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Blood Lactate Clearance as a Predictor of Mortality
in Children Undergoing Cardiac Surgery with
Cardiopulmonary Bypass

Smriti Mahaju Bajracharaya,' Ushna Shrestha,’ Ashish Govinda Amatya'

'Shahid Gangalal National Heart Centre, Bansbari, Kathmandu, Nepal.
ABSTRACT

Background: Pediatric cardiac surgery is still a high-risk procedure, with mortality being a significant concern.
Lactate clearance has been demonstrated to enhance outcomes in critically ill adult populations; however, data
regarding its significance in the context of pediatric cardiac surgery has been limited, particularly in resource-limited
settings like Nepal. The aim of this study was to evaluate lactate clearance as a predictor of mortality in children

undergoing cardiac surgery with cardiopulmonary bypass (CPB).

Methods: This was a prospective observational cohort study conducted at Shahid Gangalal National Heart Center
(SGNHC) involving 129 pediatric patients (<14 years) undergoing elective cardiac surgery for congenital heart
disease. Lactate levels were measured at several time points: TO (post-induction), T1 (ICU admission), and T6,
T12,T18, and T24 hours postoperatively. Patients were classified into two groups based on their lactate clearance
rates: high (210%) and low (<10%).The primary outcome was in-hospital mortality; secondary outcomes included

duration of mechanical ventilation, inotropic support, and ICU stay.

Results: Non-survivors (n=20) had significantly lower lactate clearance at all time points compared to survivors
(n=109) (p<0.001). High lactate clearance was associated with reduced mortality (1.9% vs. 22%, p=0.03), shorter
mechanical ventilation (11.2974.73 vs. 14.56£6.73 hours, p<0.001), and shorter ICU stay (48.85%7.26 vs.
66.64125.46 hours, p=0.004).

Conclusions: Lactate clearance is a significant prognostic marker of mortality in pediatric patients undergoing
elective cardiac surgery for congenital heart defects. The ongoing monitoring of lactate clearance may facilitate
the early identification of high-risk patients in the early postoperative period and guide interventions that could

potentially improve postoperative outcomes.

Keywords: Blood lactate clearance; cardiopulmonary bypass; mortality, Nepal; pediatric cardiac surgery.

INTRODUCTION

Pediatric cardiac surgery is still a high-risk procedure,
with mortality being a significant concern despite
the progress made in both surgical techniques
and perioperative management. Lactate has been
recognized as a good diagnostic, therapeutic, and
prognostic marker of global tissue hypoxia." Lactate
is easily available cost-effective and routinely done in
cardiac surgery.

Although several studies have evaluated lactate
clearance after cardiac surgery *5, most have been
retrospective and conducted in selected adult or

pediatric populations, consistently demonstrating that
impaired lactate clearance is associated with increased
mortality and postoperative morbidity, In pediatric
populations, particularly those undergoing cardiac
surgery with cardiopulmonary bypass (CPB), there
is a lack of comprehensive studies addressing lactate
clearance as a marker for postoperative mortality.
There is limited prospective evidence in our national
or regional databases evaluating lactate clearance as
an outcome predictor after cardiac surgery in pediatric
population.? As pediatric congenital cardiac diseases
are highly prevalent in our region®, it is important to
understand the role of lactate clearance in predicting
outcomes in early identification and intervention This
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study aimed to evaluate lactate clearance as an early
prognostic marker of mortality in children undergoing
cardiac surgery with cardiopulmonary bypass.

METHODS

This was a prospective observational study conducted
at the Shahid Gangalal National Heart Center (SGNHC),
Kathmandu, Nepal.The study took place over a period
of 1 year from March 2022 to feburary 2023 in pediatric
patients 14 years of age or younger undergoing elective
cardiac surgery with cardiopulmonary bypass (CPB) for
congenital heart disease. Ethical approval was obtained
from the Institutional Review Committee of SGNHC
(Ref No: SGNHC/IRC No: 8-2022) prior to enrollement
of patients for the study. Informed written consent was
obtained from the patients parents or legal guardians
meeting the inclusion criteria on pre-operative visit
before enrollment in the study of all participating
children. Exclusion criteria comprised patients with
pre-existing congestive heart failure, renal dysfunction
(serum creatinine >2 mg/dL), hepatic dysfunction
(AST >40 U/L or ALT >40 U/L), coagulopathy, systemic
infections, or those requiring reoperation

Based on a previous study ?, the mortality rate was
estimated at 1.9% for the high lactate clearance group
and 22% for the low clearance group. With a significance
level of 5% and power of 80%, the required sample size
was calculated to be 129, accounting for a 20% dropout
rate. Consecutive sampling was used.

