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Does B-type Natriuretic Peptide or Its Gene Polymorphism Predict
Patient Outcome after Coronary Artery Bypass Graft Surgery?

To the Editor:—We read with great interest the research article by Fox
et al.1 on genetic variation within defined regions of the NPPA/NPPB
and NPR3 natriuretic peptide system genes as predictors for ventricu-
lar dysfunction after coronary artery bypass graft surgery. What con-
cerns us as clinicians is the relation between those biomarkers and
postoperative outcome, which can facilitate the preoperative risk eval-
uation. This article raised a good question: whether B-type natriuretic
peptide (BNP) or its gene polymorphism predicts the prognosis in
patients undergoing coronary artery bypass graft surgery.

It is well known that a gene’s function is mediated by expression
of a specific protein. BNP has been established as a prognostic
indicator in adults with congestive heart failure2 and coronary
artery disease,3 whereas single nucleotide polymorphisms (SNPs) in
the NPPB gene significantly impact BNP levels.4 In the article by Dr.
Fox et al., there was mention that genetic variation within NPPA/
NPPB and NPR3 genes was associated with risk of ventricular
dysfunction after adjustment for preoperative BNP level and clinical
factors. However, the authors did not directly analyze the relation
between SNPs of these BNP genes with BNP level, especially post-
operative BNP, whose level was not provided. Previous study has
shown that early postoperative BNP levels correlate significantly
with the ensuing duration of inotropic support and duration of
hospitalization.5 Therefore, we considered that SNPs of BNP genes
could affect postoperative BNP rather than preoperative BNP and
then predicted the prognosis, because expression of those genetic
loci could be up- or down-regulated by mechanical stretch, isch-
emic injury, hypoxia, or even inflammatory mediators during sur-
gery.6 And the analysis should include both preoperative and post-
operative BNP levels in this study.

We think that the predictive pathway should be: SNPs of BNP–BNP
level–clinical prognosis. If this hypothesis is established, it is postop-
erative BNP rather than SNPs of BNP that directly predicts ventricular
dysfunction. Further investigations are still required to elucidate how
BNP and its SNPs relate to development of postoperative ventricular
dysfunction.

Hai Yu, M.D., Da Zhu, M.D., Bin Liu, M.D.* *West China Hospital,
Sichuan University, Chengdu, Sichuan, People’s Republic of China.
benbinliu@hotmail.com
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In Reply:—We appreciate the interest of Dr. Yu et al. in our April
2009 publication in which we describe significant associations be-
tween single nucleotide polymorphisms (SNPs) within the natriuretic
peptide NPPA, NPPB, and NPR3 genes and the occurrence of ventric-
ular dysfunction (VnD) after primary coronary artery bypass graft
surgery.1 We agree that assessing natriuretic peptide system gene SNPs
for association with perioperative plasma B-type natriuretic peptide
(BNP) levels may improve understanding of the underlying biology
linking these SNPs to postoperative VnD, and we are currently con-
ducting these analyses.

Although we agree with Dr. Yu et al. that the association between
natriuretic peptide SNPs and perioperative BNP concentrations should
be assessed, the biologic mechanisms for the association between
these SNPs and postoperative VnD may be more complex than the
pathway that they propose, i.e., that natriuretic peptide system gene
variants predict perioperative plasma BNP levels, which in turn predict
postoperative VnD. As Dr. Yu et al. rightly point out, increased plasma
BNP is an established biomarker for heart failure. Indeed, we have
previously reported that postoperative plasma BNP is significantly
increased in patients who develop in-hospital VnD after coronary
artery bypass graft surgery versus those who do not.2 Despite the fact
that circulating plasma BNP is known to be increased in heart failure,
we are aware of at least four studies of outpatient, noncardiac cohorts
that report that one or more of the NPPA/NPPB SNP alleles that we

found associated with decreased VnD associate with increased plasma
BNP levels (approximately 10-pg/ml increase in plasma BNP for each
copy of the minor allele).3–6 One hypothesis to explain the seeming
conundrum of why plasma BNP may be modestly increased in ambu-
latory patients who carry NPPA/NPPB SNP alleles that are associated
with decreased VnD may be that these SNPs code for qualitative as well
as quantitative changes in circulating BNP. Indeed, recent studies have
shown that there is functional heterogeneity in circulating forms of
plasma BNP, with heart failure patients tending to have higher plasma
ratios of biologically inactive precursor pro-BNP compared with sub-
jects without heart failure.7,8 Certain natriuretic peptide SNPs may be
associated with increased production of biologically inactive BNP.
Furthermore, there is evidence that natriuretic peptides have both
autocrine and paracrine influences on ventricular myocardium.9 There-
fore, we can postulate that even though a natriuretic peptide gene SNP
may associate with increased BNP levels, the qualitative nature of the
BNP produced may mitigate the development of postoperative VnD
through its direct effects on the myocardium.

In summary, we appreciate the comments of Dr. Yu et al. and fully
agree that further study of natriuretic peptide system genes, circulating
natriuretic peptides, and natriuretic peptide tissue effects are needed
to tease out mechanisms for our observed associations between NPPA/
NPPB and NPR3 gene variants and development of VnD after coronary
artery bypass graft surgery.
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Learning Disabilities May Be Related to Undetected Hypoxia

To the Editor:—The recent article by Wilder et al.1 presents a concern-
ing correlation between multiple episodes of anesthesia in childhood
and later learning disabilities. In the discussion of possible causes for
this correlation, they focus on the known neurotoxicity of various
anesthetic agents in vitro and in animal studies. They identify some
possible sources of bias in their study but neglect to mention one of the
most significant changes in anesthetic practice, which occurred after
the children in the study received their anesthesia.

Pulse oximetry was developed in the 1970s2 but only became
commonly used in anesthesia at the end of the 1980s and was made
a part of the American Society of Anesthesiologists standards for
basic anesthetic monitoring. The introduction of a standard for mon-
itoring and the availability of pulse oximetry coincided with a great
reduction in the incidence of undetected hypoxia and resultant injury
as demonstrated at Harvard at the time.3 Because the children in this
study received their anesthesia in the period 1976 through 1986, the
possibility that their increased incidence of learning difficulties might
have resulted partly from undetected hypoxia brief or mild enough not

to have caused injury that was immediately obvious should not be
discounted. A comparison with children who received a more current
standard of monitoring after 1990 would be helpful in determining the
likely magnitude of this effect.

James A. Mitchell, M.B., B.S., St Vincent’s Hospital, Fitzroy, Victoria,
Australia. jamesmitchell@mac.com
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Learning Disability and Repeated Anesthetics: Drugs or Airway
Management Issues?

To the Editor:—Regarding the article by Wilder et al.,1 this research is
an important step in the right direction to either prove or disprove
the association of learning disabilities with multiple exposures to
anesthesia in the early years of life possibly caused by anesthetic
agent–induced neuroapoptosis. The authors are to be congratulated
for making a stab at this complex issue, and not connecting the dots
directly but rightfully pointing out that many factors might contrib-
ute to their findings that are unrelated to anesthesia. However, one
important factor that seems to have been overlooked is that the
majority of these children were likely anesthetized before the rou-
tine use of pulse oximetry and capnography (1976 –1982) became
our standard of care. We do not know what happens to a child who

is excessively ventilated for prolonged periods of time, resulting in
severe hypocapnia and possibly reduced areas of cerebral perfusion.
Nor do we know how many of these children experienced pro-
longed or repeated short episodes of hypoxemia that were either
unrecognized or only recognized late in the event, when the child
developed bradycardia that could have resulted in subtle neurologic
insults. In the early years when capnography was first being advo-
cated but not yet a standard of care, in a prospective study of 331
children, we found an 11% incidence of hypocapnia (expired car-
bon dioxide value � 30 mmHg) in intubated children, with a very
high incidence in children younger than 1 yr.2 Likewise, in two
randomized blinded studies involving 554 children, we found 94
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major desaturation events (oxygen saturation measured by pulse
oximetry � 85% for 30 s or longer) in 67 children with a higher
incidence by a factor of 2 in those whose anesthesiologist did not
have the oximeter data available. These studies suggested that the
oximeter allowed early recognition and intervention, thus prevent-
ing a minor desaturation event from progressing to a major desatu-
ration event.3,4 We also found a higher incidence of these major
desaturation events in children younger than 2 yr. I do not know
whether it is possible for Wilder et al. to go back and examine the
anesthesia records from the 144 children in their cohort who had
two or more anesthetic exposures to determine whether hypoxic
events were recorded, but it might be a useful endeavor. I suggest
that we need to look at other issues beyond simple exposure to
anesthetic agents as possible contributory factors and look forward
to more wonderful work from the Mayo group.

