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An assessment of the Surgical Apgar Score in spine surgery
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pgar Score (SAS), a simple metric based on intra-
operative heart rate, blood pressure, and blood loss, was developed in general and vascular surgery
to predict 30-day major postoperative complications and mortality. No validation of SAS has been
performed in spine surgery.
PURPOSE: To perform a prospective assessment of SAS in spine surgery.
STUDY DESIGN: Prospective study.
PATIENT SAMPLE: Two hundred sixty-eight consecutive patients undergoing major and inter-
mediate spinal surgeries in an 18-month period.
OUTCOME MEASURES: Occurrence of major complications or death within 30 days of
surgery.
METHODS: Intraoperative parameters were registered, and SAS was calculated immediately after
surgery. Outcome data were collected during a 30-day follow-up. The relationship between SAS
and the outcomes was analyzed calculating relative risks (RRs) and likelihood ratios (LRs) for dif-
ferent scoring groups. A univariate logistic regression analysis was also performed. The discrimi-
natory accuracy of SAS was evaluated calculating a C-statistic.
RESULTS: Eighteen patients had $1 complications (6.72%). Patients with SAS 9-10 exhibited
a 1.64% complication rate (RR51; LR50.23), which monotonically augmented as the score de-
creased: (SAS 7–852.75%; RR51.68; LR50.39), (SAS 5–6513.33%; RR58.13; LR52.14),
(SAS#4517.39%; RR510.61; LR52.92). The regression analysis odds ratio was 0.66 (95% con-
fidence interval, 0.54–0.82), p!.01. The C-statistic was 0.77 (95% confidence interval, 0.66–0.88).
CONCLUSIONS: Surgical Apgar Score allows risk stratification and has a good discriminatory
power in patients undergoing spine surgery. � 2013 Elsevier Inc. All rights reserved.
Keywords: Surgical Apgar Score; Postoperative complications; Patient outcome assessment
Introduction

Spine surgery has evolved significantly during the last
decades, with a growing number of surgeries performed
worldwide; more complex procedures, however, combined
with an aging population requiring surgical treatment, may
result in an increased perioperative risk. An objective, inex-
pensive, and easy-to-use surgical outcome score that could
identify patients at high risk for major complications and
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death would improve patient safety, aid in research, and
possibly become a public health instrument for quality im-
provement programs.

Recently, a simple surgical score inspired by the Apgar
Score of Obstetrics was developed to predict the occurrence
of 30-day major postoperative complications and mortality
[1]. Originally developed in patients undergoing general
and vascular surgery, the Surgical Apgar Score (SAS) has
later been validated in different surgical specialties, includ-
ing colorectal, urological, and gynecological surgery [2–4],
as well as in diverse international settings [5–8]. This 10-
point score, which allows risk stratification in the postoper-
ative setting, is based on three variables: the estimated
blood loss (EBL), lowest heart rate (HR), and lowest mean
arterial pressure (MAP) during surgery (Table 1). This
score has been demonstrated to be a good predictor of the
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Table 1

The 10-point Surgical Apgar Score

Parameters

Number of points

0 1 2 3 4

Estimated blood loss (mL) O1,000 601–1,000 101–600 #100 —

Lowest mean arterial pressure

(mm Hg)

!40 40–54 55–69 #70 —

Lowest heart rate (beats/min) O85 76–85 66–75 56–65 #55
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occurrence of major complications or death within 30 days
of surgery; a high score is associated with a low risk of pos-
toperative major complications or death, whereas a low
score is associated with an increased risk [1,7,9].

No study has yet evaluated the validity of SAS specifi-
cally in spine surgery. Our study is a prospective evaluation
aiming to assess the utility of SAS in predicting 30-day
major complications and mortality in spine surgery.
Patients and methods

Institutional review board approval was obtained to per-
form this study.

A prospective, consecutive series of all patients undergo-
ing major and intermediate spinal surgeries in a University
Hospital was recruited between January 1st, 2011 and June
30th 2012. The inclusion criteria were as follows: in-
patients undergoing major and intermediate spine surgeries
including discectomies, laminectomies, and spinal fusion
procedures in the cervical, thoracic, and lumbosacral spine,
through either anterior or posterior approaches, indepen-
dently of the number of levels operated. Exclusion criteria
were as follows: patients under age 18, patients who did not
have their SAS registered in the operative chart when they
left the operating room, and patients lost to follow-up.

