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INTRODUCTION: Urinary neutrophil gelatinase-associated lipocalin (NGAL) has shown promise in differentiating acute

tubular necrosis (ATN) from other types of acute kidney injuries (AKIs) in cirrhosis, particularly hepatorenal

syndrome (HRS). However, NGAL is not currently available in clinical practice in North America.

METHODS: Urinary NGAL was measured in a prospective cohort of 213 US hospitalized patients with

decompensated cirrhosis (161withAKI and52 reference patientswithout AKI). NGALwas assessed for

its ability to discriminate ATN from non-ATN AKI and to predict 90-day outcomes.

RESULTS: AmongpatientswithAKI, 57 (35%)hadprerenalAKI,55 (34%)hadHRS, and49 (30%)hadATN,with a

median serumcreatinine of2.0 (interquartile range1.5, 3.0)mg/dL at enrollment. At an optimal cutpoint

of 244mg/g creatinine, NGAL distinguished ATN (344 [132, 1,429]mg/g creatinine) from prerenal AKI

(45 [0, 154]mg/g) or HRS (110 [50, 393]mg/g;P< 0.001), with a C statistic of 0.762 (95%confidence

interval 0.682, 0.842). By90days, 71 of213patients (33%) died.HighermedianNGALwas associated

with death (159 [50, 865] vs 58 [0, 191]mg/g; P < 0.001). In adjusted and unadjusted analysis, NGAL

significantly predicted 90-day transplant-free survival (P < 0.05 for all Cox models) and outperformed

Model for End-Stage Liver Disease score by C statistic (0.697 vs 0.686; P5 0.04), net reclassification

index (37%; P5 0.008), and integrated discrimination increment (2.7%; P5 0.02).

DISCUSSION: NGAL differentiates the type of AKI in cirrhosis and may improve prediction of mortality; therefore, it

holds potential to affect management of AKI in cirrhosis.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A609.
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BACKGROUND
Acute kidney injury (AKI) is a common and highly morbid com-
plication of decompensated cirrhosis (1–3). AKI in cirrhosis is de-
fined and staged by relative changes in serum creatinine (3,4).
Higher AKI stage (i.e., more severe injury) is associated with in-
creased 90-day mortality; stage 3 AKI (up to 60% mortality) and
dialysis-dependent AKI (.80% mortality) convey the worst short-
term prognosis (5–8). Overall, AKI-associated mortality risk in
cirrhosis depends on several factors, including severity and cause of

AKI, degree of liver failure, andother ongoing complications of liver
disease (9–11). Thus, it is critical to diagnose AKI quickly and
accurately to allow for early therapeutic intervention, thereby in-
creasing the odds of reversing the dysfunction.

Althoughcurrent creatinine-baseddefinitionsplayakeyrole in the
diagnosis andprognosis ofAKI incirrhosis, several limitations remain
(12). Importantly, serum creatinine does not inform the type or cause
of AKI (13). There are 3 common types of AKIs in cirrhosis: prerenal
AKI (which is generally reversible with volume resuscitation and
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discontinuationofdiuretics), hepatorenal syndrome (HRS), andacute
tubular necrosis (ATN) (14). Differentiating HRS from ATN is dif-
ficult because there is no available objective test to distinguish between
the 2, leaving clinicians to make the diagnosis largely on clinical
grounds (3,15).Accuratediagnosishasmajor therapeutic implications
because HRS and ATN are treated differently. HRS is managed with
vasoconstrictors andvolume expansion,whereasATNoftenwarrants
a fluid-restrictive and supportive strategy (3,16,17). As a result, in-
ternational guidelines have called for the increased study of novel
kidney injury biomarkers that hold potential to differentiate between
ATN and other causes of AKI in cirrhosis (3).

Recently, urinary tubular injury markers have shown promise
in differentiating HRS from ATN in cirrhosis. In particular, uri-
nary neutrophil gelatinase-associated lipocalin (NGAL) has
demonstrated the best performance among a group of similar
markers (18–20). However, NGAL is not available in clinical
practice in North America, and the largest studies of NGAL in
cirrhosis are from Europe (21–23). Therefore, we undertook the
largest study of North American patients to validate NGAL as a
diagnostic and prognostic tool for AKI in cirrhosis.

METHODS
Population and setting

Between 2013 and 2019, nonconsecutive adult patients (age 18
years or older) admitted to Massachusetts General Hospital
(Boston, MA) with decompensated cirrhosis and AKI (plus a
reference group admitted with complications of cirrhosis and no
AKI) were enrolled and followed prospectively for 90 days from
the date of admission. Patients were screened from new admis-
sions censuses using the electronic record. Patients were excluded
if they were pregnant, nursing, previously received renal re-
placement therapy, or had a previous liver or kidney transplant.

Definitions

Diagnosis and cause of cirrhosiswere determinedby treating clinical
hepatologists. The InternationalClub ofAscites criteriawere used to
diagnose AKI (3). In brief, AKI was staged by a relative change in
serum creatinine (at least 50% increase from last outpatient serum
creatinine or an increase of .0.3 mg/dL in the prior 7 days). The
type of AKI was determined by history and clinical parameters, as
described in previous studies (14,24): prerenal AKI required reso-
lution of AKI (creatinine improved to 0.3 mg/dL of baseline) with
volume administration, ATN required a clinical history consistent
with ischemic or nephrotoxic AKI and failure to respond to volume
administration (using narrative clinical notes, nephrologists’ as-
sessment, and objective urinalysis findings, where available), and
HRS was diagnosed by exclusion of other potential causes of AKI
using the International Club of Ascites HRS-AKI criteria (3).

