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ABSTRACT

Background:

Hepatorenal syndrome (HRS) represents a severe, functional renal failure in
advanced cirrhosis, driven by profound renal vasoconstriction without intrinsic
kidney damage. Traditional diagnostic methods relying on serum creatinine are
often delayed and insufficiently specific in cirrhotic populations due to altered
creatinine metabolism. Non-invasive imaging modalities, particularly Doppler
ultrasonography and shear wave elastography (SWE), offer promising
alternatives for early recognition of HRS by detecting functional and
hemodynamic changes. Objectives: To evaluate the diagnostic efficacy of renal
resistive index (RRI), difference in resistive indices between spleen and kidney
(DI-RISK), and organ stiffness parameters obtained via SWE in distinguishing
HRS from other cirrhotic patients with deranged renal function.

Materials and Methods: This prospective case-control study included 70
cirrhotic patients with elevated serum creatinine, divided into HRS and non-
HRS groups based on International Club of Ascites (ICA-AKI) criteria. All
participants underwent Doppler ultrasound evaluation of renal and splenic
arteries and SWE of the liver and spleen. Key parameters—RRI, splenic RI, DI-
RISK, liver stiffness, and spleen stiffness—were compared between groups and
analyzed for diagnostic performance.

Results: HRS patients showed significantly elevated RRI (0.79 + 0.07 vs. 0.67
+ 0.04; p <0.0001), splenic RI (0.67 £ 0.07 vs. 0.59 + 0.05; p < 0.0001), and
DI-RISK (0.13 £ 0.07 vs. 0.09 £ 0.04; p = 0.0175). Liver and spleen stiffness
values were also significantly higher in the HRS group (32.79 + 9.16 kPa and
38.69 + 5.60 kPa, respectively). ROC analysis revealed excellent diagnostic
performance for RRI > 0.74 (AUC = 0.92), with 89.6% sensitivity and 92.7%
specificity.

Conclusion: Doppler and SWE-based ultrasonographic parameters
demonstrate strong diagnostic utility in differentiating HRS from other causes
of renal dysfunction in cirrhotic patients. This multi-parametric imaging
approach can serve as a valuable adjunct to clinical criteria, facilitating earlier
diagnosis and targeted management.

Keywords: Hepatorenal syndrome, Doppler ultrasound, Resistive index, Shear
wave elastography, Cirrhosis, Renal dysfunction.
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INTRODUCTION

Hepatorenal syndrome (HRS) is a functional cause
of renal insufficiency in advanced liver disease in the
absence of clinical, laboratory, or anatomical
evidence of intrinsic renal disease.!"]

The central pathophysiological mechanism of
hepatorenal syndrome (HRS) is profound renal
vasoconstriction, which occurs in the absence of
structural kidney damage.>3 This process is
intricately linked to systemic and splanchnic
hemodynamic alterations in advanced liver disease.
Cirrhosis induces portal hypertension, leading to
significant splanchnic arterial vasodilation mediated
by vasodilators such as nitric oxide and
endocannabinoids.*% This vasodilation reduces
effective arterial blood volume, which in turn
activates compensatory vasoconstrictive and anti-
natriuretic systems—including  the renin-
angiotensin-aldosterone  system (RAAS), the
sympathetic nervous system (SNS), and antidiuretic
hormone (ADH).'"'% While these mechanisms
initially serve to maintain systemic arterial pressure,
they simultaneously reduce renal perfusion, promote
sodium and water retention, and ultimately result in
decreased glomerular filtration rate (GFR).[-!1:12]
The ensuing renal hypoperfusion, though
histologically bland, forms the physiological basis of
HRS,>3 while also distinguishing it from acute
tubular necrosis and other intrinsic renal
pathologies.!'

Additionally, renal autoregulation is compromised,
narrowing the kidneys’ ability to buffer changes in
perfusion pressure. Even modest insults—such as
volume depletion, infection, or hypotension—can
unmask or worsen renal hypoperfusion.
Conventional diagnostic approaches predominantly
depend on the assessment of blood creatinine
variations and standard urine analyses to distinguish
HRS from other causes of renal impairment. These
investigations naturally contribute to the delay in the
diagnosis and management of such instances, while
also possessing various drawbacks in cirrhotic
patients, including incorrect blood creatinine
readings influenced by factors such as sarcopenia and
altered creatinine metabolism 316, Novel biomarkers
are also constrained by limited availability and
clinical integration.