The data were collected at the time of operation from
handwritten anesthesia records and registered in the opera-
tive report at the end of each surgical procedure. Intraoper-
ative parameters were EBL, lowest HR, and lowest MAP,
and SAS was calculated immediately after surgery and reg-
istered in the operative report. In our institution, the opera-
tive records must be completed in a FileMaker (FileMaker
Inc., Santa Clara, CA, USA) database before the patients
leave the operating room, and it is required that a print copy
of the operative record is archived in the patient’s physical
chart. The strategy used to avoid data loss included a mod-
ification of the FileMaker database such that the operative
chart for patients undergoing surgery by any member of
the Department of Orthopaedic Surgery included a section
for EBL, HR, MAP, and SAS; the operative report could
not be printed unless those specific sections were filled.
For patients who did not fit the inclusion criteria, the resi-
dent or attending surgeon could write ‘‘XX’’ in the sections
for EBL, HR, MAP, and SAS and then print the report.
Twice a week, one of the investigators (MV) reviewed all
the operative reports of patients with surgeries that met
the inclusion criteria in the FileMaker database. When an
operative record was filled with ‘‘XX’’ for EBL, HR,
MAP, and SAS, an electronic mail copied to the Depart-
ment Chairman was sent to the attending surgeon or resi-
dent who wrote the chart, who then had to explain why
the data were not registered. That system allowed us to reg-
ister data at the end of surgery for 280 patients from a total
of 286 patients who would have met the criteria during the
study period (97.9%).

The outcomes measured were the occurrence of major
complications or death within 30 days of surgery. Major
complications, as defined in the original article from Ga-
wande et al. [1] included the following: acute renal failure,
bleeding requiring $4 units of red cell transfusion within
72 hours after operation, cardiac arrest requiring cardiopul-
monary resuscitation, coma for $24 hours, deep venous
thrombosis, myocardial infarction, unplanned intubation,
ventilator use $48 hours, pneumonia, pulmonary embo-
lism, stroke, major wound disruption, surgical site infec-
tion, sepsis, septic shock, systemic inflammatory response
syndrome, unplanned return to the operating room, and
death. Superficial surgical site infections and urinary tract
infection were not considered major complications. Out-
come data were prospectively collected; first, a thorough re-
view of the electronic chart and the discharge summary was
performed to detect any possible complication; if any com-
plication was registered, we considered that patient as
‘‘having a complication’’ and no other search was done
for that particular case. If no complications were registered,
the patients were called 30 days after surgery to determine
whether any complication not registered in the chart or dis-
charge summary had occurred and to detect complications
happening after discharge.

Statistical analyses were performed using SPSS version
18 (SPSS, Chicago, IL, USA). To determine the discrimina-
tory accuracy of SAS, we generated a C-statistic by calcu-
lating the area under the receiver operating characteristic
curve; the results were expressed with a 95% confidence
interval (CI). A univariate logistic regression analysis
(considering the score as an ordinal variable) was also per-
formed to determine the relationship between major com-
plications/death and SAS; the results were expressed as
an odds ratio with 95% CI. In addition, we aggregated pa-
tients with SAS #4 into one subgroup, and we created
three additional subgroups (SAS 5–6, 7–8, and 9–10) for
analyses, as it was done in the original study by Gawande
et al. and in other studies evaluating SAS in different spe-
cialties [1,6–8], and we calculated relative risks (RRs) and
likelihood ratios (LRs) for each SAS subgroup. Likelihood
ratios were used to evaluate the performance of SAS to
detect major complications/death because LR results are in-
dependent of the prevalence of the outcome (complications/
death). Finally, SAS was rationalized into two groups rep-
resenting low-risk (SAS $7) and high-risk patients (SAS
!7), using a threshold that has been previously established
[8]. Fischer’s exact test was used to analyze differences
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between these two groups. Finally, we categorized patients
into three groups aggregated by magnitude of surgery: dis-
cectomies and laminectomies, one or two-level fusions, and
multilevel fusions; this was done to perform a logistic re-
gression analysis aiming to determine the independent im-
pact of the magnitude of surgery, age, and SAS on the
presence of postoperative complications. A p!.05 was con-
sidered to be a statistically significant difference.
Fig. 2. Receiver operating characteristic curve for the Surgical Apgar

