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Degree of Portal and Systemic 
Hemodynamic Alterations Predict 
Recurrent AKI and Chronic Kidney 
Disease in Patients With Cirrhosis
Rakhi Maiwall,1 Samba Siva Rao Pasupuleti,2 Priyanka Jain,3 and Shiv Kumar Sarin 1

The relevance of hemodynamic derangements on the incidence of recurrent acute kidney injury (AKI) and chronic 
kidney disease (CKD) in patients with cirrhosis is largely unknown. Consecutive patients with cirrhosis with a com-
plete record of baseline hemodynamics were followed for identifying risk factors for the development of recurrent 
AKI and CKD by using negative binomial regression and competing risk analysis, respectively. Consecutive patients 
with cirrhosis (n  =  2013, age 50.1  ±  11.8  years, 80% male, Child A:B:C percentage 13.7:52.9:33.4, and mean Child-
Turcotte-Pugh score 8.6  ±  1.8) were enrolled, 893 (44.3%) of whom received beta-blockers, with 44.2% responders. 
Prior AKI was noted in 12.4% at enrollment. At a median follow-up of 379 (interquartile range: 68-869) days, AKI 
developed at a rate of 0.37 episodes per person-year, and 26% patients developed CKD. A lower mean number of AKI 
episodes (0.05  ±  0.25 vs. 0.42  ±  0.868; P  <  0.001), CKD (subdistribution hazard ratio 0.74 [0.54-1.02]), and mortality 
(hazard ratio 0.21 [0.06-0.73]) were observed in beta-blocker responders. Albuminuria was an independent risk factor 
for recurrent AKI, CKD, and mortality (P  <  0.05). Lower systemic vascular resistance index predicted hemodynamic 
response (odds ratio 2.04 [1.29-3.22]), cumulative AKI episodes (ratio of means 0.10 [0.08-0.14]), and development 
of CKD (subdistribution hazard ratio 0.70 [0.58-0.83]). Higher hepatic venous pressure gradient (≥17  mm Hg) pre-
dicted AKI episodes (ratio of means 1.76 [1.32-2.35]) but not CKD. Conclusion: High portal pressure and severe 
vasodilatation predispose patients with cirrhosis to repeated AKI episodes and development of CKD. Response to 
beta-blockers and therapies targeting the vasodilatory state could prevent frequent AKI and the risk of CKD de-
velopment. Albuminuria could serve as an early marker of renal dysfunction in patients with cirrhosis. (Hepatology 
Communications 2021;5:293-308).

The prognostic significance of acute kid-
ney injury (AKI) is well-known in patients 
with cirrhosis. AKI is seen in almost 20% 

of hospitalized patients with cirrhosis and associ-
ated with significant morbidity and mortality.(1) 

Patients with cirrhosis are predisposed to develop 
multiple AKI episodes. It has been shown that AKI 
is a predisposing factor for subsequent AKI and 
in almost one-third of these patients’ progress to 
chronic kidney disease (CKD).(2) This is governed 
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by the number of AKI episodes alongside the sever-
ity of liver disease and the status of kidney reserve 
as determined by cystatin C.(2) Severity, cause, and 
duration of AKI also determine the risk of CKD 
development.(2,3)

Patients with cirrhosis characteristically have 
increased intrahepatic resistance and high portal pres-
sures consequent to the development of fibrosis and 
regenerative nodules. Moreover, there is systemic and 
splanchnic vasodilatation secondary to an increase 
in the production of nitric oxide and other vasodila-
tors (e.g., calcitonin gene-related peptide, copeptin, 
adrenomedullin,) in the vascular endothelium and a 
concomitant decreased sensitivity to the vasoconstric-
tors (e.g., angiotensin II, noradrenaline, endothelin-1, 
vasopressin).(1,2) This systemic vasodilatory state and 
hemodynamic alterations are known risk factors for 
AKI; however, currently, this has not been studied in 
the context of CKD development.

Nonselective beta-blockers (BBs) have been the 
backbone for the management of portal hypertension 
in patients with cirrhosis. However, recent data have 
suggested harm when these drugs are used in patients 
with advanced decompensated cirrhosis.(4,5) A concept 
of “window hypothesis” for BBs has been suggested, 
in which these drugs are not effective when used in 
either very early or in patients with very advanced cir-
rhosis.(6,7) On the contrary, studies have shown that 
the use of BBs is associated with improved survival 
in patients with advanced cirrhosis with refractory 
ascites awaiting liver transplantation. In the context 
of AKI, studies have shown that BBs are associated 
with increased incidence of AKI in patients with asci-
tes and patients with spontaneous bacterial peritoni-
tis.(8,9) Therefore, as of now, the controversy still exists 
regarding the use of BBs in patients with cirrhosis.(4,5) 
Furthermore, no studies have explored the role of BBs 

in modulating the hemodynamic response concerning 
the risk of CKD development.

Therefore, we undertook the current study to eval-
uate in a large cohort of patients with cirrhosis, the 
correlation of altered portal, systemic and pulmonary 
hemodynamics, and their influence on recurrent AKI 
and CKD development.

Patients and Methods
The study is a retrospective evaluation of a pro-

spective cohort of patients which was conducted from 
August 2012 to July 2016 at the Institute of Liver 
and Biliary Sciences. Consecutive patients with cir-
rhosis visiting the outpatient department or admitted 
as in-patients in the Hepatology department were 
screened for enrollment in the current study. Patients 
with cirrhosis who underwent hemodynamic assess-
ment (i.e., hepatic venous pressure gradient [HVPG] 
as a part of clinical evaluation with no AKI at 
enrollment) were followed for the development of 
new AKI episodes or CKD for a median period of 
about 1  year (379 days [interquartile range (IQR): 
68-869]). Patients with at least three follow-up visits 
3  months apart were included in the current study. 
Patients aged less than 18 or more than 70  years, 
with pre-existing CKD, with AKI at enrollment, fol-
lowing liver or kidney transplant, transjugular intra-
hepatic portosystemic shunt, obstructive uropathy, 
with hepatocellular carcinoma, advanced co-existing  
cardiopulmonary diseases, portal vein or hepatic 
vein thrombosis, pregnancy, without availability of 
baseline serum creatinine, and patients with missing 
information on any of the considered variables in 
this study were excluded. CKD was defined as per-
sistent reduction in estimated glomerular filtration 
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rate (eGFR)  <  60  mL/min/1.73  m2 by modifica-
tion of diet in end-stage renal disease (MDRD6) 
equation for more than 3  months (see Supporting 
Information).(2,3)

stuDy population
The patients were enrolled from the time of mea-

surement of HVPG, at which time the baseline serum 
creatinine was recorded. These patients were evaluated 
for the development of new AKI, prior AKI in the last 
3 months, the number of episodes of AKI, and devel-
opment of CKD at last follow-up visit. HVPG was 
performed in these patients as part of different clinical 
protocols. For patients with multiple AKI episodes, 
the peak episode and the worst cause were consid-
ered for analysis. The number of hospital admissions 
after enrollment were recorded for each patient (see 
Supporting Information).

