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BACKGROUND: Observational studies on pediatric anesthesia neurotoxicity have been unable
to distinguish long-term effects of general anesthesia (GA) from factors associated with the
need for surgery. A recent study on elementary school children who had received a single GA
during the first year of life demonstrated an association in otherwise healthy children between
the duration of anesthesia and diminished test scores and also revealed a subgroup of children
with “very poor academic achievement” (VPAA), scoring below the fifth percentile on standard-
ized testing. Analysis of postoperative cognitive function in a similar cohort of children anes-
thetized with an alternative to GA may help to begin to separate the effects of anesthesia from
other confounders.

METHODS: We used a novel methodology to construct a combined medical and educational
database to search for these effects in a similar cohort of children receiving spinal anesthesia
(SA) for the same procedures. We compared former patients with a control population of stu-
dents matched by grade, gender, year of testing, and socioeconomic status.

RESULTS: Vermont Department of Education records were analyzed for 265 students who had
a single exposure to SA during infancy for circumcision, pyloromyotomy, or inguinal hernia repair.
Exposure to SA and surgery had no significant effect on the odds of children having VPAA. (math-
ematics: P = 0.18; odds ratio 1.50, confidence interval (Cl), 0.83-2.68; reading: P = 0.55; odds
ratio = 1.19, Cl, 0.67-2.1). There was no relationship between duration of exposure to SA and
surgery and performance on mathematics (P = 0.73) or reading (P = 0.57) standardized test-
ing. There was a small but statistically significant decrease in reading and math scores in the
exposed group (mathematics: P = 0.03; reading: P = 0.02).

CONCLUSIONS: We found no link between duration of surgery with infant SA and scores on aca-
demic achievement testing in elementary school. We also found no relationship between infant

SA and surgery with VPAA on elementary school testing, although the Cls were wide. (Anesth

Analg 2014;119:651-60)

espite intensive investigation, the clinical sig-
Dnificance of anesthetic neurotoxicity in children

remains uncertain. Laboratory evidence indicates
that the administration of y-aminobutyric acid agonist and
N-methyl-p-aspartate antagonist medications to young
animals during periods of rapid synaptic growth causes
widespread central nervous system (CNS) damage.
Administration of these drugs to species ranging from nem-
atodes to subhuman primates produces dose-dependent
neuronal apoptosis and dendritic cell damage. Behavioral
changes characteristic of impaired CNS learning and mem-
ory appear to correlate with the histological evidence. There

From the *Department of Anesthesiology, Vermont Children’s Hospital;
‘tDepartment of Anesthesiology, Fletcher Allen Health Care; $Center for Clinical
and Translational Science, University of Vermont; and §James M. Jeffords
Center for Policy Research, University of Vermont, Burlington, Vermont.

Accepted for publication March 22, 2014.
Funding: Departmental Funding.
The authors declare no conflicts of interest.

This report was previously presented, in part, at the 2013 International
Anesthesia Research Society Annual Meeting.

Reprints will not be available from the authors.

Address correspondence to Robert K. Williams, MD, Department of Anes-
thesia, Vermont Childrens Hospital, University of Vermont, Fletcher Allen
Health Care Colchester Ave., Burlington, VT 05401. Address e-mail to robert.
williams@vtmednet.org.

Copyright © 2014 International Anesthesia Research Society
DOI: 10.1213 / ANE.0000000000000288

September 2014 o Volume 119 e Number 3

is increasing concern that these effects may occur at doses
that are clinically relevant for humans.-1

Translation of this animal work to humans has proven
problematic. In the absence of randomized controlled trials,
observational epidemiological studies have informed the dis-
cussion. A number of studies have demonstrated an associa-
tion between general anesthesia and subsequent decrements
in cognitive ability, while several studies have shown no
effect."2° These studies have used a variety of approaches to
generate cohorts of children exposed to general anesthesia.
Accordingly, these studies vary widely in the demographics
of the exposed patients, types of surgery, and age at exposure,
as well as surrogate end points for the assessment of CNS
dysfunction.!>141520 Recent editorials highlight the difficulties
in the construction and interpretation of these studies.?'?

