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ABSTRACT 
Background: Renal dysfunction is acommon  complication of cardiac surgery after cardiopulmonary bypass. Many 

interventions try to solve this problem. 

Objective: to determine whether perioperative intravenous sodium bicarbonate can preserve renal function or not after 

cardiopulmonary bypass in cardiac surgery.  

Patients and methods: Double blind controlled study was done in the period from March to September 2011 in 

cardiothoracic operating rooms then completed in surgical intensive care unit. Fifty patients were  scheduled for elective 

valvular heart surgery and randomized into two groups, group A (25 patients) received IV sodium bicarbonate and 

group B (25 patients) received sodium chloride as control group. 

Intervention:The patientsreceived IV sodium bicarbonate or sodium chloride after induction of anaesthesia.Sodium 

bicarbonate bolus dose 0.5 mmoL/kg diluted in 250 ml glucose 5%  was given followed by 0.1 mmol/kg/h diluted in 

1000 ml glucose postoperative in the first 24 hour maintenance infusion dose. Similar volumes of sodium chloride were 

given. 

Results: There was no significant difference between two groups as regard personal data, type of valve surgery, cardio 

pulmonary bypass time,and  aortic cross clamp time. There was significant decrease (P < 0.05)in total number of cases 

in which serum creatinine increased and acute kidney injury occured(in group A 14/25 and  in group B 24/25). There 

was a significant difference between both groups regardingserumcreatinine and urinaryneutrophil gelatinase-associated 

lipocalin(NGAL)(P < 0.001). There was significant increase in acid base parameters (plasma PH, plasma bicarbonate, 

urinary PH) in group Acompared to group B.there was significant increase in serum sodium mean values in group A in 

comparison to group B at 6, 24, 48 and 72 h . Conclusion: Intravenous sodium bicarbonate can be used to attenuate 

serumcreatinineelevation andoccurrence of AKI  after cardiopulmonary bypass in cardiac surgery without potential 

hazard on the patients 
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INTRODUCTION 

cute kidney injury (AKI) is a common 

postoperative complication after 

cardiopulmonary bypass (CPB)
(1)

. 

 The term AKI represents the entire spectrum of 

acute renal failure. Diagnostic criteria for AKI 

based on acute changes in plasma creatinine level 

or urine output 
(2)

. 

The mortality rate after cardiac surgery ranges 

from 2-8% and increases in patients who develop 

postoperative acute kidney injury to mortality rate 

over 60%
(3. 4)

. 

Acidity of urine increases generation and toxicity 

of reactive oxygen species  induced by 

cardiopulmonary bypass which enhance 

complement activation, all of them sharing in acute 

kidney injury and tubular haemoglobin cast 

formation
(5,6)

.Alkalinisation of urine may protect 

from occurrence of AKI induced by these 

substances 
(7)

. 

There is evidence thatSodium bicarbonate may 

attenuate CPB-associated AKI, potentially  directly 

affecting iron-related toxicity, as indicated by 

a smaller increase in urinaryneutrophil gelatinase-

associated lipocalin ( NGAL)
(6)

 

UrinaryNGAL is an early predicator marker of 

AKI, morbidity and mortality after CPB 
(8)

. 

 The detrimental effect of CPB on red cell 

destruction is increased by prolongation of CPB 

time. Thus, the longer the duration of CPB, the 

more hemolysis should occur and the more free 

hemoglobinand free toxic iron secondary to 

mechanical trauma of red cells within CPB 

system
(9,10)

.Pigment nephropathy is known to result 

from hemoglobinuriaand myoglobinuria. During 

CPB, increasedplasma-free hemoglobin was 

correlated with early post-operative tubular injury 

andwas associated with the development of 

subsequent deterioration of renal function 
(11)

. 

Aim of this study was to determine whether 

perioperative intravenous sodium administration 

bicarbonate can preserve renal function or not after 

cardiopulmonary bypass in  cardiac surgery 

PATIENTS AND METHODS 

This study was done in cardiothoracic surgical 

rooms and then was completed in surgical ICU in 

Zagazig University Hospitals during the period 

from march to September 2011.After approval of 

medical ethics committee and taking written 

consent from the patients, fifty patients with 

normal serum creatinine levels were scheduled for 

valvular heart surgery and were randomizedblindly 

into two groups. Group A in which the patients 

received sodium bicarbonate 0.5 mmoL/kg 8.4% 

A 

http://content.onlinejacc.org/cgi/content/full/55/19/2024#BIB109
http://content.onlinejacc.org/cgi/content/full/55/19/2024#BIB109
http://content.onlinejacc.org/cgi/content/full/55/19/2024#BIB73
http://content.onlinejacc.org/cgi/content/full/55/19/2024#BIB73
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diluted in 250 ml glucose 5% (bolus dose) after 

induction of anaesthesia then followed by 0.1 

mmol/kg/h (maintenance infusion dose) diluted in 

1000 ml glucose 5% over 24 hours,(total dose of 2 

mmol/kg). Group B(control group) received 

sodium chloride 0.9% with the same amount as 

group A. 

