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ABSTRACT
Background: Urinary biomarkers may predict acute kidney injury (AKI) in cirrhosis with ascites in a moderate volume para-
centesis setting.
Objective: The study aimed to assess the risk and consequence of AKI and its progression in patients with decompensated cir-
rhosis undergoing paracentesis using a urine test measuring tissue inhibitor of metalloproteinases-2 (TIMP2) and insulin-like 
growth factor-binding protein 7 (IGFBP7).
Methods: A randomized, controlled trial was performed. All outpatients with decompensated cirrhosis with ascites and diuretic 
complications were enrolled and randomized into 3 and 5 L paracentesis groups. Serial urine samples were analyzed for TIMP2. 
IGFBP7 concentration before and after paracentesis.
Results: A total of 90 patients with decompensated cirrhosis were consecutively enrolled during the study period. After screen-
ing, 29 patients were enrolled in the 3-L paracentesis group, and 25 patients were enrolled in the 5-L paracentesis group. The 
mean of the MELD score was 8 ± 1.2. Urine TIMP2.IGFBP7 > 2, rising urine TIMP2, and rising urine TIMP2/urine Cr were 
shown in patients within the 5-L group for 48% (p = 0.015), 32% (p = 0.049), and 76% (p = 0.010) respectively, indicating a higher 
incidence of renal tubular injury markers in this group. Urine TIMP2.IGFBP7/1000 > 2 was statistically significant to predict a 
hemodynamic event (p = 0.002).
Conclusion: In cirrhotic patients with ascites undergoing paracentesis, a 5-L paracentesis volume was associated with a higher 
incidence of renal tubular injury markers.
Trail Registration: The national clinical registration number was TCTR20191116003.

1   |   Introduction

Acute kidney injury (AKI) complicates the course of cirrhosis in 
over 20% of hospitalized patients with chronic liver disease, sig-
nificantly impacting the prognosis [1]. Decompensated cirrhosis 
significantly increases the risk of renal failure due to splanchnic va-
sodilation and reduced systemic vascular resistance. Multiple risk 
factors contribute to this increased risk, including diuretic therapy 

for ascites, abdominal paracentesis, gastrointestinal bleeding, in-
fections, or the development of hepatorenal syndrome, a severe 
complication with a high mortality rate [1–3]. Abdominal para-
centesis, a common procedure in cirrhosis with tense ascites, can 
lead to AKI and hyponatremia, which can occur following both 
low volume and large volume paracentesis [4]. The mechanisms 
by which paracentesis without albumin infusion causes renal fail-
ure and hyponatremia in patients with tense ascites involve the 
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rapid reduction in intra-abdominal pressure. This can lead to rapid 
ascites reaccumulation, decreased effective blood volume, and 
subsequent impaired renal function [4, 5]. In patients with liver 
cirrhosis, malnutrition and muscle wasting can significantly am-
plify the misinterpretation of renal function based solely on serum 
creatinine levels. Additionally, ascites and peripheral edema can 
further reduce these levels by expanding the distribution of cre-
atinine in the body [6, 7]. These raise concerns regarding the reli-
ability of creatinine-based models, like the model of end-stage liver 
disease (MELD) score for accurately assessing mortality risk in all 
patients with cirrhosis [8]. The discovery of new biomarkers has 
recently been used in the field of acute kidney injury because of 
their simple access to urine analysis [9]. There have been some re-
cent studies that have revealed the use of urinary biomarkers such 
as cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), 
interleukin 18 (IL-18), kidney injury molecule 1 (KIM-1), and liver 
type fatty acid-binding protein (L-FABP) for the diagnosis of AKI 
in cirrhosis [10–12].

Novel biomarkers offer improved assessment of kidney function 
and AKI in cirrhotic patients, though with varying degrees of 
accuracy and specificity. Cystatin C, superior to creatinine, en-
hances GFR accuracy when combined with creatinine, especially 
in reduced GFR and low muscle mass, and predicts mortality bet-
ter than the MELD score. However, its combined equations are 
less accurate in cirrhosis than in the general population [13–16]. 
Urinary NGAL shows promise for early AKI detection and distin-
guishing acute tubular necrosis (ATN) from HRS [17–19]. Urinary 
IL-18 and KIM-1 are elevated in ATN and may aid in AKI sub-
typing, but significant overlap limits their individual diagnostic 
accuracy [11, 20–23]. Urinary L-FABP reflects renal tubular dam-
age and may serve as an AKI marker via Toll-like receptor type 4 
(TLR-4) activation, which is also elevated in cirrhotic AKI [24–26].

Tissue inhibitors of metalloproteinases-2 (TIMP2) and insulin-
like growth factor-binding protein 7 (IGFBP7) are expressed and 
secreted by primary kidney epithelial cells, with IGFBP7 pri-
marily from proximal tubules and TIMP2 more strongly from 
distal tubules [27]. During the early phase of cellular damage in-
duced by inflammation, ischemia, oxidative stress, or receiving 
renal toxicity agents, TIMP2 and IGFBP7 are associated with 
G1 cell cycle arrest in renal tubular cells. This G1 arrest effec-
tively prevents their progression to the G2 and M phases of the 
cell cycle [27–29]. This arrest is a protective mechanism aimed 
at preventing further cellular damage and allowing for repair. 
The increased synthesis of TIMP2 and IGFBP7 leads to their re-
lease into the tubular lumen. These proteins are then excreted 
in the urine, resulting in elevated urinary levels. The detection 
of these biomarkers in the urine indicates that the kidney has 
experienced cellular stress [30].

