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Introduction: Acute renal dysfunction is a common complication of cardiac surgery. Furose-
mide is used in prevention, or treatment, of acute renal dysfunction. This study was conducted to
evaluate the protective effects of intra- and early postoperative furosemide infusion on preventing
acute renal dysfunction in elective adult cardiac surgery.

Methods: Eighty-one patients, candidates of elective cardiac surgery, were enrolled in this
study in either the furosemide (n=41) or placebo (n=40) group. Furosemide (2 mg/h) or 0.9%
saline was administered and continued up to 12 hours postoperatively. We measured serum
creatinine (Scr) at preoperative and on the second and fifth postoperative days. Then calculated
estimated glomerular filtration rate (¢GFR) at these times. An increase in Scr of >0.5 mg/dL and/
or >25%-50%, compared to preoperative values, was considered as acute kidney injury (AKI).
In contrast, an increase in Scr by >50% and/or the need for hemodialysis was regarded as acute
renal failure (ARF). At the end we compared the AKI or ARF incidence between the two groups.
Results: On the second and fifth postoperative days, Scr was lower, and the eGFR was higher
in the furosemide group. AKI incidence was similar in the two groups (11 vs 12 cases; P-value
0.622); however, ARF rate was lower in furosemide group (1 vs 6 cases; P-value 0.044). During
the study period, Scr was more stable in the furosemide group, however in the placebo group,
Scr initially increased and then decreased to its preoperative value after a few days.
Conclusion: This study showed that intra- and early postoperative furosemide infusion has
a renal protective effect in adult cardiac surgery with cardiopulmonary bypass. Although this
protective effect cannot be discovered in mild renal dysfunctions, it apparently reduces the rate
of the more severe renal dysfunctions. A more multidisciplinary strategy may be needed in
reducing the milder renal damage.

Keywords: furosemide, postoperative acute kidney injury, postoperative acute renal failure,
cardiac surgery, cardiopulmonary bypass

Introduction

Acute renal dysfunction occurs in up to 30% of the patients undergoing cardiac sur-
gery."? Renal failure requiring hemodialysis may arise in up to 1% of all patients. The
development of postoperative acute renal failure (ARF) is independently associated
with very high morbidity and mortality.> It was also reported that mild renal injury
might also increase postoperative complications and mortality.'® No universal defini-
tion method has been established thus far for classifying renal dysfunction. RIFLE
(Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease) clas-
sification has been employed since 2004,” however, owing to a number of difficulties
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RIFLE classification was dealing with, the modern Acute
Kidney Injury Network (AKIN) classification method was
introduced in 2007.% Based on AKIN criteria, postoperative
renal damage is classified in three stages: stage 1 is when
postoperative serum creatinine (PScr) rises up to 1.5-fold or
>0.3 mg/dL; stage 2 is when PScr rises up to 2-fold; stage 3
is when PScr rises up to 3-fold or 20.5 mg/dL if the baseline
Scr>4.0 mg/dL. Patients receiving renal replacement therapy
are considered to have met stage 3 criteria, irrespective of
the stage in which they are.’

Diagnosis of acute kidney injury (AKI) requires an
easily-measured criteria that can be widely applied to
clinical practice. Several groups are working on devel-
oping valid biomarkers of kidney injury, which may be
used in the future for diagnosis and prognosis of AKI;
currently, however, there is not any sensitive or specific
biomarker for kidney injury in clinical practice. Scr lev-
els and changes in urine output are the most commonly
applied measures of renal function.!®!' According to AKIN
criteria, diagnostic criteria for acute kidney injury is cur-
rently defined as an absolute increase in Scr by >0.3 mg/
dL, a percentage increase in Scr of >250% (1.5-fold from
baseline), or a reduction in urine output (<0.5 mL/kg per
hour for more than 6 hours). Recently, AKI and ARF
terms have been commonly used for defining postopera-
tive renal dysfunction. There is a common consensus that
AKI increases the creatinine level more than 0.5 mg/dL
or >25% of its preoperative level early postoperatively, fur-
thermore, ARF is diagnosed when creatinine is boosted by
50—-100%, or there is a need for artificial renal modalities.*

