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Abstract

Background: acute renal failure following cardiac surgery is not uncommon and carries 
a high level of morbidity and mortality. the aim of our study was to determine whether peri-
operative sodium bicarbonate infusion (PoSBi) would decrease acute kidney injury in cardiac 
surgery patients and improve post-operative outcomes.

Methods: a retrospective analysis of 318 cardiac surgery patients from 2008-2011 was 
performed. clinical parameters were compared in patients receiving PoSBi versus sodium 
chloride. Serum creatinine levels were measured in the first five post-operative days. The primary 
outcome measured was the number of patients developing post-operative renal injury. Secondary 
outcomes included three-month mortality, intensive care unit and hospital length of stay.

Results: Patients given POSBI showed no significant differences compared to the normal 
saline cohort in regards to increases in serum creatinine [<25% rise in cr: 93% vs 94%; >25% rise 
in cr: 6% vs 6%; >50% rise in cr: 1% vs 1%; >100% rise in cr: 1% vs 0%, all with p-value >0.99]. 
there were fewer patients with aKin stage 1 renal failure receiving PoSBi [8% vs 28%, p = 0.02] 
however there was no difference between PoSBi and sodium chloride cohorts in aKin stages 
2 and 3 renal failure. mortality, duration of hospitalization and icu stay were not statistically 
significant.

Conclusions: PoSBi resulted in fewer patients developing aKin stage 1 renal failure. 
Despite this, there appears to be little benefit in the prevention of acute kidney injury after 48 hours 
or mortality reduction in cardiac surgery patients.
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Introduction

acute kidney injury (aKi) in patients undergoing 
cardiac surgery is a common and serious occurrence 
with an incidence ranging between 3% and 50% of 
patients and is associated with significant morbidity 
and mortality rates as high as 38%1,2,3. of these patients, 
1% will require dialysis, with associated mortality 
rates in this group as high as 60%-70%4,5,6. there 
are numerous factors that contribute to postoperative 
renal failure, including ischemia, drugs, generation of 
reactive oxygen free radicals, hemolysis and activation 
of inflammatory and complement pathways1,4,6. 
additionally, numerous independent risk factors have 
been found to be predictive of post-operative aKi 
following cardiac surgery4,6-10. although some studies 
have shown sodium bicarbonate to ameliorate post-
operative kidney injury, its use in cardiac surgery 
remains controversial. We present a retrospective 
multi-centered study of 318 patients undergoing 
cardiac surgery to evaluate whether peri-operative 
sodium bicarbonate infusion (PoSBi) would reduce 
post-operative aKi.

Material and Methods

After institutional review board approval (Wayne 
State university iRB committee, iRB#065611m1e), 
a retrospective analysis of 318 post-cardiac surgery 
patients, from two institutions within our medical 
center over a four-year period (2008-2011) was 
performed. Biochemical and clinical parameters 
were compared in patients receiving PoSBi versus 
sodium chloride. Inclusion and exclusion criteria of 
the study are listed in table 1. Serum creatinine levels 
were measured in the first five post-operative days in 
patients who received sodium bicarbonate and those 
receiving sodium chloride.

Starting in 2009, our medical center instituted 
a sodium bicarbonate infusion protocol for patients 
undergoing cardiac surgery due to new literature 
showing possible benefit from POSBI. Previously, 
patients received normal saline at a rate of 1-1.5cc/
kg/hr from the start of surgery for a total of 24 hours. 
the sodium bicarbonate infusion protocol simply 
added 3 amps (150meq) of sodium bicarbonate in 1 

liter of D5W. The protocol was to infuse the sodium 
bicarbonate at a rate of 1-1.5cc/kg/hr starting from the 
beginning of surgery for a total of 24 hours as normal 
saline was previously done.

