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Abstract

Background—Anesthesia in early childhood is associated with adverse neurodevelopmental
outcome, however it is not known if age at exposure affects the risk of adverse outcome. Our
objective was to evaluate the association of the number and timing of anesthetic exposures for
surgery with cognitive outcome in a cohort of premature newborns.

Methods—A cohort study of exposure to anesthesia for surgery in premature newborns (<33
weeks gestation) prospectively evaluated with neonatal MRI and neurodevelopmental testing at
3-6 years was employed. Exposure to anesthesia for surgery was classified as before term-
equivalent age (TEA, <42 weeks postmenstrual age) or after (=42 weeks). Multivariate regression
was performed to analyze the association of composite 1Q scores with the number of surgeries
before and after TEA.

Results—Among 137 newborns, 25 (18.2%) had one surgery before TEA and 18 (13.1%) had
>2. Two or more surgeries before TEA were associated with significantly reduced composite 1Q
scores at 4.6+0.6 years after adjusting for gestational age, and illness severity. Neither the number
of surgeries after TEA nor sedation for MRI was associated with cognitive outcome.
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Conclusions—More than one surgery prior to TEA is independently associated with impaired
cognitive performance in premature newborns.

Introduction

Results

An estimated 6 million pediatric patients require general anesthesia for surgery each year in
the United States, including 1.5 million infants (1). A growing body of evidence suggests
that general anesthesia has neurotoxic effects on the developing brain (1-14). Several studies
have shown that two or more anesthetic exposures prior to age 4 are associated with adverse
neurodevelopmental outcomes in children (9-12). However, it is not known if there are
windows of selective vulnerability to the effects of anesthesia during critical periods of
human brain development (1).

Premature newborns comprise 12% of all births in the United States (15), and undergo a
remarkable period of brain development by the time they reach term-equivalent age (TEA)
(16). Since premature newborns frequently require general anesthesia for surgical
complications of prematurity (6,17,18), they constitute a unique population to evaluate how
age at exposure to anesthesia for surgery impacts developmental outcome. A large
multicenter cohort study (17) has recently shown that major surgery in very low-birth-
weight infants was independently associated with an increased risk of death or
neurodevelopmental impairment at 18-22 months' corrected age. However, the number and
timing of exposures to anesthesia for surgery was not accounted for in the analysis, and the
study population excluded patients with patent ductus arteriosus (PDA) ligation.

Understanding how the timing of exposure to anesthesia for surgery in premature newborns
relates to neurodevelopmental outcome has important implications for their clinical care and
prognosis. We hypothesized that there would be a decreased cognitive performance in
children born prematurely who were exposed to general anesthesia for surgery prior to TEA,
independent of illness severity, brain injury on neonatal magnetic resonance imaging (MRI)
and exposure to general anesthesia after TEA. To address this hypothesis, we analyzed the
association of the number and timing of surgeries to neurodevelopmental outcome in a
cohort of premature newborns enrolled in a prospective study of neonatal MRI, and
evaluated with standardized neurodevelopmental testing at 3-6 years of age.

The mean gestational age of children enrolled in the cohort was 27.9 + 2.4 weeks. Among
137 newborns, 25 (18.3%) had one surgery prior to TEA and 18 (13.1%) had =2 (Table 1).
PDA ligation and laparotomy +/- bowel resection were the most common surgeries before
TEA (Table 2). Children that had one or more surgeries prior to TEA were younger, and had
higher rates of complications of prematurity including prolonged mechanical ventilation,
infection, hypotension, PDA and necrotizing enterocolitis (all P<0.002) (Table 1).

Throughout the follow-up period, 17 children (12.4%) had one surgery and 11 (8%) had >2
surgeries after TEA. Fifteen children (15/43, 34.9%) that required surgery prior to TEA had
surgery after TEA, and 13 children (13/94, 13.8%) that did not require surgery prior to TEA
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had surgery after TEA (Table 1). Diverse types of surgeries were required after TEA (Table
2), most commonly hernia repair and laparotomy.

Anesthetic agents varied widely across subjects before and after TEA (Table 3).
Intraoperative complications were documented in 5 subjects with surgery prior to TEA
(Table 2). There were no intraoperative complications documented in surgeries after TEA.
Dopamine was required for intraoperative maintenance of blood pressure in 8 subjects prior
to TEA, and in each case was initiated before surgery.

