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Abstract: Hypertensive disorders of pregnancy (HDP) remain one of the largest single causes of
maternal and fetal morbidity and mortality, accounting for 16.1% of maternal deaths in developed
countries. The aim of the study was to evaluate acute kidney injury (AKI) in hypertensive
disorders of pregnancy and to examine the correlation of serum neutrophil gelatinase-associated
lipocalin (NGAL) with acute kidney injury. This prospective case control study was carried
out over a period of 1 year. After written, informed consent and ethical clearance, 149 cases
of hypertensive disorders of pregnancy were screened, and seven were lost to follow-up. Acute
kidney injury was detected in 88 cases and acute renal failure in 30 cases of HDP. Thirty-one
healthy pregnant nonhypertensive women were enrolled as controls. Quantitative measurement
of serum NGAL levels was done by enzyme linked immunosorbent assay technique using a
sandwich enzyme-linked immunosorbent assay kit. As per the Kidney Diseases Improving Global
Outcomes International guidelines acute kidney injury network (AKIN), 50 cases (42.37%)
of AKI stage I, 38 (32.2%) cases of AKI stage II, and 30 (25.42%) cases of renal failure were
detected. Serum NGAL had a positive association with increasing proteinuria. It also had a
positive correlation with systolic blood pressure (7~0.36), diastolic blood pressure (#~0.37),
and serum creatinine (r~0.4). NGAL was found to be significantly correlated with creatinine
in the cases with the value of the correlation coefficient being 0.4. This direct correlation might
be a consequence of endothelial dysfunction on which hypertension and proteinuria probably
depends.

Keywords: hypertensive disorders of pregnancy, preeclampsia, eclampsia, serum neutrophil
gelatinase-associated lipocalin, acute kidney injury

Introduction

Hypertensive disorders of pregnancy (HDP) remains one of the largest single causes of
maternal and fetal morbidity and mortality, accounting for maternal death in developed
countries, Latin America, and Africa at 16.1%, 25.7%, and 9.1%, respectively, and
18% of fetal deaths are associated with hypertensive disorders.!? The pathogenesis
of HDP is still a matter of debate. It is a multifactorial disease and its pathogenesis
involves a series of complex mechanisms including incomplete invasion and remodeling
of the maternal spiral arteries, high circulating level of antiangiogenic factors,
proinflammatory cytokines, and generalized endothelial dysfunction. The neutrophil
gelatinase-associated lipocalin (NGAL) concentrations are low in healthy human
tissues (such as kidney, lung, stomach, liver, and colon), but appear to be upregulated
in pathological conditions following endothelial cell injury.®* In a multicenter study,
approximately 30% of HDP cases were due to chronic hypertension, while 70% of
cases were due to gestational hypertension/preeclampsia.*
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A commonly used marker for kidney injury is serum
creatinine but it is slow and insensitive and is not able to be
detected in subtle injuries. Serum creatinine 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. Effective preven-
tive and therapeutic measures are available, but diagnosis
of acute kidney injury (AKI) in HDP is frequently delayed
due to lack of an early predictive biomarker. One of the
promising biomarkers, NGAL is a 25 kDa member of the
lipocalin family that is highly accumulated in blood after
nephrotoxic and ischemic renal insult.® After ischemic injury,
NGAL levels in kidney tissue rise by 10-fold within 3 hours.”
This rise appears to be sustained, being evident for several
days following the initial insult. This pattern of early rise
and persistence makes NGAL a highly sensitive marker for
diagnosing AKI. There is no study which assesses AKI in
HDP in very early stages. Therefore, this study was planned
and the aim was to evaluate AKI in HDP and to examine the
association of serum NGAL with AKI in these subjects.

