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Background: A multidisciplinary effort was undertaken to
determine whether patients could safely bypass the postanes-
thesia care unit (PACU) after same-day surgery by moving to an
earlier time point evaluation of recovery criteria.

Methods: A prospective, outcomes research study with a base-
line month, an intervention month, and a follow-up month was
designed. Five surgical centers (three community-based hospi-
tals and two freestanding ambulatory surgical centers) were
utilized. Two thousand five hundred eight patients were in-
volved in the baseline period, and 2,354 were involved in the
follow-up period. Outcome measures included PACU bypass
rates and adverse events. Intervention consisted of a multidis-
ciplinary educational program and routine feedback reports.

Results: The overall PACU bypass rate (58%) was significantly
different from baseline (15.9%, P < 0.001), for patients to
whom a general anesthetic was administered (0.4—31.8%, P <
0.001), and for those given other anesthetic techniques (moni-
tored anesthesia care, regional or local anesthetics; 29.1-84.2%,
P < 0.001). During the follow-up period, the average (SD) re-
covery duration for patients who bypassed the PACU was sig-
nificantly shorter compared to that for patients who did not
bypass, 84.6 (61.5) versus 175.1 (98.8) min, P < 0.001, with no
change in patient outcome. Patients receiving only short-acting
anesthetics were 78% more likely (P < 0.002) to bypass the
PACU after adjusting for various surgical procedures.

Conclusions: This study represents a substantial change in
clinical practice in the perioperative setting. Same-day surgical
patients given short-acting anesthetic agents and who are
awake, alert, and mobile requiring no parenteral pain medica-
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tions and with no bleeding or nausea at the end of an operative
procedure can safely bypass the PACU.

NEWER anesthetics have the pharmacokinetic and pharma-
codynamic advantages of a shorter duration of action and a
more rapid rate of recovery, which permit faster emer-
gence from anesthesia. However, their use in routine clin-
ical practice is often challenged because of higher drug
acquisition costs. Showing the value of these agents is
required to increase their acceptance and to foster further
development. Less than 30 yr ago, it was unthinkable that
patients would be able to return home on the day of
surgery. Today, advances in surgery and anesthesiology
make it possible to perform 50-70% of all surgical proce-
dures, safely and effectively, on an ambulatory basis.' In
today’s cost-sensitive healthcare environment, the pro-
cesses of ambulatory surgical care must be continually
reevaluated to take advantage of advances in medicine and
to optimize the efficiency of the surgical center without
detriment to patient safety and satisfaction.

Traditionally, ambulatory surgical patients go from the
operating room to an intensive care setting (postanesthesia
care unit [PACU] or recovery unit) for their immediate
postoperative recovery from anesthesia and then to a sec-
ond-stage recovery unit (SSRU) for preparation for home
readiness."* The PACU is traditionally an expensive, labor-
intensive environment that monitors postsurgical patients
intensively. After a set of recovery criteria®~> are met in the
PACU, the patient is usually transferred to the SSRU. In the
SSRU, the patient-to-nurse ratio is considerably higher (i.e.,
nursing care in the SSRU is less labor intensive) than in the
PACU. Only basic monitoring and observation are per-
formed as the patient and his or her escort are prepared for
home readiness. Because of the rapid recovery of patients
undergoing anesthesia with this new class of anesthetics,
some have questioned whether all ambulatory surgical pa-
tients need to receive intensive postoperative care in the
PACU setting or whether recovery from anesthesia can be
achieved in the operating room. This study evaluates the
impact of selective patient bypass of the PACU on both the
outcomes of ambulatory surgical patients and the use of
resources in the surgical arena.

Materials and Methods

Intervention
A prospective, outcomes research study design was
used to evaluate the clinical and economic effectiveness
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Fig. 1. This figure shows the percentage of patients given gen-
eral anesthbesia who bypassed the postanesthesia care unit
(PACU) and were transferred directly to the second-stage recov-
ery unit after ambulatory surgery. For five sites, the percentages
of such patients were compared before (baseline) and after
(follow-up) performance of the intervention.

(8.6%). The frequency of these procedures differed sig-
nificantly among sites.

Bypass Rates

The overall bypass rate increased from 15.9% (399 of
2,508) for the baseline month to 58.9% (1,387 of 2,354)
for the follow-up month (P < 0.0001). The site-specific
bypass rates across anesthetic procedures during the
follow-up month were 71.0, 53.9, 71.7, 51.9, and 48.4%
for site 1 through site 5, respectively.

