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Abstract

Background: Neonates undergoing major surgery experience a significant stress response, yet the
clinical impact of perioperative hyperglycemia in this population prior to contemporary tight glycemic
control protocols was unclear. This study aimed to prospectively investigate the association between
perioperative hyperglycemia and a composite outcome of major morbidity/mortality.

Methods: In this prospective observational cohort study conducted in 2008, we enrolled neonates
(=35 weeks gestation) scheduled for major abdominal laparotomy. Blood glucose was measured at
standardized perioperative time points. Hyperglycemia was defined as any value >150 mg/dL (8.3
mmol/L) intraoperatively or within 12 hours postoperatively. The primary outcome was a composite
of in-hospital mortality, culture-proven sepsis, surgical site infection, or anastomotic leak.
Multivariable logistic regression adjusted for preoperative risk.

Results: Of 86 neonates enrolled, 49 (57.0%) developed perioperative hyperglycemia. The composite
primary outcome occurred in 26/49 (53.1%) neonates with hyperglycemia compared to 8/37 (21.6%)
normoglycemic neonates (p=0.003). Hyperglycemic neonates had significantly higher peak glucose
levels (mean 182.4 + 31.2 mg/dL vs. 118.6 + 21.4 mg/dL, p<0.001). After adjustment for birth weight
and preoperative PRISM score, hyperglycemia remained independently associated with the composite
outcome (adjusted Odds Ratio 3.4, 95% Cl: 1.3-8.9; p=0.012).

Conclusion: Perioperative hyperglycemia, defined by a threshold of 150 mg/dL, was common and
independently associated with a greater than three-fold increased risk of major morbidity or mortality
in surgical neonates. These findings from 2008 highlight the potential significance of glucose
dysregulation as an important risk factor in neonatal perioperative care.

Keywords: Neonate; Hyperglycemia; Abdominal Surgery; Postoperative Complications; Anesthesia;
Outcomes.
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Introduction

The neonatal period is characterized by a delicate metabolic equilibrium, with glucose homeostasis
being particularly vulnerable to perturbation. Major surgery imposes a profound physiological stress,
activating the hypothalamic-pituitary-adrenal axis and sympathetic nervous system, leading to
elevated levels of cortisol, catecholamines, and cytokines [1]. This cascade promotes hepatic
gluconeogenesis, glycogenolysis, and peripheral insulin resistance, frequently resulting in stress-
induced hyperglycemia [2].

In adult critical care and cardiac surgery populations, hyperglycemia had been increasingly recognized
as a marker of adverse outcomes, associated with increased infection rates, multiorgan dysfunction,
and mortality [3]. The landmark 2001 study by van den Berghe et al. demonstrated that intensive
insulin therapy reduced morbidity and mortality in adult surgical intensive care patients, sparking
widespread debate and research into optimal glycemic targets [4]. However, the neonate presents a
unique challenge; hypoglycemia carries a well-established risk of neurological injury, leading to a
historical clinical tendency towards permissive hyperglycemia in this population [5].
At the time of this study, data on the significance of perioperative hyperglycemia in neonates were
scarce and conflicting. Small retrospective studies suggested an association with worse outcomes, but
prospective data were lacking [6]. The balance between the risks of hypoglycemia and the potential
harms of hyperglycemia in the surgical neonate was poorly defined.

A prospective evaluation was necessary to accurately determine the incidence of perioperative
hyperglycemia under then-standard care and to assess its independent relationship with clinically
relevant outcomes. Establishing such an association was a critical prerequisite for considering future
interventional trials of glycemic control in this vulnerable surgical population. This study aimed to fill
this gap by prospectively investigating the relationship between perioperative hyperglycemia and a
composite of major postoperative morbidity and mortality in neonates undergoing major abdominal
surgery.

Objectives

1. To determine the incidence of perioperative hyperglycemia (blood glucose >150 mg/dL) in
neonates undergoing major abdominal surgery under standard anesthetic and metabolic
management.

2. To assess the association between the occurrence of perioperative hyperglycemia and a
composite endpoint of in-hospital mortality or major postoperative morbidity (sepsis, surgical
site infection, anastomotic leak).