Charles J. Coté, M.D., Harvard Medical School, Mass General
Hospital for Children, Massachusetts General Hospital, Boston,
Massachusetts. cjcote@partners.org
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The Elephant in the Room

To the Editor:—The conclusion reached by Wilder et al.1 that expo-
sure to multiple anesthetics is a significant risk factor in the develop-
ment of learning difficulties is a headline-grabbing statement with
far-reaching consequences for all providers of children’s services. How-
ever, we believe there has been an insufficient attempt to draw atten-
tion to the elephant in the room: that children who require multiple
operations usually have significant medical diagnoses, and/or syn-
dromes with associated morbidities, that in turn are associated with a
higher incidence of learning disorders than the general population
has. Though this information on diagnoses is essential to interpret
the data, it is only accessible on-line, and there is no information at
all on the actual surgical procedures involved. Further analysis of
the on-line data reveals that 22 of the 45 patients with multiple
exposure to anesthesia have severe comorbidity or congenital
anomalies that are frequently associated with learning difficulties. It
should come as no surprise that children with cerebral palsy,
Sturge–Weber syndrome, a history of meningitis, or cleft lip and
palate have a higher incidence of learning difficulties than the
general population.2 Of the remaining 23 patients, 13 have serous
otitis media. Even such isolated “minor” conditions are known to be
associated with an increased incidence of educational delay.3

An attempt has been made to adjust statistically for neonatal factors but
not for the effect of comorbidity. Though the inability to adjust for
comorbidity is referred to in the text, we believe this omission is so
significant that it invalidates any conclusion from this study. We are
therefore afraid that this study does not contribute sensibly to the impor-
tant discussion about potential anesthetic neurotoxicity in the immature
human brain.

G. Suren Arul, F.R.C.S., Karl-Christian Thies, D.E.A.A.* *Birmingham
Children’s Hospital, Birmingham, United Kingdom. kcthies@hotmail.com
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“If the Odds Are a Million to One Against Something Occurring,
Chances Are 50–50 It Will”*

To the Editor:—Given the potential ramifications of findings linking
early anesthesia exposure to the later development of learning disabil-
ities (LDs), we expectantly read the article by Wilder et al.1 titled “Early
Exposure to Anesthesia and Learning Disabilities in a Population-based
Birth Cohort.” This topic was not only of interest to the medical
community, but also garnered significant attention from the lay media.
However, despite the authors’ interesting and thought-provoking con-
clusion that multiple anesthetic exposure in children before age 4 yr
increased the risk of developing a subsequent LD, we caution against
the overinterpretation of associations without investigation of poten-
tially important medical, psychological, and psychosocial confounders.

For example, Wilder et al. used a less stringent, study-defined defi-
nition of LD, as opposed to that of the Diagnostic and Statistical
Manual of Mental Disorders published by the American Psychiatric
Association.1,2 Included in the Diagnostic and Statistical Manual of
Mental Disorders criteria is the following caveat: “If a sensory deficit
is present, the learning difficulties must be in excess of those usually
associated with the deficit.”2 This Diagnostic and Statistical Manual
of Mental Disorders provision to the diagnosis of an LD is particularly
relevant to the authors’ study, which included multiple children with
known medical diagnoses associated with sensory deficits. Similarly,
many of the patients in the study cohort who received multiple anes-
thetics and were subsequently diagnosed with a LD also had medical
diagnoses that may have contributed to their low achievement and led* —Anonymous.
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to their inclusion in a broadly study-defined LD group. For example, 2
children who were subsequently diagnosed with an LD had Sturge–
Weber syndrome, and another child had cerebral palsy. It thus seems
reasonable to question whether the LDs in these children are really “in
excess” of those usually associated with these medical conditions.

Furthermore, the authors report an incidence of LDs in the Olmsted
County, Minnesota general population as 20.0% for children not re-
ceiving an anesthetic, and 20.4% and 35.1% in children receiving one
or multiple anesthetics, respectively. This is significant because the
inclusion criteria used for the diagnosis of an LD in the authors’ study
resulted in an incidence more than double that reported in the 2007
Summary Health Statistics for U.S. Children: National Health Interview
Survey, which reported an LD incidence of 8% in children aged 3–17
yr.3 In addition, the LD prevalence reported in the Diagnostic and
Statistical Manual of Mental Disorders ranges from 2% to 10%, de-
pending on the diagnostic criteria used.2 Finally, in examining the
authors’ previous publications based on the same population cohort,
the “low achievement criteria” diagnosed reading disability (11.8% vs.
5.3%) and math disability (13.8% vs. 5.9%) at more than double the rate
of the criteria used by the Minnesota Department of Education, and
significantly higher than the other diagnostic criteria used in the
current study.4,5 Indeed, it would be interesting to view the results
obtained when each diagnostic criterion used in the current study was
displayed individually (similar to the authors’ previous studies of this
same population).

The study of anesthetic effects on childhood neurodevelopment is
both timely and clinically relevant, and the authors are to be com-
mended for attempting the difficult task of translating animal research
findings into humans. However, more rigorous clinical evaluations of

the effects of anesthetics on the developing human brain, including
controlling for potential confounders (e.g., medical diagnoses, type of
surgery, prenatal history) using a multivariate model and propensity
scoring are needed before drawing a link between anesthetic use in
children and the subsequent development of LDs. As suggested by the
title, the lay media is all too quick to jump on such an extremely
controversial and sensitive topic, while at the same time preying on
parents’ worst fears.

Daniel A. Tolpin, M.D., Charles D. Collard, M.D.† †Baylor
College of Medicine and Texas Heart Institute, St. Luke’s Episcopal
Hospital, Houston, Texas. ccollard@bcm.tmc.edu
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Anesthesia in Infancy Linked to Later Disabilities: Causation,
Association, or Coincidence?

To the Editor:—“Anesthesia in Infancy Linked to Later Disabilities” is a
provocative, if not sensational headline published by Time magazine
Tuesday, March 24, 2009,1 regarding the findings of a retrospective
cohort study of anesthetic exposure and learning disabilities between
1967 and 1982 by Dr. Wilder et al.2 The articles in the April 2009 issue
of ANESTHESIOLOGY regarding anesthesia and the developing brain are of
great interest to practitioners of pediatric anesthesia. The alarms are
ever increasing regarding the risk of anesthesia for the developing
human brain. But the significance of the animal studies to clinical
practice is uncertain, and there is little to support a causal link between
anesthesia and learning disabilities. There does seem to be an associ-
ation between anesthetic exposures and learning disabilities, but a
similar correlation undoubtedly exists between hospital admission,
intravenous fluid administration, and repeated invasive and/or nonin-
vasive hemodynamic monitoring and these same learning disabilities. A
few comments regarding both the animal research and the retrospec-
tive studies will, I hope, provide some perspective on the issue of
anesthetic neurotoxicity.