Many hemodynamic, inflammatory, and nephrotoxic fac-
tors are involved in the pathogenesis of the acute postoperative
renal failure. Cardiopulmonary bypass (CPB) is a physiological
extreme causing hemodynamic instability and inflammatory
stimulation. Clinical studies have identified numerous risk
factors involved in CPB, which induce renal injury, and have
demonstrated strategies for renal protection; however, there
is not any single strategy for renal protection. Similar to any
other organ, the main key in renal protection is manipulating
the supply/demand equation, ie, decreasing demand in paral-
lel with increasing kidney supply. Many investigations have
studied the factors possibly contributing to supply/demand
equation. Theoretically, loop diuretics such as furosemide may
be renal-protective by decreasing the energy/oxygen demand in
kidneys (by blocking the K/Na/2Cl cotransporter process in the
ascending limb of the loop of Henle). Nuutinen and Tuononen'?
reported that the prophylactic use of furosemide infusion had
a beneficial impact on renal function in cardiac surgery, other

studies, however, could not support this finding.*"* Only a
few studies supported the efficiency of furosemide, and some
evidence has even indicated its disadvantages.>'*'* In a double-
blind, randomized, controlled trial, Lassnigg et al> reported that
furosemide might even potentiate renal dysfunction after car-
diac surgery. Recently, in a single-blind, randomized, controlled
trial in patients who had undergone elective coronary artery
bypass grafting (CABG) using CPB, Bayat et al'® reported
that compared to placebo or fixed-dose furosemide groups,
intermittent furosemide administration method may cause
detrimental renal effects. In the present study, we investigated
the renal protective effects of the intraoperative furosemide
continuous infusion on adult patients undergoing open heart
surgery using CPB.

Materials and methods
Type of study and patients

This study was a double-blind, randomized, clinical trial,
registered in the Iranian Registry of Clinical Trials with
registration number of IRCT138706091127N1 (www.irct.ir).
The sampling was performed through consecutive sampling
method. Regarding the wide range and high prevalence of
the AKI after on-pump cardiac surgery (1-30%), the aver-
age prevalence of 15%, the study strength of 0.8, and the
confidence level of 0.95%, the sample size was calculated
at 38 patients for each group. Considering a 10% loss of
follow-up rate, we planned to study 82 patients in furosemide
(n=41) and placebo (n=41) groups.

Inclusion and exclusion criteria

All the patients, who over 18 years old and were candidates
for elective cardiac surgery using CPB in Tabriz University
of Medical Sciences Hospital (Tabriz, Iran), qualified to be
included in this study.

Patients with the following were not permitted to partici-
pate in the study: emergency or redo surgeries; preoperative
Scr level of >1.5 mg/dL; any previous non-cardiac diseases
(diabetes mellitus, respiratory, neurologic, etc); patients who
had been exposed to intravenous radiocontrast media during
the previous week; left ventricle ejection fraction of <0.4;
history of unstable hemodynamic in the previous month;
preoperative anemia (hemoglobin <10 g/dL); patients who
had received any extra doses of furosemide pre-, intra-, or
postoperatively.

Study design
In order to investigate the effect of intraoperative furosemide
infusion on renal protection from CPB-induced damage, we
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studied 82 adult patients who were candidates for elective
cardiac surgery using CPB. The study was conducted in
a 6-month period from May to November 2014. Written
informed consent was obtained from all of the patients to
participate in this study. The patients were allocated into
either the furosemide (n=41) or the placebo (n=41) group,
according to a randomization list that was prepared, using
online software at a 1:1 ratio. The list was coded (A or B)
and preprinted in sealed envelope packets. All except one of
the authors were blinded to the treatment solution for every
patient during the study. For all the patients, the blood urea
nitrogen (BUN) and creatinine concentrations were measured
on the day before as well as the morning of the operation
day, and the average values were calculated. Preoperative
estimated glomerular filtration rate (eGFR) was calculated
through the Cockcroft-Gault formula. Premedication was
performed, using oral diazepam (10 mg) and intramuscular
morphine (0.1 mg/kg) plus promethazine (0.5 mg/kg). Anes-
thesia was induced with 5-7 pg/kg of fentanyl, 10-15 pg/kg
of midazolam, and 0.15 pg/kg of cisatracurium and was
maintained with the infusion of 5-10 pg/kg/h of fentanyl,
10 pg/kg/h of midazolam, and 100ug/kg/h of cisatracurium.
In all of the patients, temperature, invasive arterial blood
and central venous pressure monitoring, end-tidal capnog-
raphy, pulse oximetry, electrocardiogram monitoring, and
arterial blood gas analysis were performed intra- and post-
operatively. Anesthesia, CPB, and surgery were managed as
routine local practice and without any special intervention.
After the induction of anesthesia, the responsible coworker
started the infusion of the treatment solution at the rate of
2 mL/h and continued up to 12 hours postoperatively. This
treatment solution contained 50 mg of furosemide in 50 mL
of saline 0.9% or pure saline 0.9% in furosemide or placebo
groups, respectively. At the end of the surgery, all patients
were transferred to the postcardiac surgery intensive care
unit (ICU), while they were still anesthetized and intubated,
and the monitoring was continuing in almost the same way
as the operation room. On the early morning of the second
and fifth postoperative days, Scr and BUN concentration were
measured, and eGFR was calculated again. An increase in Scr
of>0.5 mg/dL and/or >25%—50%, compared to preoperative
values, was considered as AKI. In contrast, an increase in
Scr of >50% and/or the need for hemodialysis was regarded
as ARF.

