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ABSTRACT
Background: Kidney dysfunction is a common complication in patients with severe liver cirrho-
sis. There is a need for discovery and validation of novel biomarkers for earlier AKI detection.
The aim of this study was to determine if tubular injury markers: NGAL and KIM-1 could be help-
ful in the early diagnosis of AKI in patients undergoing therapeutic paracentesis.
Methods: This preliminary study included 24 adult patients diagnosed with liver cirrhosis who
had been hospitalized due to massive ascites requiring paracentesis. Pre- and post-paracentesis
plasma samples were taken from each patient and biomarkers were measured.
Results: Before paracentesis, the levels of serum and urinary NGAL were similar between patients
and controls; while urinary KIM-1 was markedly increased in liver cirrhotic patients (0.76 vs.
0.24 ng/ml; respectively). Although urinary NGAL levels in AKI patients were 5-time greater than
in non-AKI subgroup, the difference did not reach statistical significance (13.2 vs 1.5 pg/mL,
p¼ 0.06). Serum NGAL level, post-procedure, was 3 times greater in AKI subgroup.
Conclusion: Kidney injury markers, especially serum NGAL, may be useful for the early detection
of AKI. However, further research is required to determine if biomarkers of kidney injury may
help identify patients with cirrhosis who would most likely benefit from early AKI prevention
and treatment.
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Introduction

Kidney dysfunction is a common complication in
patients with severe liver cirrhosis related to the abnor-
mal hemodynamics of systemic and splanchnic arterial
vasodilatation and extrahepatic vasoconstriction [1].
Acute kidney injury (AKI) is mainly pre-renal and largely
asymptomatic. The diagnosis is currently based on
functional biomarkers such as serum creatinine or
decreased urine output, both of which have quite low
sensitivity [2]. Creatinine fluctuation early in the course
of AKI is frequent and difficult to interpret; it may take
several days to resolve into a definite trend demonstrat-
ing progression [3]. AKI develops in approximately 20%
of hospitalized patients with liver cirrhosis and is associ-
ated with increased mortality. The risk of death
increases along with the severity and progression of
AKI, independent of the model of end-stage liver

disease (MELD) score [4–6]. Concurrently, there is a
need for discovery and validation of novel biomarkers
for earlier AKI detection. Among the most promising
tubular biomarkers of AKI, measured in both serum or
urine, there are kidney injury molecule-1 (KIM-1) and
neutrophil gelatinase-associated lipocalin (NGAL). Some
data suggest that they may identify patients with sub-
clinical AKI who have an increased risk of adverse out-
comes [7].

KIM-1, a marker of proximal tubular injury, is a trans-
membrane protein upregulated by renal ischemia. It is
barely detectable in the urine of healthy subjects but
substantially increased in patients with acute tubular
necrosis (ATN). Of note, no increase was observed in
patients with prerenal azotemia, urinary tract infection
and chronic kidney disease [8,9]. In a multivariate
model, a one-unit increase in normalized KIM-1 was
associated with a greater than the 12-fold risk for the
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presence of ATN [9]. KIM-1 in urine increases already
within the first hours after toxic or ischemic damage of
the renal tubules, whereas the increase in serum cre-
atinine is usually observed later on [10].

Neutrophil gelatinase-associated lipocalin (NGAL) is a
25 kDa protein belonging to the lipocalin superfamily
[11,12]. While it may be secreted by various types of
human tissues (predominantly by epithelial cells and
neutrophils), in the kidneys, NGAL is mostly expressed
in the thick ascending limb of Henle loop and collecting
ducts of the kidney [13,14]. NGAL seems to be a very
sensitive biomarker of kidney injury, because its
increase, both in plasma and in urine, occurs already
2 h after the injury, and substantially preceding serum
creatinine elevation that occurs around 24–48 h
later [10].

Therapeutic paracentesis (especially one in which a
large volume is withdrawn) is an important risk factor
for AKI, due to intravascular volume depletion and pre-
renal dysfunction [15]. This postparacentesis syndrome,
which occurs in up to 80% of cases when a large vol-
ume paracentesis is performed without anticipatory
therapeutic volume replacement, was firstly described
by Gines et al. in 1988 [16]. While therapeutic paracen-
tesis is the treatment of choice in patients unresponsive
to conservative treatment, even though it is associated
with the risk of AKI. As the development of AKI corre-
lates with poor prognosis including increased mortality,
early diagnosis of AKI is important. This study aimed to
determine if tubular injury markers: NGAL and KIM-1
could be helpful in the early diagnosis of AKI in patients
undergoing therapeutic paracentesis.

