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Hemostatic Changes of Acute Kidney 
Injury in Patients With Cirrhosis: What 
Do They Mean?
SEE ARTICLE ON PAGE 1327 

Historically, patients with liver disease were 
considered to have a bleeding tendency 
that was a consequence of changes in their 

hemostatic system. An important consequence of 
this concept is the ongoing policy of prophylactic 
blood product transfusion prior to invasive proce-
dures aimed at reducing bleeding risk. However, it is 
increasingly acknowledged that although bleeding in 
patients with liver diseases can be the consequence 
of a (temporal) hypocoagulable state, it is frequently 
unrelated to hemostatic failure and rather caused by 
portal hypertension (e.g., variceal bleeding) or inad-
vertent laceration of a blood vessel (e.g., during liver 
biopsy or paracentesis). In addition, because liver 
disease is associated with simultaneous changes in 
prohemostatic and antihemostatic pathways, hemo-
static capacity appears to remain intact.(1) Therefore, 

prohemostatic therapy by blood product transfusions 
or pharmacological interventions may not be required 
and may even be inefficient, as demonstrated by the 
lack of effect of fresh frozen plasma infusion on ex 
vivo indices of hemostasis.(2)

In recent years, the thrombotic tendency of patients 
with liver disease has been extensively studied. It 
appears that in at least some patients the “rebalanced” 
hemostatic status becomes hypercoagulable, which 
may increase the risk for thrombotic events such as 
venous thrombosis and portal vein thrombosis.(1) 
However, similar to the notion that not all bleeding 
events in patients with liver disease are a consequence 
of hypocoagulability, it is possible that not all throm-
botic events are connected to hypercoagulability. For 
example, there is ongoing debate on the role of hyper-
coagulability in portal vein thrombosis, which may 
largely or exclusively be related to a reduction in portal 
flow rather than prothrombotic hemostatic changes.

Interestingly, similar changes in perspective on the 
hemostatic system have occurred in patients with renal 
failure, who were historically considered to be bleeders 
but are now recognized as having an increased risk 
of venous and arterial thrombotic events.(3) The most 
notable hemostatic defect in patients with renal dis-
ease is in platelet function; however, the observation 
that bleeding in these patients was largely driven by 
anemia has questioned the relevance of platelet func-
tion as a contributor to bleeding.(3) Interestingly, in 
both liver and renal failure, the acquired platelet defect 
appears to be compensated for by highly elevated lev-
els of the platelet adhesive protein von Willebrand 
factor (VWF).(4,5)

What happens to the hemostatic system in patients 
who develop renal failure during the course of their 
disease? Clinically, renal failure complicating liver dis-
ease appears to be associated with bleeding. For exam-
ple, bleeding during liver transplantation increases with 
declining renal function,(6) and spontaneous bleeding 
in patients with acute liver failure, although rare, is 

Abbreviations: AKI, acute kidney injury; ETP, endogenous 
thrombin potential; FXIII, factor XIII; VWF, von Willebrand 
factor.
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more frequent in patients receiving renal replacement 
therapy.(7) In patients with cirrhosis, acute kidney 
injury (AKI) has been shown to increase the risk for 
postparacentesis bleeding.(8) Whether these observa-
tions reflect a more hypocoagulable hemostatic status 
or whether renal failure is simply a marker for severity 
of disease is uncertain.

A study by Zanetto and coworkers published in 
this issue of Hepatology has meticulously cataloged 
hemostatic changes in patients with cirrhosis and AKI 
to assess whether the increased bleeding risk of renal 
failure complicating liver disease may be attributed to 
abnormal hemostasis.(9) A particular strength of the 
study is that patients with and without AKI with very 
similar liver function were compared and that in some 
of the patients, additional testing was performed after 
AKI was resolved.

