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Utility of the Surgical Apgar Score

Validation in 4119 Patients

Scott E. Regenbogen, MD, MPH; Jesse M. Ehrenfeld, MD; Stuart R. Lipsitz, ScD;
Caprice C. Greenberg, MD, MPH; Matthew M. Hutter, MD, MPH; Atul A. Gawande, MD, MPH

Objectives: To confirm the utility of a 10-point Surgi-
cal Apgar Score to rate surgical outcomes in a large co-
hort of patients.

Design: Using electronic intraoperative records, we cal-
culated Surgical Apgar Scores during a period of 2 years
(July 1, 2003, through June 30, 2005).

Setting: Major academic medical center.

Patients: Systematic sample of 4119 general and vas-
cular surgery patients enrolled in the National Surgical
Quality Improvement Program surgical outcomes data-
base at a major academic medical center.

Main Outcome Measures: Incidence of major post-
operative complications and/or death within 30 days of

surgery.

Results: Of 1441 patients with scores of 9 to 10, 72
(5.0%) developed major complications within 30 days,

including 2 deaths (0.1%). By comparison, among 128
patients with scores of 4 or less, 72 developed major
complications (56.3%; relative risk, 11.3; 95% confi-
dence interval, 8.6-14.8; P<.001), of whom 25 died
(19.5%; relative risk, 140.7; 95% confidence interval,
33.7-587.4; P<.001). The 3-variable score achieves C
statistics of 0.73 for major complications and 0.81 for
deaths.

Conclusions: The Surgical Apgar Score provides a simple,
immediate, objective means of measuring and commu-
nicating patient outcomes in surgery, using data rou-
tinely available in any setting. The score can be effective
in identifying patients at higher- and lower-than-
average likelihood of major complications and/or death
after surgery and may be useful for evaluating interven-
tions to prevent poor outcomes.

Arch Surg. 2009;144(1):30-36

Author Affiliations:
Department of Health Policy
and Management, Harvard
School of Public Health

(Drs Regenbogen, Greenberg,
and Gawande), Departments of
Surgery (Drs Regenbogen and
Hutter) and Anesthesia and
Critical Care (Dr Ehrenfeld),
Massachusetts General
Hospital, and Center for
Surgery and Public Health,
Department of Surgery, Brigham
and Women'’s Hospital

(Drs Lipsitz, Greenberg, and
Gawande), Boston,
Massachusetts.

(REPRINTED) ARCH SURG/VOL 144 (NO. 1), JAN 2009

URGICAL TEAMS LACK A ROU-

tine, objective evaluation of

patient condition after sur-

gery to inform postoperative

prognostication, guide clini-
cal communication, and evaluate the ef-
ficacy of safety interventions in the oper-
ating room.' Instead, surgeons rely
primarily on subjective assessment of avail-
able patient data.> Complex models, such
as the Acute Physiology and Chronic
Health Evaluation score® and the Physi-
ologic and Operative Severity Score for the
Enumeration of Mortality,* provide ad-
equate predictions of a surgical patient’s
risk of complications. These scores have
not come into standard use for surgical pa-
tients, however, because they are not eas-
ily calculated at the bedside, require nu-
merous data elements that are not
uniformly collected, and are often not well
understood among the various members
of a multidisciplinary care team.’ Efforts

to significantly reduce surgery’s overall 3%
major complication rate® have been ham-
pered in part because surgical depart-
ments in most hospitals have no easily ap-
plied tool for routine measurement and
monitoring of surgical results.

See Invited Critique
at end of article

We sought to develop a surgical out-
come score that would be (1) simple for
teams to collect immediately on comple-
tion of an operation for any patient in any
setting, regardless of resource and tech-
nological capacity; (2) valid for predict-
ing major postoperative complications and
death; and (3) applicable throughout the
fields of general and vascular surgery (at
least). Our approach differs from that of
risk-adjusted outcomes evaluations, such
as the American College of Surgeons’ Na-
tional Surgical Quality Improvement Pro-
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Table 1. The 10-Point Surgical Apgar Score?