3. To evaluate the relationship between the peak perioperative glucose level and the severity of
postoperative course, as measured by duration of mechanical ventilation and length of
hospital stay.

Materials and Methods

Study Design and Setting: A prospective, observational cohort study was conducted in the operating
theatres and combined Neonatal/Pediatric Intensive Care Unit (NPICU) of a tertiary university hospital.
The study protocol was reviewed and approved by the Institutional Ethics Committee. Written
informed consent was obtained from a parent or legal guardian for all participants prior to surgery.
The enrollment period spanned the full calendar year of 2008 (January 1 to December 31).

Participants: The study population consisted of consecutive neonates (postnatal age < 28 days) with a
gestational age > 35 weeks at birth who were scheduled for an elective or urgent major abdominal

700



Neuroquantology |Apr 2009 | Volume 07 | Issue 4 | Page 699-708| Doi: 10.48047/nq.2009.07.4.NQ22090
Dr. Madhana Gopal,, A Prospective Cohort Study of Perioperative Hyperglycemia and Postoperative Morbidity in Neonates Undergoing
Major Abdominal Surgery

laparotomy. Eligible surgical procedures included repair of gastroschisis or omphalocele, correction of
intestinal atresia, Ladd’s procedure for malrotation (with or without volvulus), and resection for
meconium ileus. Exclusion criteria were: 1) Pre-existing diagnosis of diabetes mellitus; 2) Preoperative
administration of systemic corticosteroids or insulin within 72 hours; 3) Diagnosis of necrotizing
enterocolitis (Bell’s Stage > Il) due to its confounding inflammatory state; 4) Major congenital heart
disease requiring prostaglandin E1 infusion or preoperative inotropic support; 5) Major chromosomal
or syndromic anomalies known to affect metabolism.

Perioperative Management: All patients received care according to the standard institutional
protocols of 2008. General anesthesia was induced with intravenous thiopental (3-5 mg/kg) or via
inhalation with sevoflurane in 100% oxygen. Tracheal intubation was facilitated with atracurium (0.5
mg/kg). Anesthesia was maintained with isoflurane (0.8-1.2 MAC) in a mixture of air and oxygen,
supplemented with intermittent doses of fentanyl (1-3 mcg/kg). Standard monitoring included
electrocardiography (ECG), pulse oximetry (Sp0O,), non-invasive blood pressure (NIBP), capnography,
and temperature probe. An indwelling arterial catheter (umbilical or radial) was placed for continuous
blood pressure monitoring and blood sampling. Intravenous fluid therapy consisted primarily of 10%
dextrose in 0.45% saline, with the infusion rate titrated based on hemodynamic parameters (heart
rate, arterial pressure, capillary refill time) and estimated fluid losses. The management of blood
glucose was per the discretion of the attending anesthesiologist and intensivist, reflecting the
prevailing standard of care, which was to treat blood glucose levels >180-200 mg/dL with an insulin
infusion initiated in the ICU, and to treat hypoglycemia (<45 mg/dL) with a dextrose bolus.

Data Collection:

e Blood Glucose Measurements (Primary Exposure): Blood glucose levels were measured from
the indwelling arterial catheter using a validated point-of-care glucose meter (SureStep® Flexx,
LifeScan). Measurements were taken at four pre-specified time points: T1) Pre-induction
(baseline), T2) 60 minutes after surgical incision, T3) Upon admission to the NPICU (0-hour
postoperative), and T4) 12 hours postoperatively. All additional glucose measurements
performed as part of clinical care during the first 24 postoperative hours were also
recorded. Perioperative hyperglycemia was defined a priori as any blood glucose value > 150
mg/dL (8.3 mmol/L) recorded during the intraoperative period or the first 12 hours
postoperatively. The peak glucose value within this timeframe was identified for each patient.

e Outcome Assessment: The primary outcome was a composite of in-hospital all-cause
mortality or major postoperative morbidity during the initial hospitalization. Major morbidity
was pre-defined as:

1. Culture-proven sepsis: Positive blood or cerebrospinal fluid culture with concomitant
clinical signs (hypotension, temperature instability, increased ventilator
requirements).