Recent advances in imaging techniques, such as
Doppler ultrasound and shearwave elastography
(SWE), offer the potential for non-invasive,
quantitative assessment of vascular resistance and
tissue stiffness in key abdominal organs. Studies
suggest that parameters like renal resistive index
(RRI) and splenic stiffness may reflect hemodynamic
alterations and systemic vascular resistance
associated with portal hypertension and HRS.[!718]

Pathophysiology Measurable US parameters
US: Coarse & nodular liver

Cirrhosis SWE: Increased liver stiffness

US: Splenomegaly & ascites
USD: Reduced flow velocity
SWE: Increased splenic stiffness

Portal hypertension

USD: Dilated portal system with slow
venous flow

Splanchnic vasodilation

Reduced effective arterial blood USD: Reduction of IVC diameter with
volume increased compressibility

Activation of vasoconstrictor system Mechanisms: RAAS, SNS, ADH

Renal vasoconstriction USD: Increased RRI & DI-RISK

Functional renal failure with structure
kidney damage

Hepatorenal syndrome (HRS)

|
Figure 1: Simplified representation of the sequence in
the development of hepatorenal syndrome (HRS) along
with stepwise ultrasonographic evaluation, mapping
measurable parameters to each stage of disease
evolution—from cirrhosis and portal hypertension to
renal hypoperfusion and eventual HRS.!"’!

In this context, the study intends to assess the efficacy
of Doppler-derived renal and splenic resistive
indices, together with SWE-based stiffness
assessments, in cirrhotic patients with renal
impairment, with the goal of identifying predictive
imaging markers for HRS.

MATERIALS AND METHODS

Study Methodology
This prospective observational study, conducted at
a tertiary center, employs a case-control design to
assess the efficacy Duplex ultrasound and shear wave
elastography (SWE) in the early diagnosis of HRS in
the context of cirrhotic diseases presenting with acute
renal impairment. Study population comprised of
adult cirrhotic patients with renal dysfunction
admitted under the Department of Medicine,
Silchar Medical College & Hospital (SMCH).
The study used purposive random sampling to
select cirrhotic patients with deranged serum
creatinine admitted under the department of
Medicine. Patients were explained about the study, its
scope and associated risks and benefits to the patients.
Written informed consent was obtained from those
who agreed to participate.
A sample size of seventy (70) was determined
considering epidemiological studies in the closest
geographic and patient cohort show approximately
23.8% of patients with cirrhosis experience HRS-
AKIL2Y Total duration of the study was twelve
months, from November 2023 to October 2024
Inclusion Criteria
e  All patients over 18 years of age and willing to
participate in the study
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e Cirrhotic cases with acute renal dysfunction
according to the ICA-AKI criteria for the
diagnosis of acute renal injury (AKI).[!!

Exclusion Criteria

e Patients experiencing emergencies, trauma and
post-operative conditions

e Patients with acute infections, malignancies, and
pathomorphological abnormalities observed in
ultrasound were eliminated.

e Pregnant or lactating women

e Patients aged less than 18 years old

e  Patients not willing to participate in the study

Study groups

Participants in the study were divided into two

primary groups among cirrhotic patients with

deranged serum creatinine:

A. HRS case group: Diagnosed cases of HRS as
per ICA-AKI criteria. These cases have a serial
rise in serum creatinine with unremarkable urine
biochemistry analyses.

B. Control group: Rest of cirrhotic patients with
deranged serum creatinine who did not meet the
ICA-AKI criteria.

This categorization allowed for the identification of

potential predictive markers for HRS and facilitated

the evaluation of the effectiveness of the various US
techniques as a diagnostic tool for cirrhotic
individuals with acute renal impairment.

Study parameters

The study parameters included both serological and

US measurements to assess the relationship between

parenchymal characteristics and the development of

HRS. The main parameters were:

A. Extrahepatic features of portal hypertension:
This included measurement of portal vein
diameter, mean flow velocity and assessment of
splenomegaly.

B. US Doppler interrogation of kidney and
spleen: This includes averaged measurements of
resistive indices of splenic arteries and interlobar
renal arteries on both sides.

C. Liver and spleen stiffness: Point-SWE
measurements were acquired as per Society for
US liver elastography guidelines from liver and
spleen.