The central confounding factor in previous clinical stud-
ies is the inability to separate the need for surgery and any
potential influence of the surgical procedure from the effects
of general anesthesia. Because elective surgery is not per-
formed on infants, it has been postulated that the require-
ment for surgery ata young age may be a marker for children
predestined for cognitive dysfunction later in life.? In this
hypothesis, exposure to anesthesia and surgery is correlated
but not causal. Because of the lack of suitable control popu-
lations, it appears unlikely that epidemiological studies that
only examine children exposed to general anesthesia will
isolate the potential impact of anesthetic exposure.
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Spinal anesthesia is an alternative to general anesthesia
for a variety of surgical procedures in infants. Although
less commonly used than general anesthesia, it has an
established record of safety and has not been implicated
in animal studies of neurotoxicity.?*** Analysis of cogni-
tive function of children exposed to spinal anesthesia and
surgery may play a role in our understanding of the poten-
tial risk of neurotoxicity of general anesthetics. In addition,
because infant spinal anesthesia is used in a number of cen-
ters, a preliminary examination of the long-term outcome
of children anesthetized with regional anesthesia is needed.

We hypothesized that this analysis would be most
relevant if it used similar patient cohorts and outcome
measures as previously reported studies examining cog-
nitive outcome of children exposed to general anesthesia.
Recently, Block et al.™? studied a cohort of children in Iowa
who underwent a single general anesthetic in the first year
of life for 3 relatively minor surgical procedures not thought
to be associated with later cognitive delay: circumcision,
pyloromyotomy, and inguinal hernia repair. After seeking
parental permission, they obtained access to results of stan-
dardized achievement testing and discovered 2 findings of
particular concern. In otherwise healthy children, duration
of exposure to anesthesia and surgery correlated negatively
with test score performance. In addition, they discovered
a much larger than expected subgroup of children with
“very poor academic achievement” (VPAA), scoring below
the fifth percentile. Because of the potential economic, aca-
demic, and public health consequences of this finding, we
chose to study VPAA as our primary outcome measure.

At Vermont Children’s Hospital, infants who require
these same surgical procedures are routinely managed with
spinal rather than general anesthesia. The current study
explores the relationship of exposure to spinal anesthesia
and surgery during infancy to subsequent performance on
standardized achievement testing in elementary school. To
reduce selection bias, produce the largest possible patient
cohort, and construct an appropriately matched control
population, we used a novel methodology to construct a
combined medical and educational database.

METHODS

Identification of Patient Cohort

Since 1979, demographic and intraoperative data concern-
ing all patients younger than 1 year undergoing spinal anes-
thesia at Vermont Children’s Hospital have been entered
into a computerized database entitled the Vermont Infant
Spinal Registry (VISR). IRB approval was obtained for the
following process under which medical and educational
records were cross-matched in a deidentified manner.

The VISR database was queried for all infants undergo-
ing spinal anesthesia for inguinal hernia repair, pyloromy-
otomy, and circumcision who were born between January 1,
1989, and August 31, 2003, at a gestational age of 28 weeks
or more. This list was cross-matched with the hospital bill-
ing database to produce a list of patients who were Vermont
residents at the time of their infant surgery and potentially
eligible to take a series of standardized achievement tests
administered in Vermont during the years 2000 to 2011.
Medical records maintained at Vermont Children’s Hospital
were then reviewed by 1 of the 2 investigators (RKW and
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AFF). Patients who had subsequent surgery or other pro-
cedures requiring anesthesia in the first 5 years of life were
excluded from analysis. Data from the patients’” medical
records were extracted and analyzed to determine patient
ASA physical status, length of surgery, and the presence of
preexisting CNS conditions (Table 1, modified from Block
et al.’?). Data from the VISR database were examined for
patient gender, gestational age, postconceptual age at time of
surgery, birthweight, weight at time of surgery, type of sur-
gery, and need for supplemental IV sedation during surgery.

Matching of Patient Data with School Records
During the years 2000 to 2011, students in public school in
Vermont were required to take either the New Standards
Reference Examination achievement tests in reading, writ-
ing, and mathematics in grades 4, 8, and 10 (2000-2006) or
the New England Common Assessment Program examina-
tion in grades 3, 4, 5, 6, 7, 8, and 11 (2005-2011). Results of
these examinations, along with information concerning the
student’s need for an individual education plan (IEP), are
maintained in a secure database by the Vermont Department
of Education (VDOE).