The collected data were as follows: demographics, intra-
and postoperative arterial and central venous blood pressure,
surgical, CPB, and aortic cross-clamp times, intraoperative
and first postoperative 24-hour urinary output, the data on

the needs for inotropic agents (for more than 60 minutes)
and diuretics, bleeding, complications, ventilator support,
ICU stay duration, and eGFR. At the end of the study, serum
BUN and creatinine, eGFR changes, AKI or ARF incidence,
and postoperative complications were compared between
the two groups.

Ethical considerations

This study was conducted after achieving the approval of the
Ethics Committee of Tabriz University of Medical Sciences,
providing the patients with a full explanation of the study,
as well as obtaining written informed consent to participate
in the study, and filling the consent form by the subjects.
The patients were allowed to leave the study at any point.
It must be noted that the consumption of different doses of
furosemide in this study was completely routine and had no
unusual adverse effects.

Statistical analysis

Statistical analysis was performed, using SPSS 16.0 (SPSS
Inc., Chicago, IL, USA). The data were presented by descrip-
tive methods (frequency, percentage, mean * standard devia-
tion). The categorical data were compared between the two
groups through chi-square test (Fisher’s exact test if n<5). The
normality of distribution was tested by Kolmogorov-Smirnov
test. In addition, the two independent-sample -test was
employed for comparing the parametric variables between the
two groups. The paired sample #-test was applied to analyze
the serum BUN and creatinine and eGFR changes in each
group. P-values less than 0.05 were considered statistically
significant.

Results

Of the 82 patients who enrolled in this study, one patient was
excluded from the study (because of problems in urine col-
lection), and the data obtained from 81 patients (41 patients
in the furosemide group and 40 patients in the placebo
group) were analyzed and compared between the two groups
(Figure 1). There were more male participants than female
ones (58% vs 42%).

Table 1 shows the demographic and preoperative char-
acteristics of the patients studied as furosemide and placebo
groups. As shown in Table 1, the two groups had the same
demographic data and distribution of the various types of
surgery. Preoperative left ventricular ejection fraction was
the same in both groups, and in general, the CABG surgery
was the most common type of surgery (66.6%). Preopera-
tive eGFR in furosemide and placebo groups was similar
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Patients enrolled to study (N=82)

Randomized

!

Furosemide group (n=41)

Patients excluded
from the study
(n=0)

Data analyzed
(n=41)

Figure | Flow diagram of the study.

Table | Demographic and preoperative characteristics of the
patients studied as furosemide and placebo groups

Variable Furosemide Placebo Total P-value

group group (N=81)

(n=41) (n=40)
Gender (M/F) 23/18 24/16 47/34 0.823
Age (years) 5295+ 11.85 56.75+12.14 54.83+12.07 0.158
Weight (kg) 72.63+12.63 74.32£13.40 73.47+£12.97 0.561
Height (cm) 162.98+11.20 162.65+9.63 162.82+10.40 0.885
BMI (kg/m?) 27.38+4.54  28.10+4.72 27.74+4.62  0.486
Left ventricular 0.50+0.07 0.49+0.06  0.49+0.06 0.554
ejection fraction
CABG 27 (65/9%) 27 (67.5%) 54 (66.6%) 0.368
VHS 13 (31.7%) Il (27.5%) 24 (29.6%)
Cardiac mass 1 (2.4%) 0 1 (1.2%)
PTE 0 2 (5%) 2 (2.5%)
Preoperative 1.15+0.23 1.11£0.21 1.13£0.22 0.380
serum creatinine
(mg/dL)
Preoperative BUN 18.9345.6 19.98+6.1 19.44+585  0.424
(mg/dL)
Preoperative eGFR 71.65+17.58  73.88+22.59 72.75+20.11 0.622

(mLU/min/1.73 m?)