HemoDynamiC stuDies
The hemodynamic studies were done after a 6-hour 

or overnight fast. Under aseptic conditions, under 
local anesthesia, a venous introducer was placed in the 
right femoral or the internal jugular vein using the 
Seldinger technique.(10) For measuring HVPG, a 7Fr 
balloon-tipped Swan-Ganz catheter was introduced 
into the main right hepatic vein under fluoroscopic 
guidance. Free hepatic venous pressure (FHVP) and 
wedged hepatic venous pressure (WHVP) were mea-
sured using pressure transducers and hemodynamic 
monitor. Measurements were performed in triplicate, 
and a mean value was taken. HVPG was obtained 
as the difference between WHVP and FHVP. 
Subsequently, the Swan–Ganz catheter was advanced 
into the pulmonary artery under fluoroscopic control 
for the measurement of cardiopulmonary pressures 
and cardiac index (CRDI) by the Fick’s principle as 
oxygen consumption (mL min-1) ÷ arteriovenous oxy-
gen difference (mL l-1). Aortic pressure was measured 
simultaneously, and the mean arterial pressure (MAP) 
was calculated. Samples were taken from the right 
atrium, pulmonary artery, and aorta. Systemic Vascular 
Resistance Index (SVRI) (dyn∙s/cm5/m2) was calculated 
as (MAP [mm Hg] − right atrial pressure [mm Hg]) ×  
80 ÷ CRDI (L/min/m2). Pulmonary Vascular Resis-
tance Index (PVRI) (dyn∙s /cm5/m2) was calculated 
as (mean pulmonary artery pressure − pulmonary 

capillary wedge pressure) × 80 ÷ CRDI. Heart rate 
was also obtained from continuous electrocardiogram 
monitoring. The hemodynamic studies were done after 
an overnight fast. For all patients, the HVPG and val-
ues of other hemodynamic parameters were recorded 
at enrollment.

uRine analysis FoR 
alBuminuRia

The urine data were analyzed using the dipstick 
method for presence of albuminuria, which was graded 
semi-quantitatively with values reported as absent, 
trace, 1+, 2+, 3+, or 4+ (corresponding to albumin 
levels of undetectable or <10  mg/dL, 10-29  mg/dL,  
30-99 mg/dL, 100-299 mg/dL, 300-999 mg/dL, and 
1,000 mg/dL or greater, respectively). At enrollment, 
albuminuria was assessed for all patients as a risk 
factor for recurrent AKI, development of CKD, and 
mortality.

Beta-BloCKeRs
In the absence of contraindications, 893 patients 

were initiated on oral propranolol or carvedilol. 
Carvedilol was administered orally at a dose of 
3.125  mg twice daily. The treatment was increased 
every week, to 6.25  mg twice daily, and, if required, 
further expanded up to a maximum dose of 12.5 mg 
twice daily with a caution that the systolic blood 
pressure did not fall below 100  mm Hg and heart 
rate <55  bpm. Similarly, propranolol was initiated at 
20 mg twice daily. This dose was increased until the 
heart rate had fallen by 25% or below 55/minute, or 
systolic blood pressure was below 90 mm Hg or to the 
maximal tolerable dose. Patients were asked to coor-
dinate with the primary care physician to monitor the 
heart rate and blood pressure and report any adverse 
effects. The second hemodynamic evaluation was 
done in 495 patients at a median of 12 weeks (range 
8-16). Patients were considered as responders if, at the 
second hemodynamic evaluation, the recorded HVPG 
was either less than 12 mm Hg or had decreased by 
at least 20% from the baseline value, and nonrespond-
ers if these criteria were not met. Beta-blockers were 
discontinued during an episode of AKI, spontaneous 
bacterial peritonitis or any other decompensating 
event, and reinitiated within a week after episode’s 
resolution.
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statistiCal metHoDs
For continuous variables, descriptive statistics were 

presented in the form of mean  ±  SD. For categorical 
variables such as sex, descriptive statistics were pre-
sented in the form of frequencies and percentages. 
Bivariate association between categorical variables was 
assessed using either chi-square tests or Fisher’s exact 
test, whichever is applicable. Independent sample t 
tests were performed to test the difference in mean 
values between the two groups. Analysis of variance 
was used to test the difference in mean values of more 
than two groups. Time to CKD development or death 
was recorded for all patients, alongside the number of 
AKI episodes during the follow-up period. Univariate 
and multivariate competing-risk analysis with death 
as the competing event was performed for identifying 
risk factors for CKD (as patients who underwent liver 
transplant or transjugular intrahepatic portosystemic 
shunt were excluded). Univariate and multivariate Cox 
regression analyses was used to identify predictors of 
mortality. Kaplan-Meier survival estimation procedure 
was followed to provide nonparametric survival esti-
mates by various durations since the baseline time point. 
Log-rank tests were used to compare survival curves 
across different categories of a categorical variable.

Negative binomial (NB) regression analysis was 
used to identify factors that influenced the num-
ber of AKI episodes. Before using NB regression, 
we tested whether the conservative Poisson regres-
sion model could be used for the objective, as men-
tioned previously. NB regression avoids the strict and 
restrictive assumption that the variance is equal to the 
mean made by the Poisson model. We found the NB 
regression model was more suitable than the Poisson 
regression model, as judged by the chi-square test for 
dispersion. NB regression model is similar to the lin-
ear regression model with two main exceptions. First, 
while the dependent variable in the linear regression 
model is continuous, the dependent (Y) variable in 
NB regression is a count variable. Second, while linear 
models assume a normal distribution for the outcome 
variable, the NB regression model assumes nega-
tive binomial distribution for the outcome variable. 
Apart from this, the NB model also has characteristics 
of the logistic regression model. Like in the logistic 
regression model, exponents of parameters have sim-
ple interpretations in NB regression. Unlike in logistic 
regression analysis, parameters are interpreted in terms 

of the ratio of means (RM) and 95% confidence inter-
vals. NB regression model was fitted by using the SAS 
University Edition, using the PROC GENMOD pro-
cedure. Log of follow-up time was used as the offset 
variable in the PROC GENMOD procedure.