Data collected preoperatively :- 

     -     Personal data as age,weight,gender 

- Haemodynamic data (heart rate, blood pressure, 

C.V.P). 

- Blood and urine samples were taken for : 

 Serum creatinine. 

 Serum  urea.. 

 Urinary NGAL (neutrophil gelatinase-associated 

lipocalin). 

- Arterial blood samples were taken  forArterial 

blood gases and electrolytes (Na
+
-K

+
). 

Intraoperative data collection: 

      -    Type of valvular surgery. 

- Haemodynamic data (heart rate, blood pressure, 

C.V.P). 

- Cardiopulmonary bypass time. 

- Aortic cross-clamp time 

- Mean arterial blood pressure. 

- Urine output during 24h after starting CPB. 

Postoperative data collected for 3 days in intensive 

care unit (after 6h, 24h, 48h, 72h). 

- Urinary NGAL at 6 h after starting CPB. 

- Serum creatinine. 

- Urinary PH. 

- Arterial blood gases for plasma PH and 

bicarbonate. 

- Serum Na
+
, K

+
 

Diagnostic criteria for acute kidney injury 

- An increase in serum creatinine of more than or 

equal 0.3 mg/dl (≥ 26.4 µmol/l), a percentage 

increase in serum creatinine of more than or equal 

to 50% (1.5 fold from baseline) or reduction in 

urine output (oliguria of less than 0.5 ml/kg/h for 

more than 6 hours)
(2)

. 

- Staging of  acute kidney injury (AKI) to stage 

1,2,3  was done according to the acute kidney 

injury network (AKIN)
(2)

. 

STATISTICAL ANALYSIS 

Data collected were analysed between groups with 

the use of the student t test and for categorical data 

with the use of fisher’s exact test or chi-square test. 

We considered P valve <0.05 to indicate statistical 

significance. We record values as means with 

standard deviation .Odds ratio with 95% 

confidence interval was used. SPSS version 15.0 

(SPSS INC. Chicago, II) was used to perform the 

statistical analysis . 

RESULTS 
Patientsdata (table1) showed that   there were no 

significant differences between the two groups 

regarding age, weight and sex. Also there were no 

significant differences in the baselinemean values 

of serum creatinine, serum urea, urinary NGAL. 

Intraoperatively there were no significant 

differences between two groups in type of 

valvularsurgery, time of cardio pulmonary bypass 

and aortic cross clamp time also there were no 

significant differences between two groups in 

mean arterial pressure and urine output during first 

24h after starting CPB (table 2).  

There were nostatistical significant difference 

between two groups in the number of patients with 

elevation in serum creatinine (25%-50%-100%) 

from baseline values and in acute kidney injury 

staging .However ,there was significant decreasein 

the total number of cases who reported elevation in 

serum creatinine and AKI (14/25 patients in group 

A versus 24/25 patients in group B) Odds ratio 

0.05, 95% CI (0.0 -0.48),P=0.04  (table 3). 

As regard changes inserum creatinine within 72 h 

after starting CPB,and urinary NGAL at 6 h after 

starting CPB.There was significant difference 

between the two groups in serum creatinine change 

(1.5±0.5 in group A versus 2.5±0.6 mg/dl in group 

B, p<0.001) similarly, there was significant 

difference between both groups in the urinary 

NGAL change (50±1.5 in group A versus 

156.4±12.5ng/l in group B, p<0.001) (table 4). 

Regarding acid base changes,there were significant 

differences between two groups at 6, 24, 48 and 72 

h, in plasma bicarbonate, arterial PH and urinary 

PH mean values (P<0.001).However, the alkalosis 

in group A was not dangerous for the patients( 

table 5).Also there were significant increase in 

serum sodium mean values in group A in 

comparison to group B at 6, 24, 48 and 72 h 

(P<0.001). however, no patient reported 

hypernatremia (Na > 150 meq/L) in both groups. 