Anesthesia management and operative technique was
done as per the standard institutional protocol and was
left to the discretion of the attending team. The standard
American Society of Anesthesiologists monitoring was
used in all children along with invasive arterial pressure
monitoring, central venous pressure monitoring, and
transesophageal echocardiography as approprite. All
surgeries were performed by the pediatric surgical
team. Induction was performed with ketamine (1-2 mg/
kg), fentanyl (2-5 pg/kg), and vecuronium bromide.
Anesthesia was maintained with oxygen-air-isoflurane
(0.5-2%), fentanyl, midazolam, and vecuronium. CPB was
conducted on all children using a membrane oxygenator
(Sorin, Lilliput 1,2), occlusive roller pumps(stockert
SS), and mild hypothermia (32-34°C). The CPB circuit
was primed with 20-25 mL/kg of plasmalyte solution,
1 mL/kg of sodium bicarbonate 8.4% (w/v), 1 g/kg of
mannitol 20% (w/v), and 100 U/kg of heparin. Human
albumin 20% 5gm/kg, Packed red blood cells were added
on CPB, and conventional ultrafiltration was performed
during the CPB to maintain a hematocrit value of 30%.

Myocardial protection was achieved using a crystalloid
CPG(Del-nido CPG) in a dose of 30 mL/kg. CPB flows
were maintained between 2.4-2.8 lit/min/m?. Modified
ultrafiltration (MUF) were done in children below 15kgs
for 10 minutes. Patients was shifted to ICU after the
procedure under mechanical ventilation. Patients
were then weaned from mechanical ventilation at the
discretion of the ICU team.

Preoperative data included demographic data,
hemoglobin, oxygen saturation, and baseline lactate
level (TO). Intraoperative data included CPB time, aortic
cross-clamp time, and inotrope use. Lactate levels were
measured at TO after induction of anesthesia and prior
to surgical incision, and were considered a preoperative
reference value, T1: Upon ICU admission, Té6: 6 hours after
ICU admission,T12: 12 hours after ICU admission, T18:
18 hours after ICU admission and T24: 24 hours after ICU
admission using a commercial blood gas analyzer (ABL 835
Flex, Radiometer, Copenhagen). Lactate measurements
were performed at ICU admission and at 6-hour intervals
up to 24 hours to capture early postoperative metabolic
trends. These time points reflect routine ICU monitoring
practices and allow assessment of early lactate
clearance during the period of greatest hemodynamic
instability  following cardiopulmonary bypass.
Lactate clearance was calculated using the formula:
Lactate Clearance (%) = ([Initial lactate - Subsequent
lactate] / Initial lactate) x 100 Clearance was calculated
for intervals T1-T6, T1-T12, T1-T18, and T1-T24.2 This
calculation was applied for serial time intervals (T1-
T6, T1-T12, T1-T18, and T1-T24) to assess the dynamic
change in lactate over the first postoperative/critical
period. The use of this relative change formula is
consistent with prior clinical studies in critical care and
cardiac surgery settings investigating lactate kinetics
and outcomes.

The primary outcome was in-hospital mortality.
Secondary outcomes included duration of mechanical
ventilation, duration of inotropic support, and length of
ICU stay

Data were analyzed using SPSS version 27 (IBM Corp.,
Chicago, IL, USA).

Patients were primarily compared between two groups:
survivors and non-survivors. Continuous variables were
assessed for normality using the Shapiro-Wilk test.
Normally distributed continuous variables are expressed
as mean + standard deviation and compared using the
independent Student’s t-test. Non-normally distributed
continuous variables were analyzed using the Mann-
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Whitney U test.