Data collection

All data (outside of NGAL measurements) were taken from the
electronic medical record. Model for End-Stage Liver Disease
(MELD), MELD-Na, and Chronic Liver Failure Consortium
Acute-on-Chronic Liver Failure (CLIF-C ACLF) scores were
calculated at the time of hospital admission (25–27). Patients
provided serum and urine samples at enrollment, day 5, and day
30 after enrollment (the latter 2 if available). Unless otherwise
noted, all laboratory values were recorded at the time closest to
enrollment sample collection. Study team members did not in-
tervene in the clinical care. Clinical outcomes, including mor-
tality, transplant status, and resolution/progression of AKI, were

recorded at hospital discharge and at 90 days after admission. No
patients were lost to follow-up.

NGAL measurement

Urinary NGAL levels were measured using a turbidimetric im-
munoassay (Bioporto Diagnostics, Hellerup, Denmark) on a
Cobas 502 clinical chemistry analyzer (Roche, Basel, Switzer-
land). NGAL levels were normalized for urine creatinine and
reported in mg/g creatinine. All study samples were processed
within 4 hours of collection and stored at 280°C. All NGAL
measurements were processed in batch at the end of the study.
The coefficient of variance for this assay was,10%.NGAL values
were not made available to the clinical care teams or to patients.

Analysis and outcomes

Among patients with AKI, the primary analysis compared urinary
NGAL levels between ATN and non-ATN groups. The optimal
cutpoint to diagnose ATN was identified using the Youden index
(J)method (28). The primary survival outcome (90-day transplant-
free survival) (29) was visualized using a Kaplan-Meier curve and
compared across tertiles using a log-rank test.Multiple prespecified
Cox regression models were used to evaluate the association be-
tweenNGAL as a continuous variable and transplant-free survival.
Ninety-day mortality (without censoring for liver transplant) was
also examined in a sensitivity analysis for the aforementioned Cox
models. The results of Cox models were summarized with hazard
ratios and Wald asymptotic 95% confidence intervals (CIs).
Changes in NGAL levels over time (enrollment, day 5, and day 30)
were analyzed longitudinally and compared across different causes
of AKI (prerenal AKI, HRS, and ATN).

Continuous variables were presented as median (interquartile
range) given nonparametric distribution. The data were com-
pared using a x2 test, a Fisher exact test, or a Wilcoxon rank sum
test. The incremental improvement of adding NGAL to the
existing predictive models of cirrhosis (MELD score, MELD-Na
score, and CLIF-C ACLF score) was measured by change in C
statistic, category-free net reclassification index, and integrated
discrimination index (30). SAS version 9.4 (Cary, NC) was used
for all analyses. Two-tailed P value , 0.05 was considered sta-
tistically significant.

Ethics statement

The study was approved by the Mass General Brigham In-
stitutional Review Board. All procedures and practices abide by
guidelines set forth by the Declarations of Helsinki and Istanbul.
Patients (or their health care designee) providedwritten informed
consent. All authors met International Committee of Medical
Journal Editors criteria.

RESULTS

Patients and clinical characteristics

In all, 213 patients were included in the final analysis. Among 161
patientswithAKI, 57 (35%) had prerenal AKI, 55 (34%) hadHRS,
and 49 (30%) had ATN. Median serum creatinine was 2.0 (1.5,
3.0) mg/dL at the time of enrollment. For all patients, the median
admission MELD score was 23 (17, 30) and the CLIF-C ACLF
score was 45 (39, 52). The median time from admission to en-
rollment was 3 (2, 5) days. After enrollment, 34 of 213 patients
(16%) went on to undergo a liver transplantation. Table 1 pre-
sents clinical characteristics by the type of AKI.
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NGAL to discriminate the type of AKI

At enrollment, urinary NGAL levels were lowest in prerenal AKI
(45 [0, 154] mg/g), higher in HRS (110 [50, 393] mg/g), and
highest in ATN (344 [132, 1,429]mg/g; P, 0.001). At an optimal
cutpoint of 244 mg/g, NGAL discriminated ATN from non-ATN
kidney injury with a C statistic of 0.762 (95% CI 0.682, 0.842),
71% sensitivity, 76% specificity, 56% positive predictive value,
and 86% negative predictive value. As reference, patients hospi-
talized with decompensated cirrhosis without AKI had the lowest
urinary NGAL levels (19 [0, 58] mg/g).

Predictors of 90-day mortality

By 90 days, 71 of 213 patients (33%) died (Table 2). In univariate
analysis, older age, higherMELD score, higher CLIF ACLF score,
presence of hepatocellular carcinoma, and multiple laboratory
abnormalities (higher serum creatinine, higher serum albumin
after resuscitation, and higher total bilirubin) were associated
with death by 90 days (P, 0.05 for all). Similarly, the type of AKI
was associated with death, with ATN and HRS having higher
mortality rates (49% and 44%, respectively) compared with pre-
renal AKI (30%) and no AKI (12%; P , 0.001).

NGAL to predict survival and transplant-free survival

Among all 213 patients, those who died had higher median
NGAL levels (159 [interquartile range 50, 865] vs 58 [0, 191]mg/g;
P, 0.001). Kaplan-Meier analysis suggested a graded association
between higher NGAL and decreased 90-day transplant-free
survival (P, 0.001; Figure 1) and 90-day survival (P, 0.001; see
Supplemental Figure 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A609).

Multivariable Cox regression models to evaluate NGAL’s
ability to predict 90-day transplant-free survival are presented in
Figure 2. In unadjusted models, higher NGAL was significantly
associated with increased risk of transplant or death (P, 0.001)
with a similar effect estimate to MELD score and CLIF-C ACLF
score. All adjusted models showed a stable association between
NGAL and the composite outcome of transplant or death (P ,
0.001 for all). Results were similar in sensitivity analysis when
considering 90-day survival as the outcome, without censoring
for liver transplantation (P , 0.001 for all; see Supplemental
Figure 2, Supplementary Digital Content 1, http://links.lww.com/
CTG/A609).

