara CTP-C rokaxka HajBucoKa
KoHLleHTpaluja Ha [l-umepu, 1o wro cieftyaa rpyrmre bu A. [larperture co SBP nmaa sHauutesiHo mo-
BICOKA KOHILIEHTpaLja Ha [I-mamepn Bo criopesiba co maryentite be3 SBP (p=,0006). Betue yrBpzieHa 3Ha-
yyTesHA TI03UTUBHA Kopenatija nomery [[-mamepure n CTP u MELD ckopot (koeduripieHT Ha Kopernariyja
1= 0,74 1= 044, coonpetHo; p< ,001). [IOMONHUTEITHO, PE3Y/ITATITE OKAKAA JIeKa [TOCTOM [TOBP3aHOCT Mery
TTa3Ma KOHIeHTpalujaTa Ha [[-IMMepuTe co KMMHUUKITE 1 6MOXeMICKY TApaMEeTPH KoM KapaKTepu3ipa-
ar mporpecyBHa JucyHKIMja Ha IipHIoTAPo6. Off cuTe UCTIMTYBAHM OMOXEMUCKY MapaMeTpH, HajBUCOKA
CTATUCTUUKY 3HAUMTE/IHA Kopesiallyja belile YTBpJieHa Mery HUBoaTa Ha [[-IuMepuTe 1 KOHIEHTpalujaTa
Ha cepymckuTe anoymuni (r = - 0,65, p< 0,001). 3aknydok: [Tnasmarckara KoHIeHTpalmja Ha [I-iMepure e
TeCHO TOBP3aHa o CTENeHOT Ha JIMCYHKIMja Ha [PHUAOTPOD 1 KOMITTMKALMUTE TOBP3AHHU €O IIMPO3a Ha
1pH 1pob. 3atoa, HUBoATa Ha JI-IMMepyTe MOJKe Jla ce KOPUCTAT KAKO IPOrHOCTIUKE MapKep 3a CTpaTh-
(buKalmja u IoNoMHUTENeH MjarHOCTHYKI MapKep BO KOMITIMKALAUTE TIOBP3aHH CO [IMPo3a Ha LIpH J1poD.



Introduction

Plasma D-dimers are the end prod-
ucts of fibrinolysis, the process
which regulates fibrin degradation
and prevents thrombosis or hemor-
rhage. In combination with clinical
probability assessment, D-dimers
are routinely used in clinical prac-
tice for ruling out pulmonary embo-
lism!?, as well as for deciding on an-
ticoagulant therapy in patients with
risk of recurrent venous thrombo-
embolism?. Liver cirrhosis (LC) is
associated with changes in hemo-
stasis?, and accelerated hyperfibri-
nolysis may be one of the mecha-
nisms that can contribute to serious
coagulopathy which can occur in LC
in different settings.

Incidence of hyperfibrinolysis and
its association with clinical param-
eters of LC has not been extensively
evaluated®. Plasma D-dimers give
precise insight in the presence of fi-
brinolysis and elevated levels reflect
overactive coagulation and fibrino-
lysis in vivo. Previous studies have
shown elevated levels in association
with liver dysfunction®, presence
of ascites’, development of sponta-
neous bacterial peritonitis (SBP)?,
and in occurrence of portal vein
thrombosis®. Consequently, it has
been suggested that they may have
a prognostic value for LC-associated
outcomes?10,

In our study we aimed to evaluate
plasma D-dimers in patients with
LC with varying degree of liver dys-
function using the Child Turcotte
Pugh (CTP) and Model for End-Stage
Liver Disease (MELD) scores. Addi-
tionally, we assessed the relation-

ship between hyperfibrinolytic state
with different biochemical and clin-
ical parameters in LC at different
stage of the disease.