According to previous studies, TIMP2 and IGFBP7 have only 
been used in critically ill patients who have been admitted with 
respiratory illness, cardiovascular disease, neurological disease, 
surgical problems, septic shock, and trauma and have been used 
as biomarkers to predict early AKI after 12 h [30]. The urinary 
TIMP2 and IGFBP7 were measured in ng/mL and multiplied 
with each other for increased power of detection. Rising urinary 
TIMP2 and IGFBP7 levels represent that there was more tubular 
secretion of biomarkers as a result of renal injury. The relative 
risk (95% CI) of developed AKI for subjects testing at urinary 

[TIMP2]·[IGFBP7] values of ≤ 0.3 versus > 0.3–2 were 4.7 (1.5–
16), and 12 (4.2–40) for urinary [TIMP2]·[IGFBP7] values of 
< 0.3 versus > 2. For the 0.3 cutoff, sensitivity was 89%, and 
specificity was 50%. For 2.0, sensitivity was 42%, and specificity 
was 95%. This study also found that the risk for major adverse 
kidney events (death, dialysis or persistent renal dysfunction) 
within 30 days elevated sharply for [TIMP2]·[IGFBP7] above 0.3 
and doubled when values were > 2.0 [30–32]. However, there is 
no data on these two biomarkers in patients with cirrhosis.

In cirrhotic patients undergoing paracentesis, particularly large-
volume paracentesis without adequate albumin replacement, 
the rapid reduction in intra-abdominal pressure can lead to he-
modynamic instability. This instability can result in renal hy-
poperfusion, causing ischemic injury to the tubular cells. The 
injured tubular cells then respond by upregulating and secreting 
TIMP2 and IGFBP7, leading to their increased urinary excre-
tion. The ascites reaccumulation and decreased effective blood 
volume that occur after paracentesis further exacerbate the he-
modynamics that cause tubular damage.

Large volume paracentesis is an effective treatment for refrac-
tory ascites. There is one study that suggested that a single 
5-L paracentesis in patients with cirrhosis and tense, diuretic-
resistant ascites without albumin infusion is safe and causes no 
disturbances in systemic and renal hemodynamics 48 h after 
the procedure [33]. However, there have been a small number of 
patients studied and no data on early detection of acute kidney 
injury (AKI). This study aimed to determine whether urinary 
TIMP2 and IGFBP7 can predict AKI, a reduction in glomerular 
filtration rate (GFR), or alterations in mean arterial blood pres-
sure (MAP) following moderate-volume paracentesis, compar-
ing a 3 versus a 5-L volume of paracentesis.

2   |   Methods

2.1   |   Trial Design

This is a randomized, prospective controlled trial.

2.2   |   Randomization and Blinding

The eligible patients were randomized with the use of a 
computer-generated block of four randomizations and stratified 
into two groups, which received abdominal paracentesis for 3 or 
5 L of ascites. The trial statistician, independent from the study 
team, generated the random order in which participants would 
be assigned to groups. The research assistant, following the ran-
dom order, assigned the participants to two abdominal paracen-
tesis groups without knowing the order themselves. The main 
investigator, medical laboratory technologist, and patients were 
blinded to the randomization list.

2.3   |   Participants, Eligibility Criteria, and Settings

This trial was conducted from December 4, 2018, to December 
3, 2021. Although institutional review board (IRB) approval was 
obtained on December 4, 2018, trial registration occurred after the 
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study initiation due to constraints in the test kit procurement pro-
cess. Consequently, screening of the first patient was commenced 
on November 16, 2019. The authors confirm that all ongoing 
and related trials for this intervention are registered. Eligible in-
dividuals were outpatients with cirrhosis aged between 18 and 
80 years who were diagnosed with criteria of diuretic-resistance 
or diuretic-intractable ascites according to a combination of clin-
ical, biochemical, and imaging studies such as ultrasonography, 
computed tomography, and magnetic resonance imaging, as well 
as the presence of varices, ascites, or liver biopsy.

All consecutive patients were screened and approached for en-
rollment by investigators at the Gastroenterology and Hepatology 
outpatient clinic, Phramongkutklao Hospital, Bangkok, Thailand. 
Patients had to provide written, informed consent before any 
study procedures occurred. Exclusion criteria were patients with 
end-stage renal disease receiving renal replacement therapy, pa-
tients with acute kidney injury during enrollment, patients with 
unstable hemodynamics during previous abdominal paracente-
sis, patients with cardiac arrhythmia or heart failure, patients 
with pacemaker devices owing to the inappropriate measure-
ment of heart rate and blood pressure, shock during enrollment, 
defined as a mean arterial pressure (MAP) of less than 65 mmHg 
and signs of poor tissue perfusion, patients who had received 
radio-contrast media or received nonsteroidal anti-inflammatory 
drugs within the previous 2 weeks, urinary tract infection, and 
pregnancy. Patients with deviation from the intended liters of as-
cites release as randomized, for instance, randomized to 5 L and 
only 3 L came out, were also excluded. Patients who developed 
infections or sepsis during the study period were then excluded. 
We ensured no diuretic dose adjustments were made during the 
two-week follow-up and reviewed patient medication records to 
confirm the absence of any nephrotoxic drug therapy during this 
period. All participants with confirmed ascites had a location of 
needle puncture for abdominal paracentesis determined by bed-
side ultrasonography to estimate the amount of ascites that could 
be safely released per group. All enrolled cirrhotic patients with 
ascites did not receive an albumin infusion or other volume ex-
pander during abdominal paracentesis, because no more than 5 L 
of ascites were removed. Information on medical history, current 
use of medications, and diuretic dosage, along with the cause of 
cirrhosis, was recorded for each patient. Body weight, height, 
and calculated body mass index (BMI) as body weight (kg) di-
vided by height (m) squared (kg/m2) were measured. Laboratory 
evaluations included hemoglobin, platelet count, prothrombin 
time, international normalized ratio (PT/INR), albumin, biliru-
bin, aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), sodium, blood urea nitrogen, and creatinine, which 
were collected from all participants. Child-Pugh score (CTP), the 
model for end-stage liver disease (MELD and MELD-Na) scores, 
and glomerular filtration rate (GFR) according to the chronic 
kidney disease epidemiology collaboration (CKD-EPI) were per-
formed to assess the severity of liver and kidney impairment.