Access to these data is restricted by provisions of The
Family Educational Rights and Privacy Act (FERPA) and
the Health Insurance Portability Act (HIPAA). FERPA is a
federal statute governing access to educational records to
maintain the privacy of the individual student’s educational
data. HIPA A protects the privacy of individually identifiable
patient health information. Legal consultation was obtained
to determine a methodology under which access to our
cohort’s educational records could be obtained while main-
taining confidentiality of both patient and student informa-
tion under FERPA and HIPAA regulations. Recent changes
to FERPA language have facilitated the establishment of pro-
tocols that enable the matching of education data and other
data that have been gathered on individuals and deidenti-
fied for analysis.* The deidentified nature of this process
allowed us to obtain educational data without attrition due
to difficulties in locating former patients and/or obtaining
parental consent. The following protocol was established

Table 1. List of Preexisting Central Nervous

System (CNS) Conditions

1 Seizure disorder (nonfebrile)

2 Surgery requiring cardiac bypass

3 Hydrocephalus

4 Microcephaly

5 Any type of intracranial hemorrhage
6

7

8

CNS infections
Stroke
Congenital syndromes associated with cognitive delay
9 Cleft lip or palate
10 Other congenital anomalies or deformities of skull, face, or jaw
11 Meningomyelocele/myelomeningocele
12 Use of ECMO
13 ARDS
14 Birth asphyxia
15 Miscellaneous brain diseases or conditions causing neurologic
deficits
16 History of auditory problems or visual problems

CNS = central nervous system; ECMO = extracorporeal membrane
oxygenation; ARDS = acute respiratory distress syndrome.
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by counsel representing the University of Vermont and the
VDOE. A deidentified, integrated medical, and educational
research (DIMER) database was constructed by combining
medical data with educational data from the VDOE. This
matching process was conducted entirely on the premises
of the VDOE. Names and dates of birth of the patient cohort
were given to personnel of the VDOE, who matched them
with preexisting student identifications. Once the data were
matched, an arbitrary identification number was assigned
to the individuals, and all identifiers such as names, dates of
birth, and VDOE student identifications were stripped from
the data. This DIMER database was used for all subsequent
analyses. A confidentiality protocol was signed, which per-
mitted one of the investigators (DH) to have access to the
identified student record data to confirm the integrity of the
matching. Data could only be reported for cell sizes larger
than 10 individuals.

Data Analysis

To combine data across New Standards Reference
Examination and New England Common Assessment
Program achievement tests, grades, and test years, test
scores were standardized by subtracting the statewide
mean scores and dividing by the statewide standard devia-
tion (SD) in scores, by student grade for each test year.
Mathematics and reading scores were analyzed separately,
and a minority of children only had test results available
for 1 discipline. We constructed a control cohort of children
matched with our exposed population by grade, gender,
need for free or reduced school lunch, and year of examina-
tion. Three controls were created for each exposed subject. A
frequency matching scheme was used based on a stratum of
4 criteria: gender, grade at first examination, year of exami-
nation, and need for free or reduced price school lunch. For
n cases in a stratum, a random sample of 3 x n controls were
selected from the same stratum by SAS Proc Survey Select
(SAS Institute Inc., Cary, NC).

We compared demographic characteristics of the patients
whose academic data were recovered with those patients
who had no data in VDOE files. ¢ tests or %2 tests were used
to compare characteristics of the exposed patients with
achievement test scores in grades 3, 4, or 5 to the exposed
patients with no test data for those grades.

Mixed model analysis via SAS Proc Glimmix was used to
compare the proportion of students performing below the
fifth percentile on the achievement tests, as well as the need
for an IEP between the control and exposed populations,
adjusting for the random effects of the strata of the match-
ing scheme. Proc Glimmix was also used to calculate odds
ratios with confidence intervals (Cls) for these comparisons.

We examined the effect of several univariate factors
that could potentially affect academic performance. ¢ tests
or 2 tests were used to compare duration of surgery, birth
weight, gestational age, age at surgery, surgery type, ASA
physical status, and use of supplemental intraoperative
sedation between those exposed patients performing below
the fifth percentile on the tests, with those scoring at or
above the fifth percentile.