For this study, the optimal cutoff points for HVPG, 
SVRI, PVRI, and CRDI for determining time to AKI 
were obtained based on the Contal and O’Quigley 
method.(11) This technique uses a log-rank test sta-
tistic in its procedure to estimate the optimal cutoff 
point. The optimal cutoff point based on this method 
is 17  mm Hg for HVPG, 2008  dyn∙s/cm5/m2 for 
SVRI, 68 dyn∙s /cm5/m2 for PVRI, and 4 L/min/m2  
for CRDI. Based on these cutoff points, patients 
with HVPG  ≤  17  mm Hg were considered as hav-
ing low HVPG, and patients with HVPG > 17 mm 
Hg were considered as having high HVPG. Similarly, 
patients with SVRI  ≤  2,008  dyn∙s/cm5/m2, PVRI  ≤   
68  dyn∙s/cm5/m2, and CRDI  ≤  4  L/min/m2 were 
considered as having low SVRI, low PVRI, and 
low CRDI, respectively. Their counterparts with 
SVRI > 2,008 dyn∙s/cm5/m2, PVRI > 68 dyn∙s/cm5/m2,  
and CRDI  >  4  L/min/m2 were considered as hav-
ing high SVRI, high PVRI, and high CRDI, respec-
tively. In this study, these cutoff point–based groups 
were used in all of the analyses except for descriptive 
analysis.

Variables found significant at P  <  0.05 in univari-
ate analysis were considered for multivariate analysis. 
Highly correlated variables with the main variables of 
interest were not considered for multivariate analysis. 
All tests were two-tailed, and a P value of less than 0.05 
was deemed to be significant. Data were analyzed using 
SPSS software version 22 and SAS University Edition.

Results
A total of 2,013 patients were enrolled in the study 

(Supporting Fig. S1). These patients’ mean age was 
50.1  ±  11.8  years, 1,251 (79.5%) were males, with 
alcohol as the predominant etiology of liver disease in 
772 (38.4%). One-hundred and seventy-one (8.5%) of 
the study participants had diabetes, and 24 (1.2%) had 
hypertension. The mean Model for End-Stage Liver 
Disease (MELD) score of these patients was 14.2 ± 6.7, 
and Child-Turcott Pugh (CTP) score was 8.6  ±  1.8. 
The mean HVPG at baseline was 16.2 ± 5.8, and the 
eGFR was 93.1  ±  56.0  mL/min. The mean SVRI, 
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PVRI, and CDRI were 2,292.5 ± 810.6 dyn∙s/cm5/m2, 
127.4 ± 88.1 dyn∙s/cm5/m2, and 3.71 ± 1.35 L/min/m2,  
respectively. Prior AKI was noted in 249 (12.4%) of 
patients at enrollment (Table 1).

inCiDenCe oF aKi
A total of 440 (21.9%) patients had at least one 

episode of AKI on follow-up. Furthermore, the overall 

incidence rate (or density) of AKI episodes was 0.37 
AKI episodes per person-year follow-up, with an inci-
dence rate of 0.05 episodes per person-year follow-up 
among patients with compensated cirrhosis CTP class 
A at enrollment, 0.30 episodes among patients with 
cirrhosis CTP class B, and 1.04 episodes per per-
son-year follow-up among patients with CTP class 
C. There were a total of 787 episodes of AKI in 440 
patients, yielding a mean of 1.79 episodes of AKI per 

Fig. 1. Probability of no AKI by various durations since enrollment, as estimated by Kaplan-Meier survival method, among different 
categories of HVPG (A), SVRI (B), PVRI (C), and CRDI (D). Note: Log-rank test was used to test whether the pattern of incidence of 
mortality vary across deifferent categories of a considered variable. The result of it was shown in the form of P value.
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taBle 1. Baseline CHaRaCteRistiCs oF stuDy CoHoRt BaseD on tHeiR status oF aKi on 
FolloW-up

Characteristic Total (n = 2013)
No AKI During the Follow-up Period 

(n = 1,573)
Had AKI During the Follow-up 

Period (n = 440) P Value

Age (years) 50 ± 11 49 ± 11 50 ± 11 0.36

Gender (males) 1,619 (80.4) 1,251 (79.5) 368 (83.6) 0.05

Etiology <0.0001

Alcohol 772 (38.4) 578 (36.8) 194 (44.1)

Viral 604 (30.0) 453 (28.8) 151 (34.3)

Others 637 (31.6) 542 (34.5) 95 (21.6)

Diabetes mellitus 171 (8.5) 108 (6.9) 63 (14.3) <0.0001

Hypertension 24 (1.2) 12 (0.8) 12 (2.7) <0.0018

BMI category (kg/m2) 0.86

<18.5 98 (4.9) 74 (4.7) 24 (5.5)

18.5-25 844 (41.9) 662 (42.1) 182 (41.4)

25-30 698 (34.7) 549 (34.9) 149 (33.9)

≥30 373 (18.5) 288 (18.3) 85 (19.3)

MELD 14 ± 6 13 ± 6 16 ± 6 <0.0001

CTP 8 ± 2 8 ± 2 9 ± 2 <0.0001

Ascites <0.0001

No ascites 306 (15.2) 251 (15.9) 55 (12.5)

Grade 1 980 (48.7) 805 (51.2) 175 (39.8)

Grade 2 and 3 727 (36.1) 517 (32.9) 210 (47.7)

eGFR (mL/min) 93±55 94±57 86±47 0.003

MAP (mm Hg) 75 ± 10 75 ± 10 76 ± 11 0.16

Esophageal varices 0.24

No varices 16 (0.8) 12 (0.8) 4 (0.9)

Esophageal varices 1,962 (97.5) 1,537 (97.7) 425 (96.6)

Isolated gastric varix 8 (0.4) 7 (0.5) 1 (0.2)

Esophageal and gastric varices 27 (1.3) 17 (1.1) 10 (2.3)

Grade of esophageal varices (n = 1,992) 0.59

Small 828 (41.1) 638 (40.6) 190 (43.2)

Large 1,164 (57.8) 918 (58.4) 246 (55.9)

