
Hanafy et al. Egypt Liver Journal           (2021) 11:83  
https://doi.org/10.1186/s43066-021-00151-2

ORIGINAL RESEARCH ARTICLE

Predictors of residual hepatic reserve 
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Abstract 

Background:  Therapeutic interventions for hepatocellular carcinoma (HCC) particularly in patients with advanced 
liver disease may lead to more aggravation of clinical and biochemical parameters of liver functions. We aimed to 
assess the utilization of easily applied variables which evaluate residual hepatic reserve to predict liability for compli-
cations and hepatic decompensation in cirrhotic patients with ablated HCC particularly when these patients were 
exposed to specific medical treatment such as DAAs and systemic therapy for HCC such as sorafenib.

This study included 3 groups with HCC. Group 1: patients with ablated HCC and Child-Turcotte-Pugh (CTP) class A, 
who received Sofosbuvir (SOF)-based treatment (n = 250), group 2: HCC patients CTP (A), managed with sorafenib 
after transarterial chemoembolization (TACE) (n = 250) and group 3 as a control group of non-cirrhotic patients (n = 
176). Evaluation for all patients was done by routine laboratory investigations including liver and kidney functions, 
complete blood count, platelet indices and plasma ammonia, upper gastrointestinal (GI) endoscopy and estimation 
of liver volume by ultrasound and liver stiffness (LS) by Fibroscan.

Results:  Unfavorable outcome and increased incidence of complications during DAAs were independently associ-
ated with severity of thrombocytopenia (p = 0.001) at a cut-off 78,000/μl, LS > 20 kPa (p = 0.001), liver volume < 500 
ml (p = 0.002), and gamma globulin levels > 4 gm/dl (p = 0.004).

In the sorafenib group, unfavorable outcome and complications were independently associated with PDW/MPV ratio 
> 2.74 (p = 0.001), level of ammonia > 87 μg/dl (p = 0.001), LS > 25 kPa (p = 0.001), and liver volume < 490 ml (p = 
0.001).

Conclusion:  Non-invasive parameters of residual hepatic reserve are promising tools to guide therapy and avoid 
further complications in patients with liver cirrhosis and ablated HCC.

Keywords:  Hepatic reserve, Liver volume, Hepatic decompensation, HCV, Liver stiffness, Thrombocytopenia, TACE, 
Ammonia, Sofosbuvir, HCC
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Background
Hepatocellular carcinoma is the 6th most common 
human malignant tumor and is the 4th most common 
cause of cancer-related mortality [1]. In the past few 
decades, multiple therapeutic options became avail-
able for patients with HCC according to their liver 
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function status, performance score, tumor size, and 
aggressiveness.

These therapeutic modalities range from surgical treat-
ment as liver transplantation and liver resection, locore-
gional interventions as RFA, microwave ablation and 
TACE, and pharmacological treatment with tyrosine 
kinase inhibitors as sorafenib for advanced non-operable 
compensated cases [2]

Documented ablation of HCC is an essential pre-requi-
site for implementation of direct-acting antiviral (DAAs) 
drugs. The most common devastating sequel of HCC 
medical treatment and DAAs therapy is liver decom-
pensation, such as ascites, hyperbilirubinemia, hepatic 
encephalopathy, variceal bleeding, HCC recurrence, and 
cardiac toxicity particularly in cirrhotic patients with 
HCC [3, 4].

Liver cirrhosis in the compensated stage should be 
offered the treatment with close follow-up as decom-
pensation may occur with its grave complications mainly 
variceal bleeding, hepatic encephalopathy, ascites, spon-
taneous bacterial peritonitis, and/or hepatorenal syn-
drome [5].

Evaluation of the residual liver reserve by static and 
dynamic tests before any therapeutic medical, interven-
tional, or surgical modality is an important predictor of 
post-treatment or procedural hepatic decompensation 
in high-risk patients. Hepatic reserve is the measure of 
quantity and quality (function) of the remaining liver 
cells and their capability to tolerate the initial phase after 
any therapeutic procedure without decompensation or 
failure of the synthetic function [6].

The static tests such as model for end-stage liver dis-
ease (MELD) and Child-Turcotte-Pugh (CTP) scores 
quantify liver functions to assess the extent and severity 
of liver cirrhosis, and predict the prognosis and mortality 
before TIPS or liver transplantation [7].

