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ABSTRACT

Background: Prolonged preoperative fasting can cause hypoglycemia, hyperglycemia, and intravascular volume
depletion in children. We aimed to examine whether prolonged preoperative fasting is associated with in-hospital
mortality and other morbidities in pediatric cardiothoracic surgery. Methods: This retrospective cohort study
included children aged 0-3 years who underwent cardiac surgery between July 2014 and October 2020. The
patient demographic data, surgery-related and anesthesia-related factors, and postoperative outcomes, including
hypoglycemia, hyperglycemia, sepsis, length of intensive care unit stay, and in-hospital mortality, were recorded.
The main exposure and outcome variables were prolonged fasting and time-to-death after surgery, respectively.
The associations between prolonged fasting and perioperative death were analyzed using multivariate Cox regres-
sion analysis. Results: In total, 402 patients were recruited. The incidence of perioperative mortality was 21%
(85/402). The proportion of perioperative deaths was significantly higher in the prolonged fasting group than that
in the normal fasting group. The proportion of postoperative bacteremia and hypoglycemia was significantly
higher in the very prolonged fasting group than that in the prolonged fasting group. After adjusting for preopera-
tive conditions and anesthesia- and surgery-related factors, preoperative prolonged fasting >14.4 h was signifi-
cantly associated with time-to-death (HR [95% CI]: 2.2 [1.2, 3.9], p =0.036). The 30-day survival rates of
fasting time >14.4 h, 9.25-14.4 h, and <9.25 h were 0.67 (0.55, 0.81), 0.79 (0.72, 0.87), and 0.85 (0.79, 0.91),
respectively. Conclusions: Preoperative fasting of more than 14.4 h was associated with a two-fold increase in
the hazard rate of time-to-death in children who underwent cardiac surgery.
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1 Introduction

The preoperative fasting guidelines before general anesthesia (8 h for solid foods, 6 h for infant formula,
4 h for breast milk, and 2 h for clear liquids), which were last updated in 2017, are considered by the
American Society of Anesthesiologists (ASA) to reduce the risk of pulmonary aspiration [1]. Reports of
children fasting for more than 12 h due to changes in surgery schedules or delays in operative time can
cause hypercatabolic states, such as gluconeogenesis and ketogenesis [2—4], resulting in hypoglycemia,
hyperglycemia, intravascular volume depletion, and difficult intravenous access [5]. Moreover, prolonged
fasting can cause metabolic stress leading to postoperative hyperglycemia [6,7] and enhance the
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inflammatory markers of acute response after elective abdominal surgery [8,9]. However, studies reporting
the effect of prolonged preoperative fasting on mortality in pediatric cardiac surgery are scarce. Therefore, we
examined the association between prolonged preoperative fasting and in-hospital mortality in pediatric
cardiac surgery patients.

2 Materials and Methods

This retrospective cohort study (Approval No. 6246383) was approved by the Human Research Ethics
Committee, Faculty of Medicine, Prince of Songkla University, on May 19, 2020, and was in full compliance
with the international guidelines of the Declaration of Helsinki. The requirement for written informed
consent was waived by the ethics committee as this was a retrospective study. Medical and anesthetic
records were obtained from the hospital information system of the Songklanagarind Hospital. All data
were fully anonymized before being accessed by the investigators. Children aged 0-3 years who
underwent cardiovascular and thoracic anesthesia between January 2014 and October 2020 at a super-
tertiary care hospital were eligible to participate in this study. This manuscript adheres to the STROBE
guidelines.

2.1 Standard Operating Procedure

Routine preoperative evaluation by anesthetic residents was performed on all delayed patients/patients’
caregivers on the day before the surgery regarding solid/infant formula fasting time and intravenous fluid.
Preoperative laboratory tests related to surgery, such as complete blood count, electrolytes, blood sugar,
and chest radiography (CXR), were performed. General anesthesia with endotracheal intubation was
performed in all patients. Patients routinely received propofol, midazolam, or ketamine at the induction of
anesthesia, and anesthesia was maintained with volatile anesthetic agents, such as fentanyl and
cisatracurium. Standard monitoring, including non-invasive blood pressure, pulse oximetry,
electrocardiography, and end-tidal carbon dioxide, were used for all patients. Additional arterial line or
central venous catheterization was performed for those undergoing open heart surgery. The pediatricians
routinely check the blood sugar every 4-6 h and perform complete blood count, electrolyte tests, and
CXR daily in the pediatric intensive care unit (PICU). The patients were ventilated using the control
ventilator mode until they regained consciousness. Endotracheal tube extubation was performed by a
pediatric intensivist.

2.2 Main Exposure

The primary exposure variable was preoperative fasting. Preoperative fasting time was calculated from
the last solid/infant formula to the time of anesthesia induction. Since there is no definite definition of
prolonged fasting among children, we used the two cut-off points that gave the highest sensitivity and
specificity from the receiver operating characteristic (ROC) curve for perioperative mortality [10].
Subsequently, a prolonged fasting variable was constructed.

