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The prognostic value of cerebral oxygen
saturation, lactate and mixed venous oxygen
levels in predicting the major adverse events
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ABSTRACT

Objective: Major adverse events (MAE) that may occur after pediatric cardiac surgery increase the risk for mortality and
morbidity. In this context, the objective of this study is to assess the prognostic value of perioperative cerebral oxygen sat-
uration levels measured by near-infrared spectroscopy (NIRS-ScO2) and lactate and mixed venous blood oxygen saturation
(MVO) levels in predicting the development of MAE after the surgery.

Material and Methods: The study population consisted of the patients who underwent pediatric cardiac surgery and were
followed up in the pediatric cardiac intensive care unit between February 1, 2022, and June 1, 2022. MAEs include sudden
cardiac arrest/death, unscheduled emergency re-operation, and low cardiac output syndrome. The roles of NIRS-ScO2,
lactate, and MVO levels during the surgery in predicting MAE were investigated. The results were evaluated statistically.
Results: The study sample consisted of 130 patients, of whom 50% were male. The median age of the study sample was 4
(interquartile range: 1-7) months. MAE was detected in 16.9% of the cases. More than 30% change in theNIRS-ScO2 levels
in the operative period (area under the curve [AUC]: 0.84, sensitivity 65%, specificity 85%, and positive predictive value
[PPV]: 90%) and a MVO/lactate ratio<5 (AUC: 0.72, sensitivity 76%, specificity 82%, and PPV 88%) were determined to be
strongly predictive of MAE.

Conclusion: More than 30% change in the perioperativeNIRS-ScO2 levels and an MVO/lactate ratio <5 can be used to
predict the development of MAEs.
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Pediyatrik kalp cerrahisi operasyonu sirasinda serebral near-infrared
spektroskopi, laktat ve mikst ven6z oksijen degerlerinin major advers
olaylara etkisi

OzZET

Amag: Major advers olaylar (MAQ) pediyatrik kalp cerrahisi operasyonlarindan sonra gérulebilir ve mortalite ile morbiditeyi olumsuz olarak etkileyebilir.
Bu ¢alismada, operasyon sirasindaki serebral near-infrared spektroskopi (NIRS), laktat ve mikst ven6z oksijen (MVO) degisikliklerinin MAO’yu 6ngormedeki
etkisinin degerlendirilmesi amaglandi.

Gereg ve Yontemler: Bu galisma, 01 Subat 2022-01 Haziran 2022 tarihleri arasinda pediyatrik kardiyak yogun bakim tnitesinde izlenen ve pediyatrik kalp
cerrahisi operasyonu geciren olgular tizerinde gerceklestirildi. Ani kalp durmasi/6liim, planlanmamis yeniden ameliyat ve disuk kalp debisi sendromu MAO
olarak tanimlandi. Olgulardaki operasyon sirasindaki serebral NIRS, laktat ve MVO degerlerinin ve oranlarinin MAO’yu tahmin etmedeki rolii aragtirildi.
Sonuglar istatistiksel olarak degerlendirildi.

Bulgular: Calisma déneminde 130 olgu (%50’si erkek) mevcuttu. Median yas 4 ay (IQR 1-7 ay) idi. Olgularin %16,9'unda MAO saptandi. NIRS degerinin
operatif dénemde %30’dan fazla degismesi (AUC 0,84 duyarlilik %65, 6zgillik %85, pozitif prediktif deger %90) ve MVO/laktat degerinin <5 olmasi (AUC
0,72 duyarhlk %76, 6zgullik %82, pozitif prediktif deger %88) MAO olabilecegini glicli bir sekilde tahmin etmekteydi.

Tartigma: Operasyon sirasindaki %30’dan fazla serebral NIRS degisikligi ve MVO/laktat oraninin besten kiigiik olmasi MAO gelisiminin tahmin edilmesi

konusunda yardimci olabilir.