All subjects were properly instructed and consented to partici-
pate in this trial by signing the informed consent regulation pro-
vided by the Institutional Review Board of the Royal Thai Army 
Medical Department Committee (IRB number R164h/61) and 
registered at www.​clini​caltr​ials.​in.​th. The registration num-
ber was TCTR20191116003. The Institutional Review Board of 
the Royal Thai Army Medical Department Committee uses the 

World Medical Association: DECLARATION OF HELSINKI, 
GUIDELINES FOR GOOD CLINICAL PRACTICE: ICH 
Harmonized Tripartite Guideline, Council for International 
Organizations of Medical Sciences (CIOMS), CODE of 
FEDERAL REGULATIONS: Title 45 Public Welfare; Part 46 
Protection of Human Subjects, and the Belmont Report to regu-
late the ethics concerns in publications. Informed consent was 
obtained from all subjects, and all methods were conducted ac-
cording to the relevant guidelines and regulations. All patients 
provided complete informed consent to participate in the study.

2.4   |   Sample Collection, Method of Measurement 
and Interventions

Urine samples, collected pre- and post-abdominal paracentesis, 
were centrifuged, and the supernatant was stored at −20°C for 
TIMP2 and IGFBP7 measurement using sandwich enzyme-linked 
immunosorbent assays (ELISA). Samples underwent no freeze–
thaw cycles, and protease inhibitors were omitted. A blinded medi-
cal technologist performed the assays. TIMP2 was measured using 
Quantikine ELISA by Abcam, Cambridge, U.S.A. with a 2-fold 
urine dilution and a 2-h incubation. IGFBP7 was measured using 
SimpleStep ELISA by Bio-Techne, R&D Systems Inc., Minneapolis, 
U.S.A. with a 1:800 urine dilution and a 1-h incubation. Both 
ELISAs involved standard curve generation and optical density 
readings at 450 nm, following the manufacturer's instructions.

The urinary TIMP2 and IGFBP7 were measured in ng/mL 
and multiplied by each other for increased power of detection. 
Urinary creatinine was measured to calculate ratios with TIMP2 
and IGFBP7. These ratios were used to normalize biomarker 
levels for variations in urine concentration, which can be in-
fluenced by factors such as hydration status and urine output, 
thereby providing a more accurate reflection of renal tubular 
secretion. Rising urinary TIMP2 and IGFBP7 levels represent 
that there was more tubular secretion of biomarkers compared 
between before and after abdominal paracentesis. The result of 
urine TIMP2 × IGFBP7/1000 > 2 means that patients have a high 
risk of acute kidney injury event according to a Sapphire study 
from Kashani et al. [30] and supported by other studies [31, 32].

Urine samples were collected before and immediately after 
completing abdominal paracentesis to evaluate the primary 
endpoint. Blood pressure and heart rate were recorded every 
30 min until the end of the procedure. Eligible patients were 
then followed up every 2 weeks until 12 weeks, and total ab-
dominal paracentesis times, admission, and death due to cir-
rhotic complications were recorded to assess the secondary 
endpoints. Serum creatinine at 2 weeks of follow-up was col-
lected to define the acute kidney injury. Acute kidney injury 
was defined according to KDIGO guidelines, which include 
a serum creatinine increase of more than 50% within 7 days 
or an absolute increase of more than 0.3 mg/dL within 48 h. 
Given the low risk of acute, severe kidney injury following 
outpatient abdominal paracentesis, and considering the grad-
ual nature of ascites reaccumulation, a two-week follow-up 
period was deemed to be sufficient to assess for potential fur-
ther kidney injury [34]. Serum creatinine levels at 12 weeks 
of follow-up were evaluated, and GFRs were estimated by 
the CKD-EPI equation (mL/min/1.73m2) to define the rapid 

http://www.clinicaltrials.in.th
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progression of kidney function within 3 months. A flowchart 
of the study is shown in Figure 1.

2.5   |   Outcome Measurement

2.5.1   |   Primary Outcome

The primary endpoint was the development of any stage of AKI 
according to the KDIGO guidelines within 2 weeks of follow-up. 
The reference values for serum creatinine were obtained at the 
time of enrollment.

2.5.2   |   Secondary Outcomes

A hemodynamic event was defined by decreased systolic blood 
pressure ≥ 10 mmHg, decreased mean arterial blood pressure 
≥ 10 mmHg, or a risen heart rate ≥ 20 beats per minute observed 
within 120 min after abdominal paracentesis [35, 36].

Rapid decline of GFR was defined as a sustained decline in 
eGFR of more than 5 mL/min/1.73 m2/year [37, 38].

Rates of hospitalization, mortality, and total abdominal para-
centesis times within 12 weeks were collected.

