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ABSTRACT Objective: In this present study, the association of hyperlactatemia frequency with probable risk factors, postoperative morbidity 
and mortality were investigated in patients undergoing paediatric open heart surgery.

Materials and Methods: The present study included 45 consecutive paediatric patients who had undergone open heart surgery 
with hypothermic cardiopulmonary bypass in the cardiovascular surgery clinic between January 2008 and July 2008. Four blood 
samples for lactate analysis were collected from each of the patients preoperatively, intraoperatively and at 1 and 12 hours post-
operatively. The patients were divided into two groups according to blood lactate levels as the high lactate group (mean lactate 
level≥ 3 mmol/L) and the normal lactate group (mean lactate level <3 mmol/L). Hyperlactatemia frequency, associated risk 
factors, and the relationship with morbidity and mortality were statistically analysed.

Results: Of 45 cases, 33 (73.3%) were included in the normal lactate (NL) group, and 12 (26.7%) were included in the high 
lactate (HL) group. A borderline association was found between lactate levels and mortality in the HL group (p=0.052). Body 
surface area, age, low cardiac output syndrome, intraoperative and postoperative inotropic support requirement, duration of 
mechanical ventilation were determined as risk factors associated with mortality (p<0.05), and low cardiac output syndrome, 
urine output and metabolic acidosis were determined as risk factors associated with hyperlactatemia (p<0.05).

Conclusion: In patients followed up in the intensive care unit, lactate concentration is a good indicator for disease severity. Blood 
lactate levels seems to be a parameter that can be used in routine follow-up.
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INTRODUCTION

Hyperlactatemia is a common metabolic abnormality after open heart surgery (1). As hyperlactatemia is the early 
indicator of hypoperfusion, which is fatal, monitoring blood lactate levels in critical patients may increase the 
chance of an early life-saving intervention (2). Metabolic acidosis with hyperlactatemia is the most important indica-
tor of septic shock-related mortality (3). Hyperlactatemia can occur regardless of the presence of tissue hypoxia af-
ter cardiac surgery. It has been demonstrated that blood flow and oxygenation in the splanchnic region is decreased 
and there is a significant mucosal hypoperfusion during cardiopulmonary bypass (CPB). Due to the increased lac-
tate production and decreased elimination in the splanchnic region, lactate levels are expected to increase in CPB; 
however, this increase normal and anlamlı kabul edilebilecek levels üzerinde yeterli çalışma yapılmamıştır (4). In pa-
tients undergoing paediatric open heart surgery, close follow-up of lactate levels in the preoperative, intraoperative 
and postoperative periods may be an early indicator of mortality (5, 6). In this present study, we aimed to evaluate 
hyperlactatemia frequency, risk factors that are probably related to hyperlactatemia and the relation between post-
operative morbidity and mortality and hyperlactatemia in patients who had undergone paediatric cardiac surgery.

MATERIAL and METHODS 

Consecutive 45 paediatric cases that had undergone elective open heart surgery with hypothermic cardiopulmo-
nary bypass in the cardiovascular surgery clinic between January 2008 and July 2008 were included in the study. 
Before the surgery, the legal representatives of the patients were informed about the study and informed consents 
were obtained. Patients who underwent emergency surgery and re-surgery were excluded from the study. Char-
acteristics of the patients are presented in Table 1. After preoperative routine examinations were performed, the 
patients were taken to the surgery. After anaesthetic monitoring was completed, the first arterial blood sample 
for lactate analysis (preoperative) was taken. Necessary cardiac repairs were accomplished through a median 
sternotomy under CPB. During CPB, the mean arterial blood pressure (MABP) was maintained at 60 mmHg (50-
70 mmHg), and the mean body temperature was maintained at 30°C (28-31°C). After the intervention, cardiac 
output was decreased and the patient was weaned from CPB. Four blood samples for lactate analysis were col-



