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ABSTRACT
Background: Many institutions have organized specialized
groups of ambulatory surgery anesthesiologists with the aim of
improving ambulatory surgery patient care and efficiency. We
hypothesized that specialized ambulatory anesthesia teams
produce better patient outcomes such as lower postoperative
nausea and vomiting (PONV) rates, lower postoperative pain
scores, and shorter postanesthesia care unit (PACU) lengths of
stay (LOS).

Methods: In this prospective observational study, we collected
outcomes data on 1,299 patients including incidence of PONV,
PACU LOS, maximum and average pain scores, amount of
postoperative opioid use, and rescue antiemetic use.

Results: Ambulatory anesthesiologists had statistically shorter
phase 2 PACU LOS times (P < .05) and overall recovery times
(P < .01). The PONV incidence odds ratio for ambulatory
versus nonambulatory anesthesiologists was 1.31 (95% CI
1.01-1.72). We found no significant difference in the amount of
postoperative opioid use, maximum postoperative pain scores,
or PACU phase 1 LOS time.

Conclusions: The decreased PACU LOS for the study group’s
patients occurred despite the increased incidence of PONV.
Ambulatory anesthesiologists contributed to decreased PACU
LOS while practicing evidence-based anesthesia with regard to
PONV and pain control. Ambulatory subspecialization may
benefit institutions as a way to increase perioperative efficiency
and improve surgeon and patient satisfaction.

INTRODUCTION
Ambulatory surgery has experienced exponential

growth over the past 20 years, and ambulatory
surgery unit efficiency has become essential to a
successful ambulatory practice. In today’s environ-
ment of cost cutting, decreasing reimbursements, and
competition for patients and surgeons, improved
patient outcomes in an ambulatory surgery unit may
result in cost savings from decreased unexpected
overnight hospital stays and shorter postanesthesia
care unit (PACU) recovery times, as well as lead to
increased patient convenience and satisfaction.1

Postoperative nausea and vomiting (PONV) and
postoperative pain are the most frequent complica-
tions in ambulatory surgery patients, affecting patient
recovery, discharge, and overall satisfaction.

The incidence of postdischarge symptoms at our
institution for gynecologic procedures (predominantly
using laparoscopy) has been reported as 17% for
nausea and 7% for vomiting, as well as drowsiness in
62%, sore throat in 49%, aches in 47%, headache in
25%, and dizziness in 20%.2 Wu et al3 reviewed the
frequency of occurrence of postdischarge symptoms
in outpatients in a metaanalysis. The overall incidence
of postdischarge symptoms was 45% for pain, 17% for
nausea, 8% for vomiting, and 17% for all headaches.
They also found a 42% incidence of drowsiness, 18%
for dizziness, 21% for fatigue, 31% for myalgia, and
37% for sore throat. Moderate to severe pain occurred
in 25%-35% of these outpatients.

Many large tertiary care educational institutions
have a specialized group of anesthesiologists dedicat-
ed to ambulatory surgery cases. These specialized
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groups have been developed with the aim of improving
patient care through more standardized practices,
greater specialized knowledge, and better working
relationships with surgical and nursing colleagues.
Many large academic anesthesiology practices have
accepted the notion that subspecialization provides
certain benefits such as more consistent care, a higher
degree of state-of-the-art knowledge, better teaching,
and better working relationships among the subspe-
cialty anesthesia faculty.4

Our hypothesis was that specialized ambulatory
anesthesiologists would demonstrate better patient
outcomes than anesthesiologists who rarely perform
outpatient surgery cases because of the ambulatory
specialists’ experience working in a high turnover
environment; their greater familiarity with PONV risk
stratification, prophylaxis, and treatment guidelines;
their use of more effective techniques for treating
postoperative pain in a high turnover environment;
and their familiarity with the surgeons and specifics of
surgical procedures.

No previous studies have specifically compared
outcomes for ambulatory versus nonambulatory
anesthesia specialists. This prospective observational
study evaluated outcomes measures of PONV, pain,
and PACU length of stay (LOS) for the 2 anesthesi-
ologist groups.