2. Surgical site infection (SSI) or wound dehiscence: Superficial or deep SSI as defined
by CDC criteria, or fascial dehiscence requiring surgical re-intervention.

3. Anastomotic leak: Confirmed by contrast extravasation on upper gastrointestinal
series or gastrographin enema, or direct visualization during re-operation.
Outcomes were adjudicated by an independent committee comprising two attending
neonatologists and one pediatric surgeon who were blinded to the patients’ glucose
data.
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e Secondary Outcomes: Included duration of postoperative mechanical ventilation (hours),
length of NPICU stay (days), and total length of hospital stay (days).

e Covariates: The following potential confounding variables were collected prospectively:
Demographic data (gestational age, birth weight, sex, postnatal age at surgery), preoperative
diagnosis, preoperative illness severity scored using the Pediatric Risk of Mortality (PRISM)
Il system, duration of surgery (minutes), estimated intraoperative blood loss (mL/kg), volume
of blood products transfused (mL/kg), and total volume of intraoperative crystalloid and
colloid administered (mL/kg).

Statistical Analysis: All statistical analyses were performed using SPSS for Windows, Version 15.0 (SPSS
Inc., Chicago, IL). Continuous variables were tested for normality using the Shapiro-Wilk test. Normally
distributed data are presented as mean * standard deviation (SD) and compared using Student’s t-test.
Non-normally distributed data are presented as median with interquartile range (IQR) and compared
using the Mann-Whitney U test. Categorical variables are presented as counts and percentages and
compared using the Chi-square test or Fisher’s exact test, as appropriate. The primary analysis used
univariable and multivariable logistic regression to assess the association between the presence of
hyperglycemia (dichotomous exposure) and the composite primary outcome. Covariates for the
multivariable model were selected a priori based on clinical relevance and included birth weight (as a
continuous variable) and preoperative PRISM Il score (as a continuous variable). Results are expressed
as unadjusted and adjusted odds ratios (OR) with 95% confidence intervals (Cl). A secondary analysis
used linear regression to examine the association between peak glucose level (continuous exposure)
and the secondary continuous outcomes (ventilation days, length of stay), adjusting for the same
covariates. A two-tailed p-value < 0.05 was considered statistically significant.

Results

Patient Characteristics: During the 12-month enrollment period, 102 neonates were assessed for
eligibility. Sixteen were excluded: 9 due to necrotizing enterocolitis, 4 due to major congenital heart
disease, and 3 due to parental refusal. Thus, 86 neonates were included in the final analysis. The study
cohort had a mean gestational age of 37.8 + 1.5 weeks and a mean birth weight of 2.95 + 0.61 kg. The
most common surgical procedure was gastroschisis repair (n=38, 44.2%). The median preoperative
PRISM Il score was 8 (IQR 5-12).

Perioperative hyperglycemia, as defined by a glucose level >150 mg/dL, occurred in 49 neonates
(57.0%). The baseline characteristics of the hyperglycemic and normoglycemic groups are compared
in Table 1. Neonates who developed hyperglycemia had a significantly lower mean birth weight and
higher median preoperative PRISM Il scores. There were no significant differences in gestational age,
sex, or type of primary surgical procedure between the groups.

Table 1: Baseline and Perioperative Characteristics

Characteristic Total Hyperglycemic Normoglycemic p-
(N=86) (N=49) (N=37) value

Gestational Age (weeks), mean | 37.8+1.5 | 37.6+1.6 38.1+1.4 0.121

+SD

Birth Weight (kg), mean + SD 2.95+0.61 | 2.78 £ 0.58 3.18 £0.55 0.001

Male Sex, n (%) 52 (60.5) 28 (57.1) 24 (64.9) 0.469
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Postnatal Age at Surgery (days), | 3 (1-5) 3(1-5) 3 (2-5) 0.782
median (IQR)

Preoperative PRISM lll, median | 8 (5-12) 10 (7-14) 6 (4-9) <0.001
(1QR)

Primary Diagnosis, n (%) 0.443
- Gastroschisis 38 (44.2) 24 (49.0) 14 (37.8)

- Intestinal Atresia 22 (25.6) 11 (22.4) 11 (29.7)

- Malrotation 18 (20.9) 9(18.4) 9(24.3)

- Other 8(9.3) 5(10.2) 3(8.1)

Surgery Duration (min), median | 145 (115- | 150 (120-190) 140 (110-175) 0.315
(IQR) 185)

Glucose Data: The mean peak blood glucose level in the hyperglycemic group was 182.4 + 31.2 mg/dL,
compared to 118.6 £ 21.4 mg/dL in the normoglycemic group (p<0.001). The median time to peak
glucose was 1 hour post-admission to the NPICU.

