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BACKGROUND: Surgical teams have not had a routine, reliable measure of patient condition at the end of an
operation. We aimed to develop an Apgar score for the field of surgery, an outcomes score that
teams could calculate at the end of any general or vascular surgical procedure to accurately grade
a patient’s condition and chances of major complications or death.

STUDY DESIGN: We derived our surgical score in a retrospective analysis of data from medical records and the
National Surgical Quality Improvement Program for 303 randomly selected patients undergo-
ing colectomy at Brigham and Women’s Hospital, Boston. The primary outcomes measure was
incidence of major complication or death within 30 days of operation. We validated the score in
two prospective, randomly selected cohorts: 102 colectomy patients and 767 patients under-
going general or vascular operations at the same institution.

RESULTS: A 10-point score based on a patient’s estimated amount of blood loss, lowest heart rate, and
lowest mean arterial pressure during general or vascular operations was significantly associated
with major complications or death within 30 days (p � 0.0001; c-index � 0.72). Of 767
general and vascular surgery patients, 29 (3.8%) had a surgical score � 4. Major complications
or death occurred in 17 of these 29 patients (58.6%) within 30 days. By comparison, among
220 patients with scores of 9 or 10, only 8 (3.6%) experienced major complications or died
(relative risk 16.1; 95% CI, 7.6–34.0; p � 0.0001).

CONCLUSIONS: A simple score based on blood loss, heart rate, and blood pressure can be useful in rating the
condition of patients after general or vascular operations. ( J Am Coll Surg 2007;204:201–208.

© 2007 by the American College of Surgeons)
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n 1953, Virginia Apgar introduced a 10-point scoring
ystem for evaluation of the condition of newborns,
hich revolutionized obstetric care.1 Until that point,
bstetricians had only their subjective impressions of the
mmediate outcomes of childbirth. The Apgar score
roved simple to use; effective at providing clinicians
ith clear, graded feedback on how delivery had gone for

he child; and predictive of 28-day survival.2,3 As a result,
t enabled more consistent identification of newborns at
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igh risk for death, prompted development of better
ethods to treat them, and provided a clear measure for

esting clinical innovations. The Apgar score became an
ndispensable tool in achieving the remarkable safety of

odern child delivery.
Similar to obstetrics in 1953, surgery today is without

routine and reliable gauge of overall patient condition
fter surgical procedures to guide clinical practice. Sur-
ical teams rely mainly on subjective assessment of the
atient and delayed feedback from 30-day outcomes.
he APACHE score4 and the Physiologic and Operative
everity Score (POSSUM)5 for the Enumeration of
ortality and Morbidity have both been proposed as

linical measures of patient condition. These scores are
ot easily calculated at the bedside, require numerous
ata elements, and rely on laboratory data that are not
niformly collected. As a result, neither has come into
tandard use for surgical patients.

Our goal for this study was to develop an outcomes
core that surgical teams could routinely and easily cal-
ulate to grade the condition of patients at the end of any

eneral or vascular surgery procedure.
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doi:10.1016/j.jamcollsurg.2006.11.011



M
O
W
d
B
F
t
a
d
o
o
l
h
o
p
i
c
s

P
T
c
g
t
Q
p
l
v
P
d
s
o
o
r
i
u
t
c
t
c

s
b

w
w
d
u
t
4
h
u
b
f
d
p
3

S
p
a
m
p
d
r
A
s
3
s
o
Q
t
c

a
i
i
p
t
o
a
p
w
a
t
l
o

202 Gawande et al Apgar Score for Surgery J Am Coll Surg
ETHODS
verview
e developed and tested our score using medical records

ata from patients who underwent operations at the
righam and Women’s Hospital, Boston (BWH), between
ebruary 1, 2002, and December 31, 2004. We did so with
he approval of the Human Subjects Committee at BWH
nd the Harvard School of Public Health. The study was
one in three steps. First, we derived our score using pre-
perative, intraoperative, and outcomes data from a cohort
f patients who underwent open colectomy, which we se-
ected because it is a common procedure known to have a
igh rate of complications.6 Then, we examined the ability
f our score to predict outcomes in a different cohort of
atients who underwent open colectomy. Finally, we exam-
ned the ability of our score to predict outcomes for a larger
ohort of patients who underwent any general or vascular
urgical procedure.