Neurodevelopmental Outcome

The mean age at follow-up was 4.6 + 0.6 years. There was no differential loss to follow-up
by the number of surgeries required before and after TEA (both P=0.39) (Table 4). Testing
with the WPPSI-111 was performed in 128/137 children (93.4%) with follow-up between
ages 3 and 6. The mean full-scale 1Q was 98.7 + 15.8, performance 1Q 97.4 + 16.0, and
verbal 1Q 99.5 + 14.5 points (Figure 1). In a simplified model evaluating the relationship of
the number and timing of surgeries with composite 1Q scores, =1 surgery prior to TEA was
associated with decreased full-scale 1Q, and =2 surgeries prior to TEA were associated with
decreased performance and verbal 1Q (all P<0.004) (Table 5).

The relationship between the number and timing of surgeries and composite 1Q scores was
also evaluated in a multivariable model, adjusting for the effects of gestational age, prenatal
steroids, hypotension, PDA, NEC, number of infections, duration of mechanical ventilation,
white matter injury, and number of sedated MRI scans (Table 6). Two or more surgeries
prior to TEA were independently associated with reduced full-scale 1Q (mean difference:
-20.3 points, 95% CI -32.6 to -10.1, P=0.001), performance 1Q (mean difference: -22.7
points, 95% CI -34.4 to -12.6, P<0.001) and verbal 1Q (mean difference: -12.7 points, 95%
Cl -21.7 to -0.4, P=0.031). In a sensitivity analysis excluding subjects with documented
intraoperative complications or intraoperative treatment with dopamine for maintenance of
blood pressure, the results were unchanged.

There were 22 children that had an abnormal neurological examination, of whom, 12 had
surgery before TEA, and 3 had surgery after TEA. Children that had surgery prior to TEA
were more likely to have an abnormal neurological examination (risk ratio 2.62, 95% ClI
1.23 t0 5.60, P=0.011). After adjustment for clinical characteristics associated with surgery
prior to TEA, white matter injury, and the number of sedated MRI scans, there was no
relationship between the number and timing of surgeries and an abnormal neurological
examination (all P=0.37).

Sedation for MRI and cognitive outcome

Sedation for neonatal MRI was more common in newborns that had surgery prior to TEA
compared to those that did not (risk ratio 1.65, 95% CI 1.19-2.31, P=0.0051). There was no
relationship between the number of sedated MRI scans and composite 1Q scores in the
multivariable model, adjusting for the number and timing of surgeries, clinical
characteristics associated with surgery prior to TEA, and white matter injury (Table 7).
There was no effect modification of the association between the number and timing of
surgeries and composite 1Q scores by sedation for MRI in this model (all P=0.20).
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Discussion

Two or more surgeries prior to term-equivalent age are associated with decreased composite
IQ scores at 4.6 years in this cohort of children born prematurely. Children that required
surgery prior to TEA were born at a younger gestational age, and had higher rates of
complications of prematurity. After adjustment for multiple confounding variables,
including gestational age, and white matter injury, =2 surgeries prior to TEA were
associated with decreased composite 1Q scores. The number of surgeries performed after
TEA was not associated with cognitive outcome. Surgery prior to TEA was also associated
with an increased risk of an abnormal neurological examination on follow-up, however this
was not significant after adjustment for confounding variables. These data indicate that >2
surgeries before TEA are independently associated with impaired cognitive development in
premature newborns.

It is difficult to separate the potential deleterious effects of general anesthesia from the
effects of surgery such as systemic inflammation, or physiologic derangements that may
take place intraoperatively, including impaired cerebral perfusion (1). Moreover, the
requirement for surgery in our cohort was associated with multiple markers of systemic
illness. We attempted to estimate the direct effects of surgery on neurodevelopment by
adjusting for several covariates associated with surgery prior to TEA using bootstrapping
methodology, however we cannot exclude residual confounding in our results. In a
sensitivity analysis excluding newborns with documented intraoperative complications, or
intraoperative treatment with a vasopressor for maintenance of blood pressure, the
interpretation of the models was similar. The demonstrated association of =2 surgeries prior
to TEA and impaired cognitive performance highlights that this subset of premature
newborns is at high risk for cognitive deficits, but does not necessarily represent a causal
relationship between anesthesia exposure and abnormal cognitive outcome.