Anahtar Kelimeler: Cocuk; laktat; major advers olay; near-infrared spektroskopi; pediyatrik kalp cerrahisi.
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INTRODUCTION

Congenital heart diseases (CHD), which are observed in 0.6—1%
of children, feature a broad spectrum of pathologies and sub-
groups. The timely and accurate diagnosis of CHD and adopt-
ing the appropriate treatment approach is very important to
increase the chance of survival (1).

The survival rate in children that underwent congenital heart
surgery has steadily increased in the past several decades due
to technological developments and appropriate postoperative
care to the point that the perioperative mortality rate has de-
creased below 5%. However, major adverse events (MAEs),
which develop unexpectedly and adversely affect surgical
outcomes, continue to be a major concern (2). MAEs include
sudden cardiac arrest/death, unscheduled emergency re-op-
eration, and low cardiac output syndrome (LCOS). It has been
reported in different studies that MAEs were seen in 15-19% of
the cases being followed up in intensive care units (ICUs) (3-5).

The complexity of CHDs and many different complications that
may develop after congenital heart surgeries pose serious diffi-
culties in managing the patients and making the right decision
about the treatment approach to be adopted. To overcome
these difficulties, different methods are employed, including
physical examination, non-invasive/invasive hemodynamic
measurements, scoring systems, measurement of cerebral

oxygen saturation levels by near-infrared spectroscopy (NIRS-
Sc02), and measurement of lactate and mixed venous blood
oxygen saturation (MVO) levels (2-4). Serum lactate, MVO, and
NIRS-ScO2 levels are used as indirect markers secondary to tis-
sue hypoxia, which is used to assess the insufficiency of oxygen
transport to the periphery. However, these markers have found
limited use in predicting the MAEs, and there are not enough
studies on the predictive value of these markers.

In view of the foregoing, perioperative serum lactate, MVO, and
NIRS-ScO2 levels of children who underwent pediatric cardiac
surgery at the cardiac surgery center, where this study was con-
ducted, were measured, and the predictive value of these pa-
rameters in predicting MAEs was investigated.

MATERIALS AND METHODS

The population of this prospective study consisted of pediatric
patients younger than 18 years of age who underwent congen-
ital heart surgery between February 1, 2022, and June 1, 2022,
in a cardiac surgery center in Turkey. Patients who had been
diagnosed with a neurological disease, premature babies, pa-
tients who died during the surgery, and patients in whom car-
diopulmonary bypass (CPB) was not used were excluded from
the study. The study protocol was approved by the local ethics
committee (Approval No: 95, Approval Date: March 30, 2022).
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The study was carried out in accordance with the principles out-
lined in the Declaration of Helsinki.

A data collection form was created for each patient included
in the study. The research data were collected using this form
in three categories; preoperative data (demographic character-
istics, cardiac diagnosis, echocardiography data), perioperative
data (duration of CPB and surgery, surgical risk score measured
by the Risk Adjustment for Congenital Heart Surgery scoring
system, NIRS-ScO2, lactate, and MVO levels), and postopera-
tive data (extubation time, length of stay in ICU and hospital,
mortality, maximum vasoactive-inotropic score (VIS), blood gas
analysis, MAEs].

Blood gas, NIRS-ScO2, lactate, and MVO values were measured
and recorded before CPB (T0), before cross-clamp (T1), during
cross-clamp (T2), and after CPB (T3).

A four-channel trend monitor (Somanetics 5100B, Troy, Ml,
U.S.) was used for cerebral monitoring. The NIRS sensor was
placed on the right frontal region of the patients. Post-induction
values were plotted as baseline NIRS-ScO2values, and then the
changes in the cerebral oxygenation levels were evaluated.

All MVO measurements were made from catheters placed in
the superior vena cava or venous blood in the right atrium (in
the absence of a left-to-right shunt). Lactate levels were mea-
sured in the blood drawn from the arterial cannula inserted
during the surgery. MVO/lactate ratios were calculated using
the values obtained from the MVO and lactate measurements
performed within the same hour.