Material and methodology

This prospective case control study was carried out over
a period of 1 year at King George’s Medical University,
Lucknow, Uttar Pradesh, India in collaboration with the
Department of Internal Medicine and Department of Obstetrics
and Gynaecology. After written, informed consent and ethical
clearance from the institutional ethics committee, 149 cases of
HDP defined as per the National High Blood Pressure Educa-
tion Program Working Group (2000) were screened for AKI.
Seven cases were lost to follow-up. Out of 142 cases of HPD,
AKI was detected in 88 cases and acute renal failure in 30
cases. Thirty-one healthy pregnant nonhypertensive women
were taken as controls. The women enrolled had a gestational
age of 20-40 weeks. Grades of AKI were defined according
to Kidney Diseases Improving Global Outcomes International
Guidelines group (KDIGO) 2011 guidelines acute kidney
injury network (AKIN).

Women suffering with chronic kidney disease, chronic
hypertension, chronic liver disease, cardiovascular dis-
ease, or who had infective and neoplastic pathology were
excluded from the study. Data were collected and analyzed.
Demographic characteristics, blood pressure on admis-
sion, biochemical parameters including serum urea, serum
creatinine, liver function test, serum uric acid, serum lactic
dehydrogenase, and 24 hour urinary protein excretion were
recorded. All patients were assessed by the obstetrician for
maternal and fetal well-being.

Measurement of blood pressure was done 4 hourly, in
the right arm in the supine position. Korotkoff V sounds
were taken for measurement of diastolic blood pressure by
a mercury sphygmomanometer.

Mild preeclampsia was defined as blood pres-
sure =140/90 mmHg but less than 160/110 mmHg with
proteinuria =300 mg/24 hours. Severe preeclampsia was
defined as blood pressure =160/110 mmHg with urinary
protein excretion of =2.0 g/24 hours or any of the following
symptoms: oliguria or <400 mL urine/24 hours, visual dis-
turbances, serum creatinine =1.2 mg/dL, platelets less than
100,000/mm?3, or microangiopathic hemolysis. Eclampsia
was defined as occurrence of new onset grand mal seizure
in a patient with preeclampsia.

Five milliliters of venous blood was obtained in a plain
vial from the cases and controls. Collected blood samples
were stored at 4°C. Centrifugation was done at 6000 rpm.
Samples were frozen at —20°C until assayed. Quantita-
tive measurement of serum NGAL levels was done by
enzyme-linked immunosorbent assay by using a sandwich
enzyme-linked immunosorbent assay kit (USCN Life Sci-
ence Inc, Wuhan, Hubei, People’s Republic of China). All
relevant investigations were carried out in an accredited
laboratory (Department of Pathology, King George’s Medical
University, Lucknow, Uttar Pradesh, India). Estimation of
serum creatinine was done by Jaffe Reaction, using Technicon
AutoAnalyzer methodology (Technicon Instrument Corp.,
Chauncy, NY, USA) 1963:N-11a and uric acid estimation
was done by nephelometry. All patients were followed until
they were discharged from the hospital.

Statistical analysis

Data were analyzed using the statistical software pack-
age STATA (version 11.2, College Station, TX, USA).
A difference between the two values was considered to be
significant if the P-value was =0.05. The categorical data
were described as a percentage and continuous variables
as mean * standard deviation. The association between two
or more categorical variables was tested by }° statistics by
using appropriate correction. Prior to carrying out any test on
continuous data, the normalcy of data was tested. The two-
sample #-test was used to see the difference between the mean
of two different groups if data were normally distributed. If
data were not found to be normally distributed, the Mann—
Whitney test was used to test the level of significance
between two values. One-way analysis of variance was used
to test the difference among >2 groups in case of normally
distributed data. Bonferroni correction was applied to the
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level of significance to avoid family error. If the data were
not normally distributed, the Kruskal-Wallis test was used
in place of one-way analysis of variance.

Results

Analysis was performed on 118 cases of AKI and 31 healthy
pregnant nonhypertensive controls. Table 1 shows that
the maximum number of cases 77 (65.25%) and controls
22 (70.97%) were in the age range of 25-35 years.!° The
majority of the controls 27 (87.10%) belonged to a middle
socioeconomic status and a maximum of 63 (53.38%) cases
also belonged to middle class (based on Kuppu Swamy’s
Socioeconomic status scale updated 2012)."” The mean
period of gestational age was almost equal in both groups.
Sixty-three (53.38%) cases were primigravida and 55
(46.61%) cases were multigravida, whereas 13 controls
(41.94%) were primigravida. None of the cases or controls
had a history of similar disease in the past (Table 1).