Our findings are consistent with a growing body of evidence that suggests exposure to
general anesthesia has adverse effects on the developing brain (1-14,17,18). Studies in infant
animal models have demonstrated a developmental vulnerability of the brain to the
neurotoxic effects of commonly used anesthetic agents, such as the inhalational anesthetics
(1-5,13,14). In addition to widespread neuronal apoptosis, early exposure to general
anesthesia and sedation in infant animal models is associated with long-term cognitive and
behavioral effects (1-5,13,19). The brain appears to be more susceptible to the neurotoxic
effects of anesthesia during periods of rapid growth and development, as well as peak
synaptogenesis (1-4,13,14).

The potential neurotoxic effects of general anesthesia on brain development have garnered
attention from the Food and Drug Administration, as well as the media (20-22). Prospective
studies and randomized trials are currently underway to further address this public health
issue and inform clinical practice (1,22). The question of whether exposure to general
anesthesia impacts brain development is a source of great concern to parents of infants and
children who require anesthesia for surgery, as well as those who require sedation for MRI.
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We found no significant association between the number of sedated MRI scans and
cognitive outcome at 4.6 years in our cohort after adjustment for confounding variables,
including the number and timing of surgeries. Our institutional practice includes sedation
with morphine and/or pentobarbital for neonatal MRI scans if newborns are actively moving
during the scan. Since sedation for MRI limits motion and enables higher quality MR
images to be obtained, our results are reassuring that the practice of sedation for scanning
should not be precluded by concerns of sedation-related effects on cognitive outcome.

The results of our study are concordant with a recent meta-analysis (12) of 7 studies, which
demonstrated an increased risk of learning and behavioral disorders associated with an
increased number of anesthetic exposures prior to 4 years. Age at exposure, defined in
yearly intervals, was not associated with an increased risk of impaired neurodevelopment.
However, only three studies in the meta-analysis (10,11,23) reported inclusion of children
born less than 33 weeks' gestation and none of the studies in the meta-analysis specifically
evaluated the impact of anesthesia exposure for surgery prior to TEA. It is not known if
there exists a critical period of selective vulnerability to the effects of anesthesia and surgery
during human brain development (1). Our results indicate that >2 exposures to anesthesia
for surgery prior to TEA are associated with significantly reduced cognitive performance,
whereas exposure after TEA is not associated with cognitive performance in our cohort.
Premature newborns undergo a remarkably intricate period of brain growth and development
as they approach TEA, characterized by cortical sulcation, synaptogenesis, myelination, and
cerebellar growth (16,24,25). This period of rapid change is also characterized by maturation
of neurons and axonal development, as well as a peak abundance of microglia (25). Our
results suggest that the impact of anesthetic exposure and surgery during this period of
human brain development merits further study.

Children that required neonatal surgery have previously been reported to have an increased
risk of neurosensory impairment (26); worse academic performance in adolescence
compared to controls (27); and impaired neurodevelopment in infancy (17,18). None of
these studies accounted for surgeries required after the neonatal period. A large multicenter
cohort study (17) has recently shown that major surgery in very low-birth-weight infants
was independently associated with an increased risk of death or neurodevelopmental
impairment at 18-22 months' corrected age. However, the number and timing of exposures
to anesthesia for surgery was not evaluated, the study population excluded newborns that
required PDA ligation, and only severe cystic white matter injury detected by ultrasound
was adjusted for in the analysis. Filan et al. (18) found that very preterm infants undergoing
surgery had reduced cognitive performance at 2 years' corrected age compared to infants that
did not have surgery, but in contrast with our results, this difference was not significant after
adjustment for confounding variables. In addition, infants in the surgical group had reduced
deep nuclear gray matter volume at TEA (18), which may indicate regional vulnerability to
the effects of anesthesia and/or surgery.

