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Introduction
The incidence of various heart diseases is increasing rapidly in 
developing countries, and certainly cardiovascular diseases are 
also one of the major health problems of Bangladesh1. Cardio-
pulmonary bypass (CPB) is used in the majority of cardiac 
surgeries including coronary artery bypass grafting (CABG), 
valvular repair or replacement, congenital heart defects repair, 

and correction of abnormalities of great vessel2. It can be used 
during cardiac surgery to oxygenate and subsequently recircu-
late blood that has been diverted from the heart and lungs3.

During CPB and weaning from CPB are both very crucial 
moment. Weaning from CPB entails the progressive transition 
of the patient from full mechanical circulatory support to 
spontaneous heart activity of the patient with an aim to provide 
sufficient blood flow and pressure through the pulmonary and 
systemic circulation2. The time taken for surgical verifications 
and hemodynamic optimization may compromise within the 
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Abstract
Background: High blood lactate levels during cardiopulmonary bypass (CPB) are associated with tissue hypoperfusion and 
may contribute to postoperative complications like high haemodynamic support, pulmonary complication, renal complica-
tion, prolong ICU and hospital stay, stroke including death. 

Objectives: The objective of this study was to observe whether there is any association between blood lactate levels during 
CPB and perioperative morbidity and mortality. 

Methods: This cohort study was carried out in the Department of Cardiac Surgery at National Heart Foundation Hospital and 
Research Institute (NHFH & RI), Dhaka from July, 2011 to June, 2013 for a period of twenty four (24) months. A total 
number of 120 patients who underwent cardiac operation with CPB were enrolled in this study as per inclusion and exclusion 
criteria. Patients were divided into two groups according to their blood lactate levels, recorded at 30 minutes after institution 
of bypass. Patients having blood lactate level of less than 4 mmol/L (unexposed) and patients having blood lactate level of 4 
mmol/L or more (esposed) were grouped. Peroperative variables and post operative variables were observed and recorded 
during the hospital course of the patient. Categorical variables were analyzed by Chi-Square and Fisher’s exact test and 
continuous variables were analyzed by Mann-Whitney U test (skewed distribution). Therefore Multiple Binary Logistic 
Regression Analysis of predictors for each of the outcome variables was done.

Result: A total number of 120 patients were enrolled in this study.  Blood lactate levels equal or higher than 4.0 mmol/L 
during CPB were present in 40(33.33%) patients. Postoperative mortality was higher in this group than in the patients who 
had peak blood lactate levels of less than 4.0 mmol/L during CPB (p 0.035). Postoperative hemodynamic support needed in 
80.0% of patients with elevated levels of lactate during CPB compared with 31.2% of patients with lower lactate levels (p 
<0.001). Other major morbidities are renal dysfunction (p<0.001), pulmonary complications (p<0.001). Multiple logistic 
regression analysis shows higher blood lactate level is an independent predictor for early post operative low output syndrome, 
pulmonary complication and renal dysfunction.

Conclusions: Blood lactate concentration of 4.0 mmol/L or higher during CPB is an important issue related to postoperative 
morbidity and mortality.
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first few minutes, so important information needs to be shared 
between surgeons, anesthesiologists, and perfusionists. Thera-
peutic decisions regarding pharmacological support, ventricu-
lar assistance, and additional surgical interventions have to be 
taken quickly to prevent myocardial damage. 

Cardioplegic arrest induces anaerobic myocardial metabo-
lism with a net production of lactate from glycolysis. 
Persistent lactate release during reperfusion suggests a 
delayed recovery of normal aerobic metabolism and may 
lead to depressed myocardial function4.

Body temperature, acid–base control, arterial inflow, 
venous outflow and blood pressure management is very 
importance during CPB5. Acid-base imbalance occurs due 
to production of lactic acid or pyruvic acid in the blood. 
Thus elevated blood lactate levels causes metabolic acidosis 
which is most commonly occur among critically ill patients 
with systemic hypoperfusion and tissue hypoxia6. This 
situation represents type A lactic acidosis, resulting from an 
imbalance between tissue oxygen supply and demand7. 
Whereas type B lactic acidosis occurs due to few underlying 
systemic disease, drugs and toxins or inborn errors of 
metabolism8. Lactate production results from cellular 
metabolism of pyruvate into lactate under anaerobic condi-
tion. Therefore, blood lactate level in type A lactic acidosis 
is related to the total oxygen deficiency and the magnitude 
of tissue hypoperfusion9. Several studies have suggested 
that blood lactate concentration has prognostic value in 
patients with circulatory shock7.