Materials and methods

This preliminary study included 24 adult patients (12
males and 12 females; age range 34–93) diagnosed
with alcoholic (even if currently abstinent) or viral
(chronic hepatitis B without a history of antiviral ther-
apy) liver cirrhosis who had been hospitalized at the
Department of Internal Medicine due to progressive
and painful abdominal distension from massive ascites
requiring paracentesis. The diagnosis of decompen-
sated liver cirrhosis was based on clinical presentation
and radiological evidence of a shrunken liver with a
dilated portal vein, presence of ascites and collaterals.
We did not collect detailed information why patients
with hepatitis B were not receiving antiviral therapy
(decompensated liver cirrhosis is considered as an
exclusion criterion for antiviral therapy in the drug pro-
gram covered by the Polish National Health Fund). We
did exclude both active or subclinical infections,

hepatocellular carcinoma, and active bleeding. There
was a history of upper gastrointestinal bleeding in one-
third of the study group. Besides, more than half of the
patients (N¼ 14) have had a previous paracentesis. It
was obligatory for inclusion that patients undergoing
paracentesis had at baseline urine output of >500mL/
day and serum creatinine of �1.5mg/dl.

Therapeutic paracentesis protocol

Patients and their attendants have explained the need
for paracentesis and procedure-related complications.
After obtaining written informed consent, the proced-
ure was performed under ultrasound guidance follow-
ing the standard hospital protocol with close
monitoring of pulse, blood pressure and respiratory
rate. The fluid was removed at variable rates but not
exceeding >5 L daily. We did not observe hemo-
dynamic instability during or after the procedure.
Eighteen healthy adult subjects (6 males and 12
females, age range 30–70 years) were enrolled as the
control group. Patients and control characteristics are
presented in Table 1.

The research protocol was approved by the local
Ethics Committee of the Medical University of Silesia in
Katowice (KNW/002/KB1/72/I/16/17). All clinical investi-
gation was conducted according to the principles
expressed in the Declaration of Helsinki. Signed
informed consent was obtained from all subjects who
participated in the study.

Patients and controls were subjected to complete
history taking along with full clinical examination, and
laboratory investigations.Pre- and post-paracentesis
(48-72 h) serum creatinine, NGAL and urine KIM-1 were
checked. Serum bilirubin, alanine aminotransferase,
total protein and C reactive protein were assessed on
admission to hospital (as a routine procedure). The
serum and urine samples were stored in �70 �C until
the time of the assay.

Laboratory analyses

Serum bilirubin, creatinine, alanine aminotransferase,
total protein, albumin and C reactive protein were
determined by spectrophotometry (Point Scientific Inc.,
Michigan, USA) in a single-certified laboratory. Serum
and urine total NGAL and urine KIM-1 measurements
were performed using commercially available ELISA kit
(BioPorto Diagnostics Gentofte, Denmark and BioAssay
Works, Ijamsville, DM, USA, respectively) with intraassay
coefficients of variation of 7.9%, and the limit of quanti-
fication of 0.01 ng/mL.
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Data analysis

Model for End-Stage Liver Disease (MELD) score was
calculated according to a standard formula, as follows:
MELD ¼ 3.78� ln [serum bilirubin (mg/dL)]þ 11.2� ln
[INR]þ 9.57� ln [serum creatinine (mg/dL)]þ 6.43 [17].
Glomerular filtration rate (eGFR) was estimated by the
CKD-EPI equation using the baseline creatinine
value [18].

AKI was defined as a rise in creatinine of equal or
more than 0.3mg/dL or 50% from baseline as recom-
mended by a working group composed of members of
the IAC and ADQI who based this cutoff on Stage 1 of
the AKIN criteria [19].

Statistics

The analysis was performed using MedCalc 18.6
licensed software (MedCalc Software, Ostend, Belgium).
Quantitative variables are presented as means with
95% confidence interval or medians with interquartile
range (1–3Q), due to non-parametric distribution on
numerous parameters. Qualitative variables are pre-
sented as absolute values and percentages.

The chi-square test was used for qualitative variables.
The inter-subgroup differences were assessed with the
Student t-test and the Mann–Whitney U-tests, when
appropriate. Correlation coefficients were calculated
according to Spearman. For all analyses, p-value below
0.05 was considered as statistically significant.