Examination Procedure

1. Enrollment: Eligible participants were enrolled
after signing informed consent forms.

2. Basic US evaluation: Basic patient history was
acquired with relevant laboratory results

3. Targeted Doppler and B-mode evaluation of
the hepatoportal axis to evaluate for
extrahepatic features of portal hypertension.

4. Targeted Doppler interrogation of the splenic
and renal arterial systems

5. Elastography (point-SWE) study of the liver
and splenic parenchyma as per SRU-
elastography guidelines

Instrumentation

All  scans were performed on Samsung

RS8AF4W/IN USG Machines in the USG clinic of

the Department of Radiology, Silchar Medical
College & Hospital (SMCH).

Two—dimensional (2D) - shearwave elastography
(SWE) and Doppler studies were primarily conducted
with the curvilinear 1-7 MHz transducer (Samsung
CA1-7A)

US evaluation:

Baseline demographic, clinical, and biochemical data
(including serial serum creatinine and urine analyses)
were recorded. All patients were evaluated according
to the ICA-AKI criteria for acute kidney injury. !
B-mode: A comprehensive B-mode abdominal scan
was performed with the patient in supine, oblique, or
lateral decubitus positions using subcostal and
intercostal approaches.

Doppler: Targeted Doppler interrogation included
the main portal vein, splenic artery, and interlobar
renal arteries. Three satisfactory waveforms were
obtained from each vessel and averaged. For splenic
and renal assessment, measurements were taken from
upper, mid, and lower segments during breath-hold to
ensure reproducibility.

Elastography: Point shear wave elastography (SWE)
of the liver and spleen was performed under breath-
hold with the arms elevated to widen the intercostal
spaces. Multiple readings were acquired per SRU
guidelines? until 10 valid measurements with
acceptable interquartile-to-median (IQR/M) ratios
were achieved.

Statistical methodology

Data were analyzed using IBM SPSS version 12.
Quantitative variables were expressed as mean + SD
and qualitative variables as frequencies or
percentages. Group comparisons employed the Chi-
square, unpaired ¢, or Mann—Whitney U tests as
appropriate. Correlations between imaging and
biochemical parameters were assessed using
Spearman’s rank test. Diagnostic performance was
evaluated via logistic regression and ROC curve
analysis, with p < 0.05 considered statistically
significant.

RESULTS

The study cohort included 52 males (74%) and 18
females (26%) ranging from 21-63 years of age. The
mean age of the HRS group was 58.6 + 10.1 years,
while that of the non-HRS group was 56.8 + 9.4
years. Males predominated in both groups. Alcoholic
liver disease was the most frequent etiology in both
cohorts, followed by metabolic and infective causes.
Autoimmune liver disease was not observed in this
population.

Group Comparison Statistics

Comparison of key Doppler, shear wave elastography
(SWE), and grayscale ultrasound parameters between
HRS cases and cirrhotic controls with renal
dysfunction. Mean values, t-test statistics, and p-
values are reported for each parameter. RRI, splenic
artery RI, DI-RISK, liver stiffness, and spleen
stiffness were significantly higher in the HRS group,
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supporting their diagnostic utility. A p-value < 0.05
was considered statistically significant.

Table 1
Parameter | HRS Mean | Control Mean | t-value | p-value
Extrahepatic features of portal hypertension:
Portal vein (mm) 12.05 10.82 2.51 0.016
Portal veinous flow (cm/s) 15.39 22.81 -4.4 <0.001
Spleen (cm) 11.53 10.33 2.25 0.030
US Doppler parameters:
RRI (avg) 0.79 0.67 9.07 <0.001
Splenic artery RI 0.67 0.59 5.09 <0.001
DI-RISK 0.13 0.08 3.24 0.002
Shearwave elastography (SWE) parameters (kPa):
Liver stiffness 32.03 23.62 3.61 <0.001
Spleen stiffness 38.52 29.37 6.76 <0.001

Extrahepatic features of portal hypertension

In our study, three US markers of portal hypertension
were evaluated for their diagnostic association with
HRS: portal vein diameter, portal venous flow, and
spleen size.

Patients were classified based on cut-off values
derived from existing literature and ROC analysis—
portal vein diameter > 12 mm, portal venous flow <
16 cm/s, and spleen size > 12 cm.

