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Abstract: 

Acute-on-chronic hepatic failure is an increasing number of identified distinct disorders encompassing an acute 

deterioration of hepatic functions in patients with chronic liver disease. The aim was to evaluate the possibility of 

hepatic microcirculatory thrombosis in acute-on-chronic hepatic failure and the value of plasma fibrin monomer 

(FM) and D-dimer in the diagnosis. A total of 50 patients with chronic hepatitis C infection developing new-onset 

ascites, encephalopathy, and/or jaundice with raised international normalization ratio (INR) (group 1); group 2 

included 30 patients with compensated chronic hepatitis C virus infection who served as the control group. Ascetic 

fluid examination and culture were done for group 1, in addition to complete blood count, liver enzymes, INR, serum 

bilirubin and albumin, blood culture, α-fetoprotein, D-dimer, plasma FM, abdominal ultrasound, and Doppler for 

portal vein were done for all patients groups. Group 1was subdivided according to the level of FM into subgroups A 

and B. FM showed a significant difference between group 1A and other groups; group IB showed non-significant 

elevation of the level of FM and a significant increase in D-dimer compared with the control group. A marked 

reduction in portal flow mean velocity in group 1A was recorded with further deterioration of portal flow direction 

after 2 weeks from the admission time. Three months follow-up showed significant reduction of FM, improvement of 

portal flow mean velocity and direction in group 1A; FM was significantly positively correlated with portal flow 

mean velocity. Hepatic microcirculatory thrombosis may occur in acute-on-chronic hepatic disease; determination 

of the FM and D-dimer level may be useful biomarkers predicting hepatic microcirculatory thrombosis. 
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INTRODUCTION: 

The term acute-on-chronic hepatic failure (ACLF) 

was first utilized in 1995 to portray a condition in 

which two insults to the liver are working all the 

while, one of them being chronic and progressing 

whereas the other being acute. Commonly two 

definitions are regularly utilized. The first was 

advanced by the Asia-Pacific Association for the 

Study of the Liver which provided the first consensus 

on ACLF, defined as ‘an acute hepatic insult 

manifesting as jaundice and coagulopathy, 

complicated within 4 weeks by ascites and/or 

encephalopathy’; the 2014 definition was further 

expanded to include ‘high 28-day mortality’ (Anstee, 

2015). 

 

The second definition is the operating definition of a 

studies consortium of the American Association for 

the Study of Liver Diseases and the European 

Association for the Study of the Liver. They 

proposed: ‘acute deterioration of current chronic 

hepatic disease’, typically in reference to a triggering 

event combined with higher mortality rate at 3 

months due to multisystem organ failure (Anstee, 

2015). 

 

Chronic hepatic disease, till these days taken into 

consideration as a prototype of acquired 

coagulopathy leading to bleeding, have to be 

regarded as a circumstance associated with normal or 

accelerated thrombin generation and the bleeding that 

happened in those patients most probably associated 

with superimposed conditions that often occur on this 

circumstance. In view of expanded factor VIII 

(procoagulant driver) joined with diminished protein 

C (anticoagulant driver), a procoagulant imbalance, 

described as a partial resistance to the in-vitro 

anticoagulant activity of thrombomodulin, can be 

proven in chronic hepatic disease. This 

hypercoagulable state might be the reason for the 

discovered expanded danger of venous 

thromboembolism appeared by epidemiological 

studies, with additional confirmation of intrahepatic 

thrombosis in patients with acute-on-chronic hepatic 

disease (Stravitz, 2012). 

 

It is far properly installed that the D-dimer test has 

poor specificity proving the occurrence of venous 

system thromboembolism, because of the degradation 

of extravascular fibrin into the D-dimer by the 

fibrinolytic system, which, as a result of their low 

molecular weight, effectively diffuses into the blood 

circulation. This idea is confirmed by the regularly 

elevated D-dimer levels found in patients with 

cancer, infection, acute inflammatory diseases, 

ascites, recent surgery, trauma, and active bleeding. 

 

In comparison, plasma fibrin monomer (FM) cannot 

originate from inflammatory sites, due to its high 

molecular weight; in this manner the existence of FM 

in plasma is a marker of initiation of intravascular 

coagulation. Accompanying assurance of FM and D-

dimer levels will turn out to be clinically valuable in 

the fast determination of thromboembolism. An 

additional favourable option is that FM levels can 

conceivably be utilized to screen the outcomes of 

subsequent anticoagulant therapy (Stravitz, 2012). 