Results

The clinical characteristics of the patients with liver cir-
rhosis (mostly Child-Pugh class B or C) and apparently
healthy controls are summarized in Table 1. Liver cir-
rhotic patients had lower serum hemoglobin (11.6 vs.
14.3mg/dL; p< 0.001), platelet count (178 vs.
305� 103/mL; p< 0.01); albumin (26.6 vs 42.3 g/dL;
p< 0.001), and near significantly lower eGFR values
(65.2 vs 91.0mL/min/1.73m2; p¼ 0.06, respectively)
than the controls. As expected patients with liver cir-
rhosis had higher serum bilirubin (3.07 vs. 0.96mg/dL;
p< 0.001), C-reactive protein (36.9 vs. < 5mg/L), and
INR (1.53 vs. 0.95; p< 0.001; respectively) than controls.
Before paracentesis, the levels of serum and urinary
NGAL were similar between patients and controls; while
urinary KIM-1 was markedly increased in liver cir-
rhotic patients.

There was a strong correlation between serum cre-
atinine and serum (R¼ 0.510; p¼ 0.01) but not urinary
(R¼ 0.004; p¼ 0.98) NGAL levels in patient with liver cir-
rhosis. The association with eGFR was weaker (R ¼
�0.335; p¼ 0.09). There was no association between
kidney function measures and urinary KIM-1 levels.

Post paracentesis changes

All cirrhotic patients had one paracentesis within 3 days
period. Median paracentesis volume was 5.1 L. In the
postprocedural 48–72 h, one-third of the patients had

Table 1. Characteristics of patients with liver cirrhosis and apparently healthy controls.
Liver cirrhosis group Controls

Parameters N¼ 24 N¼ 18 p-value

Age (years) 68 (61–75) 42 (35–49) <0.001
Sex (Men/Women) 11/13 4/14 0.12
The causes of liver cirrhosis (n)
Inflammatory 2 –
Alcoholic 11 –
Mix 2 –
Unknown 9 –

Child-Pugh score (n)
Class A 1 –
Class B 12 – 0.12
Class C 11 –

Hb (g/dL) 11.6 (10.4–12.7) 14.3 (13.9–14.7) <0.001
PLT (103/mL)� 178 (114–282) 305 (253–370) <0.01
WBC (103/mL) 10.2 (8.0–12.3) 7.2 (5.9–8.5) <0.05
ALT (U/L) 24.3 (17.2–31.5) 27.9 (25.2–30.6) 0.39
INR� 1.53 (1.15–1.99) 0.95 (0.80–1.00) <0.001
Serum protein (g/dL) 58.6 (56.1–61.2) 74.3 (71.7–76.9) <0.001
Serum albumin (g/dL) 26.6 (24.1–29.2) 42.3 (39.7–44.9) <0.001
C-reactive protein (mg/L)� 36.9 (20.8–59.0) <5 <0.001
Serum creatinine (mg/dL) 1.56 (0.92–2.21) 0.86 (0.78–0.94) <0.01
eGFR (mL/min/1.73m2) 65.2 (50.3–80.1) 91.0 (80.3–101.7) 0.06
Serum bilirubin (mg/dL) 3.07 (1.94–4.20) 0.96 (0.89–1.02) <0.001
Serum NGAL (pg/mL)� 60.8 (40.5–115.6) 75.8 (44.1–115.6) 0.26
Urinary NGAL (pg/mL)� 4.0 (1.2–17.4) 3.9 (1.3–8.2) 0.35
Urinary KIM-1 (ng/mL)� 0.76 (0.21–1.83) 0.24 (0.19–0.41) <0.01

Data is presented as mean value with 95% confidence interval) or median with quartiles (1–3Q)�. NGAL: neutrophil-gelatinase asso-
ciated lipocalin. KIM-1: kidney injury molecule 1.
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deterioration of kidney excretory function that met cri-
teria for AKI (Table 2).

Although urinary NGAL levels in AKI patients were 5-
time greater than in non-AKI subgroup the difference
did not reach statistical significance (p¼ 0.11) (Table 2).

Serum NGAL level, post-procedure, was 3 times
greater in AKI subgroup (Table 2). In the non-AKI group,
the values were stable (Figure 1). As a consequence,
post-procedural values of serum NGAL were greater in
AKI, then the non-AKI subgroup. Urinary NGAL (Figure
1) and KIM-1 values were unaltered in the second
examination in both AKI and non-AKI subgroups.