There were 1,151 (45.8%) patients given a general
anesthetic during the baseline period, and 1,136 (48.3%)
patients given a general anesthetic during the follow-up
period. The bypass rate of patients given a general anes-
thetic increased from 0.4% (4 of 1,151) to 31.8% (361 of
1,136) (P < 0.0001). As shown in figure 1, the site-
specific bypass rates during the follow-up period ranged
from 13.9 to 42.1% of the patients. In this subgroup of
patients, a multivariable logistic regression model
showed the following factors related to either an in-
creased or a decreased likelihood of bypassing the
PACU. Patients given SA agents (odds ratio [OR] = 1.78,
P < 0.0002) and patients undergoing a gynecologic
procedure (OR = 2.68, P < 0.0001) or an ophthalmo-
logic procedure (OR = 2.07, P < 0.0459) were more
likely to bypass the PACU. Patients undergoing an ear,
nose, or throat procedure (OR = 0.64, P < 0.0221) or
laparoscopy (OR = 0.39, P < 0.0003) were less likely to
bypass the PACU. In the model, patient demographics
did not differ statistically between those who bypassed
the PACU and those who did not.

There were 916 (36.5%) and 778 (33.1%) patients
given a monitored anesthesia care technique during the
baseline and follow-up months, respectively. The overall
PACU bypass rate for this subgroup of patients increased
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Fig. 2. This figure shows the percentage of patients receiving a
monitored anestbesia care technique who bypassed the post-
anesthesia care unit (PACU) and were transferred directly to the
second-stage recovery unit after ambulatory surgery. For five
sites, the percentages of such patients were compared before
(baseline) and after (follow-up) performance of the
intervention.

from 32.1% (294 of 916) to 89.7% (698 or 778) (P <
0.0001). As shown in figure 2, during the follow-up
period, at all five sites, more than 80% of patients by-
passed the PACU.

For other types of anesthetic procedures, patients
were able to bypass the PACU at the following rates. The
bypass rate increased from 1.7% in the baseline period to
97.3% in the follow-up period for patients to whom a
straight local anesthetic was administered. Of those
given intravenous sedation, the PACU bypass rate in-
creased from O to 92.9% from baseline to follow-up
periods, respectively. Of the patients undergoing a
plexus block or a spinal block, the bypass rates increased
from 7.3 to 82.4% and 0 to 9.9%, respectively.

There were a total of 967 patients who did not bypass
the PACU during the follow-up period. The reasons for
not bypassing the PACU are listed in table 5, stratified by
anesthetic procedure.

Outcomes During the Follow-up Period

Perioperative Durations. The mean (SD) duration
from surgical closure to arrival in the recovery unit was
similar in the patients who bypassed the PACU versus
those who did not, 18.5 (16.9) versus 17.3 (11.9) min
(P = 0.858). The average total on-site recovery time (SD)
at all sites was significantly less for patients who by-
passed the PACU than for those who did not, 85 (62)
versus 175 (99) min, (P = 0.001). At individual sites, the
reduction in total length of on-site recovery ranged from
39.2 to 51.7%, (P < 0.0001). This trend was similar for
the different anesthetic procedures and anesthetic regi-
mens (fig. 3). The variability in total recovery time be-
tween sites correlated with length of stay in the SSRU
(R = 0.91; P = 0.001). The average (SD) time spent in
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Table 5. Reasons for Not Bypassing the PACU
General Anesthesia MAC Other
(N = 775) (N = 80) (N = 112)
n (%) n (%) n (%)
Not sufficiently awake, alert, oriented, or responsive 536 (69.2) 33(5.7) 11 (1.9)
More than minimal pain 174 (22.5) 4(5.0) 9(8.0)
More than minimal nausea 74 (9.6) 2 (2.5) 4 (3.6)
Oxygen saturation of less than 94% 67 (8.7) 9(11.3) 10 (8.9)
Some bleeding 27 (3.5) 2 (6.1) 4 (3.6)
Vomited or at high risk of vomiting 21 (2.7) 1(1.3 5(18.5)
Unstable vital signs 13(1.7) 1(1.3) 10 (8.9)
Unable to sustain a 5-s head lift 18 (1.9) 0 0
Met all recovery criteria 131 (16.9) 38 (47.5) 84 (75.0)

More than one criteria was allowed to be checked for not bypassing the postanesthesia care unit (PACU).

MAC = monitored anesthesia care; Other = other anesthetic procedures.

the SSRU was significantly shorter for patients who by-
passed the PACU than for those who did not, 84.4 (60.9)
versus 125.3 (86.1) min (P < 0.001).

