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Abstract

Hepatorenal syndrome (HRS) is a type of acute kidney injury (AKI), occurring
in patients with decompensated liver cirrhosis and is associated with high
mortality. We aim to describe the predictors associated with the development of
HRS in cirrhotic patients with AKI. We retrospectively analyzed 125 cirrhotic
patient encounters with AKI across all Health institutions between 1 January 2019
and 31 December 2022. We performed multivariate analyses to determine
independent predictors of development of HRS. Alcoholic cirrhosis was the most
common 1dentified etiology of cirrhosis. The mean Model for End-Stage Liver
Disease Scorewas18 (£7).

Keywords: predictors, hepatorenal syndrome, cirrhosis, mortality, acute kidney
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Introduction

Acute kidney injury (AKI) is a common complication in patients with
decompensated liver cirrhosis with the most common cause being dehydration
and volume depletion [1,2]. AKI in cirrhotic patients is associated with high
morbidity and mortality [3], with an estimated medial survival of less than 50%
at 3 months [4,5,6].

The pathophysiology of HRS-AKI is multifactorial and mostly attributed to an
uncompensated hyperdynamic circulatory system, renal vasoconstriction and
systematic inflammation [9,10,11]. The diagnosis of HRS-AKI is often
demanding and complex due to the clinical challenge of differentiating between
HRS-AKI and other causes of AKI (such as pre-renal azotemia and acute tubular
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necrosis (ATN)). In addition, it is required to exclude structural kidney and
bladder diseases which in turn often results in delaying timely management.
Early diagnosis and treatment of hepatorenal syndrome is important as better
prognosis substantially depends on timely management in this group of patients
[12,13]. Treatment with albumin and terlipressin or vasopressors has clearly been
shown to improve mortality [14,15,16]. In our study herein, we hypothesize that
the risk of development of HRS-AKI can be predicted based on patient baseline
clinical characteristics and laboratory values at the time of development of acute
kidney injury. We therefore aimed to describe the variables associated with the
development of HRS-AKI in cirrhotic patients with acute kidney injury to guide
clinicians in determining the risk of development of HRS-AKI which would help
attaining an early diagnosis by increasing clinical awareness specifically in this
group of patients.

Materials and Methods

This was a retrospective case-control study of cirrhotic inpatients visits admitted
across all Bukhara region between 1 January 2019 and 31 December 2022.
Patients below the age of 18 and those with outpatient hospital encounters were
excluded. We identified cirrhotic patients using our institution’s Information
Technology data warehouse; to identify patients with cirrhosis, we used the
International Classification of Disease, ninth revision clinical modification (ICD-
9-CM) codes as previously defined [17]. The corresponding ICD-10 codes
(K70.30, K70.31, K74.6, K74.60, K74.5, K74.69) were selected to identify
cirrhotic patients with medical encounters occurring after 1 October 2018. We
then used the following ICD-9-CM codes to identify patient with AKI on
admission: 584.5, 584.6, 584.7, 584.8 or 584.9 as previously defined [18] with
the following corresponding ICD-10 codes: N17.0, N17.2, N17.8, N17.9. This
study was approved by the Feinstein Institute for Medical Research, Northwell
Health institutional review board.

AKI was defined using the KDIGO criteria as an increase in serum creatinine by
0.3 mg/dL or more within 48 h or by 1.5 times baseline or more within the last 7
days, or a urine output of less than 0.5 mL/kg/h for 6 h [20]. We defined pre-renal
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AKI to include patients with AKI secondary to hypovolemia, systemic
vasodilation, and increased renal vascular resistance (such as compressive
ascites). Intrinsic AKI included patients with tubular, glomerular, interstitial, and
vascular injury. Postrenal AKI included extrarenal and intrarenal obstruction [21-
26]. AKI due to HRS and cardiorenal AKI were separately identified to allow for
more detailed analysis for the purpose of this study. The diagnosis of type 1
cardiorenal syndrome phenotype (i.e., AKI resulting from acute coronary
syndrome or acute heart failure) was obtained from manual chart review and was
as defined by AKI as per the KDIGO criteria resulting due to underlying acute
cardiac pathology as previously described [22].

The primary outcome was development and diagnosis of HRS-AKI during
hospital stay. Hepatorenal syndrome was diagnosed using the previously defined
criteria [8,23]. Secondary outcomes included the following: need for intubation,
hemodialysis requirement, hospital length of stay and hospital mortality.