 

METHOD: 

This cross-sectional study was carried out in Zagazig 

University Hospital Internal Medicine Department 

from June 2015 to April 2016. A total of 50 patients 

with chronic hepatitis C infection who developed 

new-onset jaundice, encephalopathy, and/or ascites 

with elevated international normalisation ratio (INR) 

within few days before enrolling in the study group 1. 

All had regular follow-up in the Hepatology Clinic in 

Zagazig University Hospital with compensated 

clinical course in the past 3 months. All procedures 

followed were in accordance with the ethical 

standards of the responsible committee on human 

experimentation (institutional and national) and with 

the Helsinki Declaration of 1975, as revised in 2008. 

Informed consent was obtained from all patients for 

being included in the study.  

 

Group 2 included 30 patients with compensated 

chronic hepatitis C virus infection which served as 

the control group. 

 

Patients in group 1 were 33 men and 17 women; their 

ages ranged from 43 to 65 years old. Patients with 

hepatocellular carcinoma, portal vein thrombosis, 

deep venous thrombosis, recent esophageal variceal 

bleeding or injected varices and patients previously 

treated by anticoagulants or patients with evidence of 

disseminated intravascular coagulation (DIC) were 

excluded from this study. 

 

Patients in group 1 were admitted and managed 

according to each condition. All patients and control 

groups were subjected to full medical history, 

thorough physical examination, and laboratory tests 

including INR, serum albumin, complete blood 

count, serum bilirubin, alanine transaminase (ALT), 

aspartate transaminase, ascetic fluid examination and 

culture, blood culture, α-fetoprotein, HBsAg, 

HBcAb, HAVIgM d D-dimer and FM, abdominal 

ultrasound (US), Doppler US for portal vein, and 

computed tomography of the abdomen for patients in 
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group 1. 

 

Statistical analysis 

The results were presented as mean ± SD. Statistical 

comparisons of individual groups were based on 

unpaired Student’s t-test and one-way analysis of 

variance. Receiver operating characteristic (ROC) 

curve analysis was performed to compare the 

diagnostic performance. According to the cut-off 

point of FM from the ROC curve, sensitivity, 

specificity was calculated. Correlation between 

variables was done using correlation coefficient 

‘r’. P value is considered significant at less than or 

equal to 0.05 levels, highly significant at less than or 

equal to 0.01, and non-significant at greater than 

0.05. 

 

RESULTS: 

Patients in group1 were further subdivided according 

to the level of FM (above and below the cut-off 

point) into group1 A including 29 patients with a 

raised level of FM and group 1B including 21 

patients non-elevated FM. Upper gastrointestinal 

haemorrhage in three patients in group 1A and eight 

patients in group 1B, renal dysfunction in two 

patients in group 1A and five patients in group 1B, 

and bacterial infections in three patients in group 1A 

and six patients in group 1B. A total of 15 patients 

exhibited more than two complications and no 

detectable causes of acute hepatic de-compensation 

in the other patients. FM was significantly higher 

with non-significant difference of D-dimer between 

groups A and B in group 1.  

 

 
 

Follow-up for 3 months determining 2 weeks as the peak of deterioration and 2 months for improvement, significant 

differences in FM, ALT, total bilirubin, INR and portal flow mean velocity, and direction with non-significant 

difference in platelet count in group 1A were observed as mentioned in below Table 2.  

 

 
 

There were no significant changes in portal hemodynamic, FM level, platelet count, and ALT with significant 

difference of INR, bilirubin, and D-dimer with the same period of follow-up in group 1B as mentioned below Table 

3.  
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Clinical and laboratory improvements were recorded 

in 13 patients with persistent clinical state in 14 

patients and two patients have expired in group 1A. 

In group 1B three patients expired, with clinical and 

laboratory improvement in 10 patients and persistent 

clinical state in eight patients with a follow-up period 

of 3 months. Patients with clinical improvement in 

group 1A showed significant reduction of D-dimer, 

FM, ALT, and INR with significant improvements of 

portal flow mean velocity and direction.  

