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Surgical outcome measurement for a
global patient population: Validation
of the Surgical Apgar Score in 8
countries
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Background. Surgical care is a vital component of health care worldwide, yet there is no clinically
meaningful measure of operative outcomes that could be applied globally. The Surgical Apgar Score, a
simple metric derived from 3 intraoperative parameters, has been shown in U.S. academic medical
centers to predict 30-day patient outcomes after operation, but has not been validated more broadly.
Methods. We collected the components of the Surgical Apgar Score at the time of operation for 5,909
adult patients undergoing noncardiac operative procedures under general anesthesia at 8 hospitals in
diverse international settings and evaluated the relationship between patients’ scores and the incidence of
inpatient postoperative morbidity and mortality, using generalized estimating equations to adjust for
clustering within sites.
Results. During the first 30 days of postoperative hospitalization, 544 patients (9.2%) experienced
$1 complications. Compared with patients with the median score of 7---whose complication rate was
9.1%---those with a Surgical Apgar Score <5 (n = 302) had an adjusted complication rate of 32.9%
(relative risk [RR],3.6; 95% CI, 2.9–4.5), whereas those with a score of 10 (n = 238) had a 3.0%
adjusted complication rate (RR, 0.3; 95% CI, 0.1–1.1). The score’s c-statistic for prediction of any
complication is 0.70; for death it is 0.77.
Conclusion. The Surgical Apgar Score is easily calculated, predictive, and moderately discriminative for
major complications among adults undergoing inpatient noncardiac operative procedures. Such a score
could provide objective indication of relative postoperative risk for inpatients and provide a potential
target for quality improvement efforts, particularly in resource-limited settings. (Surgery 2011;149:519-24.)
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Programme,d Geneva, Switzerland
THE VOLUME OF SURGERY has increased dramatically
in all parts of the world, with an estimated 234 mil-
lion operations performed annually, making safe
delivery of surgical care a major public health
concern.1-3 From the time of Ernest Codman, it
has been a tenet of the surgical profession that
the careful tracking and analysis of outcomes is es-
sential to safe, high-quality care.4 Although there
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are many well-designed programs in place cur-
rently to monitor the quality and outcomes of
care in certain specialties or institutions, they
tend to be complex and expensive and are infeasi-
ble in most settings globally, particularly where re-
sources are limited.5 A simple, low-cost metric that
provides rapid feedback to surgery teams in any
setting could, therefore, aid clinical care, quality
improvement efforts, and public health research.

The Surgical Apgar Score is a 10-point tally
based on 3 readily obtained intraoperative param-
eters---the estimated intraoperative blood loss, the
lowest heart rate, and the lowest mean arterial
pressure6---which are assigned points and added to
create a score from 1 to 10 (Table I). Like the
Apgar score for childbirth, this score is intended
to provide rapid feedback and communication of
patient condition for clinical teams and thus allow
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Table I. The 10-point Surgical Apgar Score

0 point 1 point 2 points 3 points 4 points

Estimated blood loss (mL) >1000 601–1000 101–600 #100
Lowest mean arterial pressure (mm Hg) <40 40–54 55–69 $70
Lowest heart rate (beats per min) >85* 76–85 66–75 56–65 #55*

*Occurrence of pathologic bradyarrhythmia, including sinus arrest, atrioventricular block or dissociation, junctional or ventricular escape rhythms, and
asystole also receive 0 points for lowest heart rate.The Surgical Apgar Score is calculated at the end of any operation, from the estimated blood loss, lowest
mean arterial pressure and lowest heart rate entered in the anesthesia record during the operation. The score is the sum of the points from each category.
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for both clinical risk assessment and evaluation of
systemic quality improvement measures.7 The Sur-
gical Apgar Score was derived from and validated
in general and vascular surgical patients in 2 large
academic medical centers in the U.S. In this
population, the score is predictive of morbidity
and mortality, even after controlling for preopera-
tive patient factors.6,8,9 We hypothesized that this
score would be predictive of operative complica-
tions and deaths in diverse clinical environments
and across a wider range of operations, and thus
be of potential use in clinical care and in quality
improvement initiatives to monitor and decrease
operative morbidity and mortality throughout the
world.