Previous animal studies do not evaluate anesthetic effect in the
presence of surgical or medical stressors. The tail clamp model of
Stratmann et al.3 more closely resembles the response to surgery, and
they are to be applauded for detailing the effects of hypercapnia and
acidosis on outcome.4 However, they report a mortality of 25%, in-
cluding deaths in the animals exposed to “only” 2 h of anesthesia.
Although the phrase “clinically relevant doses of anesthetics” is now
commonly used, I would remind readers that the life expectancy of a
rat is only 9 months. One might ask what a comparable anesthetic
exposure in humans is. Simple mathematics would suggest that 4 h in
the life of a rat might represent as many as 16 days for humans with a

life expectancy of 75 yr. Interestingly, in an early study, Jevtovic-
Todorovic et al.5 demonstrated a threshold response to cerebrocortical
injury and reported that inclusion of isoflurane (1%), halothane, pen-
tobarbital, and diazepam all prevented neurotoxic reactions in adult
rats during a 3-h exposure to nitrous oxide and/or ketamine. These
specimens demonstrated histologically normal neurons. It is unclear
why subsequent studies of anesthetic neurotoxicity in rodent pups
subjected the animals to longer exposures when a threshold effect was
seen with various anesthetic agents. Perhaps an animal model with
mortality statistics that resemble outcomes in anesthetized neonates
would be more appropriate for evaluating the long-term effects of
anesthesia on the developing brain. One must also be aware that
exposure of the developing brain to increased oxygen concentrations
produces similar neuropathologic changes.6

As the parent of a 17 year old with moderately severe learning
disabilities and a history of multiple anesthetic exposures before the
age of 4 yr, I found the article by Dr. Wilder et al. linking early
exposure to anesthesia and learning disabilities both intriguing and
troubling. They do provide some interesting data, most of which they
do not address in the discussion. To their credit, they admit that one
cannot determine whether the results reflect exposure to anesthesia or
the need for anesthesia. However, in the discussion, despite control-
ling for birth weight, sex, and gestational age, they do not address the
confounders cited, including prolonged labor and hemorrhagic com-
plications of pregnancy. They do not speak to the comorbidities of
children presenting to the operating room for multiple procedures.
One would expect this information to be available in their hospital
database. Certainly, one should analyze the data for the effects of
factors such as perioperative hemorrhage, sepsis, seizure disorders,
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severe lung disease and its associated episodes of hypoxemia and
prolonged ventilation, neurologic malformations, and cerebral palsy. I
would suggest that the complex medical history of my own son is
representative of the learning disabled who have had multiple anes-
thetic exposures. His American Society of Anesthesiologists physical
status never exceeded II during his four anesthetics as a young child,
despite the fact that during that critical period of development, he expe-
rienced neonatal sepsis, disseminated osteomyelitis, hepatic insufficiency
with attendant coagulopathy, postfebrile partial complex seizure disorder,
perioperative hemorrhage, and postoperative anemia. I have searched for
explanations for his learning disabilities, but not once in 17 yr have I
thought to attribute them to his anesthetic exposures.

A rational understanding of the potential neurotoxicity of anesthetic
and sedative agents in the developing brain requires an animal model
that closely mimics the clinical reality of serious illness and surgical
stress requiring intervention. Clinical reviews, both retrospective and
prospective, that address the association of anesthetic exposure and
compromised neurodevelopment in young children are critical to our
understanding. A threshold toxic dose should be sought and the pos-
sibility of a biphasic response of the developing brain should be
considered, much like oxygen exposure where both hypoxia and
hyperoxia result in permanent deficits. Paracelsus stated that “Poison is
in everything, and no thing is without poison. The dosage makes it
either a poison or a remedy.” His observation is as relevant today as it
was nearly 500 yr ago.

Susan P. Taylor, M.D., M.P.H., Children’s Hospital of Wisconsin,
Medical College of Wisconsin, Milwaukee, Wisconsin. sutaylor@mcw.edu
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Surgical Diagnosis Is an Important Variable to Consider in
Postanesthesia Exposure–associated Learning Disabilities

To the Editor:—We commend Dr. Wilder et al.1 for their work titled
“Early Exposure to Anesthesia and Learning Disabilities in a Population-
based Birth Cohort.” In their article, they report that patients younger
than 4 yr, with two or more exposures to general anesthesia, had a
greater proportion of learning disabilities (LDs) compared with chil-
dren who had one or no exposure to general anesthesia. This repre-
sents a clinically important epidemiologic correlate to compliment the
worrying animal observations demonstrating the detrimental effects of
general anesthesia on the developing brain.

A primary assumption in cohort analyses is that the groups observed
are the same before exposure. However, children requiring anesthesia
for surgical treatment may be inherently different from those who do
not; these differences may present unique factors that predispose to
LDs independent of anesthesia per se. In particular, we are concerned
that a subpopulation at risk for learning disabilities—children under-
going ears, nose, and throat surgery—is overrepresented. Typical ears,
nose, and throat surgeries in this age group include adenotonsillec-
tomy and bilateral myringotomy with tympanostomy tube placement.
The former is associated with obstructive sleep apnea, which can
result in neurocognitive defects2; the latter may be associated with
otitis media with effusions, which can yield poor performance in
expressive speech and math testing in younger children.3

These coexisting conditions may have skewed the diagnosis of LD
in this population. This is relevant because children tested within a
short period of time from their ears, nose, and throat surgery may
not have had sufficient time to “catch up” with their peers in terms
of testing, should the surgery have improved their condition. Fur-
thermore, given the frequency of achievement tests administered to
the cohort population, is it possible to find children who no longer
met LD definitions at some time point during follow-up testing? This

would be of particular interest for those children undergoing ears,
nose, and throat surgeries.

In addition, we are concerned that the third definition of LD in-
cluded patients in the low-average IQ range versus average intelli-
gence. Moreover, using a cutoff of 1.75 SDs below their predicted
standard score, as opposed to the conventional 2 SDs, might be an
oversensitive method of identifying patients with LDs.

We are interested to know whether the authors could remove
patients who underwent adenotonsillectomy and bilateral myringot-
omy with tympanostomy tube surgeries from the analysis and apply
conventional definitions of LD to determine whether a relation be-
tween general anesthesia and LD persists.

Christopher L. Pysyk, M.D., Kimmo Murto, M.D., F.R.C.P.C.,
Sally Kuehn, Ph.D., Dermot R. Doherty, M.B., B.Ch.,
F.C.A.R.C.S.I.* *Children’s Hospital of Eastern Ontario, University of
Ottawa, Ottawa, Ontario, Canada. ddoherty@cheo.on.ca
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Hyperoxia in Pediatric Anesthesia: Time for Reconsideration?

To the Editor:—Kalkman et al.1 link anesthesia to clinically deviant
behaviors in children anesthetized for urologic procedures before age 2 yr
but make no mention of intraoperative oxygen measurement in their
study cohort. Wilder et al.2 link multiple pediatric anesthetic exposures to
learning disabilities using a sophisticated database, albeit one built before
pulse oximetry was in wide use. Editorially, Patel and Sun3 provide a
review of molecular mechanisms with “relevance” to human develop-
ment that overlooks the current state of data pertaining to oxygen’s
neurotoxic effects in cell and animal models. Although all exemplify
Engle’s proposition that scientists and clinicians must account for how
submolecular or molecular actions ramify through a “continuum of natural
systems” to produce events at higher systems levels—persons, families,
communities, cultures, the biosphere—none acknowledge that early and
multiple anesthetic exposure is also a marker for early and multiple
oxygen exposure.4,5

Anesthesiologists and the anesthesia literature, by and large, tend
to discount supplemental oxygen effects in patient care in the
absence of ischemia–reperfusion injury.6 Others have more bal-
anced views. Maltepe and Saugstad7 note that evolution equips
humans with numerous hypoxemia defense responses; hyperoxia,
however, always iatrogenic, is not as easily defended against, bio-
logically speaking. Neonatologists know hyperoxia is not always
beneficial in neonatal resuscitation.8 Supplemental oxygen use for 3
min or more at birth shows a vexing connection to an increased
cancer incidence for children younger than 8 yr.9 The now well
established association of retinopathy of prematurity with supple-
mental oxygen use was incorrectly overlooked for decades.10

Degos et al.11 list hypoxia-induced oxidative stress reduction among
potential targets for neuroprotective efforts. But significant hypoxemia
may be less common than intentional hyperoxia in pediatric anesthesia
practice. Even with the classic 70% nitrous oxide–30% oxygen plus vola-
tile anesthetic inhalational induction sequence, hyperoxia exists. Recent
bench research using cell cultures and animal models shows that hyper-
oxia alters cell ultrastructure and function across multiple organelle and
neuronal action sites: mitochondria, membrane surfaces, cell nuclei, and
progenitor cell lines.12–14 Reactive oxygen species, with other mecha-
nisms, are a source of submolecular injury where hyperoxia is induced
experimentally. Such data suggest that neurocidal/neurotoxic potential
effects research must account for hyperoxia’s submolecular effects, too—
effects Engle’s model predicts will express at higher levels of biopsycho-
social organization.