There was no significant correlation between post-
procedural changes in serum creatinine and changes in
either serum and urinary NGAL or urinary KIM-1 levels
(Figures 2–4).

Discussion

In cirrhosis, both renal impairment and ascites result
from the circulatory dysfunction characterized by
splanchnic arterial vasodilatation and results in a
reduced effective arterial blood volume. Thus, the most
important cause of kidney injury in cirrhosis is pre-renal
injury, that may be additionally caused by large-volume
paracentesis [20]. There is a group of cirrhotic patients,

that despite the normal basal kidney function, close
monitoring and the proper conservative treatment
develop AKI after paracentesis. In the present study,
liver cirrhotic patients had near statistically significantly
lower eGFR values than the controls. Before paracen-
tesis, the levels of serum and urinary NGAL were similar;
while urinary KIM-1 was markedly elevated in liver cir-
rhotic patients when compared to the controls. All cir-
rhotic patients had one paracentesis (median

Table 2. Comparison of cirrhotic patients who developed acute kidney injury (AKI) after paracentesis or who
did not.

AKI No-AKI
Parameters N¼ 8 N¼ 16 p-value

Age (years) 70 (62–81) 65 (56–81) 0.83
Sex (men/women) 4/4 7/9 0.78
Hb (g/dL) 11.1 (8.3–13.1) 12.9 (10.6–13.7) 0.24
PLT (103/mL) 183 (130–241) 171 (114–313) 0.83
WBC (103/mL) 8.0 (5.4–11.2) 10.1 (6.1–13.8) 0.53
ALT (U/L) 27.0 (18.5–33.5) 14.5 (9.5–29.5) 0.21
Serum protein (g/dL) 56.5 (52.1–61.0) 58.8 (56.5–64.6) 0.38
Serum albumin (g/dL) 24.5 (20.1–29.0) 26.8 (24.5–32.6) 0.38
INR 1.41 (1.13–1.83) 1.66 (1.17–2.02) 0.49
C-reactive protein (mg/L) 39.4 (23.9–118.8) 36.9 (20.8–55.2) 0.70
Serum creatinine (mg/dL) 1.14 (0.75–1.50) 1.20 (0.55–1.53) 0.79
eGFR (mL/min/1.73m2) 54.5 (44.0–91.0) 51.5 (36.6–104.0) 0.88
Serum bilirubin (mg/dL) 2.77 (1.35–3.95) 2.34 (1.04–4.77) 0.93
Serum NGAL (pg/mL) 70.1 (43.1–157.9) 52.4 (34.7–97.1) 0.32
Urinary NGAL (pg/mL) 11.3 (3.3–57.8) 1.7 (1.0–6.2) 0.11
Urinary KIM-1 (ng/mL) 0.97 (0.23–2.91) 0.65 (0.20–1.35) 0.42
Child-Pugh score (n)
Class A 0 1
Class B 4 8 0.76
Class C 4 7

MELD score (pts) 21.3 (17.5–30.2) 17.4 (10.8–27.9) 0.32
MELD score> 20 pts (n) 4 (50%) 7 (44%) 0.78
Total paracentesis volume (L) 6.0 (4.8–8.7) 4.8 (2.9–5.9) 0.08
After paracentesis
Serum creatinine (mg/dL) 1.65 (1.05–3.55)� (0.60–1.50) <0.05
Serum NGAL (pg/mL) 149.5 (59.7–216.3)�� 45.2 (28.9–77.0) 0.01
Urinary NGAL (pg/mL) 13.2 (1.7–66.2) 1.5 (1.0–7.0) 0.06
Urinary KIM-1 (ng/mL) 0.62 (0.20–0.83) 0.43 (0.26–1.13) 0.93

Data is presented as median with quartiles (1–3Q).�p < 0.05, ��p ¼ 0.01.

Figure 1. Serum NGAL concentration before and after para-
centesis in AKI and non-AKI group.
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paracentesis volume of 5.1 L) with the deterioration of
kidney excretory function that met criteria of AKI
observed in one-third of them. The subgroup with AKI
was characterized by not significantly larger paracen-
tesis volume (6.0 vs 4.8 L). Post-procedure serum NGAL
level was 3-times higher in the AKI subgroup, and the
difference was statistically significant, however, in the
non-AKI group the values were stable. Urinary NGAL
and KIM-1 values were stable in the second examin-
ation in both AKI and non-AKI subgroups. We did not
observe any significant correlation between post-pro-
cedural changes in serum creatinine and changes in
either serum and urinary NGAL or urinary KIM-1 levels.