Prior variceal bleed 963 (47.8) 701 (44.6) 262 (59.6) <0.0001

Beta-blockers 893 (44.4) 679 (43.2) 214 (48.6) 0.04

HVPG (mm Hg) 16±5 15.±5 17±6 <0.0001

SVRI (dyn∙s/cm5/m2) 2,292 ± 810 2,498 ± 709 1,555 ± 716 <0.0001

PVRI (dyn∙s/cm5/m2) 127 ± 88 132 ± 90 109 ± 78 <0.0001

CRDI (L/min/m2) 3.7 ± 1.4 3.6 ± 1.3 4.1 ± 1.3 <0.0001

Leucocyte counts (×103/m3) 7.5 ± 5.1 7.2 ± 4.8 8.5 ± 5.9 <0.0001

Serum bilirubin (mg/dL) 7.2 ± 9.8 6.3 ± 9.1 10.1 ± 11.7 <0.0001

Serum albumin (g/dL) 2.9 ± 0.7 2.9 ± 0.7 2.6 ± 0.5 <0.0001

INR 1.6 ± 0.5 1.54 ± 0.40 1.77 ± 0.56 <0.0001

Serum creatinine at enrollment (mg/dL) 0.57 ± 0.28 0.57 ± 0.25 0.58 ± 0.38 0.74

Serum sodium (mEq/L) 134 ± 5.8 135 ± 5.5 132 ± 6.5 <0.0001

Prior AKI 249 (12.4) 135 (8.6) 114 (25.9) <0.001

Urine for albumin

Absent 1,267 (62.9) 1,064 (67.6) 203 (46.1) <0.001

Trace or 1+ 662 (32.9) 471 (29.9) 191 (43.4)

2+ 61 (3) 33 (2.1) 28 (6.4)

3+ or 4+ 23 (1.1) 5 (0.3) 18 (4.1)

Abbreviations: BMI, body mass index; INR, international normalized ratio. 
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patient (range one to eight episodes) at a median of 
322 (41-728) days. Of these patients, 214 (48.6%) 
had one, 132 (30%) had two, 78 (17.7%) had three, 9 
(2.05%) had four, and 7 (1.6%) had five or more epi-
sodes. The peak AKI stage reached was stage 1 in 121 
(28%), stage 2 in 77 (17%), and stage 3 in 242 (55%). 
The cause was prerenal volume-responsive AKI in 92 
(21%), hepatorenal syndrome (HRS) in 259 (59%) 
and acute tubular necrosis (ATN) and/or miscella-
neous forms of AKI (ATN) in 89 (20%) patients. On 
follow-up, median 379 (IQR 68-869) days, 518 (26%) 
patients developed CKD. A significantly higher pro-
portion of patients with AKI died on follow-up, as 
compared with those who did not develop AKI (190 
[43.2%] vs. 18 [1.1%]; P  <  0.001). Table 1 lists the 
baseline characteristics of patients who developed AKI 
and who did not during the follow-up. Patients who 
developed AKI were significantly more vasodilated, 
had higher mean CRDI (4.1  ±  1.3 vs. 3.6  ±  1.3  L/
min/m2; P  <  0.001), lower SVRI (1,555.4  ±  716.1 
vs. 2,498.6  ±  709.4  dyn∙s/cm5/m2; P  <  0.001), lower 
PVRI (109.5  ±  78.0 vs. 132.5  ±  90.1  dyn∙s /cm5/
m2; P  <  0.001) and higher HVPG (17.7  ±  6.4 vs. 
15.7 ± 5.5 mm Hg; P  < 0.001) (Fig. 1). In addition, 
they had lower eGFR (86.9 ± 47.9 vs. 94.9 ± 57.9 mL/
min/m2; P  <  0.001), higher MELD (16.2  ±  6.9 vs. 
13.6 ± 6.5; P < 0.001) and CTP scores (9.4 ± 1.7 vs. 
8.4 ± 1.8; P < 0.001) (Supporting Figs. 2 and 3).

alBuminuRia as a RisK FaCtoR 
FoR aKi

At enrollment, 1,267 (63%) had no albumin, 662 
(33%) had trace or 1+ albumin, 61 (3.0%) had 2+ albu-
min, and 23 (1%) had 3+ or 4+ albumin in the micro-
scopic urine analysis. A significant difference was 
noted in the albuminuria in patients who developed 
AKI on follow-up versus those who did not (Table 1). 
A significant difference was also noted in the pres-
ence of albuminuria in patients with prior AKI. These 
patients had a higher proportion of patients with 
albuminuria (P  <  0.001), trace or 1+ (103 [41%] vs. 
559 [32%]), 2+ albumin (16 [6%] vs. 45 [3%]), and 
3+ or 4+ albumin (11 [4%] vs. 12 [0.7%]), respectively. 
At the same time, a significantly lower proportion of 
patients with prior AKI had absent albumin in the 
urine as compared to those without prior AKI (119 
[49%] vs. 1,148 [65%]), respectively.

RisK FaCtoRs FoR tHe numBeR 
oF aKi episoDes—negatiVe 
Binomial RegRession

Univariate and multivariate negative binomial 
regression analyses to determine factors affecting the 
number of AKI episodes are given in Table 2. On 
multivariate analysis, higher HVPG (>17  mm Hg) 
(RM 1.76, 95% CI 1.32-2.35) and lower SVRI 
(<2,008  dyn∙s/cm5/m2) (RM 0.10, 95% CI 0.08-
0.14) were significant predictors of number of AKI 
episodes, alongside viral etiology (RM 1.56, 95% CI 
1.08-2.26), presence of diabetes (RM 1.77, 95% CI 
1.13-2.76), higher MELD-Na at enrollment (RM 
1.08, 95% CI 1.01-1.10), and higher leucocyte counts 
(RM 1.35, 1.03-1.76). The use of BBs was associated 
with a significantly lower mean number of AKI epi-
sodes on follow-up (RM 0.56, 95% CI 0.42-0.74). It 
was interesting to find prior AKI (RM 2.04, 1.41-
2.95) and increasing concentration of albumin in the 
urine as an independent risk factor of repeated AKI 
episodes (Table 2).

