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Table 1.

Frequency of Academic Achievement Score by Decile
Percentile Range, %

Decile
Observed frequency
Table 2.

<10
9

10–20
5

20–30
5

30–40
6

40–50
5

50–60
2

60–70
10

70–80
5

80–90
7

>90
4

Frequency of Outcomes for 60 Rolls of a 12-sided Die

Number rolled
Observed frequency

1
4

2
7

3
5

4
10

5
3

7
6

8
4

9
2

10
6

11
5

12
4
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In Reply:
We would like to thank Dr. Gunter for his interest in our
article1 and for his thoughts regarding alternative analytical
approaches to the data. In fact, we presented our data in
a manner that would permit such a reanalysis and we are
pleased to see him taking the effort. We do not disagree with
what we think is Gunter’s overarching theme in his letter;
our results do not provide general support for the belief that
anesthesia and surgery during infancy produce detrimental
effects on academic performance during childhood. However, we have concerns regarding the possibility that there
may be a small group of infants in whom there may be an
association between anesthesia and surgery and subsequent
performance—although, as we clearly stated, it is impossible
to draw any cause-and-effect conclusions. This was the reason for one of our two predefined questions: do a disproportionate number of children who had anesthesia and surgery
during infancy subsequently have very low achievement test
scores (for instance, because anesthesia and surgery might be
associated with large adverse effects on a small percentage of
patients)? Our second question was closer to that proposed
by Gunter: do children who had anesthesia and surgery during infancy subsequently have lower mean test scores (for
instance, because anesthesia and surgery might be associated
with mild adverse effects on a large percentage of patients)?
Again, both questions were formulated a priori, and we have
no idea why Gunter suspects that the first question was formulated on a post hoc basis. We cannot find anything in our
article that would give this impression. Neither question was
explicitly stated as a hypothesis in the Introduction, but we
dealt with the two questions in parallel in the Abstract, Statistical Analysis subsection, and Results section.
As we discussed at some length in a recent review article
concerning assessment of cognition after anesthesia and
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had multiple exposures to anesthesia (fig. 2) or are extreme
outliers with respect to duration of surgery (fig. 3). It seems
unlikely that this subject, who scored at the second percentile and whose anesthetic lasted 4 h, had only a circumcision, herniorrhaphy, or pyloromyotomy; exclusion of this
subject from figure 3 leaves a simple vertical cluster without
any obvious trend. It would be interesting to see whether
the relation between academic achievement and duration
of surgery or anesthesia remains significant if the analysis is
restricted to the 45 subjects who had only circumcision, herniorrhaphy, or pyloromyotomy. If nothing else, listing of the
additional surgical procedures would permit the reader to
decide whether or not the nine subjects who had additional
surgical procedures were representative of the entire sample.
I salute the authors for attempting to address this complex and timely issue, but ask that they consider reanalyzing
their data in light of my concerns. In particular, I would welcome publication of the details of the distribution of scores
in their larger data sets, including analysis of goodness-of-fit
as outlined above. If the larger data sets also include excess
numbers of subjects with the very lowest scores, but are otherwise indistinguishable from the expected uniform distribution, then further, in-depth review of the medical and school
records of the most impaired subjects might reveal common
attributes that either increased their joint probability of poor
academic achievement and the need for surgical intervention
in the first year of life or their susceptibility to any neurocognitive impairment related to anesthetic or surgical exposure. Given the potentially incendiary impact of research
on this topic, it is critical that results be carefully analyzed
and thoughtfully presented. I urge the authors to consider
repeating their experiment with the more specific Null and
Alternative Hypotheses presented above to see whether their
results are reproducible. Until then, their results only support
a conclusion that the distribution of academic achievement
scores in otherwise neurologically normal children with a
single exposure to anesthesia in the first year of life for minor,
peripheral surgery is completely consistent with that seen in
the population at large. I find this conclusion reassuring.
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orchiopexy, pyloromyotomy, and circumcision), 5 (9%) of
the 58 patients without central nervous system problems
or potential risk factors had additional procedures done on
the same date: orchioectomy for two patients, and removal
of skin tags, diagnostic laryngoscopy, and removal of
implantable venous access port for one patient each. Four
patients (7%) had additional operations outside the selected
groups of operations on additional dates during infancy.
These additional operations for these four individuals were
(1) tympanostomy; (2) removal of abdominal lesion, needle
biopsy of liver, and insertion of implantable venous access
port; (3) anal and bladder surgery; and (4) patent ductus
arteriosus repair, atrial septal defect repair, appendectomy, and
colon surgery (the insertion and removal of the implantable
venous access port occurred in the same individual). This