Primary Outcome: The composite primary outcome of mortality or major morbidity occurred in 34 of
86 neonates (39.5%). The incidence was significantly higher in the hyperglycemic group (26/49, 53.1%)
compared to the normoglycemic group (8/37, 21.6%) (p=0.003). The breakdown of individual
components of the composite outcome is shown in Table 2.

Table 2: Primary Composite Outcome and Its Components

Outcome Total Hyperglycemic Normoglycemic p-
(N=86) n | (N=49)n (%) (N=37) n (%) value
(%)

Composite Outcome | 34 (39.5) 26 (53.1) 8(21.6) 0.003

(Mortality/Morbidity)

- Culture-proven Sepsis 22 (25.6) 17 (34.7) 5(13.5) 0.026

- Surgical Site | 12 (14.0) 9(18.4) 3(8.1) 0.178

Infection/Dehiscence

- Anastomotic Leak 6 (7.0) 5(10.2) 1(2.7) 0.191

- In-hospital Mortality 4(4.7) 4(8.2) 0(0) 0.072

Association Between Hyperglycemia and Primary Outcome: In univariable logistic regression,
hyperglycemia was associated with a 4.1-fold increased odds of the composite outcome (Unadjusted
OR 4.1, 95% Cl: 1.6—-10.5, p=0.003). After adjusting for the confounding effects of birth weight and
preoperative PRISM Il score in a multivariable model, hyperglycemia remained a strong and
independent predictor (Adjusted OR 3.4, 95% Cl: 1.3-8.9, p=0.012) (Table 3).
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Table 3: Logistic Regression Analysis for the Composite Primary Outcome

Variable Unadjusted OR (95% | p- Adjusted OR (95% | p-

Cl) value | Cl) value
Hyperglycemia (Yes vs. No) 4.1(1.6-10.5) 0.003 | 3.4(1.3-8.9) 0.012
Birth Weight (per 0.1 kg increase) | 0.85 (0.76 — 0.95) 0.005 | 0.88(0.78—-0.99) | 0.041
Preop PRISM Il (per 1 point | 1.15 (1.05 - 1.26) 0.002 | 1.12(1.02-1.23) |0.018
increase)

Secondary Outcomes: Neonates with hyperglycemia had a significantly longer median duration of
postoperative mechanical ventilation (120 vs. 68 hours, p=0.007), a longer NPICU stay (14 vs. 9 days,
p=0.011), and a longer total hospital stay (32 vs. 24 days, p=0.009). In linear regression models adjusted
for birth weight and PRISM score, peak glucose level was independently associated with longer
duration of ventilation (f=0.15, p=0.047) and total hospital stay (3=0.18, p=0.032).

Incidence of Primary Outcome and Components

Comparison between hyperglycemic (n=49) and normoglycemic (n=37) groups
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Discussion

This prospective cohort study, conducted in 2008, found that perioperative hyperglycemia, defined by
a threshold of 150 mg/dL, was a common occurrence in neonates undergoing major abdominal
surgery, affecting more than half of the cohort. Most importantly, the development of hyperglycemia
was independently associated with a greater than three-fold increased risk of a composite of major
morbidity or mortality, even after adjustment for lower birth weight and higher preoperative illness
severity. Furthermore, hyperglycemia was linked to a more protracted postoperative recovery,
evidenced by longer durations of ventilation and hospitalization.