2.3 Outcomes of the Study

The primary outcome of this study was time-to-death, defined as the time from postoperative cardiac
surgery to death during admission. Censored survival time was defined as the time from postoperative
cardiac surgery to discharge. The secondary outcomes of the study were postoperative hypoglycemia,
hyperglycemia, and pneumonia. Hyperglycemia was defined as a blood sugar level >180 mg% [11], and
hypoglycemia was defined as a blood sugar level <50 mg% if the patients were aged at least 1 month
[12] or <40 mg% if the patients were aged less than 1 month [13]. Postoperative pneumonia was defined
as a new pulmonary infection and infiltration after the surgery. Other secondary outcomes included
postoperative sepsis, duration of intensive care unit stay, and duration of mechanical ventilation.



CHD, 2023, vol.18, no.1 25

2.4 Potential Confounders

Potential confounders included patient characteristics, such as age, weight, sex, and history of
prematurity; preoperative conditions, such as pneumonia, sepsis, inotropic drug use, and intravenous
fluid; surgery-related factors, such as elective or emergency cases, risk adjustment for congenital heart
surgery (RACHS-1) category [14], use of cardiopulmonary bypass, duration of surgery, and intraoperative
blood loss; and anesthesia-related factors such as ASA classification.

2.5 Definition of Explanatory Variables

Prematurity was defined as a gestational age less than 37 weeks at birth. Pneumonia was defined as an
elevated white blood cell count, new infiltration on chest radiography, and positive endotracheal tube culture.
Sepsis was defined as a systemic inflammatory response syndrome in the presence of, or because of,
suspected or proven infection. The RACHS-1 category was based on the following risk adjustment for
surgery for congenital heart disease: Category 1 included patients requiring surgery for patent ductus
arteriosus (aged >30 days), coarctation of the aorta (aged >30 days), or atrial septal defect; Category
2 included patients requiring surgery for coarctation of the aorta (age <30 days), ventricular septal defect
(VSD), tetralogy of Fallot, vascular ring, or aortopulmonary window; Category 3 included patients
requiring arterial switch operation, surgery for tetralogy of Fallot/pulmonary atresia, Ross, double-outlet
right ventricle repair, surgery of coarctation/VSD, Blalock—Taussig shunt, common atrioventricular canal
repair, or pulmonary artery banding; Category 4 included patients requiring truncus arteriosus repair,
double switch, hypoplastic arch repair, unifocalization, Rastelli procedure, arterial switch operation/VSD,
or the Ross—Konno procedure; Category 5 included patients requiring surgery for Ebstein anomaly (aged
<30 days) or truncus/interrupted aortic arch repair; and Category 6 included patients requiring the
Norwood or Damus—Kaye—Stansel procedure.

2.6 Sample Size Calculation

For the primary outcome, we estimated the overall mortality rate of children undergoing cardiac surgery
to be 20%. For survival analysis, a hazard ratio (r) for time-to-death of 1.5, which represents a clinically
significant increase in hazard, was used to calculate the required sample size based on a significance level
of 0.05 and power of 80% using the following formula [15,16]:

n= (T 2y 1(/;?/10

where p=1 — p, (exp(—In(2)F/m)), p, = {1 — exp(—In(2)4/m)}/In(2)4/m, F is the additional follow-up time
after the end of recruitment = 150 days, A4 is the accrual time during which children were recruited into the
study = 60 days, and m is the ratio of the number of unexposed participants to certain risk factors per exposed
participant = 1. Using these parameters, the required sample size was calculated as 96 children for exposed
cases and 96 children for unexposed cases. The total sample size was increased to 240 to account for a
dropout rate of 20%.

For the secondary outcome, based on our pilot study, we estimated the incidence of postoperative
hyperglycemia after cardiac surgery to be 20%. We assumed that the prevalence of hyperglycemia in the
normal fasting group was 10%. Using the formula for comparing two independent proportions with a
normal fasting group to a prolonged fasting group ratio of 1:1 to detect an odds ratio of at least 2.5, a
significance level of 0.05, and a power of 80%, a minimum sample size of 168 prolonged and
168 normal fasting cases was required. Therefore, almost 6 years of data collection was adequate to
obtain the complete required sample size.
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2.7 Statistical Analysis

Data record forms were created, and information was abstracted from electronic medical records. The R
software (R version 4.1.1, R Core Team, Vienna, Austria) was used to analyze the data. Descriptive statistics
are presented as frequencies with percentages and medians with interquartile ranges (IQR). The chi-square
test or Fisher’s exact test was used to compare categorical variables. Continuous variables were compared
using the Kruskal-Wallis test if more than two groups had to be compared. A post-hoc analysis was
performed for multiple comparisons between groups when the overall differences were significant. The
changes in the perioperative blood sugar among the fasting groups were compared using the generalized
estimating equations method. To create an aggregate plot of the changes in the perioperative blood sugar,
the missing data of perioperative blood sugar had to be replaced with the median values of each blood
sugar period to accomplish the same duration between the periods and fasting groups.

