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Background and Aims: Oliguric acute kidney injury (AKI), commonly attributed to a more severe degree of renal injury, is associated
with poorer prognosis than nonoliguric form. The aim of this study was to determine the effect of furosemide therapy on kidney function
and on the level of neutrophil gelatinase-associated lipocalin (NGAL) in critically hospitalized patients in the Intensive Care Unit (ICU).
Materials and Methods: In this randomized controlled trial, 106 ICU patients with AKI were assigned into furosemide and control groups.
In furosemide group, 40—80 mg of intravenous furosemide was administrated, followed by 1-5 mg/h furosemide infusion. In control group,
patients received standard treatment. Serum and urinary NGAL were measured on the 1%, 3%, and 7" days of the study. Results: The results of
this study indicated that during the study, serum blood urea nitrogen levels of patients increased in both groups; this, however, was significant
only in the control group (P = 0.009). Both plasma and urine NGAL decreased significantly (P < 0.05) in both groups. The findings of 28-day
mortality follow-up revealed that 20% and 28% of patients died in the furosemide and the control groups, respectively. Conclusions: NGAL
was not found to reflect any positive or negative effects of Furosemide in patients with AKI.
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INTRODUCTION patients, volume overload means that these patients depend
on more volume to keep their hemodynamics stable. On the
other hand, volume overload is a marker of organ damage and
increased mortality."! Furosemide is used routinely in AKLL!
but some studies showed that it is ineffective in reducing the
rate of acute tubular necrosis.[*! In contrast, some other studies
have suggested that furosemide is not only ineffective in fixed
AKI," but also could increase mortality.® On the other hand,
loop diuretics could reduce metabolic demands and oxygen
consumption of kidney tubular cells and protect kidney
throughout ischemia.l”? Diuretics also increase renal blood

Acute kidney injury (AKI) is defined as a sudden and
continuous decrease in glomerular filtration rate (GFR) which
results in accumulation of urea and other toxins in blood. AKI
is classified based on AKI Network or risk, injury, failure,
loss, end-stage (RIFLE) classification into three groups
(1/at risk, 2/injury, 3/failure).l Oliguric AKI is correlated
with kidney injury and is accompanied by further degrees of
injury compared to nonoliguric AKI.! Aiming at volume status
control, physicians try to use diuretics to convert oliguric AKI
to nonoliguric AKI which is associated with lower mortality
rate. Response to diuretic therapy during AKI is equal to less
severity of disease and some studies showed that diuretic Address for correspondence: Prof. Ata Mahmoodpoor,
usage could not only reduce the mortality but also might General ICU, Shohada Hosp{tal, Golgasht Street, Tabriz, Iran.
result in higher mortality rates.>’! Relation between volume SUEIRE I D (G T
status and kidney injury is complicated as in critically ill
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flow through inhibition of prostaglandine dehydrogenase.!'”!
In a meta-analysis, it was shown that furosemide is ineffective
in prevention of AKI, but could reduce volume overload and
reduce mechanical ventilation period in hemodynamically
stable patients.['” Furosemide facilitates excretion of
electrolytes and toxins and results in improved acid-base status
and electrolyte imbalance.!'' Recently, new biomarkers
have been developed for early detection of AKI the two
most important of which are neutrophil gelatinase-associated
lipocalin (NGAL) and cystatin C. Based on newer studies,
cystatin C is of no significant importance in AKL[" NGAL
is secreted from nephron and its level increases 48 h before
increase in serum or urine creatinine (Cr) levels!' turning them
to useful biomarkers for early detection of AKI, especially in
postcardiac surgeries, radiocontrast exposure, and Pediatric
Intensive Care Unit (ICU) patients.'>!] However, serum
NGAL is a highly sensitive yet nonspecific marker for AKI
in septic patients,!'”! so there are many challenges in diagnosis
and treatment of AKI patients. The aim of this study was
to evaluate the effect of adding furosemide in oliguric AKI
patients on the levels of biomarkers presented kidney function
to find any benefits in attempt to convert oliguric AKI patients
to nonoliguric ones.

MareriaLs AND MEeTHODS

After obtaining ethics approval, 106 patients were enrolled
in this randomized clinical trial. Informed written consent
was obtained from patients or their surrogates from August
2012 to October 2014 in ICU of two university-affiliated
hospitals. We are planning a study of a continuous response
variable (plasma NGAL [pNGAL]) from independent control
and experimental (furosemide) individuals with 1 control(s)
per experimental individual. In a pilot study, the response
within each individual group was normally distributed with
standard deviation (SD) 53.98. The true difference in the
experimental and control means was 30 mg/l so we will
need to study 48 experimental individuals and 48 controls
to be able to reject the null hypothesis that the population
means of the experimental and control groups are equal with
probability (power) 0.8. The Type I error probability associated
with this test of this null hypothesis is 0.05. Individuals
were randomized into two groups using Internet-based
software (Trial registration number: IRCT201205092582N8).
During the study, two patients were died, three were ineligible
after enrolment and one declined to participate, so the final
analysis was performed on 100 patients.