Table 1 
Study Inclusion and Exclusion Criteria*

inclusion criteria Exclusion criteria

age 18-80 end Stage Renal disease 
(eSRd)

caBg +/- valve surgery, 
intracardiac surgery

emergency cardiac surgery

Redo cardiac surgery use of intra-aortic balloon pump 
(iaBP)

Pre-operative plasma 
creatinine concentration 
>1.3 mg/dl

currently enrolled in another 
study 

nyha class iii/iv Known blood-borne infectious 
disease

left ventricle ef <35% chronic corticosteroid therapy

* cardiac surgery patients having one or more of the listed 
criteria

to determine a sample size for the study a 
chi-squared power analysis was chosen to obtain an 
alpha error probability of 0.05 and a power of 0.95. 
a sample size of 300 patients (at least 150 in each 
group; effect size d=0.2 small -medium) was deemed 
to give the study sufficient power. Repeated measures 
analysis of variance (anova) and t-tests (unpaired; 
two sided) were used where appropriate to measure 
continuous variables between the 2 patient groups 
with post hoc differences measured using the Student-
neuman-Keuls test. comparisons between study 
groups on proportional differences were examined 
using a non-parametric Fisher’s Exact Chi-square test, 
when applied to 2X2 tables. a p-value of <0.05 was 
considered significant.

of note, the 318 patients that were included in 
our study were patients of only two cardiothoracic 
surgeons who used sodium bicarbonate consistently 
following the protocol implementation in 2009. hence, 
when data before 2009 was obtained for patients not 
receiving PoSBi we used the patients from only these 
two surgeons. for this reason, the 318 cardiac surgery 
patients only represent a smaller fraction of total 
cardiac surgery patients at our institution. this was 
done to minimize surgeon bias and to exclude surgeons 
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who did not consistently use PoSBi.

the primary outcome measured was the number 
of patients who developed post-operative renal 
injury following cardiac surgery. Kidney injury was 
defined into four categories which were based on 
baseline serum creatinine levels to those on the fifth 
postoperative day: serum creatinine increases <25%, 
an increase greater than 25%, greater than 50%, and 
greater than 100% from baseline. the proportion of 
kidney injury between these groups as defined by 
the aKin criteria was also compared, table 2. other 

Table 3 
Patient pre-operative characteristics

Characteristics
Sodium 

Bicarbonate
Sodium Chloride p-value

Demographic data
age, yr, mean (Sd) 62 (11) 63 (12) 0.56
gender 0.01

males, n (%) 119 (68) 77 (54)
females, n (%) 56 (32) 66 (46)

Race 0.39
african americans, n (%) 118 (67) 103 (72)
non - african americans, n (%) 57 (33) 40 (28)

comorbidities
hypertension, n (%) 158 (90) 133 (93) 0.42
chronic kidney disease, n (%) 47 (27) 38 (27) >0.99
Peripheral vascular disease, n (%) 28 (16) 40 (28) 0.01
hypercholesterolemia, n (%) 146 (83) 114 (80) 0.47
chronic obstructive pulmonary disease, n (%) 57 (33) 39 (27) 0.33
diabetes mellitus, n (%) 77 (44) 65 (45) 0.82
left ventricular ejection fraction, percent (Sd) 49 (15) 49 (15) 0.83
hemodialysis, n (%) 13 (7) 17 (12) 0.18

medications
Beta-blockers, n (%) 137 (78) 86 (60) 0.0005
ace inhibitors or angiotensin blockers, n (%) 86 (49) 83 (58) 0.12
hmg-coa reductase inhibitor, n (%) 144 (82) 96 (67) 0.003

Pre-operative creatinine levels 0.17
cr <1.0, n (%) 60 (34) 56 (38)
1.0 <cr <1.3, n (%) 68 (39) 48 (33)
1.4 <cr <1.6, n (%) 22 (13) 11 (8)
1.7 <cr <1.9, n (%) 3 (2) 7 (5)
cr >2, n (%) 21 (12) 23 (16)

Pre-operative ejection fraction (ef) 0.47
ef <15%, n (%) 0 (0) 3 (2)
15% <ef <25%, n (%) 16 (9) 11 (7)
25% <ef <35%, n (%) 16 (9) 15 (10)
35% <ef <45%, n (%) 21 (13) 21 (15)
45% <ef <55%, n (%) 34 (20) 29 (20)
ef >55%, n (%) 90 (49) 73 (48)

secondary outcomes that were measured included 
intensive care unit (icu) and hospital length of stay, 
and three-month mortality rates.