Surgical Apgar Score, No. of Points

0 1 2 3 4
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/min >g5P 76-85 66-75 56-65 <550

4The Surgical Apgar Score is calculated at the end of any general or vascular surgery 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.
bOccurrence of pathologic bradyarrhythmia, including sinus arrest, atrioventricular block or dissociation, junctional or ventricular escape rhythms, and asystole,

also receives 0 points for lowest heart rate.

gram (NSQIP).”® Rather than dissociating patient-
related factors from those related to surgical performance,
the Surgical Apgar Score takes a public health perspec-
tive on surgical results, seeking to promptly identify pa-
tients at highest risk and circumstances offering great-
est opportunity for reducing complications and death,
regardless of the prevailing cause. The Apgar score in ob-
stetrics served a similar function in evaluating the con-
dition of newborns and, as a result, became an indis-
pensable clinical tool.*"?

We devised an Apgar score for surgery, a 10-point score
to rate surgical outcomes at Brigham and Women'’s Hos-
pital.’> The score is calculated from the estimated blood
loss (EBL), lowest heart rate (HR), and lowest mean ar-
terial pressure (MAP) during an operation. In a pilot study
of 767 general and vascular surgery patients,' the score
was significantly associated with the occurrence of ma-
jor complications or death within 30 days of surgery
(P<<.001, Cstatistic=0.72). Poor-scoring patients (scores
=4) were 16 times more likely to experience a major com-
plication than were patients with the highest scores
(9 or 10).

This preliminary study, however, was conducted in a
single institution, with a limited sample size. To evalu-
ate the broader applicability of the Surgical Apgar Score,
we sought to evaluate its performance among a larger co-
hort of patients, from a different institution, and used elec-
tronic intraoperative data collection rather than the hand-
written records from which it was derived. To evaluate
its predictive ability, we compare its discrimination with
that of the multivariate risk-adjustment models of the
NSQIP, an established surgical risk-adjustment method,
currently in use in selected centers.

DR METHODS R

PATIENT SELECTION

The Massachusetts General Hospital (MGH) Department of Sur-
gery maintains an outcomes database on a systematic sample
of patients undergoing general and vascular surgical proce-
dures as part of the private sector NSQIP. In this program,’®
trained nurse-reviewers retrospectively collect 49 preopera-
tive, 17 intraoperative, and 33 outcome variables on surgical
patients for the monitoring of risk-adjusted outcomes. Pa-
tients undergoing general or vascular surgery with general,
epidural, or spinal anesthesia, or specified operations (carotid
endarterectomy, inguinal herniorrhaphy, thyroidectomy, para-
thyroidectomy, breast biopsy, and endovascular repair of ab-

dominal aortic aneurysm) regardless of anesthetic type, are eli-
gible for inclusion. Children younger than 16 years and patients
undergoing trauma surgery, transplant surgery, vascular ac-
cess surgery, or endoscopic-only procedures are excluded. At
the MGH, the first 40 consecutive patients undergoing opera-
tions that meet inclusion criteria in each 8-day cycle are en-
rolled. No more than 5 patients undergoing inguinal hernior-
rhaphies and 5 patients undergoing breast biopsies are enrolled
per 8-day cycle to ensure diversity of operations in the case mix.

We evaluated all patients in the MGH-NSQIP database who
underwent surgery between July 1, 2003, and June 30, 2005,
and for whom complete 30-day follow-up was obtained. We
excluded (1) patients undergoing carotid endarterectomies per-
formed concurrently with coronary artery bypass grafting be-
cause the score was not designed for application to patients re-
ceiving cardiopulmonary bypass and (2) patients receiving local
anesthesia only because no electronic anesthesia record is gen-
erated for these procedures. The study protocol, including a
waiver of informed consent for individual patients, was ap-
proved by the Human Research Committees of the MGH and
the Harvard School of Public Health.