Definition of acute kidney injury

AKI was defined using urine output and Cr criteria of the
RIFLE classification.["¥! Patients were included in the study
if their Cr rose to more than 150%-300% or urine output
decreased to <0.5 cc/kg/h for 12 h or more. Exclusion criteria
were previous history of AKI, renal replacement therapy, renal
transplantation, urinary system obstruction, previous history
of diuretic use, alkalosis, or hypovolemia.

Study procedure

We used furosemide in oliguric critically ill patients. In the
intervention group (F), patients received furosemide 40—-80 mg
IV bolus (based on mean blood pressure and volume status of
patients) and then received furosemide with an infusion dose
of 1-5 mg/h. This dose was titrated based on urine output of
more than 0.5 ml/kg/h. In the control group (C), patients did not
receive any diuretic. We injected furosemide based on patients
mean arterial pressure (MAP) and volume status. We tried to
keep the central venous pressure (CVP) more than 10 mmHg,
and we optimized the patients volume of status to reach the
target CVP before furosemide injection. In MAP >65 mmHg
or CVP <15, we used 40 mg furosemide but if MAP was more
than 65 mmHg and CVP was more than 15 we injected 80 mg
furosemide. Infusion was started with 1 mg/h in all patients
and adjusted based on response till 5 mg/h. Drugs with kidney
clearance were adjusted and nephrotoxic drugs discontinued in
all patients if possible. We used norepinephrine as vasopressor
in our patients if they require vasopressor. Demographic
data and electrolytes were noted for all patients. Urinary and
serum NGAL were assayed for all patients on 1%, 3" and
7" day of the study. Plasma Cr was assayed with enzymatic
photometric method. Urinary enzymes were assayed with
Vitros 250 analyzer. GFR was calculated using Cockcroft-Gault
formula. NGAL was assessed by enzyme-linked immunosorbent
assay with a commercial kit (BioVendor, Prague, Czech). Blood
and urinary samples were taken on 1%, 3%, and 7" day from
patients. Samples were centrifuged for 10 min at 3000 r/min and
frozen in —80°C until data analysis. Serum and urine samples
were diluted 30 and 10 times with buffer dilution just before
the assay, respectively. The aim of our study was to evaluate
kidney biomarkers (blood urea nitrogen [BUN], Cr, pNGAL,
urine NGAL [uNGAL]) in AKI patients. During the study,
patients were followed and if they developed the following signs
or symptoms renal replacement therapy was started: Volume
overload resistant to medical therapy, severe acidosis resistant
to medical treatment, severe electrolyte imbalance resistant to
treatment, uremic signs or symptoms, and progressive azotemia
in the absence of uremia.

Statistical analysis

Continuous and categorical data were compared between two
groups with Student’s #-test and Chi-square test, respectively.
Repeated measurement analysis of variance was used to
compare differences in evaluated biomarkers between
and within two groups during sequential measured times.
Greenhouse-Geisser test was used when Mauchly’s test of
sphericity was significant to test the significant changes of
biomarkers within each group. All data were presented as
mean + SD. P < 0.05 was considered statistically significant.

ResuLts

Table 1 presents clinical characteristics of patients. Most
patients had neurologic manifestations. Higher levels of Acute
Physiology and Chronic Health Evaluation and Sequential

.Indian Journal of Critical Care Medicine | Volume 21 | Issue 7 | July 2017

Page no. 33



Hamishehkar, et al.: Effect of furosemide on NGAL level in AKI

Table 1: Baseline demographics information of patients

AKl treated  AKI treated P
with without
furosemide  furosemide
(n=50) (n=50)
Age 64.8+11.3 61.2+11.2 0.12
Male 34 (68) 30 (60) 0.41
Admission diagnosis 0.89
Neurologic 17 (34) 20 (40)
Cardiovascular 4(8) 2(4)
Trauma 7(14) 8 (16)
Pulmonary emboli 10 (20) 10 (20)
Sepsis 12 (24) 10 (20)
APACHE I 23.8+5.8 24.6+4.8 0.45
SOFA 11.68+2.89 12.08+2.43 0.59
CVP (cmH,0) 13.8+3.8 14.5+3.9 0.35
Use of vasopressors 18 (36) 26 (52) 0.10
ICU mortality 10 (20) 14 (28) 0.35
Mechanical ventilation 32 (64) 28 (56) 0.25
RIFLE category at enrolment 0.63
Risk 26 (52) 24 (48)
Injury 14 (28) 16 (32)
Failure 10 (20) 10 (20)

