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Background: Acute kidney injury (AKI) is a common
and serious complication after cardiac surgery which
increases morbidity and mortality. Dexmedetomidine
has significant sympatholytic properties and ameliorating
stress response. We hypothesized that dexmedetomidine
can prevent acute kidney injury in patients undergoing
elective CABG.

Methods: This study was double-blinded, randomized
controlled trial. Elective CABG patients with normal renal
function were allocated to intravenous dexmedetomidine
or placebo group. The drugs were bolus 0.5mcg/kg in 20
minutes then 0.4 mcg/kg/hr was infused until the end of the
operation. Anesthetic and surgical technique was similar
in both groups. Serum creatinine, plasma NGAL and urine
NGAL were collected and compared at 0,6,24 hours.
P value < 0.05 was considered statistically significant.
Results: Total of 20 patients were enrolled and randomized
into dexmedetomidine group (n=10) and control group
(n=10). There were no differences in patient characteristic
data. Serum creatinine and urinary NGAL at 6 and 24
hours were not significantly different between groups.
Plasma NGAL in dexmedetomidine group was significantly
less than control group at 6 and 24 hours (149.5 vs 291.4;
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p=0.016 and 118.5 vs 201.5; p=0.004). Moreover,
dexmedetomidine group had significantly higher urine
output throughout the operation (4.5 vs 2.4 mi/kg/hr.;
p=0.011). At 24 hours, we found AKI in 3 patients in the
control group but none in the dexmedetomidine group
(p=0.06).

Conclusion: We demonstrated that dexmedetomidine
reduced AKl in elective CABG patients when using plasma
NGAL as a biomarker. We also found that dexmedetomidine
helps promoting intraoperative urine output.

Keywords: acute kidney injury, dexmedetomidine, coronary
artery bypass graft, renal protection, cardiopulmonary
bypass
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Introduction

Acute kidney injury (AKI) is a common and serious
complication after cardiac surgery and is associated
with increase mortality; increase length of hospital stays
and more resource utilization. Depending on the
preoperative kidney function status, the rate of
postoperative AKI can be as high as 20% in cardiac
surgery patients." Acute kidney injury is characterized
by a progressive worsening course, being the
consequence of different pathophysiologic mechanisms,
with patient-related factors and cardiopulmonary
bypass as major causes involving hemodynamic,
inflammatory and ischemic and reperfusion injury.”
During and after CABG, changes in perfusion pressure,
sympathetic tone, hematocrit, body temperature,
hemolysis, embolism, blood product transfusion,
inflammation and sepsis compromise kidney function.
Prevention of AKl after cardiac surgery is important and
has been investigated such as promoting renal
perfusion, antioxidant utilization or reducing blood
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transfusion. No single pharmacological regimen has
conclusively proved its efficacy in preventing AKI.
Dexmedetomidine is a selective alpha-2 agonist
that provides anxiolysis and analgesia without
respiratory depression. It has clinically significant
sympatholytic properties and decreases the stress
response to surgery and intensive care procedures.”®
In animal models involving general anesthesia,
dexmedetomidine increases urinary output, suggesting
that it reverses a prerenal antidiuretic response. ' In a
large multicenter study of intensive care unit (ICU)
sedation after coronary artery bypass graft surgery,
dexmedetomidine increased diuresis and decreased
the incidence of high serum creatinine values.’
Clinical risk factors associated with AKI after
cardiac surgery have been identified. Diagnosis of acute
kidney injury using serum creatinine level and urine
output are still lack of diagnostic sensitivity in the early
postoperative period and become abnormal several
hours or days later. These could potentially delay
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diagnosis and appropriate prompt treatment of renal
injury. Neutrophil gelatinase-associated lipocalin
(NGAL) appears to be a novel biomarker for the early
diagnosis of AKI.° Earlier studies suggest that plasma
and urine NGAL levels can be used as an early
biomarker for the detection of AKI following cardiac
surgery using CPB.""