Categorical variables, including sex and mortality, are expressed as frequencies and percentages and were compared
using the Chi-square test .

Univariate analyses were performed to evaluate the association of lactate clearance at different time intervals
(T1-T6, T1-T12, T1-T18, and T1-T24) with mortality and postoperative outcomes, using appropriate tests. A p-value
< 0.05 was considered statistically significant. Lactate clearance groups (high vs low clearance) were compared
separately using the same statistical approach. A p-value < 0.05 was considered statistically significant=

RESULTS

A total of 129 pediatric patients who underwent cardiac surgery were included in the study, with 109 survivors and
20 non-survivors resulting in-hospital mortality rate of 15.5%. The mean age of survivors was significantly higher than
non-survivors (5.50 + 4.33 years vs. 2.78 + 3.77 years, p=0.010). Non-survivors were significantly younger, shorter,
and had lower body weight than survivors. Preoperatively, non-survivors also had higher hemoglobin levels (16.0+3.8
vs. 13.7+2.8 g/dL, p=0.002) and markedly lower arterial oxygen saturation (70.8+13.4% vs. 89.0+13.1%, p<0.001)
compared to survivors (Table 1). Intraoperatively, non-survivors experienced significantly longer cardiopulmonary
bypass (177.6+44.1 vs. 112.9+54.1 min, p<0.001) and aortic cross-clamp times (110.1+48.8 vs. 74.2+38.2 min, p=0.005)
(Table 1). Postoperatively, they required prolonged mechanical ventilation, inotropic support, and ICU stay (Table 1).

Table 1. Demographic and Peri-Opeartive characteristics of survivors and non-survivors.

Variable All Patients (n=129)  Survivors (n=109) Non-survivors (n=20) p-value
Age (years) 5.12 + 4.14 5.50 + 4.33 2.78 + 3.77 0.010
Sex (Male/Female) 58/71 58/51 14/6 0.165
Height (cm) 94.67 + 31.98 102.48 + 31.13 75.85 + 22.89 <0.001
Weight (kg) 15.58 + 19.59 19.34 £ 19.43 8.16 + 4.63 <0.001
Preoperative Hb (g/dL) 14.42 + 3.12 13.73 £ 2.84 16.01 + 3.83 0.002
Preoperative Sao2(%) 82.12 £ 16.22 89.03 £ 13.14 70.75 £ 13.44 <0.001
CPB (min) 129.77 + 64.22 112.89 + 54.12 177.60 + 44.14 <0.001
ACX (min) 81.17 + 43.52 74.23 + 38.21 110.15 + 48.75 0.005
Duration of IS (hours) 28.96 + 19.03 24.19 + 13.28 30.78 + 18.49 <0.001
Duration of MV (hours) 26.61 + 13.98 24.19 + 13.28 30.78 + 18.49 <0.001
Duration of ICU Stay (hours) 60.57 + 25.91 48.85 + 7.26 66.64 + 25.46 0.004

*Values are expressed as mean+SD for continuous variables and number (percentage) for categorical variables..
P<0.05 is considered significant; Hb, Hemoglobin; Sao2, Oxygen saturation; CPB,Cardiopulmonary Bypass Time;ACX,
Aortic Cross-clamp Time; IS,Inotropic Support; MV,Mechanical Ventilation; ICU,Intensive Care Unit

Table 2. Comparison of serial lactate levels between survivors and non-survivors at multiple time intervals.