Data are presented as mean+SD or n (%). APACHE: Acute Physiology
and Chronic Health Evaluation; SOFA: Sequential Organ Failure
Assessment; CVP: Central venous pressure; ICU: Intensive Care Unit;
RIFLE: Risk, injury, failure, loss, end-stage; SD: Standard deviation;
AKI: Acute kidney injury

Organ Failure Assessment scores indicate that patients with
critically ill conditions were enrolled in this study. Number
of patients with CVP more than 15 mmHg in Group C were
15 versus 17 patients in Group F. More than 50% of patients
were mechanically ventilated. There were not significant
differences in stages of RIFLE criteria between two groups.
Nearly, 50% of patients were in at-risk stage of RIFL criteria.
Mean urine volume in Group F was 2450 + 235 ml vs
427 £ 36 ml in Group C (P < 0.05). Fluid balance between
two groups did not have any significant different. Group F
was associated with lower level of Cr and pNGAL but higher
level of BUN at enrolment compared to the Group C [Table 2].
Significant differences were observed in trends of Cr and
PNGAL between two groups during 7 days (P < 0.05)
[Figures 1 and 2]. The values of Cr and pNGAL were
higher in Group C comparing with Group F in only 1% day
and 1% and 3™ days, respectively [Table 2]. No significant
differences were found in uNGAL (urine), BUN trends of
changes during measured times between two groups (P> 0.05)
[Figures 1 and 2]. pNGAL and uNGAL values decreased
during time in both groups (P < 0.05). Changes in trends
of BUN during measured times were incremental in both
groups (P <0.05). The Cr values were not changed significantly
during time within Groups F and C (P =0.053 and P=0.077,
respectively). No significant difference was found in CRRT
requirement between two groups (P> 0.05). Twenty-eight days
mortality was 20% and 28% in Groups F and C, respectively;
the difference was not significant between two groups.
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Figure 1: Changes in plasma concentration of uNGAL and pNGAL for
Furosemide vs. control group by day. Open circles, Furosemide group;
Solid Square, control group. This figure shows that trend of change in
UNGAL during 7 days is not significantly different in both group (P > 0.05).
Trend of pNGAL is significantly lower in Furosemide group comparing with
control. *P<0.05 for difference between pNGAL in Furosemide versus
control group in first and third days after development of AKI

Discussion

Our study results revealed that furosemide does not have
any positive effect on AKI phase biomarkers in critically ill
patients admitted to ICU. Because of higher level of p)NGAL
and Cr in Group C and decreasing pattern of them in both
groups, it seems that lower trends of pNGAL and Cr in
Group F comparing with Group C do not show the efficacy of
furosemide. Decrease in urinary volume is the first indicator
of AKI. Recent evidence suggests that instead of a single
mechanism being responsible for AKI cause, critical illness is
associated with an entire orchestra of involving factors such
as cellular mechanisms, adaptive and maladaptive, which
potentiate each other and ultimately give rise to clinical
AKI. Hence, based on this complex pathophysiology, many
patients with different pathologies could develop AKI. Our
study population was almost heterogeneous and consists of
surgical and medical patients with different conditions which
developed AKI. Given the complexity of the pathogenesis of
AKI, it may be naive to expect that therapeutic interventions
would have significant success on outcome of these patients.
Bagshaw et al. showed that almost 70% of physicians used
loop diuretics at different stages/types of AKI which could
be explained by the assumptive subsidence in AKI following
diuresis establishment by diuretics administration.!'” Our study
revealed that no noticeable progress could be observed in AKI
phase biomarkers which indicate recovery of renal function or
decreasing in mortality following loop diuretic administration
in the critically ill patients with AKI; these were in line with
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Table 2: Summary of baseline physiology and laboratory
values

AKI treated AKIl treated P
with without
furosemide furosemide
(n=50) (n=50)

Creatinine (mg/dl)

1% day 2.6+0.5 2.8+0.3 0.04

31 day 2.8+0.9 3.2+1.2 0.14

7% day 2.6+1.1 3.1+1.7 0.055
BUN (mg/dl)

15 day 46.3+9.9 41.745.7 0.01

3 day 57+20.6 54.4+18.3 0.49

7™ day 57.2434.4 58.84+32.5 0.81
Urine NGAL (ng/ml)

15 day 63.3£9.9 60.7+9.6 0.19

34 day 52.7+20.5 53.6+17.2 0.82

7™ day 41.1427.5 45.6+28.3 0.42
Plasma NGAL (ng/ml)

