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Abstract

Purpose Our study aimed to investigate the clinical significance of urinary neutrophil gelatinase-associated lipocalin (NGAL)
as an effective real-time monitoring biomarker of renal function in patients with obstructive ureteral calculi presenting renal
colic.

Methods A cohort of 89 first-visit patients with renal colic caused by unilateral ureteral calculi were retrospectively reviewed.
46 of which received double-J ureteral stent placement (group 1) and the remaining 43 treated conservatively with analgesics
and hydration (group 2) when diagnosed. Urinary NGAL (uNGAL) values in the baseline, 2 h and 1 day after treatments
were recorded. The variation of this parameter over time and the association with patients’ characteristics were analyzed.
Results uNGAL levels decreased as time went by for patients receiving double-J ureteral stent placement (47.23 +28.32 ng/
mL for baseline, 40.73 +21.86 ng/mL for 2 h and 34.67 + 18.00 ng/mL for 1 day after operation; p=0.0363). Neverthe-
less, for those treating conservatively, the levels emerged a mild increase (50.63 +32.30 ng/mL, 56.00+32.01 ng/mL and
60.63 +34.08 ng/mL, correspondingly; p =0.3708). By analyzing the association between uNGAL variation and patients’
characteristics of group 1, operation duration showed the best correlation coefficient (Pearson r=0.6106, r* =0.3728,
p<0.0001).

Conclusions uNGAL can be used as a biomarker to monitor the renal function effectively when serum creatinine (sCr) was
within normal limits. And double-J ureteral stent can be considered as a protective factor to renal function in patients with
obstructive ureteral calculi presenting renal colic.
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Introduction

Double-J ureteral stent is an urgent but temporary urologic
procedure used to manage patients with hydronephrosis
accompanying with acute kidney injury (AKI) caused by
ureteral calculi. For those patients, early intervention is the
most important matter for protecting renal function, which
depends on early detection of renal injury. It is well known
that the diagnosis of AKI relies mainly on serum creatinine
(sCr) kinetic monitoring. Unfortunately, sCr elevation is a
late indicator of acute changes in renal function, because of a
24-48 h delay between renal insult and significant sCr eleva-
tion [1]. Recently, some biomarkers have been recommended
with the ability to better identify renal damage in the early
phase compared with traditional markers. The focus has
mainly been on markers like neutrophil gelatinase-associ-
ated lipocalin (NGAL), kidney injury molecule-1 (KIM-1),
cystatin C (Cys-C) and liver-type fatty acids binding protein
(L-FABP) [2]. Among those increasing rapidly after a renal
insult, NGAL is of particular interest and has even been
considered as a “renal troponin” [3].

NGAL was purified from the secondary granules of
human neutrophils for the first time in the early 1990s [4,
5]. And several studies have shown encouraging results
of urinary NGAL (uNGAL) for early detection of AKI
in different clinical settings [6—10]. NGAL fulfills many
characteristics for an ideal biomarker for AKI. (1) It is rap-
idly induced and released from the injured distal nephron
in experimental models and human disease [11-13]. As
reported, increases in NGAL levels predict AKI 24-72 h
before diagnostic sCr increases [7, 8, 11, 14—-16] and are
of prognostic value [17] in response to renal injury. (2)
Its urine and plasma concentrations increase proportion-
ally to severity and duration of renal injury [12, 14, 15].
(3) Its concentration rapidly decreases with attenuation of
renal injury [18]. (4) It is readily and easily measured in
plasma [14] and urine [15]. And its urine concentration
is an almost perfect AKI predictor with an area under the
receiver operating characteristics (ROC) curve of 0.998
[19]. And its predictive values increase when NGAL is
measured closer to the time of insult [20].

