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ABSTRACT

Introduction: Acute kidney injury (AKI) following liver transplantation (LT) is a frequent
complication and is associated with increased morbidity and mortality.

Aim: To investigate whether the levels of serum NGAL are able to predict early occurrence
(within the first 48 hours) of the post-LT renal dysfunction.

Methods: The study was conducted on 50 recipients transplanted at the Fundeni Clinical
Institute between May 2016 and June 2017. Serum NGAL and serum creatinine (sCr) were
analyzed before LT, as well as 4 and 24 hours after graft reperfusion. In defining renal
failure, the criteria of Kidney Disease Improving Global Outcome (KDIGO) were used. All
patients received the same renal sparing regimen of immunosuppression.

Results: Twenty-four patients (48%) had early post-LT (<48 hours) renal dysfunction
according to the KDIGO criteria. In the AKI group, there was a considerable increase in NGAL
values at 4 hours after hepatic reperfusion in comparison with baseline values (p<0.0001),
whereas in the group without AKI, the values of NGAL remained about the same (p=0.18).
The single independent risk factor for early post-LT AKI occurrence was serum NGAL value
4 hours after hepatic reperfusion. The clinical utility of serum NGAL at 4 h after hepatic
reperfusion for AKI prediction was excellent (AUROC 0.981, p=0.0001). Patients receiving
a liver with a longer cold ischemia time (>6h) had a significantly higher NGAL serum levels
at both 4 and 24h after reperfusion.

Conclusion: Early renal dysfunction following LT is frequent (48%) despite using a renal
sparing immunosuppression regimen. Serum NGAL at 4 hours after hepatic reperfusion
accurately predict AKI early, in the first 48 hours after LT.

Key words: biomarker, acute kidney injury, liver transplantation, Neutrophil gelatinase-
associated lipocalin

INTRODUCTION

Liver transplantation is a life-saving therapy for patients with advanced liver
disease, but can be accompanied by multiple postoperative complications. A
common complication after liver transplantation is acute renal injury, associated
with increased morbidity, mortality, costs, and length of hospitalization. The
incidence of AKl is between 17% and 95%, depending on the criteria used in
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defining AKI (1,2). Patients with early acute renal
injury after liver transplant have an increased risk of
developing severe renal failure over the next 5 years,
the need for renal dialysis being 18% at 5 years after LT
(3,4). In O'Riordan et al. study, 30-day mortality in
patients with AKlI who required renal dialysis was 4
times higher compared with mortality in those without
renal dysfunction (5). Multiple factors can predispose to
AKI after LT, such as: pre-transplant renal dysfunction,
high blood pressure and pre- and post-transplant
diabetes, hepatitis C infection, graft quality, severity of
liver disease, nephrotoxic drugs, especially the immuno-
suppression, pre-LT hypoalbuminemia, duration of the
intraoperative vascular clamping, cold ischemia time,
intraoperative transfusion requirement, perioperative
hypotension and vasopressor support need, duration of
surgery (6-16). Unlike other diseases, where new
markers were discovered and used for diagnosis and
staging, sCr remained the most common test in
evaluating renal function. There are some drawbacks
related to its use in the evaluation of renal function: it is
influenced by diet, muscle mass, sex and age, has a low
sensitivity to small changes in renal function and a
considerable delay from kidney injury to its increasing.

Cirrhotic patients have a low creatinine formation
from creatine, in muscle, as a consequence of decreased
muscle mass (17), increased renal tubular creatinine
secretion (18), increased volume distribution of sCr in
cirrhosis and creatinine interference with increased
bilirubin at the time of measurement (19). As a result,
renal function is usually overestimated in these
patients. The delay in diagnosing AKI implies missing a
therapeutic opportunity, failure to correct the triggering
factors, with an impact on the subsequent evolution of
patients. Multiple markers of renal function have been
studied in an attempt to identify a marker that is not
influenced by muscle mass, diet, sex, race and increases
much faster than creatinine after renal injury, some of
them proving clinical utility (20,21). Neutrophil
gelatinase-associated lipocalin (NGAL), also known as
Lipocalin 2 or human neutrophil lipocalin, was first
identified as a 25 kDa protein in the secondary granules
of human neutrophils (22,23). Later, NGAL was localized
in @ number of human tissues, including trachea, lung,
stomach, colon, and kidney (24). NGAL secretion from
epithelial cells is induced by several pathological
conditions (25) and was identified as the most rapidly
induced protein in murine models of ischemic and
nephrotoxic AKI (26). Its concentration increases several
fold in both serum and urine within hours of the kidney
insult. Human kidney biopsies also showed an accumu-
lation of NGAL in cortical tubules in AKI patients.
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Accumulation was most pronounced in the most injured
cells.