Score as a predictor of major complications and death. The area under

the curve corresponds to the C-statistic, which was 0.77.
Results

From the 280 patients with SAS completed at the end
of surgery, we were able to obtain complete data 30 days
after surgery for 268 cases (4.3% lost to follow-up). The
overall incidence of major complications (including two
deaths) was 6.72% (18/268 patients). Among patients with
SAS 9–10, 1/61 (1.64%) had major complications, with
no deaths. In the group of patients with SAS 7–8, 3/109
(2.75%) experienced major complications, including one
death. For patients with SAS 5–6, 10/75 (13.33%) had ma-
jor complications with no deaths, and for those with SAS
#4, 4/23 (17.39%) had complications (one death). The dis-
tributions of major complications and death between the
SAS subgroups are shown in Fig. 1.

The C-statistic for predicting major complications and
deaths was 0.77 (95% CI, 0.66–0.88), which is considered
good discriminatory power (Fig. 2).

Odds ratio from the univariate logistic regression analy-
sis was 0.66 (95% CI, 0.54–0.82), p!.01.

Using the stratification by decreasing scores and using
the subgroup of patients with scores 9 to 10 as a reference
group, RR monotonically augmented as the score decreased,
Fig. 1. Distribution of 30-day major complications and death between

Surgical Apgar Score (SAS) subgroups. Only 2.35% of patients with

SAS $7 exhibited complications compared with 14.29% in patients with

SAS!7, p!.01.
as shown in Table 2. Likelihood ratio also increased with
decreasing SAS scores, as shown in Table 2.

Of the 170 patients with SAS $7, four presented
complications, whereas of the 98 patients exhibiting SAS
!7, 14 presented major complications (p!.01), Fig. 1.

The logistic regression analysis revealed that SAS
was a significant factor associated to the presence of major
complications, even after adjusting for complexity of sur-
gery and age (B5�0.28; p5.03). As expected, complexity
of surgery was also independently associated to the risk
of complication (B51.52; p!.01); age presented a small,
although, significant influence on postoperative morbidity
(B50.03; p5.01).
Discussion

A prognostic postoperative score that could identify pa-
tients at high risk for major complications and death would
improve communication among treating physicians and
could become an important tool to improve quality of care,
especially in public health or other situations where re-
sources may be limited. Surgical Apgar Score, which was
developed in general and vascular surgery, and has been
previously validated in colorectal, urological, and gyneco-
logical surgery was demonstrated to be a good tool to pre-
dict major complications or death in spine surgery, even
after adjusting by other factors that may affect the risk of
complications as magnitude of surgery and age.

Gawande et al. [1] developed this score analyzing differ-
ent preoperative data (eg,: age, gender, race, body mass
index, etc.), 28 intraoperative variables, and outcomes data.



Table 2

Rate of major complications and death, relative risk, and likelihood ratio for the different SAS categories

Score 0–4 5–6 7–8 9–10

Number of patients 23 75 109 61

Major complications and deaths, N (%) 4 (17.39) 10 (13.33) 3 (2.75) 1 (1.64)

Relative risk (95% CI) 10.61 (1.25–90) 8.13 (1.07–61.78) 1.68 (0.18–15.79) 1 (Reference)

Likelihood ratio (95% CI) 2.92 (1.09–8.49) 2.14 (1.32–7.84) 0.39 (0.09–0.98) 0.23 (0.03–1.47)