RisK FaCtoRs FoR CKD 
DeVelopment—Competing 
RisK suRViVal analysis

Patients with CKD had higher frequency of AKI 
episodes subdistribution hazard ratio (SHR 1.37, 95% 

Fig. 2. Probability of development of CKD by various durations 
since enrollment, as estimated by Fine and Gray competing risk 
survival analysis, among different categories of SVRI.
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CI 1.27-1.48), higher peak severity of AKI, stage 0 (as 
reference; SHR 1), stage 1 (SHR 2.26, 95% CI 1.73-
2.94), stage 2 (SHR 1.8, 95% CI 1.26-2.56), and stage 
3 (SHR 2.12, 1.71-2.63). These patients also had 
more frequent hospitalizations (SHR 1.05, 1.03-1.07). 
The mean number of AKI episodes after development 
of CKD was higher as compared with before develop-
ment of CKD. Patients with prior AKI at enrollment 

had higher risk of CKD development (SHR 2.31, 
95% CI 1.90-2.81). Albuminuria was also a signifi-
cant risk factor for CKD development (Table 3). On 
multivariate analysis, adjusting for collinearity, prior 
AKI (SHR 1.72, 95% CI 1.40-2.11), presence of dia-
betes (SHR 1.79, 95% CI 1.44-2.21), hypertension 
(SHR 1.74, 1.04-2.91), higher MELD-Na (SHR 
1.05, 95% CI 1.03-1.06), higher age (SHR 1.03, 95% 

Fig. 3. Probability of no AKI and no mortality by various durations since enrollment, as estimated by Kaplan-Meier survival method, 
stratified based on HVPG-related responders versus nonresponders. (A) AKI incidence. (B) Mortality incidence.
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CI 1.02-1.04), lower SVRI (2,008  dyn∙s/cm5/m2) 
(SHR 0.70, 95% CI 0.58-0.83), lower serum albu-
min (SHR 0.84, 0.72-0.97), presence of albuminuria 

(>100 mg/dL) (2+; SHR 1.64, 1.13-2.39), and 3+ or 
4+ albuminuria (SHR 2.74, 95% CI 1.83-4.11) as 
compared with absent albumin (as reference category) 

taBle 2. uniVaRiate anD multiVaRiate analysis FoR RisK FaCtoRs oF numBeR oF aKi 
episoDes—negatiVe Binomial RegRession analysis

Factor Crude RM 95% CI for RM Adjusted RM 95% CI for RM

Age (years) 0.99 0.98, 1.01

Gender (female) 0.61* 0.38, 0.96

Etiology (ref = others) 1 1,1 1 1, 1

Alcohol 3.01† 1.97, 4.62 1.05 0.73,1.52

Viral 2.69† 1.71, 4.25 1.56* 1.08, 2.26

Diabetes 1.74 0.98, 3.07 1.77* 1.13, 2.76

Hypertension 1.26 0.25, 6.33

BMI (kg/m2) (ref = 18.5-25)

<18.5 1.06 0.45, 2.49

25-30 0.74 0.50, 1.10

≥30 0.71 0.43, 1.15

MELD 1.16† 1.13, 1.19

CTP 1.96† 1.79, 2.14

Ascites (ref = no ascites) Grade 1 1.56 0.91, 2.66

Grade 2 and 3 4.30† 2.50, 7.41

eGFR‡ (mL/min) 0.70* 0.49, 0.99

MAP (mm Hg) 0.99 0.97, 1.01

Beta-blockers 0.59† 0.41, 0.83 0.56† 0.42, 0.74

HVPG (>17 mm Hg) 2.48† 1.75, 3.52 1.76† 1.32, 2.35

SVRI (>2,008 dyn∙s/cm5/m2) 0.06† 0.04, 0.08 0.10† 0.08, 0.14

PVRI (>68 dyn∙s/cm5/m2) 0.58† 0.40, 0.84

CRDI (>4 L/min/m2) 6.07† 4.31, 8.56

Leucocyte counts‡ (×103/m3) 2.94† 2.25, 3.86 1.35* 1.03, 1.76

Serum bilirubin‡ (mg/dL) 2.57† 2.27, 2.90

Serum albumin (g/dL) 0.20† 0.15, 0.26

INR (seconds) 6.88† 4.58, 10.34

Serum creatinine at enrollment (mg/dL) 0.84 0.51, 1.38

Serum sodium (mEq/L) 0.90† 0.87, 0.92

MELD-Na 1.15† 1.13, 1.17 1.08† 1.05, 1.10

Prior AKI 4.00† 2.49, 6.42 2.04† 1.41, 2.95

Urine for albumin

Absent 1 1, 1 1 1, 1

Trace or 1+ 2.93† 2.04, 4.21 2.13* 1.08, 4.21

2+ 4.30† 1.80, 10.25 5.42† 2.07, 14.22

3+ or 4+ 5.07* 1.40, 18.28 1.38* 1.02, 1.86

Note: MELD-Na was calculated using bilirubin, INR, creatinine and sodium. Therefore, these components were not considered for the 
multivariate regression model, as MELD-Na was included in the model. Also, because CTP is highly associated with MELD-Na, CTP 
was not considered for the multivariate analysis, to avoid multicollinearity. PVRI, CRDI, and MAP were not included in the multivariate 
analysis, as they are highly associated with SVRI. Similarly, eGFR contains albumin, age, gender and creatinine, so eGFR was not included 
in the model. HVPG, SVRI, PVRI, and CVRI were considered as category variables in the regression analysis. Of them, factors signifi-
cant in the multivariate analysis were only reported. Urine analysis for albuminuria was graded semi-quantitatively, with values reported 
as absent or trace (±), 1+, 2+, and 3+, or 4+ (corresponding to albumin levels of undetectable or <10 mg/dL, 10-29 mg/dL, 30-99 mg/dL, 
100-299 mg/dL, 300-999 mg/dL, and 1,000 mg/dL. Variables considered in multivariate analysis were etiology, diabetes mellitus, ascites 
use of BBs, HVPG, SVRI, log-transformed leucocyte count, MELD-Na, prior AKI, and urine albumin.
*Significant at 5% level of significance.
†Significant at 1% level of significance.
‡Corresponding log-transformed variables were used in the regression analysis.
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taBle 3. uniVaRiate anD multiVaRiate Competing RisK suRViVal analysis RegRession 
Results FoR iDentiFying FaCtoRs assoCiateD WitH CKD DeVelopment sinCe enRollment

Factor Crude SHR 95% CI for SHR Adjusted SHR 95% CI for SHR

Age (years) 1.03* 1.02, 1.04 1.03* 1.03, 1.04

Gender (female) 0.82 0.65, 1.03

Etiology (ref = others)

Alcohol 1.53* 1.24, 1.88

Viral 1.42* 1.14, 1.77

Diabetes 3.64* 3.07, 4.32 1.79* 1.44, 2.21

Hypertension 2.91* 1.73, 4.91 1.74† 1.04, 2.91

BMI (kg/m2 ) (Ref = 18.5-25)

<18.5 0.78 0.49, 1.26

25-30 1.16 0.96, 1.40

≥30 1.24 0.99, 1.54

MELD 1.05* 1.04, 1.06

CTP 1.08* 1.03, 1.13

Ascites (ref = no ascites)