lected from each of the patients preoperatively, intraoperatively 
and at 1 and 12 hours postoperatively. Additionally, body surface 
area (BSA), duration of CPB, cross clamp (XCL) time, degree of 
hypothermia during CPB, MABP, requirement of volume supple-
mentation, intraoperative vasopressor (VP) and inotropic support 
requirement (ISR), length of stay in the intensive care unit (ICU), 
mechanical ventilation duration (MVD), postoperative ISR, low car-
diac output syndrome (LCOS), urine output, metabolic acidosis, 
amount of tube drainage, revision requirement, increased glucose 
levels, hepatic dysfunction, renal failure, infection, fever, increased 
white blood cell (WBC) count, gastrointestinal (GIS) complications, 
β-agonist requirement were recorded in the follow-up forms. Cri-
teria for starting inotropic support were determined as difficulty in 
weaning from CPB, post-CPB acute left heart and/or right heart 
failure, and low cardiac output in the postoperative period. The 
values obtained in the intraoperative period are presented in Table 2. 
The UV-160A Shimadzu visible recording spectrophotometer in 
the metabolism laboratory was used to determine lactate levels. 
In order to increase the accuracy of testing, the collected samples 
were immediately transferred to the laboratory in ice batteries in 
accordance with cold chain requirements. According to the labo-
ratory results, patients with an arterial lactate concentration <3 
mmol/L were included in the normal lactate (NL) group (group 1) 
and those with an arterial lactate concentration≥ 3 mmol/L were 
included in the high lactate (HL) group (group 2). A blood glucose 
level >150 mg/dl was considered as a high glucose level, a WBC 
count>15000/mm3 was considered as leucocytosis, and body tem-
perature≥ 38.0ºC (100.4 F) was considered as fever. A postopera-
tive alanine aminotransferase (ALT) level >100 IU/L was accepted 
as hepatic dysfunction. Urine output was calculated in ml/kg/h 
and recorded. The patients were monitored until discharge and all 
clinical and laboratory changes were recorded.

Statistical analysis
Data were analysed using the Statistical Package for the Social 
Sciences (SPSS) 15.0 statistical package program. A chi square 
test was used in the comparison of qualitative variables. Normal-
ity testing of data was performed using the Kolmogorov-Smirnov 
test. The independent two sample t test was used in variables with 
normal distribution, and the Mann Whitney U test was used in non-
normally distributed variables. A p value <0.05 was considered 
statistically significant.

RESULTS

A total of 45 paediatric patients (25 boys, 20 girls) were included in 
the study. The reasons for surgery were as follows, ventricular sep-
tal defect (VSD) in 16 (35.5%) patients, Tetralogy of Fallot (TOF) in 
11 (24.4%) patients, atrial septal defect (ASD) in 9 (20%) patients, 
aortic valve replacement (AVR) in 2 (4.4%) patients, transposition 
of the great arteries (TGA) in 2 (4.4%) patients, atrioventricular 
septal defect (AVSD) in 2 (4.4%) patients, subvalvular aortic ste-
nosis (SVAS) in 2 (4.4%) patients, and pulmonary stenosis (PS) in 
1 (2.2%) patient. Of the patients, 12 (26.7%) of them had hyper-
lactatemia (≥3 mmol/L). Normal lactate group (NL) included 33 
cases (15 boys, 18 girls), and high lactate group included 12 cases 
(5 boys, 7 girls). While all values, other than those obtained in the 
preoperative period, were>3 mmol/L in the HL group, lactate lev-
els >3 mmol/L was not observed at any time point including the 
preoperative period in the NL group. Mean lactate levels measured 
at the four time points were 2.22, 3.16, 3.72 and 3.48 mmol/L, 
respectively in the HL group, whereas the corresponding values in 
the NL group were 1.79, 2.23, 2.19 and 2.01 mmol/L, respec-
tively. The mean age was 6.31±3.1 years; 6.63±3.6 years in the 
NL group and 5.4±2.1 years in the HL group. There was a sig-
nificant relation between mean age and mortality (p=0.008). Mean 

Table 1. Characteristics of the cases

 Total NL Group HL Group  
 n=45 (100%) n=33 (73.3%) n=12 (26.7%) p value 
 mean (min-max) mean (min-max) mean (min-max) (p<0.05)

Age (years) 6.31 (0.4-15) 6.63 (0.4-15) 5.4 (0.5-14) p= 0.008

Gender (M/F) (20/25) (15/18) (5/7) NS

BSA, (m2) 0.88 (0.33-1.95) 0.93 (0.35-1.95) 0.74 (0.33-1.62) p<0.001

NL: Normal lactate, HL: High lactate, BSA: Body surface area, NS: Not significant

Table 2. Surgical parameters

 Total NL Group HL Group p value 
 Mean (min-max) Mean (min-max) Mean(min-max) (p<0.05)

