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Abstract

Background: Predicting complications in
neurotrauma patients by using an effective scoring
system can reduce morbidity and mortality while
facilitating objective clinical decision making
during recovery. Compared to existing morbidity
and mortality predictive scores, the Surgical
Apgar Score (SAS) is simple and effective. We
carried out this study to determine the utility of
SAS in predicting postoperative complications in
neurotrauma patients. Methods: A prospective
study was carried out at the Kenyatta National
Hospital. The SAS was derived using intra-operative
lowest mean arterial pressure, lowest heart
rate and total blood loss for each patient. Major
complications were determined during the thirty

Introduction

An ideal model to predict postoperative
complications should be simple and readily
applicable to almost all surgical patients. It should
properly define the complications, accurately
estimate their incidence and have a low threshold
to detect them (1). Intra-operative factors altering
a patients’ condition include extremes in blood
pressure, heart rate, body temperature and the
amount of blood loss during surgery. A trend
of increased complication is observed among
patients whose intra-operative mean arterial
pressure (MAP) decreases to less than 70mmHg
(2). Bradycardia and hypotension are also
independently linked to poor outcomes in the
recovery period (2-5). A higher wound class and
the American Society of Anesthesiologists (ASA)
class are also linked to an increase postoperative
mortality and morbidity (6). No consensus exists
on how to directly evaluate performance and
safety during an operation using these variables
(7). For the score to be a clinically useful predictor
of postoperative complications, each component

day post operative period. Results: Two hundred
and one patients were reviewed. One hundred and
sixteen (56%) of the patients developed major
complications. The mean SAS for patients without
complications was 7.04 while for patients with
complications was 4.80. SAS was found to have
a strong correlation with occurrence of major
complication during the 30 day post surgery
period. Conclusion: The SAS is useful in predicting
complications and mortality following surgery in
patients with traumatic brain injury. The score is
recommended in triaging post operative patients
and as a guide for patient referral.
Keywords: Surgical Apgar Score (SAS), Traumatic
Brain Injury, Complications
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should independently and collectively contribute
to outcome prediction. In the operating room,
the surgeon usually relies principally on his “gut
feeling” instead of objective assessment to predict
postoperative events (8). Operative management
contributes heavily to the overall outcome of the
patient although there is no available quantitative
measure of the operative care provided (1). A
simple surgical outcome score, which would allow
the surgical team to collect data immediately
on completion of an operation, regardless of
available resources and technological capacity
was derived by Gawande et al. This is the ten
point Surgical Apgar score (SAS) and it uses
the lowest heart rate, the lowest mean arterial
pressure and estimated blood loss during the
surgery (9). The SAS, POSSUM and P-POSSUM have
been validated at Kenyatta National Hospital in
patients undergoing laparotomy and were found
to be adequate in predicting major postoperative
complication (10,11). In neurosurgery, there has
been no comparative tool to quickly assess and
objectively determine the status of patients using
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Two hundred and seven patients were recruited of
which six were lost on follow up. Their ages range
from 13 to 85 years with a mean of 32.7 years (Figure
1). There were 198 (95.7%) male patients and 9
(4.3%) female patients resulting in a male: female
ratio of 22:1. The most common diagnoses were
extradural hematoma (EDH) 82 (39.6%) and skull
fractures 81 (39.1%) while only 1 (0.5%) patient had
intra-ventricular hemorrhage (Figure 2). The mean
SAS score was 5.72(±0.26) Most patients 40 (19.32%)
had a SAS score of 6. Only 1 (0.48%) patient had a SAS
score of 0 (Figure 3).
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This prospective study was carried out from
December 2014 to March 2015 at the Kenyatta
National Hospital (KNH). The target population was
patients above 13 years of age undergoing surgery
for traumatic brain injury. We excluded patients
who underwent other major surgical procedures on
other body regions. Patients were followed up for 30
days. The primary researcher and a trained assistant
recorded the required variables in a data collecting
sheet. Anesthetic notes were used to collect the intraoperative blood pressure and heart rate which were
monitored every fifteen minutes from induction to
reversal of general anesthesia. The mean arterial
pressure (MAP) was calculated by using a formula [(2
x diastolic pressure) + systolic pressure]/3.
Blood loss was calculated using a mathematical
formula (16): Blood loss = {EBV (assumed 70 cm3/
kg) x (Pre-op Hb - Post-op Hb) / (Pre-op hematocrit
+ Post-op hematocrit)/2} + (500 x Units Transfused)
Post operative follow up notes for thirty days
after surgery were used to determine occurrence
of any major postoperative complications. Major
complications definitions were according to
American College of Surgeons’ National Surgical
Quality Improvement Program (6). Patients were
subsequently grouped into three categories based on
their SAS for purposes of risk stratification; high risk
(0-4), medium risk (5-7) and low risk (8-10).
Data collected was coded and analyzed using SPSS
17 software. The Student T test and ANOVA were
used to compare means, while the Chi square and
where applicable the Fischer’s exact test were used
to compare proportions. A p value of < 0.05 was
considered significant. Ethical approval was sought
from the KNH Ethics and Research Committee.
Patients or the next of the kin received a briefing
on the study title, its objectives and its rationale.
Thereafter an informed consent was obtained from
the patient or the next of kin in instances where the
patient was found to have altered consciousness or

Results
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Methods

found incompetent to give consent. For patients aged
less than18 years informed consent was obtained
from their parents or guardians after obtaining an
assent from the minor.