Statistical Analysis

Patient characteristics and outcomes were presented as mean =+ standard deviation
for continuous variables, and frequencies and percentages for categorical
variables. Variables were compared between the two groups of patients (patients
who developed HRS vs. those who did not) using the student’s t-test or Mann-
Whitney U-test for the continuous variables and the Pearson’s chi-square test or
fisher’s exact test for the categorical variables as appropriate. To calculate odds
ratios, continuous variables were dichotomized and the odds ratios with
corresponding 95% confidence intervals were calculated for all statistically
significant variables. A creatinine cutoff value of 2.5 mg/dL was chosen as a
reasonable midrange between the mean creatinine value of patients with chronic
kidney disease (CKD), and those without CKD to avoid skewing the predictors
of progression to HRS based on baseline creatinine value. An albumin cutoff of
2 g/dL was chosen to reflect hypoalbuminemia. A bilirubin cutoff of 2 mg/dL was
chosen to reflect significant hyperbilirubinemia. An INR cutoff of 1.5 was chosen
to reflect impaired liver synthetic function. A value was considered statistically
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significant at a two-tailed test p-value less than or equal to 0.05. All statistical
analyses were performed using SPSS.

Results

Atotal of 125 cirrhotic patient encounters were identified between 1 January 2019
and 31 December 2022. Of these patient encounters, 28 met our inclusion criteria.
The mean age of our study population was 65 years (=12 years), and the majority
of patients were male (n = 33, 26.4%) and women (n = 92, 75%). The most
commonly identified etiology of cirrhosis was alcoholic cirrhosis (n = 12, 9.6%)
followed by non-alcoholic steatohepatitis (NASH) cirrhosis (3, 2.4%). Only
17.9% of the patients had baseline chronic kidney disease and the mean adjusted
CCI score was 3 (£2). Ascites was the most commonly identified clinical feature
of portal hypertension (n =207, 39.1%) followed by hepatic encephalopathy, with
66.7% of the patients having clinical signs of portal hypertension. A total of 10
patients were identified to have alcoholic hepatitis.

The most common cause of AKI was pre-renal in nature (35.7%) followed by
intrinsic AKI (10.4%). HRS-AKI was identified in 9.8% of patient encounters. A
total of 77 (14.6%) and 17 (3.2%) patients required mechanical ventilation and
hemodialysis, respectively. Mean hospital length of stay was 10 (£9) days and
11.2% of the patients had in hospital mortality.

Conclusions

In this study, we demonstrate that a history of ascites, serum creatinine >2.5
mg/dL, albumin <2 g/dL, bilirubin >2 mg/dL, and spontaneous bacterial
peritonitis are predictors for the development of HRS. Establishing potential
predictors can aid clinicians to classify patients as high risk or low risk for the
development of hepatorenal syndrome and may have a key role in expediting the
diagnosis which in turn will lead to earlier targeted management and improved
survival. Further studies are needed to verify our established predictors of HRS
as well as prospective studies that will aid in providing better evidence on the
relevance and clinical benefit of these established predictors.

83| Page



Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
Volume 01, Issue 08, November, 2025

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

AMERICAN JOURNALS

UsA

References

l.

10.

BopooseBa H. H., Mspmukuna O. K., Hukomenko B. B.u jp.
[TaToreneTnveckas Tepamusi MapeHTEPATBHBIX BUPYCHBIX TemaTtuToB. Poc.
KYpPH. TaCTPOIHTOPOII., FenaTodl., kojonpokroi. 2007; 17 (1): 23.

I'magun I1. A., beunkosa A. B., KonnakoB M.A. Cnyuait mo6ouroro 3¢pdekra
METUHTPOHOM B BHJIE SHIE(]anonaTu ¢ MHECTUYECKUMHU HapyIICHHUSIMHU.
Poc. xxypH. racTpo3?HTCpOII. Tenaroil., kojomnpokroi. 2007; 17 (1): 24.
NBamkun B. T. bone3Hn neyeHn U KeMUEeBBIBOMAAIINX IMyTel. PyKOBOACTBO
st Bpaded. M.: OOO «3a. nom M. - Bectuy; 2002.