In addition there was statistically significant 

differences between two groups in serum 

potassium mean values (P<0.05) (table 

6).However, two patients reported hypokalemia 

(K<3.5 meq/L) in group A. finally there were no 

significant differences between two groups in 

length of ICU stay (P=0.93) or in hospital 

mortality (P=1.0) (table 7). 
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Table (1): preoperative characteristics  

 Group A (sodium 

bicarbonate) 

 

N=25 

Group B (sodium 

chloride) 

 

N=25 

P 

Age (years) X ± SD 42.5±7.1 43.1±6.9 0.76 

Gender  

Male 

Female  

 

15         60% 

10         40% 

 

17         68% 

8          32% 

 

0.55 

Weight (kg) X ± SD 76.5±10 77.3±9.1 0.75 

SerumCreatinine 

mg/dL 

Serum urea mg/dL 

0.6± 0.17 

 

13±3.6                       

0.7 ± 0.12 

 

15±2.2 

0.17 

 

 0.11 

Urinary NGAL ng/ml 4.8 ± 2.2 4.4 ± 3 0.4 

 

 

 

 

 

Table (2): intraoperative data 

 Group A 

N=25 

Group B 

N=25 
P 

Valve surgery 

-Aortic valve replacement. 

-Mitral valve replacement. 

-Double valve surgery 

 

10       40.0% 

6         24.0% 

9         36.0% 

 

11       44.0% 

6          24.0% 

8          32.0% 

 

0.77 

1.0 

0.76 

Cardiopulmonary bypass time/min 145.1±60 148.6±70 0.85 

Aortic cross-clamp time/min 107.3±40 115.7±50 0.51 

Mean arterial pressure 74.3±6.0 76.5±5.1 0.16 

Urine output (ml)* 2750±500 2800±300 0.9 

*Urine outputduring 24 hour after starting CPB 

 

 

 

 

Table (3): acute kidney injury 

 Group A 

N=25 

Group B 

N=25 

Odds ratio 

(95%) 

P 

 Serum creatinine 

>25% 

>50% 

>100% 

N           % 

8         32.0 

4         16.0 

2         8.0 

N           % 

13          52.0 

7            28.0 

4            16.0 

 

0.43 (0.12-1.58) 

0.49 (0.1-2.31) 

0.46 (0.05-3.39) 

 

0.15 

0.3 

0.66 

Total number of patients 

with Serum creatinine 

changes 

14       56.0 24         59.0 0.05 (0.0-0.48) 0.04* 

Total number of AKI 

patients 

AKI stage 1 

AKI stage 2 

AKI stage 3 

8         44.0 

 

5         20.0 

2          8.0 

1          4.0 

14         64.0 

 

8           32.0 

4           16.0 

2            8.0 

0.44 (0.12-1.59) 

 

0.53 (0.12-2.28) 

0.46 (0.05-3.39) 

0.48 (0.02-7.51) 

0.15 

 

0.33 

0.3 

1.0 

*significant difference P <0.05 
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Table (4): change in serum creatinine andUrinary NGAL 

 
Group A Group B P 

Serum Creatinine mg/dL
#
 1.5±0.5 2.5±0.6 <0.001 

Urinary NGAL ng/ml
*
 50±1.5 156.4±12.5 <0.001 

P <0.001 high significant difference 

# Mean values within 72 hrs. 

* Mean values at 6 hrs after starting CPB. 

 

 

 

Table (5): Acid base changes 

 Group A 

N=25 

Group B 

N=25 
P 

Plasma bicarbonate 

Baseline 

6 hours 

24 hours 

48 hours 

72 hour 

 

25.9±1.5 

26.7±2.0 

29.9±3.0 

29.6±3 

29.9±3 

 

25.6±1.4 

24.1±2.0 

23.9±1.5 

24±2 

23.89±2.5 

 

0.46 

<0.001 

<0.001 

<0.001 

<0.001 

Plasma PH 

Base line 

6 hours 

24 hours 

48 hours 

72 hours 

 

7.43±0.06 

7.44±0.05 

7.47±0.06 

7.46±0.05 

7.47±0.05 

 

7.42±0.05 

7.38±0.06  

7.37±0.04 

7.36±0.06 

7.37±0.04 

 

0.52 

<0.001 

<0.001 

<0.001 

<0.001 

Urinary PH 

Base line 

6 

24 

48 

72 

 

5.8±0.1 

6.7±0.2 

6.7±0.2 

6.6±0.14 

6.5±0.1 

 

5.76±0.1 

5.5±0.11 

5.3±0.12 

5.2±0.1 

5.25±0.11 

 

0.16 

<0.001 

<0.001 

<0.001 

<0.001 

 

 

 

 

