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Abstract

Background: A hypercoagulable state is not associated with development of portal
vein thrombosis in cirrhosis, as we previously demonstrated. However, some groups
demonstrated elevated levels of inflammatory markers and activation of hemostasis
in the portal vein (PV) compared to posthepatic veins, but because the liver is involved
in clearance of these markers, we hypothesize that interpretation of these data is not
straightforward.

Aim: To determine whether the PV has particular proinflammatory/hypercoagulable
characteristics by comparing plasma sampled in the PV, hepatic vein (HV), and the
systemic circulation.

Methods: Plasma samples from 51 cirrhotic patients with portal hypertension un-
dergoing transjugular intrahepatic portosystemic shunt placement, were taken from
the PV, HV, and jugular vein (JV). Markers of inflammation (lipopolysaccharide, tumor
necrosis factor-a, interleukin-6, thiobarbituric acid-reactive substances), neutrophil-
extracellular-traps (cfDNA, MPO-DNA), endothelial damage (von Willebrand factor
[VWEF]), and hemostasis were determined and compared among the three vascular
beds.

Results: Markers of inflammation were slightly, but significantly higher in the PV than
in the HV and systemic circulation. VWF and markers of hemostasis were modestly
elevated in the PV. Levels of multiple markers were lower in the HV compared with
the PV and systemic circulation. Higher model for end-stage liver disease score was

associated with a more prothrombotic state in all three sample sites.
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1 | INTRODUCTION

Nontumoral portal vein thrombosis (PVT) is a common complication
in patients with cirrhosis, with a prevalence varying from 5% to 26%
in liver transplant candidates.! The exact pathogenesis of PVT is not
fully understood. Although the three factors of Virchow's triad (re-
duced blood flow, endothelial damage, and hypercoagulability) are
important contributors to the development of deep vein thrombo-
sis (DVT), it remains unclear how these factors contribute to the
development of PVT.2 For example, although there is evidence for
hypercoagulability in cirrhotic patients,3 whether this hypercoagu-
lable state contributes to development of PVT has been a matter
of debate. Some studies showed a more profound hypercoagulable
state in patients with PVT,*® but if this relation is causal or whether
enhanced hypercoagulability reflects more advanced disease is
unclear. In addition, most published studies evaluating risk factors
for PVT are retrospective, cross-sectional, and included a relatively
small number of patients. In a recent large prospective study, we
demonstrated that markers of portal hypertension, but not mark-
ers of inflammation or hypercoagulability were associated with the
development of cirrhotic PVT.®

The portal venous system has some unique features compared
with deep venous systems and may therefore also have a unique
biochemical environment. For example, the portal vein receives
drainage from the small and large intestines and may therefore have
locally elevated levels of markers of endotoxemia, a well-known
activator of thrombosis. This may be especially relevant in patients
with cirrhosis, who have impaired intestinal barrier function, and in
whom therefore bacterial translocation may be increased.” In addi-
tion, cirrhotic patients frequently have severe portal hypertension,
possibly leading to endothelial damage and reduced portal flow ve-
locity. These features could contribute to a hypercoagulable envi-
ronment in the portal venous system. Indeed, recent studies showed
locally elevated levels of markers of endotoxemia, endothelial dam-
age and activation of hemostasis in the portal vein (PV) compared
with hepatic vein (HV) or peripheral veins.” 12 It was hypothesized
that these local prothrombotic factors contribute to PVT develop-
ment. However, plasma from hepatic veins may not truly reflect the
systemic circulation because the liver clears most of the proteins
involved in coagulation.’® Hepatic clearance of markers of inflam-
mation and activation of coagulation may lead to lower plasma levels
of those markers in the hepatic vein compared with the systemic
circulation. Therefore, when comparing plasma samples taken from

Conclusion: In contrast to published studies, we did not detect a clear proinflamma-
tory or prothrombotic environment in the PV of cirrhotic patients. Many markers are
lowest in the HV, indicating that the low levels of these markers in the HV, at least in

part, reflect clearance of those markers in the liver.

cirrhosis, coagulation, inflammation, portal vein thrombosis

Essentials

e Systemic inflammation or hypercoagulability are not risk
factors for cirrhotic portal vein thrombosis.

e Previous studies suggested an inflammatory and hyper-
coagulable state in the portal vein.

e Our data may explain against an inflammatory and hy-
percoagulable milieu in the portal vein.

e Hepatic clearance of inflammation and coagulation

markers explains deviance from previous work.

the portal vein and the hepatic vein conclusions on an inflammatory
and hypercoagulable state in the portal vein may not be justified.
Instead, a comparison between the portal vein and the systemic cir-
culation is required to truly assess whether the portal vein is clearly
more inflammatory and hypercoagulable compared with other vas-
cular beds of a given patient.