Cardiopulmonary bypass is used during cardiac operation 
for allowing sufficient and adequate systemic oxygenation 
and perfusion during the surgical procedure Metabolic 
acidosis associated with elevated blood lactate levels during 
CPB in cardiac operation patients was first described in 
1958.7 and led to numerous studies on the adequacy of tissue 
perfusion during CPB. Conventional monitoring with blood 
gases during CPB may detect inadequate tissue oxygen-
ation. Type A lactic acidosis during CPB appears to be 
multifactorial8,10. So, blood lactate concentration monitoring 
during CPB might be more sensitive to detect an imbalance 
between oxygen supply and demand. 

The outcome associated with high blood lactate level is very 
important issue for cardiac surgeons. It is very important to 
know whether the patients with high blood lactate levels 
during CPB are at higher risk of postoperative complica-
tions as a result of intraoperative occult tissue hypoperfu-
sion or not. The purpose of this present study was to evaluate 
the relationship between elevated blood lactate concentra-
tion during CPB and perioperative morbidity and mortality.

Material and Method
The study was carried out in the Department of Cardiac 
Surgery at National Heart Foundation Hospital and 
Research Institute (NHFH & RI), Dhaka. The study was 
conducted from July, 2011 to June 2013 for a period of 

twenty four (24) months. Purposively selected 120 consecu-
tive patients were studied who were selected for elective 
cardio-pulmonary bypass during cardiac surgery fulfilling 
the inclusion and exclusion criteria were included in the 
study. Patients having age of more than 18 years, any sex 
undergoing elective cardio-pulmonary bypass (CPB) during 
open heart surgery were included in the study. Patients with 
pre-operative blood lactate level higher than 4 mmol/L, 
emergency or critically ill patient, intraoperative mortality, 
patients unwilling to take part in the study were excluded 
from the study. The study was approved by ethical review 
committee of NHFH&RI. Written consent was obtained 
from each subject. Patients were recruited according to the 
selection criteria. Then the patients were divided into two 
groups according to the blood lactate level during cardio-pul-
monary bypass (CPB). 

Unexposed or Control Group: Those patients who had < 4 mmol/L 
of blood lactate levels 30 minutes after institution of CPB. 

Exposed or Subject Group: Those patients who had ≥ 4mmol/L 
blood lactate levels 30 minutes after institution of CPB. 

Data were collected using a preformed data collection sheet 
(questionnaire). Base line information was collected from 
the patient after exploration of different complaints, sign 
and symptoms. All information regarding clinical features 
and microbiological results were recorded in a data collec-
tion sheet.  Data were collected by researcher himself. All 
data were compiled and edited meticulously. The data were 
screened and were checked for any missing values and 
discrepancy. All categorical variables were analyzed by 
either Chi-square test or Fisher’s exact test and continuous 
variables were analyzed by Mann-Whitney U test (skewed 
distribution). A p value of less than 0.05 was considered 
significant. As the groups significantly differed in their 
proportion or median value of several predictor variables 
(i.e. proportion of patients having age above 60 years, 
proportion of obese and overweight patients, prevalence of 
diabetes mellitus, prevalence of hypertension, impaired left 
ventricular ejection fraction, operation time, cardiopulmo-
nary bypass time and cross clamp time), therefore Multiple 
Binary Logistic Regression Analysis of predictors for each 
of the outcome variables was done. All independent 
variables that significantly differed between the groups and 
were present in at least 2% of the total sample (n = 120) 
were entered into the logistic regression analysis for FOR-
WARD STEPWISE selection into the final regression 
model as per the level of significance of their adjusted Odds 
Ratio while in the equation.  Statistical analysis was 
performed by using MS-Window based computer software 
devised with Statistical Packages for Social Sciences (SPSS 
16.0) (SPSS Inc, Chicago, IL, USA). 

