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Abstract
Surgical site infections (SSIs) are common complications after spinal surgery that result in increased morbidity, mortality, and
healthcare costs. It was estimated that SSIs after spinal surgery resulted in a 4-fold increase in health care costs. The reported SSI
rate following spinal surgery remains highly variable between approximately 0.5% and 18%. In this study, we aimed to estimate the
SSI rate and identify possible risk factors for SSI after spinal surgery in our Saudi patient population.
We conducted a single-center, retrospective case–control study in Saudi Arabia that included patients who developed SSIs, while

the controls were all consecutive patients who underwent spinal surgery between January 2014 and December 2016. We extracted
data on patient characteristics, anthropometric measurements, preoperative laboratory investigations, preoperative infection
prevention measures, intraoperative measures, comorbidities, and postoperative care.
We included 201 consecutive patients in our study; their median age was 56.9years, and 51.2% were men. Only 4% (n=8) of

these patients developed SSIs postoperatively. Postoperative SSIs were significantly associated with longer postoperative hospital
stays, hypertension, higher American Society of Anesthesia (ASA) scores, longer procedure durations, and the use of a greater
number of blood transfusion units.
This study revealed a low SSI rate following spinal surgery. We identified a history of hypertension, prolonged hospitalization, longer

operative time, blood transfusion, and higher ASA score as risk factors for SSI in spine surgery in our population. As our findings are
from a single institute, we believe that a national research collaboration among multiple disciplines should be performed to provide
better estimates of SSI risk factors in our patient population.

Abbreviations: ASA = American Society of Anesthesia, CI = confidence interval, IQR = interquartile range, KAUH = King Abdul
Aziz University Hospital, NSAID = nonsteroidal anti-inflammatory drug, OR = odds ratio, SD = standard deviation, SSI = surgical site
infection, UTI = urinary tract infections.
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1. Introduction

1.1. Background/rationale

The reported prevalence of surgical site infections (SSIs) in spinal
surgery series is highly variable and ranges from 0.5% to 18%.[1]

Moreover, according to data from the National Nosocomial
Infections Surveillance System, approximately 1.7% and 3.2% of
patients who underwent a laminectomy procedure and spinal
fusion, respectively, developed an SSI. A study published in 1992
at our institution found that the collective SSI rate was 9%.[2]

This complication is a source of significant patient morbidity and
is a reason for reoperation, which has substantial implications on
healthcare expenditure.
There are a limited number of studies that describe the

epidemiology and risk factors for SSIs following spinal surgery in
the Saudi population. Therefore, most infection control policies
are based on research conducted in the North American setting,
which has inherent limitations in external validity.
1.2. Objectives

As part of our hospital quality improvement initiative, we
conducted this study to estimate the SSI rate in patients who
underwent spinal surgery in our local population and identify the
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associated risk factors. These findings may be unique to our
community.
2. Materials and methods

2.1. Study design and setting

We utilized the medical records from the King Abdul Aziz
University Hospital (KAUH) in Jeddah, Saudi Arabia, to conduct
a retrospective case–control study. We defined the study outcome
as SSIs that occurred after surgery. The study was approved by
the Biomedical Ethics Research Committee at the KAUH
(reference number: 207-17).

2.2. Study participants

Our study included patients treated with adult services (age >14
years), as per our local institutional policies, who underwent
spinal surgery at the KAUH between January 2014 and
December 2016. All cases treated with pediatric service (age
<14years) were excluded from the study.
The Saudi healthcare system is designed so that patients are

consistently returned to the primary hospital where their operation
took place so that the treatment of complications at other
healthcare facilities is highly unusual. This policy lowered the
likelihood of incomplete data on postoperative complications in
our study.
2.3. Outcome definition and data collection (variables)