information was included in our original manuscript as
Supplemental Digital Content, which the journal, during
the review process, decided to omit.
Gunter requests some additional analyses: when we
exclude the patients who had additional procedures done on
the same date as the selected groups of operations from figure 3, the correlation for the remaining 50 patients (not 45,
as Gunter erroneously states) is unchanged at r = −0.33; P =
0.0189; 95% CI = −0.56 to −0.06. When we exclude instead
the patient who had the longest duration of anesthesia in
figure 3 (who did not have an additional procedure done on
the same date), the correlation for the remaining 53 patients
becomes marginally significant, r = −0.23; P = 0.0991; 95%
CI = −0.47 to 0.04. This patient’s duration of anesthesia
appears somewhat less extreme in figure 2 (where it is 1.0 SD
above the mean) than in figure 3. All patients in figure 2 met
all predefined inclusion criteria. The inclusion criterion with
respect to surgery was that patients had one or more of three
stipulated groups of operations during infancy. There was no
criterion that excluded patients who had some other, additional operation during infancy. We reported an additional
analysis in figure 3 and in the text excluding the four patients
who had additional operations outside the selected groups
of operations on additional dates during infancy. From one
viewpoint, Gunter’s suggestion to exclude the patient who
had the longest duration of anesthesia in figure 3 yields an
interesting result, illustrating the influence of this patient on
the magnitude of the correlation. From another viewpoint,
his suggestion seems to be an example of the post hoc, cherrypicking analytical approach that his letter decries—in this
case, aimed at rendering a result nonsignificant, rather than
significant.
The article already includes information pertinent to the
question that Gunter poses as to whether the larger data sets,
in addition to including excess numbers of subjects with the
very lowest scores, are otherwise indistinguishable from the
expected normal distribution. Both the larger groups of 133
patients and 287 patients were distinguishable from a normative population in another respect: for both, the mean
scores were significantly lower than the expected value of 50.
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surgery in the elderly,2 physicians commonly categorize continuous variables, setting cutoffs for extreme values to label
individual patients as having or not having certain attributes,
such as “hypertension”—and it is appropriate to analyze
both continuous variables (blood pressure) and dichotomized variables (percentage of patients with hypertension),
each type of analysis having advantages and disadvantages.
For example, another recent study of effects of anesthesia
and surgery during early childhood analyzed both continuous variables (achievement and cognitive test scores) and
dichotomous variables (diagnoses of learning disabilities and
needs for individualized educational programs).3 There is
no consensus among psychological or educational researchers concerning a standard cutoff for a “very low” score on
achievement or cognitive tests. In our study, we used scores
below the fifth percentile as the cutoff. This cutoff classified
1 in 20 scores in the normative population as “very low” and
seemed remotely analogous to the 1 in 20 criterion for Type
I errors embodied in the conventional P value less than 0.05
significance level for statistical tests.
Gunter presents a post hoc analysis of the data in our figure 1 classified by deciles and states that the distribution
across deciles does not differ according to a chi-square test.
This is not surprising, considering that we reported that
the mean score of these patients was not significantly lower
than expected, relative to the normative population, and the
overrepresentation of low scores diminished at the level of
median performance. However, it is easy to imagine that
anesthesia and surgery might be associated with large adverse
effects on scores of a small percentage of patients without
necessarily shifting the entire distribution of scores toward
lower values, because many drugs and surgical procedures
can produce diverse, serious adverse effects that are restricted
to small percentages of patients. Only a much larger data set
would be able to reveal a change in the overall median score.
Gunter indicates that it would be inappropriate to focus
on a post hoc basis on particular, arbitrary quantiles of a distribution that have excessive numbers of cases and thereby
reach conclusions about significant differences. He illustrates
this with the excess number of 4’s in his imaginary example
of rolling a die or the excess number of patients between the
60th and 70th percentiles in our figure 1. This is correct, but
irrelevant, because (1) we focused on very low scores on an a
priori basis, and (2) focusing on very low scores is meaningful and commonplace, in contrast to arbitrarily focusing on
scores between the 60th and 70th percentiles.
Gunter presents an additional chi-square test based on
removing the four patients who had additional operations
outside the selected groups of operations on additional dates
during infancy. The article indicates that, when these four
patients were excluded, significantly more of the remaining
54 patients scored below the fifth percentile, relative to a
normative population.
Gunter requests some additional information: in addition
to the selected groups of operations (inguinal hernia repair/
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departure from the standard sterile technique. Fortunately,
the case described is a rare complication of radial artery
catheterization.