Table 2 
Acute Kidney Injury Network (AKIN) Classification Criteria
classes Serum cr (scr) criteria
1 sCr increase x 1.5 - 2 (50%-100%) or sCr 

increase >0.3 mg/dl from baseline
2 sCr increase x 2 - 3 (101%-200%) from baseline

3 sCr increase x 3 (>201%) or sCr >4 mg/dL with 
increase >0.5 mg/dl
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Results

three hundred and eighteen patients underwent 
cardiac surgery at our institutions from 2008 thru 2011. 
there were 175 patients who received PoSBi and 143 
patients received only sodium chloride. Preoperative 
patient characteristics of the study are listed in table 
3. Patient characteristics were fairly matched between 
POSBI and normal saline groups with the exception 
that recipients of PoSBi were more likely to be male 
and be on β-blockers and statins. however, more 
peripheral vascular disease was seen in patients 
receiving normal saline. new institutional mandates 
regarding patients receiving preoperative β-blockers, 
around the same time the sodium bicarbonate infusion 
protocol was instituted, is a likely reason for why the 
sodium bicarbonate group received more β-blockers. 
Regarding the surgery type, no significant differences 
were seen between groups with the exception that 

more patients who underwent mitral valve repair 
received PoSBi. however, when considering all valve 
surgeries combined, there was no significant difference 
seen between the PoSBi and normal saline groups. 
although aortic clamp times did not differ between 
the groups, cardiopulmonary bypass (cPB) time 
was slightly lower in the sodium bicarbonate group, 
table 4.

Serum creatinine levels measured on the fifth 
post-operative compared to baseline were divided into 
four categories: <25%, >25%, >50%, and >100%. 
There were no significant differences between patients 
receiving PoSBi versus normal saline, table 5. When 
renal dysfunction was defined using the AKIN criteria, 
creatinine levels 48 hours post-operatively compared 
to baseline, patients receiving PoSBi had fewer 
patients with aKin stage 1 renal failure. however, no 
significant differences were observed between the two 
groups in regards to aKin stage 2 and 3, table 6. the 

Table 4 
Type of surgery and patient intra-operative characteristics

Characteristics Sodium Bicarbonate Sodium Chloride p-value

Cardiac surgery 0.08

valve surgery only, n (%) 58 (33) 41 (27) 0.29

aortic valve replacement, n (%) 25 (14) 18 (12) 0.57

mitral valve replacement, n (%) 14 (8) 16 (10) 0.39

mitral valve repair, n (%) 12 (7) 3 (2) 0.04

double valve surgery, n (%) 7 (4) 4 (3) 0.52

caBg only, n (%) 100 (57) 80 (54) 0.56

valve and caBg surgery, n (%) 17 (9) 22 (14) 0.16

cardiopulmonary bypass time, mins (Sd) 106 (38) 119 (57) 0.02

aortic clamp time, mins (Sd) 86 (32) 93 (52) 0.16

Table 5 
Post-operative sCr changes in patients receiving POSBI vs Normal Saline

Post-operative sCr change Sodium Bicarbonate Normal Saline p-value

<25% scr Rise 163 (93%) 134 (94%) >0.99

>25% scr Rise 10 (6%) 8 (6%) >0.99

>50% scr Rise 1 (1%) 1 (1%) >0.99

>100% scr Rise 1 (1%) 0 (0%) >0.99

total 175 143
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secondary outcomes that were measured in the study 
included 30-day mortality, length of hospitalization 
and icu stay, table 7. our average icu length of stay 
was higher than other studies secondary to several 
patients in each cohort with icu stays longer than 
one month. however, total hospital length of stay was 
consistent with other published studies1. No significant 
differences were seen between groups in regards to 30-
day mortality, length of hospitalization or icu stay.