atient selection and data collection
he BWH Department of Surgery maintains an out-

omes database on a random selection of patients under-
oing general and vascular surgical procedures as part of
he American College of Surgeons’ National Surgical
uality Improvement Program (NSQIP). Under this

rogram,7,8 trained nurse reviewers retrospectively col-
ect 49 preoperative, 17 intraoperative, and 33 outcomes
ariables on surgical patients for monitoring outcomes.
atients undergoing major general or vascular surgery—
efined by general, epidural, or spinal anesthesia, or
pecified cases (carotid endarterectomy, inguinal herni-
rrhaphy, thyroidectomy, parathyroidectomy, breast bi-
psy, and endovascular repair of abdominal aortic aneu-
ysm) regardless of anesthetic type—are eligible for
nclusion, except children under age 16 and patients
ndergoing trauma operation, transplantation opera-
ion, vascular access operation, or endoscopic-only pro-
edures. Patient selection is random. At BWH, we enroll
he first 40 consecutive operations that meet inclusion

Abbreviations and Acronyms

BWH � Brigham and Women’s Hospital
EBL � estimated blood loss
MAP � mean arterial pressure
NSQIP � National Surgical Quality Improvement Program
riteria in each 8-day cycle. To avoid dominating the c
ample, no more than 5 inguinal herniorraphies and 5
reast biopsies are enrolled per 8-day cycle.
For inclusion in our initial patient cohort (cohort 1),

e selected all patients in the BWH-NSQIP database
ho underwent open colectomy as their primary proce-
ure between February 1, 2002, and March 31, 2004,
sing the following CPT codes for partial or total colec-
omy: 44140, 44141, 44143 to 44147, 44150 to 44153,
4155, 44156, and 44160. For our second cohort (co-
ort 2), we selected all patients in the database who
nderwent open colectomy as their primary procedure
etween April 1, 2004, and December 31, 2004. For our
inal cohort (cohort 3), we selected all patients in the
atabase who underwent any general or vascular surgery
rocedure between September 1, 2004, and December
1, 2004.
We included all variables in the BWH-NSQIP database.

ome adjustments were made to these variables to create
reoperative comorbidity categories or to transform vari-
bles that were not normally distributed. Pulmonary co-
orbidity was defined as preexisting COPD, ventilator de-

endence, or pneumonia. Cardiovascular comorbidity was
efined as earlier MI, stroke, congestive heart failure, pe-
ipheral vascular disease, or coronary revascularization.
merican Society of Anesthesiologists (ASA) physical clas-

ification status was dichotomized as � 3 compared with �
, in accordance with recommendations for preoperative
urgical risk assessment.9 Wound classification was dichot-
mized, in accordance with other studies using the NS-
IP;8 clean and clean/contaminated operations consti-

uted one group, and contaminated and dirty operations
onstituted the other.

We also collected 28 variables from the intraoperative
nesthesia records for each patient in our study, includ-
ng operative duration (incision-to-skin closure time);
nitial, final, highest, and lowest heart rate and blood
ressure during the procedure; initial, final, and lowest
emperature and oxygen saturation; volume of urine
utput; estimated blood loss (EBL), volume of IV fluids
nd blood products administered; use of pressure sup-
ort medication; and anesthetic type. Because their data
ere markedly right-skewed, volume of IV fluid (mL)

nd operative duration (minutes) were transformed with
he natural logarithm, and EBL was transformed with
ogarithm base 10. Lowest oxygen saturation was dichot-
mized into � 95% and � 95%.