The study’s primary outcome was the development of an MAE
within 48 h of surgery. MAE was defined by one or more of the
following conditions: Cardiac arrest, unscheduled re-operation
as an unexpected surgical procedure or as a result of a signif-
icant postoperative residual lesion, emergency chest opening
to control bleeding from the sternum or to reduce pressure on
the mediastinum, or the presence of LCOS. LCOS was defined
by clinical changes such as altered consciousness, changes in

Table 1. Demographic characteristics o
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skin appearance, cold extremities, weak pulse, and a capillary
circulation time >2 s.

Statistical Analysis

Statistical analyses were performed using SPSS 21.0 (Statistical
Package for the Social Sciences for Windows, version 21.0, IBM
Corp., Armonk, NY, U.S., 2012). Continuous variables deter-
mined to conform to the normal distribution were expressed as
median interquartile range (IQR) values, whereas the categor-
ical variables were expressed as numbers and percentage val-
ues. Demographic characteristics and perioperative variables
were compared with the Mann—Whitney U and Pearson’s Chi-
squared tests. The prognostic power of NIRS-ScO2 and MVO/
lactate parameters in predicting MAEs were evaluated using the
receiver operating characteristics (ROC) curve analysis. Proba-
bility p<0.05 was deemed to indicate statistical significance.

RESULTS

The study sample consisted of 130 patients, of whom 50% were
male. The median age of the study sample was 4 (IQR: 1-7)
months. MAE was detected in 16.9% of the cases. The demo-
graphic and clinical characteristics of all patients are summa-
rized in Table 1.

Of the 22 patients who developed MAE, cardiac arrest occurred
in 9 (6.9%) patients, LCOS developed in 9 (6.9%) patients, 7
(5.4%) patients were exitus, and the residual hemodynamic
lesion was observed in 2 (1.5%) patients, and sternum was
opened in 2 (1.5%) patients.

Changes in NIRS-Sc02, lactate, MVO, and MVO/lactate values at
TO, T1, T2, and T3 are shown in Table 2. Accordingly, it was de-
termined that the NIRS-ScO2 and MVO values were significantly
lower and lactate and MVO/lactate values were significantly
higher at T2 and T3 in cases with MAE (p<0.05).

The results of the ROC analysis for estimating MAE based on
more than 30%, 20%, and 10% changes in NIRS-ScO2 values

Parameters Major Adverse event (-) Major Adverse event (+) p
(n=108) (n=22)

Age, months 2 (1-5) 3(2-6) >0.05
Newborn 60 (55) 16 (72) >0.05
Height (kg) 5(3-7) 4 (3-6) >0.05
Gender, Male 55 (51) 10 (46) >0.05
Double Ventricle 86 (79) 14 (63) >0.05
RACHS-1 24 68 (62) 18 (82) 0.003
Duration of cardiopulmonary bypass (minutes) 95 (70-120) 115 (100-135) 0.001
Maximum VIS score in the first 48 h 5(3-7) 10 (5-15) 0.001
Median (IQR) or n (%).
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Table 2. NIRS, lactate

and MVO/lactate ch
cardiopulmonary by

Cerebral NIRS Major Advers Major Advers p
event (-) event (+)
TO 62 (55-70) 60 (55-65) >0.05
T1 62 (55-70) 60 (55-65) >0.05
T2 55 (50-60) 44 (40-48) 0.001
T3 54 (50-58) 40 (35-45) 0.001
Mixed Venous oxygen (%)
TO 59 (55-62) 51 (48-55) >0.05
T1 58 (55-61) 50 (46-54) >0.05
T2 59 (55-62) 47 (44-50) 0.030
T3 58 (56—60) 48 (46-50) 0.042
Lactate (mmol/Liter)
TO 2.5(2.1-2.9) 3(2.5-3.5) >0.05
T1 2.6 (2.2-3) 4.1(3.7-4.5) 0.035
T2 2.8(2.5-3.1) 5.4 (5-5.8) 0.001
T3 2.7 (2.5-3) 6 (5.5-7) 0.001
Mixed Venous
oxygen/lactate Ratio
TO 24 (21-27) 20 (17-23) >0.05
T1 23 (20-26) 13 (10-16) 0.015
T2 22 (20-24) 12 (10-15) 0.001
T3 25 (23-27) 9(7-11) 0.001
TO: Before cardiopulmonary bypass; T1: Before cross clamp; T2: During
cross clamp; T3: After cardiopulmonary bypass Median (IQR).
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during CPB are summarized in Figure 1. It was determined that
more than 30% change in the NIRS-ScO2 value in the periop-
erative period predicted MAE with 65% sensitivity and 85%
specificity (area under the curve [AUC]: 0.84, confidence inter-
val [CI]: (0.80-0.88), and positive predictive value [PPV]: 90%,
p<0.001]. A more than 30% change in the NIRS-ScO2value was
determined to be an independent risk factor for MAE (odds ra-
tio [OR]: 4.8, Cl: 1.9—11). On the other hand, no statistically sig-
nificant changes were observed in the MAE development rates
with more than 20% or 10% changes in the NIRS-ScO2 values
(p>0.05).