METHODS

We gathered data from hospitals in 8 countries
(Toronto General Hospital, Canada; St. Stephen’s
Hospital, New Delhi, India; Prince Hamzah Hospi-
tal, Amman, Jordan; Auckland City Hospital, New
Zealand; Philippine General Hospital, Manila,
Philippines; St. Francis Designated District Hospi-
tal, Ifakara, Tanzania; St. Mary’s Hospital, London,
UK; and the University of Washington Medical
Center, Seattle, WA). These hospitals participated
as pilot sites for the Safe Surgery Saves Lives
program, a surgical quality improvement and
research initiative administered by the World
Health Organization’s (WHO) World Alliance for
Patient Safety. A prospective, observational cohort
of patients was enrolled in the participating hospi-
tals to establish data on surgical care and outcomes
before and after a checklist-based surgical quality
improvement program.10 The human subjects com-
mittees of the Harvard School of Public Health, the
WHO and each participating hospital approved the
study and waived the requirement for individual
informed consent.

Data collection.We included all patients age$16
who underwent a noncardiac operation under gen-
eral anesthesia in a designated study operating
room from October 2007 through September
2008. We obtained data at the time of operation
and during the postoperative hospitalization
through completion of standardized data sheets by
the local data collectors and the clinical teams
involved in surgical care. Data collected included
patient demographics, description of procedure
and indication, anesthetic approach, intraoperative
physiologic data, and complications and deaths
before discharge from the hospital. We identified
and trained a dedicated data coordinator at each
site who was responsible for the accurate collection
and processing of data. Training was accomplished
through a site visit, videoconferencing, andongoing
communication with the primary investigators. The
components of the Surgical Apgar Score were
obtained at the time of operation from data
recorded in the anesthetic record and operative
report. Results from the anesthetic recordwere used
preferentially when both were available and were
discordant.11 The data coordinators collected out-
come data through chart monitoring, communica-
tion with clinical teams, and preexisting clinical
surveillance systems.

Outcomes. The primary outcome was the occur-
rence of any major complication or death during
the period of primary postoperative hospitalization,
limited to 30 days. We defined major complications
according to the definitions used in the American
College of Surgeons’ National Surgical Quality Im-
provement Program: acute renal failure, bleeding
requiring $4 units of red cell transfusion within
72 hours after operation, cardiac arrest requiring
cardiopulmonary resuscitation, coma for $24
hours, deep venous thrombosis, myocardial infarc-
tion, unplanned intubation, ventilator use for $48
hours, pneumonia, pulmonary embolism, stroke,
major wound disruption, surgical site infection,
sepsis, septic shock, systemic inflammatory response
syndrome, unplanned return to the operating
room, and vascular graft failure.12 Urinary tract in-
fection and simple cellulitis were not considered
major complications. A group of physician reviewers
determined by consensus whether postoperative
events reported as ‘‘other complications’’ qualified
as major complications.

Analysis. Statistical analyses were performed
using the SAS 9.1 statistical software package



Table II. Patient characteristics

Patients undergoing
general anesthesia

(n = 5,909)

Female gender (n, %) 3,222 (54.5)
Urgent operation (n, %) 938 (15.9)
Trauma involved (n, %) 374 (6.3)
Outpatient operation (n, %) 663 (11.2)
Age (mean, SD) 48.9 (17.3)
Length of stay (mean, SD) 5 (6.0)
Study site (n, %)

1 1067 (18.1)
2 656 (11.1)
3 79 (1.3)
4 591 (10.0)
5 909 (15.4)
6 585 (9.9)
7 1037 (17.6)
8 985 (16.7)
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(SAS Institute, Cary, NC). We aggregated cases
with scores <5 into a single category because of the
small number of patients with low scores. To
account for the clustering of patients within the
8 hospital sites, we used generalized estimating
equations logistic regression to compute adjusted
complication rates, confidence intervals (CIs), and
relative risks (RR) for each Surgical Apgar Score
category.13 We further examined the relationship
between the Surgical Apgar Score and any major
complication, treating the score as an ordered cat-
egorical variable via generalized estimating equa-
tions. For pairwise comparisons, we designated
the group of patients with the median Surgical
Apgar Score of 7 as the reference group. We re-
peated this process for the 5 most frequent compli-
cations, as well as death. We generated a c-statistic
to assess the discriminative ability of the score for
any major complication and again for death.