A directed acyclic graph (DAG) was used to represent the potential causal relationships between
the covariates (including prolonged fasting variables) and perioperative death using DAGitty software
version 3.0 [17]. Potential confounding variables, including age, ASA classification, emergency surgery,
prematurity, preoperative sepsis, preoperative inotropic drug use, and the RACHS-1 category suggested
by DAG were then selected for a multivariate time-dependent Cox regression model, and each was
retained irrespective of their statistical significance [18]. The association between prolonged fasting and
time-to-death after surgery was presented as adjusted hazard ratios (HR) and 95% confidence intervals
(CI) and was considered statistically significant if the p-value was <0.05. The effect of the modification
between the potential predictors and prolonged fasting variables on the outcomes was evaluated for the
final model.

3 Results

A total of 402 children underwent cardiothoracic surgery during the study period. The majority of the
missing data was observed in the preoperative blood sugar variable, which was not selected as a confounder
by DAG:; therefore, it was excluded from the initial multivariate Cox regression model. The majority of the
participants (>80%) did not receive clear water after fasting. The median (IQR) fasting time was 580 (430—
795) min. The median (IQR) age of patients was 2.1 (0.6 to 13.4) months. After plotting the ROC curve of
fasting time for death (Appendix A), a cut-off point between 555 (9.25 h) and 865 (14.4 h) and a cut-off point
>865 were considered as prolonged fasting time and very prolonged fasting time, respectively. Therefore, the
prolonged fasting group comprised 148 patients, and the very prolonged fasting group comprised 67 patients
(Fig. 1). The distribution of patients, anesthesia, and surgery-related factors is shown in Table 1. ASA
classification, preoperative sepsis, receiving emergency surgery, preoperative inotropic drug use, and
RACHS-1 category were significantly different between the prolonged, very prolonged, and normal
fasting groups, for which a minimally sufficient adjusted set was observed in the DAG model.

The outcomes of the prolonged fasting and very prolonged fasting groups compared with those of the
normal fasting group are shown in Table 2. The proportion of perioperative deaths was significantly higher in
the prolonged fasting group than that in the normal fasting group (36% vs. 16%). The proportions of
postoperative bacteremia, hypoglycemia, and reoperation were significantly higher in the very prolonged
fasting group than those in the prolonged fasting group (42% vs. 25%, 13% vs. 4%, and 13% vs. 4%,
respectively). Fig. 2 compares the changes in the perioperative minimum and maximum blood sugar
among the prolonged fasting and very prolonged fasting groups compared with those of the normal
fasting group. Regardless of the fasting condition, the overall minimum and maximum blood sugar were
significantly higher during the intraoperative period (17 mg%, p<0.001 and 74 mg%, p<0.001,
respectively). The maximum blood sugar was significantly higher during the postoperative period
compared with that in the preoperative period (94 mg%, p <0.001). Among the fasting subgroups, there
was an interaction between the periods and the fasting condition group; on comparing the intraoperative
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period with the preoperative period, the maximum blood sugar was significantly lower in the very prolonged
fasting group than that in the normal fasting group (23 mg%, p =0.009), whereas there was no interaction

between the postoperative periods and the fasting condition group (p > 0.05).

Children aged 0-3 years underwent cardiothoracic
surgery between January 2014 and October 2020
(n=402)

Excluded (n=0)

[ Eligible children (n=402) ]

Normal fasting Prolonged fasting Very prolonged

(n=187) (n=148) fasting (n=67)

Intraoperative Intraoperative Intraoperative
death (n=4) death (n=5) death (n=1)

Postoperative Postoperative Postoperative
death (n=25) death (n=27) death (n=23)

Figure 1: Flow diagram of the study

Table 1: Patient, anesthesia-related, and surgical-related factors between normal, prolonged, and very prolonged

fasting groups (N =402)

Factors Normal fasting Prolonged Very prolonged p-value
(N=187) fasting (N =148) fasting (N =67)
Age (months) 2.9(0.6,17.3) 1.9(0.7,13.2) 1.2 (0.4, 6.8) 0.073
Age <I year 129 (69) 109 (73.6) 56 (83.6) 0.068
Male 104 (55.6) 72 (48.6) 39 (58.2) 0.311
Body weight at surgery (kg) 3.7(3,7.3) 3.5(2.7,7.1) 34 (2.3,5.8) 0.023"
History of prematurity 29 (15.5) 34 (23) 17 (25.4) 0.111
Preop sepsis 14 (7.5) 16 (10.8) 18 (26.9) <0.0017
Preop pneumonia 35 (18.7) 33 (22.3) 18 (26.9) 0.357
ASA classification <0.001%*
3 137 (73.3) 95 (64.2) 29 (43.3)

(Continued)



28 CHD, 2023, vol.18, no.1

Table 1 (continued)

Factors Normal fasting Prolonged Very prolonged p-value
(N=187) fasting (N =148) fasting (N=67)

4 47 (25.1) 50 (33.8) 32 (47.8)

5 3 (1.6) 312 69

Emergency surgery 48 (25.7) 86 (58.1) 45 (67.2) <0.001 74

RACHS-1 category 0.02574¢

1 (ASD, PDA) 12 (6.4) 13 (8.8) 12 (17.9)

2 (VSD, TOF) 38 (20.3) 24 (16.2) 18 (26.9)