The results of the ROC analysis for estimating MAE based on
the MVO/lactate ratio <5, <10, and <15 during CPB are summa-
rized in Figure 2. It was determined that MVO/lactate values <5
strongly predicted MAE with 76% sensitivity and 82% specificity
(AUC: 0.72, Cl: 0.62-0.82, PPV 88%, p<0.001). An MVO/lactate
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Figure 1. The role of % NIRS changes in predicting major adverse events
during cardiopulmonary bypass.
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Figure 2. The role of different MVO/lactate ratios in predicting major
adverse events during cardiopulmonary bypass.

value of <5 was determined to be an independent risk factor for
MAE (OR: 2.7, Cl: 1.3—6). On the other hand, no statistically sig-
nificant changes were observed in the MAE development rates
with MVO/lactate ratios <10 and <15 (p>0.05).

DISCUSSION

The prognostic values of NIRS-ScO2 level and lactate/MVO ra-
tio for the development of MAE after pediatric cardiac surgery
were investigated in this study. Consequentially, it was deter-
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mined that a more than 30% change in the NIRS-ScO2 value and
an MVO/lactate ratio <5 may be useful in predicting the devel-
opment of MAEs in the first 48 h after pediatric cardiac surgery.

CPB is one of the essential methods used in congenital heart
surgeries. However, CPB has certain drawbacks, leading to se-
rious clinical and hemodynamic changes in the whole body.
The body’s inflammatory response to these serious clinical and
hemodynamic changes may occur in the form of multiple organ
failures, including myocardial failure, respiratory failure, neuro-
logical disorders, bleeding disorders, and kidney and liver func-
tion changes in the post-operative phase (6).

Different methods such as blood gas analysis and lactate, MVO,
and cerebral perfusion pressure measurements have been used
to continuously monitor hemodynamic changes that are a fac-
tor in mortality and morbidity (7-9). The cerebral NIRS moni-
toring is advantageous since it can be used during CPB. As a
reason, unlike pulse oximeters, it is not dependent on the pul-
satile flow. In this context, the cerebral NIRS monitor has been
increasingly used as a standard monitoring method during CPB
in pediatric and adult cardiac surgeries, given its low cost and
the lack of adverse side effects.

In parallel, Tanidir et al. (10) suggested that the changes in the
NIRS-ScO2 levels may guide clinicians in predicting instanta-
neous events. In addition, in the newborn series of 75 cases
by Aly et al., (11) it was stated that the changes in the NIRS-
ScO2 levels during CPB may predict long-term neurocognitive
changes. Along these lines, in a study by Sen et al. (12) con-
ducted with 91 adult patients who underwent coronary by-
pass and valve operation under CPB, a correlation was found
between the perioperative changes in the NIRS-ScO2 levels and
mortality and morbidity in ICU, and it was concluded that NIRS-
ScO2 levels might be a good indicator for patient management
in the pre- and post-operative period.

Similarly, more than 30% change observed in the NIRS-ScO2
levels in this study was determined to be an independent risk
factor for MAE.