Variable Survivors (n=109) Non-survivors (n=20) p-value
Preoperative Lactate (TO, mmol/L) 3.43+ 21.7 1.86+ 1.67 0.52
Initial Lactate (T1, mmol/L) 2.15+1.35 3.71£2.97 <0.001
Lactate at 6 h (T6, mmol/L) 2.74 + 1.62 5.95 + 3.58 <0.001
Lactate at 12 h (T12, mmol/L) 2.19+1.18 5.61 + 3.37 <0.001
Lactate at 18 h (T18, mmol/L) 1.92 +1.05 6.49 + 4.19 <0.001
Lactate at 24 h (T24, mmol/L) 1.63 +£1.18 5.50 + 4.25 <0.001

*Values are expressed as mean+SD or number (%). P<0.05 is considered significant
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Serial measurements of lactate levels was done as shown in Table 2. Preoperative lactate did not differ significantly
between survivors and non-survivors (p=0.52). However, immediately after CPB and at 6, 12, 18, and 24 h
postoperatively, non-survivors consistently maintained significantly higher lactate concentrations than survivors (all
p<0.001) (Table 2).

Table 3. Lactate clearance rate at different time points between survivors and non-survivors during the first 24

hours post-surgery.

Variable Survivors (n=109) Non-survivors (n=20) p-value
Lactate Clearance (T1-T6, %) -36.05 + 70.24 -101.62 + 148.46 0.002
Lactate Clearance (T1-T12, %) -12.84 + 60.07 -105.57 + 157.22 <0.001
Lactate Clearance (T1-T18, %) -2.27 £ 59.57 -141.36 + 174.99 <0.001
Lactate Clearance (T1-T24, %) 13.33 £ 57.69 -135.52 + 246.38 <0.001

Values are expressed as mean+SD or number (%). P<0.05 is considered significant

Survivors exhibited markedly greater blood lactate clearance in the first 24 hours after cardiopulmonary bypass than
non-survivors. By 24 h, the mean lactate clearance in survivors was +13.3% (+57.7) versus -135.5% (+246.4) in non-
survivors (p<0.001). In fact, at each interval (T1-T6, T1-T12, T1-T18, and T1-T24), survivors had significantly higher
lactate clearance (all p<0.002) than non-survivors (Table 3).

Table 4. Univariate comparison of perioperative variables between high and low lactate clearance groups.

Variable High Lactate Clearance (n=43) Low Lactate Clearance (n=12) p-value
Age (years) 3.08 +1.39 2.62 + 0.96 0.06
Sex (Male/Female) 70/38 27/14 0.89
Height (cm) 87.53 +5.35 88.80 + 5.53 0.20
Weight (kg) 9.72 + 3.12 9.41 + 2.61 0.57
Preop Hb (g/dL) 20.24 + 2.03 19.82 +1.71 0.09
Preop Sa02 (%) 74.82 + 6.62 76.12 +7.35 0.32
CPB (min) 89.01 £ 9.03 93.63 + 8.05 0.09
ACX (min) 62.68 + 4.07 64.05 + 5.11 0.12
Duration of IS (hours) 24.19 + 13.28 30.78 + 18.49 <0.001
Duration of MV (hours) 11.29 + 4.73 14.56 + 6.73 <0.001
Duration of ICU Stay (hours) 48.85 + 7.26 66.64 + 25.46 0.004
Mortality (%) 2 (1.9%) 9 (22%) 0.03
Preop Lactate (TO, mmol/L) 1.65 £ 0.51 1.59 £ 0.40 0.48
Initial Lactate (T1, mmol/L) 4.65 + 1.07 4,78 + 0.93 0.47
Lactate at 6 h (T6, mmol/L) 3.40 + 1.01 4.57 + 0.82 0.001
Lactate at 12 h (T12, mmol/L)  3.11 £ 1.01 4.37 +0.92 0.001
Lactate at 18 h (T18, mmol/L) 2.89 + 0.98 4.27 + 1.08 0.001
Lactate at 24 h (T24, mmol/L) 2.40 + 1.02 4.25 + 1.34 0.001

Values are expressed as meanxSD for continuous variables and number (percentage) for categorical variables. P<0.05
is considered significant; Pre-op,Preoperative;Hb,Hemoglobin; Sao2, Oxygen saturation; CPB,Cardiopulmonary
Bypass Time;ACX, Aortic Cross-clamp Time; IS,Inotropic Support; MV,Mechanical Ventilation; ICU,Intensive Care
Unit

High lactate clearance was defined as lactate clearance >10% at 24 hours (T1-T24), and low lactate clearance as
lactate clearance <10%. Further comparison between high lactate clearance (2and low lactate clearance groups,
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independent of survival status, revealed that the
high-clearance group had significantly better clinical
outcomes, including reduced need for inotropic
support, shorter duration of mechanical ventilation, and
decreased ICU stay. Mortality was significantly higher in
the low-clearance group (22% vs. 1.9%) (Table 4).