Safety Data. The overall adverse event rate, defined as
any recorded event on the data collection form, was
14.7%. The adverse event rates at sites 1 to 5 were 8.2,
9.6, 17.5, 16.8, and 18.32%, respectively. Specific ad-
verse events were compared between patients who by-
passed the PACU and those who did not. The patients
who bypassed the PACU had significantly fewer events,
e.g., drowsiness (1.87 vs. 4.03%, P = 0.002); inability to
void (0.43 vs. 1.65%, P = 0.002); nausea (1.80 vs. 6.62%,
P = 0.001); vomiting (0.87 vs. 3.52%, P = 0.001); and
inadequate pain control (3.10 vs. 9.82%, P = 0.001). Of
those patients transferred to the PACU, 1.7% (40) pa-
tients had an unplanned hospital admission, as com-
pared with 0.17% (4) of the patients who bypassed the
PACU (P < 0.001).

Discussion

Traditional models of care need to be challenged as
new medicines and technologies are made available. In
fact, modifying age-old, policy-ridden processes of care
may be more difficult than developing new medicines
and technologies. However, as demonstrated in this
study and others,” the use of outcomes-based studies in
routine clinical practice is one way to make these mod-
ifications possible and successful.

New anesthetics with improved pharmacokinetic and
pharmacodynamic properties, specifically a shorter elim-
ination half-life, permit a faster emergence from anesthe-
sia and allow the evaluation of immediate postoperative
recovery at an earlier time point. The surgical centers in
this study differed with each other with respect to the
types of surgical and anesthesia procedures used and the
demographic profile, yet they were still able to achieve
an overall PACU bypass rate of 84.2% for patients not
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undergoing general anesthesia or central neuroaxis
block. Of the patients who had general anesthesia, 31.8%
bypassed the PACU. As revealed by a multivariable logis-
tic regression model, there were only a few subgroups of
the general anesthesia patients who were more likely or
not as likely to bypass the PACU. Patients receiving
solely SA agents were almost twice as likely to bypass the
PACU than patients who received agents that included
anesthetics not listed as short acting in the protocol after
we adjusted for surgery types. Since surgical centers do
differ by specialty, a closer evaluation of the types of
patients who bypass the PACU at a particular institution
will help when creating educational materials that pre-
pare the patient for postoperative recovery.

Of the patients who did not meet the short-acting,
fast-emergence recovery criteria, 60% were not able to
do so because they were not sufficiently awake, alert,
oriented, or responsive. This lack of cognitive function
may be due in large part to the direct effect of the
anesthetic. Hence, there may be opportunity for more
patients to bypass the PACU, as more patients receive an
SA anesthetic regimen and anesthesia providers refine
their skills in titrating the rapid recovery anesthetics at
the end of the procedure.

Given these developments in anesthesia practice, it is
important to keep the components of healthcare costs in
perspective. As many as 27 million patients annually
undergo surgery and procedures with anesthesia in the
United States. Thus, anesthesiologists have influence
over 3-5% of total healthcare costs.® The vast majority of
these costs, however, are associated with personnel
costs and facilities. Only 2-7% of anesthesia costs and
expenses apply to drugs, equipment, and supplies.

The PACU represents an important component of the
costs associated with a perioperative center. Important
differences in recovery time have been demonstrated for
various agents within the classes of anesthetic drugs.
However, some analyses, including a simulation model
developed by Dexter and Tinker,’ did not show these
differences translating into PACU cost savings. This sim-
ulation study by Dexter and Tinker showed that person-
nel costs depend on the peak number of patients in the
PACU and account for almost all PACU costs. They sug-
gest that simply reducing the time spent in the PACU for
all patients undergoing general anesthesia will not nec-
essarily reduce the peak number of patients in the PACU.
This and other studies'® document that personnel costs
are the single most expensive item in postoperative
recovery units, and costs savings are obtainable by
changing nursing ratios, reducing the peak number of
patients, changing the nursing skill mix, and controlling
PACU admission times.

The change in process in this study went beyond
reducing time spent in the PACU to eliminating the time
spent in the PACU while not increasing the time spent in
the operating room or the SSRU. In fact, the average (SD)
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time spent in the SSRU was significantly shorter for
patients who bypassed the PACU than for those who did
not bypass the PACU. The overall bypass rate was 58.9%
in the follow-up period versus 15.9% in the baseline
period. The average total on-site recovery time for pa-
tients who went to the PACU was 175 min versus 85 min
for the patients who did not. In another simulation study
by Dexter et al.,'" different cost savings were estimated
based on the nursing compensation structure, the num-
ber of patients a center sees in a day, and nursing sched-
ules. These savings could be realized in different ways at
different facilities. During the third month of monitor-
ing, full-time PACU staff was not reduced pending results
of the full implementation of the bypass paradigm. An
exit interview of surgical center administration provided
details of PACU restaffing as a result of the 58% reduction
in same-day surgery patients who no longer went to the
PACU for immediate recovery. The full impact of actual
cost savings would need to be studied over a year in
which projected budgets and actual expenses were col-
lected from multiple departments.