Grade 1 1.05 0.83, 1.34

Grade 2 and 3 1.38† 1.08, 1.77

eGFR‡ (mL/min) 0.34* 0.30, 0.38

MAP (mm Hg) 1.00 0.99, 1.01

Beta-blockers 1.05 0.89, 1.24

HVPG (>17 mm Hg) 1.06 0.90, 1.26

SVRI (>2,008 dyn∙s/cm5/m2) 0.53* 0.45, 0.63 0.70* 0.58, 0.83

PVRI (>68 dyn∙s/cm5/m2) 0.95 0.79, 1.14

CRDI (>4 L/min/m2) 1.25† 1.04, 1.49

Leucocyte counts‡ (×103/m3) 1.16† 1.01, 1.34

Serum bilirubin‡ (mg/dL) 0.10 0.93, 1.07

Serum albumin (g/dL) 0.66* 0.58, 0.74 0.84† 0.72, 0.97

INR (seconds) 1.18 0.10, 1.39

Serum creatinine at enrollment (mg/dL) 3.55* 2.68, 4.69

Serum sodium (mEq/L) 0.97* 0.96, 0.99

Episodes of AKI (n) 1.37* 1.27, 1.48

Prior AKI 2.31* 1.90, 2.81 1.72* 1.40, 2.11

MELD-Na 1.07* 1.04, 1.06 1.05* 1.03, 1.06

Urine for albumin

Absent or trace 1.00 1.00, 1.00 1.00 1.00, 1.00

1+ 1.84 1.51-2.25 0.88 0.73, 1.06

2+ 3.11* 2.09-4.62 1.64* 1.13, 2.39

3+ or 4+ 8.12* 5.00-13.18 2.74* 1.83, 4.11

Note: HVPG, SVRI, PVRI, and CVRI were considered as category variables in the regression analysis. Of them, only those factors sig-
nificant in the multivariate analysis were reported. Urine analysis for albuminuria was graded semi-quantitatively, with values reported 
as absent or trace (±), 1+, 2+, and 3+ or 4+ (corresponding to albumin levels of undetectable or <10 mg/dL, 10-29 mg/dL, 30-99 mg/dL, 
100-299 mg/dL, 300-999 mg/dL, and 1,000 mg/dL. MELD-Na was calculated using bilirubin, INR, creatinine, and sodium. Therefore, 
these components were not considered for the multivariate regression model, as MELD-Na was included in the model. Also, because CTP 
is highly associated with MELD-Na, CTP was not considered for the multivariate analysis, to avoid multicollinearity. PVRI, CRDI, and 
MAP were not included in the multivariate analysis, as they are highly associated with SVRI. Similarly, because eGFR contains albumin, 
age, gender and creatinine, it was not included in the model. Variables considered in multivariate analysis were age, etiology, diabetes mel-
litus, hypertension, ascites category, SVRI, albumin, MELD-Na, prior AKI, and urine albumin.
*Significant at 1% level of significance.
†Significant at 5% level of significance.
‡Corresponding log-transformed variables were used in the regression analysis.
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were independent predictors of CKD. Importantly, 
HVPG and BB use were not identified as risk factors 
for CKD development (Fig. 2).

impaCt oF BBs on HVpg 
Response anD aKi

Of the total cohort of 2,013 patients, 893 patients 
received BBs. Of these, 697 (78%) had received carve-
dilol, and the remaining 196 (22%) received propran-
olol. The mean dose of carvedilol was 12.5  ±  2  mg/
day, and for propranolol it was 66  ±  20.1  mg/day. A 
comparison of baseline characteristics of patients who 
received versus who did not receive BBs is found in 
Supporting Table S1. Patients on BBs had higher 
HVPG and prior variceal bleed. A second HVPG 
was performed in 495 (55.4%) patients. For this rea-
son, the number of responders (defined as a reduction 
in HVPG of >20% from baseline or ≤12 mm Hg in 
HVPG) was 219 (44.2%), and the rest were nonre-
sponders. A comparison of baseline characteristics of 
responders as compared with nonresponders is found 
in Supporting Table S2. A lower incidence of AKI 
(HR 0.18, 95% CI 0.10-0.34) (Fig. 3) as well as a 
lower mean number of AKI episodes (0.05 ± 0.25 vs. 
0.42 ± 0.868; P < 0.001) were observed in responders 
as compared with nonresponders. Using negative bino-
mial regression analysis, a lower mean number of AKI 
episodes by 92% was observed for HVPG respond-
ers as compared with nonresponders (95% CI for the 
RM, 0.04-0.17). Furthermore, in patients who devel-
oped AKI (n  =  76), responders had less severe AKI 
(stage 1, 9 [80.0%] vs. 24 [38.1%]; stage 2, 1 [10%] 
vs. 28 [44.4%]; and stage 3, 1 [10%] vs. 13 [17.5%]; 
P  =  0.046) and lower development of HRS-AKI (2 
[14%] vs. 55 [60%]) and ATN (1 [7%] vs. 5 [6%]; 
P  =  0.003) as compared with nonresponders, respec-
tively. Urine microscopy showed significant differ-
ences between patients with HRS and ATN. Patients 
with ATN had granular casts and higher urine sodium 
concentration. These patients also had significantly 
higher proportion of patients with tubule epithelial 
cells and presence of albuminuria in the urine analysis 
as compared to patients with HRS (Supporting Table 
S3) Responders also showed significantly lower mor-
tality (HR 0.21, 95% CI 0.06-0.73). The development 
of CKD, even though not statistically significant, was 
also lower among responders (RM 0.74, 95% CI 0.54-
1.01; P  =  0.06). Higher MELD-Na signifying less 

severe liver disease, BBs, and higher systemic vascu-
lar resistance index were predictors of the hemody-
namic response on univariate and multivariate logistic 
regression analysis (Table 4).

pReDiCtoRs oF moRtality—
multiVaRiate CoX RegRession 
analysis

Lower SVRI (HR 0.17, 95% CI 0.12-0.23) was 
associated with increased risk of mortality (Fig. 4) 
alongside higher MELD-Na score (HR 1.06, 95% 
CI 1.03-1.08), lower serum albumin (HR 0.59, 95% 
CI 0.45-0.77), and higher albumin concentration in 
the urine (>10 mg/dL) was associated with increased 
mortality. It was interesting to see a protective effect 
of BBs (HR 0.54, 95% CI 0.40-0.72) on mortality 
(Supporting Table S4).