Addedpredictive value ofNGAL to prognosticmodels in cirrhosis

for 90-day outcomes

At an optimal cutpoint of 42 mg/g, urinary NGAL at enrollment
predicted 90-day transplant-free mortality with a C statistic of
0.697 (95% CI 0.628, 0.767). In direct comparison, NGAL out-
performed MELD score by C statistic (0.697 vs 0.686; P5 0.04),
category-free net reclassification index (37%; P 5 0.008), and
integrated discrimination increment (2.7%; P5 0.02). The results
of these analyses were similar when comparing NGAL with the
MELD-Na or CLIF-C ACLF score, and when examining 90-day
survival (without considering liver transplantation; see Table 3).
In a subgroup analysis by the type of AKI, the addition of NGAL
improved prediction of 90-day survival in patients with HRS and
ATN, but not in the prerenal AKI or noAKI reference groups (see
Supplement Figure 3, Supplementary Digital Content 1, http://
links.lww.com/CTG/A609).

The added value for NGAL to MELD score is further visual-
ized in Figure 3. Among all patients, the addition of NGAL (in

quartiles) refines discrimination of 28-day mortality at a given
MELD score, after adjusting for age and presence of infection. For
example, at a MELD score of 30, a subject with an NGAL level
,20 mg/g (lowest quartile) would have an expected 28-day
mortality rate of 20%, whereas an identical subject with anNGAL
level.300mg/g (highest quartile) would have an expected 28-day
mortality of 46%.

NGAL and other outcomes

Higher AKI stage was associated with death by 90 days (12% for
no AKI, 30% for stage 1 AKI, 35% for stage 2 AKI, and 49% for
stage 3 AKI; P, 0.001). NGAL expression increased across AKI
stages (53 [0, 154] for stage 1 AKI, 81 [33, 280] for stage 2 AKI,
and 294 [82, 1,051] for stage 3 AKI; P, 0.001), irrespective of the
cause/type of AKI. During admission, 42 of 213 patients (20%)
required renal replacement therapy. Higher NGAL at enrollment
was associated with increased risk of requiring renal replacement
therapy (403 [102, 1,429] vs 58 [16, 190]mg/g;P, 0.001).Ninety-
day mortality was higher among those who required renal re-
placement therapy (52% vs 29%; P 5 0.004). By hospital dis-
charge, 61 of 161 patients (38%) had resolution ofAKI (creatinine
improved to #0.3 mg/dL of baseline) and 34 of 161 patients
(21%) had progression of AKI (increase in AKI stage or pre-
senting with stage 3 AKI and later requiring renal replacement
therapy). There was a statistically significant difference in en-
rollment NGAL among those with AKI resolution, those with
stable AKI (neither resolution nor progression of AKI), and those
with AKI progression (81 [29, 267] vs 111 [45, 330] vs 363 [55,
1,424] mg/g, respectively; P 5 0.02).

Figure 4 demonstrates changes in NGAL levels over time by
the type of AKI. All 213 patients had a measurement at enroll-
ment; 110 of 213 (52%) had a day 5 sample; and 45 of 213 (21%)
had a day 30 sample collected. Patients with ATN had the highest
levels on enrollment and at day 5 (P, 0.001 for both), although
this signal was not present at day 30 (P5 0.09). Patients withHRS
had increases in NGAL from enrollment to day 5 and from en-
rollment to day 30, although this did not reach statistical signif-
icance (P 5 0.49 and P 5 0.09, respectively). There was no
significant change in NGAL over time in the prerenal AKI and no
AKI subgroups. Twenty-eight patients who had samples available
at all 3 time points are depicted in Supplement Figure 4a (see
Supplementary Digital Content 1, http://links.lww.com/CTG/
A609). The trend in NGAL levels for the 110 patients with en-
rollment and day 5 samples available is depicted in Supplemental
Figure 4b (see Supplementary Digital Content 1, http://links.lww.
com/CTG/A609).

DISCUSSION
In this US cohort, we report that urinary NGAL demonstrates
strong statistical performance in differentiating ATN from other
types of AKIs in cirrhosis. In addition, NGAL holds value in
improving prediction of short-term mortality and AKI stage
progression, particularly when used in concert with the existing
models such as MELD score.

In the current practice era, there are important therapeutic
implications in distinguishing HRS from ATN. Because many
practitioners struggle with the clinical overlap between the 2
syndromes, an objective diagnostic test has the ability to improve
the speed and accuracy of diagnosis when used in conjunction
with guideline-driven approaches to AKI in cirrhosis (3,9).
Prompt diagnosis of HRS allows for earlier initiation of
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Table 1. Baseline characteristics by the AKI type

No AKI (n5 52) Prerenal AKI (n 5 57) HRS (n5 55) ATN (n5 49)

Age (yr) 56.0 [48.0, 63.5] 58.0 [49.0, 64.0] 58.0 [48.0, 65.0] 59.0 [50.0, 63.0]

Female sex (%) 18 (34.6) 19 (33.3) 16 (29.1) 13 (26.5)

White race (%) 48 (92.3) 50 (87.7) 53 (96.4) 46 (93.9)

Non-Hispanic ethnicity (%) 47 (90.4) 47 (82.5) 50 (90.9) 45 (91.8)

Body mass index (kg/m2) 27.5 [24.2, 29.8] 28.4 [24.6, 34.9] 29.0 [24.1, 34.1] 29.2 [23.0, 33.4]

History of diabetes mellitus (%) 11 (21.2) 15 (26.3) 14 (25.5) 14 (28.6)

Primary reason for admission (%)

Complications of liver disease 36 (69.2) 34 (59.6) 33 (60.0) 24 (49.0)

AKI 0 (0.0) 6 (10.5) 16 (29.1) 11 (22.4)

Infection 9 (17.3) 11 (19.3) 2 (3.6) 8 (16.3)

Other 7 (13.5) 6 (10.5) 4 (7.3) 6 (12.2)

Etiology of cirrhosis (%)

Hepatitis C 5 (9.6) 11 (19.3) 5 (9.1) 8 (16.3)

Alcohol 18 (34.6) 19 (33.3) 18 (32.7) 14 (28.6)

Nonalcoholic steatohepatitis 4 (7.7) 4 (7.0) 6 (10.9) 7 (14.3)