Materials and methods

This was a cross-sectional study con-
ducted at the University Clinic for
Gastroenterohepatology in Skopje
between June 2021 and December
2022. Patients consecutively admit-
ted to the Clinic or evaluated at the
outpatient level were enrolled. The
inclusion criteria were as follows: 1)
diagnosis of LC of different etiology
(based on clinical presentation, rou-
tine laboratory tests and ultrasound
examination of the abdomen); 2) pa-
tients at the age of 18 years and old-
er; 3) a voluntary signed informed
consent by patients or their family.
Exclusion criteria were as follows:
1) presence of sepsis; 2) acute bleed-
ing; 3) use of vitamin K antagonists,
oral therapy with direct anticoagu-
lants or antithrombotics; and 4)
presence of malignant disease (he-
patocellular carcinoma included).
The present study was approved by
the Ethics Committee at the Faculty
of Medicine, Ss. Cyril and Methodius
University in Skopije.

The following data were analyzed:
age, gender, etiology of LC, presence
of ascites, presence of SBP [defined
as an elevated absolute fluid poly-
morphonuclear neutrophil (PMN)
count in the ascites (>250/mm?3)
without an evident intra-abdomi-
nal surgically treatable source of
infection], spleen diameter, portal
vein diameter, red blood cell (RBC)
count, hemoglobin (Hb) level, white
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blood cell (WBC) count, platelet level
(PLT), C-reactive protein (CRP), total
bilirubin (TBIL), albumin (ALB), as-
partate aminotransferase (AST), ala-
nine aminotransferase (ALT), creati-
nine (Cr), urea, prothrombin time
(PT), international normalized ratio
(INR), D-dimer levels, CTP and MELD
scores. Blood samples for laborato-
ry and hemostatic assessment were
obtained before initiation of ther-
apy for the hospitalized patients
and at a regular follow-up. Patients
were divided in 3 groups according
to their LC severity and expected
survival using the CTP score (CTP A
- 5-6 points, CTP B - 7-9 points and
CTP C - 10-15 points)12, Laboratory
hemostatic assessment was accord-
ing to already adopted protocols and
standard practice using Siemens’
fully automated coagulometer -
Dade Behring BCS® XP System, he-
matological analyzer MEDONIC and
Xprecia Stride analyzer which uses
single-use test strips with reagents
(Dade® Innovin®) at the Institute for
Transfusion Medicine.

Categorical data are presented as
mean + standard deviation, and were
compared using the Mann-Whitney
U test. The comparison of D-dimer
levels (reference range: 0-500 ng/
ml) with the CTP score was evaluat-
ed using the Kruskal-Wallis test and
Multiple Comparison test, while the
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comparison of D-dimer levels be-
tween patients according to MELD
score, presence of ascites and SBP
was made with Mann-Whitney U
test. Boxplots were also construct-
ed to demonstrate the difference in
the D-dimer levels among various
Child-Pugh classes (namely A-C) and
MELD (namely scores >15 or <15).
Scatterplots were constructed for
displaying the correlation between
evaluated variables and correlation
was assessed with Pearson’s coef-
ficient of correlation. A two-sided
P-value of <0.05 was considered to
indicate a statistically significant
difference. All statistical analyses
were performed using the IBM SPSS
Statistics?°.

Results
Patients

In total, 50 patients with LC fulfill-
ing the inclusion criteria were en-
rolled in the study. Patient charac-
teristics are demonstrated in Table
1.The mean age in group CTP-A was
56.9+10.4 years with 38.9 % being
men; in group CTP-B the mean age
was 54.0£16.7 years with 50 % being
men, and in group CTP-C the mean
age was 51.6+14.4 years with 81.3%
being men. The most common etiol-
ogy of LC was alcoholic liver disease
(13/50; 26%).



Table 1. Demographic and clinical characteristics of patients.

Variables
Number of patients (n) 18 16 16
Age (mean+SD) 56.9+104 54.0+16.7 51.6+144
Gender, %

Male 7/38.9 8/50.0 13/813

Female 11/61.1 8/50.0 3/18.7
Etiology (n)