Table (6): changes in serum sodiumand Potasium 

 
Group A Group B P 

Base line serum sodium 

6 hours 

24 hours 

48 hours 

72 hours 

135±1.9 

140.0±1.9 

141±1.89 

140±2.0 

141±2.0 

135±2.2 

137±2.8 

138±3.0 

137±2 

138±4 

0.17 

<0.001 

<0.001 

<0.001 

<0.001 

Base line serum potasium 

6 hours 

24 hours 

48 hours 

72 hours 

3.5±1.2 

3.5±0.3 

3.3±0.3 

3.7±0.2 

3.6±0.4 

3.7±0.7 

3.8±0.5 

3.6±0.2 

3.9±0.7 

3.9±0.6 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 
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Table (7):hospital out comes  

 Group A Group B P 

 

Length of stay in ICU (hours) 

Mortality rate 

75.0±40 

1             

73.9±50 

2 

0.93 

1.0 

DISCUSSION 

 AKI after cardiac surgery is associated with many 

adverse effects as prolonged ICU stay and 

increased short-term mortality even when there is 

only increase 0.36 mg/dl in serum creatinine above 

baseline value. 
(12)

. 

Urinary alkalinisation carries the beneficial effect 

of higher PH which might protect from 

pathophysiological mechanisms due to 

cardiopulmonary bypass associated AKI. Alkaline 

PH reduces the generation of injurious hydroxyl 

radicals and lipid peroxidation 
(13,14)

. 

Several mechanisms had been studied to overcome 

the occurrence of AKI after CPB. Benedetto et al 

used miniaturized cardiopulmonary bypass (mini-

CPB) in comparison with conventional CPB and 

conclude that mini-CPB was associated with lower 

incidence of AKI 
(15)

 . 

Haase et al suggested that hemoglobinuria is the 

main cause of AKI and used sodium bicarbonate to 

protect against  tubular cast formation from met-

haemoglobin proximal tubular cell necrosis by 

reduced endocytotic haemoglobin uptake and free 

iron-mediated radical oxygen species production 

and related injury 
(16)

. 

 Burns  et al  tried to use N-acetylcystine to prevent 

renal impairment after cardiopulmonary bypass in 

CABG surgery and concluded that this drug cannot 

prevent renal dysfunction, complications in high 

risk patients undergoing CABG surgery but Recio-

Mayoral  et al when  adding sodium bicarbonate to 

N-acetyl cystine in their study, the results were 

different and they conclude that intravenous 

administration of sodium bicarbonate plus N-

acetylcystine is effective and safe which agree with 

our results
(17,18)

. 

Meta analysis was done by Meier  et al  who tried 

to assess the effectiveness of normal saline versus 

sodium bicarbonate for prevention of contrast 

induced nephropathy and found that sodium 

bicarbonate was superior than normal saline in the 

prevention of contrast induced nephropathywhich 

concedes with the results of this study
(19)

. 

OZCan et al trial compared sodium bicarbonate, N-

acetylcystine and saline for prevention of radio-

contrast induced nephropathy in patients 

undergoing coronary procedures and concluded 

that hydration with sodium bicarbonate provide 

better protection than sodium chloride infusion 

alone and in combination with N-acetylcystine 

which is in agreement with our results 
(20)

. 

The results of this study were in agreement with 

the results of Merten et al who found that 

hydration with sodium bicarbonate before contrast 

exposure is more effective than with sodium 

chloride for prophylaxis of contrast induced renal 

failure
(21)

. 

The results of Masouda et al were in agreement 

with the results of this study but they compare 

sodium bicarbonate versus sodium chloride in 

chronic kidney diseased patients and follow up till 

≥1 year and conclude that sodium bicarbonate 

reduce incidence of renal replacement therapy and 

death
(22)

. 

From  et al study results were against the results of 

this study and they conclude that the clinical use of 

sodium bicarbonate for renal protection should be 

reconsidered until further investigation can 

elucidate its proper use. This difference was  due to 

co morbidities  in study patients groups
(23)

. 

Vasheghani-Farahaniet al found that sodium 

bicarbonate does not offer additional benefits over 

saline in the prevention of contrast induced 

nephropathy which is not in agreement with our 

results but this contrast may be explained by the 

inclusion of patients with uncontrolled 

hypertension, compensated severe heart failure or 

history of pulmonary oedema in the study patients 

group
(24)

. 

 Elevated serum creatinine level is a late indicator 

of renal injury and indicating that damage has 

occurred and patient has lost the renal reserve. 

Serum creatinine and urine output have limited 

sensitivity and specificity, also serumcreatinine 

level has slow rate of change, thus limiting their 

usefulness in the early detection of AKI 
(25)

. 