Table 2
Cases Controls
Portal vein diameter > 12 mm 16 12
Portal venous flow < 16 cm/s 19 10
Splenomegaly > 12 cm 12 6
Figure 2 Frequency of extrahepatic parameters of .
portal hypertension in 29 cases of HRS vs 41 cirrhotic Difference between Rls of
cases with renal fa.ilure as control group spleen and kid ney (D|-R| SK)
Chi-square analysis demonstrated that reduced flow
and splenomegaly are more consistently associated 0.35
with HRS than vein caliber alone. 0.30
Doppler Ultrasound Parameters 0-25
Doppler US provides dynamic insights into renal and gig
splanchnic ~ vascular  resistance, which are D- 10 S
physiologically altered in HRS. In our study, three 0.05
Doppler-based parameters were evaluated: average 0.00
renal resistive index (RRI), splenic artery resistive Cases Controls
index (Splenic RI), and the difference between
splenic and renal Ris (DI-RISK). [l DI-RISK
Renal and splenic resistive Figure 2
indices (RIS) Mean RRI was significantly higher in HRS cases.
1.00 Given the non-normal distribution in the HRS group,
0.90 the Mann—Whitney U test was applied in lieu of the
0.80 t-test, confirming strong statistical significance (U =
0.70 1169.5, p < 0.00001). This aligns with the known
0.60 — ‘* * pathophysiology of intense intrarenal
0'50 vasoconstriction in HRS. t-test for splenic RI showed
: a significant difference between groups (t = 5.086, p
0.40 =0.00001). Elevated splenic RI in HRS may reflect
Cases Controls systemic vascular dysfunction associated with
splanchnic vasodilation and compensatory arterial
b ot Renal Rl (RR1) cﬁanges. The derived parameter, ]I))I-RISIéywas also
significantly different between HRS and controls (t =
Figure 1 3.243, p = 0.00243), suggesting its utility in
highlighting relative vascular resistance shifts
between systemic and renal circulations.
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Importantly, a cutoff value of RRI > 0.73 yielded an
odds ratio of 121.88 (95% CIL: 20.76-715.60),
confirming it as the most powerful independent
predictor of HRS in this cohort. Splenic RI > 0.59
also demonstrated strong diagnostic power (OR =
15.02), while DI-RISK showed statistical separation
but lacked definitive predictive utility when
thresholded, likely due to sample distribution skew.
These findings support the integration of Doppler
indices into the diagnostic framework for HRS,
particularly in settings where early recognition is
essential for optimizing outcomes.

Elastography parameters

Shear wave elastography (SWE) was employed to
quantify liver and spleen stiffness in cirrhotic patients
with renal dysfunction. The aim was to assess
whether these parameters could reliably differentiate
patients with HRS from those without.

ROC Curves: Individual and Combined Predictors of HRS

08

True Positive Rate

. Combined Model (AUC = 0.99)
e — RRI(; (AUC = 0.98)
—— Splenic artery RI {AUC = 0.82)

=0.70)
iver stiffniess (kPa) (AUC = 0.74)
iffness (kPa) (AUC = 0.87)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 4

Liver and splenic parenchymal
stiffness
60.00
50.00
40.00 % s
30.00 ——
20.00
10.00
0.00
Cases Controls
[l Liver stiffness Splenic stiffness
Figure 3

Liver stiffness was significantly higher in HRS cases.
Spleen stiffness demonstrated even greater
discriminatory power. With normal distributions in
both groups, a t-test confirmed a highly significant
difference (t = 6.756, p < 0.00001). A threshold of >
34.8 kPa provided an odds ratio of 27.60 (95% CI:
7.54-100.97), making it the strongest SWE-based
predictor of HRS in this cohort.

Diagnostic Accuracy of Combined Imaging
Parameters

Multivariate Logistic Regression and ROC Curve
Analysis

To evaluate the diagnostic accuracy and predictive
power of Doppler ultrasound and shear wave
elastography (SWE) parameters in distinguishing
HRS from other causes of renal dysfunction in
cirrhotic patients, a multivariate logistic regression
model was constructed.

Figure 3 ROC curves comparing the diagnostic
performance of individual Doppler and shearwave
elastography (SWE) parameters with the combined
multivariable logistic regression model for predicting
hepatorenal syndrome (HRS). The combined model
demonstrated the highest AUC, indicating superior
discriminative ability. Among individual parameters,

RRI and splenic RI showed strong predictive

performance, followed by spleen stiffness. The

diagonal dashed line represents the line of no

discrimination (AUC = 0.5).

