
Abstract
Introduction: Liver cirrhosis poses significant prognostic challenges, necessitating non-invasive tools like the hepatic artery 
resistance index (HARI) to assess disease severity. This study evaluated HARI’s prognostic utility among cirrhotic patients in Iran.
Methods: In a case–control study conducted at Afzalipour Hospital in Kerman, Iran, in 2021, 25 patients with liver cirrhosis and 25 
healthy controls were enrolled. We measured HARI, pulsatility index (PI), and peak systolic velocity (PSV) by Doppler ultrasound. 
Laboratory parameters (albumin, creatinine, INR, prothrombin time) and prognostic scores (Child-Pugh, MELD) were assessed. 
Data were analyzed using t-tests, ANOVA, and Pearson’s correlations in SPSS version 25 (P < 0.05).
Results: Cirrhotic patients exhibited significantly higher HARI (0.81 ± 0.10 vs. 0.44 ± 0.10, P < 0.001), PI (1.23 ± 0.20 vs. 1.03 ± 0.11, 
P < 0.001), and PSV (102.16 ± 2.54 vs. 73.88 ± 5.80 cm/s, P < 0.001) than controls. HARI increased across Child-Pugh classes (A: 
0.76 ± 0.04, B: 0.81 ± 0.14, C: 0.91 ± 0.02, P = 0.002) and correlated moderately with MELD (r = 0.52, P = 0.008) and Child-Pugh 
scores (r = 0.48, P = 0.015). Albumin was lower (1.44 ± 0.49 vs. 3.56 ± 1.36 g/L, P = 0.002) and creatinine was higher (1.97 ± 0.97 
vs. 1.24 ± 0.27 mg/dL, P = 0.013) in cases.
Conclusion: HARI is a promising non-invasive marker for cirrhosis prognosis, particularly in severe cases. Larger studies are needed 
to establish standardized thresholds.
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Introduction
Liver cirrhosis, a chronic condition marked by progressive 
fibrosis and regenerative nodules, disrupts hepatic 
vasculature and increases portal pressure, often leading to 
liver failure (1, 2). Fibrosis erodes sinusoidal structures, 
creating shunts between hepatic arterial, portal, and venous 
systems, which exacerbate hemodynamic instability (3, 4). 
Accurate prognostication is critical for managing cirrhosis; 
nevertheless, it still presents significant challenges owing to 
the complexity of the disease’s evolution. Child-Pugh score, 
a widely used prognostic tool, classifies patients into classes 
A, B, and C based on clinical and laboratory parameters, 
predicting one-year survival rates of approximately 100%, 
80%, and 45%, respectively (5-7). The Model for End-
Stage Liver Disease (MELD) score, which integrates serum 
creatinine, bilirubin, and INR, estimates three-month 

mortality but overlooks complications like ascites (8, 9). Both 
tools have limitations, as minor changes in input variables 
can significantly alter outcomes, prompting exploration of 
alternative methods (10). Hemodynamic changes in liver 
circulation are central to cirrhosis complications, making 
non-invasive imaging techniques like Doppler ultrasound 
increasingly valuable (11). The hepatic artery resistance 
index (HARI), measured by Doppler ultrasound, reflects 
arterial resistance and may correlate with disease severity 
(12). Unlike portal vein assessments, which are confounded 
by portosystemic shunts, HARI directly evaluates arterial 
dynamics, offering a reliable marker (13). Studies suggest 
HARI increases with cirrhosis severity, but its prognostic 
utility remains underexplored, particularly in Iran (14, 
15). This study aimed to assess HARI and its association 
with Child-Pugh and MELD scoring parameters in Iranian 
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cirrhotic patients. By comparing Doppler indices (HARI, 
PI, and PSV) and laboratory markers between cirrhotic 
and healthy individuals, we sought to explore the utility 
of HARI as a non-invasive prognostic tool, hypothesizing 
that its levels would be higher in individuals with cirrhosis 
and correlate with disease progression.

Methods
Study Framework and Ethical Approval
Our descriptive-analytical case-control study was 
conducted at Afzalipour Hospital, Kerman, Iran, in 2021, 
to investigate the association of hepatic artery resistance 
index (HARI) with prognostic factors in liver cirrhosis. 
Approval was obtained from the Ethics Committee of 
Kerman University of Medical Sciences (Ethical code: 
IR.KMU.AH.REC.1399.030), and informed consent was 
obtained from each participant before enrollment.