Mixed model analysis, via SAS Proc Mixed, was used to
compare mean achievement test scores between the exposed

September 2014 o Volume 119 e Number 3

and control populations, adjusting for the random effects
of the strata of the matching scheme. The Pearson product
moment correlation coefficient was calculated to determine
the effect on test scores for the exposed patients from the
following factors: birth weight, gestational age, postconcep-
tual age at surgery, and duration of surgery. t test analysis
was calculated to examine the effect on test scores from the
presence of preexisting CNS conditions, need for mechani-
cal ventilation at any time before surgery, and the need for
supplemental sedation. Analysis of variance was used to
compare test scores by type of surgery. All statistical tests
were 2-sided, using P < 0.05 as the criterion for statistical
significance.

The primary outcome was the likelihood of children
scoring below the fifth percentile. Secondary outcomes were
the need for an IEP, mean reading score, and mean math
scores. We used the entire population of children exposed
to spinal anesthesia that was available for examination; con-
sequently, an a priori power analysis was not performed.

Eligibility for a free or reduced price school lunch is the
primary metric used by the VDOE and all 50 states as an
indicator of socioeconomic status for individual students,
schools, and school districts. To understand the effect of
socioeconomic status on academic achievement in our
cohort, we compared the presence or absence of free or
reduced school lunch status (at the level of each student)
with test score performance. We also compared the odds
of having VPAA for all students in grades 3, 4, or 5 in the
Vermont public school system with test scores during the
final year of our study (2011).

RESULTS

Demographics and Data Attrition

We identified 356 children born in Vermont between January
1, 1989, and August 31, 2003, who received spinal anesthe-
sia for pyloromyotomy, circumcision, or inguinal hernia
repair, with no further exposure to surgery or anesthesia
at Vermont Children’s Hospital in their first 5 years of life.
Cross-matching with records at VDOE recovered academic
data for 286 (80.3%) patients. Two hundred sixty patients
had test scores in grades 3, 4, or 5. Twenty-one patients had
test scores available only for grades 7, 8, 10, or 11. Another
5 patients had blank test scores in all grades and the need
for an IEP recorded. Demographic data for the 265 patients
who had elementary school data available (test results
and/or need for an IEP) are found in Table 2. Educational
data were not found for 91 patients. Demographic data for
these students are presented in Table 2. No demographic
differences were found between students with and without
test data retrieved.

We were able to report on all data available within the
VDOE files with the exception of race. Because of the rela-
tively small percentage of nonwhite students in Vermont
during the time period of this study, the minimum cell size
restriction of 10 prevented us from searching for effects of
race.

Students with Very Poor Academic Achievement
Figures 1 and 2 show the distribution of reading and
math test scores of both exposed and control populations.
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Table 2. Demographic Characteristics of Children Exposed to Spinal Anesthesia: Comparison of Groups with

Data Recovered Versus No Department of Education Records Retrieved

Patients with test scores in Patients with no data/no test
grades 3to 5 scores in grades 3 to 5 P
Characteristic n = 265 n=91
Gender 86% male 89% male 0.52
Free/reduced hot lunch 52% yes N.A.
Surgery type
Inguinal hernia repair 76% 80% 0.15
Pyloromyotomy 18% 11%
Circumcision 5% 9%
Preexisting central nervous system condition 4% 0% 0.06
ASA physical status
1 64% 73% 0.19
2 34% 27%
8 2% 0%
n =261 n=_82
Birth weight, mean (g), SD 2848 + 950 3046 + 935 0.10
Gestational age, mean, SD 37.5+ 3.7 37.4+33 0.85
Age at surgery since conception, mean (wk), SD 48 £ 8 49+ 9 0.43
Duration of surgery, mean, (min), SD 38.2+13.5 40.7 £ 16.1 0.19
Control
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o
™~ [To
w | o~
0 o |
o | ™~
- 0 ]
[ =
o - |
Tz -35-3-252-15-1-50 5 115 2 25 3 35 R
g g <
& . Exposed g 35-3-25-2-151-50 5 115225335
o e
& Exposed
w
o | &
- Q
w - o~
w |
3 - 5
-36-3-256-2-15-1 -5 0 5 115 2 25 3 35 ~ ]
Total Reading Standardized Score 07
Standard deviation from mean o -

Figure 1. Distribution of standardized reading achievement test scores. -35-3-25-2-15-1-50 5 115225335
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Figure 2. Distribution of standardized mathematics achievement
test scores.