The aim of our study was to determine whether the PV in cir-
rhotic patients has particular proinflammatory or hypercoagulable
characteristics by comparing blood sampled in the PV, in the HV, and
in the systemic circulation. We compared markers of inflammation,
endothelial damage, and hemostasis to reassess a local prothrom-
botic environment in the PV, and to include the effect of clearance
by the liver of those markers.

2 | METHODS

Fifty-one consecutive patients with cirrhosis and clinically diagnosed
with portal hypertension undergoing transjugular intrahepatic por-
tosystemic shunt (TIPS) placement were prospectively included be-
tween May 2016 and April 2021.

All patients gave written informed consent for participation
in this study. Ethical approval was obtained from Hospital Clinic,
Barcelona (HCB/2019/0391). Blood samples were taken from the
systemic circulation (jugular vein) before the procedure of TIPS
placement, and from the PV and HV during hemodynamic measure-
ment and were collected into a citrate-containing tube (0.129 M,
3.8%; Vacutainer system, Becton Dickinson). After centrifugation at
30004 for 20min at 4°C, plasma was aliquoted and stored at -80°C
for subsequent analysis. Citrated plasma samples from 20 healthy
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individuals were used to determine reference values in the systemic
circulation.

Plasma levels of lipopolysaccharide (LPS), tumor necrosis factor
alpha (TNF-a), interleukin-6 (IL-6), thiobarbituric acid-reactive sub-
stances (TBARS), cell free DNA (cfDNA), complexes of myeloperox-
idase with DNA (MPO-DNA), von Willebrand factor (VWF), factor
VIII (FVIII), platelet factor 4 (PF4), thrombin-antithrombin (TAT)
complexes, plasmin-a2-antiplasmin (PAP) complexes, and D-dimers
were determined as described before.'*’ Quantification methods
are summarized in Table S1. Data are presented as median with in-
terquartile range (IQR) or numbers and percentage for continuous
or categorical variables. Statistical analysis was performed with IBM
SPPS 23.0 and GraphPad Prism 8 with a two-sided significance level
of .05. The matched samples Wilcoxon test was used for comparison
between the vascular beds and the Mann-Whitney U test was used

for comparisons between subgroups of patients.

3 | RESULTS

This study included 51 adult (218 years) cirrhotic patients who un-
derwent TIPS placement. The median age was 58 (50-63) years and
16 (31.4%) were female. The majority of patients had moderate liver
disease (Child A: 19 [37.3%]; Child B: 24 [47.1%]; Child C: 8 [15.7%]).
Patient characteristics are summarized in Table 1.

To evaluate the biochemical status of the PV compared with
the HV and systemic circulation, we first assessed plasma levels of
inflammatory and oxidative stress markers in samples taken from
these three vascular beds. Figure 1 shows levels of LPS, TNF-a,
IL-6, TBARS, cfDNA, and MPO-DNA complexes in plasma collected
at those sites. Levels of LPS, IL-6, and TBARS were slightly, but sig-
nificantly, higher in portal plasma than in plasma from the HV and
systemic circulation (Table 2). Plasma levels of cfDNA and MPO-
DNA complexes were similar between the PV, HV, and systemic cir-
culation (Table 2).

Next, we assessed levels of markers of activation of hemosta-
sis. Figure 2 shows plasma levels of VWF, FVIII, PF4, TAT, PAP, and
D-dimers that were measured in plasma collected from the PV, HV,
and systemic circulation. The results are summarized in Table 2.
VWEF was slightly, but significantly, higher in the PV than in the sys-
temic circulation. FVIII was slightly, but significantly, elevated in the
systemic circulation compared with the HV. Plasma levels of PF4
were similar among all three sample sites. Levels of TAT, PAP, and
D-dimers were higher in the PV than in the HV. TAT levels were also
higher in the systemic circulation than in the HV. PAP levels were
significantly higher in the PV than in the systemic circulation. TAT
and D-dimer levels were also higher in the PV than in the systemic
circulation, but this difference did not reach statistical significance.