3 (ASO, BTS) 116 (62) 100 (67.6) 31 (46.3)

4-6 (Rastelli, Ebsteins, Truncus/ 21 (11.2) 11 (7.4) 6 (9)

IAA, Norwood, DKS)

Preop inotropic drug use 60 (32.1) 62 (41.9) 35 (52.2) 0.01"

Preop IV fluids type 0.0117°

>5% dextrose (TPN) 57 (30.5) 57 (38.5) 29 (43.3)

5% dextrose 117 (62.6) 89 (60.1) 38 (56.7)

No dextrose (isotonic solution) 13 (7) 2(1.4) 0 (0)

Preop blood sugar (mg%) ** 92 (82, 107) 95 (85, 114) 91 (84.0, 107.8) 0.383
Preop electrolyte (mmol L")

Sodium 138 (136, 140) 138 (136, 140) 138 (136, 140) 0.793

Potassium, mean (SD) 4.4 (0.6) 4.3 (0.7) 4.2 (0.8) 0.438

Chloride 101 (96, 103) 100 (94, 103) 99 (94, 103) 0.484

HCO; 21.2 (18.5, 21.6 (18.0,26.7) 21.5(18.0,25.6) 0917
26.0)

Intraop blood sugar (mg%)*** 143 (120.4, 128.5 (95.8, 171) 124.5 (96, 156) 0.044"
175.4)

Intraop blood loss (ml) 50 (10, 100) 10 (5, 50) 15 (5, 50) <0.0017%

Cardiopulmonary bypass 97 (51.9) 43 (29.1) 28 (41.8) <0.001™

Duration of surgery (min) 225 (157.5, 175 (135.0, 175 (122.5, 257.5)  <0.001"°
350) 252.5)

Surgeon 0.013%™

A (experience >5 years) 111 (59.4) 67 (45.3) 30 (44.8)

B (experience >10 years) 38 (20.3) 54 (36.5) 21 (31.3)

C (experience >15 years) 38 (20.3) 27 (18.2) 16 (23.9)

Notes: Data are presented as number (%) and median (interquartile range), unless stated otherwise. * Kruskal-Wallis test, T Chi-square test, *Fisher’s
exact test. ASA, American Society of Anesthesiologists; ASD, atrial septal defect; ASO, arterial switch operation; BTS, Blalock—Taussig shunt; CPB,
cardiopulmonary bypass; DKS, ; IAA, interrupted aortic arch; Intraop, intraoperative; IV, intravenous; preop, preoperative; PDA, patent ductus
arteriosus; RACHS, risk adjustment for congenital heart surgery; SD, standard deviation; TOF, tetralogy of Fallot; TPN, total parenteral nutrition;
VSD, ventricular septal defect. ** N =272 (preoperative blood sugar test was not performed in 130 children), *** N =237 (preoperative blood
sugar test was not performed in 165 children).

For multiple comparisons, * p <0.05, between normal and very prolonged fasting groups; ® p <0.05, between normal and prolonged fasting groups;
¢ p<0.05, between prolonged and very prolonged fasting groups.
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Table 2: Postoperative outcomes of the normal and prolonged fasting groups (N =402)
Outcomes Normal fasting  Prolonged fasting  Very prolonged p-value

(N=187) (N =148) fasting (N =67)
Hypoglycemia' 11 (5.9) 6 (4.1) 9(13.4) 0.032*¢
HyperglycemiaT 82 (45.1) 48 (34) 25 (38.5) 0.129
Hyperglycemia with 4 (2.1) 4 (2.7) 5(7.5) 0.106
hypoglycemia®
Pneumonia* 47 (25.1) 45 (30.4) 19 (28.4) 0.557
Bacteremia® 67 (35.8) 37 (25) 28 (41.8) 0.026*"
Reoperation* 13 (7) 6 (4.1) 9(13.4) 0.044*¢
Intensive care unit stay (days)* 8 (3, 15.5) 6 (2, 12.5) 7 (2, 22) 0.154
Duration of mechanical 92 (24, 207) 48 (22, 140) 72 (19.5, 199.0) 0.091
ventilator (h)*
Length of hospital stay after 21 (10, 36.5) 19 (10.8, 37) 17 (9, 37) 0.916
surgery (days)
Perioperative death 29 (15.5) 32 (21.6) 24 (35.8) 0.002**

Notes: Data are presented as number (%) and median (interquartile range). * Chi-square test. T N=388 (10 children died intraoperatively;

postoperative blood sugar was not measured in 4 children),

¥ N=392 (10 children died intraoperatively).