AKI is subclassified into pre-renal, intra-renal and post-
renal forms. This discrimination of different origins of kid-
ney injury is important because urologists concern more
about the postrenal AKI. Urbschat et al. found high levels
of serum NGAL (sNGAL) and uNGAL were observed in
stone-induced acute obstructive nephropathy, representing
a valuable marker of postrenal AKI [21]. Benli et al. dis-
covered that there was an important change in NGAL after
the ureterorenoscopy (URS) procedure [22]. All those
findings indicated NGAL a potential surrogate marker of
acute postrenal kidney injury.
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From these viewpoints, we have investigated the clinical
significance of uNGAL as an effective real-time monitoring
biomarker of renal function variation, and evaluated uNGAL
as a potential surrogate biomarker for providing early inter-
vention of double-J ureteral stent placement in patients with
ureteral calculi presenting renal colic.

Methods
Study design

This was a retrospective study conducted on patients diag-
nosed with urolithiasis in Xinhua Hospital who bothered
with ureteral calculi presenting the first episode renal colic.
All those objects corresponded to the following conditions.
(1) A noncontrast computerized tomography (CT) scan or
ultrasound inspection proved an unilateral ureteral calculi
larger than 6 mm; (2) sCr was within normal limits and with-
out disturbance of acid—base balance of water and electro-
Iytes when diagnosed; (3) receiving double-J ureteral stent
placement or treating conservatively with analgesics and
hydration as treatment methods (For all those patients, fol-
lowing treatment like extracorporeal shock wave lithotripsy
(ESWL) or ureteroscopic lithotripsy (URL) etc should been
implemented). The exclusion criteria were: (1) with history
of urolithiasis, hydronephrosis or chronic kidney disease
(CKD); (2) medical history of manual or instrumental uro-
logical intervention; (3) medical history of cardiopulmonary
bypass (CPB); (3) sepsis or urinary tract infection (UTI);
(4) single kidney; (5) pregnancy; (6) immunodeficiency;
(7) with any malignant diseases; (7) with evidence of acute
exacerbations of obstructive pulmonary; (8) incomplete
medical data or the remaining biological samples was not
enough for reanalyzing [23].

A total of 89 patients from July 2016 to December 2017
were reviewed. Patients were divided into two groups. Those
receiving double-J ureteral stent placement were assigned to
group 1 and the remaining treating conservatively with anal-
gesics and hydration were distributed to group 2. Detailed
information of age, gender, pain intensity evaluating by
numerical rating scale (NRS), description of calculi (includ-
ing the location, maximum diameter, etc.) and hydronephro-
sis evaluated by noncontrast CT scan or ultrasound was
recorded. All the biological samples reanalyzed for sCr and
uNGAL in this study were from the remaining portion of the
conventional clinical usage, which were stored at — 80 °C.

All procedures performed in this study were in accord-
ance with the ethical standards of the Ethics Committee of
Xinhua Hospital and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. For
this type of study, formal consent is not required.
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Urinary NGAL measurement

Midstream urine was utilized to analysis uNGAL. uNGAL
level was determined using a commercially available
enzyme-linked immunosorbent assay kit (Human Lipoca-
lin-2/NGAL DuoSet DY1757, R&D Systems, Minne-
apolis, MN, USA). For detection of uNGAL, urine was
diluted 1:50. All measurements were taken in duplicate
and in strict accordance with the protocal. The optical
density of the colour-forming substrate tetramethylb-
enzidine was determined at 450 nm using a microplate
reader (DigiScan Photometer, ASYS Hitech, Eugendorf,
Austria).

Statistical analysis

Statistical comparisons were performed using the statis-
tical software GraphPad Prism 5. Continuous variables
were expressed as mean + standard deviation (SD). The
intergroup differences were tested using the Student’s ¢
test or analysis of variance (ANOVA). Categorical vari-
ables were expressed as frequency (percentage), and Chi
square test was used to test the intergroup differences.
Pearson correlation analysis was used to analyze the inter-
dependency between variables. Statistical significance
was defined as a p <0.05.