Note: The values are presented as frequency (%) or mean =+ standard deviation.
Abbreviations: M, male; F, female, BMI, body mass index; CABG, coronary artery
bypass graftsurgery; VHS, valvular heartsurgery; PTE, pulmonary thromboembolectomy;
BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.

(71.65 £ 17.58 mL/min/1.73m? vs 73.88 £ 22.59 mL/min/
1.73m?), and preoperative serum creatinine (Scr) and BUN
concentrations were the same in both groups.

Table 2 presents the intra- and postoperative character-
istics of the studied patient groups. In 57 patients (70.37%),

}

Placebo group (n=41)

Patients excluded
from the study
(n=1)

Data analyzed
(n=40)

the surgery was performed with aortic crass clamping that
was similar in furosemide and placebo groups (68.3% vs
72.5%, P-value 0.432). Aortic crass clamp, CPB, and surgi-
cal duration were not different between groups. Mannitol
usage was the same in the two groups and was utilized in
72.8% of the patients during CPB. Intraoperative needs
for inotropic agents (for more than 60 minutes) and blood
products were the same in both groups. In the postopera-
tive period, the need for inotropic agents (for more than 60
minutes), blood products, ventilatory support, complication
rate, and ICU stay were the same in the two groups. Post-
operative complications were observed in six patients and
were atrial fibrillation (AF) (3 cases), myocardial infarction
(MI) (2 cases), and pulmonary edema (1 case). No patient
required additional diuretic therapy during intraoperative
or ICU stay period.

The urinary output at pre-, on, and postpump periods
or throughout the intra-operative period was the same in
both groups, however, on the first postoperative day, it
was significantly higher in the patients in the furosemide
group compared to the placebo group (2.25+0.66 ml/kg/h
vs 1.89+0.59 ml/kg/h, P-value 0.012). Data analysis of Scr,
BUN, and eGFR on the second and the fifth postoperative
days showed that compared to the patients in the placebo
group, postoperative Scr and eGFR were significantly lower
in the patients in the furosemide group, however, there was
no difference regarding the postoperative BUN between the
two groups. The rates of AKI and ARF incidence are given in
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Table 2 Intra- and postoperative characteristics of the patients studied as furosemide and placebo groups

Variable Furosemide Placebo group Total P-value
group (n=41) (n=40) (N=81)
Aortic cross clamping (yes/no) 28/13 29/11 57124 0.432
Aortic crass clamp duration (minutes) 76.39£40.51 61.31£29.98 68.72+30.04 0.115
Surgical duration (minutes) 336.59+64.32 326.26+75.40 331.48+69.77 0.508
CPB duration (minutes) 111.59+40.48 100.08+37.95 105.90+£39.43 0.191
Inotropic usage during surgery (>60 minutes) 19/22 1921 33/43 0917
(yes/no)
Mannitol usage during surgery (yes/no) 33/8 26/14 59/22 0.094
PRBC usage during surgery (yes/no) 26/15 24/16 50/31 0.752
FFP usage during surgery (yes/no) 29/12 32/8 61/20 0.333
Inotropic usage in ICU (>60 minutes) (yes/no) 22/19 18/22 40/41 0.436
PRBC usage in ICU (yes/no) 30/11 29/11 59/22 0.946
FFP usage in ICU (yes/no) 19/22 21/19 40/41 0.579
Ventilatory support (hours) 15.73£13.54 17.79+24.36 16.75£19.55 0.639
ICU stay time (day) 3.76x1.52 3.95+2.01 3.85%1.78 0.626
Postoperative complication (yes/no) 4/37 2/38 6/75 0.350
Urinary output Prepump period 2.94+2.01 2.62%1.73 2.78+1.87 0.448
(mL/kg/h) On-pump period 11.39+5.08 9.42+5.26 10.42+5.23 0.090
Postpump period 7.92+3.76 7.9614.86 7.94+4.30 0.965
Intraoperative period 6.8312.48 5.954+2.85 6.391+2.69 0.145
First 24 hours in ICU 2.25+0.66 1.891+0.59 2.07+0.65 0.012
Creatinine (mg/dL) Preoperative 1.15+£0.23 1.11£0.21 1.13+£0.22 0.380
Second ICU day 1.05+0.31 1.28+0.41 1.16+0.38 0.005
Fifth ICU day 1.05+0.25 1.24+0.40 1.14£0.34 0.014
BUN (mg/dL) Preoperative 18.93+5.6 19.98+6.1 19.44+5.85 0.424
Second ICU day 15.41+5.59 16.02+6.49 15.72+6.02 0.651
Fifth ICU day 15.15+5.84 16.25+5.68 15.69+5.75 0.391
eGFR Preoperative 71.65+17.58 73.88+22.59 72.75120.11 0.622
(mL/min/1.73m?) Second ICU day 83.97+26.88 69.43123.11 76.49+25.98 0.011
Fifth ICU day 8l1.11+24.61 65.99+20.33 73.65+23.71 0.004
AKI (yes/no) 11/30 12/28 23/58 0.472
ARF (yes/no) 1/40 6/34 7173 0.044