We adopted the definition set by the Centers for Disease Control
and Prevention for incisional SSIs, which defines an SSI as an
event that occurs within 30days after the procedure (where day 1
is the procedure date), that involves the skin and subcutaneous
tissue of the incision, and that occurs in a patient that has at least
one of the following:
a)
 purulent drainage from a superficial incision;

b)
 an organism(s) identified from an aseptically obtained

specimen from the superficial incision or subcutaneous tissue;

c)
 a superficial incision that is deliberately opened by a surgeon

or physician and in which culture or non-culture-based testing
of the superficial incision or subcutaneous tissue is not
performed, where the patient has at least one of the following
signs or symptoms: localized pain or tenderness, localized
swelling, erythema, or heat; and
d)
 a physician’s diagnosis of a superficial incisional SSI.[3]

Our hospital policies mandate that SSIs are routinely surveilled
and, upon confirmation, reported to the infection control
department at the KAUH. We started our study by obtaining
a list of the unique hospital medical record numbers of
consecutive spinal surgery patients who underwent surgery at
KAUH between January 2014 and December 2016 from the
neurosurgery department. Only 3 neurosurgeons performed such
cases in that period. Then, we obtained a list of the patients who
developed SSIs during that period from the Infectious Diseases
Control Department and linked the 2 lists. We used the electronic
and paper-based hospital records fromKAUH to extract all of the
participants’ data.
We extracted data on demographic characteristics, anthropo-

metric measurements, preoperative laboratory investigations and
infection-preventive measures, comorbidities, intraoperative mea-
sures, and postoperative care.
2

2.4. Data analysis

To describe our study population, we utilized the frequencies and
absolute numbers, and median and interquartile range (IQR) for
categorical and continuous variables, respectively. Differences in
categorical variables were assessed using the chi-squared or
Fisher’s exact tests when the data were sparse. The Mann–
Whitney U test was used to analyze continuous variables
(Table 1). When the statistical analysis was performed, a P-
value< .05 was considered significant. Univariate logistic
regression was performed to estimate the odds ratios (ORs)
and 95% confidence intervals (CIs) for the association between
SSI following spinal surgery and patient characteristics (Table 2).
Statistical analysis was performed using SPSS Statistics for
Windows version 19.0 (released 2010; International Business
Machines Corporation, Armonk, NY).
3. Results

3.1. General study participant characteristics

We included 201 patients who underwent spinal surgery in our
study, with a mean follow-up period of 31months (range, 16–54
months). Their median age was 56.9years, and 51.2%were men.
The overall SSI rate in our study population was 4.0% (n=8/
201). The median body mass index (BMI) was 27.7, and 10.4%
of the patients had a history of smoking. Only 27.4% of the
patients had diabetes mellitus. None of the patients had bleeding
disorders. The majority of patients had an American Society of
Anesthesia (ASA) score�2 (89.6%; n=180).
Revision surgeries accounted for 10.0% (n=20) of all

procedures performed. The majority of the included cases
(94.5%; n=190) were elective. The cervical and lumbar spine
were the most commonly operated levels (37.8% and 39.8%; n=
76 and 80, respectively). Most cases (61.7%; n=124) underwent
single-level surgeries. The majority of the cases had spinal
instrumentation inserted (70.5; n=136).
3.2. Study participant characteristics stratified by the SSI
group

There were no significant differences in age, sex, nationality, or
BMI between the patients who did and did not develop SSIs. The
proportion of patients with a history of hypertension was higher
in the patients who developed SSIs compared to those who did
not (62.5% vs 22.3%, respectively; P= .04). The estimated
amount of intraoperative blood loss and the number of blood
transfusions were significantly different between the 2 groups
(P= .005 andP< .001, respectively). The lengths of postoperative
hospital stays were significantly longer among patients who
developed SSIs when compared to those who did not (median
[IQR], 5 [3–7]days vs 17.5 [9–22]days; P< .001). Additionally,
the median procedure durations differed significantly (median
[IQR], 170 [102–235]minutes vs 277 [223–303]minutes;
P= .003) (Table 1).
Table 2 shows the factors associated with SSI that were

assessed in the univariate regression analysis. History of
hypertension was a significant factor associated with SSI. The
preoperative laboratory findings of hemoglobin level and
elevated partial thromboplastin time, creatinine level, and urea
level (OR 5.62, 0.68, 1.07, 1.04, and 1.24; 95% CI 1.29–24.47,
0.48–0.98, 1.04–1.11, 1.02–1.06, and 1.02–1.50, respectively)
were statistically significant. Univariate analysis demonstrated



Table 1

Patients characteristics stratified by surgical site infection (SSI).