METHODS
This study was approved by the hospital institu-

tional review board in July 2005. Data were collected
for 1,299 ambulatory surgery cases from September 1,
2005, to June 15, 2007, at a major tertiary care
academic center in Boston, MA. Patient inclusion
criteria were American Society of Anesthesiologists
(ASA) class 1 and 2 females undergoing common
ambulatory surgery gynecologic procedures under
general anesthesia. Patients were excluded from the
study if they had a history of chronic pain medication
use, significant comorbidities (ie, ASA status ‡ 3), or
current pregnancy. The study included cases handled
by both ambulatory and nonambulatory anesthesiol-
ogists. The study group consisted of day surgery
cases performed by an experienced ambulatory
anesthesiologist, defined as an established member
of the ambulatory team who had performed at least
100 day surgery cases within the previous year that
met the inclusion criteria listed above. The control
group consisted of ambulatory surgery cases per-
formed by a nonambulatory anesthesiologist: some-
one who was not a member of the ambulatory
anesthesia team and who did not routinely perform
ambulatory surgery cases (ie, < 20 total ambulatory
cases within the past year). Comparison of patient
outcomes for these 2 anesthesiologist groups formed
the basis for this study.

Basic demographic data collected included pa-
tient’s age, gender, and weight. We noted history of
PONV, motion sickness, smoking, and chronic pain,
as well the type and duration of surgery. Only female
patients undergoing common gynecologic proce-
dures under general anesthesia were included in this
study to provide for a more accurate comparison
between the study groups. We recorded the times,
doses, and routes of administration of analgesics,
antiemetics, and local anesthetics administered dur-
ing the intraoperative course. The type of general
anesthesia induction technique and use of nitrous
oxide and propofol were recorded. The data collected
during the postoperative course included incidence of
nausea, vomiting (if any), antiemetic and pain
medication use, LOS during PACU phases 1 and 2,
and average and maximum pain scores. For each
case, we also recorded whether the attending
anesthesiologist was a member of the ambulatory or
nonambulatory anesthesia group, according to the
definitions above.

In this prospective, observational study, care
provided by anesthesiologists and nurses was not
altered. Each anesthesiologist developed and execut-
ed an anesthetic plan—including the administration of
any prophylactic antiemetics—according to his or her
usual practice. Anesthesia was administered by
residents in training, nurse anesthetists supervised
by an attending anesthesiologist, or by an attending
anesthesiologist working alone. Recovery room nurs-
es followed the standard postoperative protocols at
our institution for the administration of antiemetics and
analgesics.

The anesthesia providers documented care using
paper anesthesia charts in a routine fashion, and a
research assistant transferred data from the chart to
an electronic database immediately after surgery. The
assistant followed each patient through her recovery
and recorded data on recovery room parameters,
including nausea/vomiting scores, rescue antiemetics
received, and recovery room stay times. Missing or
unclear data were corrected by consulting the
anesthesiologist or nurse responsible for document-
ing the data. If patient data were incomplete for any
reason, the case was excluded from the study.

Times, doses, and routes of administration of
induction agents, analgesics, antiemetics, and other
drugs used during the perioperative period were
recorded until the time of discharge. For analgesics,
an equivalent dose was calculated for each drug to
permit summing equivalent doses. Celecoxib, rofe-
coxib, ketorolac, fentanyl, morphine, and hydromor-
phone were used. The equivalent doses used were
obtained from the medical literature.5-7 Numeric pain
scores (0 to 10 where 0 ¼ no pain and 10 ¼ worst
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imaginable pain) were recorded at 30-minute intervals
during recovery until discharge. Both average and
maximum pain scores were recorded. Other data
recorded in the PACU included the time the patient
spent in phase 1 and phase 2 recovery, respectively.

We identified the differences between the study
and control groups. The primary outcomes of interest
were the incidence of PONV and the length of PACU
stay for patients whose anesthesia was provided by
ambulatory compared to nonambulatory anesthesiol-
ogists. We also examined the maximum and average
pain scores during recovery, the amount of postop-
erative narcotic use, and rescue antiemetic use.