Many of the previous studies that reported an association between anesthesia and adverse
neurodevelopment included children with underlying conditions that may contribute to poor
developmental outcomes. The well-defined study population and exclusion of newborns
with evidence of genetic syndromes and congenital malformations, such as malformations of
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brain development, strengthens our study. Our study is also strengthened by the inclusion of
neonatal MRI findings, and adjustment for non-cystic white matter injury, which is more
prevalent than cystic white matter injury in premature newborns (28), and best detected by
MRI (29). In addition, detailed review of the medical records enabled us to account for the
potential effects of perioperative and intraoperative complications. Due to the size of the
study population and the nature of multiple co-exposures in several subjects, we were not
powered to evaluate associations of specific medications with neurodevelopmental outcome,
or dose-dependent effects. Although developmental follow-up was only available for a
subset of the primary cohort evaluated with neonatal MRI, there was no differential loss to
follow-up by the number and timing of surgeries required. The number of surgeries
performed after TEA may have been underestimated if the surgery was not performed at our
center, however surgical history was obtained at each follow-up visit. Detailed
socioeconomic data were not available for this analysis.

There is an urgent need to identify modifiable risk factors for adverse neurodevelopment in
premature newborns. Our study showed a strong association between more than one
exposure to anesthesia for surgery prior to term-equivalent age and decreased cognitive
performance at 4.6 years, and no association between MRI with sedation and any outcome
measure. Further study is needed to understand how general anesthesia and surgery affect
brain growth and development, particularly in premature newborns. Future studies should
focus on the development and implementation of neuroprotective strategies for preterm
newborns undergoing surgery.

Subjects and Methods

Study Design

This is a cohort study of exposure to general anesthesia for surgery among premature
newborns prospectively studied with neonatal magnetic resonance imaging (MRI) and
neurodevelopmental testing at 3-6 years. The primary outcome measure was cognitive
performance on the Wechsler Preschool and Primary Scale of Intelligence, 34 edition. The
secondary outcome measure was an abnormal neurological examination.

Study Subjects

The cohort is comprised of 137 premature newborns <33 weeks' gestation admitted to the
intensive care nursery at the University of California, San Francisco (UCSF) from January
1998 to April 2009 who were enrolled in a prospective study of neonatal MRI. Exclusion
criteria include clinical evidence of a congenital malformation or syndrome, congenital
infection, or clinical status too unstable for transport to MRI. Parental consent was obtained
following a protocol approved by the UCSF Committee on Human Research.

Clinical data were extracted from the medical records by two investigators (DG, SKA)
blinded to neurodevelopmental outcome. The total number, timing and type of surgery were
obtained from the medical records. Surgery was defined as a procedure requiring general
anesthesia in the operating room, or interventional radiology suite. Exposure to inhalational
anesthesia (sevoflurane, isoflurane, halothane, nitrous oxide), intravenous agents (propofol,
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ketamine, midazolam, pentobarbital), and opioids (fentanyl, morphine) was determined by
reviewing the anesthetic records from each surgery. Doses and concentrations of anesthetic
exposures were not consistently available. The timing of surgery was classified as prior to
TEA (<42 weeks postmenstrual age) or after TEA (=42 weeks postmenstrual age). The
occurrence of documented intraoperative complications was also obtained.

Additional covariates prospectively collected include gestational age, prenatal steroids and
magnesium sulfate, infection, duration of mechanical ventilation (days), hypotension
requiring medical intervention, PDA, necrotizing enterocolitis (NEC), and hypoglycemia.
Newborns with culture positive sepsis, clinical signs of sepsis with negative blood culture,
or meningitis were classified as having infection. Newborns with clinical signs and
symptoms of NEC and evidence of pneumatosis intestinalis on X-ray were classified as
having NEC.

MRI scans were obtained as soon after birth as newborns were clinically stable and near
TEA. A custom MR-compatible incubator was used to provide a quiet, well-monitored
environment for newborns, minimizing patient movement and improving the signal-to-noise
ratio (30). Scans were performed without sedation if possible. The sedation protocol for
neonatal MRI in our cohort includes intravenous morphine and/or pentobarbital as needed to
reduce patient movement. General anesthesia is not used for neonatal MRI at our institution.
There were no adverse events due to sedation for neonatal MRI. The majority of all sedated
MRI scans were performed prior to TEA (84/86). A single pediatric neuroradiologist (AJB)
evaluated all MRI scans blinded to the clinical history (other than postmenstrual age at the
time of scan). The severity of white matter injury on T,-weighted MRI was scored according
to previously published criteria (29). White matter injury was dichotomized as present or
absent. Intraventricular hemorrhage (1VH) was classified using the Papile grading system
(31). The highest IVH score from both scans was included in the analysis.