The dynamic liver function tests evaluate the ability of the 
liver to metabolize or to eliminate substances. They include 
clearance tests as indocyanine green, caffeine and brom-
sulphalein clearance tests; elimination tests such as galac-
tose removal capacity, and formation of metabolites such 
as mono-ethyl glycine xylidide from lignocaine. However, 
these tests are expensive and need specialized centers [8]

The functional hepatic reserve can be evaluated by liver 
volume; it can be detected by complex procedures as sin-
gle photon emission computed tomography (SPECT) and 
magnetic resonance imaging [9–11] or simply by bedside 
abdominal ultrasound with a cut-off value 495 ml that 
can predict possible hepatic complications [12].

The current study aimed to assess the utility of simple 
variables that predict the residual hepatic reserve and 
complications mainly hepatic decompensation in cir-
rhotic patients with ablated HCC, as vascular hepatic 

decompensation (bleeding esophageal varices) or paren-
chymatous decompensation (ascites, jaundice) particu-
larly when these patients were exposed to specific medical 
treatment such as DAAs and systemic therapy for HCC 
such as sorafenib, in addition evaluation of the impact 
of residual hepatic reserve on the incidence of SVR and 
tumor recurrence after ablative treatment for HCC.

Methods
Patient selection
This prospective study was conducted in Gastroenter-
ology &Hepatology Unit, Internal Medicine Depart-
ment-Zagazig University Hospitals-Egypt from January 
2016 till January 2020. The protocol of this study was 
revised and approved by the institutional review board 
(IRB) and ethical committees of Zagazig Faculty of 
Medicine. Written informed consent was obtained 
from every patient prior to enrollment in the study.

The study had enrolled 676 patients who were classified 
into two main groups as described in flowchart of Fig. 1. 
Groups 1 and 2 which included 500 patients with com-
pensated liver cirrhosis and HCC on top of chronic HCV.

Group 1(n = 250), which included compensated cirrhosis 
patients (CTP-class A) with inoperable HCC who reported 
successful HCC loco-regional ablation at least 6 months 
prior starting treatment for chronic HCV using Sofosbuvir 
400 mg, Daclatasvir 60 mg and weight based ribavirin.

Group 2 (n = 250): which had enrolled patients with 
(CTP-class A) and inoperable HCC who were managed 
with TACE followed by sorafenib.

Patients were included if they had chronic HCV diag-
nosed by HCV-RNA using polymerase chain reaction 
(PCR) and had liver cirrhosis confirmed by abdominal 
ultrasound (nodular surface, rounded edge, coarse echopat-
tern, prominent caudate lobe, and hypoechoic nodules in 
liver parenchyma), Fibroscan > 12.5 kPa denoting F4 and 
liver cirrhosis, Child-Pugh score class A, HCC was diag-
nosed according to guidelines of the European Association 
for the Study of Liver (EASL) and the American Associa-
tion for the Study of Liver Disease (AASLD) and patient 
performance status (PS) scale = 0–1 according to Eastern 
Cooperative Oncology Group (ECOG).

Patients were excluded if they had current or previous 
parenchymatous hepatic decompensation (ascites, hepatic 
encephalopathy, acute liver failure etc.), previous liver 
transplantation, PS > 1, and prior virological relapse after 
SOF-based therapy or co-infection with HBV or HIV.
-Group 3 (control group): chronic HCV patients with 

HCC and without cirrhosis (Fibroscan reading < 12.5 
kPa) matched for age and gender (n = 176).

It included 130 patients who received DAAs for 
chronic HCV after documented ablation of HCC and 
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46 patients with advanced HCC who received sorafenib 
after TACE or radiofrequency ablation.

They were compared in terms of the incidence of liver-
related adverse effects following the planned treatment.

Patients’ evaluation
All patients enrolled in the study were subjected to 
careful history taking and clinical examination for signs 
of liver cirrhosis and decompensation.

Laboratory investigations
They included complete blood count (CBC), platelet 
indices as PDW, MPV, liver and kidney function tests, 
prothrombin time and concentration, and international 
normalized ratio (INR) in addition to serum level of 

alpha fetoprotein (AFP) and calculation of CTP and 
MELD scores.