Operative Procedure
Anaesthesia: All patients undergoing cardiac surgery were 
given general anaesthesia. Standard anesthetic technique 
was used for all patients.
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Cardioplegic arrest: Cardioplegic arrest was achieved using a 
mixture of systemic blood and crystalloid cardioplegia in a 4:1 
ratio. After initial antegrade arrest, cardioplegia was delivered 
either retrograde into the coronary sinus or antegrade into 
completed vein grafts or through aortic root.

Cardiopulmonary Bypass: All patients were treated with the 
same CPB technique. After systemic heparinization, the aorta 
and the vena cava were cannulated and nonpulsatile CPB initiat-
ed using a roller pump. Disposable membrane oxygenators were 
used. Mean systemic arterial pressure was continuously 
monitored and maintained between 60 and 80 mm Hg. During 
perfusion, haematocrite was maintained around 25-28%. Gas 
flow was adjusted to maintain pH and PCO2 in the normal range 
according to the alpha stat pH management technique.

Blood Lactate Concentration
Arterial blood samples were drawn after the induction of 
anesthesia and after 30 minutes during CPB and stored immedi-
ately on ice to prevent lactate production by blood cells. Blood 
lactate concentration was measured on aGastat- 603 ie, Blood 
Gas system of Techno Medica. For the purpose of the study, 
blood lactate levels during CPB with a pump-prime solution 
containing lactate, as in Ringer’s lactate, were expected to be 
normally less than 4.0 mmol/L.

ICU management
Standard ICU management protocol were used and the patients 
were subsequently shifted to post-ICU and then to ward or cabin 
and discharged whenever appropriate according to operating 
consultant’s judgment. 
 
Results 
The present study performed in NHFH&RI, Dhaka, included a 
total number of 120 open heart surgery patient under  CPB  were 
recruited for this study and divided into two groups according to 
the level of lactate during CPB. 
Majority of patients were in less than 60 years age group which 
is 80(100%) patients and 35(87.5%) patients in control group 
and subject group respectively. No patient of more than 60 years 
in control group and only 5(12.5%) patient of more than 60 
years were in subject group. In the present study males were 
51(63.8%) and 20(50.0%) in control group and subject group 
respectively. The difference between the two groups is not 
statistically significant (p, 0.149).

Preoperative properties
Table 1: Distribution of preoperative characteristics of the patients

 #Control Group: Blood Lactate <4 mmol/L; Subject Group: Blood Lactate 
≥4 mmol/L

Patients with a blood lactate level of 4.0 mmol/L or more in 
obese and overweight person. High blood lactate also found 
in patients having diabetes mellitus, dyslipidaemia and in 
patients having poor left ventricular function (EF less than 
30%). No significant difference was found in hypertension.
 
Operative data:
Table 2: Comparison of Operation time, CPB time and X 
clamp time between groups

#Control Group: Blood Lactate <4 mmol/L; Subject Group: Blood Lactate 
≥4 mmol/L, Data expressed as Median and Interquartile range due to 

skewed distribution *Data analyzed by Mann-Whitney U test. 

Table 2 shows the Median with Interquartile Range of Oper-
ation time, CPB time and X clamp time. The median Opera-
tion time in Control group and Subject group is 315 (IQR 
187-390) and 390 (IQR 231-525) minutes respectively. The 
difference between the two groups is statistically significant 
(p=0.008). The median CPB time in Control group and 
Control group is 104 (IQR 77-170) and 141.5 (IQR 
93.5-167.2) minutes respectively. The difference between 
the two groups is statistically significant (p=0.009). The 
median X clamp time in unexposed group and exposed 
group is 58 (IQR 42.2-81.0) and 74.5 (IQR 53.0-78.75) 
minutes respectively (p=0.051).

Post operative outcomes:
Though there is no mortality in unexposed group but still 
mortality is significantly   higher in lactate group (7.5%ver-
sus 0%. P=.035). Not only the mortality, but also the 
morbidity also higher among patient having higher blood 
lactate levels during cardiopulmonary bypass surgery. The 
patient exposed to high blood lactate are more likely to 
experienced low output (2%versus80%, p=.001) syndrome 
and needed high inotropic support. So those patient had high 
blood lactate required prolong ICU stay (27%versus87%, 
p=.001) and usually their hospital stay increased by 75% 
with high blood lactate level.