15 day 114.2+26.6 131422.9 0.00

34 day 110.3+31.4 124.4+35.9 0.04

7™ day 93.1450.1 111+47.4 0.07

NGAL: Neutrophil gelatinase-associated lipocalin; BUN: Blood urea
nitrogen; AKI: Acute kidney injury

the results of the previous studies.?*?!) Meta-analysis studies
confirm that administration of loop diuretics in established
AKI not only does not amend outcomes but also could be
associated with increased risk of complications including
hearing loss.['"??! Furthermore, an international cohort study
suggested that diuretic administration resulted in increased
mortality in established AKI; nevertheless, this was never
approved by other similar studies.”*!'” Diuretic administration
did not lead to any significant complication or mortality in
our study. In experimental models of AKI, loop diuretics
decrease the severity of renal injury.”*! Two main reasons were
posed; (1) Diuresis, potentially washing out obstructing cellular
debris and casts (2) Loop diuretics reduce the activity of NaCl
transporters in the thick ascending limb of the loop of Henle
and also maybe the terminal (S3) segment of the proximal
tubule which lead to decreasing in energy consumption (by as
much as 45%). It may protect the tubular cells in the face of a
decrease in energy delivery.?**! Patients in diuretic group had
lower mortality rate compared to control group which was not
significant. This difference might be due to positive effects of
furosemide on electrolyte imbalance especially hypokalemia,
correction of acidosis and volume status of these patients.
Furthermore, based on biomarker values in both groups of our
study, the patients were given furosemide had not had worse
profile of AKI phase biomarkers comparing with others. This
may be explained by the fact that the incidence of established
AKI in our patients was low and most of our patients were in
RIFLE stages of 1 or 2. Despite this, primary and secondary
outcomes of patients in two groups were the same which could
have been due to the complexity and heterogeneity of AKI
pathogenesis and the fact that variables mechanisms including
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Figure 2: Changes in plasma concentration of Cr and BUN for Furosemide
vs. control group by day. Open circles, Furosemide group; Solid Square,
control group. This figure shows that only trend of Cr is significantly
lower in Furosemide group comparing with control. *P < 0.05 for
difference between Cr in Furosemide versus control group in first day
after development of AKI

inflammation, coagulation, ischemia, toxins, and activation of
Na/K/Cl cotransport in kidney are involved. Hence, to achieve
a proper kidney function the mentioned criteria should be
optimized.

Recently, NGAL has been suggested to be an appropriate
correlation with kidney damage and therefore creating the
hope for assistance in both early diagnosis and treatment.?%!
Bagshaw et al. reported that pPNGAL had an area under the
receiver operating curve (ROC) curve of 0.71 (95% confidence
interval [CI], 0.55-0.88) for predicting AKI progression and
0f 0.78 (95% CI, 0.61-0.95) for the need to renal replacement
therapy.?”) Cruz et al. reported an area under the ROC
curve of 0.82 (95% CI, 0.7-0.95) for predicting the use of
renal replacement therapy.® Nickolas et al. reported that
uNGAL remained low in patients admitted to the emergency
department with prerenal azotemia versus AKI.*’! Recent
studies have demonstrated that following renal injury, UNGAL
is upregulated early (within 2 h) in a dose-dependent manner.")
Moreover, uNGAL and pNGAL increase in the AKI children
following cardiac surgery.®! Therefore, NGAL might be
of appropriate diagnostic value for the later occurrence of
elevated Cr values in AKI. Similar accuracy of plasma and
urinary NGAL was confirmed in a meta-analysis; whereas,
uNGAL may be even superior in patients with chronic kidney
diseases.*? Different studies showed that uNGAL is a better
diagnostic marker compared to pNGAL for AKI. In the present
study, there was not any difference between two groups
regarding uNGAL which is an indicator for lack of efficacy
of furosemide in AKI.?
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Limitation

Our study was performed in only two hospitals with surgical
ICUs; therefore, expansion of the results to all critical ill
patients is not recommended. In addition, we did not follow-up
patients for long term to evaluate the exact effect of our
intervention on kidney function. Furthermore, KIM-1 and
other markers of kidney injury were not assayed in our study
due to funding limitations. The results of this study indicated
that treatment with furosemide did not have a significant effect
on markers of kidney function such as BUN/Cr and NGAL.
Mortality of patients in furosemide group is lower than control
group but did not have a significant difference.

Furosemide did not have significant positive or negative
effect on kidney function and mortality of patients with
AKI. This might be explained by complex pathology of
AKI which includes many patholophysiologic insults. As
these mechanisms are closely interlinked with each other,
modulating one of these components simultaneously alter
other components. Hence, furosemide as a single intervention
is unlikely contributes to increased survival and management of
these patients, should consist of global patient evaluation, early
targeted treatment, continuous monitoring, and appropriate
supportive care.

CoNCLUSIONS

Furosemide has no harmful effects on kidney function in AKI
patients, so we might use it for the management of patients
with AKI. It is believed that pNGAL and uNGAL both are
suitable markers for kidney function. However in this study
NGAL was not found to reflect any positive or negative effects
of Furosemide in patients with AKI.
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