We assessed the comparability of patient and
procedure characteristics and intraoperative variables
between the study group and the control group using
the independent samples t test for continuous vari-
ables and the chi-square test for dichotomous and
categorical variables. For the odds ratios for PONV
and PONV requiring treatment, multivariate logistic
regression models controlled for history of smoking,
history of PONV, history of motion sickness, and type
of surgery. Least-squares regression assessed the
differences in average and maximum pain score, total
postoperative narcotic requirement, and PACU length
of stay, controlling for type of surgery. P values � .05
were considered significant. All analyses were per-
formed using SAS 9.1 (SAS Institute Inc, Cary, NC).

RESULTS
We collected data for 1,299 patients whose

surgeries were staffed by either an ambulatory (study

group) or a nonambulatory (control group) anesthe-
siologist. Table 1 shows patient demographic factors
and type of surgery for all patients, for the study
group, and for the control group. We found no
significant difference in patient demographics, sur-
gery characteristics, or PONV risk factors except for a
higher incidence of motion sickness history in the
study group (39.3% vs 30.7%, P < .01).

Patients underwent 1 of 6 ambulatory surgery
gynecologic procedures: breast biopsy, partial mas-
tectomy, hysteroscopy, hysteroscopic myomectomy,
pelviscopy, or laparoscopic tubal ligation.

Table 2 shows anesthetic induction and mainte-
nance techniques as well as antiemetics and analge-
sics administered. The study group had significantly
lower use of intravenous induction with and without
nitrous oxide compared to the control group (21.9%
and 24.7% vs 41.0% and 56.8%, respectively).
Inhalation induction use was much higher in the
study group (35.8%-17.4% vs 1.6-0.4%, respectively)
(all P < .01).

The ambulatory (study) group had significantly
higher use of intraoperative dexamethasone, scopol-
amine patch, intraoperative metoclopramide 10 mg,
intramuscular ephedrine, and nonsteroidal antiinflam-
matory drugs (NSAIDs) but significantly less use of
the intraoperative opioid fentanyl. Intraoperative on-
dansetron was administered significantly more fre-
quently by the control group, and surgeon infiltration
of the wound with local anesthetic occurred more
frequently in the control group as well.

Table 1. Patient Demographics and Surgery Details

Variable
All Patients
(n¼1,299)

Study Group
(n¼748)

Control Group
(n¼551) P Value

Mean age in years (SE) 46.7 (0.3) 46.8 (0.5) 46.5 (0.5) .58
Mean weight in kilograms (SE) 67.8 (0.4) 67.5 (0.5) 68.2 (0.6) .37
Gender (% female) 100.0 100.0 100.0 -

History of PONV (%) 26.2 26.5 25.8 .78
History of motion sickness (%) 35.6 39.3 30.7 < .01
History of smoking (%) 10.8 11.0 10.5 .80

Mean surgery duration in minutes (SD) 52.0 (1.1) 50.5 (1.3) 54.0 (2.0) .14
Surgery type (%)

Simple breast biopsy/lumpectomy 16.6 16.6 16.5 .98
Partial mastectomy 10.3 10.0 10.7 .69
Hysteroscopy 35.4 36.5 33.9 .34
Myomectomy 7.7 7.4 8.2 .59
Pelviscopy 24.1 23.4 25.1 .49
Tubal ligation 5.9 6.2 5.6 .69

PONV, postoperative nausea and vomiting; SD, standard deviation; SE, standard error
Study group: attending ambulatory anesthesiologists
Control group: attending nonambulatory anesthesiologists
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Table 3 presents PONV outcomes measures.
Even after controlling for various patient-, anesthetic-,
and surgery-related factors (gender, history of smok-
ing, history of PONV or motion sickness, narcotic use,
and surgery type and duration) in a multivariate
analysis, the ambulatory anesthesiologists had higher
PONV rates. The PONV incidence odds ratio for
ambulatory compared to nonambulatory anesthesiol-
ogists was 1.31 (95% CI 1.01-1.72), and the odds ratio

for the rate of PONV requiring treatment with at least 1
antiemetic was 1.44 (95% CI 1.05-1.98).

PACU pain outcomes and treatments were not
different between the 2 groups (Table 3). The
difference in PACU phase 1 stay time was not
statistically significant. However, the study group
had a statistically shorter phase 2 PACU stay time
and, consequently, a statistically shorter total PACU
stay time than the control group.

