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What About the Workers? Sleep and Ourselves

he practice of medicine has

always included an element of
self-sacrifice. Self-flagellation even.
The Knights of St. John promised to
be “servants and slaves to our Lords,
the sick” and many of their waking
moments were devoted to their care.

A potential problem with this other-
wise admirable dedication is in the
proportion of every 24 hours occu-
pied by waking moments and how
much time this leaves for sleep. Aver-
age normal daily adult sleep required
is estimated to be between 7.5 and

8 hours. Many do not consistently
achieve this because of the competing
demands of their busy work, family
and social activities [1]. Unfortu-
nately the basic requirement for sleep
is immutable, although a significant
proportion of us choose to restrict

our sleep to below optimal in a search
for time to deal with these other
demands. Ironically the state of sleep
restriction decreases our effectiveness
in undertaking the wakeful activities
for which our sleep is sacrificed.

Apart from tiredness and the desire
for sleep, sleep restriction is accompa-
nied by a decrease in cognitive abil-
ity and psychomotor performance.
Thinking, decision-making, vigilance,
reaction times and coordination
suffer [2]. The frontal lobes, includ-
ing centres responsible for emotional
modulation, seem particularly af-
fected and increased irritability is a
common accompaniment. These
effects are seen remarkably quickly
and with relatively little sleep loss in
experimental sleep restriction. Two
nights of 5 hours sleep is enough to

treble the error rate on psychomotor
vigilance task testing in young adult
volunteers with normal sleep require-
ments [3]. Seventeen hours of wake-
fulness is accompanied by an equiva-
lent psychomotor performance to an
alcohol level of 0.05g/dl and 24 hours
to 0.1g/dl [4]. Legally drunk. Besides
their effects on health, wellbeing and
social interaction, these consequences
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A

Perioperative Care of Obstructive Sleep Apnea Patients: An Urgent Call For

Properly Designed Studies

In recent years, the publications
assessing the influence of OSA on
perioperative morbidity and mor-
tality have increased exponentially.
However, almost all the studies
have significant methodological
limitations, including inadequate
sample size. Obviously, the infor-
mation from these underpowered
studies may result in incorrect
conclusions. In addition, most of
the studies are not well controlled.
Another major limitation of avail-
able studies is the use of surrogate
outcomes (e.g., incidence of de-
saturation, need for supplemental
oxygen) to define the incidence of
complications. It is clear that these
surrogate outcomes may not influ-
ence clinically relevant outcomes
such as mortality, hypoxic brain
death, significant non-fatal com-
plications (e.g., myocardial infarc-
tion), length of hospital stay, and
need for readmission.

Several members of SASM have the
talent and expertise to help develop
guidelines for an optimal study
design assessing perioperative
complications and management of
patients with OSA. SASM can play
a major role in this.

The articles included in this issue of
the Newsletter discuss the limita-
tions and controversies regarding

perioperative outcome and care of
OSA patients. Stavros Memtsoudis
provides us with a broad overview
of the knowledge base regarding
perioperative care of OSA patients,
and calls for increased research in
this area similar to that for cardiac
disease and diabetes mellitus. Al-
though preoperative identification
of OSA should lead to modifica-
tion of perioperative care including
choice of anesthetic and postopera-
tive monitoring, large trials report
contradictory evidence. Satya Ram-
chandran further emphasizes the
controversies surrounding recent
studies assessing perioperative out-
come in OSA patients. Interestingly,
in contrast to previous reports of
increased perioperative morbid-
ity and mortality in OSA patients,
recent analysis of large databases
show lower resource utilization in
this patient population. This is not
surprising as previous studies used
surrogate outcome measures to
define perioperative complications,
while recent studies assessed mor-
tality and duration of hospital stay.

The primary therapy for OSA
remains positive airway pressure.
However, its benefits in the peri-
operative period remains contro-
versial. Dennis Aukley provides
us with a detailed assessment of
a recent study evaluating the use

2 Society of Anesthesia & Sleep Medicine ¢ Volume 2 ¢ Issue 3 ¢ 2013

of postoperative positive airway
pressure therapy in patients at high
risk of OSA. Such critical analysis
of published literature is necessary
in establishing optimal periopera-
tive care of OSA patients, as well as
design future studies.