DISCUSSION

In our study, we found that the serial lactate clearance
is important predictor of postoperative mortality and
the patients with higher lactate clearance (>10%) had
improved survival with significantly lower mortality
rates (1.9% vs. 22%, p = 0.03). Our study has shown
that lactate clearance can be applied to our pediatric
post-cardiac surgical patients for assessing outcomes
and ensures the delivery of timely optimal treatment.
There is paucity of studies regading this in our specific
context. However, lactate clearance has been widely
used in several studies evaluating its outcome including
mortality especially in adults and our study adds to this
growing body of evidence supporting its usefulness in
predicting in-hospital mortality.”*

Our study found an overall in-hospital mortality rate of
15.5%. Similarly in our cohort of patients, non-survivors
showed worsening clearance rates ( -135.52% in non-
survivors vs. +13.33% in survivors at T1-T24) compared
to survivors in postoperative period reflecting body’s
ablility to eliminate ananerobic byproducts and maintain
tissue oxygenation. Lactate which is a by-product of
anaerobic metabolism either due to inadequate oxygen
delivery or utilization has already been recognized as a
marker of tissue hypoxia.' However, several studies have
demonstrated that lactate clearance, rather than single
absolute lactate values, is a more reliable predictor
of mortality and morbidity.?> While the role of lactate
clearance has been well-described in adult cardiac
surgery, there is limited research on its significance in
pediatric populations. Prior studies have established the
prognostic value of lactate clearance in adult patients,
and our findings extend these insights to pediatric
patients undergoing congenital cardiac procedures.
Unlike earlier studies that primarily focused on absolute
lactate levels, our research highlights the utility of serial
lactate measurements for more accurate postoperative
risk assessment.

Furthermore, our study demonstrated that non-
survivors presented with significantly lower clearance
rates compared to survivors.Specifically we observed
moartality rate of 1.9% in high clearance group
compared to 22% in low clearance group. A study

review by Nguyen et al- '® demonstrated that every 10%
increase in lactate clearance reduced mortality risk by
11% in sepsis. Similarly, the use of lactate clearance in
prognosis has been demonstrated in various acute care
settings, including sepsis, trauma, and cardiac surgery.
Several studies by Lopez-Delgado et al.,* and Marty et
al.” recognized impaired clearance as the strongest
predictor of mortality in cardiac surgery patients and
in critically ill patients. Murtuza et al.® have shown the
importance of lactate clearance in predicting outcomes
particularly in pediatric cardiac surgery patients.

In addition to mortality, our study found that patients with
delayed lactate clearance required longer mechanical
ventilation(30.78 + 18.49 vs. 24.19 + 13.28 hours, p <
0.001) and had extended ICU stays (66.64 + 25.46 vs.
48.85 + 7.26 hours, p = 0.004) in early postoperative
period. This is consistent with numerous studies which
have indicated delayed lactate clearance may reflect
underlying issues such as impaired tissue perfusion,
respiratory failure, or hemodynamic instability, all of
which contribute to the need for prolonged ventilation
and ICU monitoring." ' Interestingly, these findings
suggests that with the early identification of patients
with poor lactate clearance, timely interventions
such as optimization of oxygen delivery, ventilation
support, and inotropic therapy, can be done which could
potentially improve outcomes.'>"