Primary outcomes for our study were death or major

omplication within 30 days after operation. The follow-
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ng events were defined as major complications: acute renal
ailure, bleeding requiring � 4 U red cell transfusion
ithin 72 hours after operation, cardiac arrest requiring
PR, coma for 24 hours or longer, deep venous throm-
osis, septic shock, MI, unplanned intubation, ventila-
or use for 48 hours or longer, pneumonia, pulmonary
mbolism, stroke, wound disruption, deep or organ-
pace surgical site infection, sepsis, systemic inflamma-
ory response syndrome, and vascular graft failure, ac-
ording to NSQIP’s established definitions.7 All deaths
ere considered major complications. (Superficial

urgical site infection and urinary tract infection were
ot major complications.) Patients having complica-
ions categorized in the database as “other occur-
ence” were reviewed individually to determine the
everity of the complication. Anastomotic leak, cystic
uct leak after cholecystectomy, pericardial effusion
equiring drainage, and gastric outlet obstruction re-
uiring reoperation were identified on review of these
ndividual occurrences and classified as major
omplications.

tatistical analysis and development of the score
ll analyses were performed using the SAS 9.1 statistical

oftware package (SAS Institute). We performed a uni-
ariate analysis examining the relationship between each
reoperative and intraoperative variable in the database
nd the outcomes of major complication or death. Vari-
bles with p � 0.20 and � 10% missing data were
andidates for entry in a multivariable model. We chose
mong colinear variables based on p value and potential
or use in an outcomes score. We entered the intraoper-
tive variables alone and also with preoperative variables
n a multivariable logistic regression model using a step-
ise selection procedure (� � 0.10 for entry, � � 0.05

or inclusion) for outcomes of interest. Variables that
ndependently predicted major complication or death
ecame our candidates for the surgical score. We com-
ared alternate combinations of variables for the surgical
core, striving for simplicity of the score, safety in clinical
se, and predictive power.
After choosing the final variables for inclusion, we

sed the magnitude of the �-coefficients from the re-
ression equation to weight the points allocated to each
ariable appropriately in a 10-point score. We chose the
ize of the intervals and the cut-offs for each point level
o that a 1-point increase in the score for each variable

ould produce an equivalent increase in the odds of a r
omplication and so that the distribution of observed
alues was encompassed. The values for each cut-off
ere then rounded to clinically relevant values amenable

o recall by surgeons. We performed logistic regression
nalysis to examine the relationship between major
omplications/death and the surgical score (treating sur-
ical score as an ordered categorical variable), and the
ndividual components of the score, in each of the three
atient cohorts, and calculated c-statistics as a measure
f model discrimination. We performed Pearson’s vali-
ation goodness-of-fit test10 to compare model calibra-
ion between the two colectomy cohorts. In the final
ohort, we compared differences in complication rates
y individual scores using chi-square tests.

ESULTS
e identified 311 patients in the BWH-NSQIP database

o form cohort 1 (for derivation of our score), 103 patients
o form cohort 2 (for validation in colectomy patients), and
75 patients for cohort 3 (for validation in patients un-
ergoing general or vascular surgery). Of these, anesthe-
ia records were available for review in 303 patients for
ohort 1 (97.4%), 102 patients for cohort 2 (99.0%),
nd in 767 patients for cohort 3 (99.0%). Characteris-
ics of these patients are listed in Table 1. Major compli-
ations occurred within 30 days in 66 patients (22%) in
ohort 1 (including 9 deaths; 3%), 19 patients (19%) in
ohort 2 (4 deaths; 4%), and 70 patients (9%) in cohort
(11 deaths; 1%).

erivation of the surgical score
n cohort 1, 12 preoperative and 9 intraoperative vari-
bles were associated with major complication or death
ithin 30 days, with a p value � 0.20 in univariate

nalysis and � 10% missing data (Table 2). In multiva-
iable logistic regression with eight of the nine intraop-
rative variables (red cell transfusion was tightly colinear
ith log EBL and excluded), we found that lowest heart

ate, log EBL, and lowest mean arterial pressure (MAP)
ere each independent predictors of outcomes. These 3

ntraoperative variables constitute model 1 (see Table 3).
sing both intraoperative and preoperative variables, we

ound that lowest heart rate, log EBL, pulmonary co-
orbidity, and age were independent predictors of out-

omes (model 2). These two models had similar ability
o discriminate among patients with and without major
omplications or death. (The c-index was 0.72 and 0.73,

espectively, indicating good discrimination.)
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able 1. Patient Characteristics, Procedures, and Outcomes

