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LETTER TO THE EDITOR
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“The portal vein in patients with cirrhosis is not an excessively
inflammatory or hypercoagulable vascular bed, a prospective

cohort study”: reply

Dear Editor,

We are grateful to Violi et al. for their interest in our recent publi-
cation in the Journal of Thrombosis and Hemostasis [1]. Violi et al.
raised concerns about the high levels of lipopolysaccharide (LPS) in
our study due to methodological or clinical issues. They propose that
we do not have sufficient elements to exclude endotoxemia as a factor
favoring hypercoagulability and eventually portal vein thrombosis
(PVT) in cirrhosis. We agree with Violi et al. that endotoxemia and
inflammation in cirrhosis may cause activation of coagulation and
contribute to the development of thrombotic complications. However,
in our opinion, it does not seem to play an important role in the
development of cirrhotic PVT. We would like to, at least in part, refute
the concerns on our study and would like to offer alternative views on
the pathophysiology of PVT based on recent observations by our
group.

In their letter, Violi et al. suggested that LPS levels in our study
are high compared with other studies because of methodological
(contamination of samples or laboratory supplies) or clinical (inclusion
of patients with active infection) issues. LPS is a small bacterial-
derived endotoxin present in the outer cell membrane of gram-
negative bacteria. Contamination of laboratory ware is common due
to the hydrophobicity of endotoxins and their strong affinity for other
hydrophobic materials such as plastics used in the laboratory. As
indicated by Violi et al., contamination can be avoided, for example, by
working in a laminar air flow cabinet, sterilizing consumables, and
using ultrapure water. Indeed, we neither processed blood samples to
plasma under sterile conditions, nor did we perform our LPS level
measurements in a laminar air flow cabinet. Even with proper aseptic
techniques, contamination may occur, which is especially a problem in
cell culture experiments. However, potential contamination would
evenly affect the samples taken from the portal and hepatic veins.
Thus, even if contamination explains the elevated levels of LPS in our
study compared with other studies, we still do not find a portosys-
temic gradient of other inflammatory markers, suggesting that the
portal vein is not a proinflammatory environment in our study. Indeed,

other markers of inflammation such as IL-6 and TNF-alpha also did not

show a portosystemic gradient in our study. The second concern was
regarding active infection in our cohort of patients, which may explain
the elevated levels of LPS in our results compared with other studies.
However, in Hospital Clinic in Barcelona where patients were
included, active infection is an absolute contraindication for trans-
jugular intrahepatic portosystemic shunt placement and thus was not
present in the patients included in our study. However, we cannot
exclude that differences in results between our study and other
studies may be due to other differences in patient characteristics.
Violi et al. proposed that endotoxemia contributes to the 3 factors
of Virchow's triad (venous stasis, endothelial dysfunction, and hyper-
coagulation) and thereby to the development of cirrhotic PVT, as also
described in their recent literature review published in Blood Reviews
[2]. In our recent, prospective study on clinical, ultrasonographic, and
hemostatic factors to predict PVT in patients with cirrhosis, we found
that although the levels of many markers of activation of coagulation,
levels of coagulation proteins, hereditary hypercoagulability, levels of
inflammatory markers and neutrophil extracellular traps, and func-
tional tests of hemostasis are altered in patients with cirrhosis, none
of them predicted PVT development during the follow-up of up to 48
months [3]. On the basis of these findings, we concluded that the
pathophysiology of cirrhotic PVT does not directly involve a systemic
hypercoagulable or inflammatory profile. Factors that did predict the
development of PVT were mainly those related to portal hyperten-
sion. Portal hypertension may be a result of hepatic vascular resis-
tance leading to reduced portal venous flow velocity and may cause
endothelial damage due to hypertension-related shear stress. There-
fore, the other factors of Virchow's triad—venous stasis and endo-
thelial damage—may contribute to the development of PVT. We
recently described the composition and structure of portal vein
thrombi in patients with cirrhosis and found that these thrombi
consist of a thickened, fibrotic tunica intima of the portal vein vessel
wall, with a fibrin-rich thrombus in only one-third of the cases [4].
These findings again argue against a primary role of coagulation
activation in the development of PVT but support the role of portal

hypertension and endothelial damage.
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Finally, a portosystemic gradient in patients with cirrhosis of
markers of inflammation and activation of coagulation was not found
in our study [1], in contrast to previously published studies [5-7].
Additionally, these data argue against the concept of the portal vein as
a particularly hypercoagulable vascular bed. Nevertheless, we do
acknowledge that differences between our study and studies per-
formed by others are incompletely understood, although our study
compared the hemostatic status of the portal, posthepatic, and sys-
temic circulation. We propose that multicenter studies should be
performed to assess whether the differences in the results are influ-
enced by the differences in sampling techniques or patient charac-
teristics. In addition, none of the studies have evaluated the levels in
portal plasma from patients with PVT; therefore, the contribution of a
possible portosystemic gradient in the development of PVT remains
unclear. We do agree with Violi et al. that prevention and treatment of
inflammation may be beneficial in the prevention of other thrombotic
complications in patients with cirrhosis. In addition, it could help
prevent the progression of liver disease because systemic inflamma-
tion has been described as an important factor in the development of
disease complications and may lead to acute decompensation of
cirrhosis or acute-on-chronic liver failure [8].

In summary, our collective data [1,3,4] argue against the concept
that hypercoagulability along with portal activation of coagulation is a
key mechanism underlying the development of PVT. Interventions
aimed at nonhemostatic mechanisms underlying PVT development
require clinical evaluation in prevention and treatment of this com-

mon complication in patients with cirrhosis.