Results
Demographic data

46 patients receiving double-J ureteral stent placement were
classified into group 1, and 43 patients treating conserva-
tively with analgesics and hydration were classified into
group 2. Patients of both groups did not significantly dif-
fer in age, gender, calculi maximum diameter, calculi loca-
tion, hydronephrosis, pain intensity, sCr and uNGAL when
enrolled. All demographic characteristics of the 89 patients
are listed in Table 1.

Analysis of sCr variation

sCr levels of patients receiving double-J ureteral stent place-
ment were identified as 80.62 +13.19 pmol/L for baseline,
75.72 +18.22 pmol/L for 2 h, and 75.85 + 13.95 pmol/L for
1 day after operation. sCr did not change obviously after
placing the double-J ureteral stent by comparing with the
baseline (p =0.1524). The variation in sCr levels of patients
treated conservatively with analgesics and hydration was
similar; 78.86+12.00 pmol/L, 78.24 +13.39 pmol/L
and 80.71 + 14.53 pmol/L, correspondingly (p =0.6714)
(Table 2). Meanwhile, patients of both groups did not sig-
nificantly differ in sCr levels for the baseline, 2 h and 1 day
post-treatment as well (Fig. 1).

Table 1 Characteristics of the

: Total Group 1 Group 2 p value
study population
Number 89 46 43 -
Mean (SD) age (years) 49.3 (14.2) 49.6 (2.2) 48.9 (2.0) 0.8224°
Gender 0.838*
Female (%) 26 (29.21) 13 (28.26) 13 (30.23) -
Male (%) 63 (70.79) 33 (71.74) 30 (69.77) -
General calculi location 0.865%
Right (%) 36 (40.45) 19 (41.30) 17 (39.53) -
Left (%) 53 (59.55) 27 (58.70) 26 (60.47) -
Detailed calculi location 0.585%
Upper ureter (%) 46 (51.68) 25 (54.35) 21 (48.84) -
Middle ureter (%) 30 (33.71) 16 (34.78) 14 (32.56) -
Lower ureter (%) 13 (14.61) 5(10.87) 8 (18.60) -
Mean (SD) calculi maximum diameter (cm)  0.816 (0.153)  0.838 (0.158)  0.794 (0.146)  0.1719%
Mean (SD) sCr (pmol/L) 79.77 (12.59)  80.62 (13.19)  78.86 (12.00)  0.5127°
Mean (SD) hydronephrosis (mm) 11.2 (9.3) 10.4 (9.1) 12.2 (9.6) 0.3549°
Mean (SD) pain intensity 6.2 (1.7) 6.2 (1.7) 6.3 (1.7) 0.7703"
Mean (SD) uNGAL (ng/mL) 48.87 (30.18)  47.23(28.32)  50.63 (32.30)  0.5985"

Values are in mean (SD) or n (%)

SD standard deviation, sCr serum creatinine, uNGAL urinary neutrophil gelatinase-associated lipocalin

Student’s ¢ test
Chi square test
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Table 2 Analysis of sCr in the baseline and after treatments in both
groups

Table 3 Analysis of uNGAL in the baseline and after treatments in
both groups

Baseline 2 h post- 1 day post- p value Baseline (ng/ 2 h post- 1 day post- p value
(pmol/L) treatment treatment mL) treatment treatment (ng/
(pmol/L) (pmol/L) (ng/mL) mL)
Group 1 80.62 (13.19) 75.72 (18.22) 75.85(13.95) 0.1524" Group 1 47.23 (28.32) 40.73 (21.86) 34.67 (18.00)* 0.0363"
Group 2 78.86 (12.00) 78.24 (13.39) 80.71 (14.53) 0.6714" Group 2 50.63 (32.30) 56.00 (32.01) 60.63 (34.08) 0.3708"

