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Introduction
Cirrhosis is a significant cause of morbidity and mortality and 
is thought to affect up to 0.1% of the European population [1]. 
It accounts for 1.8% of deaths in Europe [1] and is predicted to 
be the 12th leading cause of death worldwide by 2020 [2]. Of 
particular concern is the increasing incidence of cirrhosis in the 
UK and Ireland [1].

The common manifestations of decompensated cirrhosis 
include ascites, variceal bleeding, encephalopathy and synthetic 
dysfunction [3]. Disordered haemostasis is a major and frequent 

consequence of hepatic synthetic dysfunction reflecting 
insufficient production of proteins that both participate in and 
regulate the normally finely balanced coagulation and fibrinolytic 
pathways. Traditionally, patients with decompensated cirrhosis 
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were considered hypocoagulable and therefore prone to 
bleeding but this paradigm has recently been challenged [4]. A 
more nuanced interpretation would suggest that pro- and anti-
coagulant factors are reset in a tenuous but albeit balanced state 

[4, 5]. Anaemia often develops secondary to gastrointestinal 
bleeding or hypersplenism. Thrombocytopenia also occurs as a 
result of decreased liver thrombopoietin secretion and splenic 
sequestration and fibrinolysis can also be a feature [6]. A major 
challenge to the management of the coagulopathy of liver 
disease is the absence of established and agreed upon laboratory 
tests that measure the disorders of haemostasis.

More recently the role of the endothelium has been considered 
in contributing to an increased health risk in patients with 
decompensated cirrhosis [7, 8]. It has been proposed that 
the altered liver function with cirrhosis results in endothelial 
dysfunction. This is characterized by a reduction in the availability 
of nitric oxide and modifications to the proinflammatory and 
procoagulant activity of the endothelium. This effect can be 
assessed by measuring brachial artery flow mediated vasodilation 
(FMD). In hepatitis C virus (HCV) infection, it has been shown that 
the degree endothelial dysfunction, as expressed by the FMD, 
progresses with the degree of liver fibrosis [8]. This association 
may explain some of the increased morbidity and mortality in this 
patient cohort.

The ascites, hyponatraemia and hepatorenal syndrome that 
accompany decompensated cirrhosis arise from a common 
mechanism and reflect the increasing severity of the disordered 
hemodynamic consequences of cirrhosis and portal hypertension 

[9]. Refractory ascites occurs in up to 10% of patients with 
decompensated cirrhosis [10] and is commonly associated with 
hyponatraemia. This has led to sodium being incorporated into 
some scoring systems that reflect the severity of liver disease 
and assigning waiting-list priority for liver transplantation such as 
Model for End-Stage Liver Disease-Na (MELD-Na) and the United 
Kingdom Model for End-Stage Liver Disease (UKELD) [11]. 

A 2007 UK trial concluded that the 90-day mortality was 
increased in those with serum sodium less than 130 Meq/L and 
emphasized correcting sodium levels pretransplantation [12]. 
However a 2009 US trial found no influence on post-transplant 
mortality associated with pre-transplant sodium [13]. Despite 
these divergent signals it remains common practice to initiate 
continuous renal replacement therapy (CRRT) for correction 
of severe hyponatraemia [9] in patients with decompensated 
cirrhosis.

We discuss three consecutive cases when CRRT was used to 
manage fluid overload and/or hyponatraemia in decompensated 
cirrhosis resulting in severe coagulopathy, and explore potential 
pathophysiologic mechanisms.

Case 1
A 37-year-old female with HCV and alcohol-related 
decompensated cirrhosis awaiting orthotopic liver 
transplantation (OLT), was referred to the intensive care unit 
(ICU) for CRRT for management of diuretic-resistant ascites 
and fluid overload. The patient had a pre-existing stable 

coagulopathy without overt bleeding (see Table 1). The patient 
was receiving intravenous antibiotics for a lower limb cellulitis 
at the time of referral. On admission, central venous access was 
established uneventfully and CRRT was commenced without local 
or systemic anticoagulant. 