Real-time quantitative PCR for HCV-RNA (detection 
limit 15 IU/ml; Roche Diagnostic Systems) was per-
formed before treatment with DAAs, 4 weeks after the 
start of treatment, at the end of therapy, and 6 months 
after treatment termination to confirm sustained viro-
logical response (SVR).

Plasma level of ammonia (n: 10–60 μg/dl)
A venous blood sample was collected after 6 h of fasting 
and abstinence from smoking for at least 8 hours, drugs 
as diuretics, antibiotics, uncontrolled hyperglycemia, or 
hypokalemia. The samples were put in EDTA containing 
sterile tubes, analysis was performed by the enzymatic 
method.

Fig. 1  Flowchart of the study population
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Abdominal ultrasound examination
It was performed with a single well experienced phy-
sician using an ultrasound device (Sonoscape A6T). 
Portal hypertension parameters such as portal vein 
diameter, splenic bipolar diameter and splenic vein 
diameter were evaluated. Patients with ascites, new 
appearance or recurrence of hepatocellular carcinoma 
had been excluded. Bed-side ultrasound estimation of 
the liver volume using the standard ellipsoid formula 
(max. length × max. width × max. depth × 0.523) 
(Fig.  2) as a predictor of hepatic functional cellular 
reserve, normal liver volume for adults is nearly 1260 up 
to 1600 ml [13].

Liver stiffness (LS) evaluation by Fibroscan
The assessment was performed by a well-trained hepa-
tologist using Fibroscan® device (EchoSens, Paris, 
France) with a range of 2.5 to 75 kPa. The patient was 
fasting and evaluated in the supine position, with the 
right arm maximally abducted. The median value of 10 
measurements was calculated with a success rate of ≥ 
60% and an interquartile range of < 30%. LS> 12.5 kPa 
indicated liver cirrhosis. Additionally, the risk of liver-
related adverse events after hepatic therapeutic inter-
ventions is markedly increased with LS > 12.5 kPa; for 

example, the risk of esophageal varices is significantly 
increased with LS > 25 kPa [14].

According to Fibroscan measurements, the patients 
of groups 1 and 2 were classified into a subgroup with 
LS (12.5–25 kPa), and a subgroup with LS (> 25 kPa) as 
shown in (Table 2).

Upper GI endoscopy
It was performed in high-risk patients denoted by 
ultrasonographic features of portal hypertension, 
platelet count< 100 × 103/dl and Fibroscan > 25 kPa 
to exclude esophageal varices which were treated with 
band ligation before the planned therapy with DAAs or 
sorafenib.

Statistical methods
Results were analyzed using the SPSS version 20 (Chi-
cago, USA). Continuous variables were defined as mean 
± standard deviations. Chi-square test, Student’s t test, 
and variance analysis were used appropriately.

Spearman’s correlation coefficient (r) was performed 
for ordinal variables and Pearson correlation for con-
tinuous variables. Logistic regression analysis was 
performed by forward selection to identify variables 

Fig. 2  Ultrasonographic calculation of the liver volume. A Liver volume in normal subject. B Liver volume in early cirrhotic patient. C Liver volume 
in cirrhotic patient with portal vein thrombosis treated with sorafenib. D Liver volume in shrunken liver complicated with ascites after DAAs
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independently associated with complications and out-
come. All variables with P < 0.05 were considered statis-
tically significant.

A receiver operating curve (ROC) was performed to 
test the diagnostic efficacy of the high risk variables. The 
performance of the cut-off value was judged by calcula-
tion of Youden’s J value; values near 1 indicated good per-
formance (J = sensitivity + specificity – 1).

Results
The study had included 676 patients; 500 patients with 
CTP (class A) cirrhosis and HCC who had been man-
aged by medical therapeutic interventions as DAAs or 
sorafenib therapy in eligible subjects and a control non-
cirrhotic group (n = 176).

The baseline demographic data, laboratory and endo-
sonographic results are shown in (Table  1). The study 
enrolled 378 (75.6%) males and 122 (24.4%) female 
patients with mean age 44.3 ± 3.6 years. Mean liver vol-
ume of the study patients was 575.57 ± 84.3 ml and mean 
LS by Fibroscan was 24.07 ± 5.5 kPa.