Q-Q plots of exposed and control patients are shown
in Figures 3 and 4. We searched for evidence of a sub-
group of children with VPAA. There was no evidence of
an increased number of very poor achievers in the exposed
group when compared with the control population, which  statistically significant difference in need for an IEP between
was adjusted for gender, free or reduced price lunch, exposed patients (26.2%) compared with controls (20.8%,
grade, and year of testing (Table 3). Student ¢ test analy- P =0.15); odds ratio 1.28, 95% CI, (0.91-1.79).

sis was used to search for factors influencing VPAA. No

relationship was found between VPAA and mean duration Effects on Mean Test Scores

of surgery, birthweight, age at surgery, type of surgery, or ~ Comparison of the exposed population with controls
ASA physical status (Tables 7 and 8). Socioeconomic sta- revealed small but statistically significant differences in
tus as defined by the need for free or reduced price school =~ mean test scores (Table 4). The Cohen d effect size for the dif-
lunch had a marked effect on the likelihood of students  ference in both reading and math scores was 0.16. Duration

having VPAA. of surgery had no effect on test scores for either math or

reading examinations. Similarly, no effect was noted due
Need for an IEP to birthweight, gestational age, or age at time of surgery
Student records were reviewed for the presence of an IEP (Table 5). t test analysis revealed no relationship between

at any point in time. Mixed model analysis revealed no test scores and type of surgery, presence of preexisting CNS
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trols on mathematics achievement testing.
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Table 3. Students Scoring Below the Fifth Percentile on a Vermont School Standardized Achievement Test

All students Exposed patients Controls P adjusted for strata OR (95% CI)
Total math 7.0% (18/257) 4.8% (37/771) 0.18 1.50 (0.83-2.68)
Total reading 7.3% (18/246) 6.2% (46/738) 0.55 1.19 (0.67-2.10)

conditions, use of supplemental intraoperative sedation, or grades 3, 4, or 5 during 2011. We found a strong relation-
need for mechanical ventilation before surgery (Table 9). ship between the presence of free or reduced price school

We analyzed test data for 17,962 Vermont public school lunch and the odds of having VPAA, as well as decrements
system students with either reading or math scores in  in mean test scores (Table 6).
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Table 4. Comparison of Mean Test Scores Between Exposed and Control Populations: Least Squares

Adjusted Mean * SE?

Exposed patients
—-0.20 £ 0.07 (n = 257)
—0.25 + 0.08 (n = 246)

Total math
Total reading

Controls P
-0.04 £ 0.05 (n = 771) 0.03
—-0.08 £ 0.06 (n = 738) 0.02

aAdjusted for gender, free/reduced lunch, grade, and year of test.

Table 5. Pearson Product Moment Correlation for Effects on Mean Test Scores

Total reading score
N = 246; r = -0.04; P = 0.57
N =242;r=0.00; P=0.95
N =246; r =-0.05; P=0.47
N = 246; r=-0.02; P=0.75
N = 246; r = 0.00; P = 0.99

Duration of surgery (index procedure)
Birth weight

Gestational age

Age at surgery since conception (wk)
Age at surgery (d)

Total math score
N =257;r=-0.02; P=0.73
N =253;r=0.10; P=0.12
N =257;r=0.02; P=0.70
N = 257;r=-0.05; P=0.43
N = 257; r=-0.07; P=0.30

Table 6.

Effect of Free School Lunch Status on Elementary School Achievement Test Performance for All

Students in the Vermont Public School System During 2011

Free or reduced lunch Yes

% VPAA-reading

% VPAA-math

Reading test score (mean + SD)
Math test score (mean £ SD)

7.5% (587/7870)
8.2% (641/7793)
-0.26 + 0.86
-0.24 + 0.92

No P Odds ratio (95% CI)

1.9% (191/10048) <0.001 4.16 (3.52-4.91)
2.4% (235/9970) <0.001 3.71 (3.19-4.32)
0.20 £ 1.05 <0.001
0.18 £ 1.02 <0.001

VPAA = very poor academic achievement.