The logistic regression analysis revealed that RRI,

Splenic RI, and DI-RISK were extremely strong

predictors of HRS, with odds ratios exceeding 104,

though their individual p-values were undefined due

to collinearity. Liver stiffness did not reach

statistical significance (OR = 1.02, p = 0.83),

suggesting its limited additive value in the presence

of stronger Doppler-based predictors.

Given the high degree of correlation between several

predictors (as supported by Spearman analysis), a

ROC curve analysis was performed to assess both

individual and combined model performance.

The combined multivariable model achieved the

highest diagnostic accuracy, with an AUC of 9.9,

indicating near-perfect discrimination between HRS

and non-HRS cases. Among individual predictors:

e RRI (avg) and Splenic RI demonstrated strong
discriminatory ability (AUC > 0.90)

o Spleen stiffness also showed good performance
(AUC>0.85)

e DI-RISK contributed meaningfully in
combination but was less robust as a standalone
marker

e Liver stiffness had the lowest individual AUC,
supporting its reduced weight in multivariable
models

These findings affirm that a multi-parametric
approach, combining Doppler ultrasound and SWE
parameters, provides superior diagnostic precision
compared to individual measures alone. Such an
integrated model may facilitate earlier identification
of HRS and guide clinical decision-making in
cirrhotic patients with renal dysfunction.
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DISCUSSION

The early diagnosis of hepatorenal syndrome (HRS)
in cirrhotic patients with renal dysfunction remains a
persistent challenge. Traditional reliance on serum
creatinine, a delayed and non-specific marker in liver
disease, often leads to late recognition and missed
opportunities for early intervention.’1 In this
context, the utility of non-invasive ultrasound-based
parameters has emerged as a promising solution. Our
study reinforces the clinical relevance of integrating
Doppler US and shear wave elastography (SWE)
to accurately detect HRS in patients with
decompensated cirrhosis.

Among all evaluated parameters, the renal resistive
index (RRI) stood out as the most robust individual
predictor of HRS, showing statistically significant
elevation in cases compared to controls (mean RRI:
0.79 vs 0.67, p < 0.00001). The optimal cutoff value
of > 0.73 demonstrated 93.1% sensitivity and 95.1%
specificity, with an AUC of 0.92. These findings are
consistent with earlier works such as Bardi et al.
(2002),”1 who reported RRI > 0.70 as predictive of
HRS, and Mogawer et al. (2021),"** who suggested
an RI cutoff > 0.77 with comparable diagnostic
performance . Importantly, our findings reaffirm the
pathophysiological link  between intrarenal
vasoconstriction and elevated RRI, offering
clinicians a reliable and immediate tool for HRS
suspicion even before creatinine rise (Wong,
2015).13)

ROC Curve for Renal Resistive Index (RRI) in Predicting HRS

1.0 -
E

b 3
-
0.8 4

0.6

0.4

True Positive Rate (Sensitivity)

0.2

0.0

0.0 0.2 0.4 0.6 08 1.0
False Positive Rate (1 - Specificity)

Figure 5

Figure 4 “ROC curve for Renal Resistive Index (RRI)
in predicting hepatorenal syndrome (HRS). The
curve plots sensitivity against 100-specificity, with
the optimal cutoff value for RRI identified at > 0.73.
At this threshold, RRI achieved a sensitivity of 93.1%
and a specificity of 95.1%, demonstrating excellent
diagnostic accuracy for distinguishing HRS from
non-HRS cases. The diagonal line represents the line
of no discrimination (AUC = 0.5).”

This finding of intense renal vasoconstriction is
consistent with our current understanding of HRS.
The renal resistive index (RRI), derived from

Doppler US, directly reflects intrarenal arterial
resistance. In HRS, elevated RRI values mirror the
increased vascular resistance caused by this
neurohumoral activation and impaired renal
perfusion, often preceding biochemical changes such
as serum creatinine elevation.l'>?2"] Since HRS is
primarily a functional disorder without structural
renal changes, Doppler-based indices like RRI are
ideally suited to detect early hemodynamic shifts that
would not be captured through traditional imaging or
lab parameters.!>*2%]

Moreover, as demonstrated in earlier studies, even
cirrhotic patients without overt azotemia may exhibit
elevated RRI values, suggesting that renal Doppler
US can uncover subclinical alterations before frank
renal failure develops.[**?° This makes RRI not just
a diagnostic tool, but also a potential early warning
biomarker for clinicians monitoring cirrhotic patients
at risk of decompensation.