Upper GI endoscopy had revealed grade I–II EVs 
in 112 patients (22.4%), grade III–IV in 86 patients 
(17.2%), fundal varices in 45 patients (9%). All were 
managed with endoscopic band ligation or amacrylate 
injection respectively before therapeutic intervention 
implementation.

As shown in Tables  2 and 3, patients in the DAAs-
treated and sorafenib-treated groups were further sub-
classified into two subgroups according to Fibroscan 
value and compared with the control group. There 
was a significant difference in serum gamma globulin, 
platelet count, and liver volume, plasma ammonia and 
incidence of complications among the 3 groups (p = 
0.001).

Complications had occurred in 252 patients (50.4%), 
they were more frequent in the study groups which 
higher LS > 25 kPa and reduced liver volume as shown in 
Tables 2 and 3 when compared to the control group.

Virological relapse was detected in 64 patients which 
was significantly higher in study groups with higher LS 
when compared to the non-cirrhotic control group.

Recurrence of hepatocellular carcinoma in 18 patients 
following DAAs therapy at 6.8 ± 1.3 months following 
treatment termination, mainly in patients with LS > 25 
kPa (Table 2).

Sustained virological response (SVR) was achieved in 
316 patients which was significantly higher in the con-
trol non-cirrhotic patients (127/130, 97.7%) when com-
pared to the cirrhotic group with LS > 25 kPa (118/145, 
81.4%) and group with LS 12.5–25 kPa (71/105, 67.6%) (p 
= 0.001).

The variables which correlated with the occurrence of 
complications were shown in Table 4.

Logistic regressive analysis revealed that unfavorable 
outcome and increased incidence of complications dur-
ing DAAs were independently associated with severity 
of thrombocytopenia (p = 0.001), LS (p = 0.001), liver 
volume (p = 0.002), and gamma globulin levels (p = 
0.004).

In the sorafenib group, unfavorable outcome and 
complications were independently associated with 
PDW/MPV magnitude (p = 0.001), level of ammo-
nia (p = 0.001), LS (p = 0.001), and liver volume (p = 
0.001).

ROC curve was applied to define the cutoff values 
of the predefined variables with the highest sensitivity, 
specificity and accuracy. In DAAs-treated group, liver 
stiffness > 20 kPa, thrombocytopenia < 78,000/μl, liver 
volume < 500 ml, gamma globulin > 4 gm/dl

PDW/MPV > 2.74, plasma ammonia > 87 μg/dl, LS > 
25 kPa, liver volume < 490 ml were the most significant 
predictors of hepatic decompensation following treat-
ment with sorafenib in HCC patients (Table 5, Fig. 3).

Table 1  Patients’ baseline laboratory, ultrasonographic, and 
endoscopic features

PDW/MPV Platelet distribution width/mean platelet volume, PC Prothrombin 
concentration, CTP Child Turcotte Pugh score, MELD Model for end stage liver 
disease, EVs Esophageal varices

Variable Patients (n= 500)

Age 44.3 ± 3.6
M/F 378/122
ALT (IU/L) 62.9± 10.5
AST (IU/L) 64.8 ± 11
Albumin (gm/dl) 3.48± 0.46
γ- globulin (gm/dl) 3.83±0.48
Total bilirubin (mg/dl) 1.32 ± 0.27
Platelet count (103/ul) 89.1 ± 17.2
PDW/MPV 3.06±0.75
PC 57.4 ± 6.7
Creatinine (mg/dl) 1.14 ± 0.23
Ammonia (ug/dl) 80.55 ± 22.5
Sodium (meq/L) 137.8 ± 4.7
MELD 14.57 ± 3.5
CTP 6
HCV-RNA KIU/ml 588.6 ± 127
Radiological Signs
  - Fibroscan (kPa) 24.07 ± 5.5
  -Liver volume (ml) 575.57 ± 84.3
Upper endoscopy
  GI-II esophageal varices (EVs) 112 (22.4%)
  GIII-IV EVs 86 (17.2%)
  Fundal varices 45 (9%)
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Discussion
Liver cell failure remains a life-threatening complication 
after exposure to therapeutic procedures, especially in 
advanced liver disease. It can be predicted via assessing 
residual hepatic cell reserve which would be achieved 
by sophisticated and expensive procedures such as com-
puted tomography (CT) volumetric studies and gadolin-
ium based MRI imaging [15, 16]