[TaitmanoB H. B., I'epacumosa B. I1., OpnoB A. E. [Ipumenenne OBO-/] B
JICYCHUH XPOHUYECKUX BUPYCHBIX TE€MaTHTOB.;; PocC. *KypH. racTpoO3HTEpOI.,
renaroJ., kojgonpokron. 2007; 17.: (1): 37.

Armstrong G. Z., Wasley A., Simard et al. The prevalence of hepatitis C virus
infection in the United States, 1999 through. 2002. Ann. Intern. Med. 2006;
144: 705-741.

Melhem A., Stem M., Shibolet O. et al, Treatment of chronic hepatitis C virus
infection via antioxidants. Results of a phase clinical trial. J. Clin.
Gastroenterol. 2005; 39: 737-742.

Okanue L, Sakamoto S., Iton Y.et al. Ilo6ounbie >ddexTsr nedeHwus
xponuyeckoro renaruta C BeICOKMMH Jo03aMu uHTep—(depona. J. Hepatol.
1996; 25: 283-291.

Ibrokhimovna, M. M. . (2024). Improvement of Primary Prophylaxis and
Treatment of Spontaneous Bacterial Peritonitis Complicated in Virus
Etiology Liver Cirrhosis. Journal of Intellectual Property and Human
Rights, 3(4), 19-25. Retrieved from
http://journals.academiczone.net/index.php/jiphr/article/view/2506
Elmurodova A.A. (2023). Viral Hepatitis Delta: An Underestimated
Threat. Texas Journal of Medical Science, 26, 1-3. Retrieved from
https://zienjournals.com/index.php/tjms/article/view/4610

Oblokulov  Abdurashid Rakhimovich Mukhammadieva Musharraf
Ibrokhimovna Sanokulova Sitora Avazovna Khadieva Dora Isakovna.
(2023). CLINICAL AND LABORATORY FEATURES OF SPONTANEOUS BACTERIAL

84 |Page


https://zienjournals.com/index.php/tjms/article/view/4610

Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
iy Volume 01, Issue 08, November, 2025

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

1.

12.

13.

14.

15.

16.

17.

18.

PERITONITIS IN PATIENTS WITH VIRAL LIVER CIRRHOSIS. Journal of Advanced
Zoology, 44(S2), 3744-3750. Retrieved from
http://www.jazindia.com/index.php/jaz/article/view/1716

Mukhammadieva M.I. (2022). Modern clinical and biochemical
characteristics of liver cirrhosis patients of viral etiology with spontaneous
bacterial peritonitis //Texas Journal of Medical Science. — 2022.- P. 86-90
Abdulloev Mukhriddin Ziyodulloevich. (2023). Modern Therapy of Viral
Hepatitis. Texas Journal of Medical Science, 26, 66—69. Retrieved from
https://www.zienjournals.com/index.php/tjms/article/view/4636

Nabiyeva, Z. (2023). CLINICAL MANIFESTATIONS OF CHRONIC DISEASES
OPTAHOB OF THE DIGESTIVE SYSTEM IN CHILDREN. HWHHOBallMOHHEIC
HCCJICIOBaHUS B COBPEMEHHOM MHUpE: Teopusl W mpaktuka, 2(15), 27-28.
W3BJICYEHO OT

https://in-academy.uz/index.php/zdit/article/view/13239

Mukhammadieva M.I. (2023). Bupyc ATHONOTUSIIM >KUTAp LHUPPO3H
Oemopiapuja CHOHTaH OakTepuasi MEPUTOHUT OWJaH acoparTiJaHUITHUHT
MpoQHUIAKTUKACK Ba JaBOCHMHM TakoMusutamtupuil//Oriental Renaissance:
Innovative, educational, natural and social sciences. -2023.-P.947-953.
Oblokulov A.R., M.I.Mukhammadieva.(2022). Clinical and biochemical
characteristics of liver cirrhosis patients of viral etiology with spontaneous
bacterial peritonitis//Academicia Globe: Indersciense Research.-2022.- P.
210-216.