Table 7. Factors Affecting Very Poor Academic Achievement on Reading Testing

Total reading score <5th percentile

Duration of surgery (index procedure) (min)
Free or reduced lunch

Birth weight (g) 2989 + 720
Gestational age (wk) 384+24
Age at surgery since conception (wk) 49.1 +£10.1
Age at surgery (d) 75 £ 68

Surgery type
ASA physical status of Il or Ill
Supplemental intraoperative sedation

Yes (mean * SD)
41.8+12.1 (n=18
77.8% 14/18

0% Circ; 83% IHR; 17% PYLORO
38.9% (7/18)
33.3% (6/18)

No (mean * SD) P (t test)
) 37.8 £ 13.5 (n = 228) 0.22
) 48.7% (111/228) 0.02
18) 2865 + 962 (n = 224) 0.59
=18) 37.4 £ 3.8 (n = 228) 0.14
=18) 48.2 + 8.4 (n = 228) 0.67
18) 76 £ 55 (n = 228) 0.98
P (x?)
5% Circ; 75% IHR; 19% Pyloro 0.56
35.1% (80/228) 0.75
26.4% (60/227) 0.53

CIRC = circumcision; PYLORO = pyloromyotomy; IHR = inguinal hernia repair.

Table 8. Factors Affecting Very Poor Academic Achievement on Mathematics Testing

Total math score <5th percentile
Duration of surgery (index procedure) (min)
Free or reduced lunch

Birth weight (g)

Gestational age (wk)

Age at surgery since conception (wk)

Age at surgery (d)

Surgery type
ASA physical status (Il or IIl)
Supplemental sedation

Yes (mean * SD)
38.4+11.8 (n=18) (
83.3% (15/18) (
2790 £ 1002 (n = 18) 2873 + 952 (n = 235) 0.72
38.1+£3.2(n=18) (
495+ 12.4 (n = 18) (
80+ 79 (n=18) (

6% Circ; 67% IHR; 28% PYLORO
50.0% (9/18)
44.4% (8/18)

No (mean * SD) P (t test)
38.3 £13.7 (n = 239) 0.97

49.0% (117/239) 0.005

37.5 + 3.8 (n = 239) 0.50
48.1 7.9 (n = 239) 0.63
74 + 52 (n = 228) 0.76

P(x?)
5% Circ; 77% IHR; 18% Pyloro 0.55
34.3% (82/239) 0.18
24.8% (59/238) 0.07

CIRC = circumcision; PYLORO = pyloromyotomy; IHR = inguinal hernia repair.

DISCUSSION

Observational studies concerning the neurotoxicity of
general anesthetic drugs in children have been unable to
separate effects of the anesthetic from other confounding
factors. This difficulty was summarized in a SmartTots
consensus statement that concluded “...these studies had
limitations that prevent experts from drawing conclusions
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on whether the harmful effects were due to the anesthesia
or to other factors, including surgery, hospitalization, or
preexisting conditions.”3* Our experimental design exam-
ined some of these limitations by exploring the cogni-
tive outcome of children anesthetized with an alternative
to general anesthesia not thought to be associated with
neurotoxicity.
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Table 9. Effects on Mean Test Scores

Surgery type

Circ IHR Pyloro P (anova)
Total math -0.25 £ 0.68 (n = 14) -0.20 £ 1.01 (n = 196) -0.27 £ 0.95 (n = 47) 0.90
Total reading -0.42 £ 0.74 (n=12) -0.30 £ 1.08 (n = 187) -0.28 £ 1.06 (n = 47) 0.92
Central nervous system conditions Yes No P (t test)
Total math -0.27 £1.07 (n=9) -0.21 £ 0.98 (n = 298) 0.86
Total reading -0.39 £ 1.09 (n = 6) —-0.32 £ 1.05 (n = 240) 0.11
Supplemental sedation Yes No
Total math -0.34 £ 1.00 (n = 67) -0.17 £ 0.98 (n = 189) 0.23
Total reading -0.32 £ 1.19 (n = 66) -0.30 £ 1.00 (n = 179) 0.91
Mechanical ventilation Yes No
Total math Z-score —-0.16 £ 0.95 (n = 39) -0.22 £ 0.99 (n = 218) 0.70
Total reading Z-score -0.12 £ 0.78 (n = 37) -0.33 £ 1.10 (n = 209) 0.16

Mean + SD.
CIRC = circumcision; PYLORO = pyloromyotomy; IHR = inguinal hernia repair.