The liver reserve involves an efficient and sufficient 
number of hepatocytes and fixed tissue macrophages 
(Kupffer cells) capable of maintaining the synthesis of 
hepatic proteins, and elements of the innate immune 
system, excretion of toxic metabolites which are 
expected to be largely affected by liver volume [17, 18]

Non-invasive biochemical tests that are used to 
evaluate the severity of hepatic parenchymal fibrosis 
through direct biomarkers of hepatic matrix elements 

as hyaluronic acid, or assessing the synthetic function 
of the liver, and severity of portal hypertension as AST 
to platelet ratio index (APRI), fibro test, fibrosis-4 test 
(FIB-4), and enhanced liver fibrosis (ELF) tests may 
show values that are not proportionate to the synthetic 
liver function [19, 20]

The current study aimed to assess easily applied 
variables which evaluate residual hepatic reserve to 
predict liability for complications and hepatic decom-
pensation in cirrhotic patients with ablated HCC par-
ticularly when these patients were exposed to specific 
medical treatment such as DAAs and systemic therapy 
for HCC such as sorafenib. The results of the current 
study showed that patients with higher LS, PDW/MPV, 
gamma globulin, lower platelet count, and liver volume 
had significantly higher incidence of post-interven-
tional complications (hepatic decompensation, HCC 

Table 2  Comparison of demographic, laboratory, and radiological characteristics in the group 1 based on liver stiffness, with 
comparison to the control group treated with DAAs

PDW/MPV Platelet distribution width/mean platelet volume, PC Prothrombin concentration, CTP Child Turcotte Pugh score, MELD Model for end stage liver disease, 
HCC Hepatocellular carcinoma, SVR Sustained virological response

Study group 1 (n=250) Control group (n=130) P

LS 12.5-25 kPa (145) LS >25 kPa (105)

Age 42.9 ± 3.34 44.6 ± 4.3 40.3 ± 3.56 0.001

M/F 112/33 81/24 84/46 0.087

ALT IU/L 57.9± 5.9 66.4± 10.7 87.6± 15.9 0.001

AST IU/L 54.7 ± 9.2 72.2 ± 5.4 55 ± 8.3 0.001

Albumin (gm/dl) 3.97 ± 0.22 3.2 ± 0.33 4.32 ± 0.36 0.001

γ- globulin (gm/dl) 3.24±0.14 4.15±0.37 3.41±0.29 0.001

Total bilirubin (mg/dl) 1.11 ± 0.13 1.49± 0.22 1.03 ± 0.19 0.001

Platelet count( cell/ul) 101.8 ± 19 83± 13.8 164 ± 14 0.001

PDW/MPV 2.29±0.48 3.58±0.33 1.58±0.27 0.001

PC% 63.5 ± 4.3 52.5 ± 4.1 76 ± 6.2 0.001

CTP 6 6 5 -

Sodium 140±3.3 136.4±4.5 141±3.8 0.001

Ammonia (ug/dl) 65.1±14.7 94.7±13 43±11.6 0.001

Creatinine (mg/dl) 1.11±0.19 1.24±0.2 0.96±0.35 0.001

MELD 11.6±1.7 15.5±1.6 7.7±0.94 0.001

LSM by fibroscan (kPa) 18.3±1.6 27.5±2.9 8.2±0.86 0.001

Radiological Signs
- liver volume (ml) 623.5 ± 64.7 502 ± 41.9 1268 ± 81.2 0.001

Complications (n=123) 31 (25.2%) 89 (72.4%) 3(2.4%) 0.0001

-Hepatic decompensation (34) 12 22 - 0.0001
-upper GIT bleeding (1) - 1 - 0.77
-cardiomyopathy (6) - 6 - 0.0403

-virological relapse (64) 15 46 3 0.00001

-HCC (18) 4 14 - 0.0001

SVR (316) 118/145 (81.4%) 71/105 (67.6%) 127/130 (97.7%) 0.0001
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recurrence and HCV relapse after DAAs therapy); this 
can be explained by hepatocyte dysfunction associated 
with the severity of portal hypertension in this category 
of patients.

This goes in agreement with Lee et  al who reported 
less HCC recurrence and better survival were associated 
with lower LS values. Also, Hegazy et al. reported more 
hepatic decompensation was seen with higher LS values 
after hepatic resection [21, 22].