Our study identified several preoperative and
intraoperative risk factors that are associated with
delayed lactate clearance. Patients with delayed lactate
clearance were significantly younger (2.78 + 3.77 vs.
5.50 + 4.33 years, p = 0.010), had lower preoperative
oxygen saturation (70.75 + 13.44% vs. 89.03 + 13.14%,
p < 0.001), and higher preoperative hemoglobin levels.
Intraoperatively, longer cardiopulmonary bypass (CPB)
and aortic cross-clamp (ACX) durations were also
associated with delayed lactate clearance, suggesting
greater exposure to circulatory interruption and
ischemic stress during surgery. Delayed lactate clearance
reflects impaired lactate metabolism and persistent
tissue hypoxia, which may be particularly pronounced in
younger pediatric patients due to immature hepatic and
renal lactate handling and limited metabolic reserve.®
Lower preoperative oxygen saturation, commonly
seen in cyanotic congenital heart disease, predisposes
patients to chronic hypoxemia and reduced oxygen
delivery, thereby amplifying postoperative lactate
production. Elevated preoperative hemoglobin in this
context likely represents a compensatory response to
chronic hypoxia rather than improved oxygen-carrying
capacity, which may explain its association with delayed
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lactate normalization.™

Prolonged CPB and ACX times increase the duration of
non-physiological circulation, systemic inflammatory
response, and regional hypoperfusion, all of which
impair lactate clearance. Similar associations have
been reported by Cheung et al.?’ and Basaran et al.?' in
pediatric cardiac surgical populations. In contrast, adult
cardiac surgery studies often identify comorbidities such
as diabetes, renal dysfunction, and low cardiac output
as stronger predictors of impaired lactate clearance,
highlighting important population-specific differences
related to age, disease etiology, and physiological
reserve.

Several potentially important risk factors were not
evaluated in this study, including elevated preoperative
serum creatinine, specific inotropic agents, and
perioperative glucose levels, despite prior evidence
demonstrating that acute kidney injury, reduced
preoperative  ejection fraction, hyperglycemia,
prolonged cardiopulmonary bypass and aortic cross-
clamp times, blood transfusion requirements, and
inotropic support are independently associated with
hyperlactatemia during cardiac.?*%

Polonen et al. * found that normalizing lactate
concentrations in  postsurgical cardiac patients
decreased morbidity and length of hospital stay in
their cohort of 400 patients . Several studies have
demonstrated that different parameters like lactate,
central venous oxygen saturation are strong predictors
of major adverse events following on-pump cardiac
surgery and even in pediatric cardiac surgery. ?° Multiple
studies have shown elevated lactate levels associated
with increased postoperative complications—including
cerebral complications % bleeding #, and low cardiac
output syndrome 2 | increased need for postoperative
intra-aortic balloon pump (IABP) usage. ?°

Noteworthyly, serial lactate measurements can provide
information into metabolic recovery, facilitationg early
identification of high-risk patients. These findings
emphasize the importance of early interventions on
optimizing perioperative management to improve
lactate clearance through judicious and tailored
use of ionotropes, shorter CPB and ACX times ,fluid
management or glycemic management ultimately to
improve patient outcome. This approach aligns with the
lactate-guided therapy approach proposed by Jansen
et al.* which has been shown to reduce mortality in
critically ill patients.

Our study has several limitations. Firstly, this study was
a single-center, and findings may not be generalizable to
other institutions with different patient populations and
perioperative management protocols. Secondly , we had
relatively small cohort of 129 patients may have limited
our ability to identify more subtle differences in lactate
clearance trends. Thirdly, we did not assess long-term
outcomes, which would be valuable in understanding
the long-term impact of lactate clearance on survival
and quality of life post-surgery. Finally, our study
included all congenital heart defects . A more focused
approach examining a specific diagnosis could have
strengthened our findings. Future research should focus
on establishing national heart surgery database to allow
for the comprehensive assessment of outcomes in our
settings.

CONCLUSIONS

In conclusion, lactate clearance is a valuable predictor
of mortality and adverse outcomes in pediatric patients
undergoing elective cardiac surgery for congenital
heart defects. Our findings support the findings of
serial lactate measurements in the early postoperative
period, enables early identification of high-risk patients
in perioperative management for pediatric cardiac
surgery to guide clinical decisions and improve patient
outcomes. Future multicenter studies are necessary
to validate these findings and explore therapeutic
strategies to enhance lactate clearance in critically ill
children.
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