Plasma and urinary neutrophil gelatinase-

associated lipocalin (NGAL) is massively 

synthetized and released from distal nephron as a 

rapid response to AKI. So, NGAL is considered as 

an early predicator marker of AKI, morbidity and 

mortality after CPB
(8)

 so we use it with biomarkers 

in this study . 

Haaseet al in a recent pilot study concluded that 

sodium bicarbonate might attenuate CPB-

associated AKI, directly affecting iron-related 

toxicity as indicated by smaller increase in urinary 

NGAL. However, their study was conducted on 

old aged patients (<70 y) who had already 
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preexisting renal impairment (preoperative serum 

creatinine<120 ug/l)
(5)

which in agreement with the 

results of this study. 

Conclusion:Perioperative intravenous sodium 

bicarbonate can be used to attenuate occurrence of 

elevation of serum creatinine and AKI  after 

cardiopulmonary bypass in cardiac surgery without 

potential hazard on the patients. 
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 انحقٍ انىرٌذي نعقار بٍكزبىَاث انصىدٌىو يا حىل عًهٍاث انقهب انًفتىح نًُع انخهم فً وظائف انكهى انذي ٌحذث بعذها

 

 انًشتزكىٌ فً انبحج

ٍَفٍٍ جًٍم –خانذ انسٍذ  –جًال انسٍذ   

كهٍت انطب جايعت انشقاسٌق –قسى انتخذٌز وانعُاٌت انًزكشة   

 

 
 عفاخ جشاحح انقهة انًفرٕح ُْٔاك انكصٛش يٍ انرذاخلاخ نحم ْزِ انًشكهح.إٌ انخهم فٙ ٔظائف انكهٗ إحذٖ يضا

 انهذف يٍ انبحج:

ًا حٕل عًهٛاخ انقهة انًفرٕح نهًحافظح عهىٗ  عٍ طشٚك انحقٍ انٕسٚذٖدساسح يذٖ ذأشٛش اسرخذاو انحقٍ انٕسٚذ٘ نعقاس تٛكشتَٕاخ انصٕدٕٚو 

 ٔظائف انكهٗ.

 طزٌقت انبحج:

اجشٖ انثحس فٙ عًهٛاخ جشاحح انقهة ٔانصذس شى اسركًم فٙ ٔحذج انعُاٚح انًشكضج انجشاحٛح. اجشٖ انثحس عهٗ خًسٍٛ يشٚض ٚعىإٌَ يىٍ   

خهم فٙ ٔظائف صًاياخ انقهة ٔذى ذقسٛى انًشضٗ تطشٚقّ عشٕائّٛ انٗ يجًٕعرٍٛ . يجًٕعح " أ " اعطٛد عقاس تٛكشتَٕاخ انصٕدٕٚو عىٍ  

 ذٖ ٔيجًٕعح " ب " اعطٛد عقاس كهٕسٚذ انصٕدٕٚو عٍ طشٚك انحقٍ انٕسٚذٖ.طشٚك انحقٍُ انٕسٚ

 َتائج انبحج:

ٔجذ اٌ ُْاك فشٔق احصائٛح راخ دلانح تٍٛ انًجًٕعرٍٛ يٍ حٛس عذد انحالاخ انرٙ حذز فٛٓا صٚىادج فىٙ يعىذل َسىثح انكشٚىاذٍُٛٛ فىٙ انًصىم        

يىشٚض. كًىا ٔجىذ أٌ ُْىاك      52يىشٚض يىٍ    51ًجًٕعح انصاَٛح اصىٛة  يشٚض ٔفٙ ان 52يشٚض يٍ  41حٛس أصٛة فٙ انًجًٕعح الأنٗ 

فٙ انثٕ ل ْٕٔ احذٖ انطشق انًعًهٛح لاكرشىا  انخهىم فىٙ    جٛلاذُٛٛض خلاٚا انذو انًرعادنح انًشذثط تانهٛثٕكانُٛفشٔق احصائٛح راخ دلانح فٙ َسثح 

 ٔظائف انكهٗ يثكشا. كًا ٔجذ فشٔق احصائٛح راخ دلانح فٙ غاصاخ انذو.

 خلاصت:ان

خهص انثحس انٗ اٌ اسرخذاو انحقٍ انٕسٚذ٘ نعقاس تٛكشتَٕىاخ انصىٕدٕٚو حىٕل عًهٛىاخ انقهىة انًفرىٕح  ًٚكىٍ اٌ ًُٚىا انر ٛىشاخ فىٙ ٔظىائف            

 انكهٗ انرٙ ذحذز تعذْا.

 