Our results showed much more recurrence of HCC in 
DAAs therapy group mainly in patients with higher liver 
stiffness exceeding 25 kPa. This goes with many similar 
studies that reported increased prevalence of HCC recur-
rence after DAAs therapy [23, 24].

More hepatic decompensation and virological relapse 
were reported in our patients who received sorafenib and 
TACE, Park et al. and Lencioni et al. had reported much 
higher liver-related adverse events with sorafenib and 
TACE combination. However, Zhang et al reported bet-
ter survival and good safety of Sorafenib& TACE in inter-
mediate and advanced HCC [25, 26].

Table 3  Comparison of demographic, laboratory, and radiological characteristics in the group 2 based on liver stiffness, with 
comparison to the control group treated with sorafenib

PDW/MPV Platelet distribution width/mean platelet volume, PC Prothrombin concentration, CTP Child Turcotte Pugh score, MELD Model for end stage liver disease, 
HCC Hepatocellular carcinoma, SVR Sustained virological response

Study group 2 (n=250) Control group (n=46) P

LS 12.5-25 kPa (100) LS >25 kPa (150)

Age 43.9 ± 2.5 45.9 ± 3.2 47.9 ± 2.9 0.001

M/F 68/32 117/33 30/16 0.141

ALT IU/L 63± 9.9 65.2± 12.4 63.1± 13.9 0.015

AST IU/L 64.9 ± 11.5 69.5 ± 7.46 54.1 ± 10.4 0.0001

Albumin (gm/dl) 3.63 ± 0.21 3.07± 0.31 4.26 ± 0.39 0.0001

γ- globulin (gm/dl) 3.76±0.21 4.23±0.26 3.33±0.34 0.0001

Total bilirubin (mg/dl) 1.18 ± 0.19 1.49 ± 0.25 0.98 ± 0.18 0.0001

Platelet count( cell/ul) 92.5 ± 11.9 78.9± 10.3 161.2 ± 13.5 0.0001

PDW/MPV 2.7 ± 0.44 3.67±0.51 1.7±0.35 0.0001

PC% 61 ± 5.7 52.4 ± 2.8 76.3 ± 6.54 0.0001

CTP 6 6 5 -

Sodium 140.5 ±2.5 134.6±4.8 140 ±3.9 0.001

Ammonia (ug/dl) 78.2±20.7 104±13.6 43.9±9.8 0.0001

Creatinine (mg/dl) 0.99±0.25 1.2±0.22 0.82±0.42 0.002

MELD 12.9 ±2 17.9±3.4 7.67±0.85 0.0001

LSM by fibroscan (kPa) 20.2 ± 2.2 29.8±2.7 8.43±0.89 0.0001

Radiological Signs
  - liver volume (ml) 614.8 ± 64.7 554 ± 90.7 1265.3 ± 86.2 0.0001

Complications (n=129) 52(40.3%) 77 (59.7%) 0 0.00001

  -Hepatic decompensation (122) 52 70 - 0.0001

  -upper GIT bleeding (5) - 5 - 0.0001

  -cardiomyopathy (2) - 2 - 0.0001

Table 4  variables correlated with occurrence of complications in 
the studied groups

DAAs treated group

  ALT 0.194 0.002

  Albumin -0.518 0.0001

  Platelet count -0.349 0.0001

  Gamma globulin 0.584 0.0001

  Ammonia 0.776 0.0001

  LSM 0.615 0.0001

  LV -0.737 0.0001

Sorafenib treated group
  creatinine 0.245 0.0001

  PDW/MPV 0.566 0.0001

  Prothrombin concentration -0.335 0.0001

  MELD 0.495 0.0001

  Ammonia 0.833 0.0001

  LSM 0.356 0.0001

  LV -0.758 0.0001
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The current study had revealed that liver volume 
measurement by ultrasound with a cutoff value of (500 
ml) reflects the more advanced liver disease associated 
with HCC. This is comparable to what was previously 
reported; liver volume at a cut-off value (495 ml) was 
predictive of complications after DAAs therapy mainly 
occurrence of HCC and reduced survival with sensitivity 
of 93.2%, specificity 72% [12].