Note: Values are presented as mean = standard deviation.

Abbreviations: CPB, cardiopulmonary bypass; PRBC, packed red blood cells; FFP, fresh frozen plasma; AKI, acute kidney injury; ARF, acute renal failure; ICU, intensive care

unit; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen.

Table 2 and Figure 2. The rate of AKI incidence was almost
the same in both furosemide and placebo groups (11 cases
[26.8%] vs 12 cases [25%], respectively), however, the rate
of ARF incidence was higher in the placebo group (6 [15%]
cases vs 1 case [2.4%], P-value 0.044). None of the patients
required any kind of dialysis or renal replacement therapy
up to their discharge from the hospital.

The trend of changes in Scr concentration, BUN, eGFR
and hourly urinary output at various periods of the study are
demonstrated in Figure 3. Scr was stable in the furosemide
group during the study, however, it increased in the placebo
group on the second postoperative day and then retreated to
its preoperative value again on the fifth postoperative day.
Compared to preoperative value, BUN decreased in both
groups postoperatively. In spite of the furosemide group
(eGFR increased postoperatively), eGFR decreased in the

placebo group postoperatively in a progressive manner.
Table 3 depicts the postoperative AKI and ARF incidence
in relation to intra- and postoperative usage of inotropic

12 1

-
o

O Furosemide
M Placebo

Number of the patients
with ARF or AKI
[}

ARF AKI

Figure 2 The postoperative acute kidney injury (AKI) and acute renal failure (ARF)
incidence in the two groups. AKl incidence was statistically similar in the furosemide
and placebo groups, however, ARF incidence was higher in the placebo group.
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Figure 3 The changes in (A) serum creatinine concentration, (B) blood urea nitrogen (BUN), (C) estimated glomerular filtration rate (eGFR), and (D) hourly urinary

output, in various periods.

Table 3 Correlation between postoperative AKI or ARF incidence and perioperative inotropic agents (>60 minutes), blood products,

and mannitol usage in patients (N=81)

Variable Mannitol Inotropic usage = PRBC usage FFP usage Inotropic usage = PRBC usage FFP usage
during surgery during surgery  during surgery inICU in ICU in ICU

Yes No Yes No Yes No Yes No Yes No Yes No Yes No
AKI 18/41 517  11/27 12/31  14/36 922 19/42 4/16  10/30 13/28 18/41 5/17 13/27 10/31
(yes/no)
P-value 0.346 0.556 0.557 0.255 0.337 0.346 0.287
ARF 6/53 220  4/34 4/39 6/44 2129 7/54 17119 4/36 4/37 6/53 2/20  5/35 3/38
(yes/no)
P-value 0.626 0.572 0.343 0.363 0.630 0.626 0.342

Abbreviations: PRBC, packed red blood cells; FFP, fresh frozen plasma; ICU, intensive care unit; AKI, acute kidney injury; ARF, acute renal failure.

agents, blood products, and mannitol during CPB. There was
no correlation between renal complications and usage of the
inotropic agents, blood products, and mannitol.