There was also a trend toward more postoperative wound 
infectious complication in high blood lactate group. Among 
the complications pulmonary complication and renal 
dysfunction are the major complications. The comparison of 

Variables  Group # P Value*  

Control Group 
(n=80) 

Subject Group  
(n=40) 

Obese and Overweight 12(15.0%) 25(62.5%) P=.001 

Diabetes Mellitus  13(16.2%) 20(50.0%) P=.001 

Hypertension 9(11.2%) 10(25.0%) p=.052 

Dyslipidaemia 17(21.25%) 15(37.5%) p=.001 

Variables  Group #

#

 P Value*

Control Group  
(n=80) 

Subject Group   
(n=40) 

Operation 
time min.)ǂ 

315(IQR 187-390) 390 (IQR 231-525) 0.008 

CPB time 
(min.)  

104 (IQR 77-170) 141.5(IQR 93.5-167.2) 0.009 

X clamp 
time min.)ǂ 

58(IQR 42.2-81.0) 74.5 (IQR 53.0-78.75) 0.051 
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pulmonary complication between unexposed and exposed to 
high blood lactate group is 17% versus 75% and renal 
complication is 10% versus 55% respectively. Incidence of 
stroke also significantly present in the group exposed to 
high blood lactate that is 10% and 7.5% respectively.

Table 3: Comparison of postoperative outcomes patients 
undergoing cardiac operation according to peak blood 
lactate levels during cardiopulmonary bypass

#Control Group: Blood Lactate <4 mmol/L; Subject Group: Blood Lactate 
≥4 mmol/L

By the multiple binary logistic regression analysis, high 
lactate level was found to be an independent predictor of 
post operative low output syndrome and need for hemody-
namic support (OR 8.473, 95% CI 3.226 – 22.253, p < 
0.001). High Lactate level also found to be an independent 
predictor of post-operative pulmonary complications (OR 
35.381, 95% CI 8.939-140.049, p < 0.001).High lactate was 
also another predictor found to be an independent predictor 
of post operative renal dysfunction (OR 48.75, 95% CI 
9.256-256.765, p < 0.001). Where high blood lactate level 
was not found an independent predictor for prolong ICU 
stay, long hospital stay, sternal wound infection, neurologi-
cal dysfunction and death. 

Discussion
All patients in unexposed group 80(100.0%) and exposed 
group 35(87.5.0%) were less than 60 years of age. It has 
been found that middle aged people are most commonly 
underwent open heart surgery with CPB in this study. 
Similar result reported by Takala et al. (1996)11 mentioned 
that after age of 40 years patients are most commonly 
suffered from heart disease.

Outcome after cardiac operation is determined by preopera-
tive characteristics of the patient in addition to intraopera-
tive factors. Demers et al. (2000)7 and Takala et al. (1996)11 
and have mentioned that male is commonly affected in heart 
diseases, which is similar to the present study. Male is more 
in our study (59.2%) than female (40.8%) including both 
groups.

Obesity is considered to be a major risk factor in patients 
undergoing CABG. With the increasing of BMI, co-morbid-
ity increases. The relation between BMI and the lactate 
groups is measured. In unexposed group most of the patient 
are within normal and underweight categories 68(85.05%) 
and 15(37.5%) in exposed group. Distribution of obese and 
overweight are more in exposed group  25(62.5%) than  
unexposed group  12(15.0%).The difference between the 
two groups is  statistically significant (p=0.001). Similar 
results are reported by Tokmakoglu et al. (2010)12.

The distribution of diabetes mellitus among the study popu-
lation is recorded.20(50.0%) patients in exposed group were 
diabetic where as only 13(16.2%) patients had diabetes 
mellitus in unexposed group. Presence of diabetes between 
the two groups is statistically significant (p=0.001). Most of 
the patients were normotensive.  In unexposed group 9 
(11.2%) patients and in exposed group 10(25.0%) were 
hypertensive. The difference between the two groups is 
statistically not significant (p=0.052). Similar result was 
published by Demers et al. (2000)6. Ranucci et al. (2006)13 
was reported that hypertension and diabetes were important 
risk factors of elevation of lactate level in blood which is 
consistent with this present study. These risk factors are also 
responsible for increase the blood lactate level which leads 
to adverse outcome after cardiac surgery.