Increased liver stiffness is associated with an increased 
risk of developing adverse events in liver cirrhosis 
and can be used as a valid non-invasive test for patient 
stratification. A study had enrolled 2052 patients who 
had developed hepatic complications or death during a 
median follow-up of 15.6 months; higher liver stiffness > 
13.5 kPa was commonly associated with adverse events. 
The 2-year risk of death or complications were 19%, 34% 
in patients with liver stiffness 20–39.9, and ≥ 40 kPa, 
respectively [27, 28].

The platelet distribution width (PDW), reflects the 
variation in platelet size and was considered as a marker 
of platelet function and activation, higher value had 
been associated with increased cancer progression and 
metastasis and reduced overall survival [29]. A study 
had enrolled 241 patients with chronic HCV infection 
to assess the association between liver fibrosis, platelet 
counts, and platelet indices as MPV, PDW, and P-LCR 
and revealed that serum fibrosis markers as well as Fibro-
scan values were negatively correlated with PLT counts, 
but positively correlated with platelets indices [30], in the 
current study, a PDW/MPV > 2.74 was associated with 
more adverse outcome in patients with liver cirrhosis 
with HCC who were treated with sorafenib.

Ammonia is a byproduct of protein digestion by intes-
tinal flora and is converted to glutamine in the liver 

before being converted to urea by renal metabolism. If 
ammonia bypasses the liver due to portosystemic col-
laterals or the inability of advanced liver cirrhosis to 
metabolize it, it causes hyperammonemia, which can 
pass through the blood-brain barrier, causing hepatic 
encephalopathy [31].

Previous researches had linked hyperammonemia to 
worsening Child-Pugh grade and the risk of hepatic 
encephalopathy [32, 33]. In the current study, plasma 
ammonia was significantly higher in patients with 
advanced cirrhosis and higher liver stiffness values > 
25 kPa in patients treated with sorafenib or DAAs, and 
was associated with more complications and an unfa-
vorable outcome at a cut-off value of 87 μg/dl mainly 
in cirrhotic patients with HCC who were treated with 
sorafenib.

These parameters should be applied to candidates for 
interventional hepatic procedures including surgical 
therapies for any other causes. A sufficient number of 
patients with liver cirrhosis were included in the study, so 
that clinical variables were carefully studied.

These non-invasive parameters included markers of 
portal hypertension, ammonia as a marker of liver meta-
bolic capacity and liver stiffness by Fibroscan in addition 
to liver volume by bedside ultrasound, were efficient in 
appreciating residual hepatic reserve in liver cirrhosis 
with previously ablated HCC.

Conclusions
Prediction of hepatic complication and failure after 
DAAs in ablated HCC or after inoperable HCC who 
were managed with TACE followed by sorafenib can be 
appreciated by easily measured parameters as liver stiff-
ness, severity of thrombocytopenia, liver volume, PDW/

Table 5  Cut-off values (by ROC curve) of the high risk variables independently associated with complications and adverse outcome in 
both treated groups

PC Prothrombin concentration, LS Liver stiffness, PDW/MPV Platelet distribution width/mean platelet volume

Cut off Youden’s J 
value

Sensitivity% Specificity% AUC​ CI 95% P

DAA treated group
  Platelet count 78000 0.9 94 96 0.908 0.87-0.96 0.001

  liver volume (ml) 500 0.93 97 96 0.900 086-0.95 0.001

  LS (kPa) 20 0.87 94 93 0.880 0.81-0.94 0.001

  Gamma globulin (gm/dl) 4 0.88 94 94 0.860 0.81 - 0.94 0.001

Sorafenib treated group
  liver volume (ml) 490 0.93 97 96 0.920 087-0.95 0.001

  LS (kPa) 25 0.91 96 95 0.900 0.80-0.94 0.001

  PDW/MPV 2.74 0.87 94 93 0.825 0.79 - 0.89 0.001

  ammonia (ug/dl) 87 0.92 97 95 0.905 0.81-0.95 0.001
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Fig. 3  a ROC curve showing the cutoff values of predictors of complications in DAAs-treated patients. b ROC curve showing the cutoff values of 
predictors of complications in sorafenib-treated patients
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MPV, blood ammonia, and gamma globulins which could 
be used to postulate a non-invasive scoring system of 
residual hepatic reserve prior to non-surgical and sur-
gical therapeutic interventions after HCC ablation for 
the best outcome of these patients and to avoid possible 
unwanted complications.
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