Discussion

acute kidney injury (aKi) is a common and 
serious complication following cardiac surgery 
with an incidence ranging from 3% to 50%1,7. aKi 
following cardiac surgery carries a significant cost 
burden and is an independent predictor of mortality. 
Pre-operative serum creatinine levels are the most 
important predictive factor for post-operative aKi7,10. 
Approximately 10% to 20% of patients with baseline 
creatinine levels between 2mg/dl and 4mg/dl will 
require dialysis and those with creatinine levels 
greater than 4mg/dl will require dialysis 30% of the 
time7. Patients requiring post-operative dialysis have 
a mortality rate of 60-70%. to date, no treatment 
including peri-operative sodium bicarbonate infusion 
has been shown to be effective in preventing renal 
failure after cardiac surgery1,7,9.

only a few prospective randomized control trials 
have been done to evaluate the role of sodium bicarbonate 

or other adjuvant therapies (n-acetylcysteine and 
fenoldopam) in the prevention of acute kidney injury 
following cardiac surgery. haase et al1, conducted 
a pilot double-blinded, randomized control trial of 
100 cardiac surgery patients. the patients underwent 
treatment to see if PoSBi can attenuate postoperative 
increases in serum creatinine. their primary outcome 
was reaching a serum creatinine of >25% above 
baseline within the first five postoperative days. They 
found a statistical significance using bicarbonate in 
patients with creatinine increases >25% however there 
was no difference in patients with creatinine increases 
of either >50% and >100%. there was no statistical 
significance found when acute kidney injury was 
defined by the AKIN criteria. No mortality benefit 
was seen in patients receiving PoSBi. furthermore, 
other large Rct studies looking at n-acetylcysteine, 
fenoldopam and statins failed to show a clear benefit 
in postoperative renal protection.

Post-operative renal failure is multifactorial: 
ischemia-reperfusion injury seen from hemodynamic 
instability and aortic cross clamping, low cardiac 
output states, loss of pulsatile flow while on bypass, 
nephrotoxic drugs, generation of reactive oxygen 
free radicals, and the activation of neutrophils, 
inflammatory and complement pathways7,10,11. 
furthermore, mechanical and shear forces on red blood 
cells seen in cardiopulmonary bypass is associated 
with levels of free hemoglobin which exceeds the 
capacity of haptoglobin. thus, longer bypass times are 

Table 6 
Post-operative AKIN stage in patients receiving POSBI vs Normal Saline

Post-operative AKIN stage Sodium Bicarbonate Normal Saline p-value
normal 148 (85%) 110 (62%) 0.09
aKin Stage 1 14 (8%) 24 (28%) 0.02
aKin Stage 2 7 (4%) 5 (3%) >0.99
aKin Stage 3 6 (3%) 4 (3%) >0.99

total 175 143

Table 7 
Secondary outcomes measured

Secondary outcomes Sodium Bicarbonate Normal Saline p-value
mortality, n (%) 27 (15) 25 (16) 0.76
intensive care unit stay, days (Sd) 9.2 (8.6) 10 (9.2) 0.39
duration of hospitalization, days (Sd) 10.7 (9.9) 12 (8.7) 0.22
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associated with increased free hemoglobin exposure 
and can theoretically worsen kidney injury. under 
acidic conditions increased free iron release from 
hemoglobin occurs which catalyzes the Haber-Weiss 
reaction promoting hydroxyl radical formation. The 
alkalinizing effects of sodium bicarbonate on the urine 
are thought to provide some degree of renal protection 
due to the reduction in hydroxyl radical formation 
from free iron and tubular cast formation1,7,10,11.