Several risk status models have been developed to predict 
outcome after cardiac operation by preoperative characteris-
tics but there are some very important peroperative factors 
such as operation time, cross clamp time, cardiopulmonary 
bypass time. The median and interquartile range of   opera-
tion time, CPB time and X clamp time is recorded. The 
median of operation time in unexposed group and exposed 
group is 315 and 390 minutes respectively. The difference 
between the mean of the two groups is statistically signifi-
cant (p=0.008) which indicates that prolong operation time 
is one of the important cause of high blood lactate level.  
The median of CPB time in unexposed group and exposed 
group is 104 and 141.5 minutes respectively. The difference 
between the mean of the two groups is statistically signifi-
cant (p=0.009). The median of cross clamp time in unex-
posed group and exposed group is 58 and 74.5 minutes 
respectively. Two groups is not statistically significant 
(p=0.051) but marginally which may indicates the associa-
tion between production of lactate and the cross clamp time. 
A systemic inflammatory response after open heart opera-
tion may be responsible for hyperdynamic circulatory 
instability, organ dysfunction depending upon, what extent 
of mediator released. Mediator release may regulate inflam-
matory reaction and act on various cell population14,10.

Thus operation time, CPB and X-clamp time are significant-
ly more in the high blood lactate group. Raper et al. (1997)10 
and Ranucci et al. (2006)13 stated that there was a weak      
but significant correlation between CPB time and peak 

Variables  Group # P Value*
 

Control 
Group  (n=80) 

Subject Group  
(n=40) 

Low output syndrome 25(31.2%) 32(80.0%) p=.001 
Prolong ICU stay 27(33.8%) 35(87.5%) p=.001 
Prolong Hospital stay 0(0%) 30(75.0%) p=.001 
Renal Dysfunction 8(10.0%) 22(55.0%) p=.001 
Pulmonary compilation 14(17.5%) 30(75.0%) p=.001 
Wound Infection 1(1.2%) 4(10.0%) p=.042 
Stroke  0(0%) 3(7.5%) p=.035 
Mortality 0(0%) 3(7.5%) p=.035 
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blood lactate level, suggesting that high blood lactate levels 
are more likely to occur with long CPB duration, which is 
similar with our present study.

In a study Demers et al. (2000)7 found that patients with 
high blood lactate level during CPB needs more hemody-
namic support. In this study, low output syndrome occurred 
and hemodynamic support needed in 25(31.2%) cases and 
32(80.0%) patients in unexposed group and exposed group 
respectively. Hemodynamic support is not needed in 
55(68.8%) cases and 8(20.0%) cases in unexposed group 
and exposed group respectively. The difference between the 
two groups is statistically significant (p=0.001). Intra opera-
tive IABP is needed 3(7.5%) only in the study population in 
whom blood lactate level is more than 4 mmol/L, which is 
very much consistent with the previous study8,15.

In the observation of the post operative outcome, the 
comparison of study population according to occurrence of 
stroke is recorded. No stroke occurred in unexposed group 
and in exposed group stroke occurred in 3(7.5%) patients. 
The difference between the two groups is statistically signif-
icant (p=0.035). Similar findings are supported indifferent 
studies by Vincent et al. (1983)16 and by Bakker et al. 
(1991)17. They showed a strong positive correlation between 
blood lactate levels and the risk of morbidity and mortality 
with stroke.