Viral hepatitis 6 3 4

Alcohol 2 5 8

Autoimmune 6 3 /

MAFLD* 3 2 /

Others 1 3 4
Albumin, g/L 421459 340459 26.6+44 0000
(meanzSD)
Bilirubin, mol/L 155486 4334288 143241395 0000
(mean+SD)
Ascites, % 4/22.22 12/75 16 /100
SBPMN, % 0 0 8/50
Hepatic encephalopa-
s 0 2/125 10/62.5
CRP#, mg/L(mean+SD) 7196 91487 50.8+46.5 0000
PT, s (meantSD) 12.2+0.9 143123 20.0+4.0 0000
INR (meanzSD) 11:0.1 134022 18+04 0000
D-dimers, ng/ml 670.2+419.1 29720438157 6393.6+3086.1 0000
(mean+SD)
MELD scoret
(meanzSD) 8.7+3.1 12.3+3.6 24.6+74 .0000
Patients with LC-as-
sociated complication / 3/18.75 7/43.75

that led to death, %

*MAFLD: metabolic-associated fatty liver disease; “SBP: spontaneous bacterial peritonitis; ¥CRP:
C-reactive protein; tMELD score: Model for End-Stage Liver Disease score
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D-dimer and CTP Score.The mean
value of D-dimer was lowest in group
CTP-A (670.2+419.1ng/ml), and pro-
gressively increased in group CTP-
B (2972.0+3815.7ng/ml) and group
CTP-C  (6393.6+3086.1ng/ml) as
shown in Fig.1. The difference in D-
dimer levels among the groups was
statistically significant (H(2) = 26.99,
p = .0000) (Table 1). Furthermore,
significant differences were ob-

served between the different groups
(A vs. B, p= .037; A vs. C, p = .0000;
B vs. C, p = .026). The mean values
of D-dimers in patients who died of
LC-associated complication at least
2 weeks after being enrolled in the
study were 4837.97+3480.124ng/ml.
A significant strong positive corre-
lation was demonstrated between
D-dimer levels and CTP score (r=
0.74, p< .00001).

D-dimer,ng/ml

9000

8000
7000
6000
5000
4000
3000
2000
1000

Values

-1000

A B C
CTP =% D-dimer

Figure 1. Average levels of D-dimers within different stage of LC according to CTP score

D-dimer and MELD score.

The mean value of D-dimer lev-
els in MELD < 15 group was
1864.4+3027.781ng/ml, while in
MELD group > 15 was significantly
higher, 5135.6+3580.157ng/ml (Table

2). There was a statistically signifi-
cant difference between the groups
(z =-3.73, p=.0001). As shown in Fig.
2-b, D-dimer levels were positively
correlated with the MELD score (r=
0.44; p =.001).

Table 2.  D-dimer levels in patients according to MELD score
MELD score Number of patients, n D-dimer (mean+SD), ng, mL
<15 29 1864.4+3027.781
>15 21 5135.6+3580.157

MELD

=% Ddime

a

0
-2000 0 2000 4000 6000 8000 10000 12000 14000
D-dimer,ng/ml

b

0.95 Conf.Int.

Figure 2. D-dimer levels and MELD score. a) average levels of D-dimers in patient with MELD
score < 15 and > 15; b) correlation of D-dimer levels with MELD score
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D-dimer and ascites

The
in patients

of D-dimers
ascites were

mean values
with

4362.7+3687.4 ng/ml, which were sig-
nificantly higher than those in pa-
tients without ascites, 1239.2+2537.6
ng/ml (Table 3 and Fig. 3-a). This dif-
ference was statistically significant
(z =4.07, p=.00004). Additionally, the

mean values of D-dimer levels were
significantly higher in patients with
large volume ascites (6196.9+3498.7
ng/ml), compared to patients with
small amount ascites (1306+929.9
ng/ml) (Table 3). The difference be-
tween these groups of patients was
statistically significant (z =6.41, p<
.00001).

Table 3. D-dimer levels in presence or absence of ascites and the amount of ascites
Ascites Number of patients (n) D-dimers (mean+SD, ng/mL

<15 29 1864.4+3027.781

>15 21 5135.6+3580.157

Small amount ascites 12 1306929.9

Large volume ascites 20 6196.9+3498.7
ascit - =$=D-dimer sBP = == Dedimer
a b

Figure 3. D-dimer levels in: a) patients without and with ascites; b). patients with and

without SBP
D-dimers and SBP

The mean value of D-dimers in pa-
tients with SBP was 7630.2+1483.5
ng/ml compared to patients with-
out SBP (2401.7+3291.7 ng/ml), which
was statistically significantly higher
(z =-3.42, p=.0006) (Table 4 and Fig.