 

 
 

On ROC curve analyses, the diagnostic performance of FM in groups 1A and 1B (P=0.596), the values with the 

largest area under the curve were set as the cut-offs for FM (430 µg/ml). Below this cut-off, FM has high sensitivity 

and specificity, Figure 1. 
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Significant negative correlation between FM and portal means velocity (r=−0.842**; P=0.003) as per mentioned in 

Figure 2. 

 

 
 

DISCUSSION: 

ACLF is an overwhelming disorder which describes a 

subgroup of patients with chronic hepatic illness who 

promote organ failure with increasing mortality, 

disturbed reaction of the patients to triggering injury 

assumes a crucial pathophysiological role in acute-

on-chronic hepatic injury. However, there are zones 

of vulnerability in characterizing ACLF, such as 

heterogeneity of the disease, vagueness in qualifying 

the underlying hepatic illness or evidence of infection 

as a promoting event (Stravitz, 2012).  

The patients’ immune status and the degree of organ 

failure decide the result of this syndrome. At 

admission time, our study showed significant 

difference between group 1 and control groups 

regarding D-dimer and plasma FM, INR, ALT, and 

total bilirubin. Plasma FM and D-dimer were raised 

in 29 patients in group 1A, whereas in group 1B FM 

it was not elevated with significant elevation of D-

dimer in 21 patients, high levels of both plasma FM 

and D-dimer are referring to the development of 

venous thrombosis. This result is agreement with 

Mirshahi et al. who reported that assessment of 

plasma FM combined with D-dimer presents a 

conceivably helpful tool for the early detection of 

venous thromboembolism, provided that the patients 

have not been receiving anticoagulants. Our data 

show elevated levels of ALT, INR, total and direct 
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bilirubin with DIC score in successive reading is less 

than five suggesting that the liver is the target organ 

affected in this insult (Ganey, 2013).  

 

These results confirm the results of Edoardo et al. 

who reported that hepatic illness is usually reflected 

by biochemical variations of one of the two 

distinctive hepatic systems or of liver function. In 

spite of the fact, the tests that measure the level of 

serum liver enzymes are usually eluded as liver 

function tests, reflecting cholestasis or integrity of 

hepatocytes more than hepatic function. The change 

in prothrombin time or serum albumin level is 

usually associated with a reduction in hepatic 

functioning mass, confirmed by the raised level of 

INR. Moreover, there were significant reduction in 

portal flow mean velocity and significant increase in 

the number of patients with no forward flow of portal 

vein in group 1A compared with the other groups. 

After 2 weeks of follow-up, we recorded a significant 

increase in FM, ALT, total bilirubin, and INR with 

significant deterioration of the portal flow mean 

velocity and direction in group 1A .  

 

Our results show significant negative correlation 

between FM and portal flow mean velocity in group 

1A. This correlation is clearer and more significant in 

patients after 2 weeks more than at the start of 

admission, suggesting continuing and dynamic 

process of thrombosis associated with continuing 

deterioration in liver functions and portal 

hemodynamics (Ganey, 2012) 

 

From the previous results we can conclude that the 

development of ACLF may result from precipitating 

factors like gastrointestinal tract bleeding, infection 

or renal impairment in group 1B with no evidence of 

vascular thrombosis and may occur with undetectable 

cause in most cases in group 1A, in which hepatic 

micro-thrombosis may be the triggering factor; 

moreover, it could complicate the clinical course in 

situations with presence of a precipitating cause 

(Ginsberg, 1997).  

 

Proofing and acceptance of the hypothesis of hepatic 

microcirculatory thrombosis and its role in the 

deterioration of liver function and progression of 

cirrhosis, an emerging query is whether this micro-

thrombosis is a sequel with presence of a 

precipitating factor or a cause of developing acute 

deterioration in the absence of precipitating reason 

and may give us the value of using different 

therapeutic options like low molecular weight 

heparin or antithrombin 3 and studying its effect on 

protecting the liver from the hypercoagulable state in 

patients with acute-on-chronic and chronic hepatic 

disease. 

 

CONCLUSION: 

Hepatic microcirculatory thrombosis may occur in 

acute-on-chronic hepatic disease as a cause or a 

complication of precipitating events. Evaluation of 

the level of plasma FM and D-dimer may be useful 

biomarkers to predict hepatic microcirculatory 

thrombosis. Further studies are needed to insure the 

occurrence of such condition and the suitable 

methods of treatment. 
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