Endeavors such as Safety of Key Inhaled and Intravenous Drugs in
Pediatrics (SAFEKIDS) and General Anesthesia for Effects on Neurodevel-
opmental Outcome and Apnea in infants (GAS) are much needed.15

Should protocols in future clinical studies include control anesthetics
administered at atmospheric or “capped” oxygen partial pressures? Con-
trolled for, hyperoxic effects—known and unknown—might be reason-
ably addressed as answers emerge to the question, Do anesthetics damage
the developing human brain? How else can we gain certainty

that iatrogenic hyperoxia does not also play a role in the human develop-
mental adverse outcomes we are now tempted to attribute predominantly
to anesthetic agents? Sound science dictates that any known factors that
might contribute to pediatric behavioral problems, such as lead, iron, and
mercury levels—not just anesthetic exposure—should be taken into ac-
count.16 Iatrogenic hyperoxia, sadly, might need to be investigated, too.

Vincent J. Kopp, M.D., University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina. vkopp@aims.unc.edu

The author thanks Nicole Chenault, B.A. (Administrative Support Associate, De-
partment of Anesthesiology, School of Medicine, University of North Carolina at
Chapel Hill, Chapel Hill, North Carolina), for manuscript preparation assistance.
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with room air instead of 100% oxygen prevents oxidative stress in moderately
asphyxiated term neonates. Pediatrics 2001; 107:642–7

9. Spector LG, Klebanoff MA, Feusner JH, Georgieff MK, Ross JA: Childhood
cancer following neonatal oxygen supplementation. J Pediatr 2005; 147:27–31

10. Jacobson RM, Feinstein AR: Oxygen as a cause of blindness in premature
infants: “Autopsy” of a decade of errors in clinical epidemiologic research. J Clin
Epidemiol 1992; 45:1265–87

11. Degos V, Loron G, Mantz J, Gressens P: Neuroprotective strategies for the
neonatal brain. Anesth Analg 2008; 106:1670–80

12. D’Agostino DP, Olson JE, Dean JB: Acute hyperoxia increases lipid per-
oxidation and induces plasma membrane blebbing in human U87 glioblastoma
cells. Neuroscience 2009; 159:1011–22

13. Chang E, Hornick K, Fritz KI, Mishra OP, Delivoria-Papadopoulos M: Effect
of hyperoxia on cortical neuronal nuclear function and programmed cell death
mechanisms. Neurochem Res 2007; 32:1142–9

14. Koch JD, Miles DK, Gilley JA, Yang CP, Kernie SG: Brief exposure to hyper-
oxia depletes the glial progenitor pool and impairs functional recovery after hypoxic-
ischemic brain injury. J Cereb Blood Flow Metab 2008; 28:1294–306

15. FDA to study anesthetic risks in pediatrics. Anesthesiol News 2009; 35:5
16. Canfield RL, Henderson CR Jr, Cory-Slecht DA, Cox C, Jusko TA,

Lanphear BP: Intellectual impairment in children with blood lead concentra-
tions below 10 �g per deciliter. N Engl J Med 2003; 348:1517–26

(Accepted for publication July 31, 2009.)

Anesthesiology 2009; 111:1383–4 Copyright © 2009, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

In Reply:—We read with considerable interest the critical commentary
of Kopp with respect to our editorial in the April issue of ANESTHESIOL-
OGY.1 That editorial presented a brief introduction to the research
articles that were presented at the ANESTHESIOLOGY/Foundation for An-
esthesia Education and Research Symposium on Anesthetics and the

Developing Brain; the intent was to summarize current research in
anesthetic neurotoxicity with an emphasis on the molecular mecha-
nisms that underlie the adverse impact of anesthetics. The central
concern expressed by Kopp is the potential toxicity of oxygen. Given
that oxygen administration is a routine practice in the clinical practice
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of anesthesia, it is highly probable that a state of hyperoxemia is
induced in subjects undergoing anesthesia and surgery. Kopp suggests
that it is this hyperoxemia that can injure the brain, and in particular
the developing brain.

There is growing evidence that the administration of oxygen in con-
centrations that produce hyperoxemia is associated cellular injury. The
adverse impact of high concentrations of oxygen on retinopathy of pre-
maturity2 and on bronchopulmonary dysplasia3 has long been recognized.
In susceptible neonates, the incidence of cerebral palsy is increased in
association with hyperoxemia.4 More recent evidence also indicates that
resuscitation of premature neonates with a high fraction of inspired
oxygen (FIO2) is associated with greater mortality and worse outcomes.5

Indeed, the authors of a recent metaanalysis concluded that the available
data support the use of room air for resuscitation of asphyxiated neonates
in place of 100% oxygen.5 Importantly, the use of room air for this
purpose does not seem to be associated with worse cognitive outcomes.6

Preclinical studies in adult animals also suggest that resuscitation from
global ischemia with high FIO2 leads to greater neurologic injury.7

In the investigations of Kalkman et al.8 and Wilder et al.,9 the
concentration of oxygen that was administered is not clear. It is
reasonable to assume, based on the current standard of practice, that
supplemental oxygen was administered and some degree of hyperox-
emia did occur. Could the association between anesthetic exposure
and adverse outcomes be explained by oxygen toxicity rather than
anesthetics? Although Kopp’s contention is feasible, it is difficult to
separate the effects of oxygen from those of the patients’ primary
disease, anesthetics, surgery, postsurgical inflammation, and use of
analgesics. The question of whether oxygen can injure the otherwise
normal developing brain is best answered in the laboratory.

Of significant interest are the observations of Felderhoff-Mueser
et al.,10 who demonstrated oxygen toxicity in the developing brain. An
inspired concentration of oxygen of 80% resulted in widespread neu-
rodegeneration; toxicity was apparent with as little as 2 h of exposure.
The pattern of injury was similar to that produced by anesthetics.
Moreover, the period of vulnerability, as with anesthetics, was approx-
imately postnatal day 7, with little injury seen at postnatal day 14. By
contrast, injury was not observed with the administration of 40%
oxygen for as long as 12 h. This begs the question of whether anes-
thetic toxicity observed in previously published studies might be due
to oxygen.

In published studies to date, the reported inspired concentrations of
oxygen were 30%,11 50%,12,13 and 21%.14,15 The duration of exposure
ranged from 4 to 6 h. In these studies, injury produced with anesthesia
was significantly greater than that in control nonanesthetized animals.
With the exception of the studies of Stratmann et al.,12,13 the concen-
tration of oxygen used was well below the level that has been shown
to produce injury to the developing brain. Furthermore, the duration
of exposure is well below the 12-h exposure to 40% oxygen in the
study of Felderhoff-Mueser et al.10 in which injury was not observed.
The available data indicate, therefore, that in experimental models, the
toxicity produced by anesthetic exposure is not due to oxygen admin-
istration but due to anesthetics.

There is a remote possibility that there might be a relative increase
in brain tissue partial pressure of oxygen (PO2) during anesthesia, even
with the administration of air. Anesthetics decrease the cerebral met-
abolic rate for oxygen substantially and, depending on the inspired
concentration of inhaled agents, cerebral blood flow may increase.

Whether this relative increase in tissue PO2 is detrimental in the
developing brain is not clear. However, it is not outside of the realm of
possibility that relative tissue hyperoxia might reduce the antioxidant
defenses of neurons16 and thereby make them more vulnerable to
anesthetic neurotoxicity. This question will have to be addressed
experimentally. We therefore invite Dr. Kopp to join us in our efforts
to more definitely characterize anesthetic (and oxygen) toxicity in the
developing brain and to develop the means and practices by which this
toxicity can be prevented. This would, to paraphrase Kopp, allow us to
bring more balance to the discussion.