The mean systolic blood pressure among controls
was 117.84 + 4.7 mmHg, and in the cases it was
152.61 £ 9.58 mmHg. The mean diastolic blood pressure in
the controls was 77.42 + 6.8 mmHg, whereas in the cases
it was 99.07 + 7.36 mmHg. A statistically significant dif-
ference was observed between the mean values of systolic
blood pressure and diastolic blood pressure among cases and
controls (P < 0.0001).

Table | Demographic profile

Groups Control (n=31) AKI + ARF (n=118)
n (%) n (%)
Age groups
<25 years 9 (29.03) 41 (34.75)
25-35 years 22 (70.97) 77 (65.25)
Gravida
| 13 (41.94) 63 (53.38)
=2 18 (58.06) 55 (46.61)
Mean gestational age 35.86 £ 2.0 35.80 £ 3.6
Socioeconomic status
Low 4 (12.90) 55 (46.61)*+*
Medium 27 (87.10) 63 (53.38)
Past history of hypertensive disease in pregnancy
Not present 31 (100) 118 (100)
Present 0.0 (0.0) 0.0 (0.0)
CNS
Normal 100 (31) 101 (85.59)
Abnormal 0.00 (0) 17 (14.41)
Hypertension
Mean SBP (mmHg) 117.84 + 4.7 152,61 + 9.58++*
Mean DBP (mmHg) 7742168 99.07 £ 7.36%F*

Notes: ***Denotes a significant difference is observed between the mean values of
systolic and diastolic blood pressure among controls and cases (P < 0.001). Controls
do not match the cases in terms of socioeconomic status.

Abbreviations: AKI, acute renal injury; ARF, acute renal failure; DBP, diastolic
blood pressure; SBP, systolic blood pressure; CNS, central nervous system.

Out of 142 cases of HPD, AKI was detected in 88 cases and
acute renal failure in 30 cases as per the KDIGO guidelines
(AKIN).’ Fifty cases (42.37%) of AKI stage I, 38 (32.2%)
cases of AKI stage I, and 30 (25.42%) cases of acute renal
failure were detected. After analysis within the groups (AKI
stages I and II and acute renal failure), it was observed that
the mean serum NGAL level was lowest in the control group
and highest in the acute renal failure group (Figure 1).

Figure 2 shows correlation coefficient of serum NGAL
with various parameters. When we pooled data, serum
NGAL had a positive correlation with systolic blood pres-
sure (r~0.36), diastolic blood pressure (r~0.37), and with
serum creatinine (r~0.4). It also had a positive correlation
with serum lactate dehydrogenase (LDH) (r~0.32), serum
bilirubin (r~0.32), and liver enzymes. Serum NGAL had a
negative correlation with the birth weight of the baby and
with urine output (Table 2).

The mean serum NGAL level in controls without pro-
teinuria was 294.61 * 356.2 pg/mL. The maximum mean
serum NGAL level was observed when proteinuria was
between 3 and 5 g/24 hours with all grades of AKI and acute
renal failure. This finding suggests that serum NGAL has a
positive association with increasing proteinuria. The differ-
ence between the mean serum NGAL levels between cases
and controls was statistically significant in all grades of AKI
and acute renal failure (P < 0.0001) (Table 2).

Within the cases (pooled data), there was a significant
positive correlation between the values of serum NGAL and
serum creatinine (y = 1.56 + 0.00007*x, r=0.4) (P < 0.01)
(Figure 3). In the control group, there was a negative
correlation between serum NGAL and serum creatinine
(y =0.6-0.00003%, » = 0.06) (Figures 3 and 4).