One hour after initiation of CRRT, scattered petechiae were 
noted over her face and chest. This was accompanied by a new 
derangement in the coagulation profile. Over the next 24 hours, 
clinically significant bleeding and further coagulopathy developed 
(see Table 1).

Twelve hours following ICU admission, a thromboelastogram 
(TEG) was performed (see Figure 1). Based on this, blood 
products were transfused (as outlined in Table 1 at 12 hours). 
Results of coagulation screens performed at 12 and 18 hours 
became available. 

Blood products were transfused to target haemoglobin above 
9 g/dL and fibrinogen above 1 mg/dL. Platelets and pooled 
plasma (Octaplas®) were to be given as required when clinically 
significant bleeding occurred. These targets, combined with 
clinical assessment guided transfusion therapy over the following 
4 days and are detailed in Supplementary Table E1. Bleeding 
from the central venous catheter site and oral cavity began to 
ease at 36 hours after starting CRRT. Coagulation screen returned 
to baseline at 48 hrs and CRRT was discontinued after adequate 
fluid removal and clinical improvement on day 4. 

The patient had two further ICU admissions during her inpatient 
course, both with electrolyte disturbances and renal failure 
requiring CRRT. A worsening coagulopathy with oozing from line 
insertion sites occurred on both these occasions. Over the course 
of the second admission a total of 8 g fibrinogen, 1 pool platelets, 
4 pools of Octaplas® and 5 units red cells were transfused. 
During the third admission, up to the time of transplantation she 
received 1 pool of platelets, 4g fibrinogen, 3 pools of Octaplas® 
and 3 units of red cells with the worst coagulation profile on 
these admissions showing a platelet count of 18 × 103 μL, PT 
42 seconds and APTT 79.8 seconds. Liver transplantation was 
performed during the final admission, after which symptoms and 
coagulopathy resolved. The CRRT was discontinued day 3 post 
transplantation.

Case 2
A 55-year-old lady with decompensated cirrhosis secondary to 
alcoholic liver disease, being assessed for liver transplantation 
was admitted to the ICU requiring CRRT for management of fluid 
overload and pulmonary oedema. She also had a pre-existing 
but stable coagulopathy. On admission, blood products were 
prophylactically administered to facilitate central venous access 
(see Table 2) and CRRT was commenced without anticoagulant. 
Twelve hours after commencing CRRT the patient developed a 
coagulopathy with clinically evident bleeding as outlined in Table 2.

Factor assays were performed and showed a mainly haemostatic 
picture. This confirmed that a clotting factor deficiency was 
not the cause of the bleeding diathesis. Therefore a TEG was 
performed to establish if hyperfibrinolysis was present but was 
initially unrecordable (see Figure 2). The TEG was repeated with 
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complete normalization of both the TEG (see Figure 3) and more 
importantly, a rapid clinical improvement in bleeding affirming 
that hyperfibrinolysis was indeed the likely dominant driver of 
the coagulopathy.

The haemoglobin was maintained above 9 g/dL and fibrinogen 
levels above 1 mg/dL, with prothrombin complex concentrate 
(Octaplex®), cryoprecipitate, Factor VIIa and tranexamic acid as 
required for clinically significant bleeding.

Additional products transfused from day 1 to 4 are detailed in 
Supplementary Table E2. At 48 hours after commencement of 
CRRT, central venous catheter oozing had eased and was minimal 
at 54 hours. By this stage the consumptive coagulopathy had 
stabilised and clotting parameters returned to near baseline. 
One episode of melaena then occurred requiring replacement of 
fibrinogen and platelets and initiation of terlipressin to reduce 
splanchnic venous pressure. After day 5, CRRT was discontinued. 
Blood products were not administered unless deemed clinically 
necessary. During the rest of the ICU course, the patient 
reestablished a baseline coagulopathy with an INR of 2-3.8, 
platelets of 35-50 × 103 µL, APTT 60-70 seconds and fibrinogen < 
0.5 mg/d but bleeding remained controlled for the most part with 