Brian P. Head, Ph.D., Piyush M. Patel, M.D.* *VA San Diego
Healthcare System, San Diego, California. ppatel@ucsd.edu
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In Reply:—We are gratified by the interest generated by the publi-
cation of our recent article.1 The accompanying letters raise important
issues and questions relevant to our article and to the question of
anesthetic neurotoxicity as it applies to children. The concerns ex-

pressed by the various authors can be categorized as follows: (1) The
observed effect may reflect comorbidity or other unidentified factors
rather than the effects of anesthesia per se (Arul and Thies, Pysyk et al.,
Taylor); (2) the definitions for learning disability (LD) were inappro-
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priate (Pysyk et al., Tolpin and Collard); (3) hypoxia or hyperoxia may
be responsible for the observed effects (Coté, Mitchell, Kopp); and (4)
the underlying relevant animal data are flawed (Taylor). As to number
4, we did not participate in the many animal studies, and given that the
animal data have been recently reviewed by Loepke and others,2–7 we
will simply refer the reader to those studies, reviews, and editorials.

Clearly, we share the concern expressed by several of the authors for
the need to control or adjust for comorbidity. However, we also recognize
the difficulty of doing so in retrospective studies (or even in prospective
studies) involving children. Arul and Thies suggest that comorbidity is the
“elephant in the room.” We completely agree and extensively discussed
this clear limitation of our data in our article. A cautionary sentence
appears in the abstract, and this limitation is discussed at length in the
body of the article, most clearly as follows: “These data cannot reveal
whether exposure to anesthesia itself may contribute to the pathogenesis
of LD, or whether the need for anesthesia is a marker for other unidenti-
fied confounding factors that contribute to LD.” We also chose not to
include the positive findings in the article’s title.

We appreciate similar concerns expressed by Pysyk et al. regarding
the difficulty of determining whether the effect observed in our study
was the result of the surgical indication rather than the exposure to
anesthesia per se. In our cohort, as would be true in any community-
based sample, otolaryngologic procedures are the majority of the total,
and children requiring myringotomy or tonsillectomy may indeed be
predisposed to the adverse effects of sleep disturbance and/or hearing
deficiency on learning. However, if surgical treatment of these condi-
tions is efficacious and results in catch-up growth and development in
those undergoing surgery, and if not all children receive surgical
treatment, those not undergoing the procedure may be at greatest risk
for the neurocognitive and speech problems described by Pysyk
et al.,8,9 which would bias against the observed effect of multiple
surgeries on learning abilities. Also, the relation between this (and
many other) condition(s) and the development of learning disabilities
is not always clear. Arul and Thies cite a 1983 article that suggests that
minor conditions such as otitis media are known to be associated with
educational delay. The cited review of the existing literature of that
time concluded that, “children who have been medically managed
[with otitis media] have minimal deficits.” A subsequent article failed
to demonstrate an increase in LD among children who were surgically
managed for recurrent otitis media.10 A recent Cochrane review sug-
gests that it is uncertain that otitis media represents a risk for language
or speech delay, and as a consequence, surgical treatment is of unclear
benefit. Other studies have demonstrated that among children with
language delay of unclear etiology, the only factors of significance were
those controlled for in our analysis, e.g., hearing abnormalities were
not found to be predictive.11

Ideally, extensive information regarding comorbid conditions would
be available in a sample of children large enough to allow the suba-
nalysis suggested by Pysyk et al. Realistically, however, controlling for
comorbidity is much more difficult than may be appreciated. Unfortu-
nately, no uniformly recognized measure of burden of illness exists for
children, requiring that we rely on measures such as the American
Society of Anesthesiologists (ASA) physical status (PS) score. Arul and
Thies point out that many of those children with multiple exposures
had comorbid conditions that may predispose them to LD. LD was not,
however, clustered among those with the greatest burden of illness as
measured by the ASA PS. In fact, among the 144 children with multiple
exposures, only 11% (2 of 19) with an ASA PS of greater than 2 had LD,
whereas among those with an ASA PS of 2 or less, 34% (43 of 125) had
LD. Therefore, it is by no means clear that the burden of comorbidity,
as reflected by ASA PS, is associated with an increased risk of LD. Like
Taylor, we also recognize the problems associated with the use of the
ASA PS in this setting but also appreciate that no alternative measure is
available. Similarly, we could not, as she suggests, control for comor-
bidity in the exposed group and not do so in the comparison group. To
do so would have required that we individually abstract the complete
medical records of more than 5,000 children. In an ongoing analysis

using the same cohort, we, in partnership with the U.S. Food and Drug
Administration, are in the process of examining, in a case–control
design, the comorbid conditions of both cases and controls in an
attempt to better control for both medical and surgical diagnosis. We
hope that this will provide more insight into the concerns expressed.

The definitions used to determine LD in the birth cohort were those
used for the original incidence (not prevalence) studies performed
using the Rochester Epidemiology Project. Those studies used four
methods to determine the incidence of various types of LD. For the
study by Wilder et al., one method (Shayvitz) was eliminated because
it was deemed to be redundant. The rates quoted by Tolpin and Collard
from our group’s previous publications are for the incidence of the
individual types of LD (math, reading, etc.). The higher rate that we
reported was because our outcome was the development of one or more
types of LD. As described in the article, we chose this as an outcome
because (1) we had no data to suggest that one type of LD (math, reading,
etc.) is more likely in this setting and (2) to examine a single type of LD
would have dramatically reduced the statistical power of the study. For
the same reason, we were not able to perform subanalyses to determine
whether the observed effect was concentrated in one or more types of
LD, but agree that this would be a fruitful topic for future investigations
of sufficient power to conduct this analysis. In addition, LD as deter-
mined by the National Health Interview Survey and the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition, Text Revision,
are measures of prevalence rather than incidence and therefore cannot
be directly compared with the incidence rates found in the Rochester
Schools. Furthermore, the definition of prevalence found in the Na-
tional Health Interview Survey is based on questionnaire responses to
“Ever told sample child had a learning disability” rather than specific
testing as was used in our cohort. The observation by Pysyk et al.
regarding our use of a cutoff of 1.75 SDs rather than the conventional
2 SDs is correct. This was chosen because it was the criterion in use by
the state of Minnesota at that time.

Mitchell and Coté raise an issue that we did not discuss, positing
unrecognized hypoxia as an explanation for the increase in LD ob-
served in our cohort. The studies by Coté do not address the issue of
cognitive impairment but do suggest that unrecognized hypoxia fre-
quently occurred before the widespread adoption of pulse oximetry.
Likewise, the presence of brief modest hypocapnia (a finding that
occurred in only 9 of 260 total events and may have been as brief as
60 s in his study) is suggested as a potential confounder.12 To our
knowledge, brief hypocapnia has not been linked to subsequent defi-
cits in learning, although among preterm neonates sustained profound
hypocapnia has been suggested as a cause of periventricular leukoma-
lacia, a pathology that is highly unlikely to have contributed to our
findings. Interestingly, studies of hyperoxia in neonates have examined
the effect of the prolonged oxygen saturations as low as 70% on the
incidence and severity of retinopathy of prematurity. Those studies
have failed to show an adverse neurocognitive effect in follow up as
long as 18 months,13,14 suggesting that even prolonged periods of
hypoxia may be relatively well tolerated in children. Conversely, Kopp
suggests that hyperoxia could lead to LD, observing that virtually all
children in our cohort received a 30:70 mixture of oxygen and nitrous
oxide. The degree of hyperoxia that could result from this mixture is
modest. Furthermore, we are not aware of studies that link LD to
oxygen exposure in young children, nor were studies cited that asso-
ciate hyperoxia with abnormalities in memory, cognition, and learning
in animals. The studies previously mentioned examining hyperoxia and
its relation to retinopathy of prematurity do not show an increase in
cerebral palsy or cognitive dysfunction. Therefore, although oxygen-
ation state and hypocapnia are factors that could conceivably contrib-
ute to LD after anesthesia, experimental support for this possibility is
not robust, although future animal studies could evaluate this possibility.

We appreciate the opportunity to respond to the thoughtful con-
cerns and criticism contained in the accompanying letters. Each of the
authors has provided additional food for thought as this issue moves
forward. What unifies all is the clear need for larger, more extensive
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prospective and retrospective studies that would allow for the control
of comorbidity and variations in anesthetic management, the examina-
tion of effects according to surgical procedure, the determination of
effect by LD type, and more comprehensive measures of academic
achievement, cognitive/memory functions, and quality of life. This
study represents an initial attempt at unraveling this complex and
difficult issue. Other studies planned and currently under way will, no
doubt, add to the slowly accumulating body of clinical data that we
hope will help to resolve this important and difficult issue.