Recent work by Block etal.’>found an association between
duration of a single exposure to general anesthesia and sur-
gery during infancy with decreased performance on stan-
dardized testing in otherwise healthy children. In addition,
their group demonstrated an association between exposure
to general anesthesia and surgery with an increased num-
ber of children with VPAA. Fourteen percent of otherwise
healthy patients scored below the fifth percentile on Iowa
academic achievement tests. Our results differed substan-
tially. In a cohort of patients exposed to spinal anesthesia for
the same types of surgery, we found no relationship between
the duration of exposure to spinal anesthesia and surgery
with performance on standardized testing. When we com-
pared these patients with a matched control population, we
found no difference in odds of the number of children with
VPAA after exposure to spinal anesthesia and surgery.

Our results should be viewed as preliminary, and appro-
priate caution must be used in their interpretation relative to
those of Block et al.’> We did not have a cohort of children
exposed to general anesthesia as a comparative group. In
addition, unknown potential differences in patient demo-
graphics, surgical techniques, and testing methodologies limit
direct comparison. Our methodology reduced selection bias
and difficulties contacting former patients, producing a sub-
stantial (80%) capture rate of data. In addition, we were able to
construct a control population of children matched by grade,
year of examination, gender, and socioeconomic status.

The importance of socioeconomic status on academic
performance may be substantial. Socioeconomic status, as
defined by the need for free or reduced price school lunch,
had a marked effect on academic performance within the
overall population of public school children in Vermont.
In addition, within our study population, the presence or
absence of free school lunch had a much more powerful
effect on the odds of VPAA than did exposure to spinal anes-
thesia and surgery. This reinforces the importance of using
an appropriately matched control population. The use of
this or similar methodology to examine children previously
exposed to general anesthesia would potentially be of value
to other investigators. Because construction of the DIMER
database was governed by federal statutes, this approach
should be exportable to other states and jurisdictions.

Our results also suggest that the population of children
presenting for surgery in the first year of life differs from the
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overall population in substantive ways that must be con-
sidered in analysis of children exposed to surgery and any
type of anesthesia. There was a small decrease in adjusted
reading and math scores in the group exposed to spinal
anesthesia and surgery. In addition, although we found
no significant difference in the number of children in the
exposed group with VPAA, the CIs around the odds ratio of
this effect are relatively wide. The wide CIs imply that the
likelihood for an exposed student to have scored below the
fifth percentile could have been anywhere from two-thirds
the odds for a control student to 2 to 3 times higher.

It is possible that these results are related to a previously
unrecognized effect from spinal anesthesia per se; however,
this appears unlikely. Our study revealed no relationship
between duration of exposure to spinal anesthesia and sur-
gery with test scores. Furthermore, preclinical work has
found no evidence of neurotoxicity from spinal anesthesia
in young animals.?6%2

It appears more likely that the decrement in mean scores
and wide CIs for VPAA may be related to demographic
factors in the surgical population that our control model
could not account for. Our model controlled for gender,
grade, year of examination, and socioeconomic status and
is an improvement over comparing exposed patients to the
entire population of students taking state-based achieve-
ment tests. However, prematurity, health status, maternal
education, and birth weight are other known covariates
that have substantial effects on academic achievement test-
ing.352¢ These factors could not be included in the model of
our control group because they are not included in VDOE
student records. Prematurity is likely to be the most signifi-
cant missing factor, which differs between our exposed and
control groups. During the time period of this study, 6.2% of
births in Vermont were <37 weeks gestation compared with
29% of patients in our cohort.”” This increased proportion
of former premature infants may be expected to produce a
decrement in mean test scores in the exposed population.
The differences in mean scores between groups reached sta-
tistical significance. However, the absolute differences were
small as were the Cohen d effect size. As such, the educa-
tional significance appears minimal. We saw no correlation
between test scores and birthweight, age at surgery, or ges-
tational age. The reason for this is uncertain but could be
related to the small range seen in our mean test scores.
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Because there is an acknowledged degree of subjectivity
to the IEP designation process,®* we chose not to use the
need for an IEP as a primary outcome. However, we did
compare the need for an IEP between the exposed and con-
trol populations in an effort to search for an overrepresen-
tation of severely challenged children within the exposed
population. We found no relationship between exposure to
spinal anesthesia and surgery with the need for an IEP.