2.6   |   Statistical Analysis

The main endpoint of the study selected to calculate the sample 
size was the comparison of urine TIMP2 and IGFBP7 between 
the 3 and 5 L abdominal paracentesis groups. Sample size cal-
culation was determined from the study of Kashani et al. [30] 
To detect a 20% difference in the proportion of patients with 

positive urine TIMP2 and IGFBP7 levels between the 3 and 5-L 
paracentesis groups, a sample size of 24 patients per group was 
calculated, assuming a two-sided alpha error of 5% and a power 
of 90% (beta error of 10%).

Baseline clinical and biochemical data were compared using in-
dependent t-tests or chi-square tests, depending on the normality 
of data distribution. Categorical variables were compared using 
chi-square tests or Fisher's exact test, depending on the sample 
size within categories. Continuous variables were presented as 
mean ± standard deviation (SD) for normally distributed data, me-
dian with interquartile range (IQR) for non-normally distributed 
data, while categorical variables were presented as percentage 
and frequency over the total available. The rapid decline of GFR 
at 12 weeks of follow-up was compared between groups using 
the Fisher exact test. A receiver operating curve (ROC) analysis 
was employed to calculate the area under the curve (AUC) for 
TIMP2.IGFBP7 to find the best cut-off values identifying AKI and 
hemodynamic event, respectively. Significance was established 
at a p value of < 0.05. The analysis was done using IBM SPSS 
Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY).

3   |   Results

3.1   |   Study Population

This study screened 90 outpatients with decompensated cirrho-
sis from December 4, 2018, to December 3, 2021. Twenty-six pa-
tients were excluded, leaving 64 patients who were enrolled and 
randomized. Figure  1 summarizes the flowchart of the study. 
Patients who deviated from the intended liters of ascites release 
were also excluded. This resulted in 29 patients in the 3-L group 
and 25 patients in the 5-L group, whose data were analyzed.

FIGURE 1    |    Flowchart of the study.
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The baseline demographic characteristics of the study popula-
tion were similar between the two groups, as shown in Table 1. 
The mean age of patients was 64 years, and most of the patients 
were male (87%). The most common cause of decompensated 
cirrhosis in the study was alcoholic cirrhosis (50%). Most pa-
tients had CTP class B cirrhosis (78%). The means of MELD and 
MELD-Na scores were 12.9 ± 4.8 and 16.2 ± 5.4, respectively. 
The median dose of spironolactone was 50 mg in both groups. 
There were no statistically significant differences in the under-
lying disease of patients or biochemical values between the two 
groups (Table 1).

3.2   |   Primary Outcome

The rates of AKI events within 2 weeks after abdominal para-
centesis were similar between the 3 L, n = 3 (10%) and 5 L, n = 3 
(12%) groups; p = 0.85 (Table  2). Urinary TIMP2 and IGFBP7 
showed no statistical differences between patients who experi-
enced AKI and those who did not (Table 3).

Statistically, rising urine TIMP2 and rising urine TIMP2/urine Cr 
were all higher with a 5 L paracentesis n = 5 (17%) versus n = 12 
(48%); p = 0.01; n = 3 (10%) versus n = 8 (32%); p = 0.049; and 
n = 12 (41%) versus n = 19 (76%); p = 0.01, respectively. However, 
there was no statistically significant difference between the 3 and 
5 L groups in rising urine IGFBP7, urine TIMP2.IGFBP7, urine 
IGFBP7/urine Cr, and urine TIMP2.IGFBP7/urine Cr. (Table 2).

3.3   |   Secondary Outcome

Hemodynamic event was assessed during abdominal paracente-
sis with no statistical difference between the 3 and 5 L groups, 
n = 3 (10%) versus n = 5 (20%); p = 0.31. There were no statisti-
cally significant differences in the rates of rapid GFR decline be-
tween the two groups, n = 16 (55%) versus n = 14 (56%); p = 0.95. 
Ascites release times were statistically different between the 3 L 
group = 4 (3, 6) and the 5 L group = 6 (4, 6); p = 0.032. There was 
no statistical difference between the two groups in admission and 
death within 3 months of the follow-up (Table 2). Five patients 
died within 90 days of follow-up from sepsis (n = 2), spontaneous 
bacterial peritonitis (n = 2), and primary bacteremia (n = 1).

Rising urine IGFBP7, rising urine TIMP2.IGFBP7, rising urine 
IGFBP7/urine Cr, rising urine TIMP2.IGFBP7/urine Cr, and 
urine TIMP2 × IGFBP7/1000 > 2 showed significantly higher 
hemodynamic events than those without increases, n = 9 (19%) 
versus n = 7 (78%); p > 0.001, n = 6 (13%) versus n = 6 (75%); 
p > 0.001, n = 18 (39%) versus n = 7 (87%); p = 0.011, n = 14 (30%) 
versus n = 7 (87%); p = 0.002, and n = 11 (23%) versus n = 6 (75%); 
p = 0.004, respectively (Table 4).

Mean arterial pressure was statistically significantly declined 
at 2 h of abdominal paracentesis compared with baseline 
within both groups, the 3 L group declined 3.6 (95% CI: 1.8–5.4), 
p < 0.001 and the 5 L group declined 5.2 (95% CI: 2.9–7.6), 
p < 0.001. Between the 2 groups there were no statistically sig-
nificant declinations. (Figure 2).

TABLE 1    |    Demographic data.