The study showed a pronounced decrease in ex vivo 
platelet function, with no alterations in VWF levels. 
This decrease in platelet function was independent 
of the extent of thrombocytopenia, and resolution of 
AKI improved platelet function compared to patients 
with cirrhosis who did not have AKI. These findings 
are in line with the known platelet function defects 
of renal failure in patients without liver disease and 
suggest that platelet function defects in patients with 
cirrhosis and AKI contribute to bleeding. Platelet 
function was assessed by whole blood platelet aggre-
gation, and although this test is clinically relevant, 
platelet adhesion and the role of VWF in platelet 
adhesion and aggregation are not explored in this 
particular test. Future studies of platelet adhesion and 
aggregation under experimental conditions in which 
platelet function is studied in flowing blood and stud-
ies on markers of in vivo platelet activation could 
further strengthen the hypothesis that AKI-induced 
platelet function in cirrhosis truly leads to defective 
primary hemostasis.

Patients with AKI had lower levels of coagulation 
proteins, which increased following AKI resolution. 
Why AKI would be accompanied with a decrease in 
coagulation factor levels is not immediately evident. 
Because the synthetic capacity of the liver appears 
similar in patients with and without AKI, it may be 
that local or systemic activation of coagulation with 
consumption of coagulation factors explains the lower 
factor levels in patients with AKI. Indeed, thrombin–
antithrombin levels, which reflect in vivo activation 

of coagulation, are higher in patients with AKI. The 
authors interpret the changes in coagulation factor 
levels as “prothrombotic” and base this conclusion in 
part on the endogenous thrombin potential (ETP) 
ratio. However, the authors show ex vivo throm-
bin-generating capacity (the ETP) to be identical in 
patients with and without AKI, reinforcing that the 
ETP ratio can be misleading.(10) My interpretation 
is that coagulation potential is not affected by AKI 
but that there is an increased in vivo trigger of coag-
ulation—possibly the injured kidney. Plasma levels of 
factor XIII (FXIII), which crosslinks and stabilizes 
the fibrin clot, were decreased in patients with AKI, 
which the authors rightfully categorize as a hypoco-
agulant element. However, the fibrin clot in patients 
with cirrhosis has hypercoagulable properties, and 
these may be enhanced by AKI because isolated renal 
failure also leads to a prothrombotic fibrin clot struc-
ture. Future experiments should therefore assess the 
structural properties of the fibrin clot using estab-
lished functional tests in patients with cirrhosis with 
and without AKI as the decreased FXIII levels might 
be compensated for by prothrombotic features of the 
fibrin clot.

Finally, the interpretation of the status of the  
fibrinolytic system is not straightforward from the 
data presented. Based on modestly higher plasmin–
antiplasmin levels in patients with AKI compared 
to those without, the authors propose that patients 
with cirrhosis and AKI are in a relative hyperfibrino-
lytic state, which is in contrast with the well-known 
hypofibrinolytic state of patients with isolated renal 
failure. It may be that the elevated plasmin–anti-
plasmin levels in patients with AKI do not signal 
an overactive fibrinolytic system but rather reflect a 
physiological response to the enhanced coagulation 
activation (as indicated by elevated thrombin–anti-
thrombin levels). Future studies should explore the 
status of the fibrinolytic system using functional 
assays.

In summary, Zanetto et al. have elegantly demon-
strated that development of AKI in patients with 
cirrhosis is accompanied by additional hemostatic 
changes that reverse when AKI resolves. Table 1 
summarizes hemostatic changes in patients with cir-
rhosis with and without AKI and their functional 
consequences and indicates current uncertainties. It 
remains to be studied whether the hypocoagulable 
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and hypercoagulable elements identified by the 
authors contribute to bleeding or thrombotic com-
plications of patients with cirrhosis and AKI. If 
bleeding risk is shown to be directly related to AKI, 
possible interventions—besides optimization of renal 
function—include optimal treatment of anemia 
(which improves hemostasis by improving platelet 
function), platelet transfusion, or administration of 
desmopressin, which is commonly used as a prohe-
mostatic agent in renal failure without underlying 
liver disease.

Ton Lisman, Ph.D.
Surgical Research Laboratory and Section of 
Hepatobiliary Surgery and Liver Transplantation 
Department of Surgery  
University of Groningen  
University Medical Center Groningen  
Groningen, the Netherlands
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