For multiple comparisons, * p <0.05, between normal and very prolonged fasting groups; ® p <0.05, between normal and prolonged fasting groups;
¢ p<0.05, between prolonged and very prolonged fasting groups.
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Figure 2: The changes in the perioperative minimum and maximum blood sugar among the prolonged
fasting and very prolonged fasting groups compared with those in the normal fasting group. *p=0.009
between the normal and very prolonged fasting groups during the intraoperative period compared with
those in the preoperative period. preop, preoperative; intraop, intraoperative; postop, postoperative; NF,
normal fasting; PF, prolonged fasting; VPF, very prolonged fasting
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3.1 Prolonged Fasting and Perioperative Death and Time-to-Death Event

The related causes of perioperative death are shown in Appendix B, where the prolonged and very
prolonged fasting groups were combined. The two most common postoperative deaths were
cardiovascular-related (29%; low cardiac output syndrome, myocardial dysfunction, and cardiogenic
shock) and infection-related (23%,; sepsis, ventilator-related pneumonia, and necrotizing enterocolitis).
The proportion of infection-related deaths was not significantly higher in the prolonged and very
prolonged fasting than that in the normal fasting group (28% vs. 12%). The potential risk factors
associated with perioperative death and the time-to-death are shown in Table 3.

Table 3: Factors associated with perioperative death and time-to-death after surgery (N =402)

Variable Alive (N=317) Death (N =85) p-value Time-to-death p-value*
Crude OR (95% CI)
Age <1 year (N=294) 220 (69.4) 74 (87.1) 0.002" 1.93 (1.02, 3.67) 0.03
Male (N=215) 173 (54.6) 42 (49.4) 0.469 0.78 (0.51, 1.19) 0.243
Body weight (kg) (N =402) 3.9 (3.0,7.8) 3.1(2.5,3.7) <0.001* 0.87 (0.79, 0.95) 0.001
Prematurity (N = 80) 59 (18.6) 21 (24.7) 0.273 1.09 (0.67, 1.8) 0.724
Preop pneumonia (N = 86) 61 (19.2) 25 (29.4) 0.06 1.35(0.84, 2.16) 0.221
Preop sepsis (N =44) 27 (8.5) 21 (24.7) <0.0017 2.27 (1.38, 3.72) 0.003
ASA classification 3 (N=261) 226 (71.3) 35(41.2) <0.001" 1 <0.001
ASA classification 4 (N =129) 84 (26.5) 45 (52.9) 2.49 (1.59, 3.88)
ASA classification 5 (N=12) 7(2.2) 5(5.9) 2.84 (1.1, 7.31)
Emergency surgery (N=179) 135 (42.6) 44 (51.8) 0.165 1.32 (0.86, 2.03) 0.199
RACHS-1 category (1, 2) (N=117) 95 (30) 22 (25.9) 0.547 1 0.237
RACHS-1 category (3-6) (N =285) 222 (70) 63 (74.1) 1.34 (0.82, 2.18)
Preop inotropic drug (N =157) 107 (33.8) 50 (58.8) <0.0017 2.08 (1.35,3.22) <0.001
Preop sodium (mmol/L) 138.1 (136.2, 140.1) 137.4 (134.9, 139.7)  0.066 0.97 (0.92, 1.03) 0.308
Preop potassium (mmol/L) 4.3 (0.7) 4.3 (0.7) 0.533 1.00 (0.72, 1.37) 0.975
Preop chloride (mmol/L) 100.8 (96.3, 103.5) 97.2 (90.6, 101.1) <0.001 %  0.95(0.93, 0.98) 0.002
Preop HCO; (mmol/L) 21.1 (18.1, 25.6) 23 (19.6,27.4) 0.026 1.01 (0.98, 1.05) 0.519
Preop blood sugar (mg%)** 93 (84, 108) 94.5 (83, 111.8) 0.732 1.001 (0.993, 1.010) 0.741
Preop no/5% dextrose (N =259) 213 (67.2) 46 (54.1) 0.035" 1 0.201
Preop >5% dextrose (N =143) 104 (32.8) 39 (45.9) 1.33 (0.86, 2.04)
Duration of surgery (min) 180 (135, 260) 275 (180, 420) <0.001* 1.005 (1.003, 1.006) <0.001
Cardiopulmonary bypass (N = 168) 115 (36.3) 53 (62.4) <0.0017 2.81 (1.8, 4.36) <0.001
Intraoperative blood sugar (mg%)***  137.2 (104.2, 169.2)) 149 (121.8, 189.2) 0.049* 1.0049 (1.0005, 1.0093)  0.042
Intraoperative blood loss (ml) 20 (5, 60) 50 (10, 100) 0.004* 1.005 (1.003, 1.007) <0.001
Surgeon 0.13 0.113
A (experience >5 years) 172 (54.3) 36 (42.4) 0.67 (0.39, 1.18)
B (experience >10 years) 83 (26.2) 30 (35.3) 1.1 (0.62, 1.95)
C (experience >15 years) 62 (19.6) 19 22.4) 1
Prolonged fasting (N = 148) 116 (36.6) 32 (37.6) 0.002" 1.42 (0.86, 2.34) 0.004
Very prolonged fasting (N =67) 43 (13.6) 24 (28.2) 2.56 (1.49, 4.39)

Note: Data are presented as number (%) and median (interquartile range). "Chi-square test, ¥ Wilcoxon rank-sum test, * likelihood ratio test. ASA,
American Society of Anesthesiologists; preop, preoperative; RACHS, Risk Adjustment for Congenital Heart Surgery. **N =272 (preoperative blood
sugar test was not performed in 130 children), *** N =237 (preoperative blood sugar test was not performed in 165 children).
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3.2 DAG to Reduce Potential Bias in the Relationship between Prolonged Fasting and Perioperative