0

0

intra-operative physiological parameters. Previous
efforts have been made to validate the POSSUM and
P-POSSUM scores in neurosurgical patients using
peri-operative parameters but due to their complexity,
they have not gained widespread acceptance (12).
Local studies have mainly linked the admission
clinical parameters with the outcomes of head injury
but none of the intra-operative parameters has so far
been evaluated for predicting mortality and morbidity
in neurosurgical patients (13). We conducted a study
to evaluate the utility of the SAS in predicting post
operative complications among patients who had
undergone surgery for traumatic head injury.
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Figure 2: Intra-operative diagnosis prevalence in patients with TBI
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Figure 3: Distribution of SAS scores

Table 1: Prevalence of major complications in
postoperative period
Percent
Complications
Frequency
(N=334)
Intensive unit care
50
15.0%
Neurological
45
13.5%
deficit

19.32
17.87

15

18.36

Percent
10

14.01

10.63

11.11

Ventilator use for
48 hours

5

4.831
3.382

0

.4831

0

2

4
SAS score

6

8

10

Major Postoperative Complications
Majority 116 (56%) of the patients developed one
or more major complications during the thirty day
postoperative period while 85 (41.1%) did not. The
mean SAS score for patients without complications
was 7.04 (±0.29) while that for patients with
complications was 4.80 (±0.30) (p < 0.001).
After stratification, 115 (55.6%) of patients were
categorized as medium risk while 53 (25.6%) and 39
(18.8%) were high and low-risk respectively. Majority
(64.6%) of patients who had 0 or 1-3 complications
were in the medium risk category while most (78%) of
those with more than 4 complications were in the high
risk category (p<0.001). The lower risk category was
also associated with lower complications compared
to the medium risk category while the medium risk
category had lower complications compared to the
high risk category (p<0.001).
Majority 19(82.6%) of the patients who died had
high risk SAS category while majority 108(60.3%)
of the patients who did not die had medium risk
SAS strata (p<0.001) (Figure 4). The most prevalent
complications were ICU care (15.0%), neurological
deficit (13.5%), and ventilator use for 48 hours
(12.9%) (Table 1)

Figure 4: Risk stratification by death
occurrence and ICU care need
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Discussion

The purpose of this study was to determine the
utility of the SAS in predicting major postoperative
complications in patients undergoing surgery for
traumatic brain injury. Craniotomy for traumatic brain
injury is one of the common surgeries at KNH and
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previous studies have demonstrated the significant
morbidity and mortality associated with this surgery
(15,17). The median age in our study was 30 years
(mean 32.7 years) while males accounted for 95.7%
of patients. This is comparable to the study by Kithikii
et al (19). The two major studies done in the western
countries had a median age of 51 years. These were
however retrospective and not restricted to traumatic
conditions (15,17). Our finding of EDH being the
most common indication for craniotomy is similar to
findings by other authors (19).
Post operative complications are common after
craniotomies for trauma. The rate of postoperative
complications seen in our study is similar to that
observed by Reynolds et al (15).
The observed 30-day mortality in our study of 17.2%
is slightly higher than that observed by Kithikii et al
(19). In contrast however, other authors have reported
mortality figures as low as 2.6% (15,17). Surgical
mortality is frequently used as a surrogate marker
for performance to enable comparisons between
individual surgeons and units. This can sometimes
be misleading due to differences in case mix as can
be seen in differences between patients in our study
and that from Reynolds and Johns study in which both
trauma and non trauma neurosurgery patients were
evaluated.
Majority of patients who developed few or no
major complications fell into medium risk category
of SAS while high risk patients developed more
complications. Mortality and postoperative need
of ICU care was also associated with high risk SAS
category. This demonstrates the ability of the SAS
in identifying patients at a higher than average risk
of major post-operative complications or death.
Reynolds and John also showed a similar relationship
where poor scores correlate with higher morbidity
and mortality (15,17).
In a developing country like Kenya, a simple tool like
the SAS would be useful in routine post-operative risk
stratification thereby facilitating easier identification
of high-risk patients. This would allow for prudent
allocation of our limited resources for post-operative
monitoring and follow up. Studies indicating a link
between intra-operative anesthetic and surgical
performance and SAS suggest possibility of its use in
surgical audit (9,14). Serial monitoring of SAS within a
unit may be used as a tool for improving performance.
However, more studies in other surgical specialties on
this aspect are required.