Values are in mean (SD)
SD standard deviation, sCr serum creatinine
TANOVA

Analysis of uNGAL variation

NGAL values measured in urine of patients receiv-
ing double-J ureteral stent placement were identified as
47.23 +£28.32 ng/mL for baseline, 40.73 +£21.86 ng/mL
for 2 h, and 34.67 +18.00 ng/mL for 1 day after operation.
The uNGAL levels decreased obviously after placing the
double-J ureteral stent and the variation in uNGAL was
statistically significant (p =0.0363). Post-test showed that
the significant difference occurred only when 1 day after
operation compared to the baseline. However, the variation
in uNGAL of patients treating conservatively did not change
remarkably; 50.63 +32.30 ng/mL, 56.00 +32.01 ng/mL and
60.63 +34.08 ng/mL, correspondingly. Though there was a
slight increase in uNGAL during this period compared to the
baseline, this increase did not reach statistical significance
(p=0.3708) (Table 3).

Values are in mean (SD)

SD standard deviation, uNGAL urinary neutrophil gelatinase-associ-
ated lipocalin

TANOVA

Post-test of ANOVA showing statistical significance compared to
baseline

“Statistical significance (p <0.05)

While patients of both groups did not significantly differ
in uNGAL levels in the baseline, the difference came up to
statistically significant when 2 h and 1 day after treatment.
The uNGAL levels of 2 h after treatment for group 1 and
group 2 were 40.73 +£21.86 ng/mL and 56.00+32.01 ng/
mL (p =0.0098), respectively. And the uNGAL levels
of 1 day after treatment were 34.67 + 18.00 ng/mL and
60.63 +34.08 ng/mL (p <0.0001), respectively (Fig. 1).
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Fig. 1 Analysis of sCr and uNGAL variation in group 1 and group
2. a—c¢ uNGAL in the baseline, 2 h and 1 day after treatment, respec-
tively; d—f sCr in the baseline, 2 h and 1 day after treatment, corre-
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spondingly. *p <0.05, were assumed as statistically significant. sCr
serum creatinine, uNGAL urinary neutrophil gelatinase-associated
lipocalin
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Influence factors of uNGAL variation after double-J)
ureteral stent placement

Furthermore, the relationship between uNGAL change rate
and demographic characteristics of group 1 patients were
analyzed (age, gender, calculi maximum diameter, calculi
location, sCr at baseline, hydronephrosis, pain intensity,
uNGAL at baseline, operation duration, etc.). Student’s ¢
test was used for gender and general calculi location (left or
right); ANOVA was used for pain intensity and detailed cal-
culi location (upper, middle or lower ureter) to estimate the
interdependency with uNGAL variation. Results showed that
there was no statistically significant interdependency among
those other than the detailed calculi location (Table 4). We
found that when the calculi were located in the lower ure-
ter, the uNGAL levels increased instead of decreasing 1 day
after surgery. There was statistically significant difference
when compared to the middle ureter. That was to say the
location of calculi influenced the therapeutic effect indeed.
Consequently, it seemed not a good solution for patients with
lower ureteral calculi presenting renal colic to receive a dou-
ble-J ureteral stent placement. But to be interesting, all the
patients with lower ureteral calculi were all females and had
smaller calculi size (0.632 +0.029 cm vs. 0.838 £0.158 cm;
p=0.0058). However, there were no distinguished differ-
ences in the severity of hydronephrosis (8.4 +4.9 mm vs.
10.4 +£9.1 mm; p=0.6405), sCr (79.36 + 14.94 pmol/L
vs. 80.62+13.19 pmol/L; p=0.8419), uNGAL
(34.86+17.06 ng/mL vs. 47.23 +28.32 ng/mL; p=0.3453),
and operation duration (7.2+5.7 min vs. 6.5+4.2 min;
p=0.7328) as compared to the mean value of the total
patients in group 1. Unfortunately, the persuasion of this
result was limited because of the very limited sample capac-
ity (only five patients in this study) of patients with lower
ureteral calculi.