This study aims to compare acute kidney injury
after coronary bypass graft surgery between
dexmedetomidine group and control group to test the
hypothesis that dexmedetomidine could protect kidney
function in patients undergoing cardiopulmonary bypass
machine facilitated CABG by using plasma and urine
NGAL to predict renal function after CABG surgery.

Material & Methods

Patients

After institutional review board approval from ethic
committee at Faculty of Medicine, Chulalongkorn
University. Written inform consent was obtained from all
patients. Patients scheduled for elective coronary artery
bypass graft (CABG) surgery was enrolled to the study.
Inclusion criteria were age more than 18 years-old with
normal preoperative renal function serum creatinine of
less than 1.5 mg/dL in female and less than 2.0 in male.
Patients had allergy to studied regimen, left ventricular
ejection fraction (LVEF) less than 30% and body mass
index (BMI) more than 35 were excluded from study as
well as those underwent combined surgery. There
were 20 patients in this study that were randomly
allocated into dexmedetomidine and control group by
computer-based randomization. Patients, surgeons and
anesthesiologists were blinded to the study groups.

Anesthetic techniques & regimen

General anesthesia was induced with intravenously
midazolam 0.1-0.2 mg/kg and fentanyl 5-10 mcg/kg or
thiopental 3-5 mg/kg or propofol 2 mg/kg. Patients are
intubated with pancuronium 1 mg/kg or rocuronium
0.6-1 mg/kg. Anesthesia was maintained with nitrous
oxide in oxygen, isoflurane, fentanyl, and pancuronium

or rocuronium as required. Standard monitoring was
provided including an indwelling radial artery catheter
and central venous catheter.

After skin incision, the dexmedetomidine group
received aloading dose of 0.5 mcg/kg of dexmedetomidine
for 20 minutes followed by a continuous intravenous
infusion at 0.4 mcg/kg/hr. until the end of operation. The
control group received a loading dose and continuous
IV infusion of normal saline at the same rate.

During the cardiopulmonary bypass, mean arterial
pressure was maintained at 60-80 mmHg or 20% from
baseline. If hypertension was detected, nicardipine 0.2
mg was given intravenously. Ephedrine 6 mg or
norepinephrine 4 mcg were given within 5 minutes and
repeated every 5 minutes if hypotension was presented.
Atropine 0.6 mg was administered for bradycardia
(heart rate less than 50 beats per minute). After the
operation, patients were remained intubated and
transferred to Cardio-thoracic intensive care unit.

Sampling & outcome measurement

Blood and urine sampling was collected at the time
of skin incision, 6 and 24 hours later for serum creatinine,
plasma NGAL and urine NGAL. NGAL level was
determined by using quantitative enzyme-linked
immunosorbent assay (ELISA). Zhou, et al. reported
overall pooled sensitivity of NGAL for the diagnosis of
AKI was 0.68 and specificity was 0.79. The overall
pooled positive likelihood ratio and negative likelihood
ratio were 3.98 and 0.33, respectively, with a diagnostic
odds ratio of 13.05."

Perioperative data included urine output, aortic
cross clamp time, cardiopulmonary bypass time,
operative time, blood products, inotropic/vasopressor
drugs, anesthetic agents used, length of ICU stay, and
length of hospital stay were documented. AKI was
defined as an increase in serum creatinine level by
either more than 50% or more than 0.3 mg/dL
(compared with preoperative values) after surgery. This
definition of AKI has been suggested by the Kidney
Disease Improving Outcomes.” As from our institute
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laboratory reference value, plasma and urine NGAL
level higher than 100 ng/ml would be considered as
acute kidney injury.

Statistical analysis

Sample size calculation referred from incidence of
acute kidney injury after CABG from Wagener's previous
study, which is about 20%.">"® Using different between peak
level of serum creatinine between AKI and non-AKI group
withtype lerrorof 0.05andtype Il errorof 0.2, total of 10 patients
in each group or 20 patients in study were required.