Multifactorial 14 (26.9) 16 (28.1) 18 (32.7) 9 (18.4)

Other 10 (19.2) 7 (12.3) 7 (12.7) 11 (22.4)

Liver complications before admission (%)

Ascites requiring previous paracentesis 26 (50.0) 33 (57.9) 39 (70.9)a 22 (44.9)

Encephalopathy 14 (26.9) 17 (29.8) 25 (45.5) 10 (20.4)

Gastrointestinal bleeding 19 (36.5) 13 (22.8) 12 (21.8) 9 (18.4)

Spontaneous bacterial peritonitis 7 (13.5) 6 (10.5) 9 (16.4) 4 (8.2)

Hepatocellular carcinoma 3 (5.8) 3 (5.3) 7 (12.7) 5 (10.2)

Transjugular portosystemic shunt 6 (11.5) 4 (7.0) 2 (3.6) 3 (6.1)

Vasoconstrictors during admission (%)

Midodrine 1 (1.9) 18 (31.6) 41 (74.5) 27 (55.1)

Octreotide 9 (17.3) 26 (45.6) 43 (78.2) 24 (49.0)

Intravenous vasopressor 2 (3.8) 14 (24.6) 18 (32.7) 16 (32.7)

MELD score 18.5 [14.0, 24.0] 19.0 [16.0, 29.0] 27.0 [22.0, 33.0] 27.0 [21.0, 35.0]

CLIF-C ACLF score 39.0 [30.5, 49.0] 43.6 [39.0, 48.5] 47.4 [43.4, 55.0] 47.5 [41.7, 53.7]

Laboratory values

Sodium (mEq/L) 135 [133, 138] 133 [130, 139] 133 [130, 137] 135 [130, 140]

Creatinine (mg/dL) 0.7 [0.6, 0.9] 1.3 [1.1, 1.8] 2.4 [1.9, 3.0] 2.4 [1.8, 4.1]

White blood count (K/uL) 5.8 [3.5, 10.0] 7.8 [5.5, 11.2] 6.8 [4.8, 10.9] 9.7 [6.3, 13.4]

Hemoglobin (g/dL) 9.7 [8.1, 11.3] 8.8 [8.0, 10.1] 8.7 [7.6, 9.8] 8.7 [7.9, 10.2]

Platelets (K/uL) 69 [46, 116] 93 [62, 148] 77 [58, 107] 96 [58, 167]

Albumin (g/dL) 2.6 [2.4, 2.8] 3.1 [2.6, 3.5] 3.5 [3.1, 3.8] 2.9 [2.6, 3.3]

INR 1.6 [1.4, 2.0] 1.6 [1.3, 2.0] 1.9 [1.6, 2.4] 1.8 [1.5, 2.3]

Total bilirubin (mg/dL) 3.1 [1.7, 8.4] 3.2 [1.5, 8.5] 5.1 [2.1, 15.7] 8.1 [2.5, 24.8]

Aspartate aminotransferase (U/L) 57 [40, 79] 61 [43, 105] 49 [27, 76] 85 [41, 153]

Alanine aminotransferase (U/L) 28 [20, 43] 31 [18, 53] 20 [13, 32] 33 [17, 80]

Alkaline phosphatase (U/L) 112 [84, 158] 102 [76, 156] 95 [79, 132] 135 [99, 191]

Continuous variables given as median (IQR). MELD and CLIF-C ACLF score were taken at hospital admission. All laboratory values were taken at the time of enrollment.
AKI, acute kidney injury; CLIF-C ACLF, CLIF Consortium Organ Failure Acute-on-Chronic Liver Failure score; INR, international normalized ratio; IQR, interquartile range;
MELD, Model for End-Stage Liver Disease.
aAll patients with HRS had either a history of ascites or ascites on admission to fulfill HRS diagnostic criteria.
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vasoconstrictors, whichhas been associatedwith improved rate of
HRS reversal in multiple studies (31–36). Furthermore, better
diagnostic accuracy will limit vasoconstrictor exposure and ex-
cessive and potentially deleterious albumin dosing in those

unlikely to respond to improved renal perfusion, such as patients
with ATN. HRS-directed vasoconstrictors such as terlipressin
and norepinephrine have meaningful side effect profiles, in-
cluding ischemia and development of respiratory compromise

Table 2. Clinical characteristics by vital status at 90 days

Alive at 90 days (n 5 142) Died by 90 days (n5 71) P value

Age (yr) 55.5 [46.0, 62.0] 62.0 [55.0, 67.0] ,0.001

Female sex (%) 44 (31.0) 22 (31.0) 1.0

White race (%) 131 (92.3) 66 (93.0) 0.85

Non-Hispanic ethnicity (%) 123 (86.6) 66 (93.0) 0.17

Etiology of cirrhosis (%) 0.39

Hepatitis C 22 (15.5) 7 (9.9)

Alcohol 50 (35.2) 19 (26.8)

Nonalcoholic steatohepatitis 13 (9.2) 8 (11.3)

Multifactorial 36 (25.4) 21 (29.6)

Other 20 (14.1) 15 (21.1)

Hepatocellular carcinoma (%) 7 (4.9) 11 (15.5) 0.009

Presence of infection (%) 43 (30.3) 25 (35.2) 0.47

MELD score 22.0 [16.5, 29.0] 26.0 [18.0, 32.0] 0.02

CLIF-C ACLF score 43.9 [37.3, 50.9] 47.9 [41.7, 53.5] 0.005

Laboratory values

Sodium (mEq/L) 134 [130, 138] 135 [131, 140] 0.30

Creatinine (mg/dL) 1.4 [0.8, 2.2] 2.1 [1.5, 3.0] ,0.001

White blood cell count (K/uL) 7.2 [4.7, 10.8] 7.6 [5.4, 13.4] 0.15

Hemoglobin (g/dL) 8.8 [7.8, 10.4] 8.8 [7.9, 10.4] 0.87

Platelets (K/uL) 87 [57, 141] 82 [58, 113] 0.50

Albumin (g/dL) 2.8 [2.5, 3.3] 3.3 [2.6, 3.6] 0.01

INR 1.6 [1.4, 2.1] 1.8 [1.5, 2.1] 0.21

Total bilirubin (mg/dL) 3.7 [1.6, 10.2] 7.0 [2.3, 20.2] 0.02

Aspartate aminotransferase (U/L) 55 [35, 84] 70 [41, 124] 0.05

Alanine aminotransferase (U/L) 26 [16, 44] 29 [17, 59] 0.13

Alkaline phosphatase (U/L) 109 [80, 154] 111 [91, 166] 0.27

AKI stage (%) ,0.001

No AKI 46 (32.4) 6 (8.5)