Limitations and Data Attrition

There are several limitations to our study. One limitation
is that 20% of the exposed cohort did not have test scores
available. Data for the missing patients may have been
unavailable for a variety of reasons, including death or emi-
gration away from Vermont, voluntary nonparticipation in
standardized testing, or test score nonattainment.

Test score nonattainment has been a significant issue in
several previous studies.!** Consequently, we aggressively
searched for evidence that exposed children may have been
so severely affected that they were unable to take standard-
ized tests and may have been missed by our analysis. We
found that Vermont has a high rate of achievement testing
(97%) for children within the public educational system,
and most children with significant disabilities would have
taken the examination, with accommodations if needed.*!
Although it is possible that some severely affected children
would remain outside the public educational system and
thus not be required to take tests, this is extremely unlikely
because public school systems in Vermont have significantly
greater resources for developmentally challenged students
than are available in private or home schooling.

Death or emigration away from Vermont are other possi-
ble reasons for missing data within VDOE records. However,
the most likely cause may be students who attended pri-
vate schools or were home-schooled. During the time of
this study, approximately 17% of Vermont school children
were either home-schooled or attended private school. 4
These students are not required by law to undergo stan-
dardized testing, and avoidance of standardized testing is a
frequently stated reason for alternative schooling.

We examined demographic data for the missing stu-
dents to understand whether they were potentially a cohort
of children who had a greater burden of disease and thus
would be unlikely to perform well on standardized testing.
This does not appear to be the case because all demographic
data for the missing students appear similar to the cohort
that was analyzed (Table 2). There were no patients with
preexisting CNS conditions in the missing group.

Another limitation is that our exposed patients may have
received subsequent exposure to general anesthesia. We
reviewed medical records at Vermont Children’s Hospital
to eliminate those patients younger than 5 years who had
other surgical procedures. Although it is possible that some
of our cohort had subsequent exposure to general anesthe-
sia at other facilities, this appears unlikely. Because of the
distribution of pediatric surgical and anesthesia resources
in our referral area, most exposed patients would have
received subsequent surgical and anesthesia care at our
facility and have records available to us. However, any
undocumented exposure to general anesthesia would tend

658 www.anesthesia-analgesia.org

to bias results in the exposed group toward an anesthetic
effect and away from our finding that exposure to spinal
anesthesia and surgery has no effect on VPAA.

Another potential limitation is that during this study an
undetermined number of children at our institution received
general anesthesia for the index procedures. However,
both the surgical and anesthesia teams at the University of
Vermont have a strong preference for spinal anesthesia, par-
ticularly in infants with comorbidities.??#45 Consequently,
the number of children who received general anesthesia is
very small and it is extremely unlikely that healthier chil-
dren preferentially received spinal anesthesia.

Performance on group-administered academic achieve-
ment testing has been a useful measurement for analyz-
ing cognitive function because of its objectivity, normal
distribution, and interest to parents and educators.!>164°
However, group-administered testing is a relatively coarse
assessment of cognitive function.?! Individually admin-
istered neurocognitive assessments are likely to be more
sensitive in determining any potential subtle deficits asso-
ciated with the administration of anesthesia and surgery.
Individualized neurocognitive follow-up examination of
children previously exposed to regional anesthesia and
surgery may add to our understanding of the relative roles
of anesthesia exposure, patient demographics, and influ-
ence of the surgical procedure on postoperative cognitive
function in children. Ideally, testing would be informed by
previous work suggesting deficits in specific domains and
would include groups of children exposed to both general
and regional anesthesia.!” Such studies would also prove
useful in attempting to understand the long-term safety of
regional anesthesia during infancy. Because the use of infant
spinal anesthesia is a minority practice, the number of chil-
dren previously exposed to spinal anesthesia and available
for study is limited. However, in addition to our registry,
there are smaller cohorts of children who received infant
spinal anesthesia in Israel and during the GAS study.*-*

CONCLUSIONS

We found no link between duration of infant surgery under
spinal anesthesia and performance on academic achievement
testing in elementary school. We also found no relationship
between infant spinal anesthesia and surgery with very poor
performance on elementary school achievement testing,
although the CIs were wide. Further study is needed to under-
stand whether choice of anesthetic technique has an influence
on cognitive function after surgery during infancy. 58
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