It is clear that the major cause of
postoperative morbidity in the OSA
population is opioid-related air-
way compromise. Anthony Doufas
discusses the current understand-
ing of effects of opioids on pain and
inflammatory response. The initial
observations in children suggesting
high pain threshold in OSA pa-
tients and reduced need for opioids
have now been reported in adults
with OSA. These studies allow us

to optimize opioid use and prevent
opioid-related respiratory compli-
cations.

I would like you to know that Satya
Krishna Ramachandran will be
assuming the role of Editor start-
ing October 2013. I would like to
thank the SASM members that
have taken time from their busy life
to contribute to our Newsletter. Al-
though such activities can be time
consuming, they are gratifying and
allow personal growth. Therefore, I
believe that whenever possible it is
important to participate in commit-

continued on page 6
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A

Perioperative Obstructive Sleep Apnea: A Major Public Health Problem!

he topic of perioperative

management of patients with
obstructive sleep apnea (OSA) and
its related challenges has received
little attention outside of specialty
societies as evidenced by the lack of
discussions in mainstream health
media and the virtual absence of
funding opportunities for research.
However, this apathy may be wan-
ing, as an increasing number of
publications have pointed towards
the importance of related issues not
only regarding medical outcomes,
but also, health care economics and
public health in general [1]. The
prevalence of OSA has undoubtedly
reached epidemic proportions, with
up to one fourth of men and one
tenth of women affected [2]. While
this disease complex continues to
put a burden on our health care
systems, the economic implications
of OSA are increasingly coming
to the forefront for hospitals and
health care facilities performing
tens of millions of surgical proce-
dures annually in the US alone. The
reasons for this trend are multifac-
torial and include 1) the fact that
the prevalence of OSA among sur-
gical candidates is even higher than
among the general population, 2)
the possibility that patients suffer-
ing from OSA are at increased risk
for perioperative complications,
and 3) the reality that hospitals and
physicians feel compelled to employ

expensive but non-proven interven-
tions in an attempt to reduce the
risk for adverse events.

While the long-term adverse
consequences of OSA are well
known, the mal effects of the
disease on perioperative risks have
only recently gained attention via
population-based and institutional
investigations. In this context, some
studies report that patients with
OSA undergoing surgery may be at
increased risk for adverse outcomes
and need for advanced health

care services leading to increasing
healthcare expenditures [3, 4].

Further, the prevalence of OSA
among elective surgical candidates
has been estimated to significantly
outpace that of the general popu-
lation thus adding the burden of
the unknown effects of untreated
disease on outcomes. With the
availability and increasing use of
OSA screening tools [5], patients
may now more frequently receive a
likely diagnosis of OSA just before
surgery. While this trend may be
beneficial for the overall health
care of a patient who now can be
referred for further work up, the
perioperative physician may find
him/herself in a difficult situation
with little guidance on what to do
next. On one hand the decision

to postpone the case and send the

patient for evaluation and possible
initiation of therapy may be viewed
as the conservative approach. On
the other side he/she may feel pres-
sured to proceed given the lack of
firm data and high social and eco-
nomic cost of a cancelation while
knowing that the risk for complica-
tions may be increased. As neither
approach is based on any evidence
to help guidance, the decision made
will have to be based on many
individual assumptions, including
in the case of cancellation that the
patient will adhere to proposed
treatment, as high non-compliance
rates with PAP therapy have been
reported.

Finally, further economic and lo-
gistical burden is placed on health
care providers and institutions
when patients with OSA do under-
go surgery. Although the American
Society of Anesthesiologists has
published recommendations for the
perioperative care of patients with
OSA [6], these are based on very
little evidence. The suggested use
of increased levels of postoperative
monitoring, routine PAP therapy
and regional anesthesia in an at-
tempt to decrease the risk of com-
plications has been largely based on
expert opinion. In fact, only recent-
ly a study evaluating the outcomes
of OSA patients undergoing ortho-

continued on next page
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“Perioperative Obstructive Sleep Apnea: A Major Public Health Problem!”

continued from previous page

pedic surgery under regional versus
general anesthesia has substanti-
ated a portion of these guidelines.
Specifically, better outcomes were
associated with the use of regional
anesthetic techniques [7].