intermittent fibrinogen replacement required for arterial line 
ooze. The patient was transferred back to the high dependency 
unit (HDU) on day 12. The patient had one readmission to ICU with 
diuretic-resistant fluid overload and hyponatraemia requiring 
intermittent haemodialysis. There were continued problems 
with clinically significant bleeding such as peripheral venous 
line oozing, the development of a chest wall haematoma and 
frank haematuria. Coagulation remained abnormal with a nadir 
PT of 36.9 seconds, APTT 109.9 seconds, fibrinogen 0.67 g/dL, 
platelets 35 × 103 μL. In total 3 pools of platelets, 10 g fibrinogen, 
6 pools Octaplas® and 9 units red cells were administered over 
48hrs. She was not considered as a suitable candidate for liver 
transplantation following multidisciplinary assessment. She was 
discharged to the HDU and died 5 days later.

Case 3
A 39 year old gentleman with decompensated cirrhosis and 
refractory ascites secondary to HCV awaiting OLT, was admitted 
to the ICU for CRRT for treatment of hyponatraemia resistant to 
medical therapy. He had a history of Haemophilia A and a pre-
existing coagulopathy in keeping with advanced liver disease but 

Time 0 hour 6 hours 12 hours 24 hours

Clinically evident bleeding Nil Petechiae over face and 
chest

Frank blood orally and from 
vascath insertion site

Laboratory results

Hb 7.6 g/dL

PT 24.5 s 

APTT 57.8 s

Platelets 27 × 103µL

Na+ 136 mmol/L

Hb 7.6 g/dL

PT 28.3 s

APTT 102 s

Platelets 22 × 103 µL

Na+ 136 mmol/L

Hb 7.4 g/dL

PT 60 s 

APTT 161 s

Platelets 27 × 103 µL

Fibrinogen < 0.5 gL

Hb 7.9 g/dL

PT 22.6 s

APTT 67.8 s

Platelets 35 × 103 µL

Fibrinogen 0.56 g

Na+ 138 mmol/L

Treatment 1 pool platelets

1 unit red cells

1 pool platelets

2 units Octaplas®

4 g fibrinogen

1 unit red cells

8 g fibrinogen

1000 iu octaplex®

Tranexamic acid mouthwash

Parenteral vitamin K 10 mg

Table 1 Clinically evident bleeding compared to laboratory results and the treatments administered over time in hours from admission case 1.

Time 0 hour 6 hours 12 hours 24 hours
Clinically evident 

bleeding
Fresh ooze from central 

access sites
Continuous ooze from access sites and 

mucosal bleeding

Laboratory results

Hb 7.6 g/dL
PT 33.8 s

APTTnot measured 
Platelets 40 × 103 µL
Fibrinogen 1.26 gL
Na+ 127 mmol/L

Hb 7.6 g/dL
PT 24.7 s

APTT 66.3 s
Platelets 58 × 103 µL
Fibrinogen 0.97 gL
Na+ 125 mmol/L

Hb 8.8 g/dL
PT 30.1 s 
APTT 120 s

Platelets 41 × 103 µL
Fibrinogen 0.5 gL
Na+ 129 mmol/L

Hb 8.6 g/dL
PT 22.1 s
APTT 116 s

Platelets 33 × 103 µL
Fibrinogen 0.89 gL
Na+ 132 mmol/L

Treatment
2 pools Octaplex®
4g fibrinogen

1 pool platelets

2 g fibrinogen
I unit red cells

Surgicel®, adrenaline and 
tranexamic acid soaked 

gauze at line sites
Tranexamic acid mouth wash

8 g fibrinogen
4 pools Octaplas®
1400 IU Octaplex®
2 pools platelets

Table 2 Clinically evident bleeding compared to laboratory results and the treatments administered over time in hours from admission case 2.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2016
Vol. 2 No. 1: 10

This article is available in: http://criticalcare.imedpub.com/archive.php4

Journal of Intensive and Critical Care 
ISSN 2471-8505

no clinically evident bleeding. Immediately prior to ICU admission 
the patient received 2 g of fibrinogen and 6000 IU Factor VIII and 
on admission, a further 6 g of fibrinogen were given to facilitate 
central venous access. Subsequently, CRRT was commenced 
without anticoagulant. 