Death

Fifteen variables (age, body weight at surgery, preoperative pneumonia and sepsis, history of
prematurity, emergency surgery, ASA classification, preoperative inotropic drug use, preoperative
electrolytes and blood sugar, intravenous fluid, risk adjustment for congenital heart surgery, duration of
surgery, required cardiopulmonary bypass, and intraoperative blood loss) which may relate to prolonged
fasting and perioperative death, were introduced in the network relationship of DAG. According to DAG,
the potential confounders (the ancestors of the exposure and outcome) and the mediators between the
exposure and the outcome were shown. We used the total effect of the DAG method to identify biasing
pathways (Fig. 3A) that needed to be blocked by including the potential confounders in the final model
for perioperative death. Seven potential biasing variables (age, ASA classification, emergency surgery,
prematurity, preoperative sepsis, preoperative inotropic drug use, and risk adjustment for congenital heart
surgery) indicated by DAG (Fig. 3B) were included as the minimally sufficient adjustment set with
prolonged fasting variables (Table 4). There was no evidence of effect modification between prolonged
fasting and any other variables in the time-to-death model. After adjusting for preoperative condition and
type and risk of surgery, preoperative very prolonged fasting (fasting time >865 min), but not prolonged
fasting (fasting time >555 min), was significantly associated with time-to-death after surgery (HR
[95% CI]: 2.18 [1.22, 3.92]). Fig. 4 compares the cumulative hazard of time-to-death between very
prolonged fasting, prolonged fasting, and normal fasting (p = 0.004). The 30-day survival rate (95% CI)
of very prolonged, prolonged fasting, and normal fasting were 0.67 (0.55 to 0.81), 0.79 (0.72 to 0.87),
and 0.85 (0.79 to 0.91), 0.79 (0.72 to 0.87), and 0.85 (0.79 to 0.91), respectively.

4 Discussion

Since there was no definitive definition of prolonged fasting that might be associated with perioperative
death among children after they undergo cardiothoracic surgery, we examined the two best cut-off points of
fasting time including fasting time >9.25 h (prolonged fasting) and >14.4 h (very prolonged fasting), which
had the highest and second highest ROC curves of perioperative death, as the main exposure variables in this
study. Consequently, the incidence of prolonged fasting from solids prior to pediatric cardiothoracic surgery
at our hospital between July 2014 and October 2020 was 53.5% (215/402). Our average prolonged fasting
duration of 10 h for solids among children was similar to that reported in another study [19], which revealed a
mean preoperative fasting duration in children aged <15 years (11.3 h for solids in non-cardiac surgery). We
found that a cut-off fasting time of more than 14.4 h showed a two-fold increase in the hazard rate of time-to-
death event after cardiothoracic surgery, after adjusting for preoperative condition and anesthesia-related and
surgery-related factors suggested by DAG (p =0.036).

4.1 Preoperative Prolonged Fasting and Perioperative Hyper/Hypoglycemia

From our results (Fig. 2), regardless of the fasting condition, the intraoperative and postoperative blood
sugar levels were significantly higher than the preoperative blood sugar level. Higher blood sugar was
significantly associated with perioperative death in the univariate Cox analysis (Table 3, p=0.042).
Perioperative hyperglycemia could arise due to the increase in metabolic stress and inflammatory markers
during cardiothoracic surgery [6-9]. Zeng et al. [20] reported that a turning point of blood sugar
>8.1 mmol/L. (144 mg%) during or after cardiopulmonary bypass increased the risk of severe systemic
inflammatory response syndrome after pediatric cardiac surgery. According to Fig. 2, most children had a
maximum blood sugar level of >144 mg% during and after cardiothoracic surgery, and some children also
experienced hypoglycemia events (<50 mg%), which was most frequent in the very prolonged fasting
group (13%). Johnston et al. [21] reported that patients aged >18 years who experienced both
postoperative hypo- and hyperglycemic events were at an 8-fold increased risk of death, whereas patients
who experienced only postoperative hypoglycemia were at a 5-fold increased risk of death after cardiac
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surgery. We found that the proportion of children in the very prolonged fasting groups experiencing
both postoperative hypo- and hyperglycemic events was almost 3.6-fold higher than that in the normal
fasting group (7.5% vs. 2.1%), which could increase morbidity and mortality after cardiothoracic surgery

in our study.