Although patient safety concerns
represent the motivation for the
creation of guidelines, the econom-
ic burden of universal implementa-
tion, especially increased levels of
observation and use of PAP thera-
py, seems prohibitive in the face of
unknown effectiveness of these in-
terventions and the overwhelming
number of patients that they would
have to be applied to. Therefore, it
is not surprising that recent data
suggest a low penetration of these
guidelines into every day practice.

In conclusion, the mismatch of the
increasing disease prevalence and
diagnosis thereof, lack of scientific
evidence for proposed treatments
in the perioperative setting and
high associated health care costs,

as well as the fear of litigation, has
created the perfect storm in respect
to the care and its economic impact
of patients with OSA undergoing
surgery. Given the ongoing focus of
health care agencies on addressing
rising health care costs, the OSA
epidemic and its impact on periop-
erative medicine represent a prime
target for large-scale investments

in research and policy endeavors.
Learning from the impact that wide
spread support for the periopera-
tive management of cardiac disease
and diabetes has had on outcomes
and evidence based care, it seems

obvious that OSA as a disease com-
plex can no longer be ignored as a
major public health problem. «*
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of sleep loss have negative impacts on
productivity and safety. Presentee-
ism - attending work in a suboptimal
state - abounds but is difficult to mea-
sure. The safety implications involve
ourselves (for example, driving home
after a lengthy time on duty) and

our patients (as, for example, our
vigilance suffers and decision mak-
ing capacities diminish). Anesthesia
under such circumstances has been
characterized as “the half asleep look-
ing after the half awake”

Sleep has essential restorative powers
but is not a passive state and impor-
tant activities occur during it. Mem-
ory consolidation is one of these [5].
What irony there is in undertaking
late night study and cramming for

exams at the expense of the sleep re-
quired to consolidate that knowledge
the sleep-deprived student desires.

The implications for ourselves are
obvious, but the challenges of dealing
with them difficult. Should we make
more time for sleep? How do we
balance this against our work? How
do we squeeze in social and family
life? How do trainees get enough
clinical experience if work schedules
are made “even” more sleep friendly?
Who will do the work if you are not
there? But... are you overdoing it?
Are you as effective as you think you
are? Are you as vigilant as you ought
to be? Even... do you leave enough
time for self-reflection, including
about your sleep needs?

4  Society of Anesthesia & Sleep Medicine ¢ Volume 2 ¢ Issue 3 ¢ 2013

In thinking about the various aspects
of sleep and anesthesia, we need to
think about these matters too. As the
knights of St. John might have said,
in citing Luke 4:23, “physician heal
thyself™. <
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Is There a Real reason to Study OSA? Recent Trends in Literature

For every clinician who has
encountered challenging OSA
cases and wondered about the

best way to manage them, there

are probably some who think that
OSA is a modern-day creation

that has little independent effect

on outcomes. It is also postulated
that the coexisting conditions of
OSA are primarily responsible for
the increased risk of postopera-

tive respiratory failure. Certainly,
this notion is not without merit.
There are several interesting aspects
of early postoperative respiratory
failure that highlight the value of
further study into OSA. However,
recent large retrospective studies
have shown that there are clinically
relevant relationships between sleep
disordered breathing, high risk of
OSA and postoperative outcomes
including respiratory failure, ICU
stay, treatment costs and postopera-
tive mortality.

Mokhlesi and colleagues [1] show
that despite the increased indepen-
dent association of SDB with post-
operative cardiopulmonary compli-
cations, the diagnosis of SDB was
not independently associated with
increased in-hospital death. This
finding may have implications for
current concepts on risk of sud-
den postoperative death. Indeed in
one previous study, the frequency
of sudden unanticipated death was

less than 1:2,000 to 1:12,500 [2].
Mokhlesi’s study was performed on
over 1 million patients over several
100 hospitals. The lack of increased
mortality in the SDB group may
suggest increased levels of moni-
toring in high-risk patients, ear-
lier treatment secondary to more
significant hypoxemia and greater
response to early treatment. The
effectiveness of early CPAP seen in
Squadrone’s study [3] could very
well reflect greater responsiveness
to CPAP secondary to upper airway
obstruction. Perhaps more inter-
estingly, SDB was associated with
earlier postoperative respiratory
failure when compared to patients
without SDB and had lower length
of stay, total charges, pneumonias
and in-hospital death compared

to patients without SDB [1]. This
again points to two important fac-
tors: SDB in general, and OSA in
particular, is responsive to early air-
way interventions. Second, the risk
period of intubation far preceded
previously appreciated increases in
postoperative SDB. So why is there
this dichotomy between research
findings of timing of early postop-
erative intubation (peaks on day