Continuous data were reported as mean/SD and
analyzed with student’s t-test. Mann-Whitney U test was
used to analyze continuous data without normal
distribution. Categorical variables were reported as
proportions and analyzed using Chi-squared test or
Fisher's exact test when an expected value was less
than 5. P-value of less than 0.05 indicated a statistically
significant difference. Outcome measures were
expressed with 95% confidence interval (Cl) when
appropriate. All analyses were performed with the use
of SPSS software version 21(IBM).

Results

There were 20 patients in this study randomized to
dexmedetomidine groups (10 patients) and control
groups (10 patients). All the patients enrolled in the
study completed it. Patients in both groups were similar
in age, sex, body weight, height, BMI, underlying
disease, left ventricular function (Table 1). After
induction of general anesthesia, dexmedetomidine or
normal saline was infused following the protocol.
Intraoperative parameters such as operative time, aortic
cross clamp time, CPB time, used of vasoactive drugs
or amount of blood transfusion were no significant
difference (Table 2).

o
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Table 1 Patients characteristics and preoperative status

Parameter Control Dexmedetomidine
(N=10) (N=10)

Age (years) 66 +7 65.5+8.4
Sex (%M) 80% 60%
Body weight (kg) 68.7 + 12.9 63+ 13.5
BMI 26.3+58 252+47
ASA I/ 2/8 0/10
Pre-op LVEF 60.9 + 13.1 58.6 + 15.5
Coexisting diseases

- Diabetics 60% 30%

- Hypertension 70% 90%

- Peripheral vascular disease 0% 0%

- Carotid stenosis 0% 0%

- Cerebrovascular disease 0% 10%
Preop serum Cr (mg/dL) 1.1+0.3 1+0.3

Table 2 Intraoperative parameters

Control Dexmedetomi- p-value
(N=10) dine (N=10)
Number of artery bypass 0.675
graft(s) 0 0
x1 1 1
X2 7 5
x3 2 3
x4 0 0
x5 0 1
X6
Timeliness (min)
Operative time 383.5+919 370.5+742 0.732
Aortic cross clamp time  100.8 +23.4 107.5+33.7 0.613
CPB time 137.6+33.3 140+41.7 0.889
Number of Inotropics used 0.607
0 0 0
1 5 3
2 3 5
3 2 2
Fluids administered (ml)
Crystalloid 800 + 434 940 £266.5  0.398
Colloid 90+ 191.2 140 = 309.8 0.67
Blood products (units)
PRC 22+12 1.4+0.7 0.095
FFP 21+14 1.7+1.2 0.49
Platelets 7+48 6.1+£5 0.688
Intraoperative urine 24+£12 45+19 0.011*
output (ml/kg/hr)
* indicated p < 0.05
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There was no significant difference between groups
in baseline serum creatinine at the time of skin incision,
6 and 24 hours later. At first 24 hours, we found the AKI
of 3 patients (30%) in the control group but none in the
dexmedetomidine group (p=0.06) (Table 3). Plasma
NGAL baseline were shown no significant difference
in both groups. But at 6 and 24 hours later, the
dexmedetomidine group was significantly less than the
control group (149.5 vs 291.4; p=0.016 and 118.5 vs
201.5; p=0.004). Moreover, dexmedetomidine group

Table 3 Study outcomes

had significantly higher urine output throughout the
operation (4.5 vs 2.4 ml/kg/hr.; p=0.011). However,
there was no significant difference in urine NGAL at any
time point between. Although there was no difference
in the length of ICU stay but we found that the
dexmedetomidine group had shorten hospital stay but
no statistical significance (6.6 vs 9.9 days, p= 0.182)
and none in both groups received the renal replacement
therapy. No other postoperative complications were
found.