Stage 1 32 (22.5) 14 (19.7)

Stage 2 24 (16.9) 13 (18.3)

Stage 3 40 (28.2) 38 (53.5)

Required renal replacement therapy (%) 20 (14.1) 22 (31.0) 0.004

Type of AKI (%) ,0.001

No AKI 46 (88.5) 6 (11.5)

Prerenal AKI 40 (70.2) 17 (29.8)

HRS 31 (56.4) 24 (43.6)

ATN 25 (51.0) 24 (49.0)

Urinary NGAL (mg/g creatinine) 59 [0, 191] 159 [50, 865] ,0.001

Continuous variables given as median [IQR]. MELD and CLIF-C ACLF score were taken at hospital admission. All laboratory values were taken at the time of enrollment.
AKI, acute kidney injury; ATN, acute tubular necrosis; CLIF-C ACLF, CLIF Consortium Organ Failure Acute-on-Chronic Liver Failure score; HRS, hepatorenal syndrome;
INR, International normalized ratio; IQR, interquartile range; MELD, Model for End-Stage Liver Disease; NGAL, neutrophil gelatinase-associated lipocalin.
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(16,17), and thus should be limited to those with HRS who are
most likely to benefit from therapy. Our median enrollment time
of 3 days from admission allows for 48 hours of albumin re-
suscitation as per guidelines—a volume challenge that helps to
eliminate prerenal AKI from the differential diagnosis of AKI in
cirrhosis. At that point, a low NGAL level has an 85% negative
predictive value to exclude ATN. Although these findings should
be validated at other sites, we believe our case mix is represen-
tative of the general inpatient population of cirrhosis and AKI,
which therefore makes NGAL a meaningful addition to the di-
agnostic armamentarium.

Our results build on similar contributions on this topic in the
literature. Other groups have shown that NGAL performs well
in distinguishing the type of AKI in cirrhosis (21–23). The
largest and most rigorous analysis of urinary NGAL in this
population was published by Huelin et al. (21) in 2019. This
cohort examined 320 cases of AKI in cirrhosis from 214 unique
patients whowere hospitalized at a single-liver transplant center
in Barcelona, Spain.We believe these data to be representative of
the European practice experience; thus, we replicated several of
their analyses to compare our North American results with
theirs. We validated several of their findings, including (i) a
NGAL’s accuracy in differentiating ATN from other AKIs (C
statistic 0.87 in Barcelona compared with 0.77 in our cohort),
(ii) a similar optimal cutpoint (220 versus 243 mg/g), and (iii)
that NGAL served as a strong short-term predictor of mortality.
The Barcelona population was demographically similar to ours
and used the same NGAL assay as in our study. However, there
are several key differences in practice patterns between sites,
including Barcelona’s dedicated liver unit (whereas the hep-
atology service serves as a consultant to medicine teams at our
hospital), lack of availability of terlipressin in the United States,
and different availability/triage processes for liver trans-
plantation. In addition, Huelin et al. had a more stringent

definition of ATN, requiring a high urine sodium excretion and/
or a high urine osmolality. Because ATN is a clinical diagnosis
that does not include guideline parameters for urine studies
(37), we did not perform these assays in our study. Despite these
facts, we came to largely the same conclusions, which supports
that NGAL may be useful across a variety of practice environ-
ments. We should highlight that our NGAL cutoffs differ from
those seen in meta-analyses of studies examining NGAL to
predict severe AKI (38), although this is not surprising given our
cirrhotic population is not well represented in these studies and
we were measuring NGAL in extant AKI rather than trying to
predict a rise in creatinine.

It is worth considering the function of urinary NGAL
through the lens of the pathophysiology of HRS. Ultimately, any
diagnostic test for HRS is performed in service of identifying
better candidates for vasoconstrictor therapy. Improvement in
kidney function in HRS depends on 3 things: (i) improved ef-
fective circulating volume and increased renal blood flow, (ii)
preserved microvascular circulation such that increased renal
perfusion can be properly perceived by the nephron’s filtering
units, and (iii) sufficiently intact renal tubules that can respond
to improved perfusion. Urinary NGAL addresses the third
component of this process. Low NGAL suggests relatively pre-
served renal parenchyma, highlighting the structure-function
disconnect inherent in HRS. Although renal blood flow is dif-
ficult to measure noninvasively, multiple groups have suggested
an increase in mean arterial pressure of 10–15 mm Hg as
a surrogate to guide vasoconstrictor dosing (39–41). The
remaining component—microvascular circulation—is arguably
the hardest to quantify, given the complex pathophysiologic
relationships between systemic inflammatory response seen in
decompensated cirrhosis (42–47), the need for preserved en-
dothelial cell function (24), and other potential renal-specific
factors that are not captured by available testing. We would

Figure1.Ninety-day probability of transplant-free survival by urinaryNGAL (mg/g creatinine). Patientswere dividedbyNGAL tertile at study enrollment (P,
0.001). NGAL, neutrophil gelatinase-associated lipocalin.
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encourage further exploration of microvascular inflammation
in advanced liver disease because it holds potential for discovery
of new targets of therapy.