In addition, Pearson correlation analysis was used to ana-
lyze the interdependency between uNGAL change rate and
patients’ continuous demographic characteristics. Among
those characteristics, only hydronephrosis, uNGAL and
operation duration [mean (SD): 6.5 (4.2) min] had statis-
tically significant interdependency with uNGAL varia-
tion (Pearson r=— 0.3448, — 0.5443, 0.6106; #=0.1189,
0.2962, 0.3728; with p=0.0190, < 0.0001, < 0.0001, respec-
tively) (Fig. 2). As showed above, operation duration had
the highest correlation coefficient with uNGAL change rate,
meaning the shorter operation time, the more uUNGAL would
decrease after surgery.

Discussion

Urolithiasis is a relatively common condition in different
continents and countries. Patients presenting with renal colic
in the emergency room can often be treated conservatively
with analgesics and hydration. In some cases with obstruc-
tive ureteral calculi causing intractable pain or pyuria, more
urgent intervention might be necessary (i.e., with antibiotics
and decompression of the obstruction to avoid sepsis) [24].
But how to deal with the patients whose sCr is within nor-
mal limits and without disturbance of acid—base balance of
water and electrolytes, as well as no evidence of refractory
pain, fever, or pyuria is still confused to urologists. As sCr
requires several hours to days to accumulate, it increases
in serum only after 50% or more of renal function is lost
and its concentration is affected by multiple confounding
factors [25]. Therefore, most episodes of subclinical AKI
patients needing seasonable surgical intervention might be
missed. Since AKI worsens renal but also overall prognosis,
new biomarkers allowing for early detection and monitor-
ing of AKI are eagerly awaited. Therefore, we investigated

Table 4 Correlation between uNGAL variation and patients’ categorical demographic characteristics (gender, pain intensity and calculi location)

of group 1 patients

Gender Pain intensity General calculi Detailed calculi location
location
Female = Male 4 6 7 9 Right Left Upper Middle Lower
Mean (SD) -1725 -2097 -2356 —1851 -—1632 -—2245 —1323 -2462 -—2073 —-2545 185
uNGAL (17.94)  (22.19) (16.27)  (23.86)  (25.00) (17.45) (24.62) (16.86)  (21.40) (15.04)  (24.92)¢
change (%)
p value 0.5932F 0.8265% 0.0689" 0.0339"%

Values are in mean (SD)

SD standard deviation, uNGAL urinary neutrophil gelatinase-associated lipocalin

TStudent’s  test

fANOVA

$Statistical significance compared to the location of middle ureter
*Statistical significance (p <0.05)
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Fig. 2 Pearson correlation analysis of uNGAL variation and patients’
continuous demographic characteristics of group 1. a—f Represented
age, calculi maximum diameter, hydronephrosis, sCr in the base-
line, uNGAL in the baseline, operation duration, correspondingly.

whether the most promising biomarker, namely uNGAL,
might answer this need in the daily clinical practice.

The main findings of our trial are that: (1) uNGAL can be
used as a biomarker to discover the status of kidney injury
earlier and monitor the renal function variation effectively
when sCr is within normal limits, as well as an efficacy eval-
uation indicator of different surgical or medical interven-
tions, which may help to further understand the obstructive
nephropathy. (2) Double-J ureteral stent placement is a pro-
tective factor to renal function in patients with obstructive
ureteral calculi presenting renal colic. When patients with
renal colic show the uNGAL value rise, double-J ureteral
stent placement should be considered. And this procedure
is recommended to be finished in the most limited duration.

NGAL was purified from the secondary granules of
human neutrophils for the first time in the early 1990s [4, 5].
Molecular biology study revealed that the NGAL molecule
exists in three different molecular forms in blood and urine,
a 25-kDa monomer, a 45-kDa disulphide-linked homodi-
mer and a 135-kDa heterodimer, covalently conjugated
with gelatinase [4, 5]. Cowland et al. [26] demonstrated that
NGAL mRNA is expressed in several non-haematopoietic
tissues, such as colon, trachea, lung and kidney epithe-
lium and so on. NGAL level increases unpredictably dur-
ing including AKI but also during other chronic and acute
inflammatory conditions, such as in sepsis, during UTI, in
CKDs, after CPB surgery and during acute exacerbations
of obstructive pulmonary diseases [23, 27-29]. Therefore,
patients with above-mentioned disease status were excluded
in our research. The main research objects were patients with
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*p<0.05, ***p<0.0001, were assumed as statistically significant.
sCr serum creatinine, uNGAL urinary neutrophil gelatinase-associ-
ated lipocalin