1) and increased apneas (peaks on
days 3-5)? Are the patients with
SDB who develop early postop-
erative respiratory failure different
from others who don’t? If so, can
we predict this preoperatively?

Society of Anesthesia & Sleep Medicine ¢ Volume 2 ¢ Issue 3 ¢ 2013

Lockhart and colleagues [4] used a
prospective cohort design to evalu-
ate the influence of high risk of
OSA or prior diagnosis of OSA on
postoperative mortality. The study
sample included 14,962 patients,
of whom 1939 (12.9%) reported a
history of OSA. The four screening
tools that were evaluated identified
a high prevalence of undiagnosed
patients at risk for OSA (9.5%-
41.6%). There was no significant
difference in 30-day postoperative
mortality between patients with
possible OSA and the rest of the
surgical population. On adjusted
analyses, preoperative OSA screen-
ing failed to predict mortality rate
up to one year postoperatively. This
study highlights challenges with
screening of large populations for
rare outcomes (30-day postopera-
tive mortality is still relatively rare)
and the differences in accurate
screening of disease conditions vs.
screening of outcome states. On the
other side, this study was con-
ducted in a single center that was
focused on outcome modification
with OSA, and that inherent bias
may have impacted outcomes.

These two large studies have ig-
nited the debate in the scientific
community about mechanisms of
OSA and postoperative respira-
tory failure and overall impact of

continued on next page
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“Is There a Real reason to Study OSA? Recent Trends in Literature” continued from previous page

outcomes modification with ad-
ditional monitoring, therapy and
hospitalization. In summary, the
first 72 hours following surgery
have direct implications for re-
spiratory morbidity. Respiratory
failure caused by opioid use in the
postoperative period peaks in the
first 24 hours after surgery, whereas
the incidence of significant postop-
erative hypoxemia and sleep-related
breathing abnormalities continues
through and peaks on the third
postoperative night [5-7]. Con-
comitant with these physiological
changes, the risk of unanticipated
respiratory failure increases during
the first three postoperative days.
Early postoperative respiratory
failure occurs in 0.2-3.8% of cases
and is associated with an indepen-
dent 9-fold increase in mortality.
Although postoperative respiratory
complications are associated with

a 12-fold increase in patient care
costs, in addition to the significant
impact on mortality, similar costs
are not seen with increased respi-
ratory failure associated with OSA
in retrospective analyses of large
databases. The existing “phenotyp-
ic” prediction model for early post-
operative respiratory failure shows
modest discrimination and limited

modifiability. The early postopera-
tive period also captures the most
intense clinical interaction between
patients and healthcare providers,
and carries a high potential for in-
novation to influence risk-benefit
relationships.

Based on higher success and lower
costs with early airway interven-
tion, OSA still presents an excel-
lent, minimally explored oppor-
tunity for studying prediction and
mechanisms of early postoperative
respiratory failure. First, OSA is

a highly prevalent condition that
affects ~ 25% of middle-aged men
and ~ 10% of middle-aged women,
with significant impact on quality
of life, life expectancy, cardiovascu-
lar disease, respiratory disease and
several other end-organ abnormali-
ties, in common with the meta-
bolic syndrome. Second, emerging
evidence suggests an independent
3-fold increase in the rate of early
postoperative respiratory failure in
patients with high risk of OSA. Pre-
vious diagnosis of OSA is associat-
ed with a 2-fold increase in respira-
tory complications after surgery.
Third, the metabolic syndrome
“complex” of obesity, diabetes mel-
litus and hypertension encapsulates

independent risk features of OSA,
and has been shown to indepen-
dently increase perioperative
morbidity. This provides additional
scientific rationale for choosing
OSA as a target clinical model to
study early postoperative respira-
tory complications. Further, it is
unknown if these individual com-
ponents of OSA improve prediction
of perioperative respiratory failure
better than the simple knowledge of
diagnosis or risk features of OSA.
This major knowledge gap signifi-
cantly impacts perioperative care
of patients with OSA due to inad-
equate rigorous outcomes data in
literature. <
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tee activities. If you are interested
in contributing to SASM activities,
please review the SASM organi-
zational structure on the SASM
website to determine the commit-
tee of your interest, and email your
request to Francis Chung, President
Elect of SASM. <+
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Is There a Role For Positive Airway Pressure Therapy For OSA Patients in the

Perioperative Setting?