Colectomy patients
General and vascular

surgery patients
Cohort 1*
(n � 303)

Cohort 2†

(n � 102)
Cohort 3‡

(n � 767)

reoperative characteristics
Age (y)§ 60.5 � 15.1 63.6 � 15.4 55.3 � 15.8¶

Female� 171 (56) 49 (48) 501 (65)¶

Non-Caucasian race� 42 (14) 11 (11) #

Body mass index§ 27.0 � 6.1 25.7 � 6.8 28.8 � 9.9¶

Cardiovascular disease (MI, CHF, PVD, stroke, prior
revascularization)� 34 (11) 12 (12) 76 (10)

Pulmonary disease (pneumonia, COPD, ventilator dependent)� 16 (5) 1 (1) 42 (5)
Diabetes mellitus� 37 (12) 16 (16) 98 (13)
Preoperative sepsis� 9 (3) 4 (4) 45 (6)
Wound classification, contaminated or dirty 55 (18) # #

Procedure for malignancy 153 (51) # #

Bleeding disorder/transfusion � 4 U RBC preop� 12 (4) 3 (3) 33 (4)
Emergency procedure� 41 (14) 4 (4)¶ 45 (6)¶

ASA class � 3� 121 (40) 40 (39) 264 (34)
ntraoperative characteristics

Operative duration (min)§ 160 � 95 146 � 75 112 � 80¶

Initial heart rate (beats/min)§ 80 � 17 80 � 16 79 � 15
Lowest heart rate (beats/min)§ 62 � 13 62 � 13 63 � 12
Highest heart rate (beats/min)§ 94 � 17 92 � 16 92 � 16
Final heart rate (beats/min)§ 80 � 16 77 � 14 79 � 15
Highest mean arterial pressure (mmHg)§ 95 � 14 99 � 15 100 � 16¶

Lowest mean arterial pressure (mmHg)§ 58 � 8 61 � 9¶ 63 � 10¶

Estimated blood loss (mL), median (IQR)¶** 200 (100�500) 250 (100�450) Minimal (min�150)
Intraoperative RBC transfusion� 64 (21) 13 (13) 71 (9)¶

Epidural anesthesia 209 (69) # #

utcomes
No major complications� 235 (78) 83 (81) 697 (91)¶

Major complications� 68 (22) 19 (19) 70 (9)¶

Death� 9 (3) 4 (4) 11 (1)
ypes of operations
Complex abdominal (eg, bariatric, colectomy, pancreatectomy,

splenectomy) 303 (100) 102 (100) 287 (37)
Breast/skin/soft tissue NA NA 174 (23)
Simple abdominal (laparoscopic cholecystectomy,

appendectomy, gastrostomy) NA NA 101 (13)
Hernia repair NA NA 78 (10)
Vascular/endovascular NA NA 71 (9)
Thyroid/parathyroid NA NA 56 (7)

ata are given as the number (%) of patients, or as mean � SD, except where noted.
February 2003�March 2004.
April 2004�December 2004.
September 2004�December 2004.
t-test.
Chi-square test.
p � 0.05, cohort 1 was comparison group.
Data not available for this cohort.

*Wilcoxon rank-sum test.
SA, American Society of Anesthesiologists; CHF, congestive heart failure; IQR, interquartile range; NA, not applicable; PVD, peripheral vascular disease.
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Because of its simplicity, because having heart rate and
ot blood pressure as a component of a performance mea-
ure could lead surgical teams to manage heart rate without
ufficient regard to blood pressure, and because the dis-
riminative ability of the two models was equivalent, we
hose to develop our score based on model 1, with 3
ntraoperative variables—lowest heart rate, log EBL, and
owest MAP—as shown in Table 4. The score for a pa-
ient with 50 mL blood loss (3 points), a lowest MAP of
0 (3 points), and a lowest heart rate of 60 (3 points), for
xample, would have been 9. By contrast, a patient with

1 L blood loss (0 points), a MAP that dropped to 50
1 point), and a lowest heart rate of 80 (1 point) would
eceive a score of 2.