After initiating CRRT the patient became hypotensive necessitating 
vasopressor use. Clinically evident bleeding subsequently 
developed with a worsening coagulopathy requiring treatment 
as outlined in Table 3. Transfusion was aimed at maintaining a 
haemoglobin level above 8 gm/dL and other blood products given 
on an as required basis according to coagulation screen results 
and TEG performed during admission. Products transfused are 
detailed in Supplementary Table E3.

Despite aggressive replacement of blood products and other 
interventions to reduce blood loss including administration 
of tranexamic acid 1 gm 24 hours after admission, the 
patient continued to bleed profusely and remained severely 
coagulopathic. He also became profoundly hypotensive, 
requiring increasing doses of vasoactive medication. A worsening 
lactic acidosis developed along with resistant hyperkalaemia 
despite treatment with CRRT and repeated boluses of insulin and 
dextrose. The patient died 46hrs after admission despite maximal 
therapies.

Discussion 
The above cases are as far as we can determine, the first reports 
of consumptive coagulopathy or disseminated intravascular 
coagulation (DIC) associated with initiation of CRRT in the ICU 
cohort of patients with decompensated cirrhosis. All three cases 
presented consecutively over a four month period to our unit 
and were placed on CRRT using the Prismaflex® AN69 ST150 
membrane which had been recently introduced to our hospital. 
There were 19 additional patients with cirrhosis commenced 
on CRRT with the same membrane during this time period, 
without significant coagulation abnormalities. They highlight the 
precarious nature of the coagulation cascade in patients with 
advanced liver disease and potentially how easily this delicate 
balance can be upset. Furthermore, while the subsequent 
coagulopathy may resolve, it is also clear from these cases the 
potential for increased morbidity and mortality in this patient 
population.

 The development of DIC in each case above was associated with a 
rapid derangement in coagulation parameters following initiation 
of CRRT with bleeding dominating the clinical picture. DIC is an 
acquired syndrome, occurring in up to 1% of hospitalized patients, 
and is secondary to an underlying disorder [14]. The mortality in 
ICU patients who develop DIC approaches 45% and is correlated 
with the severity of DIC and organ failure [15].

Decompensated cirrhosis in itself is not a condition associated 
with causing DIC. However, laboratory abnormalities can mimic 
DIC, with an elevated PT, INR, APTT and fibrin degradation 
products all of which were seen in the baseline coagulation 
screens from our patients. A relatively high factor VIII level and 
stable platelet count can be used distinguish the two [16]. In 
the cases described, falling platelet counts and low Factor VIII 

levels measured in Case 2 helped establish the diagnosis of DIC 
though this was more complicated to decipher in the Case 3 
given the underlying Haemophilia A. The persistently dropping 
platelet and fibrinogen levels despite replacement in Case 1 
helped distinguish between the coagulopathy associated with 
decompensated cirrhosis and DIC. Fibrinolysis is also thought to 
occur in cirrhosis with lower fibrinogen levels correlating with 
disease severity [6, 16]. This is thought to be due to an elevated 
tissue plasminogen activator (tPA) level with a smaller increase 
in plasminogen activator inhibitor. However, when actual clot 
lysis is measured, for example using TEG, hyperfibrinolysis is 
either not evident or mild in otherwise stable patients [6]. In 
each case above fibrinogen, when measured, was above 1.0 
g/L at baseline. To encapsulate both these phenomena and 
distinguish them from DIC, the term ‘accelerated intravascular 
coagulation and fibrinolysis’ (AICF) has been introduced [16]. It 
can be distinguished from DIC by the absence of frank bleeding 
and end organ damage [16]. When this normally balanced state 
is disrupted, DIC can develop. This balance is easily upset by 
factors such as infection (due to the production of endogenous 
heparinoids), renal failure, endothelial dysfunction and portal 

  

Figure 1 TEG for case 1.