PVT was present in six of the 51 patients at the time of TIPS
placement, of which five had occlusive PVT. Comparisons between
the PV, HV, and systemic circulation were similar in the cohort of
patients with PVT patients included compared with the cohort
when PVT patients were excluded (Table S2). Relative differences

TABLE 1 Patient characteristics

j.l.j.‘ | 2077

Cirrhotic patients
(n=51)

Age (years) 58 [50-63]
Female (%) 16 (31.4%)

BMI 25.7 [23.2-30.1]
Smoker (currently or stopped) (yes) 15 (29.4%)
Diabetes (yes) 15 (29.4%)
Etiology of liver disease

ASH 32(62.7%)

NASH 7 (13.7%)

Hepatitis C 7 (13.7%)

Hepatitis B 2(3.9%)

Other 3(5.9%)
Creatinine (mg/dl) 0.83[0.64-1.12]
Bilirubin (mg/dl) 1.2 [0.8-2.5]
Albumin (mg/dl) 30 [28-35]
Platelets (x107/L) 106 [64-179]
INR 1.34[1.2-1.5]
MELD score 12 [9-15]
MELD_Na score 14 [12-20]

Child Pugh score 8 [7-9]

Child Pugh A/B/C

19 (37.3%)/24 (47.1%)/8

(15.7%)
HVPG (mmHg) 19 [16-24]
Esophageal varices
Small 5(9.8%)
Large 46 (90.2%)
Variceal bleeding (yes) 34 (66.7%)

Ascites (yes)

Ascites (mild, moderate, severe)

39 (76.5%)

4 (7.8%)/12 (23.5%)/23

(45.1%)
Spontaneous bacterial peritonitis (yes) 5(9.8%)
Hepatic encephalopathy (yes) 9 (17.6%)

PVT

No 45 (88.2%)
Nonocclusive 1(1.9%)
Occlusive 5(9.8%)
Hepatocellular carcinoma (yes) 0
Reason for TIPS placement
Hemorrhage 24 (47.1%)
Ascites 21 (41.2%)
PVT 2(3.9%)
Other 4 (7.8%)
Use of beta-blockers (yes) 33 (64.7%)

Note: The results are presented as median [interquartile range] or N (%)

for continuous and categorical variables of available data.

Abbreviations: ASH, alcoholic steatohepatitis; BMI, body mass index;
HVPG, hepatic venous pressure gradient; INR, international normalized
ratio; MELD, model for end-stage liver disease; Na, sodium; NASH,
nonalcoholic steatohepatitis; PVT, portal vein thrombosis; TIPS,
transjugular intrahepatic portosystemic shunt.
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FIGURE 1 Levels of inflammatory and
oxidative stress markers: LPS (A); TNF-a

(B); IL-6 (C); TBARS (D); cfDNA (E), and
MPO-DNA (F) in the systemic circulation
(jugular vein; JV), the portal vein (PV),
and hepatic vein (HV) of cirrhotic patients
undergoing TIPS placement

(A) (B)
10000+ . . . 1000-
= = 100+
T 1000 E
E >
(2] o
£ ; 10
[72]
o 100 L
- g 14
10 T r T 0.1 r
S Q & N
©) f - * (D)
1000+ I 15+ .
E 100 2510- {4
(2]
[2)
s :
. m -4
4 10 @ 5
1 0 r
s
(B) 20, (F) 15,
n.s.
1.5
1.0

MPO-DNA (AU)
o
T

cfDNA (ug/ml)
2

o
o

in analyte concentrations between the three vascular beds were
similar in subgroups with lower or higher model for end-stage liver
disease (MELD) scores (< or >than the median MELD score of 12) or
lower or higher hepatic venous pressure gradient (HVPG) (< or >than
the median HVPG of 19) values (Tables S3 and S4).

Patients with higher MELD scores had numerically higher levels
of VWF, MPO-DNA, and TBARS in all three sample sites compared
with patients with lower MELD scores. Patients with higher MELD
scores had lower levels of PF4 compared with patients with lower
MELD scores (Table S3). Patients with higher HVPG values had
higher levels of LPS in both the systemic circulation and the PV than
patients who had lower HVPG, but levels of other analytes were
similar in patients with high or low HVPG values (Table S4). There
were no differences in plasma levels of the analytes between pa-

tients who used p-blockers and those who did not (data not shown).

4 | DISCUSSION

In contrast to previously published studies, where increased levels of
inflammatory and activation of hemostasis markers in portal plasma
were associated with local endothelial damage and a prothrombotic
state,” ™ here we show no particular inflammatory or hypercoag-
ulable state in portal plasma compared with hepatic or peripheral

plasma in patients with cirrhosis. Differences between analyte con-
centration in the portal and systemic circulation were observed in
individual patients but were overall absent or very modest. In line

18-20 e do find increased levels of various

with published studies,
prothrombotic markers in the systemic circulation, and increases in
these markers are more pronounced in patients with higher MELD
scores.