Discussion
In this large cohort of patients with cirrhosis, we 

demonstrate the association of hepatic and systemic 
hemodynamics in the development of recurrent AKI 
and CKD. We also showed that patients who develop 
repeated AKI episodes and CKD were more severely 
vasodilated with lower SVRI and higher CDRI. 
Patients with CKD had frequent AKI. Among all of 
the hemodynamic parameters, lower SVRI predicted 
repeated AKI episodes and CKD development. High 
portal pressures were associated with risk of AKI but 
not CKD. The hemodynamic response further cor-
related with lower development and frequency of AKI 
episodes, lesser severity of AKI, lower CKD risk, and 
improved survival. The severity of liver disease and 
degree of systemic vasodilatation is associated with a 
higher rate of hemodynamic nonresponse, while the 
use of BBs improved hemodynamic response. We also 
report on albuminuria as a risk factor for repeated 
AKI, CKD, and mortality. Stratification of patients 
with cirrhosis based on their HVPG or SVRI could 
easily predict the risk of future episode(s) of AKI and 
CKD. These data could help stratify patients with 
high HVPG and low SVRI for a targeted portal pres-
sure reduction. Improvement of the systemic vasodil-
atory state with additional pharmacotherapy could be 
an effective strategy for preventing recurrent AKI and 
CKD in patients with cirrhosis.
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The incidence rate of AKI episodes in our study 
was 0.45 per person-year follow-up. Furthermore, we 
noted a higher incidence of AKI with the increase in 
severity of liver disease, suggesting a more deranged 
hemodynamic state and high portal pressures that 
contribute to ascites and AKI in these patients.(12) 
It was also interesting to see that these patients were 
more hyperdynamic at baseline. We demonstrate a 
crucial contribution of the systemic and pulmonary 

hemodynamics in determining the risk of repeated 
AKI in patients with cirrhosis. As previously shown, 
patients with high HVPG were more systemically 
vasodilated and developed more AKI episodes on 
follow-up.(13-17) However, we used the revised defi-
nition of AKI in our study. We evaluated hemo-
dynamic alterations in driving repeated episodes 
of AKI in patients with cirrhosis for the first time. 
Our study included patients with compensated and 

taBle 4. uniVaRiate anD multiVaRiate BinaRy logistiC RegRession Results FoR iDentiFying 
FaCtoRs assoCiateD WitH HemoDynamiC Response

Factor Crude Odds Ratio 95% CI for Odds Ratio Adjusted Odds Ratio 95% CI for HR

Age (years) 1.01 0.99, 1.03

Gender (female) 1.15 0.72, 1.83

Etiology (ref = others)

Alcohol 0.72 0.47, 1.10

Viral 0.76 0.49, 1.17

Diabetes 0.88 0.41, 1.89

Hypertension 0.42 0.04, 4.04

BMI (kg/m2) (ref = 18.5-25)

<18.5 0.49 0.15, 1.59

25-30 1.23 0.82, 1.85

≥30 1.03 0.63, 1.68

MELD 0.98 0.95, 1.01

CTP 0.84* 0.75, 0.94

Ascites (ref = no ascites)

Grade 1 0.79 0.47, 1.32

Grade 2 and 3 0.51† 0.28, 0.91

eGFR (mL/min) 1.34 0.94, 1.90

MAP 1.02 1.00, 1.03

Beta-blocker 3.10* 1.39, 6.92 3.35* 1.49, 7.54

HVPG (>17 mm Hg) 1.21 0.85, 1.74

SVRI (>2,008 dyn∙s/cm5/m2) 2.11* 1.35, 3.29 2.04* 1.29, 3.22

PVRI (>68 dyn∙s/cm5/m2) 0.99 0.66, 1.47

CRDI (>4 L/min/m2) 1.17 0.76, 1.79

Leucocyte counts‡ (×103/m3) 1.15 0.81, 1.63

Serum bilirubin‡ (mg/dL) 0.93 0.77, 1.11

Serum albumin (g/dL) 1.80* 1.34, 2.41

INR (seconds) 0.57† 0.35, 0.94

Serum creatinine at enrollment (mg/dL) 1.52 0.71, 3.24

Serum sodium (mEq/L) 1.06* 1.02, 1.10

MELD-Na 0.96* 0.94, 0.99 0.97† 0.94, 1.00

Note: MELD-Na was calculated using bilirubin, INR, creatinine, and sodium. Therefore, these components were not considered for the 
multivariate regression model, as MELD-Na was included in the model. Also, because CTP is highly associated with MELD-Na, CTP 
was not considered for the multivariate analysis, to avoid multicollinearity. PVRI, CRDI, and MAP were not included in the multivariate 
analysis, as they are highly associated with SVRI. HVPG, SVRI, PVRI, and CVRI were considered as category variables in the regression 
analysis. Variables considered in multivariate analysis were use of BBs, SVRI, and MELD-Na.
*Significant at 1% level of significance.
†Significant at 5% level of significance.
‡Corresponding log-transformed variables were used in the regression analysis.
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decompensated cirrhosis, contrary to prior studies that 
enrolled patients with compensated cirrhosis. Apart 
from HVPG, we evaluated the systemic, cardiac, and 
pulmonary hemodynamic parameters in predicting the 
risk of cumulative episodes of AKI. The impact of fre-
quent AKI episodes on CKD development has already 
been reported.(2,3) Similar to the study by Bassegoda et 
al., development of CKD was associated with a higher 
number of hospitalizations and more frequent AKI 
episodes.(3) The impact of hemodynamic alterations 

in CKD development has never been reported in 
patients with cirrhosis. The degree of systemic vaso-
dilation was identified as an independent risk factor 
for CKD. We also observed that SVRI was a more 
important predictor than HVPG in predicting hemo-
dynamic response and CKD development. Drugs like 
carvedilol have an anti-alpha adrenergic activity and a 
potential to worsen vasodilatation. They may predis-
pose to CKD in patients with lower SVRI and should 
be administered carefully in these patients. Orally 

Fig. 4. Probability of survival up to various durations since enrollment, as estimated by Kaplan-Meier survival method, among different 
categories of HVPG (A), SVRI (B), PVRI (C), and CRDI (D). Note: Log-rank test was used to test whether the pattern of incidence of 
mortality vary across deifferent categories of a considered variable. The result of it was shown in the form of P value.
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administered vasoconstrictor drugs like midodrine 
may prevent CKD by counteracting systemic vasodi-
latation. Midodrine has the potential to improve the 
systemic vasodilatory state and has shown benefits 
in the context of recurrent ascites and could prevent 
development of CKD in these patients.(18) In the 
large multicentric Italian trial, the benefits of long-
term albumin administration in patients with decom-
pensated cirrhosis, and uncomplicated ascites were 
reported.(19) Albumin can improve systemic inflam-
mation and cardiocirculatory function in patients with 
decompensated cirrhosis.(20) The impact of long-term 
albumin administration in improving systemic vaso-
dilation and preventing incident CKD also merits 
investigation. Stratifying patients with cirrhosis based 
on their SVRI and providing targeted therapy to pre-
vent repeated AKI episodes or CKD development 
should be evaluated in future trials.