elationship between surgical score
nd surgical outcomes
e found that as the score increased, outcomes im-

able 2. Characteristics Associated with Major Complications/
eath for 303 Colectomy Patients (Cohort 1), Univariate
nalysis

Odds
ratio 95% CI p Value

reoperative characteristics
Age (y) 1.02 1.00�1.04 0.07
Female 0.66 0.38�1.13 0.13
Non-Caucasian race 1.91 0.94�3.87 0.07
Body mass index 0.97 0.92�1.02 0.17
Cardiovascular disease 2.79 1.32�5.87 0.007
Pulmonary disease 6.58 2.30�18.84 0.0005
Preoperative sepsis 13.25 2.69�65.42 0.002
Wound classification,

contaminated or dirty 3.21 1.72�6.00 0.0003
Procedure for malignancy 0.53 0.30�0.92 0.02
Bleeding disorder/transfusion

� 4 U RBC preop 3.66 1.14�11.75 0.03
Emergency procedure 4.80 2.41�9.57 � 0.0001
ASA class � 3 3.74 2.12�6.59 � 0.0001

ntraoperative characteristics
Initial heart rate (beats/min) 1.02 1.01�1.04 0.006
Lowest heart rate (beats/min) 1.06 1.03�1.08 � 0.0001
Highest heart rate (beats/min) 1.03 1.01�1.05 0.0002
Final heart rate (beats/min) 1.03 1.02�1.05 0.0002
Lowest mean arterial pressure

(mmHg) 0.98 0.95�1.01 0.14
Lowest O2 saturation � 95% 1.97 0.90�4.32 0.09
Estimated blood loss (log10 mL) 2.13 1.30�3.49 0.003
Intraoperative RBC transfusion 3.87 2.13�7.05 � 0.0001
Epidural anesthesia 0.43 0.24�0.76 0.004
roved monotonically for colectomy patients in both t
ohort 1 and cohort 2 (Table 5). The surgical score was a
ignificant predictor of major complication or death for
oth cohorts (p � 0.0001). The c-statistic for the score
n univariate logistic regression was 0.69 for cohort 1
nd 0.67 for cohort 2. Pearson’s goodness-of-fit test
howed no significant difference between cohorts in the
elationship between score and outcomes (p � 0.57).

We next examined the relationship between surgical
core and outcomes for cohort 3, our 767 patients un-
ergoing general or vascular operations. Of these pa-
ients, 11 (1.4%) died, major complications developed
ithin 30 days in 70 (9.1%), 35 (4.6%) had minor

omplications, and 662 (86.3%) had no complications.
ean surgical score was 7.55 (� 1.49 SD). The occur-

ence of major complications or death was significantly
ssociated with surgical score in univariate logistic re-
ression (p � 0.0001). The c-statistic was 0.72, indicat-
ng good discrimination. The score had only slightly less
iscrimination in predicting 30-day outcomes than a
ultivariable logistic regression model using the 3 com-

onents of the score individually: log EBL, lowest heart
ate, and lowest MAP (c-index � 0.75, p � 0.0001).

Differences in outcomes between patients with differ-
nt scores were also statistically significant (see Table 6).
mong the 29 (3.8%) patients with a surgical score � 4
fter general or vascular surgery, major complications or
eath occurred within 30 days in 17 (58.6%) patients. In
ontrast, among the 220 patients (28.7%) with a surgical
core of 9 or 10, only 8 (3.6%) suffered a major complica-

able 3. Characteristics Associated with Major Complica-
ions and Death for 303 Colectomy Patients (Cohort 1),
ultivariable Analysis

Odds
ratio 95% CI p Value

odel 1: Intraoperative variables
only (c-statistic 0.72)

Lowest heart rate 1.06 1.03�1.08 � 0.0001
Log estimated blood loss 1.82 1.08�3.07 0.02
Lowest mean arterial pressure 0.96 0.93�0.99 0.02
odel 2: Intraoperative and

preoperative variables
(c-statistic 0.73)

Lowest heart rate 1.06 1.03�1.08 � 0.0001
Log estimated blood loss 2.07 1.16�3.71 0.01
Pulmonary comorbidity

(COPD, ventilator
dependence, pneumonia) 5.73 1.52�21.58 0.01

Age (y) 1.03 1.01�1.06 0.009
ion or death within 30 days.This difference corresponds to
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relative risk for major complication among low-scoring
perations of 16.1 (95% CI, 7.7�34.0, p � 0.0001),
ompared with the highest-scoring operations (Fig. 1).