Role of the funding source. The study was
supported by WHO as part of the Safe Surgery
Saves Lives program. The sponsor had no role in
the decision to publish the manuscript or inter-
pretation of results. The WHO provided review of
the study protocol, data forms, and manuscript. All
authors had full access to the data and vouch for its
accuracy. The corresponding author had final
responsibility for the decision to submit for
publication.

RESULTS

We obtained complete data for 5,909 of 5,931
(99.6%) patients undergoing operation with gen-
eral anesthesia during the study period. Patient
characteristics are shown in Table II. The mean age
was 48.9 years; 54.5% were female. The operations
encompassed a mix of elective (84.1%) and urgent
(15.9%) cases in noncardiac, adult surgical disci-
plines, including general, orthopaedic, gyneco-
logic, obstetric, urologic, and vascular surgery,
distributed among the 8 sites. Eleven percent
were discharged on the day of operation. There
were 374 cases (6.3%) of treatment of traumatic
injuries.

The overall incidence of inpatient complica-
tions among the study population was 9.2%. The
death rate was 1.4%. Surgical Apgar Scores corre-
lated with the risk of inpatient complications and
death (P < .001). The median Surgical Apgar Score
was 7 and this group had a complication rate of
9.1% with a death rate of 1.1%. Table III demon-
strates the relationships between Surgical Apgar
Scores and death or complication. There were
302 patients (5.1%) with a score of #4. This group
had an adjusted complication rate of 32.9% (RR,
3.6; 95% CI, 2.9–4.5). Patients with scores of 5
and 6 had RRs for major complication of 2.2
(95% CI 1.8–2.8) and 1.3 (95% CI, 1.1–1.7), respec-
tively. Patients with a score of 10 (n = 238) had an
adjusted complication rate of 3.0%, with a RR of
0.3 (95% CI, 0.1–1.1), whereas 4.8% of those scor-
ing 8 (RR, 0.5; 95% CI, 0.3–0.8) and 4.0% of those
scoring 9 (RR, 0.4; 95% CI, 0.2–0.8) suffered post-
operative complications. The c-statistic for predict-
ing major complications was 0.70. The Surgical
Apgar Score was also predictive of the likelihood
of death during the first 30 days of primary hospi-
talization (P < .001) with a c-statistic of 0.77 (Table
III). Compared with patients scoring 7, the RR of
death for those with scores <5 was 7.2 (95% CI,
3.4–15.5), whereas those with a perfect score had
a decreased risk of death (RR, 0.5; 95% CI,
0.08–3.0).

The 5 most common types of inpatient complica-
tions observed in this study were surgical site infec-
tion (4.3%), unplanned return to the operating
room (2.4%), sepsis (1.7%), prolonged mechanical
ventilation (1.4%), and pneumonia (1.4%; Table IV)
The adjusted rate of each of these occurrences corre-
lated with the Surgical Apgar Score (P < .001).

DISCUSSION

The Surgical Apgar Score provides a globally
valid and easily calculated measure of the condi-
tion of adult patients after noncardiac surgery
under general anesthesia. Before its development,
we lacked a clinically meaningful objective metric
of operative outcomes that could be applied glob-
ally. Instead, we relied heavily on 30-day mortality



Table III. Risk of death or complication by Apgar Score

Surgical Apgar score
0–4

(n = 302)
5

(n = 518)
6

(n = 1026)
7

(n = 1365)
8

(n = 1445)
9

(n = 1015)
10

(n = 238)

Complication
Rate (%) 32.9 20.5 12.2 9.1 4.8 4.0 3.0
Relative risk
(95% CI)

3.6 (2.9–4.5) 2.2 (1.8–2.8) 1.3 (1.1–1.7) Reference 0.5 (0.3–0.8) 0.4 (0.2–0.8) 0.3 (0.1–1.1)

Death
Rate (%) 7.9 3.4 1.9 1.1 0.5 0.5 0.5
Relative risk
(95% CI)

7.2 (3.4–15.5) 3.2 (1.5–6.7) 1.7 (0.9–3.4) Reference 0.4 (0.2–0.9) 0.5 (0.1–1.7) 0.5 (0.1–3.0)

All rates are adjusted to account for clustering of cases within sites. The median Surgical Apgar score of 7 was used as the reference value for calculating
relative risks. The score’s c-statistic for prediction of any complication is 0.70, whereas for death it is 0.77, with a significance of (P < .001) by Mantel–
Haenszel chi-square test for both.