 

Figure 2 Initial TEG in case 2.

 

Figure 3 Later TEG from case 2.
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hypertension leading to clinically evident bleeding [4]. In Case 
1, the patient was being treated for cellulitis at the time of ICU 
admission and the patient in Case 2 became pyrexial during 
the course of her ICU admission though this was considered 
related to blood transfusion. In Case 3, the patient was receiving 
antibiotics for a venous line infection. Theoretically, infection and 
production of endogenous heparinoids in some of these cases 
could have resulted in DIC but the temporal relationship of CRRT 
commencement and DIC potentially suggests an alternative or 
additive explanation. 

A further feature separating these cases from the usual balanced 
state of haemostasis evident with cirrhosis was the marked 
hyperfibrinolysis present in each case and the persistently 
declining fibrinogen levels despite aggressive replacement. 
Hypofibrinogenaemia is only seen in very severe cases of DIC and 
fibrinogen can be normal in up to 57% of episodes [17]. 

DIC is a complex, systemic disorder that is characterized by 
widespread activation of coagulation, with fibrin deposition 
within vessels, consumption of clotting factors and end-organ 
damage and can manifest as either bleeding or thrombosis. A 
different subtype of DIC exists, most commonly encountered in 
patients diagnosed with Acute Promyelocytic Leukaemia (APML). 
In this subtype, hyperfibrinolysis predominates and coagulation 
factors, when measured, show a mainly haemostatic picture [18]. 
Significant hypofibrinogenaemia with haemorrhage dominate 
the clinical picture, while thrombotic complications are less 
frequent [18]. This primary hyperfibrinolysis is mainly the result 
of increased annexin A2 generation. Annexin A2 is a calcium 
dependant phospholipid binding protein, which increases tPA 
dependent plasmin generation 60-fold. In addition, there is 
increased degradation of fibrinogen by elastase, as also seen in 
sepsis [18]. The cases described above appear to share features 
of this DIC subtype, with haemostatic coagulation factors being 
documented in Case 2 and considerably reduced fibrinogen 

levels with problematic bleeding encountered in all three 
cases. We speculate that the deranged PT and APTT reflected 
hypofibrinogenaemia. We hypothesise that early fibrinogen 
replacement and inhibition of fibrinolysis in similar cases may be 
warranted. 

Tranexamic acid, an antifibrinolytic agent which reversibly 
blocks the lysine binding sites on plasminogen, is not usually 
recommended as part of the treatment pathway for DIC [17]. The 
response to tranexamic acid in these cases was very pronounced 
with normalization of the TEG in Case 2 (Figures 2 and 3) and a 
reduction in clinically evident bleeding despite ongoing disturbance 
of the conventional coagulation profile. Antifibrinolytics have been 
used in the treatment of the DIC with hyperfibrinloysis subtype 
seen in APML [18]. Tranexamic acid has also been shown to 
attenuate the inflammatory response and reduce bleeding and 
transfusion requirements after cardiac surgery when given pre 
and post cardiopulmonary bypass (CPB) [19]. Given that the 
coagulopathy in the above cases was initiated by contact with an 
artificial membrane, it could be hypothesized that the treatment 
effect seen after CPB could be extrapolated to similar situations. 
However, the CRRT membrane has a much smaller surface area 
than the CPB circuit and the post pump or Kirklin syndrome 
[20], seen in around 10% of patients following CPB [21], occurs 
much less frequently in patients on CRRT. Extending the use of 
tranexamic acid outside its current therapeutic uses should only 
be recommended after rigorous clinical trials have been carried 
out to establish its safety and efficacy in this scenario.