Conclusion

Surgery for neurotrauma is still associated with
significant morbidity and mortality and the SAS is

a useful tool to predict their occurrence. The score
can guide hospitals with limited facilities (lack of
intensive care unit) to facilitate early referrals of
patients at risk of adverse outcomes. Further research
is recommended in evaluating the use of this score in
other surgical specialties.

References

1. Vincent C. Systems Approaches to Surgical Quality
and Safety: From Concept to Measurement. Ann
Surg. 2004; 239(4):475-82.
2. Charlson ME, MacKenzie CR, Gold JP, et al.
Intraoperative Blood Pressure. What Patterns
Identify Patients at Risk for Postoperative
Complications? Ann Surg 1990; 212(5):567–80.
3. Reich DL, Bodian CA, Krol M, et al. Intraoperative
Hemodynamic Predictors of Mortality, Stroke,
and Myocardial Infarction after Coronary Artery
Bypass Surgery. Anesth Analg. 1999; 89(4):814–
22.
4. Jeremitsky E, Omert L, Dunham CM, et al.
Harbingers of Poor Outcome the day after
Severe Brain Injury: Hypothermia, Hypoxia and
Hypoperfusion. J Trauma 2003; 54(2):312-9.
5. Gatch WD, Little WD. Amount of Blood Lost During
some of the More Common Operations. JAMA
1924; 83:1075-6.
6. Margenthaler JA, Longo WE, et al. Risk Factors for
Adverse Outcomes Following Surgery for Small
Bowel Obstruction. Ann Surg. 2006;243(4): 45664.
7. Greenberg CC, Roth EM, Sheridan TB, et al. Making
the Operating Room of the Future Safer. Am Surg
2006; 72(11):1102–8.
8. Hartley MN, Sager PM. The Surgeon’s “Gut Feeling”
as a Predictor of Postoperative Outcome. Ann R
Coll Surg Engl. 1994; 76(6 suppl):277-8.
9. Gawande AA, Kwaan MR, Regenbogen SE, et al.
An Apgar Score for Surgery. J Am Coll Surg 2007;
204(2):201–8.
10. Dullo M. Surgical Apgar Score: Applicability in
Patients Undergoing Laparatomy at Kenyatta
National Hospital, Masters Dissertation; 2011.
University of Nairobi. Available at http://
erepository.uonbi.ac.ke
11. Kimani MM, Kiiru JN, Matu MM, et al. Evaluation of
POSSUM and P-POSSUM as Predictors of Mortality
and Morbidity in Patients Undergoing Laparotomy
at a Referral Hospital In Nairobi, Kenya. Ann Afr
Surg 2010;5: 10-14
12. Ramesh VJ, Rao GS, Guha A, et al. Evaluation of
POSSUM and P-POSSUM Scoring Systems for
Predicting the Mortality in Elective Neurosurgical
Patients. Br J Neurosurg. 2008; 22:275–8.

18 The ANNALS of AFRICAN SURGERY. January 2016 Volume 13 Issue 1

The ANNALS of AFRICAN SURGERY | www.annalsofafricansurgery.com

13. Mwang’ombe NJ, Kiboi J. Factors Influencing
the Outcome of Severe Head Injury at Kenyatta
National Hospital. East Afr Med J. 2001; 78(5):
238-41.
14. Regenbogen SE, Lancaster RT, Lipsitz SR, et al. Does
the Surgical Apgar Score Measure Intraoperative
Performance? Ann Surg. 2008; 248: 320–8.
15. Reynolds PQ, Sanders NW, Schildcrout JS, et al.
Expansion of the Surgical Apgar Score Across
all Surgical Subspecialties as a Means to Predict
Postoperative Mortality. Anesthesiology. 2011;
114:1305–12.
16. Gardiner AJ, Dudley HA. The Measurement of Blood
Loss at Operation. Br J Anaesth. 1962;34:653– 6.

17. John EZ, Matthew CD, Darryl L. Validation of the
Surgical Apgar Score in a Neurosurgical Patient
Population. J Neurosurg. 2013;118:270–9.
18. Khuri SF, Daley J, Henderson W, et al. The National
Veterans Administration Surgical Risk Study: Risk
Adjustment for the Comparative Assessment of
the Quality Of Surgical Care. J Am Coll Surg. 1995;
180(5):519-31.
19. Kithikii KP, Githinji KJ. Risk Factors Related
to Hospital Mortality in Kenyan Patients with
Traumatic Intracranial Hematomas. East Cent. Afr
J Surg. 2011;16(1):111-8

The ANNALS of AFRICAN SURGERY. January 2016 Volume 13 Issue 1

19