Variables
3 L group 
(n = 29)

5 L group 
(n = 25) p

Age (years) 64 ± 10.2 65 ± 10.96 0.75

Male 24 (82%) 23 (92%) 0.47

Body weight (kg) 63 ± 13.2 62 ± 15.2 0.86

BMI (kg/m2) 23.3 ± 4.6 22.4 ± 5.3 0.51

Etiology

Alcohol 14 (48%) 13 (52%) 0.78

Hepatitis B virus 5 (18%) 5 (20%) 0.95

Hepatitis C virus 4 (14%) 2 (8%) 0.49

Metabolic 
associated 
steatohepatitis

4 (14%) 3 (12%) 0.84

Others 2 (6%) 2 (8%) 0.78

Child-Pugh score 8.9 ± 1.4 8.8 ± 1.05 0.96

CTP B 22 (76%) 20 (80%) 0.71

CTP C 7 (24%) 5 (20%) 0.71

MELD score 12.2 ± 4.4 13.5 ± 5.1 0.33

MELD-Na score 15.1 ± 5.5 17.4 ± 5.2 0.13

Diuretic dosage

Spironolactone 
(mg)

50 (25, 50) 50 (25, 100) 0.22

Furosemide (mg) 20 (0, 20) 20 (0, 40) 0.40

Underlying disease

Diabetes 15 (51%) 15 (60%) 0.54

Hypertension 9 (31%) 13 (52%) 0.11

Dyslipidemia 4 (13%) 6 (24%) 0.33

Coronary artery 
disease

1 (3%) 2 (8%) 0.46

Biochemical value

Hemoglobin (g/dl) 10.2 ± 1.9 10.03 ± 1.5 0.68

Platelet (×109/L) 189 ± 78 213 ± 83 0.27

INR 1.22 ± 0.2 1.25 ± 0.2 0.72

Albumin 
(g/dL)

2.8 ± 0.6 2.8 ± 0.4 0.77

Bilirubin 
(mg/dL)

1.6 ± 2.04 2.3 ± 4.1 0.40

Sodium (mEq/L) 134 ± 4 133 ± 4 0.44

Creatinine (mg/dL) 1.2 ± 0.4 1.4 ± 0.7 0.20

CKD-EPI 
(ml/min/1.73m2)

65 ± 28 62 ± 31 0.67

Note: Values presented as mean ± SD, or median (IQR) and n (%). p value 
corresponds to independent t test and chi-square test.
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Urine TIMP2.IGFBP7 more than 3.435 (AUC 0.85, 95% CI 
72–0.99; p = 0.002), rising urine TIMP2.IGFBP7/urine Cr more 
than 0.0027 (AUC 0.84, 95% CI 0.65–1; p = 0.002) and rising 
urine IGFBP7/urine Cr more than 0.0025 (AUC 0.80, 95% CI 
0.06–0.95; p = 0.006) were statistically significant to predict a 
hemodynamic event (Figure 3).

4   |   Discussion

This study had four key findings. First, urine TIMP2.IGFBP7/1000 
> 2 shows good performance in predicting the rapid decline 
of GFR and hemodynamic events, crucial for early interven-
tion and improved prognosis in patients with decompensated 

cirrhosis. Second, urinary TIMP2 and IGFBP7 demonstrated 
greater sensitivity for early detection of tubular injury compared 
with serum creatinine, enabling proactive measures to prevent 
further kidney damage. Third, the high prevalence of rapid GFR 
decline within 90 days in both the 3 and 5 L abdominal paracen-
tesis groups highlighted the potential for renal complications 
regardless of ascites volume removed. Furthermore, this study 
indicated that renal tubular injury could occur even when less 
than 5 L of ascites are released in decompensated cirrhosis.

In patients with cirrhosis, increased portal pressure triggers 
splanchnic vasodilation. This vasodilation is caused, at least in 
part, by the release of nitric oxide, which leads to decreased sys-
temic vascular resistance (SVR) and a subsequent decrease in arte-
rial blood pressure. To compensate for the drop in blood pressure 
and maintain adequate perfusion to vital organs like the kidneys, 
the heart increases its cardiac output [39]. However, splanchnic 
vasodilation does not directly decrease cardiac output. Instead, it 
leads to a reduction in effective arterial blood volume. This trig-
gers the activation of the renin-angiotensin-aldosterone system 
(RAAS), sympathetic nervous system (SNS), and the release of 
arginine vasopressin (AVP) [40]. These hormones collectively 
promote renal sodium and water reabsorption, contributing to 
ascites development and progression. Abdominal paracentesis 
can have significant hemodynamic effects. It leads to a reduction 
in effective arterial blood volume, which in turn triggers renal 
vasoconstriction. If this vasoconstriction cannot be adequately 
compensated for by an increased cardiac output, renal blood flow 
may markedly decrease, predisposing patients to acute kidney in-
jury [41]. Alterations in both systemic and intrarenal hemody-
namics, accompanied by abnormal autoregulation of renal blood 
flow over time, lead to decreased GFR [42].

Early detection of Acute Kidney Injury (AKI) remains chal-
lenging due to limitations in current methods, such as the low 

TABLE 2    |    Urine biomarkers and outcomes between the two groups.