Table 4.

3-b). Likewise, the comparison of the
mean value of D-dimers between pa-
tients with ascites but without SBP
(3273.6+3564.4 ng/ml) and patients
with ascites and SBP (7630.2+1483.5)
showed a statistically significant
difference (z = -2.85,p = .004).

D-dimer levels in patients without and with SBP

Number of patients (n) D-dimers (mean+SD, ng/mL

Absence of SBP 4) 2401.7£3291.7
Presence of SBP 8 7630.2+1483.5
Ascites without SBP 24 4362.7£36874
Ascites with SBP 8 7630.2+1483.5
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D-dimers and other LC-associated
clinical and biochemical parameters.

The evaluated LC-associated clini-
cal and biochemical parameters
(age, Hb, Hct, PLT, WBC, CRP, ALT,
AST, albumin, bilirubin, blood urea
nitrogen, serum creatinine, PT,
INR, fibrinogen, etiology of disease,
spleen diameter and portal vein di-

ameter) showed a significant mod-
erate positive correlation between
D-dimer levels and WBC (r =0.55, p
.0000), CRP (r= 0.42, p = .0023), PT
r= 0.44, p = .001) and INR (r =0.44, p
.001) (Fig. 4). A significant moder-
ate negative correlation of D-dimer
levels was registered for albumin
(r=-0.65, p< .00001) (Fig. 4).

Il

orrelation: r = 55786

D-dimer.ng/ml

20 0 20 40 60 80 100 120 140 160

0.95 Conf.lnt.

er,ng/mi

D-dim

10 12 14 16 18 20 22 24 26 28 30 32

INR 095 Confnt.

15 20 25 30 35 40

0.95 Conf.Int.

WBC x10°/L

a

Correlation: r = 44821

14000
E
£ 10000
2
g 6000
T 2000 f=2°
o

-2000 L
10 12 14 16 18 20 22 2 2 28 30 32

0.95 Conf.nt.
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0.95 Conflnt.

Figure 4. Significant moderate positive correlation of D-dimer levels with WBC, CRP, PT
and INR (a-d) and significant moderate negative correlation with albumin (e).

Discussion

In our study we demonstrated
that the increase of D-dimer levels
throughout different stage of LC was
in correlation with CTP and MELD
scores. This finding was in line with
previous studies. In our study, D-
dimer levels in healthy subjects and
subjects with non-cirrhotic chronic
liver disease were not assessed, but
in the study of El-Sayed et al."® a sub-
stantial difference in D-dimer levels
between these groups of patients
was demonstrated. The authors ob-
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served significantly higher D-dimer
levels in patients with Child-Pugh
class A and B compared to non-
cirrhotic patients with chronic liv-
er disease, and also compared to
healthy controls. Similar results
were demonstrated in two indepen-
dent studies in which progressive
increase of D-dimers among Child-
Pugh class A, B and C was regis-
tered*®. In a study evaluating the
correlation of D-dimers with esoph-
ageal variceal bleeding in patients
with LC, classified according to their



CTP and MELD scores, a significant
increase was detected in patients in
advanced stage of the disease, more
specifically in Child-Pugh class C
(with and without bleeding) and in
those with MELD score > 17 with
bleeding®. The results of our study
correspond to the afore mentioned
studies and has clearly demonstrat-
ed that as LC progresses, the levels
of D-dimer progressively increase.
Additionally, our study confirmed
that between different stages of L.C
according to CTP score, there was
a significant difference in D-dimer
levels that was statistically signifi-
cant (p = .0000, p < .05). The same
result was obtained when evaluated
with MELD score showing a posi-
tive correlation with D-dimer levels.
Based on current guidelines, pa-
tients with LC and a MELD score of
15 or greater should be referredfor
liver transplantation evaluation.
The group of patients with MELD
score > 15 had significantly higher
values of D-dimers compared to the
group with MELD score < 15, with a
statistically significant difference (p
=.0001, p < .05). These findings sup-
port the tight correlation of acceler-
ated fibrinolytic activity, i.e., hyper-
fibrinolysis with the degree of liver
dysfunction as assessed by the CTP
and MELD scores.