There is growing consensus that
patients with known or suspected
obstructive sleep apnea (OSA) are
at increased risk for cardiorespi-
ratory complications following
surgery [1, 2]. A number of proto-
cols have been published suggesting
interventions that might be ex-
pected to reduce the risk of post-
operative complications in these
patients [1, 3, 4]. Common to all of
these protocols is the recommenda-
tion that positive airway pressure
therapy (PAP = CPAP or Bilevel
PAP) be utilized postoperatively for
patients with known OSA on PAP
therapy at home and be considered
for those at high risk for OSA but
not yet diagnosed or on therapy.
However, to date there is limited
data regarding the effectiveness of
PAP therapy in the postoperative
setting in patients with known or
suspected OSA. The recently pub-
lished study by O’Gorman et al [5]
is the first controlled trial attempt-
ing to better understand the role of
PAP therapy for surgical patients
with OSA, though it raises more
questions than answers.

PAP therapy remains the first-line
treatment for OSA [6]. It improves
daytime sleepiness, quality of life,
metabolic parameters, left ventricu-
lar function, blood pressure control

and may reduce the rates of nonfa-
tal and fatal cardiovascular events
[7-11]. PAP devices accomplish
these outcomes by stabilizing the
upper airway, decreasing the num-
ber of apneic episodes, decreasing
the duration of apneic episodes
and improving oxygenation. All of
these effects seem to be beneficial
in the postoperative period, as the
residual effects of anesthetics and
the use of opioids for pain control
may aggravate OSA.

It seems intuitive that patients with
known OSA already on PAP ther-
apy utilize their prescribed therapy
up until the day of surgery, and
then be placed back on it as soon
as possible postoperatively. Sur-
prisingly, there are no adequately
controlled studies to verify that this
is of benefit. Case series data from
the 1990s suggested that the use of
PAP therapy could reduce postop-
erative complications in OSA pa-
tients [12]. Another retrospective
study of OSA patients undergoing
lower extremity joint replacement
surgery reported improved out-
comes in patients utilizing CPAP
perioperatively, although the subset
of patients was too small to statisti-
cally analyze and the study was not
controlled [13]. Aside from the
limited data, concerns have also

been raised about the effectiveness
of previously determined fixed PAP
pressure settings in controlling
OSA and preventing hypoxia in the
postoperative setting [14]. In ad-
dition, a recent retrospective study
found that OSA patients receiving
autotitrating PAP (APAP) therapy
within a week of their surgery tend-
ed to be poorly compliant in the
first 30 days of therapy [15]. While
clearly more and better quality data
is needed, there may be benefit and
likely little risk, to keeping patients
already on PAP therapy at home for
OSA on treatment postoperatively.

Perhaps the more difficult clinical
situation is what to do with patients
who are identified as being at high
risk for OSA, but are not yet diag-
nosed, and have surgery planned in
the very near future. Should these
patients have their surgery delayed
in order to undergo diagnostic test-
ing and therapeutic intervention
prior to surgery? This approach
would be quite labor intensive and
certainly would wreak havoc on
surgery schedules. Should these
patients identified as being at high
risk for OSA be monitored more
closely postoperatively? This seems
to make sense though again would
likely require increased resource

continued on next page
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continued from previous page

utilization, depending on the in-
tensity of monitoring. Or, should
these patients be empirically placed
on PAP therapy postoperatively?
While the first 2 approaches lack
data to aid in clinical decision-
making, the last approach has now
been evaluated in the recent study
by O’Gorman et al [5].