Participants
The study population comprised patients attending the 
gastroenterology clinic at Afzalipour Hospital. The case 
group included 25 patients with clinically or pathologically 
confirmed liver cirrhosis. The control group consisted of 
25 healthy individuals without liver disease (16). Exclusion 
criteria were: cardiac, pulmonary, or vascular diseases; 
portal vein thrombosis detected by Doppler ultrasound; 
large liver masses compressing vessels; history of liver 
surgery or vascular interventions; use of vasoactive drugs 
(e.g., propranolol) or diuretics within 48 hours; dialysis; 
unwillingness to participate; or incomplete data (> 10%) 
(7,8).

Sample Size
The number of participants required for this study was 
estimated using data from an earlier study (11), which 
showed the variation in hepatic artery resistance index 
(HARI) between cirrhotic patients and healthy subjects 
using a two-tailed t-test for independent groups. The 
reported mean ± SD values were 0.82 ± 0.09 in the cirrhosis 
group and 0.70 ± 0.08 in the control group. Calculations 
for determining the required sample size were performed 
with G*Power software (version 3.1), considering α = 0.05, 
β = 0.80–1, and a Cohen’s d effect size of 0.8.*

For each group, the sample size was calculated using the 
following formula:

( )2

2

2 1 / 2 1Z Z
n

d
β α− − +

=

Substituting α/2 = 1.96, β = 0.84, and d = 0.8 yields a 
sample size of approximately n = 24.5 per group. (17) 
Therefore, 25 participants were selected in each group, 
and an additional 10% was considered to compensate for 
the possibility of sample dropout.

Data Collection
Demographic data (age, gender, weight), clinical history 
(duration of illness, encephalopathy, treatment status), 
and medication use were recorded. Laboratory tests 

measured serum bilirubin, albumin, prothrombin time, 
creatinine, and INR. A radiologist performed an abdominal 
ultrasound using a Philips G50 device with a 3–5 MHz 
curved probe, assessing liver morphology, ascites severity 
(mild, moderate, severe), and Doppler parameters: HARI, 
pulsatility index (PI), and peak systolic velocity (PSV). 
HARI was computed as (peak systolic velocity – end-
diastolic velocity)/peak systolic velocity, and PI as (peak 
systolic velocity – end-diastolic velocity)/mean velocity. 
Each measurement was obtained in triplicate and averaged, 
using the ultrasound device’s automatic calculation feature. 
Patients were assigned to Child-Pugh classes A, B, and C 
based on established clinical and laboratory criteria (18).

Statistical Analysis
Data were analyzed using SPSS version 25. Independent 
t-tests compared continuous variables (e.g., HARI, 
laboratory markers) (7) between the case and control groups. 
ANOVA assessed differences in Doppler parameters across 
Child-Pugh classes. Pearson’s correlation coefficients were 
used to evaluate associations between HARI and prognostic 
scores (MELD, Child-Pugh). A threshold of P < 0.05 was 
used to determine statistical significance.

Results
This case-control study included 50 participants: 25 with 
liver cirrhosis (case group) and 25 healthy participants. The 
patient and control groups had mean ages of 59.64 ± 6.51 
and 57.60 ± 5.61 years, respectively (P = 0.280). The gender 
distribution showed that 56% of patients and controls 
were female (52%; P = 0.500), suggesting no significant 
demographic differences between the groups.

Laboratory and Radiological Findings
Table 1 summarizes demographic, laboratory, and 
radiological characteristics. The case group exhibited 
significantly lower albumin (1.44 ± 0.49 vs. 3.56 ± 1.36 g/L, 
P = 0.002), higher creatinine (19) (1.97 ± 0.97 vs. 1.24 ± 0.27 
mg/dL, P = 0.013), elevated INR (1.80 ± 0.84 vs. 1.04 ± 0.14, 
P = 0.023), and shorter prothrombin time (3.80 ± 0.41 vs. 
4.09 ± 0.51 s, P = 0.005) compared to the controls. Doppler 
parameters were significantly higher in the case group: 
HARI (0.81 ± 0.10 vs. 0.44 ± 0.10, P < 0.001), PI (1.23 ± 0.20 
vs. 1.03 ± 0.11, P < 0.001), and PSV (102.16 ± 2.54 vs. 
73.88 ± 5.80 cm/s, P < 0.001). The mean MELD score in the 
case group was 19.12 ± 10.03, as well as the Child-Pugh 
score, which averaged 9.52 ± 3.61. Ascites was present 
in 84% of cases (mild: 52%, moderate: 24%, severe: 8%). 
Child-Pugh classification (7) showed 68% in class A, 24% 
in class B, and 8% in class C.