A novel contribution of our study is the incorporation
of DI-RISK (difference between splenic and renal
RI), which demonstrated statistically significant
elevation in HRS patients (p = 0.0175), and moderate
diagnostic power. This marker, previously described
in chronic kidney disease populations (Griin et al.,
2012),B% shows emerging relevance in hepatic
disease contexts, as it potentially isolates renal-
specific hemodynamic changes from generalized
systemic vascular influences. While DI-RISK along
may not rival the diagnostic strength of RRI, it
enhances specificity when interpreted in conjunction
with splenic Doppler parameters.

Shear wave elastography parameters further
contributed diagnostic strength, especially spleen
stiffness, which outperformed liver stiffness in
differentiating HRS cases. A threshold of >34.8 kPa
yielded an odds ratio of 27.60 and an AUC of 0.85,
with strong sensitivity and specificity values. These
results are supported by Colecchia et al. (2015) and
Talwalkar et al. (2013),['3!1 who highlighted spleen
stiffness as a reliable marker of portal hypertension
severity, which is intimately linked to the
hemodynamic cascade of HRS . While liver stiffness
was significantly elevated in HRS (mean: 32.8 kPa vs
23.7 kPa, p = 0.0002), its standalone predictive value
was lower—aligning with literature suggesting liver
stiffness reflects fibrosis more than acute functional
shifts (SRU Guidelines, 2015; Fang et al., 2021).[2232]
While spleen and renal stiffness values measured
using shear wave elastography (SWE) showed
significant differences between groups, these
findings must be interpreted with caution. Given that
HRS typically occurs in the advanced stages of liver
disease, where severe portal hypertension is almost
universally present, higher stiffness values are more
likely a reflection of this shared pathophysiological
endpoint rather than a direct indicator of HRS. Thus,
while SWE adds valuable diagnostic context, it
should not be interpreted in isolation. Its role is best
understood as part of a broader hemodynamic
picture, complementing but not replacing functional
vascular indices like the RRI, which more directly
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capture the intrarenal circulatory compromise that
defines HRS.[!333]

Despite the need for cautious interpretation, portal
hypertension parameters such as spleen stiffness
remain clinically significant and should not be
disregarded. As the natural history of cirrhosis
progresses, the emergence of extrahepatic
manifestations—splenomegaly, varices, and renal
vasoconstriction—marks a shift toward systemic
decompensation. In this context, the diagnostic value
of SWE increases, particularly when interpreted
alongside Doppler ultrasonography. Several studies
have highlighted that the positive predictive value of
noninvasive markers such as spleen stiffness
improves markedly when signs of systemic or
extrahepatic portal hypertension are present.[!”:1833]
In our study, both splenomegaly and slow portal vein
flow were significantly more prevalent among
patients with HRS, supporting the notion that these
features reflect advanced circulatory dysregulation
and splanchnic vasodilation typical of late-stage
portal hypertension.[!734]

Given their non-invasive detectability, these
parameters can serve as early indicators prompting
further Doppler assessment—particularly RRI,
which in our study showed the highest diagnostic
accuracy for HRS. This layered approach not only
refines diagnostic specificity but also provides a
practical framework for clinicians performing
standard ultrasound exams in cirrhotic patients.
Incorporating these extrahepatic signs as triage
criteria for more advanced Doppler workup may
enhance early recognition of HRS, facilitating timely
management and potentially improving
outcomes.[1>18]

Our findings strongly support a combined
diagnostic approach. The multivariate logistic
regression model, integrating Doppler and SWE
parameters, yielded a near-perfect AUC of ~0.99.
This validates earlier hypotheses proposing that
combining  functional (RRI, splenic  RI),
hemodynamic (DI-RISK), and structural (SWE)
markers captures the multifactorial nature of HRS
more effectively than any single test (Busk et al.,
2016; Salerno et al., 2008).['*?81 The synergy of
Doppler and elastographic indices provides a holistic
and early insight into the renal impact of systemic
circulatory dysregulation in cirrhosis.