In this prospective, randomized
and controlled study, 138 patients
undergoing elective total knee or
hip arthroplasty were screened for
OSA risk by the Flemons sleep ap-
nea clinical score. Those considered
at low risk for OSA (52 patients)
received standard perioperative
care. Those scoring as high risk for
OSA (86 patients) were randomized
to either standard perioperative
care or standard perioperative care
plus postoperative APAP (n=43 in
each group). Overnight oximetry
was performed on the first postop-
erative night and a limited channel
cardiorespiratory sleep study (Em-
bletta) was performed off therapy
on the night before discharge. The
authors hypothesized that patients
identified as being high risk for
OSA and randomized to APAP
therapy would experience a shorter
hospital length of stay (primary
outcome) and less postoperative
complications than those managed
with standard care alone. An inten-
tion to treat analysis was used for
analyzing the primary outcome.

There were no significant differenc-
es in length of stay or postoperative
complication rates between the two
groups, suggesting no benefit to the
use of APAP in the postoperative

setting. In fact, on subgroup analy-
sis of the patients with an AHI >15
by the inpatient Embletta study, the

group placed on APAP had a 1 day
longer length of stay (p=0.02) than
the standard care group. While
these results might be considered
disappointing, several factors from
the study warrant discussion before
we completely dismiss the idea of
empiric PAP therapy in high-risk
patients.

In the group randomized to APAP
(n=43), 38 patients utilized the
device postoperatively whereas 5 ei-
ther refused (n=1), were not placed
on APAP due to a process failure
(n=2) or had loss of data from the
device (n=2). In those who did use
APAP therapy, the median time

on APAP the first night was 373
minutes (just over 6 hours), but de-
creased significantly to a median of
only 184.5 minutes per night (just
over 3 hours) for their postopera-
tive hospital stay. Unlike the earlier
mentioned retrospective study that
also found limited perioperative
compliance with newly initiated
PAP therapy [15], patients in this
study received intensive PAP edu-
cation, including verbal and video
instruction, mask fitting and a PAP
trial postoperatively. Interventions
to improve PAP compliance in the
perioperative setting should be
evaluated, as it’s conceivable that
improved compliance could im-
prove outcomes.

Aside from the overall poor com-
pliance with PAP therapy, the
machine estimated median AHI
was 13.5 with only 14 of the 38 pa-
tients achieving “effective control”
of their sleep apnea postoperatively
(defined as an AHI <10). While
there appeared to be no significant
issues with mask leak, the APAP
devices used in the study were not

8 Society of Anesthesia & Sleep Medicine ¢ Volume 2 ¢ Issue 3 ¢ 2013

able to differentiate central from
obstructive events and thus did not
increase the pressure in response to
apneas if the machine had already
reached 10 cm H,O. Therefore,
additional work is needed to
determine how to achieve more
effective PAP therapy in the post-
operative period. Taken together,
the suboptimal control of the OSA
coupled with limited time on PAP
therapy raises concerns that under
treatment may mask any potential
benefits that PAP therapy might of-
fer in this setting.

Of interest, the patients random-
ized to APAP postoperatively
experienced significantly more
nocturnal hypoxia on the first
postoperative night as compared

to the high-risk group treated

with standard care alone. Per their
institution’s protocol, all patients
received oxygen at 2 L/min on the
first postoperative night and thus
the authors’ postulate that this dif-
ference may have been the result of
a reduction in the fractional oxygen
concentration inspired in the APAP
group due to the oxygen being di-
luted during bleed-in to the APAP
devices. Another consideration is
that the APAP devices may have
led to worsening hypoventilation
and one wonders if an autoadjust-
ing bilevel pressure device would be
more effective postoperatively.