The surgical score was also highly predictive of death
n the general and vascular surgery cohort (p � 0.0001
n univariate logistic regression, c-statistic � 0.92; Fig.
). Death occurred for 0 of 220 patients with scores of 9
o 10; 1 of 395 (0.3%) with scores 7 to 8; 6 of 123
4.9%) with scores 5 to 6; and 4 of 29 (13.8%) with
cores 0 to 4.

ISCUSSION
e were able to derive a simple surgical score based on

outinely available intraoperative data that accurately
ates the condition of patients after general or vascular
urgery. Like Virginia Apgar’s score for newborns, its
rimary value is in providing surgical teams with imme-
iate, graded feedback on how an operation went for a
atient. Until now they have had only their subjective
mpressions from the data available.

This surgical score could serve several important pur-
oses. It would allow surgeons to consistently identify pa-
ients coming out of operations who are at highest risk of
ajor complications or death, and test standards and inno-

ations to improve our ability to save such patients. It
ould provide information to patients and their families on
atients’ relative conditions after surgical procedures. Rou-

able 5. Thirty-Day Surgical Outcomes for Two Colectomy P

urgical score

Cohort 1* (n � 303)

n

Majo
complicatio

n

�2 5 5
�4 24 10
�6 107 30
�8 143 22
�10 24 1

earson’s goodness-of-fit test showed no significant difference between coho
February 2002 to March 2004. Cohort 1: c-statistic � 0.69.

able 4. A 10-Point Surgical Outcomes Score*
0 points

stimated blood loss (mL) � 1,000
owest mean arterial pressure (mmHg) � 40
owest heart rate (beats/min) � 85

urgical score � sum of the points for each category in the course of a proce
Based on model 1 from cohort 1.
Occurrence of pathologic bradyarrhythmia, including sinus arrest, atrioventr
lso receive 0 pts for lowest heart rate.
April 2004 to December 2004. Cohort 2: c-statistic � 0.67.
ine surveillance and case review for patients with low sur-
ical scores (eg, a score � 4), even when no complications
esult, can enable earlier identification of safety problems.
he score would also provide a target for surgical teams and

esearchers aiming to improve outcomes, and a measure for
uality monitoring and improvement programs, even in
esource-poor settings. The ultimate goal might be to en-
ourage development and implementation of practices that
educe the number of patients with low scores.

Like the Apgar score, our surgical score does not
eadily allow comparison of quality between institutions
r practitioners, as its three variables are each influenced
ot only by the performance of medical teams, but also
he patient’s earlier condition. For such comparisons, we
ust still rely on tracking risk-adjusted, 30-day out-

omes with more complex collection and modeling of
atient data, such as in the Veterans’ Affairs National
urgical Quality Improvement Program.7 For the same
eason, the score is also not a suitable measure to guide
hysician payments. This is a score that can accurately
rade a patient’s condition after operation only, which is
lways a function of both how fit the patient is coming to
he operation and how the team performs.

Our finding that the critical variables for the score are
easures of blood loss, heart rate, and blood pressure is

onsistent with previous findings. Stability of patient
ital signs during the surgical procedure11-13 and the

t Cohorts, in Relation to the Surgical Score
Cohort 2† (n � 102)

ath
n

Major
complication/death

% n %

100 0 — —
42 8 5 63
28 25 6 24
15 58 7 12

4 11 1 9

nd 2 in the relationship between score and outcomes (p � 0.57).

point 2 points 3 points 4 points

1,000 101�600 � 100 —
54 55�69 � 70 —
85 66�75 56�65 � 55†

block or dissociation, junctional or ventricular escape rhythms, and asystole
atien

r
n/de

rts 1 a
1

601�

40�

76�

dure.

