
A Description of Intraoperative and
Postanesthesia Complication Rates
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This article reviews the current rate of intraoperative and postanes-
thesia complications in an acute care hospital and Level II Trauma
center. One thousand patients were assessed for intraoperative and
postoperative complications and compared with a previous study
from 1991 in a different institution. The overall rate of complications
in this current study indicated an overall complication rate (com-
bined intraoperative and PACU) of 26% with an intraoperative rate
of 3.8% and a PACU rate of 23.4%. Although a slight improvement
from a study in 1991, there continue to be many similarities.
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EFFORTS TO IDENTIFY factors associated
with increased mortality of postanesthesia pa-
tients have focused on intraoperative and post-
anesthesia adverse reactions. Anesthesia care
has changed dramatically in the past decade.1

Among the significant improvements are vari-
ous airway devices available such the laryngeal
mask airway, the development of quickly re-
versible inhalation drugs such as sevoflurane,
new reversal agents such as flumazenil, and the
use of the transesophageal echo to better assess
patients’ tolerance of anesthesia. The use of
pharmacologic agents now includes the admin-
istration of prophylactic antiemetics, pre-emp-
tive analgesia, as well as new and improved
short-acting anesthetic agents.2

As Cooper3 noted in a 1987 study, the overall
incidence of complications in the PACU may
exceed the 10% to 18% rate for the incidences
of “recovery-room impact events” (complica-
tions). Impact events were defined as “unantic-
ipated, undesirable, possibly anesthesia related
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ffects that required intervention, were perti-
ent to recovery room care and did or could
ause mortality or at least moderate morbidi-
y.”3 In still another study of 37,071 patients
ublished in the Canadian Journal of Anesthe-
iology, the authors reported respiratory com-
lications as high as 15.2%, cardiovascular
2.3%, and postoperative nausea and vomiting
.4%.2

his current study revisited the most commonly
bserved intraoperative adverse reactions and
he occurrence of PACU Phase I complications.
or the purpose of this study a recovery impact
vent is referred to as a complication. The au-
hor then compared the rates to the Yale Uni-
ersity School of Medicine study published in
991.4 Most studies of mandatory case report-

ng are either more than 10 years old, or group
ntraoperative and postoperative problems to-
ether in the study. Until more studies are com-
leted or mandatory reporting is required in
very state, these complication rates can be
sed internally for quality comparisons. If an
vent occurs more commonly than is accept-
ble, the process can be analyzed and correc-
ive measures implemented, and quality mea-
urements repeated.

ostly Complications—A Ripple
ffect

n a study performed by the Agency for Health-

are Research and Quality,5 data on eighteen
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INTRAOPERATIVE AND POSTANESTHESIA COMPLICATION RATES 89
complications that were sometimes caused by
medical errors were analyzed, and the results
were surprising. The agency found that postop-
erative complications contribute to 2.4 million
extra days spent in the hospital every year.
More than 32,000 US hospital deaths and more
than nine billion dollars in extra costs per year
are attributed to postoperative infections and
surgical wounds that accidentally reopen, and
other preventable complications.5

When severe enough, complications may re-
quire unplanned admission to the hospital,
lengthen recovery time, set up the possibility
for further complications, and cause financial
burdens. Needless to say these aspects nega-
tively affect patient and family satisfaction levels
as well as healthcare costs. In a more recent
study by Barclay,6 28 of 1,055 patients assessed
had a postoperative complication within 7 days
of elective nonthoracic surgery. The mean age
of the group was 55 years. Of those 28 patients
with complications, 13 patients developed re-
spiratory complications requiring invasive ven-
tilatory support with a mean length of stay of
27.9 days. Those who did not have a complica-
tion had an average stay of 4.5 days.

Definitions

Anesthesia types were classified as general, re-
gional, and sedation with monitored anesthesia
care only.7 General anesthesia is commonly re-
ferred to as inhalation anesthesia using agents
such as enflurane, desflurane, forane, or sevoflu-
rane with nitrous oxide.8 Regional anesthesia
refers to the use of local anesthetic agents to
block nerve conduction in an extremity or a
region of the body. This type of anesthesia
can reduce the transmission of painful im-
pulses for 2-6 hours. The patients with re-
gional anesthesia in this study received spi-
nal regional blocks.