Doppler Parameters by Child-Pugh Class
Table 2 presents Doppler parameters across Child-
Pugh classes. HARI values were significantly elevated in 
Child-Pugh class C (0.91 ± 0.02) compared with class B 
(0.81 ± 0.14) and class A (0.76 ± 0.04), with a P value of 
0.002. No significant differences were observed for PI (A: 
1.23 ± 0.20, B: 1.30 ± 0.22, C: 1.17 ± 0.18, P = 0.110) or PSV 

http://IR.KMU.AH


Journal of Kerman University of Medical Sciences 2026;33:4237 3

HARI in liver cirrhosis

(A: 103.32 ± 2.45, B: 102.10 ± 2.47, C: 101.60 ± 1.50 cm/s, 
P = 0.820).

Correlation Analysis
Pearson’s correlation analysis demonstrated a moderate 
positive association between HARI and MELD scores 
(r = 0.52, P = 0.008) and between HARI and Child-Pugh 
scores (r = 0.48, P = 0.015) in this case group. No significant 
correlations were found for PI or PSV with prognostic 
scores (P > 0.05). HARI showed a significant negative 
association with albumin levels (r = -0.45, P = 0.025), 
suggesting an association with liver dysfunction severity.

Subgroup Analysis
Patients with ascites (84%) had higher HARI scores 
(0.83 ± 0.09) than those without (0.76 ± 0.05; P = 0.045). 
Severe ascites was associated with the highest HARI 
values (0.88 ± 0.03). Gender and age were not significantly 
associated with Doppler parameters (P > 0.05).

Discussion
This study employed a case–control design at Afzalipour 
Hospital, Kerman, Iran, in 2021, to examine HARI as a 
prognostic marker in 50 participants (25 with liver cirrhosis 

and 25 controls). The cirrhosis group exhibited significantly 
higher HARI (0.81 ± 0.10 versus 0.44 ± 0.10, P < 0.001), 
PI (1.23 ± 0.20 versus 1.03 ± 0.11, P < 0.001), and PSV 
(102.16 ± 2.54 versus 73.88 ± 5.80 cm/s, P < 0.001) compared 
to the controls. Among Child-Pugh classes, HARI increased 
significantly from class A to C (P = 0.002), whereas PI and 
PSV did not differ significantly between groups (P > 0.05). 
The present findings align with prior research highlighting 
HARI’s elevation in cirrhosis, driven by structural 
changes, such as sinusoidal capillarization and fibrosis, 
which increase arterial resistance (11, 13). Unlike portal 
vein measurements, which are affected by portosystemic 
shunts, HARI directly assesses arterial dynamics, making 
it a robust marker of cirrhosis severity (12, 19). Studies by 
Afif et al. (11) and Stulic et al. (12) showed significantly 
higher HARI values among cirrhotic patients, which 
correlated closely with Child-Pugh classification. Park et 
al. (14) also found that HARI increases with increasing 
MELD score, confirming its association with the severity of 
hepatic impairment, and Zhang et al. (15) observed similar 
increases in HARI, which is consistent with our results. 
Radiology texts also note HARI’s diagnostic potential, 
though PI and PSV data are less consistent (8, 20). The 
significant correlation between HARI and Child-Pugh 