Control (N=10) Dexmedetomidine (N=10) p-value

Serum creatinine (mg/dl) Time (mean * SD)

Oh 1.1+£0.3 1+0.3 0.401

6 h 1.1+£0.3 0.9+0.3 0.208

24 h 12204 0.9+0.3 0.053

48 h 1.2+£0.3 1+0.3 0.079
Plasma NGAL (ng/ml) Time (mean * SD)

Oh 104.3+35.5 81+19.7 0.091

6 h 291.4 £149.9 149.5+455 0.016*

24 h 201.5 +69.3 118.5+29.6 0.004*
Urine NGAL (ng/ml) Time (median(range))

0h 29.1(7.3-211.5) 16.8 (2.8-183.5) 0.656

6h 96.2(28.5-6613.0) 25.2(2.4-110) 0.370

24 h 131.7(21-226.6) 80(11.5-176.2) 0.656
AKI (case) Time (Number)

6h 0 (0%) 0 (0%) -

24 h 3 (30%) 0 (0%) 0.060

48 h 3 (30%) 1(10%) 0.264
Length of ICU stay (days) (mean * SD) 1.4+07 13+05 0.715
Length of hospital stay (days) (mean = SD) 99+7.2 6.6+0.7 0.182
Renal replacement Therapy (case) (Number) 0 0 -

*indicated p < 0.05

Discussion

We observed a significant association between
intraoperative dexmedetomidine infusion and lower
incidence of postoperative AKI by using plasma NGAL
as a biomarker, as well as urine flow rate. Although we
were not found the significant difference in the
occurrence of AKl as evaluated with serum creatinine,
we demonstrated the significant lower level of plasma
NGAL when using dexmedetomidine infusion

intraoperatively. However, there was no clinical
significantin term of length of ICU stay, length of hospital
stays and the rate of renal replacement therapy.
There were significant differences between plasma
NGAL between groups but not urine NGAL. Mcliroy,
et al. found higher urinary NGAL in all postoperative
time points in patients who developed in adult cardiac
patients with normal renal function."” Bennett, et al.
found mean urine NGAL level increased 15-fold within
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2 h and by 25-fold at 4 and 6 h after cardiopulmonary
bypass in pediatric open cardiac surgical patient."

We use plasma and urine NGAL for predict renal
function after CABG because they are reliable
biomarkers for early detecting AKI after cardiac surgery
and might result in prompt therapeutic intervention to
limit associated morbidity. Recent findings suggest that
plasma and urinary NGAL is a sensitive and specific
marker of kidney injury in both adult and pediatric
patients undergoing cardiac surgery with CPB.*"

Renal dysfunction after coronary artery bypass
grafting is common and is associated with increased
morbidity and mortality. Cardiac surgery is associated
with activation of sympathetic nervous system,
hemodynamics, sympathetic nervous system
activity and renal function are closely interrelated.
Dexmedetomidine-induced sympatholytic might
attenuate catecholamine stress induced complication
resulting in prevention of AKI."® Earlier study has shown
that plasma norepinephrine was reduced at various time
points during the infusion of dexmedetomidine.’ The
reno-protective effects of dexmedetomidine including
inhibition of renin release, increased glomerular filtration
and increased secretion of sodium and water.”*" This
can explain increasing intraoperative urine outputin our
study. Leino, et al. found increase in mean urinary output
during first 24 hours in elective low-risk CABG patients
receiving dexmedetomidine compare to placebo.”

Our study had some limitations. We could not
demonstrate clinical significant in AKI patient. We
followed plasma, urine NGAL and serum level for
diagnosis of AKI only until 24 hours after surgery. These
levels may increase after 24 hours thus impact on
diagnosis of AKl after cardiac surgery. Furthermore, our
study included only normal baseline kidney function
patients not in reduced kidney function patient. Further
study is warranted to study the effect of dexmedetomidine
in higher risk cardiac patients along with appropriate
dose and duration of infusion.

o
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Conclusions
Our study demonstrated the use of intraoperative
dexmedetomidine infusion lowered incidence of AKl in
low risk elective CABG patients. Moreover, it associated
with an increase in urinary output as compared to
placebo. There was no difference in renal replacement
therapy, length of ICU and hospital stay.
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