The purpose of the study was to investigate serum
NGAL in detecting the early occurrence (within the first
48 hours) of post-LT renal dysfunction.

METHODS

The study was conducted on 50 liver transplant
recipients at Fundeni Clinical Institute between May
2016 and June 2017. Exclusion criteria consisted of
pediatric patients, pre-existing renal impairment
(defined as serum creatinine > 1.5 mg/dl) and refusal to
consent. All patients in the study group received a renal
sparing immunosuppressive regimen consisting of
basiliximab, tacrolimus and mycophenolate mofetil, as
per institutional protocol. An analysis was conducted
on their demographical data (age, gender, body mass
index), lab reports (before LT, in the intra-operative
stage, and on 4 consecutive days after the LT). Before
the LT, 4 and 24 hours after the hepatic reperfusion,
serum NGAL and sCr were analysed. The following
intraoperative data was also recorded: requirement of
blood products, the duration of the surgery, cold
ischemia time, warm ischemia time, the presence or
absence of the reperfusion syndrome, hemodynamic
parameters (PICCO monitoring), the amount of
vasopressor support. Serum NGAL levels were
measured using the sandwich-type enzyme-linked
immunosorbent assay kit (ELISA; BioVendor R&D, Czech
Republic), which is commercially available, following
manufacturer’s instructions. The patients were split
into two groups depending on the occurrence of the
early (< 48 hours) renal dysfunction: with and without
AKI. In defining renal failure, the criteria of Kidney
Disease Improving Global Outcome (KDIGO) were used
—see Table 1 (27).

Statistical analysis

The demographic data of the two groups, with or
without AKI, were comparatively analyzed, by using
Fisher’s exact test or Student t test. Depending on the
data that were analyzed, the average and the standard
deviation or the median and the interval of the values
were calculated. The means of the pre-transplant
parameters were compared with the post-surgery ones
by using t test paired or t test unpaired, on a case by
case basis. The ANOVA test was used to determine if
the differences between the means of several sets of
numerical data were statistically significant (p < 0.05).
To determine if the differences between the medians of
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Table 1 - The Kidney Disease Improving Global Outcome (KDIGO) classification (27)

Stage Serum creatinine Urine output
.. 1519 times baseline or 0.3 mg/dl (=26.5 umol) increase <05 mikg/hfor 6:12h
2o.....2029tmesbaseline <0.5mikg/hfor =12h
3 3 times baseline <0.3 ml/kg/h for =24 h

or or

= 4.0 mg/dl (= 353.6 umol/l) increase anuria =12 h

or

initiation of RRT

or

in patient <18 years a decrease in eGFR <35 ml/min/1.73 m2

RRT-renal replacement therapy, eGFR — estimated glomerular filtration rate

two sets of data were statistically significant, Mann-
Whitney U test was used. The statistically significant
parameters in the univariate analysis were analyzed
through multivariate logistic regression. The AUROC
(Area Under the Receiver Operating Characteristic
curve) was used to determine the best cut off value of
the analyzed parameters that predict post-LT AKI. The
tests were considered statistically significant if p < 0.05.

RESULTS

The characteristics of the study group at inclusion
are shown in Table 2. The etiology of hepatic cirrhosis
in the analyzed cohort consisted of: HBV related
cirrhosis in 27 (54%), HCV related cirrhosis in 11 (22%),
alcoholic cirrhosis in 8 (16%) patients, while 8% of
patients had other causes of cirrhosis; 15 (30%) patients
also had associated hepatocellular carcinoma.

In an early post-LT phase (<48 hours) 24 patients
(48%) had renal dysfunction according to the KDIGO

Table 2 - Baseline characteristics of the study group
50.98(x11.34)

Age(years)

Baseline NGAL (ng/ml) 44.1(x23.13)

MELD score - Model for End Stage Liver Disease score; AST- Aspartate
aminotransferase; ALT- Alanine aminotransferase; INR-International
Normalized Ratio; NGAL- Neutrophil gelatinase-associated lipocalin
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criteria. Nineteen (38%) patients had AKI 1, two
patients (4%) AKI 2 and three (6%) AKI 3. Three patients
needed renal replacement therapy. Table 3 presents
the risk factors analyzed in association with or without
occurrence of the post-LT AKI.