Sedation anesthesia with “monitored anesthesia
care” refers to patients requiring intravenous
agents such as barbiturates (sodium pentothal

or brevital), nonbarbiturates (etomidate, propo- P
ol), and tranquilizers (diazepam, midazolam, or
orazepam). In addition, an opioid was often
dded to the regime accompanied by local an-
sthesia administered by the surgeon. Drugs in
his category include meperidine, morphine,
nd fentanyl. The anesthesia provider will fre-
uently combine several agents to produce pain
elief, amnesia, and decreased anxiety. One of
he benefits of sedation with or without local
nesthesia is that of minimal airway support
equired from the anesthesia provider.

ethods

fter approval from the Institutional Review
oard (IRB) of Sharp Memorial Hospital, a pro-
pective study was performed on 1,000 ran-
omly selected patients between September
004 and January 2005. Patient consent was
aived by the IRB and only a portion of the
edical record number was used as an identi-

er. The average number of patients admitted
o this PACU is 600/month with ages ranging
rom 17 to 89 years. The nurses were assigned
o collect data by lottery fashion. Of the 7 to 8
ACU nurses working on a particular day, the
ames of two nurses were randomly selected.
hose nurses then recorded data on every pa-

ient they were assigned to care for in the PACU
uring their eight-hour shifts. The nurse used a
ifferent numbered paper form to record pa-
ient data. A standardized collection tool was
sed to collect data. The data and definitions for
omplications were based on the Yale study.4

ecause the criteria were well defined the nurse
as able to establish, through the verbal report

rom the anesthesia provider and review of the
ntraoperative vital signs and treatment ren-
ered, whether the patient qualified as having
xperienced a complication during the intraop-
rative phase. Each individual complication was
ounted only once either observed in the oper-
ting room, the PACU, or both. For example, if
patient met the criteria for hypotension, re-

uiring an intervention in the operating room,
nd suffered the same complication in the

ACU, that was only counted as one incident.
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SHAUNA ELY TARRAC90
Only patients arriving between the hours of
7:00 AM and 11:00 PM were included in the
study. Exclusion criteria included pregnant pa-
tients and those designated for admission to an
ICU. Therefore, the group used for data collec-
tion excluded patients after heart surgeries,
craniotomies with intracranial pressure devices,
and open abdominal aortic aneurysm resec-
tions. Obstetric patients also were excluded
because their care is provided at another hospi-
tal on campus dedicated to women’s health
issues.

Demographics

Of the 1,000 patients evaluated, 49.2% were
male and 50.8% were female. No cardiac arrests
or deaths were noted. Emergent cases ac-
counted for 6.8% of the patients evaluated, and
elective cases 93.2%. All anesthesia care provid-
ers were physicians from the same anesthesia
group.

Classification of complications was reviewed
before beginning data collection. The Yale
study classified cardiac events by symptoms
such as tachycardia, whereas respiratory com-

Table 1. Definition of Complications Observed
Requiring Treatment

Interventions

● Hypertension (defined as diastolic pressure �110
mm Hg)

● Hypotension (defined as a mean arterial pressure
�60 mm Hg)

● Tachycardia (heart rate � 100 beats/minute)
● Bradycardia (heart rate � 50 beats/minute)
● Upper airway support with either maneuvers or

adjunct equipment
● Reintubation and mechanical ventilation

Major Events

● Cardiorespiratory arrest
● Angina
● Myocardial infarction
● Pulmonary embolism
plications were noted by the type of treatment
T

endered, such as reintubation. The decision
as made to remain with the classifications
sed by Yale for this study (Table 1).

ntraoperative Phase
esults

n this study the combined OR/PACU compli-
ation rate was 26%. Data indicated the overall
ntraoperative complication rate was 3.8%. The

ajority of complications were hypertension
.8%, hypotension 1.2%, and tachycardia 0.8%
Table 2).