Neurodevelopmental Outcome

After hospital discharge, children had serial neurodevelopmental assessments prior to age 3
years in the UCSF Intensive Care Nursery Follow-Up Program as part of their clinical care.
Children enrolled in our neonatal MRI research cohort were invited for further follow-up
between ages 3-6 years, which was obtained in 137 children (54.2%). Follow-up visits
between 3-6 years included a standardized neurological examination and
neurodevelopmental assessment, with the examiner blinded to the medical history including
exposure to anesthesia. The neurological examination was summarized using a validated
neuromotor score (0-6), which scores abnormalities in cranial nerve function, muscle tone,
strength and deep tendon reflexes (32,33). Subjects with a neuromotor score >1 were
classified as having an abnormal neurological examination. Neurodevelopmental assessment
consisted of evaluation by a developmental psychologist using the Wechsler Preschool and
Primary Scale of Intelligence, 3™ edition (WPPSI-111, The Psychological Corporation,
2002), which is a standardized and validated scale. We recorded full-scale 1Q, verbal 1Q and
performance 1Q. The mean of each composite score of the WPPSI is 100 points and the
standard deviation is 15.
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Statistical analysis was performed using Stata 13 (Stata Corporation, College Station, TX).
Clinical characteristics of subjects who required surgery prior to TEA and those that did not
were compared using descriptive statistics. Categorical variables were compared using
Fisher's exact test, and continuous variables were compared using Kruskal-Wallis test. A
generalized estimating equation was used to assess the relationship between the number and
timing of surgeries with composite 1Q scores on the WPPSI-III. In the adjusted model, we
included variables significantly associated with surgery prior to TEA (P<0.1), white matter
injury on neonatal MRI, and the total number of sedated MRI scans. Bootstrap analysis was
used to estimate bias-corrected standard errors and 95% confidence intervals (Cl).
Bootstrapping entails random resampling of the study population to obtain the empirical
distribution and determine the standard errors with greater accuracy when the sampling
distribution of the statistic of interest is unlikely to be normal (34). Effect modification of
the relationship between the timing and number of surgeries and composite 1Q scores by the
number of sedated MRI scans was also evaluated in this model. A generalized estimating
equation was used to evaluate the relationship of the number and timing of surgeries with an
abnormal neurological examination, adjusting for variables significantly associated with
surgery prior to TEA (P<0.1), white matter injury on neonatal MRI, and the total number of
sedated MRI scans. Statistical significance was set at an alpha of 0.05.
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Figure 1. Composite 1Q scores by number of surgeries prior to term-equivalent age
Box plot demonstrating composite full-scale (dark gray), performance (light gray), and

verbal (white) 1Q scores in children by the number of surgeries prior to term-equivalent age
(TEA).
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Clinical characteristics by number of surgeries prior to term-equivalent age

Table 1

Surgery prior to term-equivalentage  p_ya|yeb
Characteristic® None 1 >0
(n=94) (n=25) (n=18)
Gestational age, weeks 286+23 267+18 258+17 0.001
Male 40 (42.6) 11 (44) 11 (61.1) 0.20
Prenatal steroids 80 (85.1) 20 (80) 14 (77.8) 0.60
Magnesium sulfate 45 (47.9) 14 (56) 11 (61.1) 0.51
Duration ventilation, days 3(0,15) 30(10,43) 42(17,56) 0.001
Infection 36 (38.3) 14 (56) 17 (94.4)  <0.001
Hypotension 40 (42.6) 20 (80) 14 (77.8) <0.001
Patent ductus arteriosus 32 (34) 15 (60) 13(72.2) 0.002
Necrotizing enterocolitis 4(4.3) 7(28) 6(33.3) <0.001
Surgery after term-equivalent age <0.001
None 81(86.2) 22 (88) 6(33.3)
1 9 (9.6) 3(12) 5 (27.8)
22 4(4.3) 0 7(38.9)
Number of sedated MRI scans 0.016
None 57 (60.6) 12 (48) 4(22.2)
1 26 (27.7) 9 (36) 7(38.9)
>2 11 (11.7) 4 (16) 7(38.9)
White matter injury 21 (22.3) 5 (20) 4(22.2) 1.0
Intraventricular hemorrhage 0.17
None 72 (76.6) 17 (68) 12 (66.7)
Mild (Grades 1 and 2) 20 (21.3) 7(28) 6(33.3)
Severe (Grades 3 and 4) 2(2.1) 1(4) 2(11.1)

a - L .
mean + standard deviation, number (%), or median (interquartile range)

b . ! - . . )
P-value corresponds to Fisher's exact test for categorical variables and Kruskal-Wallis test for continuous variables
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Table 2