Some studies were evaluating the usefulness of both
urinary and serum biomarkers for the detection of AKI
in patients with chronic liver failure. However, they
were quite different than our study. Jiang et al. eval-
uated the AKI in acute-on-chronic liver failure, but they
excluded patients with liver cirrhosis [21]. The other
authors, such as Yap et al., Ariza et al., and Jaques et al.,
studied the utility of several biomarkers, including
NGAL and KIM-1, in the outcome assessment in liver
cirrhosis. In neither of the cited studies, the authors per-
formed paracentesis [22–24]. AKI in the post-paracen-
tesis state has been rarely studied. Patil et al. [25] found
that for each 1 L fluid drained during paracentesis, the
risk of AKI increased by 1.24 times and the AKI had
occurred in 10.9% of cases. It should be noted that the
authors performed on average 10 paracenteses (range
1–15) and the median volume of fluid drained per para-
centesis was 6 L (range 1� 20 L). However, the authors
did not assess any of the novel markers of kidney injury.
Johnson and colleagues noted that the prevalence of
AKI was 1.17%, which is much lower than we and Patil
et al. found [26]. This may be a result of a less ascites
fluid tapped. As previously, the authors did not evalu-
ate the novel markers of kidney injury. Belcher and col-
leagues evaluated changes of kidney biomarkers, such
as NGAL, KIM-1 and interleukin 18, in the differential
diagnosis of patients with cirrhosis and AKI. They found
them significantly elevated in patients with acute tubu-
lar necrosis when compared to patients with both pre-
renal azotemia and hepatorenal syndrome [27]. The
authors concluded that kidney biomarkers may help to
establish which patients with cirrhosis may have a
structural injury underlying their AKI. However, it is
hard to determine if such biomarkers can improve out-
comes in patients with cirrhosis. In their another study,
Belcher et al. observed that multiple structural bio-
markers of kidney injury were independently associated
with progression of AKI and mortality in patients with
cirrhosis, but their levels were similar to those without

Figure 2. Correlation between serum NGAL and serum cre-
atinine post-paracentesis

Figure 4. Correlation between urinary KIM-1 and serum cre-
atinine post-paracentesis.

Figure 3. Correlation between urinary NGAL and serum cre-
atinine post-paracentesis.
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progression and those with progression alone [3].
Finally, Cai et al. performed an observation that aimed
to determine whether the predicted value of urine KIM-
1 is correlated with renal KIM-1 expression and tissue
damage in AKI patients [28]. The authors observed a
close relationship between the severity of renal histo-
logical damage and the urine KIM-1 level. The more, in
authors’ opinion, combining both urine and serum KIM-
1 levels can increase the sensitivity and specificity of
the diagnosis of acute renal failure, especially in
ATI’s patients.

To summarize all the observations above, one may
say that predicting which patients will suffer progres-
sive AKI is still a challenge. On the other hand, the
injury markers may serve to identify patients at a high-
est risk for the worst outcomes who may benefit from
early intervention. According to Belcher et al., the likeli-
hood of progression and death is progressively higher
with the increasing number of elevated biomarkers. As
such, their elevation may precede the deterioration of
the patient’s clinical status. In our study, we observed
changes only in serum NGAL and KIM-1, associated
with the increase in serum creatinine levels post para-
centesis. This may be caused by a low number of partic-
ipants. However, as previously reported by other
authors in a larger number of participants (n¼ 188), lev-
els of kidney injury markers were comparable between
patients with and without progression of AKI, even
though the elevation was associated with poorer prog-
nosis [3].

Our study has limitations. The main limitation is the
relatively small group of patients which may lead to a
type 2 statistical error, and that the cause of AKI was
not clearly defined. However, we do believe, that the
main mechanism for AKI was the prerenal azotemia.
Our study has some strengths; it was prospective, we
utilized both serum and urinary markers, and the
patient’s inclusion criteria were tightly specified (it was
obligatory for inclusion that patients undergoing para-
centesis had at baseline a normal urine output of >

500mL/day and serum creatinine of � 1.5mg/dl).
In conclusion, kidney injury markers may be useful

for the early detection of AKI and are more sensitive
than serum creatinine levels. However, further research
in a large cohort is required to determine if biomarkers
of kidney injury may help identify patients with cirrho-
sis who would most likely benefit from early AKI pre-
vention and treatment.
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