ariables found to affect the development of
ntraoperative complications were ASA classifi-
ation, duration of anesthesia, anesthesia type,
nd surgical procedure performed. The highest
ercentage of intraoperative complications was
oted in patients with an ASA II status classifi-
ation (251 of the 502 ASA II patients) followed
y ASA class III patients (97 of 307), ASA class I
13 of the 113), and finally ASA IV (6 of 78)
Fig 1).

f the 38 patients with intraoperative compli-
ations, orthopedic surgical interventions were
he most common surgery type, followed by
bdominal surgeries, renal procedures, urologic
rocedures, and other types measured (3.1%)
Fig 2). Examples of procedure types associated
ith complications were:

● Orthopedic: total hip arthroplasty, total
knee arthroplasty, ORIF of the hip and
ulna;

Table 2. Comparison of Intraoperative
Complication Rates Yale (1991) and Sharp

Memorial (2005)

Yale Medical Center
Sharp Memorial

Hospital
1991 (n � 18,473) 2005 (n � 1,000)

ntraoperative
complication
rate

5.1% 3.8%

ypertension 2.2% 1.8%
ypotension 1.6% 1.2%

achycardia 1.3% 0.8%
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INTRAOPERATIVE AND POSTANESTHESIA COMPLICATION RATES 91
● Abdominal: laparoscopic cholecystec-
tomy, laparoscopic and open hemicolec-
tomy, exploratory laparotomy, and ven-
tral hernia repair;

● Renal: renal transplant recipient, donor
and nephrectomy;

● Urologic: prostatectomy, cyctoscopy;
and

● Other: AV graft revisions, femoral-popli-
teal bypass grafting, cardiac ablation, endo-
vascular aortic aneurysm repair, laryngec-
tomy, thyroidectomy, and mastectomy.

While reviewing the duration of anesthesia,
complications in the operating room phase
were most prevalent for anesthesia lasting be-
tween 2 and 4 hours. Patients with complica-
tions undergoing anesthesia for 2 to 4 hours
were 362 of 540, anesthesia lasting 4 to 5 hours
were 76 of 362, and finally anesthesia less than
2 hours were 7 of 66 (see Fig 3). Rose9 noted an

Fig 1. Intraoperative complication rates by ASA class, Sharp
Memorial 2005.
a
Fig 2. Comparison of complication rates by type of surgical

procedures, Sharp Memorial 2005.
ncrease in pulmonary complications with an
nesthesia duration of �2.5 hours that also was
oted in this study.

iscussion

roper planning, assessment, and evaluation of
atients undergoing anesthesia are optimal to
chieving the best outcome.9 It was interesting
o note that the group of patients undergoing
mergent procedures did not present with an
bnormally increased number of adverse reac-
ions. Patients in the emergency group included
mpending airway obstruction, perforated vis-
us, or dead bowel and trauma patients. These
atients received the minimal level of preoper-
tive testing usually ordered by the anesthesia
rovider immediately before the procedure
uch as blood work, electrocardiograms, chest
adiographs, medication history, diagnostic test-
ng, patient education, and verification of a fast-
ng state.10,11 In some cases the only history
vailable was that of the paramedic team or the
atient’s family. Proposed reasons for the low

ncidence of complications in this group in-
lude the skill and experience of the anesthesia
rovider, OR, and PACU teams in dealing with a

arge number of trauma patients admitted to
his facility.

ACU Phase I

verall Results

he PACU overall complication rate was mea-
ured at 23.4% (234 patients). During the PACU
hase I period the most common complications
bserved were the need for upper airway sup-
ort to achieve a patent airway 39.5%, nausea

Fig 3. Intraoperative complication rate by duration of anesthe-
ia, Sharp Memorial 2005.
nd vomiting 30.5%, tachycardia 13%, hyperten-
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SHAUNA ELY TARRAC92
sion 10.5%, and hypotension 6.5% (Fig 4). Of
the 234 patients who had a complication while
in the PACU, 79% received general anesthesia,
15.8% received spinal regional anesthesia, and
5.2% received sedation with monitored anesthe-
sia care only. The type of surgery performed
also affected the overall PACU complication
rate and was higher for patients who were
postabdominal surgery, followed closely by re-
nal surgery and urologic surgery (Figs 4 and 5).