The TEG and thromboelastometry measure viscoelastic changes 
in blood to give a global view of clot formation and dissolution. 
They more closely reflect in vivo haemostasis than traditional 
laboratory coagulation parameters and are useful as a point-of-
care testing device [22]. Thromboelastometry is more useful to 
detect thrombocytopenia and hypofibrinogenaemia and guide 
transfusion of platelets, fibrinogen and cryoprecipitate [23]. The 

Time 0 Hour 6 Hours 12 Hours 24 Hours

Clinically evident 
bleeding nil Haematemesis

Ooze from right groin 
vascath site

Bleed from nose and mouth

Blood around cuff of Endotracheal tube
Ooze from mouth

Laboratory results

Hb 9.1 g/dL
PT 27.4

APTT 77.7
Platelets 82 × 103 µL
Fibrinogen 1.11 g/L

Factor VIII 22
Na+ 121 mmol/L

Hb 7 g/dL
PT 32.7

APTT 171.8
Platelets 57 × 103 µL
Fibrinogen 1.04 g/L

Na+ 123 mmol/L

Hb 7.4 g/dL
PT 33.2

APTT < 240
Platelets 100 × 103 µL
Fibrinogen 0.75 gm/dL

Na+ 127 mmol/L

Hb 8.3 g/dL
PT 26.6
APTT 240

Platelets 36 × 103 µL
Fibrinogen 0.51 g/L

Factor VIII 57
Na+ 131 mmol/L

Treatment 6 gm fibrinogen 2 gm fibrinogen
2 pools platelets
2 units red cells

6 units red cells
Fibrinogen 8 gm

Octaplas® 12 pools
1 pool platelets

1000 iu factor VIII and 
infusion 7000 iu / 24 hrs

Factor VIIa 1000 mcg
vitamin k 10 mg
pressure to groin

nose packs 
Tranexamic gauze to mouth

3 units red cells
Fibrinogen 12 gm
Octaplas® 8 pools
4000 iu Factor VIII
2 pools platelets

Tranexamic acid 1 gm adrenaline 
soaked gauze to mouth

Table 3 Clinically evident bleeding compared to laboratory results and the treatments administered over time in hours from admission case 3.
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use of thromboelastometry has been found to be useful to assess 
coagulation in patients with stable cirrhosis [24]. Risk of bleeding 
can be assessed by looking at the maximum clot firmness (MCF) 
and clot-formation time (CFT) which have good correlation with 
platelet number, antithrombin, factor II and fibrinogen levels [24]. 
MCF was also found to have a similar correlation to PT with Child-
Pugh score in cirrhotic patients when determining prognosis [24]. 
TEG has also been shown to be of use in assessing bleeding risk and 
transfusion requirement in cirrhotic patients when clot strength 
in dynes/m2 is combined with INR and platelet count [25]. It can 
also be used to detect the presence of endogenous heparinoids 
which may contribute to the coagulopathy and haemorrhagic 
events associated with cirrhosis [26]. TEG has been shown to 
predict rebleeding in patients with variceal bleeding one day 
before haemorrhage recurred [27]. Parameters measured with 
TEG include the r and k times, α angle and maximum amplitude 
(MA). The r and k time measure the latency from the start of the 
test to initial fibrin formation and the time taken for the clot to 
reach amplitude of 20 mm respectively. They are representative 
of the traditional coagulation tests and prolongation reflects 
deficiency of clotting factors. The α angle measures the speed of 
clot strengthening while the MA represents the greatest strength 
of the clot and equates to platelet function and fibrinogen 
levels. LY30 and LY60 are additional parameters measured which 
give an indication of the degree of fibrin breakdown at 30 and 
60 minutes after MA has been reached. An elevation of these 
indicates that hyperfibrinolysis is present. [28]. TEG was used in 
the above cases when automated laboratory coagulation screens 
were insufficiently precise to detect hyperfibrinolysis and guide 
treatment. The TEG pattern observed in Case 1 was similar to 
that described in patients rebleeding after variceal haemorrhage 

[27]. TEGs from Cases 2 and 3 had prolonged r times without the 
other features, suggesting the possibility that abnormalities of 
any of the three parameters could point towards increased risk 
of bleeding in patients with decompensated cirrhosis. Therefore 
it may be of benefit to perform a TEG in this patient population 
prior to interventions that carry the risk of inducing a worsening 
coagulopathy and/or bleeding. The TEG from Case 3 (Figure 4) was 
more difficult to interpret given the background of haemophilia. 