Cirrhosis is associated with an impaired intestinal barrier func-
tion, which facilitates bacterial translocation and endotoxemia,
causing elevated production of markers of inflammation.?! Elevated
levels of LPS in the portal circulation compared with systemic circu-

9711 and

lation in patients with cirrhosis have been described before
were associated with a prothrombotic state in the portal circulation.
Of note, in those studies, LPS concentrations in the systemic circu-
lation in cirrhotic patients was still higher than in healthy controls.*®
In our study, differences in LPS concentrations between portal, he-
patic, and peripheral plasma from cirrhotic patients were small, and
no marked increase in levels of other inflammatory markers were
detected. It could be that, because of chronic endotoxemia, LPS con-
centrations are elevated throughout the entire circulation and are
not limited to the portal circulation. We do not have a clear expla-
nation for the differences between our results and those that were
described in other studies, but differences in patient characteristics
(including etiology of disease and clinical status, blood sampling
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. ‘ FIGURE 2 Levels of endothelial

activation and activation of the
hemostatic system: VWF (A); FVIII (B),
PF4 (C); TAT (D); PAP (E); and D-dimers
(F), in the systemic circulation (jugular
vein; JV), the portal vein (PV), and hepatic
vein (HV) of cirrhotic patients undergoing
TIPS placement
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techniques, or the timing of sampling during the TIPS procedure)
may have contributed.”** Our conclusions remain similar when ana-
lyzing patients with better or worse clinical status separately (Tables
S2 and S3), and perhaps multicenter studies will be required to as-
sess whether differences in local practices may influence the results
of the analyses performed herein.

cfDNA and MPO-DNA complexes are markers of neutrophil ex-
tracellular traps (NETs), which have been described as a link between
inflammation and coagulation.?? Increased levels of markers of NETs
have been shown in acutely ill patients with cirrhosis.** In addition,
NETs play a role in chronic inflammatory diseases®® and have been
implicated in arterial thrombosis, venous thrombosis, and cancer-
associated thrombosis.?*25 Of note, increased levels of cfDNA also
indicate increased apoptotic or necrotic cell death, which may also be
increased in patients with liver injury. In addition, the specificity of
MPO-DNA complex assays has recently been questioned.?® Animal
studies have shown intrahepatic NET formation with resultant in-
trahepatic deposition of platelets and fibrin, which contributes to
portal hypertension.?” Thus, markers of NETs may be expected to
be increased in the PV because of local inflammatory responses, but
may also be expected to be higher in the HV because of intrahe-
patic NET formation or increased cell death. We detected no local
increase in NET markers in portal nor in hepatic plasma, suggesting
there is not (at least) a direct link between local inflammation and
NETs in portal hypertension in cirrhotic patients.

TAT, PAP, and D-dimers, which are markers of activation of co-
agulation and fibrinolysis, have been shown to be elevated in pa-
tients with cirrhosis compared with healthy controls.?® Although our
results indicate elevated levels of these markers in portal plasma
compared with hepatic and peripheral plasma, on careful inspection,
levels of these markers are clearly the lowest in the HV. The notably
lower levels of these markers in the HV signal clearance of these
markers by the liver rather than a local elevation of these markers
in the PV. Although TAT, PAP, and D-dimer levels are higher in the
portal than in the systemic circulation, which suggests some degree
of activation of coagulation in the portal venous system, the differ-
ences are modest, with the exception of TAT complexes, which seem
clearly elevated in the PV.

The pathophysiology of PVT remains largely unknown. We re-
cently showed that hypercoagulability and increased levels of in-
flammatory markers in the systemic circulation are not predictive
of the development of PVT.® Factors that were associated with de-
velopment of PVT were mainly related to the severity of portal hy-
pertension.® Our recent findings that portal vein thrombi in patients
with cirrhosis who underwent liver transplantation consist of inti-
mal fibrosis in all patients, and contain fibrin in only one-third of the
cases,?’ may also support the statement that PVT is a consequence
of portal hypertension rather than hypercoagulability. Whether local
inflammation, oxidative stress, and activation of hemostasis contrib-
ute to development of PVT, and whether the use of anticoagulants
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would be beneficial for patients with locally increased levels of
markers of inflammation and hemostasis should be subject to future
research.

In conclusion, in contrast to published studies,” ! we failed to
detect a clear inflammatory or prothrombotic environment in the PV
in cirrhotic patients who underwent TIPS placement. We found no
evidence for endothelial or platelet activation in the portal circula-
tion, whereas activation of coagulation and fibrinolysis is, at best,
modest. We do provide evidence that comparison of markers from
the PV with that of the HV may erroneously lead to the conclusion
that the portal circulation is hypercoagulable. Hepatic clearance may
result in lower levels of markers of inflammation and activation of
coagulation in blood from the posthepatic vein, which may explain
why some markers are clearly lower in the HV than in both the sys-
temic and portal circulation. It will be of interest to assess the clear-
ance of those markers by the liver by, for instance, an isolated liver
perfusion model.
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