CALCULATION OF THE SCORE

We devised the Surgical Apgar Score by using multivariate lo-
gistic regression to screen a collection of intraoperative mea-
sures. We found that only 3 intraoperative variables remained
independent predictors of 30-day major complications: the EBL,
the lowest HR, and the lowest MAP during the operation. The
score was thus developed using these 3 variables, and their 3 co-
efficients were used to weight the points allocated to each vari-
able in a 10-point score. This procedure is described in detail
elsewhere.”” Table 1 gives the values used to calculate the 10-
point score. The score for a patient with 50 mL of blood loss (3
points), a lowest MAP of 80 (3 points), and a lowest HR of 60 (3
points), for example, is 9. By contrast, a patient with more than
a liter of blood loss (0 points), a MAP that decreased to 50 (1
point), and a lowest HR of 80 (1 point) receives a score of 2.
We used intraoperative data collected from handwritten an-
esthesia records to develop the score at Brigham and Women’s
Hospital."” At the MGH, intraoperative records are main-
tained by an electronic Anesthesia Information Management
System (Saturn; Drager Medical, Telford, Pennsylvania) in a
database that is accessible via the Structured Query Language.
We developed a Structured Query Language query to examine
the intraoperative physiologic data during the surgical period.
Because electronic anesthesia data differ from handwritten rec-
ords in a number of ways,'®!” particularly the tendency for in-
clusion of some artifactual or erroneous values (for example,
false pressure readings when an arterial catheter is flushed),
our data extraction algorithm excluded extraphysiologic val-
ues for HR (data points <20/min or >200/min) and MAP (data
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points <25 mm Hg or >180 mm Hg) and then selected the
median of remaining values in every 5-minute period for analy-
sis. The lowest of these medians for each variable, along with
the recorded EBL, was used to calculate the score.

For data quality assurance, we manually reviewed the printed
electronic anesthesia record for 50 operations and compared
the results with those of the electronic data acquisition algo-
rithm for these cases. The individual factor values and the total
score obtained by each method were compared by computing
K statistics for agreement, using Fleiss-Cohen weighting for or-
dered categorical data.'®

PATIENT RISK FACTORS
AND POSTOPERATIVE OUTCOMES

We collected all preoperative and postoperative patient vari-
ables from the NSQIP database. Some variables were aggre-
gated by organ system. Pulmonary comorbidity was defined as
preexisting chronic obstructive pulmonary disease, ventilator
dependence, or pneumonia. Cardiovascular comorbidity was
defined as prior myocardial infarction, angina, congestive heart
failure, or coronary revascularization. Patients with a history
of transient ischemic attack or stroke with or without residual
neurologic deficit were pooled into a single group called “his-
tory of stroke or transient ischemic attack.” On the basis of pre-
vious studies, American Society of Anesthesiologists’ Physical
Status Classification was dichotomized as 3 or greater and less
than 3, and wound classification was dichotomized as clean and
clean but contaminated operations vs contaminated and dirty
operations.”!? Laboratory data were categorized according to
the fiscal year 2005 NSQIP models.*® Procedural relative value
units were calculated by linkage of Current Procedural Termi-
nology codes to listings from the 2005 Medicare Physician Fee
Schedule (Centers for Medicare and Medicaid Services). The
magnitude of the surgical procedures was rated as either mi-
nor or intermediate (eg, breast, endocrine, groin and umbili-
cal herniorrhaphy, appendectomy, laparoscopic cholecystec-
tomy, perianal procedures, and skin or soft-tissue operations)
or major or extensive (all other operations) as in previous stud-
ies of perioperative risk.*!'?*