Variables 3 L group (n = 29) 5 L group (n = 25) p

TIMP2.IGFBP7/1000 > 2 5 (17%) 12 (48%) 0.01

Rising urine TIMP2 3 (10%) 8 (32%) 0.049

Rising urine IGFBP7 8 (27%) 8 (32%) 0.72

Rising urine TIMP2.IGFBP7 5 (17%) 7 (28%) 0.34

Rising urine TIMP2/Urine Cr 12 (41%) 19 (76%) 0.01

Rising urine IGFBP7/Urine Cr 12 (41%) 13 (52%) 0.43

Rising urine TIMP2.IGFBP7/urine Cr 9 (31%) 12 (48%) 0.20

Acute kidney injury 3 (10%) 3 (12%) 0.85

Hemodynamic event 3 (10%) 5 (20%) 0.31

Change MAP (mmHg)) −3.6 ± 3.7 −5.2 ± 4.3 0.06

Ascites release times (times) 4 (3, 6) 6 (4, 6) 0.032

Rapid decline of GFR in 3 months 16 (55%) 14 (56%) 0.95

Admission within 3 months 7 (24%) 8 (32%) 0.52

Death within 3 months 3 (10%) 2 (8%) 0.76

Note: Value presented as n (%). p value corresponds to independent t test or Chi-Square test.

TABLE 3    |    Prediction of AKI event by urinary biomarker.

Variables
No AKI 
(n = 48) AKI (n = 6) p

Rising urine TIMP2 10 (20%) 1 (17%) 0.811

Rising urine IGFBP7 15 (31%) 1 (17%) 0.461

Rising urine TIMP2.
IGFBP7

12 (25%) 0 (0%) 0.165

Rising urine TIMP2/
Urine Cr

28 (58%) 3 (50%) 0.697

Rising urine IGFBP7/
Urine Cr

22 (46%) 3 (50%) 0.847

Rising urine TIMP2.
IGFBP7/urine Cr

19 (40%) 2 (33%) 0.767

TIMP2.IGFBP7/1000 > 2 18 (38%) 4 (67%) 0.170

Note: Value presented as n (%). p value corresponds to Chi-Square test.
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sensitivity and specificity of changes in creatinine levels. This 
delays intervention and potentially worsens patient outcomes. 
Recent advancements offer promise, with a combined bio-
marker test (IGFBP7 and TIMP2) showing potential for assess-
ing AKI risk in critically ill patients [9, 43, 44]. A combination of 
TIMP2∙IGFBP7, urinary markers of cell cycle arrest reflecting 
cellular stress preceding tissue damage, has been shown to im-
prove the diagnostic and prognostic values for AKI. Approved 
by the American Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) in 2014, these mark-
ers offer advantages in terms of earlier diagnosis and prognosis 
compared to traditional methods relying on creatinine rise or 
reduced urine output [30, 45]. Urinary TIMP2∙IGFBP7/1000 
values greater than 2 have been associated with a higher risk 
of AKI in several studies, while values less than 0.3 have been 
associated with a lower risk [30–32], but there have been no 
studies in cirrhotic patients. The study by Chindarkar NS 
et al. [46] suggests that a [IGFBP7]∙[TIMP2] value of 0.3 falls 
within the normal reference range (0.04–2.22 ng/mL) and has 
a good balance between sensitivity and specificity for detect-
ing AKI in critically ill patients. Additionally, a value of 2.0 or 

higher indicates a significantly higher risk of AKI with high 
specificity.

The hypothesis of this study is presented in Figure 4.

This first randomized, prospective, single-center study investi-
gated the predictive value of both novel biomarkers, TIMP2 and 
IGFBP7, in decompensated liver cirrhotic patients who had been 
diagnosed with diuretic-resistance or diuretic-intractable asci-
tes. This study aimed to assess their ability to predict rapid GFR 
decline, hemodynamic events, 90-day readmission, and 90-day 
mortality in these patients randomly assigned to receive moder-
ate volume paracentesis for 3 and 5 L groups. For patients pre-
senting with tense ascites, the recommended first-line therapy is 
large-volume paracentesis (LVP) combined with albumin infu-
sion. This combined approach effectively reduced ascites while 
minimizing the risk of complications like post-paracentesis 
circulatory dysfunction through intravascular volume main-
tenance. Smaller-volume paracentesis combined with albumin 
infusion could be utilized in patients with diuretic-resistance or 
diuretic-intractable ascites to minimize further complications.

TABLE 4    |    Prediction of hemodynamic event by urinary biomarker.

Variables No hemodynamic event (n = 46) Hemodynamic event (n = 8) p

Rising urine TIMP2 8 (17%) 3 (37%) 0.19

Rising urine IGFBP7 9 (19%) 7 (78%) > 0.001

Rising urine TIMP2.IGFBP7 6 (13%) 6 (75%) > 0.001

Rising urine TIMP2/Urine Cr 25 (54%) 6 (75%) 0.27

Rising urine IGFBP7/Urine Cr 18 (39%) 7 (87%) 0.011

Rising urine TIMP2.IGFBP7/urine Cr 14 (30%) 7 (87%) 0.002

TIMP2.IGFBP7/1000 > 2 11 (23%) 6 (75%) 0.004

Note: Value presented as n (%). p value corresponds to Chi-square test.

FIGURE 2    |    Declined mean arterial blood pressure between two groups. Comparing mean arterial pressure between groups. *p value was less 
than 0.05.
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In this study, alcohol was the leading cause of cirrhosis (50%), 
followed by chronic HBV (20%), chronic HCV (11%), MASH 
(13%), and autoimmune hepatitis (3.5%). The mean CTP score 
was 8.9, which is similar to the study of Belcher et al. [11], which 
aimed to evaluate structural (neutrophil gelatinase–associated 
lipocalin, IL-18, kidney injury molecule-1 [KIM-1], liver-type 
fatty acid–binding protein [L-FABP], and albuminuria) and 
functional (fractional excretion of sodium [FENa]) urinary 
biomarkers as predictors of AKI progression and in-hospital 
mortality.