The physical structure of the facility also plays a role in
the process change. In future planning, less space may
need to be allocated to the PACU and more space may
need to be allocated to the SSRU, as was accomplished at
one facility, based on the direct results of this study. In
fact, some have suggested the PACU could even be
eliminated,'® although ideally, the goal should be to
design postoperative recovery space that is flexible
enough to accommodate the full range of postoperative
requirements. If one is to implement this paradigm, it is
important to evaluate the physical constraints and logis-
tical details of the new patient flow. For example, at one
facility, the usual method of transportation of the patient
had to be changed during the study because a gurney
could not be turned in the hallway that led to the SSRU;
instead, the patients were transferred via a comfortable
reclining chair that had wheels.

One important finding of this study is that the changes
in process were able to succeed rapidly in community
hospitals and freestanding surgical centers where no
special research knowledge or technical data gathering
skills were necessary. With the application of bench-
marking data and timely feedback, the paradigm shift
can be realistically implemented at any type of surgical
center.

The study design consisted of an open-label, nonran-
domized, clinical evaluation that used a baseline and a
follow-up period at five sites. This design, in which the
treatment group serves as its own control, has a number
of limitations. One limitation is that the Hawthorne ef-
fect, or the result of collecting data and knowing the data
were being monitored, could have produced an effect,
all by itself, on the flow of patients through the process
that would not have occurred otherwise. Such an effect
could have confounded not only the efforts to evaluate
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the effect of the protocol on patient outcomes but also
the efforts to attribute that effect directly to the anes-
thetic agents. For this reason, our major hypothesis was
framed in terms of the set of policies and procedures
that would allow patients to bypass the PACU safely, and
that would produce resource savings for the surgical
center. It still remains to be tested whether this paradigm
works without continued feedback, or how much feed-
back is necessary to institute continual improvement.

The alternative to this design would have been a ran-
domized controlled clinical trial. Randomizing to anes-
thetic regimen or bypassing of the PACU were two
options that were not viable for our purposes. Random-
izing to specific anesthetic regimens would have se-
verely limited the number of patients and procedures
allowed at one site. Since evaluation of resource alloca-
tion was an important outcome, it would not have been
possible to adequately evaluate or produce this outcome
given these restraints. Randomizing patients to bypass
the PACU would be clinically unethical. The safety for
patients who the anesthesia providers selected to bypass
the PACU was expected to be identical to those not
selected to bypass the PACU. The number of patients
and the costs of such a randomized controlled clinical
trial to show a difference in adverse outcome would
have been extremely high.

This study did not measure patient satisfaction as an
outcome of the change in process. However, it is not
expected that there would be a change. First, the new
anesthetics were already part of the anesthetic regimen
and are known to produce less grogginess, nausea, and
vomiting, plus a better anesthetic experience, than older
anesthetics.'? Second, the same criteria for transfer to
the SSRU are used in the operating room and the PACU.
The incidence of recovery complications was lower for
patients who bypassed the PACU than for those who did
not. Although postdischarge complications were not
monitored, a similar result would be expected after dis-
charge of the patient. For example, a study of 38,598
ambulatory surgical patients found overall morbidity (14
of 18,037 patients) and mortality rates (1 of 22,545
patients) to be very low within 1 month of surgery
involving anesthesia.'® Further research on patient satis-
faction and postdischarge complications to substantiate
these assumptions is warranted.

In this study, 58.9% of the patients undergoing elec-
tive, same-day surgery did not require intensive postop-
erative care and bypassed the PACU. This resulted in a
significant reduction in the on-site recovery time for
patients who bypassed the PACU. PACU bypass was also
associated with fewer adverse events, which may be an
indication of the appropriateness of bypassing the
PACU. In conclusion, optimizing the pharmacologic
properties of short-acting, fast-emergence anesthetic
agents in routine clinical practice improves the effi-
ciency of a perioperative center by allowing anesthesia
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providers to identify selectively and appropriately those
surgical patients to bypass the postanesthesia care unit
and to be prepared for home readiness in the second-
stage recovery unit.
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