Table 2. Anesthetic Information

Variable
All Patients
(n¼1,299)

Study Group
(n¼748)

Control Group
(n¼551) P Value

Type of anesthesia (%)

IV induction with N2O intraop 30.0 21.9 41.0 < .01
IV induction without N2O intraop 38.3 24.7 56.8 < .01
Inhalation induction with N2O intraop 21.3 35.8 1.6 < .01
Inhalation induction without N2O intraop 10.1 17.4 .4 < .01
Total IV anesthesia 1.9 .7 3.6 < .01
Propofol used (if IV induction) 100.0 100.0 100.0 -
Sevoflurane used (for maintenance) 100.0 100.0 100.0 -

Prophylactic ondansetron (%) 49.2 36.8 66.1 < .01
Dexamethasone (%) 53.6 60.6 44.1 < .01
Scopolamine patch (%) 22.6 27.9 15.4 < .01
Prophylactic metoclopramide ¼ 10 mg (%) 70.8 77.8 61.2 < .01
Prophylactic metoclopramide ¼ 20 mg (%) 4.3 4.3 4.4 .95
Prophylactic IM ephedrine (%) 7.2 11.2 1.8 < .01
Preoperative/intraoperative NSAID use (%) 62.1 71.5 49.2 < .01
Local anesthetic infiltration (%) 72.4 68.3 77.9 < .01
Mean intraoperative fentanyl dose [mcg (SE)] 74.8 (2.2) 51.3 (2.3) 106.8 (3.8) < .01

IM, intramuscular; intraop, intraoperative; IV, intravenous; N2O, nitrous oxide; NSAID, nonsteroidal antiinflammatory drug; SE, standard error
Study group: attending ambulatory anesthesiologists
Control group: attending nonambulatory anesthesiologists

Table 3. Postoperative Nausea and Vomiting (PONV) Outcomes

Outcome
All Patients
(n¼1,299)

Study Group
(n¼748)

Control Group
(n¼551) P Value

Crude PONV rate (%) 25.9 27.9 23.1 .05
Rate of PONV requiring treatment with

at least 1 antiemetic in PACU (%) 16.7 18.7 14.0 .02
Mean number of postoperative rescue

antiemetics (SE) .17 (.01) .19 (.01) .15 (.02) .04
Amount of narcotic equivalent use (SE) .31 (.01) .33 (.02) .35 (.02) .45
Average pain score (SE) 1.88 (.05) 2.02 (.08) 1.99 (.07) .58
Maximum pain score (SE) 3.49 (.07) 3.73 (.10) 3.72 (.11) .92
PACU phase 1 time (min) (SE) 82.1 (1.3) 85.3 (1.8) 88.6 (2.1) .07
PACU phase 2 time (min) (SE) 60.8 (1.3) 61.8 (1.9) 66.0 (2.2) .05
Combined phase 1 & 2 time (min) (SE) 142.9 (2.0) 147.2 (2.8) 154.6 (3.1) .01

PACU, postanesthesia care unit; SE, standard error
Study group: attending ambulatory anesthesiologists
Control group: attending nonambulatory anesthesiologists
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DISCUSSION
Formal grouping of anesthesiologists practicing in

a specific subspecialty area is common in pain
management, cardiac surgery, intensive care, and
pediatrics. Many anesthesiologists have received
additional training in their area of clinical interest.
Theoretically, subspecialization in anesthesia can
lead to better evidence-based care, better adherence
to institutional care guidelines, better knowledge of
surgical procedures, and better rapport with surgical
and nursing colleagues.1 On the other hand, much of
the published literature does not consistently provide
conclusive data on the relative benefits or costs of
subspecialization in anesthesiology.8 No study to
date has specifically examined the effect of ambula-
tory anesthesia subspecialization on patient out-
comes such as PONV, pain, and PACU LOS.