Airway Support

Of the 234 patients who had postoperative
complications, 50.8% (119) cases required
some airway assistance. Of those 119 patients,
76% occurred in patients after receiving general
anesthesia, 18% after receiving regional/spinal
anesthesia, and 6% in the group after receiving
intravenous sedation. Of the 119 patients re-
quiring airway assistance, 94% required either a
nasal or oropharyngeal airway; 5.6% verbal stim-
ulation, manual jaw thrust, or a combination of

Fig 4. PACU complications.
4Fig 5. PACU complications by surgical procedure.
echniques; and 0.4% required reintubation (Fig
). Of this subset group that needed airway
upport, 66.7% were male and 33% were fe-
ale. None of the patients requiring upper air-
ay support were emergency procedures. The
ajority of patients were classified as ASA Class

II (54%), followed by ASA II (21.2%), ASA IV
19%), and finally ASA I (5.8%). Average dura-
ion of anesthesia was 2.2 hours.

espiratory complications are among the most
requently observed difficulties in the postanes-
hesia period.12 Hypoventilation is commonly
elated to the effects of residual inhalation
gents. PACU nursing staff are highly trained in
mplementation of various airway adjuncts and
re able to quickly identify complications such
s incomplete neuromuscular blockade rever-
al, laryngospasm, and stridor. These nurses are
ompetent to institute emergency standing or-
ers in lieu of an anesthesia provider’s presence
nd can prepare and administer nebulized inha-
ation bronchodilator agents as indicated. This

ay account for the low rate of reintubations
oted in the PACU.

ausea and Vomiting

ausea and vomiting were noted in 4.0% of the
opulation who presented with complications
nd was influenced more by the type of anes-
hesia than the surgical procedure itself. Of the

Fig 6. PACU airway interventions.
0 patients presenting with nausea, only 5%



p
p
n
o
o
t

T
i
t
j
w
O
i
r
fl

B
a
s
l
e
i
b
v
a
d
p
U
h

H

H
t
5
c
s
2
5
r
w

T
T
i

INTRAOPERATIVE AND POSTANESTHESIA COMPLICATION RATES 93
received regional/spinal anesthesia; all others
received general anesthesia. No increased inci-
dence of nausea and/or vomiting was associated
with any particular type of surgery. Of the 40
patients who had nausea and/or vomiting, nau-
sea was reported in 77.5% patients and vomit-
ing occurred in 22.5% of cases. Of this group,
25% were male and 75% were female (Fig 7).

Of this group of 40 patients, 67.5% were elec-
tive surgeries. As for ASA risk classification, the
majority were ASA II (52.5%), followed by ASA
III (32.5%), ASA I (11%), and ASA IV (4%). The
average length of anesthesia was 2.7 hours.
Nausea was treated with ondansetron 48%, met-
oclopramide 22%, dolasetron 18%, dexametha-
sone 14%, and/or promethazine 10%. All pa-
tients received an intraoperative prophylactic
dose of at least one antiemetic including either
ondansetron, dolasetron, metoclopramide, or a
combination.