Types of surgeries before and after term-equivalent age

Timing of Surgery

Prior to TEA  After TEA
(n=43) (n=28)
Total number of surgeries 80 58
Types of surgeries
Abdominal
Laparotomy +/- resection 17 (21.3) 8(13.8)
Hernia repair 10 (12.5) 12 (20.7)
Gastrostomy tube 2(2.5) -
Ophthalmologic 11 (13.8) 3(5.2)
Patent ductus arteriosus ligation 25 (31.3) -
Ventricular shunt, reservoir or revision 6 (7.5) 4 (6.9)
Urological 1(1.3) 9 (15.5)
Othera&b 8 (10) 22 (37.9)
Intraoperative complication® 5(6.3) 0

Data presented as number (% of total number of surgeries).

TEA = term-equivalent age

aBefore TEA: Broviac line insertion or removal (3), tracheostomy (1), biopsy (3), diaphragmatic plication (1).

Page 13

bAfter TEA: scopes (bronchoscopy, laryngoscopy, endoscopy, sigmoidoscopy) (5), Broviac line insertion or removal (2), toe duplication (1), dental
(5), hemangioma removal (1), ear/nose/throat (7), thoracoscopic drainage (1).

Documented intraoperative complications included: self-limited oxygen desaturation during lung retraction for PDA ligation (1), hypotensive

episode without intervention (1), bradycardia treated with atropine (1), desaturation and bradycardia treated with epinephrine and chest

compressions (1), apnea and bradycardia post-extubation treated with naloxone (1)
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Type of anesthetic exposure and duration of exposure before and after term-equivalent

age

Timing of Surgery

Prior to TEA  After TEA

(n=43) (n=28)

Median duration, mins (IQR) 80 (60, 110) 90 (73, 128)
Inhalational anesthesia®

Sevoflurane 7(16.3) 20 (71.4)

Isoflurane 1(2.3) 5(17.9)

Halothane 3(7.0) 2(7.1)

Nitrous oxide 5(11.6) 6(21.4)
Intravenous agents®

Propofol 2(4.7) 8(28.6)

Midazolam 10 (23.3) 3(10.7)

Lorazepam 5 (11.6) 0

Ketamine 0 0
Opioids®

Fentanyl 22 (51.2) 12 (42.9)

Morphine 9 (20.9) 1(3.6)

aData presented as number (%) of subjects exposed to each agent.
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Comparison of clinical characteristics by follow-up at 3-6 years

Table 4

Follow-up at 3-6 years  p_y5)yeb
Characteristic® Yes No
(n=137)  (n=116)
Gestational age, weeks 279+24 28524 0.070
Male 62(45.3) 67(57.8)  0.095
Prenatal steroids 114 (83.2) 86(74.1) 0.089
Magnesium sulfate 70 (51.1) 53 (45.7) 0.45
Duration ventilation, days 7 (1, 30) 4 (0, 19) 0.006
Infection 64 (46.7) 67 (57.8) 0.38
Hypotension 74 (54.0) 45(38.8) 0.017
Patent ductus arteriosus 60 (43.8) 37 (31.9) 0.069
Necrotizing enterocolitis 17 (12.4) 15 (12.9) 1.0
Surgery before term-equivalent age 0.39
None 94 (68.6)  88(75.9)
1 25(18.2)  18(155)
>2 18(13.1)  10(8.6)
Surgery after term-equivalent age 1.0
None 109 (79.6) 92 (79.3)
1 17 (12.4)  14(12.1)
>2 11 (8.0) 10 (8.6)
Sedation for MRI 65 (47.4) 48 (41.4) 0.38
White matter injury 33(24.1) 22 (19) 0.76
Intraventricular hemorrhage 0.085
None 99 (72.3) 69 (59.5)
Mild (Grade 1 or 2) 33(24.1) 34(29.3)
Severe (Grade 3 or 4) 5(3.6) 13 (11.2)

a o L .
mean + standard deviation, number (%), or median (interquartile range)

b . - . . . .
P-value corresponds to Fisher's exact test for categorical variables and Kruskal-Wallis test for continuous variables.
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Table 5
Association of the number and timing of surgeries with composite 1Q scores