And finally, it is important to note
that, despite the rigorous and ex-
cellent methodology of the study,
it was underpowered to detect a
difference in the primary outcome
(length of stay). In addition, the
overall rate of complications (16%)
was much lower than anticipated

continued on page 10
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Experimental Pain and Opioid Analgesia in Volunteers at High Risk for Obstruc-

tive Sleep Apnea

large fraction of surgical pa-

tients suffer from obstructive
sleep apnea (OSA) [1, 2], which
might increase their risk for post-
operative respiratory complications
mainly due to drug-induced airway
compromise [3-5], especially when
[-opioid receptor agonists are
administered to treat pain [6, 7]. In
that context, the objective of this
investigation was to characterize
pain processing and opioid anal-
gesia in male volunteers who were
recruited based on a formal diagno-
sis or their risk for OSA [8]. Using
experimental models for heat- and
cold-induced pain, the study exam-
ined the effect of sleep disruption
on pain processing and opioid anal-
gesia. Based on prior evidence from
pediatric surgical patients with
OSA [9, 10], the authors hypoth-
esized that preoperative nocturnal
hypoxemia would be associated
with a decreased sensitivity to pain-
ful stimuli and increased potency
to opioid analgesia, while they also
investigated the role of specific
inflammatory and hypoxia markers
in predicting sensitivity to pain and
opioid analgesic effect.

Thresholds and tolerances for
experimentally induced heat- and
cold- related pain, were assessed
in volunteers at risk for OSA, at

baseline, placebo, and during an
opioid (remifentanil) infusion
targeting at two different effect site
concentrations (1 and 2 mcg/mL,
presented in random order). Vol-
unteers also underwent over-night
polysomnography and blood draw
for determination of inflammatory
(interleukin [IL]-6, IL-1f; tumor
necrosis factor-o. [TNF-ot]) and
hypoxia (erythropoietin [EPO],
insulin growth factor binding
protein-1 [IGFBP-1], vascular
endothelial growth factor [VEGF])
markers. Mixed linear regression
analysis was employed to assess

in 43 volunteers the effect of sleep
fragmentation (indicated by time
spent awake after sleep onset, and
the number of sleep stage shifts

in nocturnal polysomnography),
nocturnal hypoxemia (indicated by
the nadir nocturnal arterial satu-
ration [Sa0,]), and the examined
biomarkers on heat- and cold-pain
parameters, as well as their change
under remifentanil infusion.

Lower nadir SaO, and increased
serum levels of IGFBP-1, TNF-q,
and IL-1[ were associated with en-
hanced analgesic potency for remi-
fentanil, while increased IGFBP-1
was also associated with higher heat
and cold pain threshold at baseline.
Statistical model adjustment for the

presence of inadequate/fragmented
sleep in these subjects supported an
independent association of hypoxia
and inflammation with opioid anal-
gesic pharmacology.

These findings support previous
clinical evidence in children where
recurrent nocturnal hypoxemia
increased sensitivity to the analge-
sic effect of morphine (i.e., children
with a nadir arterial SaO, <85%
required half the dose of morphine
to treat post-adenotonsillectomy
pain) compared with those with
nadir SaO, > 85% [9, 10]. Further-
more, this effect is also supported
by experimental evidence where
the application of intermittent
hypoxia up-regulated p-opioid
receptors in developing rats [11,
12]. In contrast, a different clinical
investigation has recently dem-
onstrated that African American
children with OSA required more
opioids for postoperative pain man-
agement and experienced longer
post-anesthetic recovery due to
inadequate pain control, compared
with Caucasian children suffering
from OSA [13]. The presence of
such contradictory findings in the
literature is characteristic of the
highly complex physiology under-
lying the examined outcomes and

continued on next page
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the need to control for multiple
confounders. Since demonstrating
an independent effect of nocturnal
recurrent hypoxemia on pain and/
or opioid analgesic sensitivity may
be confounded by several other
parameters including sleep quality
(adequate vs. short, continuous vs.
disrupted, light vs. deep sleep) and
genetic predisposition, much larger
studies are required to demonstrate
such an effect, especially if the latter
is of medium-to-small size. Al-
though the relatively small size, as
well as the experimental character
of the present investigation necessi-
tates its replication in larger clinical
populations [8], this study is the
first to link intermittent hypoxia
and serum markers of systemic

inflammation to pain and opioid
analgesic sensitivity phenotypes. **
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and so it is very likely that the
number of subjects enrolled was
far too few to detect any clinically
meaningful difference in complica-
tion rates.

At this point, the role of empiric
APAP therapy in the postopera-
tive setting for patients at high risk
for OSA clearly warrants further
study. Large, well-designed, con-
trolled multicenter trials will be
required to determine if and how
this therapy may optimally benefit
our patients and, hopefully, led to
improved patient outcomes. **
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