Despite the classical picture of hyperfibrinolysis not being evident 
on the TEG from Case 2 (Figure 2), normalisation of TEG parameters 
after administration of tranexamic acid (Figure 3) may suggest it was 
actually present. This, combined with the haemostatic picture 
documented on clotting factor analysis suggests hyperfibrinolysis 
was the most likely cause of DIC. It has previously been suggested 

that TEG could be used to guide antifibrinolytic treatment in 
APML patients with hyperfibrinolysis, with therapy ceased once 
parameters normalize [18]. This could be another indication for 
TEG use in this patient type. 

In the three cases above we speculate that the initiation of 
CRRT in patients with a pre-existing coagulopathy secondary to 
decompensated cirrhosis, disrupted the delicate haemostatic 
balance of advanced liver disease resulting in DIC developing 
within 12 hours of starting CRRT.

It has been long understood that dialysis membranes have 
the potential to induce harmful effects when in contact with 
blood. This feature is referred to as biocompatibility. Their use 
induces contact phase activation and the subsequent reactions 
of coagulation. This usually results in blood clotting and this 
disruption of CRRT typically necessitates anticoagulation of 
the patient [29]. Due to the risk of bleeding and pre-existing 
coagulopathy in these cases no regional or systemic anticoagulant 
was administered. Artificial membranes can also activate 
polymorphonuclear cells, resulting in production of oxidative 
free radicals, which leads to inflammatory stress, endothelial cell 
activation and vascular injury [29], again resulting in activation 
of the coagulation cascade. It may have been either of these 
phenomena, initiating the reactions of coagulation, which 
resulted in bleeding rather than thrombosis in patients with an 
already deranged coagulation system. 

Shortly prior to these three cases, the membranes used for 
CRRT were changed from the Prismaflex® HF1400 set to the 
Prismaflex® AN69 ST 150 set. Both membranes are synthetic, 
highly permeable, can bind endotoxins and cytokines and have 
improved biocompatibility over the older cellulose membranes 
[29]. Biocompatibility is characterized by both the zeta potential 
or electronegative charge of a membrane, a less negative charge 
being more biocompatible, and the amount of bradykinin 
generation. Production of bradykinin is a reflection of the 
degree of high molecular kininogen (HMWK) adsorption to the 
dialysis membrane and subsequent contact phase activation of 
the coagulation cascade therefore higher bradykinin levels implies 
reduced biocompatibility. The zeta potential of the AN69 ST150 
is less than the HF1400 because it possesses a polyethyleneimine 
(PEI) coat. However, bradykinin generation is greater with the AN69 
ST150 (Supplementary Table E4). Furthermore, in patients with 
decompensated cirrhosis, infection or bleeding and the production 
of endogenous heparinoids increases and may lead to DIC [4]. 
It is possible that these heparinoids could bind the AN69 ST150 
membrane because of the positive charge on the PEI coat and 
later be released resulting in bleeding [30]. Perhaps the higher rate 
of HMWK adsorption and contact phase activation resulted in the 
development of DIC in combination with possible sepsis.

Conclusion
We report a consumptive coagulopathy developing in three 
consecutive patients following the initiation of CRRT in the setting 
of decompensated cirrhosis. Given the temporal relationship 
between initiation of CRRT and development of coagulopathy, 
there is a possibility that contact phase activation secondary to 

 

Figure 4 TEG from case 3.
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the CRRT membrane was a contributory factor in this process. It 
is likely, however, that the cause of DIC was multifactorial in these 
patients, with an element of sepsis and progression of underlying 
disease also playing a role. Whatever the exact mechanism 
of DIC in these patients, these cases emphasize that initiating 

CRRT in patients with decompensated cirrhosis requires careful 
consideration of the potential complications. This can include a 
rampant consumptive coagulopathy, necessitating aggressive 
replacement of blood products to treat and prevent catastrophic 
haemorrhage with significant morbidity and mortality associated. 
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