NGAL was also an independent predictor of short-term
mortality, and when added to the MELD score, improved its

prognostic ability. This echoes findings from a multicenter Eu-
ropean cohort of patients with acute-on-chronic liver failure and
results reported byHuelin et al. in their AKI cohort (21,23). There
are several confounders to note here, including that worsening
AKI stage was also associated with mortality and that the

Figure 2. Forest plots of urinary NGAL’s hazard ratios for 90-day transplant-free mortality. HRs are presented with 95% CIs. Model 1: adjusted for age and
MELD score; model 2: adjusted for age, MELD score, and presence of infection; and model 3: excluding 18 patients with hepatocellular carcinoma. AKI,
acute kidney injury; CI, confidence interval; CLIF-C ACLF, Chronic Liver Failure Consortium Acute-on-Chronic Liver Failure score; HR, hazard ratio; MELD,
Model for End-Stage Liver Disease.

Table 3. Added predictive value of NGAL for 90-day transplant-free survival and 90-day survival to prognostic models in cirrhosis

NGAL MELD

MELD

1 NGAL P value MELD-Na

MELD-Na

1 NGAL P value

CLIF-C

ACLF

CLIF-C ACLF

1 NGAL P value

Transplant-free survival

C statistic 0.697 0.686 0.713 0.04 0.683 0.708 0.06 0.663 0.697 0.04

Category-free NRI 0.368 0.008 0.349 0.01 0.375 0.007

IDI 0.027 0.02 0.029 0.02 0.036 0.007

Overall survival

C statistic 0.688 0.596 0.662 0.005 0.581 0.653 0.004 0.620 0.675 0.02

Category-free NRI 0.360 0.01 0.388 0.008 0.364 0.01

IDI 0.052 0.007 0.055 0.006 0.056 0.006

ACLF, acute-on-chronic liver failure; CLIF-C ACLF, Chronic Liver Failure ConsortiumAcute-on-Chronic Liver Failure score; IDI, integrated discrimination increment; MELD,
Model for End-Stage Liver Disease; NGAL, neutrophil gelatinase-associated lipocalin; NRI, net reclassification index.
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performance of MELD score varies from region to region
(5–7,48). However, it has long been established that the mortality
risk of patients with AKI in cirrhosis is underrepresented by the
MELD score (49,50). In addition, NGAL is also upregulated by
liver injury and infection, whichmay confound results (20,23,51).
Reassuringly, we were able to adjust for these factors in

multivariable analysis, which persistently demonstrated a stable
statistical signal. In addition, it is reassuring to see the stepwise
increases in NGAL between no AKI (19 mg/g), prerenal AKI (43
mg/g), HRS (110 mg/g), and ATN (337 mg/g), suggesting that
urinary values are indeed reflective of parenchymal kidney injury,
rather than expression because of infection or liver damage.

This article should be interpreted in the context of its limita-
tions. Our study was performed at a single liver-transplant re-
ferral center, which limits generalizability. The incidence and
outcomes of complications of cirrhosis such as AKI may vary
from center to center based on local standard of care andMELD-
thresholds for liver transplant. However, the replication of results
from Barcelona and the apparent straightforward nature of
interpreting an objective test such as NGAL suggests that the
assay could be implemented in diverse environments. Many of
the diagnoses in this study (including cirrhosis, HRS, and ATN)
rely on clinical assessment and lack gold standards, such as biopsy
tissue. The limitations of serum creatinine to diagnosis AKI in
cirrhosis, for example, have beenwell documented (12). The same
limitations of evaluating kidney biomarker performance against
creatinine-based definitions of AKI from the general nephrology
literature should be noted here (52). Given the complex nature of
this patient population, no single test is likely to discriminate
ATN fromHRS; the clinical use of tools such as NGAL should be
taken in the context of the larger clinical presentation. Despite
these limitations, we provide important supporting data for
NGAL’s role in the approach to AKI in cirrhosis.

In conclusion, urinary NGALmay differentiate the type of AKI
in cirrhosis andmay improve prediction of short-termmortality. It
holds immediate clinical potential to immediately affect manage-
ment of AKI in cirrhosis and warrants further investigation in this
population.

Figure 3. Relationship between MELD score and 28-day transplant-free
mortality, adjusted for age and presence of infection, categorized by
quartiles of urinary NGAL (mg/g creatinine). MELD, Model For End-Stage
Liver Disease; NGAL, neutrophil gelatinase-associated lipocalin.

Figure 4. Time course of median urinary NGAL (mg/g creatinine) at study enrollment, day 5, and day 30, classified by the type of AKI. AKI, acute kidney
injury; NGAL, neutrophil gelatinase-associated lipocalin.

Clinical and Translational Gastroenterology VOLUME 12 | MAY 2021 www.clintranslgastro.com

LI
VE

R
Allegretti et al.8

http://www.clintranslgastro.com


CONFLICTS OF INTEREST

Guarantor of the article: Andrew S. Allegretti.
Specific author contributions: A.S.A.: drafted the article. A.S.A.,
S.K., S.U.N., R.T.C.: involved in study design. X.V.P., P.E., S.A.S., S.K.,
J.G.F., A.N.: involved in sample collection/processing. S.Z.: per-
formed statistical analysis. D.A.S., L.A.J., N.K., H.M.W., K.R.R.,
J.M.B., M.K.N., G.G.T., J.C.Q.V.: involved in analysis and in-
terpretation of results. All authors read and approved the final ver-
sion of the article.
Financial support: A.S.A. was supported by American Heart
Association Award 18CDA34110131.
Potential competing interests: A.S.A., H.M.W., and K.R.R. have
served on scientific advisory boards for Mallinckrodt
Pharmaceuticals. R.T.C. received institutional grant support from
Synlogic and Kaleido. J.M.B. has served on scientific advisory boards
for Mallinckrodt and consulted for Chiasma. X.V.P. has served on
scientific advisory boards for Astra Zeneca. J.C.Q.V. has served on
scientific advisory boards for Mallinckrodt Pharmaceuticals and
Travere Therapeutics, has served on the speaker bureau for Otsuka
Pharmaceuticals, and has consulted for Bayer.