Table IV. Type of complication in patients undergoing general anesthesia by Surgical Apgar Score

Number of complications

Total
(n = 5,909)

0–4
(n = 302)

5
(n = 518)

6
(n = 1,026)

7
(n = 1,365)

8
(n = 1,445)

9
(n = 1,015)

10
(n = 238)

Surgical site infection
(adjusted rate), %

13.3 10.5 6.0 4.8 2.9 1.8 0.7 4.3

Unplanned return to OR
(adjusted rate), %

8.5 3.4 2.3 2.6 1.5 0.9 1.1 2.4

Sepsis (adjusted rate), % 8.8 4.3 2.2 1.1 0.7 0.3 0.5 1.7
Ventilator >48 hours

(adjusted rate), %
9.6 3.7 1.3 0.6 0.5 0.4 0.0 1.4

Pneumonia (adjusted
rate), %

5.5 3.7 2.2 1.0 0.7 0.8 0.2 1.4

Other major complication
(adjusted rate), %

3.9 1.6 1.6 1.1 0.4 0.2 0.4 1.1

All rates are adjusted for site clustering except for the total column. Some patients experienced >1 complication. All categories have a significant trend in
relation to score (P < .001).

Surgery
April 2011

522 Haynes et al
and complication rates that relatively few hospitals
follow internationally, even in high-resource set-
tings, because they are data intensive and often
logistically complicated to obtain. Additionally,
their immediate relevance for individual clinicians
is limited because feedback from these measures is
necessarily delayed for months or longer.

Half a century ago, the fields of obstetrics and
neonatal care similarly lacked broadly applicable
measures of neonatal condition following delivery
and resuscitation. Seeing this need, Virginia Apgar
developed a simply calculated and clinically useful
score for immediate assessment of neonates.7 This
score provided an objective measure that was ob-
tainable in any setting and thus became a global
standard for assessment of newborns. This ‘‘Apgar
Score’’ has also proven to be a useful tool for
quality improvement and research, allowing track-
ing of outcomes in many settings where this would
not otherwise be possible. In combination with
selective use of risk-adjusted surveillance and other
measures of outcome, this has focused public
health attention on childbirth and promoted dra-
matic improvements in the safety of childbirth
around the world.14,15

The Surgical Apgar Score could potentially
offer a similar resource for surgical care. Although
further study is necessary to assess its use in clinical
care, it may provide an objective assessment of risk
for clinician decision making and could addition-
ally serve as an instrument for communication
with team members about patient condition and a
target for individual clinician and team improve-
ment. The score could be used to help identify
patients at increased risk of complication after
operation and to ensure that this risk is commu-
nicated appropriately to all clinicians caring for
the patient. Aggregate scores could be valuable to
clinical leaders responsible for quality and safety in
hospitals around the world; many of these hospital
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systems lack any real metrics of surgical perfor-
mance. The score may also be useful to researchers
seeking to better understand and improve surgical
care globally. It provides a proxy for outcomes that
can be collected in even the most austere and
poorly studied clinical environments, where the
global growth in surgical volume has made surgical
outcomes research vital to public health.1-3,16 Use
of this score could serve as a compliment to
previously proposed surgical vital statistics, which
demonstrate the impact of surgery globally.17

Despite its simplicity, application of the Surgical
Apgar Score may not be possible in every environ-
ment. To compute a meaningful score, the anes-
thetic record must include measurements of heart
rate and blood pressure at acceptable intervals,
typically at least every 5 minutes. If such data are
unavailable, the discriminative ability of the Surgi-
cal Apgar Score may be diminished or eliminated.
Nevertheless, the sites in this study reflect the
heterogeneity of intraoperative hemodynamic
monitoring practices in use throughout the world,
ranging from automatic sphygmomanometers
linked to an electronic anesthetic record to clini-
cians recording blood pressures manually obtained
with a stethoscope and cuff, and pulse rates
measured with a finger on the carotid.18