The primary end points were major complication and death
within 30 days after surgery, as recorded in the NSQIP database.
The following NSQIP-defined® events were considered major com-
plications: acute renal failure, bleeding that required a transfu-
sion of 4 U or more of red blood cells within 72 hours after sur-
gery, cardiac arrest requiring cardiopulmonary resuscitation, coma
of 24 hours or longer, deep venous thrombosis, myocardial in-
farction, unplanned intubation, ventilator use for 48 hours or more,
pneumonia, pulmonary embolism, stroke, wound disruption, deep
or organ-space surgical site infection, sepsis, septic shock, sys-
temic inflammatory response syndrome, and vascular graft fail-
ure. All deaths were assumed to include a major complication.
Superficial surgical site infection and urinary tract infection were
not considered major complications. Patients having complica-
tions categorized in the database as “other occurrence” were re-
viewed individually, and severity of the occurrence was evalu-
ated according to the Clavien classification.”? “Other occurrences”
that involved complications of Clavien class IIl and greater (those
that require surgical, endoscopic, or radiologic intervention or
intensive care admission or are life-threatening) were consid-
ered major complications.

STATISTICAL ANALYSIS

All analyses were performed using the SAS statistical software,
version 9.1 (SAS Institute Inc, Cary, North Carolina). We ana-
lyzed continuous variables using 2-sided t tests or, if skewed,

Wilcoxon rank sum tests. We analyzed categorical predictors
using x? tests. We performed univariate logistic regression to
examine the relationship between major complication or death
and the Surgical Apgar Score (treating the score as an ordered
categorical variable) and calculated C statistics as a measure
of model discrimination. We used x* tests and the Cochran-
Armitage x* trend test’® to evaluate the relationship between
the score and the incidence of both outcomes.

For each outcome, we also compared the univariate logis-
tic regression models with the score alone against the multi-
variate logistic regression models used for risk adjustment in
the private-sector NSQIP for fiscal year 2005.%° Only observa-
tions with complete data available were included in the NSQIP
models. As measures of discrimination, we constructed re-
ceiver operating characteristic curves and calculated C statis-
tics (equivalent to the area under the receiver operating char-
acteristic curve) to compare the models.”>*

BN RESULTS

DATA ACCRUAL AND VALIDATION

Of 4163 patients identified in the NSQIP database who
met inclusion criteria, 4119 (98.9%) had complete
electronic intraoperative records and constituted our
final cohort. The automated data extraction algorithm
achieved excellent agreement with manual record
review, both for point values assigned to each variable
(k=0.97 for HR; k=0.75 for MAP) and for the total
score (k=0.94).

PREDICTORS OF MAJOR
COMPLICATIONS AND DEATH

Table 2 compares the demographic characteristics, base-
line comorbidities, and laboratory data for patients with
and without major complications. One or more major
complications occurred within 30 days of surgery in 581
patients (14.1%), including 94 deaths (2.3%). All pre-
operative risk factors and laboratory values collected were
significantly associated with the rate of major complica-
tions, with the exceptions of race and obesity.

The 3 variables that contributed to the Surgical Ap-
gar Score were each significant univariate predictors of
major complications, including death (Table 3). The
mean lowest HRs were significantly lower (58 vs 63;
P<.001) and the mean lowest MAPs were significantly
higher (65 vs 61; P<.001) among patients with no com-
plications compared with those with major complica-
tions. Likewise, median EBL was significantly lower in
operations with no major complications than in those re-
sulting in major complications (25 vs 200 mL; P<<.001).
The types of operations and their complication rates in
the cohort are given in Table 4.

RELATIONSHIP OF SURGICAL
APGAR SCORE AND OUTCOMES

With increasing scores, the incidence of major compli-
cations and death decreased monotonically (P<.001).
In univariate logistic regression, the score demon-
strated good discrimination, with a C statistic of 0.73 for
major complications and 0.81 for death.”
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Table 2. Preoperative Risk Factors and 30-Day Outcomes?