Figure 3: Hypothesized causal relationship between prolonged fasting and perioperative death. Before
adjusting for the minimally sufficient adjusted set (A) and after adjusting for the minimally sufficient
adjusted set (B) using directed acyclic graph. ASA, American Society of Anesthesiologists; BW, body
weight; BS, blood sugar; CPB, cardiopulmonary bypass; IV, intravenous; NPO, nothing by month;
periop, perioperative; preop, preoperative; RACHS-1, risk adjustment for congenital heart surgery; Sx,

surgery
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Table 4: Multivariate Cox regression analysis of time-to-death events (N =402)

Main exposure Adjusted HR (95% CI) p-value
Normal fasting 1 0.036
Prolonged fasting 1.31 (0.77, 2.24) *°

Very prolonged fasting 2.18 (1.22,3.92)°

Variables'

Age (year) (ref=>1) <1 1.39 (0.72, 2.70) 0.313
ASA classification (ref = 3) 0.108
4 1.82 (1.02, 3.26)

5 2.02 (0.71, 5.75)

Emergency surgery (ref = elective) 0.93 (0.58, 1.48) 0.755
History of prematurity 1.19 (0.7, 2.02) 0.526
Preoperative sepsis 1.64 (0.96, 2.79) 0.079
Preoperative inotropic drug use 1.26 (0.71, 2.22) 0.429
RACHS-1 category (ref = 1-2) 36 2.1 (1.22, 3.62) 0.005

Notes: p-value by likelihood ratio test. For multiple comparison, groups having different superscripts (ab) were significantly different (» <0.01 by
Wald’s test). CI, confidence interval; HR, hazard ratio; ASA, American Society of Anesthesiologists; RACHS, risk adjustment for congenital
heart surgery.

 Minimally sufficient adjusted set.

Cumulative hazard

0.8 Very prolonged NPO
0.6 Prolonged NPO
0.4 1
Normal NPO
0.2 1
p= 0.004
0.01 Time after surgery (months)
0 1 2 3 4 5
o 187 59 21 8 2 2
natrisk 148 41 13 9 3 1
67 17 8 1 0 0

Figure 4: The cumulative hazard Cox regression model of time-to-death between prolonged fasting and
normal fasting. NPO, nothing by month

Thomas [22] reported that preoperative prolonged fasting of 810 h in children aged <4 years who
underwent eye surgery increased the risk of postoperative hypoglycemia. Polito et al. [23] reported that
children with blood sugar <75 mg% were at an increased risk of composite morbidity (nosocomial
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infection, cardiovascular failure, and hepatorenal failure) and an increase in mortality of 2.6-fold after
complex cardiac surgery. Our criteria of preoperative fasting of >14.4 h showed a significantly lower
intraoperative maximum blood sugar level in the normal fasting group when compared with the
maximum blood sugar level in the preoperative period (176 vs. 153 mg%, Fig. 2). A higher incidence of
postoperative hypoglycemia (13.4%) was observed when the fasting time was >14.4 h than that when the
fasting time was <14.4 h (4.1%) (Table 2). We observed that children in the very prolonged fasting group
were the younger (1.2 months) than those in the prolonged fasting (1.9 months) and normal fasting
(2.9 months) groups. Moreover, this group had the highest proportion of premature children (25%). We
also found that the body weight of the patients in the very prolonged fasting group at the time of surgery
was significantly lower than that of the patients in the normal fasting group (3.4 vs. 3.7 kg). Premature
infants with low glycogen and fat stores and restricted ability to produce sugar via the gluconeogenesis
pathway could easily develop hypoglycemia [24]. According to our findings, a longer fasting duration
and a higher incidence of postoperative hypoglycemia occurred despite the preoperative administration of
intravenous fluid containing dextrose and surgical stress response, supporting our hypothesis that the
proposed mechanism of very prolonged fasting leading to death may be related to metabolic derangement
and postoperative infection/sepsis, especially among premature infants with low weight.

4.2 Preoperative Prolonged Fasting and Time-to-Death Event

Postoperative infection, including pneumonia and sepsis, was the second most common cause of
perioperative death (23%). Its incidence was non-significantly higher in the prolonged and very
prolonged fasting groups (28%) than that in the normal fasting group (12%). Our postoperative outcome
regarding the incidence of postoperative bacteremia, which showed a significantly higher proportion of
bacteremia in the very prolonged fasting group (42%) than that in the prolonged fasting group (25%),
supported evidence that postoperative sepsis-related death might be the consequence of very prolonged
fasting (>14.4h). Prolonged fasting, especially in low-birth-weight infants, could promote
hypercatabolism [25] and an inflammatory response (cytokines) [8], leading to insulin resistance [26] and
an increased risk of infection [27]. Moreover, other studies support our finding that longer preoperative
fasting can result in decreased human leukocyte antigen—DR expression on monocytes after surgery,
which may promote postoperative infection [28,29]. We also found that the very prolonged fasting group
had a higher proportion of reoperations than that in the prolonged fasting group (13% vs. 4%, p <0.05).
Prolonged fasting in critically ill patients is associated with a longer duration of mechanical ventilation, a
higher proportion of reoperation, and postoperative myocardial injury [30]. Insulin resistance and
perioperative infection following prolonged fasting can also lead to prolonged hospital stay [31,32].
However, we found that the duration of mechanical ventilation and length of hospital stay were not
different among the fasting group. Postoperative sepsis, especially pneumonia, is a serious non-cardiac
complication after cardiac surgery, as it increases mortality, morbidity, and cost [33].