Duration of CPB, minutes 80.1 (25-175) 75.81 (25-150) 91.91 (43-176) NS

XCL time, minutes 48.2 (14-100) 44.60 (14-90) 58.16 (18-100)  NS

BP, mmHg 66.5 (54-75) 66.48 (58-75) 65.75 (54-70) NS

VP requirement 1 (2.2%) 0 1 (8.3%) NS

ISR 15 (33.3%) 8 (24.2%) 7 (58.3%) p= 0.009

Volume supplementation 1 (2.2%) 1 (3.0%) 0 NS

CPB: Cardiopulmonary bypass, XCL: Cross clamp, BP: Blood pressure, VP: Vasopressor, ISR: Inotropic support requirement, NS: Not significant
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BSA was 0.88±0.4m2 (0.33-1.95); 0.93±0.5 m2 (0.35-1.95) in 
the NL group and 0.74±0.3 m2 (0.33-1.62) in the HL group. The 
relation between low BSA and mortality was significant (p<0.001). 
Mean cardiopulmonary bypass duration was 80.1±22.4 (25-
176) minutes; 75.81±26.4 (25-150) minutes in the NL group, 
and 91.91±25.6 (43-176) minutes in the HL group. Mean cross 
clamp time was 48.2±26.6 (14 -100) minutes; 44.60±22.6 (14 
-90) minutes in the NL group, and 58.16±28.6 (18-100) min-
utes in the HL group. Inotropic support was required in 8 cases 
(24.2%) in the NL group and 7 cases (58.3%) in the HL group in 
the intraoperative period. There was a significant relation between 
intraoperative ISR and mortality (p=0.009). Mechanical ventila-
tion duration was 8.06±4.8 (4-23) hours in the NL group and 
12.0±6.8 (6-24) hours in the HL group. There was a significant 
relation between increased MVD and mortality (p=0.006). Length 
of stay in the intensive care unit was 3.09±2.8 (2-10) days in the 
NL group and 3.08±1.8 (1-6) days in the HL group. Inotropic 
support was required in 9 cases (27.2%) in the NL group and in 
7 cases (58.3%) in the HL group in the ICU. ISR in the ICU was 
significantly related with mortality (p=0.012). Low cardiac output 
syndrome occurred in 3 cases (25%) in the HL group, and none 
of the cases in the NL group. LCOS was significantly related with 
both mortality and hyperlactatemia (p<0.001, p=0.016). Mean 
urine output was 1.84±0.8 (0.3-3.1) ml/kg/h in the NL group and 
1.41±0.9 (0.3-2.7) ml/kg/h in the HL group. Decreased urine 
output was significantly related with hyperlactatemia (p=0.015). 
Metabolic acidosis occurred in 4 patients (12.1%) in the NL group 
and 8 (66.6%) patients in the HL group. There was a significant re-
lation between metabolic acidosis and hyperlactatemia (p= 0.001). 
Of the 45 cases, 4 (8.8%) of them died in the postoperative period, 
3 (25%) from the HL group and 1 (3%) from the NL group. The 
patients who died in the HL group died due to low cardiac output 
syndrome at the postoperative 20, 24 and 30 hours. Two of them 

were operated because of TOF and one of them was operated with 
a diagnosis of ventricular septal defect (VSD). The patient who died 
in the NL group had a diagnosis of VSD; he/she was intubated at 
postoperative 4 days due to sudden onset unconsciousness and 
respiratory failure, and was planned to be transferred to the ward 
as he/she was clinically and hemodynamically stable. This situation 
was probably suggestive of non-surgical mortality. Blood lactate 
levels of this patient were 1.07, 2.02, 2.07 and 2.24 mmol/L, 
respectively. Low BSA, low age, LCOS, ISR during the surgery 
and in ICU, and mechanical ventilation duration were found to be 
the risk factors related with mortality (p<0.05). LCOS, decreased 
urine output and metabolic acidosis were determined to be the 
risk factors related with hyperlactatemia (p<0.05). The risk fac-
tors associated with mortality and the risk factors associated with 
hyperlactatemia are shown in Table 3 and Table 4.

DISCUSSION

In open heart surgery, along with the expected effects of CPB, hy-
perlactatemia is a commonly encountered condition. Normal blood 
lactate concentrations is 0.5-1 mmol/L in unstressed patients and 
<2 mmol/L in critical patients. Hyperlactatemia is defined as blood 
lactate levels between 2 and 5 mmol/L, and lactic acidosis is de-
fined as metabolic acidosis with blood lactate levels> 5 mmol/L (7). 

Many studies reported increased lactate levels above the normal 
range, which can be related with mortality. In the previous stud-
ies, it was demonstrated that hyperlactatemia occurs due to activa-
tion of anaerobic glycolysis before the parameters showing cardiac 
functions are impaired (BP, urine output, mixed venous oxygen 
saturation) when LCOS develops, and if identified early, there is a 
change of successful intervention (8, 9). Increase in lactate levels 
due to any reason and the resultant metabolic acidosis gains a par-
ticular importance as they will lead to suppression of cardiac func-
tions (8). There may be significant elevation in blood lactate levels 

Table 4. Risk factors related with hyperlactatemia

 NL group HL group p value 
 mean±SD (median) mean±SD (median)  (p<0.050)

LCOS 0 3 (25.0%) p=0.016

Decreased urine output  (2.0±0.52) 2.1 (1.5±0.56) 1.4 p=0.015

Metabolic acidosis 4 (12.1%) 8 (66.6%) p=0.001

LCOS: Low cardiac output syndrome, NL: Normal lactate, HL: High lactate

Table 3. Risk factors related with mortality

 Alive Exitus p value 
 mean±SD (median) mean±SD (median)  (p<0.05 significant)