No Major Major Complication
Complication and/or Death P
(n=3538) (n=581) Valueb
Patient characteristics
Age, mean (SD), y 56.6 (16.4) 64.2 (16.0) <.001
Female 2124 (60.0) 285 (49.1) <.001
Race other than white 311 (8.8) 51 (8.8) .99
ASA class =3 1019 (28.8) 371 (63.9) <.001
Obese (BMI >35)¢ 613 (19.1) 75 (15.8) .08
Underweight (BMI <18.5)°¢ 137 (4.3) 26 (6.1) <.001
Cardiovascular disease (MI, CHF, angina, coronary revascularization) 418 (11.8) 138 (23.8) <.001
Hypertension 1415 (40.0) 314 (54.0) <.001
Pulmonary disease (pneumonia, COPD, ventilator dependent) 145 (4.1) 116 (20.0) <.001
Dyspnea 217 (6.1) 98 (16.9) <.001
Diabetes mellitus 397 (11.2) 96 (16.5) <.001
Renal failure 37 (1.0) 56 (9.6) <.001
Sepsis 63 (1.8) 109 (18.8) <.001
Open wound 156 (4.4) 99 (17.0) <.001
Bleeding disorder or =5 U of PRBCs transfused during admission 86 (2.4) 67 (11.5) <.001
History of stroke or TIA 212 (6.0) 60 (10.3) <.001
Current smoker 583 (16.5) 137 (23.6) <.001
Disseminated cancer 147 (4.2) 46 (7.9) <.001
Weight loss >10% in 6 mo 226 (6.4) 78 (13.4) <.001
Oral or parenteral corticosteroid use 136 (3.8) 44 (7.6) <.001
Ascites 36 (1.0) 46 (7.9) <.001
Esophageal varices 8(0.2) 5(0.9) .01
Rest pain or gangrene 74 (2.1) 40 (6.9) <.001
Coma 0 1(0.2) .01
Do-not-resuscitate status 9(0.3) 13(2.2) <.001
Laboratory datad

WBC count >11000/pL (3) 387 (10.9) 158 (27.2) <.001
Hematocrit <38% (4) 1277 (36.1) 340 (58.4) <.001
Platelet count <150 000/pL (4) 172 (5.1) 77 (13.5) <.001
Platelet count >400 000/pL (4) 221 (6.5) 66 (11.5) <.001
Sodium <135 mEq/L (14) 162 (5.4) 73 (13.2) <.001
Sodium >145 mEq/L (14) 40 (1.3) 18 (3.3) .001
SUN >40 mg/dL (8) 70 (2.2) 57 (10.1) <.001
Creatinine >1.2 mg/dL (12) 423 (13.9) 160 (28.5) <.001
Aspartate aminotransferase >40 U/L (33) 290 (12.6) 109 (22.9) <.001
Albumin, mean (SD), g/dL (37) 3.9 (0.6) 3.2(0.9) <.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PRBC, packed red blood cells; SUN, serum urea nitrogen;

TIA, transient ischemic attack; WBC, white blood cell.

Sl conversion factors: To convert albumin to grams per liter, multiply by 10; creatinine to micromoles per liter, by 88.4; hematocrit to a proportion of 1, by 0.01;
platelet count to number of cells x10° per liter, by 1; sodium to millimoles per liter, by 1; and SUN to millimoles per liter, by 59.485.

aResults are presented as number (percentage) of patients unless otherwise indicated. Preoperative patient characteristics and laboratory data were obtained
from the Massachusetts General Hospital National Surgical Quality Improvement Program database for 4119 patients who underwent general or vascular surgery

between July 1, 2003, and June 30, 2005.

bThe Pvalues were obtained from x? tests, ttests, or Wilcoxon rank sum tests.
CPatients with a BMI of 18.5 or greater and 35 or less served as the comparison group; data were missing for 438 patients (10.6%). P<.001 for all variables.
dThe percentage of patients with missing laboratory data, ranging from 3% missing white blood cell count to 37% missing albumin levels, is shown in

parentheses after each analyte.