Discussion

As in any major surgery, many factors may affect the postop-
erative renal function. In the present study, we tried to manage
these confounding factors. Data analysis showed that the two
groups had the same background properties (demographic
and preoperative characteristics). This may help to strengthen
the findings validity; however, many types of operation could
negatively affect the validity of the results. Since Nuutinen
and Tuononens’ study in 1976,' many other studies have
been performed to define the furosemide prophylactic or
therapeutic role in the renal injury of postcardiac surgery.
Nuutinen et al reported that prophylactic use of furosemide
infusion for more than 60 minutes had a beneficial effect on

renal function, however, this regime in a period shorter than
60 minutes may be harmful owing to the increased excretion
of water, sodium, and potassium. This may be related to the
severity of the stresses imposed on kidneys in cardiac surgery,
especially with CPB."* We used furosemide infusion for up
to 12 hours postoperatively, and our study supported the
furosemide renal protective effect occurrence. Intraoperative
diuretics induce diuresis, which possibly causes postoperative
hypovolemia and augments the postoperative renal dysfunc-
tion. It is a common practice for anesthesiologists to induce
diuresis and administer volume expanders liberally during
the perioperative period. Furosemide-induced diuresis can be
considered as a method to decrease kidney oxygen demand.
Compared to normal daily diuresis (1-1.5 mL/kg/h), intra-
and postoperative diuresis in our study were higher (up to
11.5 mL/kg/h). This furosemide-induced diuresis along with
liberal volume administration (maintaining kidney supply)
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may be the main reasons for furosemide renal protective
effect in our study. The dehydrated patients’ response to
furosemide may be blunted.!” Our study was performed on
patients with normal preoperative renal function, probably
they had enough renal reserve for carrying surgical stress.
This can account for the similarities in the majority of intra-
operative and postoperative patients’ properties (needs for
inotropic agents, blood products, ventilator support, compli-
cation rate, and ICU stay). The same AKI rate may point out
the fact that patients with normal renal function can easily
tolerate CPB-induced stress and do not require any extra
hemodynamic support, however, the higher ARF rate in the
placebo group may indicate that some patients with undefined
low preoperative renal reserve or complicated surgery may
need other renal protective modalities such as furosemide.
The same urinary output at prepump, on-pump, and postpump
periods, or totally intraoperative period may point out the fact
that the renal protective effect of furosemide is not solely
due to induced diuresis; however, this effect is presented as
steady large postoperative diuresis or low creatinine in the
study group. Our results are not in agreement with Lassnigg
et al who reported that preoperative furosemide might even
potentiate renal dysfunction after cardiac surgery.? Compared
to Lassnigg et al study, we utilized a large dose of furosemide
(approximately 2-fold) with apparent induced intraoperative
diuresis (in his study, Lassnigg et al did not measure the
intraoperative urine output and excluded patients with large
postoperative diuresis). Due to the supply/demand balance,
it is logical to state that in stressful conditions, it is better to
induce good diuresis with liberal volume replacement.

In our study, the rate of AKI incidence was the same
in both furosemide and placebo groups; however, ARF
incidence was significantly lower in the placebo group. It
is predicted that similar to many other conditions, the total
body metabolic rate increases during cardiac surgery. Thus,
in patients with limited renal function, blood creatinine and
BUN may increase. In our study, creatinine concentration was
stable in the furosemide group during the study; nevertheless,
in the placebo group, it increased on the second postoperative
day and then declined to its preoperative value again on the
fifth postoperative day. This may reflect the renal protective
effect of furosemide that helps kidneys tolerate the high meta-
bolic rate easily. As any other organ, it is important to man-
age kidney supply/demand preoperatively. By blocking the
luminal K/Na/2Cl co-transporter type 2 in the thick ascending
limb of the loop of Henle cells, furosemide may decrease the
demand in supply/demand equation. Approximately 98%
of furosemide bounds to plasma proteins and the GFR of