Adjusted mean difference®
(95% CI) P-value

Full-scale 1Q

Number of surgeries before term-equivalent age

None Ref
1 -8.3(-17.6t0 -2.3) 0.004
>2 -22.7 (-28.0 t0 -16.6) <0.001

Number of surgeries after term-equivalent age

None Ref
1 -4.4 (-13.0t0 8.2) 0.39
>2 -8.4 (-24.7105.5) 0.25

Performance 1Q

Number of surgeries before term-equivalent age

None Ref
1 -4.3 (-11.2t04.2) 0.18
>2 -22.2 (-29.7 to -17.3) <0.001

Number of surgeries after term-equivalent age

None Ref

1 -0.7 (-15.5t0 8.1) 0.89

=2 -9.2 (-22.3 10 10.5) 0.27
Verbal 1Q

Number of surgeries before term-equivalent age

None Ref
1 -3.9(-10.5t0 1.7) 0.24
>2 -15.7 (-22.1t0 -8.8) <0.001

Number of surgeries after term-equivalent age

None Ref
1 -3.4 (-14.11t0 9.6) 0.55
>2 -2.3(-11.0t09.1) 0.76

a . N . . . . . . .
Generalized estimating equation of the mean difference in composite 1Q scores associated with the number of surgeries before and after term-
equivalent age.
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Table 6
>2 surgeries before term-equivalent age are independently associated with reduced

composite 1Q scores

Adjusted mean difference®
(95% CI) P-value

Full-scale 1Q

Number of surgeries before term-equivalent age

None Ref
1 -6.0 (-13.0t0 1.6) 0.088
>2 -20.3 (-32.6 to -10.1) 0.001

Number of surgeries after term-equivalent age

None Ref
1 0.7 (-15.3 t0 10.9) 0.90
>2 8.6 (-5.4t017.1) 0.15

Performance 1Q

Number of surgeries before term-equivalent age

None Ref
1 -3.0(-10.9t0 2.2) 0.43
>2 -22.7 (-34.4t0 -12.6) <0.001

Number of surgeries after term-equivalent age

None Ref

1 6.0 (-6.7 t0 17.1) 0.34

22 8.8 (-1.310 18.9) 0.16
Verbal 1Q

Number of surgeries before term-equivalent age

None Ref
1 -0.02 (-6.6 t0 11.2) 0.997
>2 -12.7 (-21.7t0 -0.4) 0.031

Number of surgeries after term-equivalent age

None Ref
1 1.9 (-17.3t0 10.7) 0.75
>2 11.7 (-5.9 to 24.6) 0.15

a . N . . . . . _ . . .
Generalized estimating equation model adjusted for gestational age, duration mechanical ventilation, number of infections, PDA, NEC, white
matter injury, number of sedated scans, as well as the number of surgeries before and after term-equivalent age.
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Table 7
Sedation for MRI is not associated with cognitive performance

Adjusted mean difference®
(95% CI) P-value

Full-scale 1Q

Number of sedated MRI scans

None Ref
1 0.4 (-4.8t06.7) 0.90
>2 -2.7 (-8.310 6.8) 0.44

Performance 1Q

Number of sedated MRI scans

None Ref

1 1.0 (-6.5t0 8.4) 0.79

22 -3.8(-11.4t0 3.8) 0.38
Verbal 1Q

Number of sedated MRI scans

None Ref
1 0.3 (-6.5t07.5) 0.94
>2 -0.6 (-6.4t0 7.0) 0.87

a . N . . . . . _ . . .
Generalized estimating equation model adjusted for gestational age, duration mechanical ventilation, number of infections, PDA, NEC, white
matter injury, number of sedated scans, as well as the number of surgeries before and after term-equivalent age.
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