The rates of major complications and death at each
level of the Surgical Apgar Score are shown in
Figure 1. Among 1441 patients with scores of 9 or 10,
72 (5.0%) developed major complications within 30
days, including 2 deaths (0.1%). By comparison, among
128 patients with scores of 4 or less, 72 (56.3%) devel-
oped major complications, of whom 25 died (19.5%).
Compared with scores of 9 or 10, the relative risk of
major complications for scores of 4 or less is 11.3 (95%
confidence interval [CI], 8.6-14.8; P<.001), and the
relative risk of death is 140.7 (95% CI, 33.7-587.4;
P<.001). In every 2-point score category (as in

Figure 1), the incidence of both major complications
and death was significantly greater than that of the
next-highest category (P<.001), except for the com-
parisons between the 0- to 2-point and the 3- or 4-point
groups (P=.11 for major complications and P=.009 for
death), in which statistical power was limited by the
low prevalence of these poorest scores.

Even after stratifying the patients by the magnitude
of operation, the score remained a highly significant pre-
dictor of outcomes. Among major or extensive opera-
tions, patients with scores of 4 or less were 6.5 times more
likely to have a major complication (95% CI, 4.7-8.9;
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Table 3. Procedure Characteristics and 30-Day Outcomes?

No Major Complication Major Complication and/or Death
Operative Characteristic (n=3538) (n=581)
EBL, median (IQR), mL 25 (Minimum-150) 200 (50-750)
Lowest MAP, mean (SD), mm Hg 65 (11) 61 (10)
Lowest HR, mean (SD), beats/min 58 (11) 63 (16)
Emergency procedure, No. (%) 192 (5.4) 121 (20.8)
RBC transfusion, No. (%)" 252 (7.1) 212 (36.5)
Duration, median (IQR), min 109 (61-175) 164 (101-260)
Inpatient operation, No. (%) 2912 (82.3) 571 (98.3)
Work RVUs, mean (SD) 17.2 (9.9) 22.9 (12.7)

Abbreviations: EBL, estimated blood loss; HR, heart rate; IQR, interquartile range; MAP, mean arterial pressure; RBC, red blood cell; RVUs, relative value units.
2Procedure characteristics were obtained from the Anesthesia Information Management System and the Massachusetts General Hospital National Surgical

Quality Improvement Program database. The 3 variables that constitute the Surgical Apgar Score (EBL, lowest MAP, and lowest HR) were all significantly related

to the incidence of major complications and/or death within 30 days of surgery.

bFive patients had missing data.

Table 4. Types of Operations and Complication Rates?
No. of Major Complications Deaths Alone Rate,
Type of Operation Operations  and/or Deaths Rate, No. (%) No. (%)
Minor or intermediate 1801 87 (4.8)2 8(0.4)°
Simple alimentary (eg, laparoscopic cholecystectomy, appendectomy, and perianal) 497 31(6.2) 1(0.2)
Breast 448 16 (3.6) 0
Thyroid, parathyroid, or parotid 443 11 (2.5) 3(0.7)
Groin or umbilical hernia repair 228 7(3.1) 0
Skin or soft tissue 147 18 (12.2) 3(2.0)
Endovascular 38 4(10.5) 1(2.6)
Major or extensive 2318 494 (21.3)2 86 (3.7)"
Complex alimentary or retroperitoneal (eg, colectomy and gastrectomy) 770 182 (23.6) 40 (5.2)
Open vascular 699 153 (21.9) 31 (4.4)
Hepatobiliary or pancreas 410 114 (27.8) 14 (3.4)
Bariatric (open or laparoscopic) 327 33(10.1) 0
Ventral or incisional hernia repair 112 12 (10.7) 1(0.9)

aThe frequency of different types of operations and their major complication and death rates among 4119 general and vascular surgery patients are given.
Operations were classified as minor or intermediate or major or extensive according to the classification in Arvidsson et al.?"?2

bp<.001 (x° test).