Risk factors associated with increased incidence
of postoperative nausea and vomiting include
long duration of anesthesia, inhalation anesthet-
ics, intraoperative opioids, reversal agents, and
even specific elective procedures that include
gynecologic, laparoscopic, middle ear, orchio-
pexy, termination of pregnancy, and strabismus
surgery. Other preexisting factors that increase
the chances of postoperative nausea and vom-
iting are female gender, the premenstrual pe-
riod, smoking, use of opioids, diabetes, and a
history of postoperative nausea and vomiting
and/or motion sickness. Postoperative risk

Fig 7. Postoperative nausea and vomiting.
factors that have been identified include the (
resence of pain, hypotension, hypoxemia, hy-
oglycemia, gastric bleeding, increased intracra-
ial pressure, inadequate hydration,9,13 use of
pioids, anxiety, and early oral intake.14 If post-
perative nausea and vomiting is untreated, one
hird of postoperative patients will be affected.

he low rate of postoperative nausea and vom-
ting observed was in part due to optimal hydra-
ion by the anesthesia team accompanied by the
udicious use of opioids, especially in patients

ith a known history of nausea and vomiting.
f the patients reporting nausea or experienc-

ng emesis in the PACU, the input and output
ecord indicated the patients were in a positive
uid balance by an average of 1,200 mL.

ecause the antiemetics are similarly effective
nd act independently, the safest or least expen-
ive agents should be used first with prophy-
axis rarely warranted in low-risk patients. Mod-
rate risk patients may benefit from a single
ntervention (drug) and multiple agents should
e reserved for high-risk patients.15 This ad-
erse reaction to anesthesia needs to be treated
ggressively to improve patient satisfaction and
ecrease hospital costs. The cost of treating
ostoperative nausea and vomiting in the
nited States has been estimated to cost several
undred million dollars per year.15

ypertension

ypertension was observed in 12% of the pa-
ients with complication. Among this group,
0% received general anesthesia, 33.3% re-
eived regional anesthesia, and 16.7% received
edation. Of the 28 patients with hypertension,
5% were ASA class II, 25% were ASA III, and
0% were ASA IV. Among the patients who
equired treatment for hypertension, 58.3%
ere male and 41.7% were female.

he average length of anesthesia was 2.7 hours.
reatment chosen by the anesthesia care team

ncluded one or more agents such as labetalol

92%) and/or hydralazine (50%). None of the
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SHAUNA ELY TARRAC94
cases observed in the PACU with hypertension
required continuous infusions of intravenous
antihypertensives. Some procedures, including
abdominal aneurysm repair, carotid endarterec-
tomy, and intracranial surgery, have been asso-
ciated with a higher incidence of hypertension.

More than half of the patients who developed
hypertension during the PACU phase had a
preexisting history of hypertension. If hyperten-
sion occurs it is most likely to occur within the
first 30 minutes after admission.7 In postanes-
thesia care, this increase in blood pressure can
be induced by pain, urinary retention, hypo-
thermia, nausea, hypoxia, hypercarbia, myocar-
dial ischemia, or the impairment of blood flow
to any major system.7,14 Postoperative hyper-
tension is often found in conjunction with
arteriosclerotic disease.16 Arteriosclerosis is
thought to promote an exaggerated response to
stimuli that may generate vasoconstriction.7

The relatively low incidence of postoperative
hypertension may well be due to the thorough
preanesthesia assessment performed by the an-
esthesia team who frequently manage patients
with high cardiac risk factors. The PACU nurs-
ing staff is also adept at rapid physical assess-
ment of these patients, identification of the
most commonly seen causes of hypertension,
and timely institution of treatments while ob-
serving the postoperative electrocardiogram.

Tachycardia

Tachycardia was observed in 12% of these pa-
tients. All patients who experienced this com-
plication received general anesthesia with the
duration of anesthesia averaging 2 hours. Of
these patients, 33% were male and 67% were
female. Fifty percent were ASA Class II, 26%
were ASA Class III, and 15% and 9% were ASA
Class IV and ASA Class I, respectively.