Table 2 Association between proteinuria and serum neutrophil
gelatinase-associated lipocalin levels

Proteinuria AKI stage | AKI stage Il ARF
S. NGAL S. NGAL S. NGAL
(pg/mL) (pg/mL) (pg/mL)

Nil 29461 = 29461 = 29461
356.20 356.20 356.20

=0.3 g/24 hours 3799.88 + 4821.82 + 1245.0 +
3504.37 4465.93 0.0

=2 g/24 hours 4844.19 + 11176.63 + 10798.79 +
5137.57 3761.05 2916.01

=3-5 g/24 hours 11343.0 + 12175.95 + 12106.38 +
3316.24 2944.55 3325.28

P-value <0.001 <0.001 <0.001

Note: The comparisons between the different categories have been done using the
Kruskal-Wallis test (nonparametric analog of analysis of variance).
Abbreviations: AKI, acute kidney injury; ARF, acute renal failure; S. NGAL, serum
neutrophil gelatinase-associated lipocalin.
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Figure | Association between mean values of serum neutrophil gelatinase-
associated lipocalin with various grades of acute kidney injury.

Note: Grade I taken as acute renal failure.

Abbreviation: NGAL, neutrophil gelatinase-associated lipocalin.

Discussion

Immediately after AKI, blood urea and serum creati-
nine may be normal and the only sign may be decreased
urine output.!’ At the same time, the degree of oliguria
does not necessarily correlate with the severity of injury.
AKI can occur without affecting urine output, which is
classified as oliguric or nonoliguric, and it has a prognostic
value rather than a diagnostic indication.!>? A commonly
used marker for kidney injury is serum creatinine but it is
slow, insensitive, and is not able to detect subtle injuries.
Markers that help to identify kidney injury earlier than
changes in serum creatinine are needed that can predict
clinical outcomes and efficacy of therapy, and where the
results are available while damage is reversible.!® Effec-
tive, preventive, and therapeutic measures are available,
but diagnosis of AKI is frequently delayed due to lack of
early predictive biomarkers. One promising candidate is
NGAL that is highly accumulated in blood and urine after
nephrotoxic and ischemic insult.
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Figure 2 Scatter diagram showing correlation coefficients of neutrophil gelatinase-
associated lipocalin with various parameters in pooled data.

Abbreviations: DBP, diastolic blood pressure; LDH, lactate dehydrogenase; SBP,
systolic blood pressure; Hb, hemoglobin; SGPT, serum glutamic pyruvic transaminase;
SGOT, serum glutamic oxaloacetic transaminase; Baby wt, baby weight, Urine otpt,
urine output; NGAL, neutrophil gelatinase-associated lipocalin.

In our study, the mean serum NGAL levels were
significantly increasing with increasing grades of AKI, and
almost two- to five-fold increase in serum NGAL was found.
Acute renal failure was found in 25.42% cases of HDP
according to the definition of KDIGO 2011 (AKIN),’ where
as others'?® reported AKI in 20.76%.'* Usually, studies report
AKI in HDP when patients are referred with diagnosis of
acute renal failure needing renal replacement therapy (AKI
Stage Il/acute renal failure). In our study, AKI stage I was
found in 42.37% of cases and AKI stage Il in 32.2% of cases.
Similarly, an Indian study reported pregnancy related acute
kidney injury in preeclampsia 30.5%. This high incidence of
AKI in the HDP'* group may be due to late referral of cases
when renal damage has already occurred. In our study, there
were 30 (25.42%) cases of acute renal failure, not only due to
HDP. These cases also had other complications like abruption
(13 cases), postpartum hemorrhage (four cases), septicemia
(eleven cases), jaundice (one case), and pancreatitis (one
case). Acute kidney injury stages I and II are often missed, so
are often not reported, and the patient is not referred until a
late stage (ARF when renal replacement therapy is required).
However, a previous study shows that NGAL failed to reliably
predict changes in serum creatinine, even though its predictive
value improved with increasing AKI severity.'®

HDP comprises preeclampsia and eclampsia. The
former is a multisystem disorder of unknown etiology
that affects 4%—5% of pregnancies.'®!” The incidence of
eclampsia is 0.3%-9%, and it has a maternal mortality
rate of 0.5%-10%."® In our study, other findings of note
were the positive correlation between serum NGAL and
covariates, such as systolic and diastolic blood pressure
and proteinuria. These direct correlations may be a conse-
quence of endothelial dysfunction, on which hypertension
and proteinuria probably depend. It has been suggested that
an increase in circulating NGAL may be a consequence of
leukocyte derived inflammatory activity and endothelial
activation, and both of these pathophysiological aspects are
involved in HDP." This would fit with inflammatory and
endothelial damage as the central cause in the pathophysiol-
ogy of preeclampsia, and this can be present in both early
and late onset preeclampsia.'