the drug is very low.'! Hence, for exerting this effect, it is
necessary that furosemide should be actively secreted from
the proximal tubule via the organic anion transporter-1.2%2!
In point of fact, the response to furosemide is directly related
to its urinary concentrations.?” At severe renal injury, this
transporting capacity of proximal tubule may be affected
extensively; moreover, at such patient the furosemide may
not be able to reach to its action site. Accordingly, in patients
with established ARF, loop diuretics are clearly ineffective.
In such patients the nephrotoxic effect of furosemide may
cause additional renal injury,?>? but it may exert a renal
protective effect if given before a potential renal insult.2+2
In their second meta-analysis (the review of 11 published
studies), Ho and Power reported that current evidence could
not support the efficacy of furosemide in improving renal
function or mortality.?’ They concluded that patients with
mild AKI would respond to furosemide better than when they
have severe AKI cases. In other words, this conclusion may
support our finding, the renal protective effect of furosemide.
In a recent systematic review Ahmed et al*’ concluded that
after AKI treatment with furosemide, the mortality, need
for dialysis, and length of hospital stay are not reduced, and
renal recovery is not improved. In a retrospective study Iyem
et al®® reported the incidence of ARF in 185 out of 2,380
patients after elective open heart surgeries without primary
renal failure. Studies have shown that if postoperative dialy-
sis is required, the complications and mortality will strictly
increase.>® In a review study, Gandhi et al*® noted that the
existing studies revealed different results for the effect of
furosemide on the need for post-cardiac surgery dialysis. The
rate of ARF after cardiac surgery in Sirvinskas et al*” study
was 10.6%, but none of the patients needed dialysis. Support-
ing Sirvinskas et als study, we found that none of our patients
required any kind of dialysis or renal replacement therapy.
This may support the renal protective effect of furosemide.?

Compared to its preoperative value, BUN decreased in
both groups postoperatively in our study. However, we did
not measure the fluid intake/output balance, BUN changes
may be due to the common practice of liberal and over
administration of fluids during the surgery that induces post-
operative diuresis.’! None of our studied patients required
any kind of dialysis or renal replacement therapy. This may
again support the renal protective effect of furosemide.
However, there are reports that furosemide is unable to affect
mortality rate, in our study, there was not any case of mortal-
ity; thus, we could not discuss that.?! In a study which was
similar to ours, Mahesh et al'® studied the preventive effect
of furosemide infusion during cardiac surgery in high-risk
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patients (with low ejection fraction, high preoperative creati-
nine, and comorbid diseases). They concluded that although
furosemide increases urinary output, it does not decrease
postoperative ARF and AKI." The occurrence of many
studies with contradictory results about furosemide may
be due to the fact that the organ protection during cardiac
surgery requires a multidisciplinary strategy, especially in
high-risk patients. In addition, AKI is often only one part
of a multi-system disease. In our study, furosemide had
the capability of reducing the most severe renal damage,
however, it is our conception that reducing the milder renal
damage necessitates a more multidisciplinary strategy effort.
Indeed, any aspects of surgical and anesthetic management
(hemodynamic management, hemoglobin concentration,
fluid balance, vasopressors, vasodilators, temperature, etc)
can affect the patient’s final outcome.

In the present study, furosemide caused early postopera-
tive diuresis. Mahesh et al reported the same finding.!* Kunt
et al** reported a higher postoperative urinary output in con-
tinuous versus intermittent furosemide administration during
elective CABG, however, in analyzing some of the published
studies, Gandhi et al observed no difference between the two
methods due to the total urinary output.” Kunt et al also
concluded that furosemide appears to be effective in decreas-
ing the need for renal replacement therapy.** Postoperative
diuresis may be useful in fluid balance and mechanical venti-
lation strategy.?! In our study, the time required for ventilatory
support was the same in both groups; this may be owing to
the fact that our patients were not high-risk patients. In our
study the difference in the postoperative AKI prevalence in
two groups was only 1.8%, this means that statistically for
discovering this small difference between two groups we
have to plan a more large size sample study.

Conclusion

This study supported the finding that furosemide infusion
(during intra- and early postoperative period) has a renal
protective effect during adult cardiac surgery using CPB.
This protective effect presented itself by maintaining urinary
output, eGFR, and Scr at normal value. However, it could
not be discovered in mild renal dysfunctions (AKI), but it
apparently reduced the rate of more severe renal dysfunc-
tions (ARF). This may be due to the fact that reducing the
milder renal damage necessitates a more multidisciplinary
strategy effort.
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