BSA 0.92±0.43 (0.83) 0.35±0.02 (0.35) p<0.001

Age 6.80±4.55 (7.00) 1.27±0.86 (1.00) p=0.008

LCOS 0 3 (25.0%) p<0.001

ISR (intraoperative) 8 (24.2%) 7 (58.3%) p=0.009

ISR (intensive care unit) 9 (27.2%) 7 (58.3%) p=0.012

MVD 8.12±3.71 (8.00) 24.25±4.19 (23.50) p=0.006

BSA: Body surface area, LCOS: Low cardiac output syndrome, ISR: Inotropic support requirement, MVD: Mechanical ventilation duration
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due to severe hypoperfusion (without acidosis) (9-11). Increased 
lactate levels after paediatric open heart surgery show a parallel-
ism with increased mortality and morbidity (12, 13). In the present 
study, four blood samples for lactate analysis were obtained from 
each of the patients undergoing paediatric open heart surgery pre-
operatively, intraoperatively and at 1 and 12 hours postoperative-
ly. The mean preoperative lactate level was 1.91 mmol/L and the 
mean lactate level at postoperative 1 hour in the ICU was 2.67, 
there are differences in the upper range of lactate levels in numer-
ous similar studies. In the HL group, which was formed according 
to a lactate threshold of 3 mmol/L, a borderline association was 
found between lactate levels and mortality (p=0,052). Of the 45 
cases included in the study, 4 of them died; 3 of them were in the 
HL group and 1 was in the NL group; the patient who died in 
the NL group was intubated due to sudden onset unconsciousness 
and respiratory failure, and was planned to be taken to the ward 
as her/his hemodynamic and clinical status was stable. This situ-
ation was probably suggestive of non-surgical mortality. However, 
although this case had a remarkable effect on the statistical results, 
we determined a borderline relation between mortality and high 
lactate levels (p=0.052). When the lactate values obtained in the 
preoperative, intraoperative and at 1 and 12 hours in the postop-
erative period were evaluated separately, there was a significant 
relation between lactate values obtained at postoperative 12 hours 
and mortality (p=0.008). The lactate values obtained at postopera-
tive 1 hour of the three cases who died in the HL group were 3.77, 
5.4 and 3.85 mmol/L, respectively, and lactate values obtained at 
12 hours were 5.42, 5.74 and 4.2 mmol/L, respectively. Başaran, 
Maullet, and Bolcal, in their studies emphasized the significant re-
lation between mortality and increased lactate levels in the early 
period (8, 14, 15). According to the threshold value of ≥3mmol/L 
that we accepted, hyperlactatemia (≥3 mmol/L) frequency that de-
veloped in 12 of 45 cases was 26.7%. Risk factors related with hy-
perlactatemia were LCOS, decreased urine output, and metabolic 
acidosis (p<0.05). Low BSA, low age, LCOS, intraoperative ino-
trope requirement and ISR in ICU, and MVD were found to be the 
risk factors related with mortality (p<0.05). Different risk factors 
may be put forward according to different lactate thresholds. In the 
present study, risk factors were determined according to a lactate 
threshold of 3mmol/L. When hyperlactatemia threshold after open 
heart surgery is clarified, more reliable data can be collected and in-
terpreted about the probable risk factors associated with mortality. 
In the present study that included 45 cases, LCOS is the only single 
risk factor related both with mortality and hyperlactatemia. As tis-
sue perfusion is impaired in LCOS, development of hyperlactate-
mia is an expected situation. XCL time, CPB duration, VP, β ago-
nist use and hyperglycaemia are considered as conditions leading 
to hyperlactatemia. These factors were not statistically significant 
in this limited patient group. In case of increased lactate levels after 
open heart surgery, Başaran et al. (8) recommended to evaluate 
cardiac functions using echocardiography, and in accordance with 
the results, to correct volume deficit according to central venous 
pressure (CVP), provide inotrope support if required, and to adjust 
ventilator settings in order to increase oxygenation and decrease 
carbon dioxide levels. Nevertheless, other than echocardiography 
all these procedures are routinely performed in the treatment and 
follow-up. In case of hyperlactatemia, at least determination of 
the reason of hyperlactatemia (cardiac or non-cardiac) will allow 

to intervene before low perfusion clinic develops or metabolic dys-
function leads to the impairment of cardiac performance. Early 
interventions will result in decreased mortality rates. Researchers 
put emphasize on early secondary markers of hypoperfusion be-
fore BP, urine output and mixed venous oxygen saturation that 
indicates cardiac performance is impaired. Many authors believe 
that hyperlactatemia can be an early indicator (5, 8, 16). Although 
there is a limited number of studies and no common consensus 
on this subject, in accordance with the current data, we think that 
follow-up of both intraoperative and postoperative lactate levels is 
beneficial as it allows early intervention before clinical symptoms of 
hypoperfusion develops.
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