According to Fig. 3, the cumulative hazard of time-to-death in the very prolonged fasting group
increases two-fold compared with that in the normal fasting group after adjusting with the minimally
sufficient adjusted set (p = 0.036). The 30-day survival rate (95% CI) of the very prolonged fasting group
was 0.67 (0.55 to 0.81), whereas it was 0.85 (0.79 to 0.91) in the normal fasting group. We observed that
no children in the very prolonged fasting group survived 3 months after the surgery. Therefore, very
prolonged fasting associated with hypo- and hyperglycemic events, metabolic derangement, and
composite morbidity, including nosocomial infection/sepsis, could aggravate higher mortality which may
require a longer period of postoperative care until death after cardiothoracic surgery; in contrast, the
children in the other fasting groups continued to survive after 5 months.
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4.3 Overall Mortality Compared to Other Studies

The mortality rate of cardiothoracic surgery between July 2014 and October 2020 in our study was 21%
which was high compared with that of other studies [34,35]. We included children aged <3 years old in the
study as this age group with cyanotic heart disease was associated with a high mortality rate (89%) in a
previous study [34]. More than 85% of the patients who did not survive in our study had cyanotic heart
disease with a high RACHS-1 category, and 60% had high morbidity and mortality (ASA classification
4-5). Berger et al. [35] reported that higher postoperative morbidity was associated with a higher RACHS
category (from 2% to 13%). Moreover, 50% of the patients who did not survive in our study had low
weight (<3 kg) at the time of surgery, Chittithavorn et al. [36] reported a mortality rate of 22% among
children weighing <3 kg who received a modified Blalock—Taussig shunt, which supports our finding. In
addition, around 54% of the children fasted >9.25 h, and 17% fasted >14.4 h, which may have resulted in
death after cardiothoracic surgery among these high-risk children.

4.4 Implication for Clinical Practice

Surgery schedules or operative time delays should be minimized to avoid serious harmful events such as
perioperative death, especially in vulnerable children undergoing cardiothoracic surgery. However,
according to our findings, if the operative time cannot be reduced due to delayed schedules or PICU
availability, the fasting time should be limited to not more than 14 h. Although a fasting duration of more
than 9.25h did not increase the risk of time-to-death events in our study, the longer fasting time
associated with hypo- and hyperglycemic events, metabolic derangement, and postoperative infection
remains a major concern and should be reduced. Therefore, morning surgery schedules should be
restricted, as should PICU preparedness, in high-risk children scheduled for cardiothoracic surgery.

4.5 Strengths and Limitations

The strengths of this study are as follows. First, we used a time-dependent Cox regression analysis to
examine the effect of time on death after cardiac surgery. Second, we used multivariate analysis with
DAG to adjust for the effects of confounders. DAG showed a clearer cause-effect relationship among the
main exposure and outcome (direct effect), mediators (indirect effect), and confounders. Third, this study
included only children aged 0-3 years, which promoted the homogeneity of the population. However,
this study has some limitations. First, the retrospective design may have resulted in information bias, such
as preoperative blood sugar levels, which may be susceptible to the secondary outcomes of postoperative
hyper- or hypoglycemia. Second, we did not perform a multivariate analysis of the other outcomes
regarding the morbidity of prolonged fasting, and univariate analysis of postoperative outcomes was
performed to determine the possible outcomes related to perioperative death. In addition, generalizability
could be limited as the study was confined to a single hospital.

5 Conclusions

Very prolonged preoperative fasting (>14.4 h) was associated with a two-fold increase in the hazard rate
of time-to-death in children who underwent cardiothoracic surgery. A preoperative fasting duration of
>14.4 h could lead to hypo- and hyperglycemic events and bacteremia-related death in high-risk children.
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Appendix B: Causes of postoperative death between normal, prolonged and very prolonged fasting

39

Causes of postoperative death

Normal fasting

(N=25)

Prolonged and very Total

prolonged fasting
(N=50)

(N=75)

p-value

Cardiovascular related cause (LCOS, M1, cardiogenic shock)
Infection related cause (sepsis, VAP, NEC)

Bleeding/coagulation defect related cause (hypovolemic shock,
hemorrhage shock, DIC)

Metabolic disturbance related cause (metabolic acidosis,

hyperkalemia)

Hypoxemia related cause (hypoxic spell, PAHC)

Anatomical related problems (shunt thrombosis, SVC

thrombosis)

Intracerebral related cause (brain death, reperfusion brain,
intracerebral hemorrhage)

Unknown cause
Total

10 (40%)
3 (12%)
2 (8%)

1 (4%)

5 (20%)
1 (4%)

0 (0%)

3 (12%)
25

12 (24%)
14 (28%)
5 (10%)

3 (6%)

8 (16%)
5 (10%)

2 (4%)

1 (2%)
50

22 (29.3%) 0.15
17 (22.7%) 0.15
79.3%) 0.93

4(53%) 0.75

13 (17.3%) 0.75
6(8%)  0.66

22.79%) 055

4(53%) 0.11
75

Note: Data was presented as number (%). DIC, disseminated intravascular coagulation; ICH, intracerebral hemorrhage; LCOS, low cardiac output
syndrome; MI, myocardial infarction; NEC, necrotizing enterocolitis; PAHC, pulmonary artery hypertensive crisis; VAP, ventilator associated

pneumonia.
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