The present study examined whether anesthesi-
ologists subspecializing in ambulatory anesthesia
demonstrated better patient outcomes than nonam-
bulatory anesthesiologists. The outcomes examined
included PONV, PACU LOS, antiemetic use, maxi-
mum pain scores, and total postoperative narcotic
requirements. Comparison of patient outcomes
showed conflicting results. The most significant
finding was that patients who received anesthesia
by ambulatory anesthesiologists had significantly
lower PACU phase 2 and total PACU LOS times
(147.2 minutes vs 154.6 minutes, P ¼ .01) compared
to nonambulatory anesthesiologists after controlling
for patient factors and surgery length. Motion sick-
ness was more common in patients in the ambulatory
group. However, even after controlling for high PONV
risk patients and surgery length, the ambulatory
group had higher incidence of PONV (27.9% vs
23.1%, P ¼ .05) and of PONV requiring at least 1
treatment in the PACU (18.7% vs 14.0%, P¼ .02). No
significant difference in postoperative pain scores
between the two groups was found.

The decreased PACU total LOS time for the
ambulatory group is consistent with our hypothesis
but is rare in the existing literature. Röhm et al9

showed no difference in PACU LOS and recovery of
cognitive function regardless of whether a total
intravenous anesthesia or a desflurane/fentanyl gen-
eral anesthetic technique was used. Similarly, Montes
et al10 compared recovery characteristics of remifen-
tanil/propofol and sevoflurane/fentanyl techniques,
showing that variability in anesthetic technique helped
to achieve home readiness criteria in a significantly
shorter time but did not shorten PACU LOS. The
authors attributed this result to multiple nonmedical
and administrative factors. Chung and Mezei11 iden-
tified predictors for prolonged postoperative stay after
ambulatory surgery, concluding that the PACU LOS is

mostly determined by the type and length of surgery;
by adverse events such as excessive pain, PONV,
dizziness, and drowsiness; and by patient comorbid-
ities such as congestive heart failure. Seago et al12

found that postoperative pulmonary and cardiovas-
cular status, overall pain, and length of surgery
contributed significantly to PACU LOS. However, the
authors admitted that intraoperative factors and
individual physician practice styles may have contrib-
uted to the variability in LOS, in addition to nursing
staffing and other organizational factors. In our study,
the shorter LOS may be related to the ambulatory
specialists’ practice patterns, such as the goal to
titrate minimal necessary anesthetic depth, as well as
the experience of the ambulatory team.

The ambulatory anesthesiologist group had a
significantly higher percentage of patients with PONV
(Table 3). The ambulatory group followed the then-
current PONV consensus guidelines (2003)13 that
recommended the use of multimodal therapy for high-
risk patients14,15 but did not preferentially recommend
the use of a serotonin antagonist. Also, at that time,
our institution recommended minimizing the use of
ondansetron in prophylaxis as a cost-conservation
measure; the ambulatory group largely followed the
institution’s recommendation, using ondansetron pri-
marily for treatment (1 mg). The use of ondansetron
for treatment rather than prophylaxis followed the
then-available data from Scuderi et al16 that showed
no difference in time to discharge, rate of unantic-
ipated admission, time to return to normal activity, and
patient satisfaction scores when patients were given
PONV treatment compared to prophylaxis.

Generic ondansetron became available in our
institution in March 2007, and only a small number of
study patients would have been affected by this
change. Our supplementary statistical analysis that
took this change into consideration did not show any
statistically significant effect on PONV rates, PACU
LOS, or pain scores for patients after March, probably
because the institution’s recommendation had not yet
been modified. The 2007 PONV guidelines17 devel-
oped by the Society for Ambulatory Anesthesia
appeared after the enrollment of patients in this
study. A follow-up study at our institution could be
performed to ascertain whether the 2007 published
guidelines affected practice patterns.

The differences in PONV rates may also have
been the result of variations in intraoperative anes-
thetic practices such as prophylactic antiemetic use,
stricter adherence to antiemetic protocols, and better
adherence to evidence-based practice in the ambu-
latory anesthesiologist group. In addition, general
anesthetic induction and maintenance techniques
were different between the 2 groups. Intravenous
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induction with or without maintenance with nitrous
oxide was performed more frequently by nonspecial-
ists in the control group, whereas inhalation induction
with or without nitrous oxide was more common in the
ambulatory specialist group. Reasons for this differ-
ence might include the ambulatory specialists’ desire
to teach residents inhalation induction and airway
management techniques, or the nonspecialists’ lack
of experience with this technique. Philip et al18

compared vital capacity inhaled induction with sevo-
flurane and nitrous oxide to intravenous induction with
propofol for adult ambulatory surgery in a protocol
using no intraoperative opioid. The inhalation induc-
tion produced faster loss of consciousness and had
side effects, recovery times, and patient satisfaction
similar to those of propofol. On the other hand, a later
metaanalysis comparing sevoflurane with propofol for
induction (without opioid restriction) found that the
two are comparable in terms of induction time and
complications, yet sevoflurane was associated with
significantly more PONV.19