When comparing patients with LC
without and with ascites in our
study, we registered a significant
difference between the two groups.
D-dimer levels in patients with as-
cites were significantly higher
than in those without (p = .00004,
p < .05). Furthermore, there was a
statistically significant difference

(p <.00001) in D-dimer levels when
evaluating the amount of ascites
(Table 3). These results are also to
be expected given that patients with
ascites, especially those with higher
amounts of ascites have more ad-
vanced LC, i.e., are common in the
CTP-B and CTP-C class. But some
studies suggest that the elevated
D-dimer levels can also be the re-
sult of the ascitic fluid itself, as a
fibrinolytic activity of the ascitic
fluid has been demonstrated®. Still,
this is controversial as not all stud-
ies have confirmed this finding!®%.
Another finding that supports the
role of developing ascites in the
LC-associated hyperfibrinolysis, is
the reduction of D-dimer level with
treatment and resolution of ascites
(medicamentous or with ascitic flu-
id paracentesis)’?" though D-dimers
are still higher than in patients with
LC but without ascites 7?2

The difference in D-dimer levels was
even more accentuated in patients
with SBP compared to patients with
LC without ascites or with asci-
tes and no SBP. We demonstrated
a significant difference (p = .0006)
between D-dimer levels in patients
with LC and without SBP and pa-
tients with SBP. This difference was
also significant (p=.004) when com-
paring patients with LC and asci-
tes but without SBP. These findings
were confirmed in other studies®?.
Hence D-dimers can be an adjunc-
tive diagnostic tool in identifying
LC patients with SBP, and possibly
differentiating patients with asci-
tes, but without bacterial infection.
This is of importance in the clinical
management of these patients since
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SBP has a subtle presentation and
a high index of suspicion is needed
for diagnosis and prevention of LC
deterioration?’. SBP is a serious LC-
complication and leads to worsen-
ing of prognosis in patients with LC
with short-term mortality of about
15-40%%.

In our study we found a significant
but moderate positive correlation of
D-dimer levels with WBC, CRP, PT
and INR, and a significant strong
negative correlation with serum al-
bumin. This correlation confirms
once again that higher levels of
D-dimers are present in advanced
liver cirrhosis and reflect liver dys-
function.

Although our study did not evaluate
the role of D-dimers as a predictor of
mortalityrate, we detected a marked
increase of D-dimers in patients with
L.C-related death up to 2 weeks af-
ter inclusion in the study. The mean
values of the D-dimers in this group
of patients were4837.97+3480.12 ng/
ml.D-dimers were evaluated as a
possible predictive and prognostic
marker in patients with LC. Primig-
naniet al. evaluated the association
of D-dimers with the 6-week mor-
tality rate in cirrhotic patients with
esophageal variceal bleeding 16. Hy-
perfibrinolysis was present in 67%
of non-survivors compared to 11%
of survivors, and the odds ratio for
D-dimer level for predicting 6-week
mortality was 16, Another study of
703 patients with LC showed that D-
dimers can predict in-hospital mor-
tality with sensitivity of 86.84% and
a specificity of 49.17% for the cut off
value of 0.28 ng/mli0.
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The limitation of our study is the
small sample and the fact that it
was performed in a single institu-
tion. Additionally, this was a cross-
sectional study and a follow-up of
the patients would have added to
the strength of D-dimers as diag-
nostic markers for liver dysfunc-
tion and diagnosis of SBP as well as
a prognostic factor for LC-related
mortality.

Conclusion

Hyperfibrinolysis and D-dimer lev-
els are correlated with the degree
of liver dysfunction. Furthermore, a
significant increase in plasma D-di-
mers in the presence of ascitic fluid
is highly correlated with SBP, thus
it represents a promising marker
for early detection of SBP. Our study
suggests that higher D-dimer levels
should further be investigated and
validated as predictor of increased
in-hospital mortality and thus, in
the future can present a prognosti-
cation parameter for patients with
advanced liver disease.
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