Randall P. Flick, M.D., M.P.H., Robert T. Wilder, M.D., Ph.D., Juraj
Sprung, M.D., Ph.D.,* Slavica K. Katusic, M.D., Robert Voigt, M.D.,
Robert Colligan, M.D., Darrell R. Schroeder, M.S., Amy L.
Weaver, M.S., David O. Warner, M.D. *Mayo Clinic, Rochester,
Minnesota. sprung.juraj@mayo.edu
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The Need for Perspective

To the Editor:—We were disappointed that ANESTHESIOLOGY chose to
publish the articles by Kalkman et al.1 and Wilder et al.2 without an
accompanying cautionary editorial. Kalkman et al.1 state, “children
undergoing urologic surgery at age less than 24 months showed more
behavioral disturbances . . . although the results were not statistically
significant.” We disagree with this statement; namely, because statisti-
cal significance was not achieved, more behavioral disturbances were
not observed. Furthermore, they go on to perform a sample size
calculation to determine the number of patients that would be re-
quired to detect a statistically significant effect of the effect size they
found. Their estimate for such a potential association between anes-
thesia and behavioral problems could be explained by chance alone,
and using such an estimate to guide future studies is misleading. Wilder
et al.2 were unable to separate out the effects of multiple anesthetics
from the effects of the underlying clinical problems requiring multiple
procedures. By publishing these two studies as part of a larger series
including several animal models, ANESTHESIOLOGY seems to send the
message that two independent teams reported similar findings in
humans. At a minimum, a cautionary editorial putting these studies into
context was warranted. Studies such as these, reported on by the lay

media, may cause an already wary public much alarm and put pediatric
anesthesiologists in an impossible position. Parental concerns regard-
ing the possible deleterious effects of anesthesia will not be assuaged
by statistical explanations. ANESTHESIOLOGY has an obligation beyond
merely reporting interesting studies. We are sure that, like us, other
readers are looking for perspective.

Karthik Raghunathan, M.D., M.P.H.,* Donald A. Schwartz, M.D.,
Neil Roy Connelly, M.D. *Tufts University School of Medicine, Baystate
Medical Center, Springfield, Massachusetts. karthik.raghunathan@bhs.org
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In Reply:—We thank Dr. Raghunathan et al. for their letter regarding
their disappointment that we did not publish a cautionary editorial
regarding the reports by Wilder et al.1 and Kalkman et al.2 in the April
issue of ANESTHESIOLOGY. These clinical articles, which were published
with laboratory work presented at the ANESTHESIOLOGY/Foundation for
Anesthesia Education and Research session at the 2008 Annual Meeting
of the American Society of Anesthesiologists, were accompanied by an
editorial by Drs. Patel and Sun,3 thought leaders in research regarding

the mechanisms and clinical relevance of neurodevelopment after
exposure to anesthetics. Regarding the clinical article, they concluded
in their editorial, “Although two retrospective studies herein suggest
that a correlation between anesthetic exposure early in life is associ-
ated with learning and behavioral abnormalities later in life, the data
cannot be considered to be evidence of the existence of anesthetic
neurotoxicity in humans. The absence of rigorously conducted pro-
spective randomized trials precludes recommendations on clinical
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practice.”3 In our opinion, this statement expresses appropriate and
adequate express caution regarding the application of these data to
clinical practice.

We would also like to comment regarding the statistical analysis and
presentation in the article by Kalkman et al.,2 as questioned by Dr.
Raghunathan et al. Their study focused on effect sizes and not on
statistical significance judgments. This was a prudent choice because
of the pilot nature and goals of the effort. This clear focus on effect
sizes is made abundantly clear by the fact that in the article by Kalkman
et al.2 there is not a single P value reported. Instead, Kalkman et al.2

referenced the size of the observed effects throughout. For a properly
powered study, making a claim about an effect that is not statistically
significant is, indeed, anathema. However, in this clearly defined pilot
study, reminding a reader than an observed effect size did not reach
statistical significance is actually a responsible practice. The uncovered
effect sizes in a pilot study are estimates of their population values, but
as Kalkman et al.2 overtly stated, these estimates are in the context of
very wide confidence intervals.

We strongly believe that there is a place for small n research in
ANESTHESIOLOGY. Small n research is tricky to report. We have a sophis-
ticated community of researchers (mostly bench scientists) who suc-
cessfully add to our knowledge base while using studies that are not
optimally powered. Again, this reinforces the importance of clear
effect size reporting (as in the two mentioned studies), a priori power
analyses to overtly report assumptions, and exact P value reporting to
arm a reader with enough information to properly interpret experi-
mental effects.

Regarding their statement on post hoc power analyses, Raghunathan
et al. are wise to be concerned about power calculations that are based
on observed P values. We agree with this sentiment, articulately voiced
by Hoenig and Heisey,4 and for that reason actively discourage such

power calculations. The provided power calculation, though, was
clearly presented as the primary aim of the study, and posits that the
observed risks are the population values, and to reject a null hypothesis
of no added risk (under a traditional set of inference assumptions), a
future prospective study would need to study 2,268 children (thus
making it similar to power analyses conducted throughout the
research world; this one is simply in print). There is a difference
between stating “These differences would be statistically significant
with n patients” versus “If these differences are population values,
we need n patients to reject a null hypothesis in our next study.” In
that regard, Kalkman et al.2 have succeeded in providing a context
for interpreting their study.

Timothy T. Houle, Ph.D.,* James C. Eisenach, M.D.† *Statistical
Editor, ANESTHESIOLOGY, Wake Forest University School of Medicine,
Winston-Salem, North Carolina. thoule@wfubmc.edu. †Editor-In-Chief,
ANESTHESIOLOGY, Wake Forest University School of Medicine.
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“Innocent Prattle” and the Quality of Scientific Discourse

To the Editor:—We read with interest the editorial titled “Innocent
Prattle” by Dr. Lagasse1 that accompanied our article on anesthesia
mortality.2 As we described, the recent 10th revision of the Interna-
tional Classification of Diseases (ICD-10) codes now includes exten-
sive data on anesthesia complications. Its adoption by the United States
to classify death certificate data offers both the opportunity and the
obligation for researchers to engage in thoughtful analyses of these
data. Our study was the first to accept that challenge. As stated in our
article,2 our objectives were “to develop a comprehensive set of
anesthesia safety indicators based on the latest version of the ICD and
to apply these indicators to a national data system for understanding
the epidemiology of anesthesia-related mortality.” By any measure, we
have achieved these objectives despite Dr. Lagasse’s critique. It is well
recognized and extensively discussed in our article that administrative
data, such as those from ICD-coded, multiple-cause-of-death files, may
underestimate the true incidence of adverse outcomes of medical care.
It has been estimated, for example, that adverse drug effects reported
to the US Food and Drug Administration account for substantially less
(� 20%) than the true incidence.3 However, such data can and have
been crucial in detecting trends, identifying safety problems, and
defining strategies to improve drug safety. In addition, thoughtful
analyses will allow further granularity to be either detected from the
current data or built into future ICD editions. Dr. Lagasse seems to
disagree with our view that the opportunity should not be lost to

analyze the ICD-10–coded mortality data as presented in our article
and seems to view such analyses as “innocent prattle.”

Although vigorous argument, discussion, and even disagreement
are essential and useful parts of the scientific process, derogatory
comments about colleagues’ work are not. It would be a pity if
learned publications fall into the trap of adopting the headline style
of some popular tabloid newspapers. A deeper reading of the
message of Hans Christian Andersen might be that substance and
reality (read: scientific data) trump posturing and belief regardless
of one’s perceived status. We will look forward to the application
and validation by the scientific community of the techniques de-
scribed in our article to monitor anesthesia safety and improve
patient outcomes in the future.