There were no statistically significant differences
between the two groups regarding the demographic
data and the analyzed parameters, except for a higher
values of cold ischemia time in the AKI group (p=0.02).
There was a statistically significant difference between
the values of NGAL within 4 and 24 hours after the
hepatic reperfusion between the two groups (p<0.0001
and p<0.0001, respectively). In the AKI group, there was
a considerable increase in NGAL values at 4 hours after
hepatic reperfusion in comparison with baseline values
(p<0.0001), whereas in the group without AKI, the
values of NGAL remained about the same (p=0.18)
(see Fig. 1).

The analysis by multivariate logistic regression
found that the only independent risk factor for the
post-LT occurrence of AKI was the value of serum NGAL
at 4 hours after the hepatic reperfusion (p=0.001). The
value of serum NGAL within 4 hours showed an
excellent discriminatory ability to distinguish between

300-
p<0.0001

= AKI
p<0.0001
- B No AKI
£ 200
2
= p=0.64 Q
< | —
g 100 [ |
B - —
0 : r : v : v
A B C

Figure 1 - NGAL (ng/ml) in pre-LT (A), 4 hours after hepatic
reperfusion (B) and 24 hours after hepatic reperfusion (C) in
the AKI group in comparison with the group without AKI
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Table 3 - The risk factors analyzed for the occurrence of the post-LT AKI in the two groups

With AKI (n=24) Without AKI (n=26) p value

Agelyears) 53.71(+1056) Ar69(e1147) 006
Gender (males) 15625%) 15(769%) 078
Body mass index (ko/m?) (2562(x446)  24.26(+A47) 028
MELDSCOr® e (17.96(566) 17.04(+634) 059
Abumin (Q/dl) 81053 82(0.11) 059
ASTUM) 1233(x4662) 82.73(x4187) 041
AT 4665(:2534) 5965(3324) .02
Total bilirubin (mg/dl) 2nQr241)  2250586) 082
MR ! (164039  162:087) 087
Basaline creatinine(mg/d) L 084024) 08@:0.17) 052
Creatinine-4h (mo/dl) .089(x023)  076(023) 0063
Na(mmol) ] 185(49) 134(59) 031
Baseline NGAL (ng/mi) (A568(x2245) 4264(:2409) 064
NGAL-ah (ng/ml) ] 1285(+4528) A714(:2431)  <0.0001
NGAL-24nh(ng/ml) ] 108.5(+37.88) A7.52(x2083)  <0.0001
Bleeding (mi) 4000(500-19000)  4000(500-14000) 096
Cold ischemia time (min) 530(«3118) 2265(+1238) 002
Warm ischemia time (min) JA538(x19.21) 4331(:1993) 07
Durationof LT (min) .. J461.7(1304) 4558(+110.1) 086
Red blood cells transfusion (units) 25018) 25010) .98
Fresh frozen plasma transfusion(units) 145019) 0.96(0) .05
Cardiac index Vminf? aore) . Aaan 087
Baseline lactate mmold . _167(=058)  136(:085) 01
Lactate after hepatic reperfusion (mmol/l) 2.43(+1.7) 2.86(+1.82)

MELD score- Model for End Stage Liver Disease score, AST- Aspartate aminotransferase, ALT- Alanine aminotransferase,
INR-International Normalized Ratio, NGAL- Neutrophil gelatinase-associated lipocalin, NGAL-4h and -24h- Neutrophil gelatinase-
associated lipocalin at 4 and 24 hours after hepatic reperfusion, Creatinine-4h — serum creatinine at 4 hours after hepatic reperfusion.

patients who had early post-LT renal dysfunction (<48
hours) and those who did not (AUROC of 0.981,
p=0.0001) (see Fig. 2). The corresponding cut-off value
for NGAL at 4 hours after hepatic reperfusion was 85.26
ng/ml with 95.8% sensitivity and 93.33% specificity in
diagnosing AKl in liver-transplanted patients. There was
a significantly higher serum NGAL level at 4 hours
(107.11 vs 66.71 ng/ml, p=0.003) and also at 24 hours
(91.35 vs 57.67ng/ml, p=0.007) after reperfusion in
patients that received grafts with a cold ischemia time
>360 minutes.