ACKNOWLEDGEMENTS
We appreciate the providers and support staff at Massachusetts
General Hospital for their clinical care of this population. We
extend a great thanks to the patients and their families for par-
ticipating in this study.

REFERENCES
1. Gines P, Schrier RW. Renal failure in cirrhosis. N Engl J Med 2009;361:

1279–90.
2. Garcia-Tsao G, Parikh CR, Viola A. Acute kidney injury in cirrhosis.

Hepatology 2008;48:2064–77.
3. Angeli P, Gines P, Wong F, et al. Diagnosis and management of acute

kidney injury in patients with cirrhosis: Revised consensus
recommendations of the international Club of ascites. Gut 2015;64:531–7.

4. MehtaRL, Kellum JA, Shah SV, et al. Acute kidney injury network: Report
of an initiative to improve outcomes in acute kidney injury. Crit Care
2007;11:R31.

5. Fagundes C, Barreto R, Guevara M, et al. A modified acute kidney injury
classification for diagnosis and risk stratification of impairment of kidney
function in cirrhosis. J Hepatol 2013;59:474–81.

6. Allegretti AS, Parada XV, Eneanya ND, et al. Prognosis of patients with
cirrhosis and AKI who initiate RRT. Clin J Am Soc Nephrol 2018;13:
16–25.

7. Huelin P, Piano S, Sola E, et al. Validation of a staging system for acute
kidney injury in patients with cirrhosis and association with acute-on-
chronic liver failure. Clin Gastroenterol Hepatol 2017;15:438–45.e5.

8. Tandon P, James MT, Abraldes JG, et al. Relevance of new definitions to
incidence and prognosis of acute kidney injury in hospitalized patients
with cirrhosis: A retrospective population-based cohort study. PLoS One
2016;11:e0160394.

9. European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu; European Association for the Study of the Liver.
EASL Clinical Practice Guidelines for the management of patients with
decompensated cirrhosis. J Hepatol 2018;69:406–60.

10. Belcher JM, Garcia-Tsao G, Sanyal AJ, et al. Association of AKI with
mortality and complications in hospitalized patients with cirrhosis.
Hepatology (Baltimore, Md) 2013;57:753–62.

11. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure is a
distinct syndrome that develops in patients with acute decompensation of
cirrhosis. Gastroenterology 2013;144:9.

12. Francoz C, Prie D, Abdelrazek W, et al. Inaccuracies of creatinine and
creatinine-based equations in candidates for liver transplantation with
low creatinine: Impact on the model for end-stage liver disease score.
Liver Transplant 2010;16:1169–77.

13. Martin-Llahi M, Guevara M, Torre A, et al. Prognostic importance of the
cause of renal failure in patients with cirrhosis. Gastroenterology 2011;
140:496.e4.

14. Allegretti AS, Ortiz G, Wenger J, et al. Prognosis of acute kidney injury
and hepatorenal syndrome in patients with cirrhosis: A prospective
cohort study. Int J Nephrol 2015;2015:108139.

15. Salerno F, GerbesA,Gines P, et al. Diagnosis, prevention and treatment of
hepatorenal syndrome in cirrhosis. Gut 2007;56:1310–8.

16. Israelsen M, Krag A, Allegretti AS, et al. Terlipressin versus other
vasoactive drugs for hepatorenal syndrome. Cochrane Database Syst Rev
2017;9:CD011532.

17. Allegretti AS, IsraelsenM, Krag A, et al. Terlipressin versus placebo or no
intervention for people with cirrhosis and hepatorenal syndrome.
Cochrane Database Syst Rev 2017;6:CD005162.

18. Belcher JM, Sanyal AJ, Peixoto AJ, et al. Kidney biomarkers and
differential diagnosis of patients with cirrhosis and acute kidney injury.
Hepatology (Baltimore, Md) 2014;60:622–32.

19. Belcher JM, Garcia-Tsao G, Sanyal AJ, et al. Urinary biomarkers and
progression of AKI in patients with cirrhosis. Clin J Am Soc Nephrol :
CJASN 2014;9:1857–67.

20. Allegretti AS, Sola E, Gines P. Clinical application of kidney biomarkers in
cirrhosis. Am J Kidney Dis 2020;76:710–9.

21. Huelin P, Sola E, Elia C, et al. Neutrophil gelatinase-associated lipocalin
for assessment of acute kidney injury in cirrhosis: A prospective study.
Hepatology 2019;70:319–33.

22. Ariza X, Sola E, Elia C, et al. Analysis of a urinary biomarker panel for
clinical outcomes assessment in cirrhosis. PloS one 2015;10:e0128145.

23. Ariza X, Graupera I, Coll M, et al. Neutrophil gelatinase-associated
lipocalin is a biomarker of acute-on-chronic liver failure and prognosis in
cirrhosis. J Hepatol 2016;65:57–65.

24. Allegretti AS, Vela Parada X, Ortiz GA, et al. Serum angiopoietin-2
predicts mortality and kidney outcomes in decompensated cirrhosis.
Hepatology 2019;69:729–41.

25. Kim WR, Biggins SW, Kremers WK, et al. Hyponatremia and mortality
among patients on the liver-transplant waiting list. New Engl JMed 2008;
359:1018–26.

26. Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver disease
(MELD) and allocation of donor livers. Gastroenterology 2003;124:91–6.

27. Jalan R, Saliba F, Pavesi M, et al. Development and validation of a
prognostic score to predict mortality in patients with acute-on-chronic
liver failure. J Hepatol 2014;61:1038–47.

28. Youden WJ. Index for rating diagnostic tests. Cancer 1950;3:32–5.
29. Jepsen P, Vilstrup H, Andersen PK. The clinical course of cirrhosis: The

importance of multistate models and competing risks analysis.
Hepatology 2015;62:292–302.

30. PencinaMJ, D’Agostino RB, Vasan RS. Statistical methods for assessment of
added usefulness of new biomarkers. Clin Chem Lab Med 2010;48:1703–11.