The median dose of spironolactone and furosemide was 50 
and 20 mg, respectively. The dose of spironolactone and furo-
semide was not at a maximum dose due to the fact that most 
decompensated cirrhotic patients in this study had diuretic-
intractable problems. At this point, the dosage of diuretics 
could not significantly affect the kinetics of kidney function 
in this context.

In our study, AKI did not develop within 2 weeks of the first 
abdominal paracentesis. However, 55% and 56% of cirrhotic pa-
tients who received 3 and 5 L of abdominal paracentesis, respec-
tively, experienced a rapid decline in GFR within 90 days during 
multiple ascites releases. These results suggest that while a sin-
gle abdominal paracentesis may not increase creatinine within 
2 weeks, repeated procedures can lead to a decline in GFR over 
time. Urinary TIMP2.IGFBP7/1000 > 2 and rising TIMP2 levels 
were significantly associated with higher volumes of ascites re-
lease, particularly in the 5-L group. However, our findings were 
not directly comparable to the study by Bihorac et al. [47], which 
demonstrated urine TIMP2.IGFBP7/1000 > 2 predicted AKI in 
ICU patients who received major operations and nephrotoxic 
agents. This difference may be attributed to the fact that our 
study excluded cirrhotic patients receiving contrast agents or 
suffering from congestive heart failure.

Urine TIMP2.IGFBP7 demonstrated higher performance for 
predicting the rapid GFR decline compared to serum creatinine. 
Cirrhotic patients with ascites who have urinary TIMP2.IGFBP7 
levels above the cutoff value of 3.435 should be aware of the risk 
of hemodynamic events during abdominal paracentesis, even if 
less than 5 L of ascites are removed. Additionally, elevated uri-
nary TIMP2.IGFBP7 levels might indicate renal tubular injury, 
even in the absence of increased serum creatinine. Low-volume 
abdominal paracentesis might be safe at this time, or consider-
ing the addition of a volume expander like intravenous albumin 
could be reasonable for this patient even though moderate asci-
tes release was done. Further repeated abdominal paracentesis 
in these patients might lead to a further decline in GFR within 
3 months.

Urine TIMP2.IGFBP7/1000, rising urine TIMP2.IGFBP7/Cr, 
and rising urine IGFBP7/urine Cr all demonstrated strong poten-
tial for predicting hemodynamic events with AUCs of 0.85 (95% 
CI 72–0.99), 0.84 (95% CI 0.65–1), and 0.80 (95% CI 0.06–0.95), 
respectively. The predictive performance of TIMP2.IGFBP7 was 
as good as the other biomarkers such as urine NGAL (AUC 0.77; 
95% CI: 0.68–0.85), urine IL-18 (AUC 0.71; 95% CI 0.61–0.81), 
urine KIM-1 (AUC 0.66; 95% CI 0.56–0.76), and urine L-FABP 
(AUC 0.76; 95% CI; 0.66–0.85) as reported in the study of Belcher 
et al. [11].

In both the 3 and 5-L groups, patients with elevated urine 
IGFBP7, elevated urine TIMP2.IGFBP7, elevated urine IGFBP7/
urine Cr, elevated urine TIMP2.IGFBP7/urine Cr, and urine 
TIMP2.IGFBP7/1000 > 2 exhibited significantly higher rates of 
hemodynamic events than those without these increases. This 
study confirmed that the risk of renal tubular injury would 
increase even with abdominal paracentesis of less than 5 L in 
patients with decompensated cirrhosis. This is the strength of 
this study that defines the performance of two novel biomarkers, 

FIGURE 3    |    ROC curve for predicting hemodynamic event.
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which the previous two studies from Bihorac et al. [31] and Hoste 
et al. [32] did not perform. This finding confirmed that TIMP2 
and IGFBP7 are known to be involved in the cellular response 
to various abuses, such as inflammation, ischemia, oxidative 
stress, or receiving renal toxicity agents [27–29]. This observa-
tion provides a mechanistic explanation for the increased risk of 
AKI in patients with decompensated cirrhosis. AKI is one of the 
clinical manifestations of post-paracentesis induced circulatory 
dysfunction (PICD) [36]. According to the European Association 
for the Study of the Liver (EASL) clinical practice guidelines for 
the management of patients with decompensated cirrhosis, the 
risk of developing PICD is low in patients undergoing paracen-
tesis of less than 5 L of ascites. Therefore, the guidelines recom-
mend albumin replacement only for patients who release more 
than 5 L of ascites in a single session. In Thailand, there are re-
imbursement challenges related to albumin infusion for patients 
who release less than 5 L of ascites. Additionally, including albu-
min in this study might have reflected the hypothesis of early 
tubular injury, as novel biomarkers are released only in the early 
phase of injury. However, according to a recent study of Tergast 
et al., performing repeated low-volume paracentesis of 1.5 L/d or 
more without albumin infusion is associated with a higher risk 
for hyponatremia, AKI, and increasing inflammation [48]. This 
study also revealed renal tubular injury even with small-volume 
abdominal paracentesis, suggesting vulnerability in these pa-
tients. This finding raises the possibility that albumin infusion 

might play a role in preventing or mitigating the severity of PICD 
and protecting renal function.