Guohua Li, M.D., Dr.P.H.,* Lena S. Sun, M.D. *Columbia University
College of Physicians and Surgeons, New York, New York.
GL2240@columbia.edu
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In Reply:—The recent editorial titled “Innocent Prattle”1 con-
gratulated Dr. Li et al. for introducing new methodology to examine
the epidemiologic patterns of anesthesia-related deaths at the na-
tional level. Specifically, they used International Classification of
Diseases, 10th Revision (ICD-10) codes to identify anesthesia-re-
lated deaths from the multiple-cause-of-death data files maintained
by the National Center for Health Statistics for the years 1999 –2005.
They then calculated death rates from anesthesia complications
based on population data and hospital surgical discharge data. Using
their innovative methodology, the authors found that the number of
anesthesia-related deaths averaged 316 per year and the number of
deaths with an anesthesia complication as the underlying cause
averaged 34 per year,2 for an estimated 30 million anesthetics
annually. I also look forward to the application and validation by the
scientific community of their techniques to monitor anesthesia
safety in the future, but until such time, it is difficult to accept their
claims that the United States has experienced a 97% decrease in the
anesthesia-related death rate since the late 1940s and that 46.6% of
anesthesia-related deaths are attributable to overdose of anesthetics
and 42.5% are attributable to adverse effects of anesthetics in
therapeutic use.2

It is incredible claims of improved anesthesia safety that previously
led to my analogy to The Emperor’s New Clothes by Hans Christian
Andersen.3 Some of our anesthesia community, like the townspeople
in the fable, want to believe that we are somehow special, so they
blindly accept these claims of improved anesthesia safety. In my anal-
ogy, I play the role of the child who is accused of “innocent prattle” by
challenging the claims of Dr. Li et al. in an editorial of the same name.
I apologize to Dr. Li et al. if my editorial led them to believe that their
work was accused of being prattle. That was certainly not my inten-
tion. In fact, I see their role in my analogy as being much more noble.

Robert S. Lagasse, M.D., Albert Einstein College of Medicine and
Montefiore Medical Center, Bronx, New York. boblagasse@yahoo.com
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Outpatients Do Not Need to Void after Short Neuraxial Blocks

To the Editor:—Baldini et al.1 are to be congratulated for their excel-
lent review of the problem of postoperative urinary retention. It
reflects the growing role of the anesthesiologist in perioperative man-
agement and enhances our awareness of the impact of our anesthetic
techniques on postoperative outcomes. Their description of the anat-
omy, physiology, and pharmacology of this phenomenon will serve as
a reference source for many practitioners.

As an anesthesiologist in the ambulatory setting, however, I have a
concern about their generalizations in their concluding page about the
requirement for voiding in outpatients after neuraxial blockade. The
authors correctly identify in earlier references that the potential for
urinary retention is proportional to the duration of the blockade,
which they discuss both in their section on the duration of surgery and
in their review of spinal anesthetics.2–5 They cite our own prospective
study that specifically addressed the issue of discharge without a
voiding requirement.6 These references support the principle that
otherwise low-risk outpatients have no greater risk of retention after
short duration neuraxial blockade than those receiving general anes-
thesia, and requiring voiding before discharge may represent an un-
necessary delay. Therefore, it is unfortunate that the discussion of
outpatient requirements refers only to the policy by Pavlin et al., that
spinal and epidural blockade are inherent risk factors for urinary
retention.

That conclusion was based on previous publication from Pavlin’s
group, which demonstrated delayed discharge after spinal anesthetics
performed with bupivacaine and lidocaine plus epinephrine.7 In their
subsequent study of voiding in outpatients, 26 patients received
neuraxial blockade: 22 were given either bupivacaine or lidocaine plus
epinephrine.8 Therefore, their conclusions are consistent with their
experience and data, and previous reports regarding long-duration
blockade. The publications mentioned above, however, demonstrate
that the use of short-duration local anesthetics for outpatient spinal

blockade are not associated with an increased risk of urinary retention
for low-risk patients, and thus do not necessarily mandate voiding
before discharge. Further work is obviously indicated, but it seems that
neuraxial anesthesia alone (with a short-acting drug in a low-risk
patient) is not a risk factor for postoperative retention.

Michael F. Mulroy, M.D. Virginia Mason Medical Center, Seattle,
Washington. michael.mulroy@vmmc.org
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In Reply:—We thank Dr. Mulroy for his comments on voiding
requirement in outpatients receiving neuraxial blockade with short-
acting local anesthetic. We would like to take the opportunity to clarify
some issues raised by Dr. Mulroy.

In our review,1 we identified several risk factors for postoperative
urinary retention (POUR), such as type and duration of surgery, patient
comorbidities, intraoperative fluid management, and choice of anes-
thetic and analgesic technique.

In the setting of ambulatory surgery, we proposed an algorithm
based in part on two previous studies by Pavlin et al.2,3 In the first
study, patients were stratified before surgery in high and low risk for
POUR. Patients who had a past history of urinary retention and those
who underwent anorectal and inguinal hernia repair surgery were
considered at high risk, even if they did not receive either spinal or
epidural anesthesia. In the second study,3 27% of the patients who
received neuraxial anesthesia with local anesthetic (bupivacaine or
lidocaine � epinephrine) were unable to void and had a bladder
volume greater than 600 ml, thus requiring in-and-out bladder cathe-
terization. These patients were identified by Pavlin et al. as high risk
only because they received neuraxial anesthesia. However, in our
opinion, the high incidence of POUR in this group was not caused by
the use of spinal–epidural anesthesia per se, but by the use of long-
acting local anesthetics. Mulroy et al.,4 in contrast, studied 46 patients
without risk factors for POUR who received spinal or epidural anes-
thesia with short-acting local anesthetic with or without intrathecal
fentanyl and who were discharged without voiding. None of them
returned to the hospital because of POUR.

The aim of our review was to bring to the attention of anesthesiol-
ogists the perioperative risk factors for POUR, and propose an algo-
rithm on how to manage urinary retention judiciously. We agree with
Dr. Mulroy that in outpatients with no risk factors for POUR, neuraxial
anesthesia with short-acting local anesthetic does not increase the risk
of POUR, and patients can be discharged home without voiding.
However, in patients with preoperative risk factors for POUR,
neuraxial anesthesia with short-acting local anesthetic may or may not
further increase the risk, but the availability of a perioperative algo-
rithm that includes the use of a bladder scan could facilitate the
management of this potential complication.

Gabriele Baldini, M.D., Hema Bagry, M.D., F.R.C.A., Armen Aprikian,
M.D., Franco Carli, M.D., M.Phil., F.R.C.A., F.R.C.P.C.* *McGill
University Health Centre, Montreal, Canada. franco.carli@mcgill.ca
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High Positive End-expiratory Pressure and Mortality in Acute
Respiratory Distress Syndrome

To the Editor:—In acute lung injury and acute respiratory distress
syndrome (ARDS), the aim of positive end-expiratory pressure (PEEP)
is to recruit lung tissue preventing the cyclic opening and closing of
alveoli (atelectrauma).1 However, PEEP is associated to deleterious
pulmonary (overdistension of healthy tissue) and hemodynamic (de-
creased venous return, abnormalities in organ blood flow) effects.2–4

In recent years, several studies have attempted to answer the ques-
tion of which PEEP should be used in acute lung injury and ARDS.
Two strategies may be used: the setting of a “low” PEEP to minimize
its secondary effects or a “high” PEEP to maximize lung recruitment
and gas exchange (open lung strategy). In their recent meta-analy-
sis, Phoenix et al.5 observed that, in ARDS patients, the use of a
high-PEEP strategy showed a trend toward improved mortality and
increased risk of barotrauma, although these changes were not
statistically significant. However, the authors stated that “the ben-
efits [of this strategy] far outweigh potential risks” and considered
that “current evidence supports the use of high PEEP in unselected
groups of patients.”

A major limitation in these studies is the lack of definition of high
PEEP. Protocols include two strategies in which one of the groups is
randomly assigned to receive a higher level of PEEP than the other. The
selection of the PEEP level is rather arbitrary, based on oxygenation
criteria, and always limiting the plateau pressure. The PEEP is never
individualized according to the primary cause (pulmonary vs. extrapul-
monary) or severity of ARDS. Results are not conclusive, because every
group includes patients who require different levels of PEEP. There-
fore, the potential benefits of a specific strategy in some of the patients

in a group are likely neutralized by the deleterious effects on the rest
of the patients. Another reason that may explain the lack of conclusive
results is the limitation of the plateau pressure in all patients, which
plays a major role in outcome and may be more important that the level
of PEEP in unselected cases.