31. Cavallin M, Kamath PS, Merli M, et al. Terlipressin plus albumin versus
midodrine and octreotide plus albumin in the treatment of hepatorenal
syndrome: A randomized trial. Hepatology (Baltimore, MD) 2015;62:
567–74.

32. Boyer TD, Sanyal AJ, Wong F, et al. Terlipressin plus albumin is more
effective than albumin alone in improving renal function in patients with

Study Highlights

WHAT IS KNOWN

3 Similar to data out of Europe, urinary neutrophil gelatinase-
associated lipocalin (NGAL) can accurately differentiate
acute tubular necrosis from other types of acute kidney
injuries (AKIs) in cirrhosis.

WHAT IS NEW HERE

3 Urinary NGALmay serve as a short-term predictor ofmortality
in cirrhosis and AKI beyond Model for End-Stage Liver
Disease score.

TRANSLATIONAL IMPACT

3 Urinary NGAL is a useful diagnostic and prognostic tool in AKI
and cirrhosis.

American College of Gastroenterology Clinical and Translational Gastroenterology

LI
VE

R

Urinary NGAL as a Diagnostic and Prognostic Marker 9



cirrhosis and hepatorenal syndrome type 1. Gastroenterology 2016;150:
1579–89.e2.

33. Nazar A, Pereira GH, Guevara M, et al. Predictors of response to therapy
with terlipressin and albumin in patients with cirrhosis and type 1
hepatorenal syndrome. Hepatology (Baltimore, Md) 2010;51:219–26.

34. Piano S, Schmidt HH, Ariza X, et al. Association between grade of acute on
chronic liver failure and response to terlipressin and albumin in patients with
hepatorenal syndrome. Clin Gastroenterol Hepatol 2018;16:1792–800.e3.

35. Sanyal AJ, Boyer T, Garcia-Tsao G, et al. A randomized, prospective,
double-blind, placebo-controlled trial of terlipressin for type 1
hepatorenal syndrome. Gastroenterology 2008;134:1360–8.

36. Moore K, Jamil K, Verleger K, et al. Real-world treatment patterns and
outcomes using terlipressin in 203 patients with the hepatorenal
syndrome. Aliment Pharmacol Ther 2020;52:351–8.

37. Thadhani R, Pascual M, Bonventre JV. Acute renal failure. N Engl J Med
1996;334:1448–60.

38. Albert C, Zapf A, Haase M, et al. Neutrophil gelatinase-associated lipocalin
measured on clinical laboratory platforms for the prediction of acute kidney
injury and the associated need for dialysis therapy:A systematic Review and
meta-analysis. Am J Kidney Dis 2020;76:826–41.e1.

39. Maddukuri G, Cai CX, Munigala S, et al. Targeting an early and
substantial increase in mean arterial pressure is critical in the
management of type 1 hepatorenal syndrome: A combined retrospective
and pilot study. Dig Dis Sci 2014;59:471–81.

40. Cai CX, Maddukuri G, Jaipaul N, et al. A treat-to-target concept to guide
the medical management of hepatorenal syndrome. Dig Dis Sci 2014;60:
1474–81.

41. Velez JC, Kadian M, Taburyanskaya M, et al. Hepatorenal acute kidney
injury and the importance of raising mean arterial pressure. Nephron
2015;131:191–201.

42. Pose E, Napoleone L, Amin A, et al. Safety of two different doses of
simvastatin plus rifaximin in decompensated cirrhosis (LIVERHOPE-
SAFETY): A randomised, double-blind, placebo-controlled, phase 2 trial.
Lancet Gastroenterol Hepatol 2020;5:31–41.

43. Sole C, Sola E, Huelin P, et al. Characterization of inflammatory response
in hepatorenal syndrome: Relationship with kidney outcome and
survival. Liver Int 2019;39:1246–55.

44. Wasmuth HE, Kunz D, Yagmur E, et al. Patients with acute on chronic
liver failure display "sepsis-like" immune paralysis. J Hepatol 2005;42:
195–201.

45. Sole C, Sola E, Morales-Ruiz M, et al. Characterization of inflammatory
response in acute-on-chronic liver failure and relationship with
prognosis. Scientific Rep 2016;6:32341.

46. Claria J, Stauber RE, Coenraad MJ, et al. Systemic inflammation in
decompensated cirrhosis: Characterization and role in acute-on-chronic
liver failure. Hepatology (Baltimore, Md) 2016;64:1249–64.

47. Yeboah MM, Hye Khan MA, Chesnik MA, et al. Role of the cytochrome
P-450/epoxyeicosatrienoic acids pathway in the pathogenesis of renal
dysfunction in cirrhosis. Nephrol Dial Transpl 2018;33:1333–43.

48. Elwir S, Lake J. Current status of liver allocation in the United States.
Gastroenterol Hepatol (N Y) 2016;12:166–70.

49. Alessandria C, Ozdogan O, Guevara M, et al. MELD score and clinical
type predict prognosis in hepatorenal syndrome: Relevance to liver
transplantation. Hepatology (Baltimore, Md) 2005;41:1282–9.

50. Sibulesky L, Leca N, Blosser C, et al. Is MELD score failing patients with
liver disease and hepatorenal syndrome?World J Hepatol 2016;8:1155–6.

51. Mishra J, Ma Q, Prada A, et al. Identification of neutrophil gelatinase-
associated lipocalin as a novel early urinary biomarker for ischemic renal
injury. J Am Soc Nephrol 2003;14:2534–43.

52. Waikar SS, Betensky RA, Emerson SC, et al. Imperfect gold standards for
kidney injury biomarker evaluation. J Am Soc Nephrol 2012;23:13–21.

Open Access This is an open access article distributed under the Creative
Commons Attribution License 4.0 (CCBY), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

Clinical and Translational Gastroenterology VOLUME 12 | MAY 2021 www.clintranslgastro.com

LI
VE

R
Allegretti et al.10

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.clintranslgastro.com