It was interesting to observe the significance of 
albuminuria as a risk factor of recurrent AKI and 
CKD. Studies in the critically ill have suggested 
that albuminuria is associated with nonrecovery 
of AKI.(21) Even a minor leakage of albumin in 
the urine could be a marker of early chronic renal 
impairment.(22) We observed a stepwise increase 
in the risk of AKI and CKD with increase in the 
urine albumin levels. Levels as low as 10  mg/dL 
were independently associated with repeated AKI, 
and levels above 100  mg/dL were associated with 
CKD development. Emerging data have suggested 
an association of albuminuria with tubulointerstitial 
inflammation and progressive renal damage.(22) We 
previously reported predominance of tubulointer-
stitial damage in renal biopsies from patients with 
cirrhosis.(2) The loss of glomerular filtration barrier 
causes higher exposure of renal tubules to increased 
albumin concentrations. In the proximal tubules, 
albumin uses the megalin and cubulin receptors for 
internalization, from where it is transported to the 
dendritic cells, eliciting an inflammatory response. 
Higher uptake of albumin is directly related to cyto-
toxic effects on the renal tubules.(23) The significance 
of albuminuria is established for diabetic nephropa-
thy.(23) It may be worthwhile to screen patients with 
cirrhosis routinely for urine albumin, to identify 
CKD development risk. The lack of detailed infor-
mation on follow-up is, however, a limitation of our 
study. Only a proportion (i.e., 1% of the enrolled 

cohort) had significant albuminuria of more than 
300  mg/dL at enrollment, and urine analysis was 
not used for defining CKD in our study.

Repeat HVPG assessment was available in almost 
two-thirds of the patients enrolled in the current 
study. Most of these patients were on carvedilol 
(mean dose of 12.5 ± 2 mg/day) and remaining on 
propranalol (mean dose of 66 ± 20.1 mg/day). Almost 
50% of these patients were deemed to have a hemo-
dynamic response. Responders had a lower inci-
dence of cumulative AKI and CKD compared with 
nonresponders. Prior studies have shown a correla-
tion of hemodynamic response with decreased inci-
dence of liver-related complications.(12-14) Among 
the patients who developed AKI, it was less aggres-
sive, and of lower severity. The severity of AKI is a 
proven risk factor for CKD.(2,3) Interestingly, HVPG 
at baseline did not predict nonresponse to therapy. 
Together the data suggest that HVPG is a driver 
of clinical complications; therefore, additional phar-
macotherapy should be considered in HVPG nonre-
sponders. In these patients, drugs such as statins or 
placement of transjugular intrahepatic portosystemic 
shunt (TIPS) may lower portal pressure and prevent 
AKI recurrence and other complications driven by 
high portal pressures. The data showed that hyper-
dynamic circulation drives repeated AKI and CKD 
development in patients with cirrhosis. However, at 
the same time, we observed that response in HVPG 
significantly reduced this risk, signifying HVPG as 
a modifiable factor by targeted treatment for pre-
venting the development of subsequent AKI epi-
sodes, which lead to CKD.

The severity of liver disease and comorbid diseases 
like diabetes and hypertension were associated with 
recurrent AKI episodes and CKD development in 
patients with cirrhosis.

Our study’s strength is the large cohort of patients 
with cirrhosis included for evaluating portal and sys-
temic hemodynamics in CKD development. Moreover, 
in a significant number of patients, a second HVPG 
was also available to identify responders and the influ-
ence of hemodynamic response on clinical events. 
Furthermore, the data also support the stratification 
of patients based on the HVPG. We found patients 
with HVPG above 17  mm Hg had the highest risk 
of repeated AKI. Alternatively, measuring SVRI was 
found to be more relevant in the context of AKI 
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development and CKD. One may also argue the util-
ity of HVPG in clinical practice, which is invasive, 
requires expertise, and is not available in most cen-
ters and cannot be used routinely. Measuring SVRI, a 
simple noninvasive parameter,(24) could be done at any 
center by Doppler echocardiography. SVRI is a more 
relevant parameter and should be targeted to prevent 
AKI and CKD development in patients with cirrhosis. 
We propose the incorporation of SVRI in the ther-
apeutic algorithms for patients with decompensated 
cirrhosis who develop AKI, for preventing future epi-
sodes of AKI and CKD development. However, the 
main limitation of our study is the retrospective study 
design. In fact, previous studies have shown that unless 
AKI is specifically and prospectively investigated, AKI 
episodes may be missed. To handle the problem of 
missing data, we excluded all patients who had miss-
ing data on any of the essential variables. We did not 
perform biomarkers for assessment of renal function, 
which is also a limitation. We also excluded patients 
who underwent TIPS and liver transplantation, as 
inclusion of these patients would have confounded 
the results. There could also be a possibility of bias 
associated with the use of BBs. Similarly, multiple rea-
sons could have influenced the second hemodynamic 
assessment, which was available for only a subset of 
patients. Therefore, the potential of selection bias in 
the use of BBs and second hemodynamic assessment 
remains a major limitation of the current study.

In conclusion, the results of our study demonstrate 
that the degree of systemic vasodilatation drives the 
development of CKD and frequent AKI in patients 
with cirrhosis. Portal pressure, which is a modifiable 
factor, should be targeted to lower the frequency and 
severity of AKI, the development of incident CKD, 
and overall patient outcomes. Albuminuria is an 
independent risk factor for recurrent AKI and CKD 
development in patients with cirrhosis and may be a 
potential marker of early renal dysfunction. Patients 
with HVPG above 17  mm Hg are at highest risk 
of developing frequent AKI episodes, which predis-
poses them to permanent renal damage if the insult 
remains unabated. Stratification of patients for the 
development of CKD can be done based on SVRI, 
which may guide targeted treatment. Therapeutic 
strategies for improving the hemodynamic response 
should be incorporated in nonresponders to prevent 
portal hypertension–driven complications, including 
repeated AKI and CKD.
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