In our study, it was observed that 23.07% of patients in
the severe preeclampsia group and 20% of patients in the
eclampsia group had 24 hour urine output less than 400 mL.
The mean serum NGAL in these patients was 10593.80 +
25200 pg/mL, whereas the mean serum NGAL in patients
with urine output more than 400 mL/24 hours was 5545.35 +
5457.6 pg/mL. There was a significant difference between the
two groups (P =0.001). There are no studies demonstrating
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Figure 3 Scatter plot of serum creatinine versus neutrophil gelatinase-associated lipocalin cases (pooled data).
Notes: There is a significant positive correlation between values of neutrophil gelatinase-associated lipocalin and creatinine. Increases in the values of neutrophil gelatinase-

associated lipocalin result in increases in the values of creatinine.
Abbreviation: NGAL, neutrophil gelatinase-associated lipocalin.

direct correlation between serum NGAL with 24 hour urine
output in preeclampsia and eclampsia.

In HPD, usually we measure disease severity with protei-
nuria but there is no method of measuring proteinuria 100%
reliably. Secondly, when 24 hour protein excretion exceeds
300 mg/day, fetal outcomes are generally worse than in preg-
nancies where there is less proteinuria.” Thus, we studied the
novel marker NGAL in HPD to understand the association

between proteinuria and NGAL. In our study, not only was an
association between proteinuria with disease severity found,
but also a positive association was observed between serum
NGAL and proteinuria. Similarly, another study has reported
positive correlation between serum NGAL and proteinuria
(7~0.59) in patients with preeclampsia.?!

A study? has reported there was a positive correlation
between NGAL and proteinuria in pregnancies complicated by
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Figure 4 Scatter plot of serum creatinine versus neutrophil gelatinase-associated lipocalin (control).
Notes: There is a negative correlation between values of neutrophil gelatinase-associated lipocalin and serum creatinine. Increases in the values of NGAL result in decreases

in the values of serum creatinine.
Abbreviation: NGAL, neutrophil gelatinase-associated lipocalin.
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preclampsia, this might be confirmed the association between
NGAL and renal dysfunction.”? This data may be in agreement
with recent evidence in the literature on urinary and plasma
NGAL as an early marker of renal damage. Therefore, we
conclude that endothelial damage may be present from the
first trimester of pregnancies only, which were subsequently
complicated by preeclampsia. These data may be of interest
because our HDP cases were almost all late onset; conse-
quently, it seems that also in milder types of preeclampsia
there is early endothelial dysfunction that reaches a peak in
the second half of pregnancy.

In our study, a significant difference was observed between
the mean value of serum NGAL in the control group and AKI
stages [ and IT and acute renal failure and an increasing trend was
observed when moving from the control group to various grades
of AKI. NGAL was found to be significantly correlated with cre-
atinine in the cases with the value of the correlation coefficient
being 0.4. In view of the results, NGAL is a sensitive indicator
of AKI and it has correlation with various parameters.

Conclusion

The positive correlation between serum NGAL and systolic
blood pressure, diastolic blood pressure, serum creatinine, and
proteinuria highlighted in this study may confirm the associa-
tion between NGAL and renal dysfunction. These direct cor-
relations may be a consequence of endothelial dysfunction on
which hypertension and proteinuria probably depend. NGAL
was found to be significantly correlated with creatinine in the
cases with the value of correlation coefficient being 0.4. Our
study showed that NGAL is a sensitive indicator of AKI and
is positively correlated with various parameters.
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