Finally, because we disagree with Gunter’s arguments
as detailed above, we disagree with his statement that our
“ . . . results only support a conclusion that the distribution
of academic achievement scores in otherwise neurologically
normal children with a single exposure to anesthesia in the
first year of life for minor, peripheral surgery is completely
consistent with that seen in the population at large.” However, for numerous reasons detailed in the Discussion section
of our article, we do not believe that our results established
that exposure to anesthesia during infancy was causally related
to the disproportionate number of children who had very
low test scores. We made clear in the article that causation
could not be determined from our study and that the findings should be considered tentative until further verification.

Steven M. Neustein, M.D., Icahn School of Medicine
at Mount Sinai, New York, New York. steve.neustein@
mssm.edu
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In Reply:
We read with interest Dr. Neustein’s comments. Our article1
was published as “Images in Anesthesiology” and not as a
Case Report. Because of the word limitation of this educational forum, many relevant details of the case were not
included.
Under sterile conditions, skin preparation was done using
Povidone-Iodine Prep Pad (PDI, Orangeburg, NY) and 70%
isopropyl alcohol prep. Our institution also provides Prevantics Swab (PDI) containing 3.15% chlorhexidine gluconate
and 70% isopropyl alcohol for skin preparation. Radial
artery cannulation was performed with a 20-gauge 1¾-inch
catheter (B. Braun Medical, Bethlehem, PA), and a Tegaderm Film dressing (3M Health Care, St. Paul, MN) was
applied. After pneumonectomy for lung cancer, the patient
was transferred to the intensive care unit for monitoring multiple comorbidities such as hypertension, coronary
artery disease, and chronic obstructive pulmonary disease.
The Center for Disease Control 2011 Guidelines for prevention of catheter-related infections recommend preparing skin with a more than 0.5% chlorhexidine preparation
with alcohol before peripheral arterial catheter insertion and
during dressing changes. If there is a contraindication to
chlorhexidine, tincture of iodine, an iodophor, or 70% alcohol can be used as alternatives. With regard to dressing, the
Center for Disease Control recommends using a chlorhexidine-impregnated sponge dressing for temporary short-term
catheters in cases of persistent central line-associated bloodstream infections. No recommendations are made for other
types of chlorhexidine dressings due to insufficient evidence
or lack of consensus regarding efficacy.
Catheter-related infections result from the convergence
of many factors. These include patient-related factors,
catheter-related factors, and institutional factors. To assign
causation of the pseudoaneurysm to a departure from sterility alone overlooks the fact that this patient was immunocompromised with underlying comorbidities. Furthermore,
infections related to arterial catheters are influenced not
only by insertion techniques, but also by pressure transducer assemblies and number of entries into the monitoring
system.
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Radial Artery Catherization
To the Editor:
I read with interest the report by Truong et al.1 in which
they describe the occurrence of a radial artery pseudoaneurysm after radial artery catheterization for monitoring. The
authors state that the catheterization was accomplished on
the first attempt. Because there was no apparent trauma and
the wound culture grew out Staphylococcus aureus, this complication was apparently due to infection.
In their report, the authors do not describe the details
of the placement, in particular the sterile prep and drape,
and dressing used. That would have been important information to include. It is currently recommended that a sterile dressing with chlorhexidine be used. In our institution,
we routinely use the Tegaderm CHG (3M Healthcare, St.
Paul, MN). In addition to adhering tightly to the skin, it
has a chlorhexidine-impregnated gel which contacts the
insertion site. To the best of my knowledge, we have not
had any infections related to arterial catheterizations with
the use of such a dressing. Infection and subsequent radial
artery pseudoaneurysm are rare and would suggest a possible
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