Table 1. Demographic, Laboratory, and Radiological Characteristics

Variable Case (N = 25) Control (N = 25) P value

Mean SD Mean SD

Age (years) 59.64 6.51 57.60 5.61 0.280

Albumin (g/L) 1.44 0.49 3.56 1.36 0.002

Creatinine (mg/dL) 1.97 0.97 1.24 0.27 0.013

INR 1.80 0.84 1.04 0.14 0.023

Prothrombin time (s) 3.80 0.41 4.09 0.51 0.005

HARI 0.81 0.10 0.44 0.10  < 0.001

PI 1.23 0.20 1.03 0.11  < 0.001

PSV (cm/s) 102.16 2.54 73.88 5.80  < 0.001

MELD 19.12 10.03 - - -

Child-Pugh score 9.52 3.61 - - -

Variable Subgroup Prevalence % Prevalence %

Gender
Male 11 44 12 48

Female 14 56 13 52

Ascites

Mild 13 52 - -

Moderate 6 24 - -

Severe 2 8 - -

Child-Pugh

A 17 68 - -

B 6 24 - -

C 2 8 - -

Table 2. Doppler Parameters by Child-Pugh Class

Variable Child A (N = 11) Child B (N = 7) Child C (N = 7) P value

Mean SD Mean SD Mean SD

HARI 0.76 0.04 0.81 0.14 0.91 0.02 0.002

PI 1.23 0.20 1.30 0.22 1.17 0.18 0.110

PSV (cm/s) 103.32 2.45 102.10 2.47 101.60 1.50 0.820
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class, particularly in class C, mirrors findings by Afif et 
al. (11) and suggests HARI’s utility in stratifying disease 
severity. However, Elshaer et al. (13) observed that while 
HARI reliably discriminates cirrhotic from noncirrhotic 
livers, its sensitivity is reduced in patients with advanced 
portal hypertension, possibly due to vascular remodeling. 
Hirsch et al. (21) did not explore this association, thereby 
limiting comparisons. HARI has been identified by Mousa 
et al. (22) as a reliable indicator for evaluating liver fibrosis 
in non-alcoholic fatty liver disease. In the present study, 
a moderate correlation between HARI and MELD scores 
(r = 0.52, P = 0.008) further supports its prognostic value, 
aligning with the study by Park et al. (12). Recently, the 
study by Elaban et al. (2024) has indicated that Doppler 
ultrasound offers a useful assessment compared to shear 
wave elastography in patients with liver cirrhosis (23). 
Our findings support this finding and underscore the 
diagnostic and prognostic utility of HARI, notably when 
integrated with elastography. No significant correlations 
were found for PI or PSV, consistent with the limited 
discussion in the radiology literature (11, 13). This gap 
underscores the need for further research to clarify their 
roles. Overall, these studies reinforce the reliability of HARI 
as a noninvasive indicator of cirrhosis severity, support 
its inclusion alongside conventional scoring systems, 
and highlight the importance of standardized protocols. 
HARI’s combination of non-invasiveness and cost-
effectiveness supports its use in settings with constrained 
resources, including Iran. Its correlation with ascites 
severity (P = 0.045) suggests additional clinical applications. 
However, the study’s findings may not be widely 
generalizable due to the small sample size and single-center 
design. The lack of long-term follow-up restricts insights 
into HARI’s predictive reliability. Variability in ultrasound 
measurements, influenced by operator expertise or device 
settings, may also affect results (24). Future studies should 
involve larger, multi-center cohorts to validate HARI’s 
sensitivity, specificity, and predictive values. Longitudinal 
designs could assess their prognostic accuracy over time. 
Combining HARI with other non-invasive tools, such as 
transient elastography, may enhance diagnostic precision 
(25). Establishing standardized HARI thresholds would 
facilitate clinical adoption.

Our study has several limitations. First, the limited 
sample size (n = 50) and single-center design may limit the 
generalizability of the findings. Second, the cross-sectional, 
case-control design precluded evaluation of longitudinal 
outcomes and predictive accuracy over time. Third, 
Doppler ultrasound measurements may vary depending 
on operator expertise, patient factors (e.g., ascites, body 
habitus), and device calibration. Additionally, this study 
did not include histopathological confirmation of fibrosis 
severity or integrate other non-invasive modalities such 
as elastography, which could strengthen diagnostic 
comparisons. Prospective multicenter investigations with 
expanded patient cohorts and the use of combined imaging 
techniques are recommended to confirm HARI’s utility as 
a standardized prognostic marker.

Conclusion
Our results suggest that HARI is a straightforward, non-
invasive, and economical approach for diagnosing liver 
cirrhosis and assessing prognosis, particularly in severe 
cases (Child-Pugh class C). Its significant correlations 
with Child-Pugh and MELD scores highlight its clinical 
potential. Larger, multicenter studies with extended 
follow-up are needed to establish standardized HARI 
thresholds that ensure optimal sensitivity, specificity, 
and predictive accuracy. Integrating HARI into routine 
cirrhosis management could improve patient outcomes in 
resource-limited settings.
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