unilateral ureteral calculi and undergoing subclinical AKI.
However, NGAL is also a useful marker in CKD and it has
the potential to be an ideal biomarker in early detection of
CKD, as well as a positive correlation with disease sever-
ity. In order to generalize the clinical application of NGAL,
further researches involving the clinical significance of
NGAL in patients with unilateral obstructive nephropathy
could be considered [30]. In this study, the uNGAL level
was 48.87+30.18 ng/mL in the baseline. Urbschat et al.
[21] reported that this value in healthy control subjects was
24.55+40.12 ng/mL in their research. Though we did not
detect the value in normal persons, patients diagnosed with
ureteral calculi presenting renal colic showed a remarkable
increase in the uNGAL values when sCr was within nor-
mal range compared to Urbschat’s results, predicting that
those patients might have likely subclinical AKI. Besides,
we found both group 1 and group 2 patients did not show
any diagnostic increases in sCr 2 h and 1 day after treat-
ments. Nevertheless, uNGAL represented a significant
change. These findings are consistent with the literatures
and meaning uNGAL is an effective biomarker to monitor
renal function. However, the cutoff NGAL concentration
for optimal sensitivity and specificity to predict AKI is still
ambiguous. As reported, it ranged from 100 to 270 ng/mL
across all settings, with higher values for adults (170 ng/mL)
compared with children (100-135 ng/mL). But there was
large agreement on a cutoff value 150 ng/mL when NGAL
was measured using standardized platforms, contrasting with
large variability in cutoff values derived from research-based
NGAL assays [1]. In this study, we also found if we use the
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cutoff value of 150 ng/mL, we could identify 1 more AKI
case than sCr (+) alone. Unfortunately, the clinical applica-
tion value is limited, mainly due to the limited sample size.
And maybe a more reasonable cutoff value of uNGAL is
expected.

Furthermore, some other investigators considered URS
procedure would possibly affect renal function [22, 31], and
was mainly because of the surgical tools, the high-pressure
fluid used during the URS procedure and even the anaes-
thetics. The variation in NGAL can be identified within 2 h
post-operation [11]. However, in our research, the uNGAL
level decreased as time went by after placing the double-J
ureteral stent. That is because ureteroscope was used under
low-pressure mode, and ureteroscope only entered the blad-
der instead of entering the ureter during the procedure in
this research. The mean operation time of total procedure
was only 6.5 +4.2 min and only local infiltration anesthesia
of urethral mucosa was performed instead of general anes-
thesia or lumbar anesthesia. Visibly, double-J ureteral stent
placement is a protective factor of kidney injury for ureteral
calculi patients with uNGAL rise.

However, our study has few limitations. Firstly, it was
conducted in a single institution and may undergo selection
bias. Secondly, it was a retrospective study with very lim-
ited sample size. Thirdly, it included only Chinese men. The
population within each country differs culturally and soci-
odemographically. Fourthly, we did not consider economical
pressure caused by double-J ureteral stent placement. As
a result, further prospective, large-scale and well-designed
studies should be conducted in multicenters. Also our Chi-
nese-oriented results need to be validated in other ethnic
groups and verified in unilateral obstructive nephropathy.
Furthermore, there is still lack of valid assays to detect dif-
ferent types of NGAL forms [32-34]. Applying NGAL to
the clinical evaluation of patients with or at risk of AKI has
to wait until assays measuring kidney-specific NGAL are
available and a reasonable cutoff value of uUNGAL to distin-
guish normality and abnormity.
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