Variable
Patients without
SSI (n=193)

Patients with
SSI (n=8) P

Age, median by year (IQR) 56.9 (45–69) 68.6 (61.4–70.7) .14
Gender .49
Male, n (%) 100 (51.8) 3 (37.5)
Female, n (%) 93 (48.2) 5 (62.5)

Nationality .72
Saudi 123 (63.7) 6 (75)
Non-Saudi 68 (35.2) 2 (25)
No. of any missing values 2

BMI, median (IQR) 27.7 (25.2–31.5) 30.3 (23.5–33.1) .95
Previous spine surgery .18
Yes 175 (90.7) 6 (75)
No 18 (9.3) 2 (25)

Smoking .55
Yes 20 (10.4) 1 (12.5)
No 173 (89.6) 7 (87.5)

Urgency level 1
Elective 182 (94.3) 8 (100)
Emergency 11 (5.7) 0 (0)

Diabetes mellitus .69
Yes 52 (26.9) 3 (37.5)
No 135 (69.9) 5 (62.5)
Unknown 6 –

Hypertension .04
Yes 43 (22.3) 5 (62.5)
No 145 (75.2) 3 (37.5)
Unknown 5

ASA class .06
I 52 (26.9) 1 (12.5)
II 122 (63.2) 5 (62.5)
III 17 (8.8) 1 (12.5)
IV–V 2 (1) 1 (12.5)

Location of procedure .16
Cervical 76 (39.4) 0
Thoracic 10 (5.2) 0
Lumbar 74 (38.3) 6 (75)
Sacral 2 (1) 0
Mixed 31 (16) 2 (25)

No. of operated vertebrae .76
1 120 (62.2) 4 (50)
2–4 60 (31.1) 3 (37.5)
>4 13 (6.7) 1 (12.5)

Blood loss .005
Less than 100mL 101 (52.3) 0
More than 100mL 69 (35.7) 6 (75)
No. of any missing values 23 (11.9) 2 (25)

Blood transfusion <.001
No blood transfusion 172 (89.1) 2 (25)
1–2 units 15 (7.8) 6 (75)
More than 3 units 6 (3.1) 0

Prophylactic antibiotic .08
Given 65 (33.7) 6 (75)
Not given 91 (47.1) 2 (25)
Unknown 37 –

Preoperative steroid use 1
Yes 22 (11.4) 1 (12.5)
No 166 (86) 7 (87.5)
Unknown 5

Preoperative shaving .36
Yes 36 (18.6) 8 (100)
No 157 (81.3) 0

Subcutaneous drain insertion .08

(continued )

Table 1

(continued).

Variable
Patients without
SSI (n=193)

Patients with
SSI (n=8) P

Yes 80 (41.4) 6 (75)
No 113 (58.6) 2 (25)

Use of implant .1
Yes 136 (70.5) 0
No 57 (29.5) 8 (100)

LOS preoperatively (d),
median (IQR)

2 (1–2) 2 (1.5–25.5) .08

LOS postoperatively (d),
median (IQR)

5 (3–7) 17.5 (9–22) <.001

Procedure duration (min),
median (IQR)

170 (102–235) 277.5 (223–303) .003

ASA=American Society of Anesthesia, IQR= interquartile range.
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that the pre- and postoperative lengths of hospital stay (OR 1.17,
1.05, 95% CI 1.05–1.31 and 1.02–1.09, respectively) were
statistically significant factors.
Intraprocedural factors, including the procedure duration and

blood transfusion (OR 1.01 and 23.3, 95% CI 1.01–1.02 and
4.43–122.73, respectively), were significantly associatedwith SSIs.
4. Discussion

4.1. Key results and interpretation

SSI after spinal surgery is frequently encountered in clinical
practice. Its occurrence has been shown to result in increased
morbidity and mortality rates and increased healthcare costs.[4,5]

A variety of risk factors have been described, including the
Table 2

Univariate regression analysis assessing factors associated with
surgical site infection.