The studies on the methods that can predict the occurrence
of MAEs are ongoing. Although lactate clearance, changes in
lactate levels over time, MVO levels, CPB duration, and inflam-
matory markers have been used primarily for LCOS in different
studies, an ideal method to predict MAE has yet to be found (2).
In the infant series of 46 cases by Carmona et al., (13) CPB dura-
tion and high troponin | (inhibitory) and interleukin (IL) 8 levels
were found to be independent risk factors for cardiac arrest.
In another study, it was stated that low MVO might be a good
marker for LCOS (14). In addition, in a series of 129 cases, it was
suggested that serial lactate measurement could predict MAE
(15). Furthermore, Schumacher et al. (16) determined that a
0.6 mmol/L/per hour decrease in lactate levels could predict a
good prognosis with 90% sensitivity and 84% specificity.

Duke et al. (4) investigated the development of MAE in a series
of cases operated for congenital heart disease and found the
incidence of MAE as 13.3%. In addition, they found that high
lactate levels, extended CPB durations, high CO2 difference,

61

and base deficit values in patients followed up in ICU were as-
sociated with MAE. Rocha et al. (2) found the incidence of MAE
to be 16% in their series of 194 cases, and they concluded that
MVO/lactate >5 is a good marker for low MAE risk. In a series of
257 cases that underwent pediatric cardiac surgery by Murni et
al.,, (17) the incidence of MAE and mortality were found as 19%
and 13%, respectively. They determined that the presence of
cyanotic congenital heart disease, a CPB duration of >120 min,
use of at least two inotropes, and an increase in the lactate lev-
els >0.75 mmol/L or more in the first 24 h could predict MAE.

In comparison, in this study, the incidence of MAE was found
as 16.9%, and the CPB duration was found to be significantly
higher in patients who developed MAE compared to the pa-
tients who did not develop MAE (114 min vs. 95 min, p<0.001).
Moreover, in line with Rocha et al.’s study findings, it was deter-
mined that MVO/lactate ratios of <5 strongly predicted MAE.

Limitations of the Study

The study’s primary limitation was that it was designed as a
single-center study with a relatively small number of cases.
Another limitation of the study was that the study sample was
heterogeneous, and the cases had different physiologies. In
addition, using NIRS and other measurement methods in the
post-operative period could have allowed further comparisons.

It was determined that a more than 30% change in the NIRS-
ScO2 level and MVOQ/lactate ratios of <5 may be useful in pre-
dicting the development of MAEs in the first 48 h after pediatric
cardiac surgery.

Ethics Committee Approval: The study protocol was approved by the lo-
cal ethics committee (Approval No: 95, Approval Date: March 30, 2022).

Informed Consent: Written informed consent was obtained from the
families of the patients who participated in this study.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received
no financial support.

Authorship Contributions: Concept — HDO, EQ; Design — HDO, EQ, SS;
Supervision — EQ, FG; Fundings — HDO, EQ, SS, FG; Materials — EQ, SS;
Data collection and/or processing — HDO, EQ, SS; Analysis and/or inter-
pretation — HDO, EQ, SS, FG; Literature review —SS, FG; Writing — HDO,
EQ; Critical review — FG.

Etik Kurul Onayi: Calisma protokolii yerel etik kurul tarafindan onay-
landi (Onay No: 95, Onay Tarihi: 30 Mart 2022).

Hasta Onami: Yazili hasta onami bu ¢alismaya katilan hastalarin ailele-
rinden alinmistir.

Cikar Catismasi: Yazarlar gikar catismasi bildirmemislerdir.

Mali Destek: Yazarlar bu ¢alisma igin mali destek almadiklarini beyan
etmislerdir.

Yazarlik Katkilani: Fikir — HDO, EQ; Tasarim — HDO, EOQ, SS; Denetmele
- EQ, FG; Kaynaklar — HDO, EOQ, SS, FG; Malzemeler — EQ, SS; Veri Top-
lanmasi ve/veya islemesi — HDO, EQ, SS; Analiz ve/veya Yorum — HDO,
EQ, SS, FG; Literatiir Taramasi — SS, FG; Yaziyi Yazan — HDO, EQ; Elestirel
inceleme — FG.



62

REFERENCES

1.

Frommelt PC. Update on pediatric echocardiography. Curr Opin
Pediatr 2005;17:579-85.