The results from the meta-analysis are in accord with recent litera-
ture questioning the decrease in mortality in ARDS in the past decade
despite the implementation of new ventilatory strategies.6–8 In the
ARDSNet trial,9 a significant reduction in mortality was observed when
a “protective strategy,” based on a low tidal volume (6 ml/kg), was
used. But we may speculate that patients were actually being protected
from an “aggressive strategy” (tidal volume 12 ml/kg in the control
arm). It is likely that the application of a high PEEP in the initial phase
of severe ARDS, with an expected important lung edema and inflam-
mation, is justified.10 Even accepting this approach, it remains unan-
swered for how long the PEEP should be “high.” The lack of clear
benefits in unselected patients is probably related to the absence of
objective tests that help in the individual titration of the ventilatory
parameters. Several techniques have been proposed, such as the plot-
ting of pressure–volume curves,11 the stress index12 (actually a sort of
dynamic pressure–volume curve), or the electrical impedance tomog-
raphy.13 Interestingly, in the three smaller studies included in the
meta-analysis by Phoenix et al.5 but finally excluded for the conclu-
sions, PEEP was set according to the pressure–volume curve. Of note
is the apparent major benefit observed with a high PEEP level in these
studies. Until recruitment/derecruitment and hyperinflation are not
estimated repeatedly in individual ARDS patients as their lung injury
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evolves, it is unlikely that any attempt to demonstrate the superiority of
a ventilatory strategy will be conclusive.

David Pestaña, Ph.D., Servicio de Anestesia-Reanimación, Residencia
General, Hospital Universitario La Paz, Madrid, Spain. dpestana.hulp@
salud.madrid.org
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In Reply:—Thank you for giving us the opportunity to respond to
the communication by Dr. David Pestaña. The author is correct in his
assertion that most of the studies do not define the terms high positive
end-expiratory pressure (PEEP) and low PEEP and that the appropri-
ate level of PEEP has been selected on the basis of oxygenation and
peak/plateau airway pressures.1–3 This reflects the practical difficulties
inherent in recruiting large numbers of patients into clinical trials using
highly individualized criteria. We are therefore left with the mean
values recoded in each of the groups to infer the threshold values for
“low” and “high” PEEP. Nevertheless, the underlying physiologic prin-
ciples are clear and suggest that there are several biologic benefits
associated with selecting PEEP levels between 10 and 15 cm H2O in
patients with severe acute lung injury. This is particularly so during the
early stages of the illness, when lung edema is maximal and therefore
the tendency for cyclical opening and collapse of alveolar units is
maximal.1–5 The author is also correct in stating that the most appro-
priate level of PEEP in a given patient can only be determined through
an individualized titration protocol. He raises a pertinent point in his
final statement that “it is unlikely that any attempt to demonstrate the
superiority of a ventilatory strategy will be conclusive.” We agree
entirely and would like to pose the question of whether the current
emphasis on the need to demonstrate significant improvements in final
outcome–based endpoints (mortality, duration of stay, duration of
mechanical ventilation, and so forth) is appropriate for evaluating new
ventilation strategies.

Ventilation is a supportive measure needed in the management of
other systemic illnesses such as sepsis, acute lung injury/acute respi-
ratory distress syndrome, systemic inflammatory response syndrome,
and heart failure. Clinical outcome in such patients is usually a mani-
festation of the underlying disease process itself or the “mediator
variables.” Ventilation, in this context, is best seen as a “moderator
variable” that alters the quantitative relation between disease severity
and its consequence (mortality and or morbidity). Improvements in
ventilation strategies can, therefore, have only a modest impact on
disease specific mortality. As iatrogenic contributions to mortality
(such as excess sedation, barotrauma/volutrauma, and ventilator-in-
duced lung injury) are recognized and rectified, it becomes inevitable
that further improvements in ventilator technology will require an

unrealistic sample size to demonstrate mortality/morbidity benefits
based on the basic principles of diminishing returns.5 Such large
numbers cannot be recruited within a geographically, culturally, and
economically homogeneous area or during a reasonable time period
during which clinical practices remain comparable across several other
domains. More importantly, it is well recognized that interactions
between organ systems in humans are nonlinear, and the importance
of such nonlinearity in critical illness was highlighted elegantly by
Buchman6 and Rixen et al.7 If we agree on the most fundamental
premise that the initial manifestations and subsequent development
of a disease state are governed by nonlinear interactions between
the severity of the initial insult (the mediator variables), host’s
physiologic responses, and other moderator variables (such as ven-
tilation, secondary infections, iatrogenic complications, and nutri-
tional status), it follows that each patient would follow a unique
trajectory as dictated by nonlinear dynamics. In such nonlinear
systems, the final clinical outcome (survival, death, or prolonged
morbidity) is unpredictable and is sensitively dependant on the
initial conditions (the mediator variables) and subsequent modula-
tor variables. It does not follow simple rules based on linear as-
sumptions. That is, a “small change” in one of the moderator
variable does not always lead to a “small change” in the final
outcome. Such “unpredictable” events occurring (in the control or
treatment arms) in clinical trials involving moderator variables, with
a relatively modest influence on the overall disease process, will
necessarily lead to conclusions that are difficult to reproduce and at
times erroneous. Therefore, the current emphasis placed on clinical
outcome alone reflects a mind-set (promoted by the business world)
that is rooted in cost– benefit analysis and aims to identify and
support only those interventions with a relatively large effect size.
This approach, if adopted blindly and dogmatically, is likely to lead
to the abandonment of several interventions that may be beneficial
to individual patients.

Estimating the qualitative and quantitative improvements to patient
care that can be achieved by refining moderator variables (such as
ventilation), in our view, requires the adoption of more dynamic
models as suggested by Dr. Pestaña, rather than the final clinical
outcome alone.
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Is It Time for a Glidescope Letter?

To the Editor:—I am the Vice-President of a large anesthesia practice
based in Massachusetts. Our group provides services to a number of
community hospitals, surgery centers, and an academic medical cen-
ter. During the past 3 yr, our practice has acquired a number of
Glidescopes (Verathon Medical, Bothell, WA), and we are using them
with increasing frequency. It is now common for the Glidescope to be
used as the first-attempt intubation device in patients who clinically
present as a potential difficult airway. This is very much the case for
patients undergoing bariatric surgery. A number of studies have shown
that the Glidescope and other video airway devices, such as the Airway
Scope (Pentax, Tokyo, Japan) and the Airtraq (King Systems, Nobles-
ville, IN), have a higher successful intubation rate than that of direct
laryngoscopy,1–3 so our approach is founded on the principle that
securing the airway in the shortest time, with minimal instrumentation,
is in the best interest of the patient and represents good clinical care.
In addition, there are also occasions when the Glidescope may be used
as the first-line airway instrument for teaching purposes in both easy
and difficult airways. This practice, though, is making me increasingly
uncomfortable because of the implications for those patients in whom
no attempt has been made at conventional laryngoscopy who may
present for surgery, possibly emergent, at another institution that does
not have a Glidescope. We are currently not telling all of our patients
whether a Glidescope was used unless it was in the context of a failed

conventional laryngoscopy. These patients could present to other
facilities and may indeed seem to be a potentially difficult intubation,
only to have the anesthesiologist falsely reassured by a report of a prior
“uneventful” anesthetic. The question, therefore, is should all patients
in whom a Glidescope is used be given a letter indicating such,
regardless of circumstance, and/or should all patients have one attempt
made at conventional laryngoscopy, before elective Glidescope use, to
document the airway classification for future reference?

I think this is an increasingly important clinical issue, with definite
patient safety implications, and I would like to bring it to the attention
of your readers for further contemplation and discussion.

Glynne D. Stanley, M.B., Ch.B., F.R.C.A. North Shore Medical
Center, Salem, Massachusetts, and Anaesthesia Associates of
Massachusetts, Westwood, Massachusetts. gdstanley@comcast.net
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