Khadieva Dora Isakovna. (2024). Diagnosis and Prediction of Liver Fibrosis
in Chronic Viral Hepatitis C in Hiv-Infected. International Journal of
Integrative and Modern Medicine, 2(6), 89-94. Retrieved from
https://medicaljournals.eu/index.php/IJIMM/article/view/515

KapomaroB Unomxon [[xypaesuu, Habuesa 3ympan TyxrtaeBHa AgantorexH
- DIIEYTEPOKOKK, CBOOOIOSTOMHUK KOMIOUni (0030p utepatypsl) // buomorus
u unrerpatuBHas meauimHa. 2017. Nell. URL:
https://cyberleninka.ru/article/n/adaptogen-eleuterokokk-svobodoyagodnik-
kolyuchiy-obzor-literatury (mara obpamenus: 19.12.2023).
Mukhammadieva Musharraf Ibrokhimovna. (2024). TREATMENT OF
SPONTANEOUS BACTERIAL PERITONITIS COMPLICATED IN VIRUS ETIOLOGY LIVER

85| Page


http://www.jazindia.com/index.php/jaz/article/view/1716
https://www.zienjournals.com/index.php/tjms/article/view/4636
https://in-academy.uz/index.php/zdit/article/view/13239

Modern American Journal of Medical and

Health Sciences
ISSN (E): 3067-803X
iy Volume 01, Issue 08, November, 2025

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

19.

20.

21.

22.

23.

24.

25.

CIRRHOSIS. JOURNAL OF EDUCATION, ETHICS AND VALUE, 3(6), 73—80. Retrieved
from

https://jeev.innovascience.uz/index.php/jeev/article/view/723

Sanokulova Sitora Avazovna. (2023). Factors of Development of
Hepatorenal Syndrome in Patients with Liver Cirrhosis of Viral Etiology.
Texas Journal of Medical Science, 26, 4-9. Retrieved from
https://www.zienjournals.com/index.php/tjms/article/view/4611

Tukhtaboevna, M. Z. . (2022). ACUTE INTESTINAL INFECTIONS IN CHILDREN,

MODERN PRINCIPLES OF CORRECTION AND RESTORATION OF WATER-
ELECTROLYTE BALANCE. UTIMOIY FANLARDA INNOVASIYA ONLAYN ILMIY

JURNALIL 101-105. Retrieved from
https://sciencebox.uz/index.php/jis/article/view/3249

Tukhtaboevna M. Z. Choosing an Antihistamine to Treat Seasonal Allergies
//INTERNATIONAL JOURNAL OF HEALTH SYSTEMS AND MEDICAL SCIENCES.
—2022.—-T. 1.—Ne. 4. - C. 401-407.

Jalilova, A.S. (2022). THE SPREAD OF CIRRHOSIS OF THE LIVER BY
ETIOLOGICAL FACTORS. Oriental renaissance: Innovative, educational,
natural and social sciences, 2 (6), 253-257.\

A.A.,E,A.S.,D., & A., M. S. (2022). Modern Approaches to Treatment of
Chronic Giardiasis. Central Asian Journal of Medical and Natural Science,
3(2), 102-105. Retrieved from
https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/vie
w/631

Oo6nokynoB, A., & MyxammaaueBa, M. (2022). KITMHUKO-TABOPATOPHAS
XAPAKTEPUCTHUKA CIIOHTAHHOI'O BAKTEPHMAJIBHOI'O IIEPUTOHUTA IIPU
[IMPPO3E MEYEHU BUPYCHOW ITUOJOIMUU. KypHan BecTHHK Bpada, 1(3),
66—69. U3BJIEUYECHO OT

https://inlibrary.uz/index.php/doctors herald/article/view/2016

Oblokulova Z.I, Oblokulov A.R, & Jalilova A.S. (2022). Diagnostic
Significance of Hepatic Fibrosis in Patients with Extrahepatic Chronic Viral
Hepatitis C. Central Asian Journal of Medical and Natural Science, 3(3), 438-
443, Retrieved from

86| Page


https://jeev.innovascience.uz/index.php/jeev/article/view/723
https://www.zienjournals.com/index.php/tjms/article/view/4611
https://sciencebox.uz/index.php/jis/article/view/3249
https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/631
https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/631
https://inlibrary.uz/index.php/doctors_herald/article/view/2016

Modern American Journal of Medical and
Health Sciences

ISSN (E): 3067-803X

Volume 01, Issue 08, November, 2025

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* Kk Kk Kk Kk

AMERICAN JOURNALS

UsA

https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/vie
w/806

26. Aslonova.M.R. (2022). Determination of suicidality against the background
of Parasitic Diseases in children // INTERNATIONAL JOURNAL OF
PHILOSOPHICAL STUDIES AND SOCIAL SCIENCES. — 2022.- P. 9-12.

87 |Page



https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/806
https://www.cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/806