Confounding variables may also include other
patient factors not captured in the models. Neostig-
mine and fluid administration histories are incomplete.
In addition, differences between the study groups
may have been minimized by the transmission of
ambulatory principles to nonambulatory staff, via
formal and informal teaching. Also, residents prac-
ticed with both ambulatory and nonambulatory
anesthesiologists during the study period and may
have transferred practices that they learned.

Pain is an important patient outcome of interest in
ambulatory surgery. Poorly controlled pain can delay
discharge.20 Excessive use of opioids for periopera-
tive analgesia can lead to acute opioid tolerance and
hyperalgesia, sedation, PONV, urinary retention,
and/or hypoventilation, thus delaying hospital dis-
charge and adding to the cost of care.21,22 The
concept of multimodal analgesia has gained accep-
tance as a way to adequately treat pain by using a
combination of opioids and opioid-sparing drugs
such as NSAIDs, cyclooxygenase-2 inhibitors, acet-
aminophen, gabapentin, beta-blockers, and alpha-2
adrenergic agonists. The multimodal approach may
minimize the side effects that can arise from the use of
larger doses of any of these drugs alone23 and can
improve overall pain control. Postoperative pain is
also related to PONV. Pain may directly worsen
PONV,24 increased opioid use may induce PONV,25

and PONV may in turn exacerbate the level of pain.26

These issues make effective pain management using
multimodal techniques critical.27 Pavlin et al20 found
that the maximum pain score was predictive of total
PACU recovery time in ambulatory surgery. Several
metaanalyses have confirmed the opioid dose-

sparing effects of NSAIDs and the decrease in
opioid-related side effects of PONV and sedation.28-30

In our study, the ambulatory specialists were
significantly more likely to use NSAIDs (71.5% vs
49.2%, P < .01) and to use less fentanyl (51.3 mcg vs
106.8 mcg, P < .01) than the control group. Pain
scores were similar between the 2 groups and low
despite the significantly lower use of fentanyl by the
ambulatory specialists. These results may be caused
by the group’s higher use of NSAIDs. Additionally, the
control group’s use of higher doses of opioids may
have produced acute opioid tolerance and hyperal-
gesia. A confounding factor is the surgeons’ less
frequent use of local anesthetic wound infiltration in
the ambulatory specialist group. This result may be
related to 1 high-volume surgeon who declines to use
infiltration and is more likely to work with the
ambulatory anesthesiologists.

This study raises the need for practitioner-specific
outcomes data. If the PONV data had been given to
practitioners during the study period, practice could
have been changed. Neither the anesthesiology
department nor the institution provides outcomes
data to practitioners.

One limitation of this study was that providers’
practices were not controlled. However, use of
multivariate analyses minimized bias and allowed
comparison of patient outcomes between the 2
anesthesiologist groups. We did not obtain any
long-term follow-up outcomes data, including post-
discharge nausea and vomiting. This information may
have been helpful in further delineating outcomes
between the 2 groups, but the goal of this study was
to determine immediate postoperative outcomes.
Another limitation was a narrow patient selection that
only included females undergoing gynecologic pro-
cedures. Hence, applying the results and conclusions
of this study to a wider patient population undergoing
other procedure types must be done with caution.

CONCLUSION
This study shows that ambulatory anesthesia

specialists contributed to decreased PACU LOS.
Thus, ambulatory subspecialization may benefit insti-
tutions as a way to increase perioperative efficiency
while practicing evidence-based anesthesia. The
ambulatory specialists obtained similar postoperative
analgesia with lower intraoperative opioid use and
more NSAID use. However, PONV was higher
because of separate practice decisions. Providing
practitioner-specific outcomes data and comparing
anesthetic practices between ambulatory specialist
groups may help institutions establish specific anes-
thetic guidelines that lead to better patient outcomes.
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