P<.001) and 112.0 times more likely to die (95% CI, 15.3-
819.7; P<.001) within 30 days. After minor or interme-
diate operations, patients with scores of 4 or less were
22.8 times more likely to experience a major complica-
tion (95% CI, 12.6-41.1; P<.001) and 81.4 times more
likely to die (95% CI, 5.4-1219.5; P<.001).

COMPARISON OF MODELS

Receiver operating characteristic curves for the Surgi-
cal Apgar Score and for multivariate models based on
the separate NSQIP risk adjustment models for mor-
bidity and mortality are shown in Figure 2. Com-
plete risk predictions could be generated, however, for
only 2482 patients (60.3%) in the NSQIP morbidity
model and 2370 (57.5%) patients in the mortality
model because required information, most often labo-
ratory data, was missing. Among the restricted set of
patients for whom all required data were available, the
NSQIP models provided better discrimination than did
the score alone for both morbidity (C=0.81 vs
C=0.72; P<.001) and mortality (C=0.93 vs C=0.78;
P<.001).%

B COMMENT Sy

A simple surgical score based on blood loss, lowest HR,
and lowest MAP during an operation provides a mean-
ingful estimate of patients’ condition and risk after gen-
eral and vascular surgery. The 10-point Surgical Apgar
Score is predictive of both major complications and death
in the immediate postoperative period and is valid across
the diversity of general and vascular surgery. We have
shown that it remains highly predictive in a different in-
stitution from where it was derived and remains robust
to the known differences between handwritten and elec-
tronic intraoperative records.

The score successfully identifies not only the pa-
tients at highest risk of postoperative complications but
also those at markedly lower-than-average risk. The 1441
patients with scores 0of 9 or 10 (35.0% of the sample) had
only a 5.0% incidence of major complications and a 0.1%
incidence of death. In contrast, most patients with scores
of 4 or less had major complications and more than 1 in
5 died. Despite the relatively low prevalence of scores of
4 or less (3.1% overall), the consistent trend toward worse
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No. (%) 12 (75) 60 (54) 201 (28)  236(13) 72 (5)
Relative risk 15.0 10.7 56 2.6 1
(95% Cl) (105-215) (8.1-142)  (43-7.2)  (2.0-3.3) [Reference]
Deaths, No. (%) 7 (44) 18 (16) 33 (5) 34(2) 2(0.1)
Relative risk 315.2 115.8 33.0 13.4 1
(95% Cl) (70.9-1401.8) (27.2-492.7) (7.9-137.2) (3.2-55.6)  [Reference]

Figure 1. Thirty-day major complications and deaths among 4119 general
and vascular surgery patients in relation to Surgical Apgar Score. Major
complication and death rates are shown according to the 10-point Surgical
Apgar Score from the operation. Patients with scores of 9 or 10 served as
the reference group. Risk of major complications and death decreased
significantly with increasing scores (Cochran-Armitage trend test, both
P<.001). Cl indicates confidence interval.

outcomes even at the extreme low end of the scale sug-
gests that the score has good discriminative ability across
the full point spectrum.”

The Surgical Apgar Score could serve several impor-
tant purposes. Like the Apgar score for newborns, its pri-
mary value may be to provide teams with immediate feed-
back on operative condition for every patient’>—an
objective metric to complement their “gut feelings”**’
about an operation. Because the feedback is immediate,
the score would assist surgical teams in distinguishing
patients most in need of increased intensity of postop-
erative monitoring and care from those likely to have an
uncomplicated course. As a quantitative adjunct to sur-
geons’ subjective impressions, the score may serve as a
simple aid in communication among surgeons, postan-
esthesia care providers, surgical residents, and surgical
ward staff regarding patients’ immediate postoperative
status and thereby assist decision making about, for ex-
ample, unplanned admission after outpatient surgery, ad-
mission to the intensive care unit, or frequency of post-
operative examinations by physicians and nurses.
Surgeons might also use the score to convey to patients
and families an appraisal of condition and prognosis af-
ter surgery. Looking forward, the score might be used
as a metric for quality monitoring and innovation, even
in resource-poor settings. Routine surveillance and case
review for patients with low scores (eg, a score of =4),
even when no complications result, may also enable ear-
lier identification of safety problems.*