DISCUSSION

Acute renal failure early after LT (<48 hours) is
associated with short, as well as long term higher
morbidity and mortality, increased costs and length
of hospitalization. However, early therapeutic or
preventive intervention is hampered by the lack of
early effective prognostic factors. This underlines the
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importance of the early identification of at-risk
individuals as well as the need of identifying preven-
tive strategies. Furthermore, increasing evidence

ROC Curve
1000/0____L_j.,"»,A,,Lh.ﬂyrkr,,, Y SIS T
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20%-

0%,

0% 20% T e0%  80%  100%

Ta0%
False Positive Rate (1-Specificity)

Figure 2 - ROC Curve for NGAL at 4 hours after hepatic reperfusion
(AUROC of 0.981, p=0.0001)
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supports the fact that even a relatively minor
deterioration in renal function, not requiring RRT is
associated with inferior patient and renal outcomes
in the longer term (1,29). Many studies have
attempted to determine risk factors for the develop-
ment of post-LT renal dysfunction. Factors such as
preoperative sCr, early severe graft dysfunction
consequent to use of marginal grafts, postoperative
sepsis, severe pre-transplant hyponatremia, low pre-
operative albumin, intraoperative blood loss and
subsequent blood transfusion, cold ischemia time
and warm ischemia time, hypovolemia and hepatic
ischemia reperfusion injury have all been implicated
in the development of renal dysfunction after LT
(8,12,14,28,30). In our study, there were no statisti-
cally significant differences between the two groups
regarding the demographic data and the analyzed
parameters, except for a higher value of cold
ischemia time and increased values of serum NGAL
at 4 and 24 hours after hepatic reperfusion in the AKI
group. The homogeneity of the studied group,
exclusion of patients with pre-transplant renal
dysfunction and a good perioperative management
can contribute to these results. An increased cold
ischemia time was associated with early acute renal
injury after LT, similar to the findings reported by
Zongyi Y. et al. (28). It was already proven that NGAL
is directly released by ischemically damaged kidneys,
independent of neutrophil activation. There was a
strong correlation between NGAL staining intensity
and cold ischemia time in kidney recipients (31). In
liver transplant recipients we also demonstrated a
significant increase in serum NGAL values at 4 and 24
hours after reperfusion in donors with cold ischemia
times over 6 hours; thus, serum NGAL can be
considered as an early marker of ischemia/reperfusion
injury in both kidney and liver transplantation and
consequently associated with higher rates of
complications after LT (reperfusion syndrome,
arterial and biliary complications, and prostaglandin
requirements).

Pre-transplant renal dysfunction, as well as
advanced liver insufficiency before LT reflected by a
higher MELD score, have predictive value for
developing AKI after LT. In our study, MELD score did
not perform well for predicting AKI after LT (AUROC of
0.53) (data not shown); the same results have been
obtained before by Hilmi I.A. et al. (13). This finding is in
contrast to the study by Karapanagiotou et al. (32), in
which these variables have been proven significant risk
factors. However, unlike Karapanagiotouet al., we
excluded patients with pre-transplant renal failure with
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high sCr (defined as serum creatinine > 1.5 mg/dl).
Although a renal sparing immunosuppression protocol
is used in our Transplant Centre (tacrolimus is intro-
duced in the 5th postoperative day), AKl occurred early
after LT in almost half of the analyzed patients. NGAL
was identified as the most rapidly induced protein in
murine models of ischemic and nephrotoxic AKI (26).
Concentrations increased several fold in both serum
and urine within hours of the insult. Human kidney
biopsies also showed an accumulation of NGAL in
cortical tubules in AKI patients. Accumulation was more
pronounced in the most injured cells. Although initially
the NGAL values were the same in the AKl and No AKI
groups, at 4 and 24 hours after hepatic reperfusion they
have significantly increased in AKI group. In our study
NGAL at 4 hours after hepatic reperfusion predict early
acute kidney injury (in the first 48 hours) after liver
transplantation. Similar results were obtained by Portal
Al et al. (21). The limitations of our study are the small
sample and the short follow up period for AKI.
However, this is the first post-transplant study to
analyze biomarkers for kidney dysfunction after LT in
Romania.

CONCLUSIONS

Serum NGAL at 4 hours after hepatic reperfusion
accurately predict AKI early, in the first 48 hours after LT.
Given the frequency of the post-LT AKI, the costs, and
the comorbidities that stem from it, measurement of
serum NGAL at 4 hours after hepatic reperfusion is
highly useful. We also conclude that serum NGAL at 4
and also 24 hours after LT can indicate higher rates of
complications in donor livers with cold ischemia times
longer than 6 hours. These findings can enable us to
correct the modifiable factors and to improve the
outcomes of our LT recipients.
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