SAS, Surgical Apgar Score; CI, confidence interval.
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Each variable that was finally included in the score (EBL,
lowest HR, and lowest MAP) was able to independently
predict complications; however, using the b-coefficients
from the regression to weight the points allocated to each
variable, they pointed the score so that a one-point increase
in the score for each variable would produce an equivalent
increase in the odds of a complication. Thus, the predictive
value of the combined variables is higher than each variable
on its own. However, these variables may be more predic-
tive in certain fields. In the orthopedic field, only two stud-
ies have evaluated the utility of this score, failing to
demonstrate that SAS can predict postoperative risk; how-
ever, none of them included spinal procedures. A retrospec-
tive study evaluating patients undergoing hip and knee
arthroplasties showed that although the score contained rel-
evant intraoperative information regarding the risk of com-
plications, on its own it did not provide a comprehensive
postoperative risk stratification [10]. Another study with
the aim to evaluate the utility of SAS in a district general
hospital in the United Kingdom found that the score did
not demonstrate statistical significance for the prediction
of major complications or death in patients undergoing
lower limb arthroplasty or femoral neck fracture treatment,
despite its usefulness in general and vascular surgery [8].
Conversely, our study demonstrates that SAS is a significant
predictor of postoperative major complications and death in
spine surgery.

The different predictive value of SAS for spine and limb
surgery suggests that complications after spine surgery
could be more influenced by the cardiovascular effects that
a low SAS reflect; conversely, complications after limb sur-
gery may be more related to patients’ previous characteris-
tics, as they can occur in spite of a high score. Interestingly,
it has already been reported that predicting the outcome of
orthopedic procedures in injured patients just based on in-
jury severity scores only can be difficult because host fac-
tors appear to be of greater importance [11].

To obtain valid results, we designed this study with a pro-
spectively recruited cohort of 268 patients undergoing spine
surgery. The importance of prospectively obtaining intrao-
perative data as well as registering adverse events in a thor-
ough manner is significant, as it has been documented that
administrative databases fail to adequately collect postoper-
ative complications [12]. Furthermore, our study included
a wide mix of spinal procedures including discectomies
and laminectomies and not only the most complex cases,
to avoid an overrepresentation of ‘‘high risk patients’’
(those with SAS!7). Thus, we could obtain a representa-
tive sample of the proportion of complex cases in the spine
field, allowing SAS to be applied not only to the most com-
plex settings but also to the usual spine surgery practice.

Despite the fact that our cohort exhibited a lower com-
plication rate compared with the general and vascular sur-
gery validation cohort (6.72% vs. 22%), patients with
SAS !7 exhibited significantly more complications than
those with higher scores, as has been observed in other sur-
gical fields. Moreover, patients with SAS #4 exhibited
a 10-fold increase in their RR compared with patients in
the reference group (SAS 9–10), and LR increased mono-
tonically as the score decreased, demonstrating that SAS
is able to stratify postoperative risk in spine surgery. In fact,
this monotonic relationship between SAS and the risk of
major complications or death suggests that patients under-
going spine surgery may benefit from a triage based on this
score to decide their postoperative level of care.

In our study, the C-statistic was 0.77, which is slightly
higher than what has been published in previous studies
evaluating SAS in different specialties; this result indicates
that SAS has a good discriminatory power to predict 30-day
major complications and death for spinal procedures. Al-
though there are well-established scores to predict postoper-
ative risk, such as the Physiologic and Operative Severity
Score for Enumeration of Morbidity and Mortality [13],
their complexity obstructs their use in the day-to-day clin-
ical setting, and most of the time, postoperative risk evalu-
ation depends on subjective clinical evaluation. Although
any score can only have an adjunctive role in perioperative
decision making, SAS can be a simple and objective instru-
ment to predict postoperative risk in spine surgery; future
studies should compare SAS to other postoperative scores
to determine the best score in the spine field. In addition,
this study should stimulate future assessments of SAS in
particular groups with a higher risk of complications as de-
formity or spinal metastases surgery.

The definition of major complications in SAS was
designed to detect general systemic morbidity and not to
distinguish complications particular for spinal surgery, such
as neurological impairment; nonetheless, using the defini-
tion of major complications as delineated in the original
description of the score allowed a validation of SAS com-
parable with that of other specialties.

Our study shows that SAS provides an objective predic-
tion of postoperative morbidity and mortality for patients
undergoing spinal surgery. Surgical Apgar Score can be
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validly applied as a clinical decision aid, and it can also be
used in research in the spine field.
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