Ellen G. Driever®
Annabel Blasi®
Juan-Carlos Garcia-Pagan®

Ton Lisman®

Surgical Research Laboratory, Department of Surgery, University
Medical Center Groningen, University of Groningen, Groningen, the
Netherlands

2Anesthesiology Department, Hospital Clinic, Institute
d’Investigacions Biomédica Agusti Pi i Sunyer (IDIBAPS), University
of Barcelona, Barcelona, Spain

3Barcelona Hepatic Hemodynamic Laboratory, Liver Unit, Hospital
Clinic, Institut de Investigacions Biomédiques August Pi i Sunyer
(IDIBAPS), CIBEREHD (Centro de Investigacion Biomedica en Red
Enfermedades Hepaticas y Digestivas), Health Care Provider of the
European Reference Network on Rare Liver Disorders (ERN-Liver),
University of Barcelona, Barcelona, Spain

jﬂ‘l | 189

Correspondence
Ton Lisman, Department of Surgery, University Medical Center
Groningen, BA33, Hanzeplein 1, 9713 GZ Groningen, the Netherlands.

Email: j.a.lisman@umcg.nl

DECLARATION OF COMPETING INTEREST

The authors declare no competing interests.

ORCID

Ellen G. Driever "= https://orcid.org/0000-0002-6689-3409

Annabel Blasi "= https://orcid.org/0000-0002-4946-1495
Juan-Carlos Garcia-Pagan "= https://orcid.org/0000-0001-9032-4954

Ton Lisman https://orcid.org/0000-0002-3503-7140

REFERENCES

[1] Driever EG, Magaz M, Adelmeijer J, Turon F, Baiges A, Olivas P,
Pérez-Campuzano V, Hernandez-Gea V, Blasi A, Garcia-Pagan J,
Lisman T. The portal vein in patients with cirrhosis is not an exces-
sively inflammatory or hypercoagulable vascular bed, a prospective
cohort study. J Thromb Haemost. 2022;20:2075-82.

[2] Violi F, Pignatelli P, Castellani V, Carnevale R, Cammisotto V. Gut
dysbiosis, endotoxemia and clotting activation: a dangerous trio for
portal vein thrombosis in cirrhosis. Blood Rev. 2022:100998.

[3] Turon F, Driever EG, Baiges A, Cerda E, Garcia-Criado A, Gilabert R,
Bru C, Berzigotti A, Nunez |, Orts L, Reverter JC, Magaz M,
Camprecios G, Olivas P, Betancourt-Sanchez F, Perez-Campuzano V,
Blasi A, Seijo S, Reverter E, Bosche J. Predicting portal thrombosis in
cirrhosis: a prospective study of clinical, ultrasonographic and he-
mostatic factors. J Hepatol. 2021;75:1367-76.

[4] Driever EG, von Meijenfeldt FA, Adelmeijer J, de Haas RJ, van den
Heuvel MC, Nagasami C, Weisel JW, Fondevila C, Porte RJ, Blasi A,
Heaton N, Gregory S, Kane P, Bernal W, Zen Y, Lisman T. Nonma-
lignant portal vein thrombi in patients with cirrhosis consist of intimal
fibrosis with or without a fibrin-rich thrombus. Hepatology. 2022;75:
898-911.

[5] Shalaby S, Simioni P, Campello E, Spiezia L, Gavasso S, Bizzaro D,
Cardin R, D’Amico F, Gringeri E, Cillo U, Barbiero G, Battistel M,
Zanetto A, Ruzzarin A, Burra P, Senzolo M. Endothelial damage of the
portal vein is associated with heparin-like effect in advanced stages of
cirrhosis. Thromb Haemost. 2020;120:1173-81.

[6] Praktiknjo M, Trebicka J, Carnevale R, Pastori D, Queck A, Ettorre E,
Violi F. Von Willebrand and factor VIII portosystemic circulation
gradient in cirrhosis: implications for portal vein thrombosis. Clin
Transl Gastroenterol. 2020;11:e00123.

[7]1 Violi F, Ferro D, Basili S, Lionetti R, Rossi E, Merli M, Riggio O,
Bezzi M, Capocaccia L. Ongoing prothrombotic state in the portal
circulation of cirrhotic patients. Thromb Haemost. 1997;77:44-7.

[8] Driever EG, Lisman T. Effects of inflammation on hemostasis in
acutely ill patients with liver disease. Semin Thromb Hemost. 2022;48:
596-606.


https://orcid.org/0000-0002-6689-3409
https://orcid.org/0000-0002-4946-1495
https://orcid.org/0000-0001-9032-4954
https://orcid.org/0000-0002-3503-7140
mailto:j.a.lisman@umcg.nl
https://orcid.org/0000-0002-6689-3409
https://orcid.org/0000-0002-6689-3409
https://orcid.org/0000-0002-6689-3409
https://orcid.org/0000-0002-4946-1495
https://orcid.org/0000-0002-4946-1495
https://orcid.org/0000-0002-4946-1495
https://orcid.org/0000-0001-9032-4954
https://orcid.org/0000-0001-9032-4954
https://orcid.org/0000-0001-9032-4954
https://orcid.org/0000-0002-3503-7140
https://orcid.org/0000-0002-3503-7140
https://orcid.org/0000-0002-3503-7140
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref1
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref2
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref2
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref2
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref3
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref4
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref5
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref5
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref5
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref5
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref5
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref6
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref6
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref6
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref6
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref7
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref7
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref7
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref8
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref8
http://refhub.elsevier.com/S1538-7836(22)07176-8/sref8

	“The portal vein in patients with cirrhosis is not an excessively inflammatory or hypercoagulable vascular bed, a prospecti ...
	References
	Declaration of competing interest