The comparison between the study populations according to 
pulmonary complication is recorded. Pulmonary complica-
tion occurred in 14(17.5%) patients and 30(75.0%) patients 
in unexposed group and in exposed group respectively. The 
difference between the two groups is statistically significant 
(p=0.001). It has been found from the result that pulmonary 
complications are significantly present in the high lactate 
level group. Similar to the present study, Demers et al. 
(2000)7, Akif et al. (2004)18 and Shlensak et al. (2005)19 has 
reported that patients with higher blood lactate levels during 
CPB are more likely to have pulmonary complications like 
pulmonary oedema, increase pulmonary secretion, alveolar 
damage even fibrosingalveolitis. Wound infection occurred 
in 1(1.2%) cases and 4(10.0%) cases in unexposed group 
and in exposed group respectively. The difference between 
the two groups is statistically significant (p=0.042). It has 
been clearly found that wound infection  commonly occurs 
in high blood lactate group of patients who underwent CPB 
during cardiac surgery, this is also consistent with the study 
done by Demers et al. (2000)7.

Acute renal failure is one of the most frequent and 
life-threatening complications after cardiac surgery as 
kidneys receive 20% of cardiac output and are incredibly 
sensitive to hypoperfusion20.  In the present study significant 
number of patients suffered from renal dysfunction due to 
high blood lactate level. In the comparison of renal dysfunc-
tion among the study population is recorded. Renal  

dysfunction occurred in 8(10.0%) patients and 22(55.0%) 
patients in unexposed group and in exposed group respec-
tively. The difference between the two groups is statistically 
significant (p=0.001). High blood lactate level is responsi-
ble for renal dysfunction. The result shows similarity with 
the study done by Ranucci et al. (2006)13. They also 
explained that during the time of cardiopulmonary bypass 
kidneys may suffer from an imbalance between oxygen 
supply and oxygen needs. In another study by Ascione et al. 
(2000)21 identified this injury with hypo perfusion, is also 
with loss of pulsatile perfusion.

In this study the ICU stay and hospital stay both are prolong 
in high blood lactate group. In exposed group prolong ICU 
care needed in 35(87.5%) patient and in unexposed group 
prolong ICU care needed in 27(33.8%) patients. The differ-
ence is statistically significant (p=.001). In comparison of 
hospital stay, exposed group needed prolong hospital stay 
30(75.0%) and the difference between the two groups is 
statistically significant (p=.001). This result is very much 
consistent with the study done by Demers et al. (2000)7. 
They stated that the high lactate group patient also needed 
greater and prolong ICU as well as hospital care.

No death occurred in unexposed group. Death occurred in 
exposed group only 3(7.5%). The difference between the 
two groups is statistically significant (p=0.035). Similar to 
the present study Demers et al. (2000)7 has reported that the 
correlation between peak blood lactate levels during CPB 
and the rate of postoperative morbidity and mortality 
significantly increase.

The groups significantly differed in their proportion or 
median value of several predictor variables (i.e. proportion 
of patients having age above 60 years, proportion of obese 
and overweight patients, prevalence of diabetes mellitus, 
prevalence of hypertension, impaired left ventricular 
ejection fraction, operation time, cardiopulmonary bypass 
time and cross clamp time). The risk estimation among the 
study variables are analyzed by multiple binary logistic 
regressions. High lactate level found to be an independent 
predictor of hemodynamic support, pulmonary complica-
tion, and renal dysfunction. In a similar study Demers et al. 
(2000)7 also found   that the high blood lactate level is an 
independent predictor of post operative morbidity. In this 
study, high lactate level found to be an independent predic-
tor of low output syndrome, pulmonary complication and 
renal dysfunction of adult cardiac surgical patient under 
cardiopulmonary bypass.

Conclusion
The findings of this study permit to conclude that a peak 
blood lactate level of 4.0 mmol/L or higher during CPB is 
associated with an increased risk of perioperative morbidity.  
Most common morbidities are, pulmonary complications, 
renal dysfunction, low output syndrome which needed high 
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inotoropic support and even IABP in few cases. Mortality is 
only present in the high blood lactate group of patients 
undergoing CPB during cardiac surgery. Although initially 
we thought that a high lactate level could be an independent 
predictor of in-hospital mortality, but the study showed high 
blood lactate level is not the only predictor for mortality. It 
would be worth mentioning that a higher proportion of 
mortality has been observed in the higher lactate group. 
Further large scale study should be carried out to determine 
if serial blood lactate level determination during CPB, 
lactate clearance time and interventions based on lactate 
values improve survival in cardiac surgical patients.
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