Like the obstetric Apgar score, however, our surgical
score does not allow comparison of quality among insti-
tutions or physicians because its 3 variables are each in-
fluenced not only by the performance of medical teams but
also by the patients’ prior condition and the magnitude of
the operations they undergo. The NSQIP has developed a
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Figure 2. Receiver operating characteristic curves for the Surgical Apgar
Score and the National Surgical Quality Improvement Program (NSQIP)
morbidity and mortality models as predictors of major complications and
death. The sensitivity and specificity of the Surgical Apgar Score were
compared with the separate morbidity and mortality models from the
NSQIP." The score achieved a C statistic of 0.73 for predicting major
complications and 0.81 for predicting deaths. C statistics for the NSQIP
model were significantly greater for both major complications (C=0.81,
P<.001) and deaths (C=0.93, P<.001).

risk-adjustment algorithm for detailed modeling and case
mix adjustment that serves these purposes.”® The Surgi-
cal Apgar Score is not intended to supplant these methods
of institutional quality assessment because its motivation
and intended uses are distinct. Nevertheless, we provide a
comparison between this intraoperative score and the pre-
operative risk-adjustment models from the NSQIP in
Figure 2 as a point of reference by which its discrimina-
tive ability may be appraised.

As a simple, objective measure, the Surgical Apgar
Score offers an important addition to risk-adjustment strat-
egies for institutional quality assessment. Because of the
expense of data collection, comprehensive risk-
adjusted 30-day outcome tracking is not yet achievable
in most US hospitals, let alone hospitals worldwide. Com-
plex, multivariate models are not commonly used in clini-
cal settings because they are difficult for teams to inter-
pret and communicate at the bedside and often require
statistical imputation of key information because of miss-
ing data.”®* The Surgical Apgar Score can be available
inreal time, immediately usable for clinical decision sup-
port, and easily and inexpensively collected in any hos-
pital. It is these same characteristics that made the Ap-
gar score such a powerful tool for broad safety
improvement in obstetrics.>!*

Nonetheless, our study has several limitations.
First, the Surgical Apgar Score has been tested only in
general and vascular surgery patients 16 years or
older. Whether the score is effective in grading risk in
other fields of surgery remains uncertain, and it has
not been adapted for use in pediatric populations. Sec-
ond, the score has not been evaluated beyond major
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academic medical centers because of a lack of reliable
and comprehensive outcomes assessment against
which these measures could be validated. It is possible
that, among other patient populations, some modifica-
tions to the score factors could be necessary. Third,
blood loss estimation is inevitably imprecise. The
broad categories used to calculate the score, however,
are well within observers’ range of precision in careful
volumetric studies.’®?! Reliance on anesthesiologists’
independent estimation further improves the reliabil-
ity and insulates against surgeon bias.*® The variables
in our score are at least as reliably quantified as any in
the Apgar score and potentially more so than some
Apgar components (such as grading of newborn
muscle tone and color).!?

Our results, therefore, demonstrate that a simple
clinimetric surgical outcome score can be derived
from intraoperative data alone. This 10-point score
based on the lowest HR, lowest MAP, and EBL dis-
criminates well between groups of patients at higher-
and lower-than-average risk of major complications
and death within 30 days of surgery and holds prom-
ise as both a prognostic measure and a clinical deci-
sion support tool. Our hope is that this score will
prove useful for routine care, quality improvement,
and clinical research in surgery.
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