Our finding that hyperglycemia is a marker of adverse outcome aligns with the evolving understanding
of critical illness metabolism at the time. The adjusted odds ratio of 3.4 suggests the relationship is not
merely a reflection of underlying sickness. Several pathophysiological mechanisms, informed by pre-
2009 literature, may explain this association. Stress-induced hyperglycemia is mediated by counter-
regulatory hormones which also suppress immune function. In vitro studies had shown that
hyperglycemia impairs neutrophil chemotaxis, phagocytosis, and oxidative burst [7]. This
immunocompromised state could predispose to the infections (sepsis, surgical site infections) that
constituted a large portion of our primary outcome. Furthermore, hyperglycemia promotes a pro-
inflammatory state and causes endothelial dysfunction, potentially compromising wound and
anastomotic healing [8]. In the context of neonatal surgery, where anastomotic integrity is paramount,
this metabolic environment may be particularly deleterious.

Our results are consistent with the limited neonatal literature available prior to 2009. A small
retrospective study by Hall et al. in 2004 found that hyperglycemia (>145 mg/dL) was associated with
increased mortality and infection in preterm infants, though not specifically surgical ones [9]. Our study
prospectively extends this association to a term and near-term neonatal surgical population, using a
similar glucose threshold and focusing on surgery-specific morbidities. We deliberately excluded
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neonates with necrotizing enterocolitis (NEC), as the profound inflammation and high mortality of NEC
itself would be a overwhelming confounder. Studies that included NEC, such as the work by Kao et al.
(2006), often found very high rates of hyperglycemia but had difficulty isolating its independent effect
from the disease process [10]. Our cohort of infants with congenital anomalies provides a clearer view
of the perioperative metabolic stress response.

The debate surrounding the Leuven trial’s findings in adults was highly relevant to our study’s context
[4]. While that trial suggested benefit from treating hyperglycemia, our observational data could only
identify an association. A critical question raised by our findings was whether hyperglycemia was a
mediator of injury or simply a marker of the severity of the stress response. The fact that it remained
significant after adjusting for PRISM score supports, but does not prove, a potential mediator role. In
2008, the risks of tight glycemic control, particularly hypoglycemia, were becoming increasingly
apparent even in adult trials [11]. In neonates, the fear of hypoglycemic brain injury was (and remains)
a powerful deterrent to aggressive insulin therapy. Our data, showing a morbidity signal at the
relatively modest threshold of 150 mg/dL, contributed to the ongoing debate about what level of
hyperglycemia might be harmful versus tolerable in this population.

The strengths of this study include its prospective design, the use of pre-defined, clinically relevant
outcomes adjudicated by a blinded committee, and the adjustment for key confounders like illness
severity. The glucose measurement protocol, while limited by the point-of-care technology of the era,
was standardized. However, several limitations must be acknowledged. First, as an observational study,
it cannot establish causality. Despite statistical adjustment, residual confounding by unmeasured
factors (e.g., subtle differences in surgical complexity, microbial exposure) is possible. Second, we used
intermittent glucose sampling, likely missing glycemic variability, which later research would identify
as a potentially important factor [12]. Third, the single-center design and specific patient mix may limit
generalizability to all neonatal surgical populations. Finally, the definition of hyperglycemia (>150
mg/dL) was necessarily arbitrary, chosen based on the sparse literature available at the time; the
optimal threshold remains unknown.

In conclusion, this 2008 prospective study identified perioperative hyperglycemia as a highly prevalent
and independently significant risk factor for major adverse outcomes in neonates undergoing
abdominal surgery. It provided foundational evidence that glucose dysregulation in the perioperative
period was not a benign finding. These results highlighted the need for further research to determine
if modifying this risk factor—through careful, protocolized glycemic control strategies that
meticulously avoid hypoglycemia—could improve outcomes for this fragile patient population. This
study served as a catalyst for subsequent pilot and feasibility studies in neonatal glycemic control.

Conclusion

In this prospective cohort study, perioperative hyperglycemia (blood glucose >150 mg/dL) occurred in
the majority of neonates undergoing major abdominal surgery under the standard of care in 2008. The
presence of hyperglycemia was independently associated with a significantly increased risk of death,
sepsis, and other major postoperative complications, and with a more prolonged recovery. These
findings underscored that stress-induced hyperglycemia is an important and potentially modifiable
element of the perioperative risk profile in surgical neonates, meriting further investigation as a target
for therapeutic intervention.
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