Most patients in this study demonstrated hemodynamic events 
(15%) and rapid decline of GFR events (55%), and there were 
not statistically significant differences between the two groups. 
This study's findings suggest that even small-volume (less than 
5 L) abdominal paracentesis may be associated with a decline 
in mean arterial pressure and potential for further renal injury. 
This is in contrast to the previous study by Peltekian et al. [33], 
which demonstrated a single 5 L paracentesis in patients with 
cirrhosis and tense, diuretic-resistant ascites without albumin 
infusion caused no disturbances in systemic and renal hemo-
dynamics 48 h after the procedure. This study's findings could 
support the conclusion that although short-term hemodynamic 
and renal outcomes were not achieved, the rapid GFR decline in 
90 days could be displayed even if an abdominal paracentesis of 
less than 5 L was performed.

Recent studies have demonstrated the beneficial use of these two 
biomarkers in ICU patients [30–32]; therefore, this may influ-
ence the interpretation of their levels in cirrhotic patients in an 
outpatient department (OPD) setting. The hemodynamics affect-
ing the kidneys in critically ill patients in the ICU setting share 
some similarities with those seen in cirrhotic patients but also 
exhibit important differences. Both groups can experience renal 

FIGURE 4    |    The hypothesis of renal tubular injury with detection of TIMP2 and IGFBP7 in cirrhosis. Adapted from Kashani et al. [30] proposed 
mechanism of the novel biomarkers in AKI developing in patients with cirrhosis: Initial renal tubular injury by decreased effective arterial blood 
volume during abdominal paracentesis. Regarding to DNA of tubular cellular damage, IGFBP7 and TIMP2 are secreted in the tubular cells. IGFBP7 
directly increases the expression of p53 and p21 and TIMP-2 stimulates p27 expression via IGFBP7 and TIMP2 receptors. Theses p proteins then 
block the effect of the cyclin-dependent protein kinase complexes (CyclD-CDK4 and CyclE-CDK2) on the cell cycle promotion, thereby resulting in 
G1 cell cycle arrest for short periods of time presumably to avoid cells with possible damage from dividing.



10 of 11 JGH Open, 2025

hypoperfusion due to systemic hypotension, sepsis-induced 
circulatory dysfunction, and decreased effective arterial blood 
volume. Inflammatory mediators play a significant role in AKI 
pathogenesis in both settings. Cirrhosis introduces unique he-
modynamic alterations, including splanchnic vasodilation, por-
tal hypertension, and the development of hepatorenal syndrome 
(HRS). The renin-angiotensin-aldosterone system (RAAS) and 
sympathetic nervous system are often chronically activated in 
cirrhosis, leading to renal vasoconstriction. The hemodynamics 
of a large volume paracentesis and the reaccumulation of ascites 
are very specific to cirrhotic patients. ICU patients often experi-
ence more profound and acute hemodynamic instability due to 
sepsis, septic shock, and the use of vasoactive medications. ICU 
patients frequently have multiple organ system failure that im-
pacts renal function. Cirrhotic patients admitted to the ICU with 
sepsis or bleeding exhibit a combination of these hemodynamic 
profiles. It is very important to consider the baseline hemody-
namics of a cirrhotic patient when comparing them to a patient 
that does not suffer from cirrhosis.

While our study primarily focused on the risk of AKI following 
paracentesis, it is important to note that frequent hospitaliza-
tions, increased mortality, and a high number of paracentesis 
procedures within a short timeframe may also impact patient 
outcomes. These factors can contribute to systemic inflamma-
tion, malnutrition, and other complications that can exacerbate 
kidney dysfunction. There were some limitations to this study. 
First, this was a single-center study design and focus on a Thai 
population; the applicability of this study may be limited to di-
verse patient populations, particularly in regions with different 
causes of cirrhosis such as MASH or chronic hepatitis C. Future 
research should include multicenter trials with larger sample 
sizes to validate these findings and explore the long-term im-
pact of these factors on renal function in patients with cirrhosis 
and ascites. Second, this study was limited to outpatients with 
cirrhosis and ascites, so its findings may not be applicable to all 
cirrhotic patients, including those with acute decompensated 
cirrhosis, acute-on-chronic liver failure, or underlying heart or 
renal disease. Third, the urine biomarker data collections were 
not performed in cirrhotic patients who received more than 5 L 
of ascites release. Finally, this study did not validate the model to 
predict the risk of a rapid decline in GFR, hemodynamic event, 
or 90-day mortality in an external cohort. However, this study 
is the first to demonstrate the potential of urine TIMP2 and 
IGFBP7 as diagnostic biomarkers and confirmed that those who 
received moderate volume paracentesis could develop renal tu-
bular injury. Future research could quantify the key hormones 
involved in the pathophysiology of ascites accumulation by 
measuring plasma renin and aldosterone levels, which may cor-
relate with the volume of ascites removed and the rise in urinary 
TIMP2 and IGFBP7. To accurately assess the temporal relation-
ship between paracentesis-induced hemodynamic changes and 
renal injury, serial measurements of MAP and urinary biomark-
ers are necessary. Extending serial urinary TIMP2 and IGFBP7 
measurements to Day 7 and 14 post-paracentesis would further 
enhance the capture of renal injury and PICD temporal dynam-
ics in this patient population. Finally, a more comprehensive 
assessment of potential confounding factors, combined with 
more frequent serum creatinine monitoring, would strengthen 
the correlation between early biomarkers and delayed renal 
outcomes.

5   |   Conclusions

In patients undergoing 5 L of ascites removal, urinary 
TIMP2.IGFBP7 levels exceeding 2 were not associated with an 
increased likelihood of acute renal failure. This observation sug-
gests that even smaller volumes of ascites removal may pose a 
risk to renal function in cirrhotic patients with ascites.
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