We must caution that implementation and
utilization of the Surgical Apgar Score, like most
public health measures, has the potential for
perverse effects. The physiologic measures could
be manipulated through pharmacologic and other
means to increase scores artificially. Pressure could
be exerted to minimize estimations of operative
blood loss, an intrinsically subjective datum. Care
must be taken to ensure that inappropriate
emphasis is not placed on these scores as inde-
pendent markers of quality in isolation. Surgical
results depend on numerous factors, including
patient comorbidities, operative complexity, case
mix, and the quality of operative care. Our
previous work has shown that all are important
contributors to the score, with the Surgical Apgar
Score remaining strongly predictive of outcomes
after adjusting for 27 preoperatively available
patient and procedure-related variables.9 Preoper-
ative risk assessment can help to understand
patient comorbidities, which compliments the
data about intraoperative stability provided by the
Surgical Apgar Score. The score can reveal pat-
terns of improvement (or decline) in outcomes
but cannot meaningfully evaluate the relative risk
of complications between 2 institutions or pro-
viders. Direct comparisons of complication rates
between sites in our study are inappropriate and
variability in case mix necessitated correction for
the influence of site-specific effects by adjusting
for clustering. Additionally, a patient with a good
Surgical Apgar Score is not guaranteed freedom
from complications, because nearly 1 quarter of
the complications in this study occurred in
patients with scores >7.

Our study was limited to adult patients under-
going noncardiac operations under general anes-
thesia. In some sites, objective physiologic
monitoring was limited or absent for patients
undergoing operation under regional or local
anesthesia, compromising our ability to under-
stand the relationship of the Surgical Apgar Score
to complications in these cases. The specific rela-
tionship between the physiologic changes associ-
ated with regional anesthesia and outcomes is also
unclear because the score was derived originally
from a patient population in whom most major
operations were performed under general anes-
thesia.6 Additionally, the physiologic values used to
establish the score would not be expected to apply
to pediatric patients and operations performed
with cardiopulmonary bypass. Further work needs
to be done to derive scores that are applicable in
these specific cases.

We are only able to examine inpatient compli-
cations in this study, which affects our ability to
predict overall complications, including those
occurring after discharge. Previous studies have
included outpatient follow-up and have found the
Surgical Apgar Score to be predictive of complica-
tions within 30 days, regardless of inpatient
status.6,8 The case mix was variable between the 8
sites, as were the discharge practices; the propor-
tion of outpatient operations ranged from zero
to 30.2%, and the mean duration of stay was
similarly diverse (3.7–7.0 days), with 11% being
discharged on the day of procedure. Although
patients discharged early in their postoperative
course had a lesser time for assessment of compli-
cations, most complications are detected during
hospitalization, and we determined that all pa-
tients should be included as an intention-to-treat
analysis. Additionally, we felt that early discharge
from the hospital was likely correlated with a
good outcome, although additional study would
be necessary to quantify the risk of postdischarge
complications in this patient population.

Like its original, obstetric counterpart, the Sur-
gical Apgar Score provides an immediate quantifi-
cation of patient risk for complications. Although
it cannot replace more comprehensive methods of
outcome measurement, the score provides a sim-
ple, widely applicable, objective measure that is
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rapidly obtainable and predictive of postoperative
complications, providing complimentary informa-
tion to preoperative risk stratification. With further
research, this may prove to be a powerful metric
for clinical care, quality improvement research,
and public health monitoring and policymaking.
The Surgical Apgar Score can be employed in
parallel with other quality assessment measures
such as surgical site infection surveillance and
postoperative mortality rates. Additionally, the
score can be used as an outcome measurement
for surgical research conducted in settings where
more intensive data collection is impractical. Its
ease of use and validation among a global patient
population makes it unique among extant metrics
of surgical outcome and could potentially server as
a valuable assessment tool for global surgery in
diverse environments.
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Auckland City Hospital, New Zealand: A. F. Merry;
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N. Robertson; N. Smith; W. Guthrie; V. Beavis, University
of Auckland, New Zealand: N. Pak; University of the
Philippines Manila: G. Herbosa; T. Herbosa; M. C. M.
Lapitan; C. Meghrajani; St. Stephen’s Hospital, New
Delhi, India: S. Joseph; A. Kumar; H. Singh Chauhan;
University of Washington Medical Center, Seattle: E. P.
Dellinger; K. Gerber; University Health Network, Univer-
sity of Toronto: R. K. Reznick; B. Taylor; A. Slater; World
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