Rocha VHS, Manso PH, Carmona F. Central venous oxygen satu-
ration/lactate ratio and prediction of major adverse events after
pediatric heart surgery. Braz J Cardiovasc Surg 2021;36:736—-42.

Seear MD, Scarfe JC, LeBlanc JG. Predicting major adverse events af-
ter cardiac surgery in children. Pediatr Crit Care Med 2008;9:606—11.

Duke T, Butt W, South M, Karl TR. Early markers of major adverse
events in children after cardiac operations. J Thorac Cardiovasc
Surg 1997;114:1042-52.

Kimura S, Butt W. Core-peripheral temperature gradient and skin
temperature as predictors of major adverse events among post-
operative pediatric cardiac patients. J Cardiothorac Vasc Anesth
2022;36:690-8.

Baufreton C, Intrator L, Jansen PG, te Velthuis H, Le Besnerais P,
Vonk A, et al. Inflammatory response to cardiopulmonary bypass
using roller or centrifugal pumps. Ann Thorac Surg 1999;67:972-7.

Munoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL.
Changes in whole blood lactate levels during cardiopulmonary by-
pass for surgery for congenital cardiac disease: An early indicator of
morbidity and mortality. J Thorac Cardiovasc Surg 2000;119:155—
62.

Schranz D, Schmitt S, Oelert H, Schmid F, Huth R, Zimmer B, et al.
Continuous monitoring of mixed venous oxygen saturation in in-
fants after cardiac surgery. Intensive Care Med 1989;15:228-32.

Haydin S, Onan B, Onan IS, Ozturk E, lyigun M, Yeniterzi M, et al.
Cerebral perfusion during cardiopulmonary bypass in children:
Correlations between near-infrared spectroscopy, temperature,
lactate, pump flow, and blood pressure. Artif Organs 2013;37:87—
91.

10.

11

12.

13.

14.

15.

16.

17.

JOUR UMRANIYE PEDIATR 2022;2(2):57-62

Tanidir IC, Ozturk E, Ozyilmaz I, Saygi M, Kiplapinar N, Haydin S, et
al. Near infrared spectroscopy monitoring in the pediatric cardiac
catheterization laboratory. Artif Organs 2014;38:838-44.

. Aly SA, Zurakowski D, Glass P, Skurow-Todd K, Jonas RA, Donofrio

MT. Cerebral tissue oxygenation index and lactate at 24 hours post-
operative predict survival and neurodevelopmental outcome after
neonatal cardiac surgery. Congenit Heart Dis 2017;12:188-95.

Sen O, Yildiz O. Relation between cerebral perfusion changes and
mortality scores during cardiopulmonary bypass at adult cardiac
surgery. Kosuyolu Heart J 2019;22:79-84.

Carmona F, Manso PH, Vicente WV, Castro M, Carlotti AP. Risk strat-
ification in neonates and infants submitted to cardiac surgery with
cardiopulmonary bypass: A multimarker approach combining in-
flammatory mediators, N-terminal pro-B-type natriuretic peptide
and troponin I. Cytokine 2008;42:317-24.

Baronov D, McManus M, Butler E, Chung D, AlImodovar MC. Next
generation patient monitor powered by in-silico physiology. Annu
Int Conf IEEE Eng Med Biol Soc 2015;2015:4447-53.

Kalyanaraman M, DeCampli WM, Campbell Al, Bhalala U, Harmon
TG, Sandiford P, et al. Serial blood lactate levels as a predictor of
mortality in children after cardiopulmonary bypass surgery. Pediatr
Crit Care Med 2008;9:285-8.

Schumacher KR, Reichel RA, Vlasic JR, Yu S, Donohue J, Gajarski RJ,
et al. Rate of increase in serum lactate level risk-stratifies infants
after surgery for congenital heart disease. J Thorac Cardiovasc Surg
2014,;148:589-95.

Murni IK, Djer MM, Yanuarso PB, Putra ST, Advani N, Rachmat
J, et al. Outcome of pediatric cardiac surgery and predictors of

major complication in a developing country. Ann Pediatr Cardiol
2019;12:38-44.