Classification of renal injury, as with AKIN, 
does not provide insight into the nature of the injury. 
typically, the window for therapeutic intervention has 
passed once serum creatinine levels begin to rise4. as 
a result, biomarkers for the early detection of renal 
injury have been sought after. neutrophil gelatinase-
associated lipocalin (ngal), cystatin c, il-18, 
kidney injury molecule-1 (Kim-1) and many more 
have all been studied1,4,7,10. urinary ngal levels are 
virtually undetectable in patients with normal kidney 
function and serve as a marker of oxidative stress. 
urinary ngal levels greater than 100ng/ml two 
hours following cardiopulmonary bypass predict acute 
kidney injury (sensitivity, 82%; specificity, 90%); much 
higher than other studied biomarkers1,10. in a study 
by haase et al1, the use of sodium bicarbonate does 
not appear enough to thwart the acute kidney injury 
seen following cardiac surgery despite a significant 
attenuation in urinary ngal.

Several risk factors have been identified that 
are associated with aKi in cardiac surgery patients, 
table 84,6-10. chertow et al12, conducted a large cohort 
study of 42,273 patients undergoing coronary artery 
bypass graft (caBg) or valvular heart surgery. this 

study showed that 1.1% of these patients had aKi after 
surgery, and the mortality in this group was 63.7%. the 
end result of the study was that cardiac surgery was an 
independent risk factor for developing aKi, and was 
associated with a high mortality rate. the rate of aKi 
and AKI-related mortality could not be explained by 
comorbidities alone12. in addition to cardiac surgery, 
cardiopulmonary bypass itself was found to be an 
independent risk factor for the development of aKi6.

Although there appears to be a beneficial effect 
of PoSBi within the literature there are several 
important factors that must be considered. first, the 
definition of “AKI”, an increase in serum creatinine 
>25%, is quite liberal. this equates to less than a 
0.1mg/dl/day increase in serum creatinine over the 
first five post-operative days5. mehta and colleagues13 
convened in an international meeting to develop a 
uniform system for the diagnosis and classification of 
acute kidney injury, which is formally known as the 
AKIN criteria, Table 2. When AKI is defined as an 
increase in serum creatinine >50%, no difference is 
found between PoSBi and normal saline groups seen 
in the prospective pilot study1,5. Regardless of stage, no 
significance was found when the AKIN criteria were 
used5. although we found a lower incidence of aKin 
stage 1 renal failure in patients receiving PoSBi, 
it appears that by the fifth post-operative day these 
benefits are no longer seen.

the use of sodium bicarbonate and its resulting 
alkalemia is not benign. mortality, co2 retention and 
associated hypoxia from impaired oxygen delivery are 
all potential complications of PoSBi5. haase et al1, 
showed considerable group differences from baseline 

Table 8 
Major Risk Factors for Developing Acute Kidney Injury

Patient Risk Factors Surgical Risk Factors
age Pre-operative use of an iaBP
female caBg, valve or combined procedures
Pre-operative serum creatinine cPB duration
ef <35% hemodilution during cPB

insulin dependent diabetes mellitus

emergency surgery

chronic obstructive pulmonary disease
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to 24 hours post-operatively in plasma bicarbonate 
concentration, base excess, and pH levels. Therefore, 
careful monitoring of plasma ph and bicarbonate levels 
would be warranted in instances where large amounts 
of sodium bicarbonate are being administered.

our study has several limitations that should be 
noted. although retrospective, pre-operative patient 
characteristics between cohorts were fairly matched 
however if we were to match for every characteristic 
the overall numbers would be low and the study 
underpowered. additionally, we did not include 
patients with new-onset hemodialysis requirements 
following cardiac surgery. numerous patients have 
multiple uncontrolled comorbidities with baseline 
renal dysfunction that may have contributed to the 
extended ICU length of stay compared to other studies 
however overall length of hospitalization remained 
consistent1.

Conclusion

We present a retrospective multicenter study 
comparing the use of PoSBi to that of sodium chloride 
in patients undergoing cardiac surgery to prevent post-
operative renal failure. despite a lower incidence of 
patients developing aKin stage 1 renal failure in the 
POSBI cohort, the benefit does not persist through the 
fifth post-operative day. With no reduction in mortality, 
hospital or icu length of stay, there currently appears 
to be no benefit with the use of POSBI in cardiac 
surgery patients.
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