While a combined diagnostic approach incorporating
SWE and Doppler parameters offers the highest
diagnostic accuracy, it is important to acknowledge
the practical advantages of using RRI alone in certain
clinical contexts. In resource-limited settings or acute
care scenarios where full elastography may not be
readily available, an RRI above the cutoff value
identified in this study (= 0.73) can serve as a
strong, rapid, and non-invasive screening tool.
Given its robust sensitivity and specificity
demonstrated in our cohort, RRI provides clinicians
with a functional vascular marker that reflects real-
time hemodynamic compromise—a hallmark of HRS
pathophysiology. This makes RRI not only an

adjunct in comprehensive evaluation but also a viable
frontline tool in the early identification of patients at
risk for HRS, enabling timely intervention even
before SWE data is available.['>2]
In sum, this study affirms and extends previous
findings by demonstrating the clinical utility of
ultrasound—oparticularly RRI and spleen stiffness—
as immediate, reproducible, and bedside-accessible
markers for the diagnosis of HRS. The potential role
of DI-RISK as a novel adjunct deserves further
prospective exploration.

Limitations

This study has several limitations that should be

considered while interpreting the results:

e Limited patient mobility: Many patients with
hepatorenal syndrome (HRS) presented in
advanced stages and were directly admitted to
intensive care units. Due to their critical
condition, they could not be transported to the
ultrasound suite where the primary equipment
used for Doppler and elastography assessments
was located.

e Unmeasured ascites severity: The degree of
ascites was not quantitatively assessed. Since
increased  intra-abdominal  pressure  can
influence Doppler waveforms and shear wave
propagation, this might have introduced
variability in renal and splenic
measurements 33361

e Indirect assessment of portal hypertension:
Instead of using the standard hepatic venous
pressure gradient (HVPG) technique, portal
hypertension was inferred from indirect
ultrasound findings, which are less sensitive and
specific.37]

e Temporal variability: Patients were evaluated
at different points during their hospital stay. This
temporal heterogeneity might have contributed
to variation in resistive indices and stiffness
values.3®

e Single-center design: A single tertiary care
center design was another limiting factor in the
study.

CONCLUSION

Summary

This prospective observational study was conducted

to assess the diagnostic utility of Doppler

ultrasound and shear wave elastography (SWE) in

distinguishing hepatorenal syndrome (HRS) from

other forms of renal dysfunction in patients with liver

cirrhosis. Seventy patients with cirrhosis and

deranged serum creatinine were enrolled and

categorized into HRS and non-HRS groups based on

ICA-AKI criteria.

The key findings were as follows:

e Renal resistive index (RRI) was the strongest
single predictor of HRS, with high diagnostic
accuracy (AUC =0.92, OR = 121.88).
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e Splenic RI and DI-RISK added additional

discriminatory value, particularly in
combination.
e Spleen stiffness was the most powerful

elastographic marker (OR =27.60, AUC =0.85),
outperforming liver stiffness.

e Portal hypertension features such as low portal
vein flow and increased spleen size also
contributed to diagnosis.

e A combined model incorporating Doppler and
SWE parameters showed excellent classification
accuracy (AUC = 0.99), confirming the utility of
a multi-parametric imaging approach.

These findings suggest that a composite US
approach can aid in the early identification and
differentiation of HRS, potentially improving
timely therapeutic intervention and prognosis.
Alternatively, averaged RRI emerged as the single
biggest predictor with fairly high sensitivity and
specificity and can be a viable marker for the
practical assessment of HRS in the context of chronic
liver disease with acute renal dysfunction.
Conclusion
The diagnosis of HRS is often delayed due to non-
specific biochemical markers and overlapping
clinical features. This study demonstrates that
Doppler US and shear wave elastography (SWE)
provide accurate, non-invasive alternatives for
identifying HRS in its early stages.
Among all evaluated parameters, renal resistive
index (RRI) emerged as the most powerful
individual marker, aligning with prior research on
intrarenal vasoconstriction in HRS. The addition of
DI-RISK, a novel index comparing splenic and renal
resistance, offers an additional layer of specificity in
assessing systemic versus renal vascular influences.
Likewise, spleen stiffness better reflected the
severity of portal hypertension than liver the and was
highly predictive of HRS.
The integration of these imaging markers into a
combined logistic model dramatically enhanced
diagnostic precision, reinforcing the value of a multi-
parametric ultrasound approach. Given their
accessibility and reproducibility, these tools can be
seamlessly incorporated into routine bedside
evaluation, facilitating earlier diagnosis, more
accurate stratification, and targeted management
of HRS in cirrhotic patients.

Future studies should focus on validating DI-RISK

and spleen stiffness cutoffs in larger populations and

evaluating the prognostic utility of these markers in
treatment response and survival.
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