When evaluating surgical procedure types that
were related to the tachycardia, appendecto-

mies accounted for 42% followed by thyroid l
esections (25%). Tachycardia was treated suc-
essfully with volume challenge concurrently
ith opioid analgesics such as hydromorphone

nd beta blockade such as metoprolol.

ommon causes for tachycardia in the PACU
nclude pain, hypovolemia, anemia, fever, hyp-
xia, and hypercapnia.7 Pain in the PACU is
robably the most common cause of tachycar-
ia.2 Pain may originate not only from the sur-
ical incision site, but may also be present due
o an overdistended bladder or even a strain
esulting from positioning during the proce-
ure. The nursing staff continually assess post-
perative clients for commonly observed
auses of tachycardia and intervene aggressively
o prevent tachycardia while maintaining an
dequate cardiac output and peripheral perfu-
ion as indicated by adequate urine output,
eripheral pulses, and brisk capillary refill.

ypotension

ypotension was observed in the PACU in only
.5% of the patients with complications. Of this
ubset, 54% received general anesthesia and
4% regional spinal anesthesia. Hypotension oc-
urring in the OR did not necessarily result in
ypotension in the PACU. In the group of pa-
ients with documented hypotension, 44 pa-
ients were post total knee replacement sur-
ery, 11 underwent transurethral prostate
esections, and 10 were post laparoscopic ne-
hrectomy. Hypotension was treated with one
r more of the following: the administration of
uid challenges (crystalloids and 5% albumin
olutions) (77%); neosynephrine boluses admin-
stered by the anesthesia providers (8%); and
henylephrine administration (25%). The total
ercentage was greater than 100% because a
ombination of therapies were used with some
f the patients.

ew-onset hypotension in the PACU is al-
ost always a sign of an unwanted medica-

ion interaction, hypovolemia, or blood

oss.13,14 Other causes can include expo-
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INTRAOPERATIVE AND POSTANESTHESIA COMPLICATION RATES 95
sure of body cavities for prolonged periods,
the handling of bowel and mesentery, as
well as dissections in the retroperitoneal
space. The specific treatment of hypovole-
mic hypotension is to restore adequate cir-
culating intravascular volume.7 This team of
anesthesia providers and surgeons strive to
offer state-of-the-art pain management. Be-
cause many of the patients undergoing total
joint hip and knee replacements received a
spinal regional block along with a dose of
intrathecal opioid, it is very common to
note some degree of hypotension. The post-
anesthesia orders from physicians include
specific individualized interventions for
treatment of symptomatic hypotension,
such as volume boluses and ephedrine as
needed. Most patients receive a postopera-
tive hemoglobin and hematocrit level to
guide in the decision of whether to trans-
fuse blood products. The use of autotrans-
fusion devices is also commonly observed.

Conclusion

Since the advent of anesthesia delivery there
have been complications. Studies in the late
1970s described a complication rate of 7.6%
intraoperatively, with 3.1% occurring in the
PACU.9 These reported rates of adverse reac-
tions from anesthesia have steadily increased. In
1987, Zelcer and Wells17 reported a 30% com-
plication rate for 443 patients admitted to the
PACU. Cardiovascular effects were cited in
15.3%, nausea and vomiting in 5.4%, and respi-
ratory complications in 2.3%.

The slight differences noted in this current
study as it relates to the 1991 Yale study
may reflect differences in patient selection/

ASA grouping, improved techniques of an- fi

ren

i

o

sthesia delivery, and preemptively treating
he patient for the most commonly seen
omplications. Another difference between
he studies is the total number of patients
ho were a part of this study (1000) com-
ared with the Yale study (18,473). This
aper has analyzed the frequency of various
ypes of complications. It remains an impor-
ant challenge to define and record those
dverse events that are best suited as indi-
ators of the quality of the anesthesia pro-
ess.

n future studies, other institutions should per-
orm their own studies of adverse perioperative
vents to serve as a baseline determination. The
ost frequent complications can be identified,

nterventions modified, and the results can then
e measured and analyzed. Other studies
hould include admission temperatures and
ulse oximetry readings and the correlation to
ostoperative events, especially those related to
espiratory impairment.

his study continues to reinforce that the
ACU is a critical care setting. Although the
ercentages of some complications have

mproved, they still occur. It is imperative
or the PACU clinician to monitor patients
losely, report adverse reactions, and inter-
ene promptly by instituting nursing and
edical interventions. Despite advances in

oth pharmacologic agents and anesthesia
echniques, the rate of complications is sim-
lar to the studies in the 1990s.
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