icular
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mount of blood loss14-17 have long been recognized as
mportant in patient outcomes. The score is also con-
istent with findings that outcomes can be improved with
ore appropriate use of �-blockers in patients undergo-

ng major operations.18,19 What had not been recognized
as the collective importance of these variables.
Together, these three predictors allow teams to suc-

essfully identify not only the patients at highest risk of
ostoperative complications, but also those at markedly

ower risk than average. The 220 patients with scores of
or 10 in cohort 3 (29% of the sample) had a � 4%

ncidence of major complications, and no deaths. In
ontrast, those with scores of � 4 had a � 50% risk of
ajor complications, including a 14% mortality rate.
espite the relatively low prevalence of scores � 4 (4%

f the cohort), the c-statistic of 0.72 suggests that the
core has good overall discriminative ability.

There remain several limitations to our findings.
irst, this score was tested only at a single, large, teaching
ospital. Although we expect the score to be generaliz-
ble, validity in other settings has not yet been estab-
ished. Second, although there is a strong association
etween surgical score and risk of major complications,
he confidence intervals around the risk estimates for
ny individual score remain wide. Additional validation
ith a larger cohort would be necessary to define the
recise risk associated with a particular score. Third, the
urgical score was tested only in general and vascular
urgery patients aged 16 years or older. Whether the
core is effective in grading risk in other fields of surgery
emains uncertain, and it has not been adapted for use in
ediatric populations.
Finally, the score might have sources of considerable
easurement variability. We took data for the score from
ritten anesthesia records, in which anesthesiologists at-

empt to record vital sign information every 5 minutes.

able 6. Thirty-day Outcomes for 767 Patients Undergoing

urgical score n

Majo
complicatio
n

�2 4 3
�4 25 14
�6 123 20
�8 395 25
�10 220 8

-statistic � 0.72.
Chi-square test. Patients with scores of 9 or 10 served as the reference group
hese are inevitably incomplete records; for any given a
atient, data can be missing or smoothed to disregard
erceived artifacts in readings.20 The score might also
ot translate easily to settings with electronic anesthesia
ecords, which record data continuously or every few
econds.21 Scoring using electronic anesthesia records
ould have to disregard artifacts and momentary fluctua-

ions in heart rate and blood pressure recordings (we are
urrently developing an algorithm to accomplish this).

Blood loss estimation can be similarly imprecise, but
he broad categories used to calculate the score (� 100
L, 100 to 600 mL, 601 to 1,000 mL, � 1,000 mL) are
ell within observers’ range of precision in careful volu-
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Surgical Score

Major complication

Death

n = 29

n = 123

n = 220
n = 395

igure 1. Thirty-day mortality and major complications for 767 pa-
ients undergoing general or vascular surgery, in relation to surgical
cores. *p � 0.0001 for an association between surgical score and
ajor complications, and for an association between surgical score

ral or Vascular Surgery, in Relation to Surgical Scores

ath Relative risk
(95% CI) p Value*%

75 20.6 (8.5�50.0) � 0.0001
56 15.4 (7.2�33.1) � 0.0001
16 4.5 (2.0�9.8) � 0.0001

6 1.7 (0.8�3.8) 0.16
4 1 —
Gene
r
n/de
nd death.
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etric studies.22,23 Relying on anesthesiologists’ inde-
endent estimation improves the reliability and insulates
gainst surgeon bias.22 Nonetheless, some inaccuracy in
lood loss estimation can remain.
Still, the variables in the surgical score are at least as

eliably quantified as any in the Apgar score, and poten-
ially more so than some Apgar components (such as
rading of newborn muscle tone and color).24 The sur-
ical score is just as easily calculated and as predictive of
ater patient outcomes. Our results demonstrate that a
imple clinimetric surgical outcomes score can be de-
ived from intraoperative data alone.This 10-point score
ased on the lowest heart rate, lowest MAP, and EBL
iscriminates well between groups of patients at high
nd low risk of major complications and death within 30
ays of operation. Whether this surgical score will prove
o be as useful as Virginia Apgar’s obstetrical score for
outine care, quality improvement, and research remains
o be seen. It is certainly our hope.
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