Univariate

Variable OR (95%CI) P

Age 1.03 (0.98–1.09) .23
Female gender 1.79 (0.42–7.71) .43
Previous spine surgery 3.24 (0.61–17.25) .17
Body mass index 0.98 (0.86–1.12) .78
Smoking 1.44 (0.17–12.59) .74
Diabetes mellites 1.56 (0.36–6.75) .55
Hypertension 5.62 (1.29–24.47) .02
Preoperative hemoglobin level 0.68 (0.48–0.98) .04
Preoperative white blood cell count 0.99 (0.87–1.14) .98
Preoperative partial thromboplastin time 1.07 (1.04–1.11) <.001
Preoperative creatinine level 1.04 (1.02–1.06) <.001
Preoperative urea level 1.24 (1.02–1.50) <.03
ASA class
I 1 Ref
II–III 2.25 (0.26–19.09) .50
IV–V 26.0 (1.16–583.46) .04

Duration of the procedure (min) 1.01 (1.01–1.02) .01
Length of hospital stay before surgery (d) 1.17 (1.05–1.31) .004
Postoperative hospital stays (d) 1.05 (1.02–1.09) .006
Blood transfusion 23.3 (4.43–122.73) <.001
Prophylactic antibiotics 0.24 (0.05–1.23) .09
Use of drain 4.16 (0.82–21.16) .09

ASA=American Society of Anesthesia, CI= confidence interval, OR= odds ratio.
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patient’s age, obesity, diabetes, urinary incontinence, tobacco use
or a history of smoking, poor nutritional status, complete
neurologic deficit, ASA score>2, previous urinary tract
infections (UTIs), hypertension, unintentional durotomies,
operating level, revision surgery, nonsteroidal anti-inflammatory
drug (NSAID) use, a posterior surgical approach, oncologic
cases, increased estimated blood loss, blood transfusion use,
increased operative time, extension to the sacrum, and use of
spinal instrumentation.[4–11]

This study attempted to evaluate the role of the previously
mentioned SSI risk factors in our local population despite the
standard local infection control measures and policies such as
preoperative patient washing, shaving, and prophylactic
antibiotic administration. There is a lack of research on
infection control and quality improvement in our region.
Moreover, the unique demographic characteristics of Saudi
Arabia, with the high prevalence of obesity, diabetes, and
smoking, might lead to higher SSI rates and different associated
risk factors.[12–14]

Previous studies have shown that prolonged surgery, pro-
longed hospital stays, and poor postoperative wound care are
likely to result in SSIs.[15] These results are supported by our
study, as we found that prolonged operative times increased the
chance of developing SSI.
The postoperative infection rate tends to increase among

individuals with diabetes and whose hospital stay is prolonged
compared to non-diabetics, as shown in previous studies. Our
data could not support these findings, as our sample size was
small. We propose that a study with a larger sample size may be
required to capture such an effect.[16]

There is a growing body of evidence associating blood
transfusions with SSIs regarding the risks associated with blood
transfusion.[17,18] Smoking and obesity are other well-known SSI
risk factors, but we could not demonstrate this with our small
patient cohort.[19]

Our study showed that prolonged operative times could
increase the risk of developing an SSI postoperatively. These
results are consistent with those found in the study conducted by
Hamdeh et al.[20] Further studies showed that the risk of
developing an SSI is related to the procedure duration, nutritional
status, and patient comorbidities.[21]

SSIs can potentially have devastating consequences following
spinal surgery; therefore, Cassir et al stated that active surveillance
and regular feedback from patients are necessary to reduce the SSI
rate.[22]

Our study results showed that only 4%of the recruited patients
developed SSIs after spinal surgery. In contrast, a study
conducted by Hu et al found that 45% of the patients included
in the study developed SSIs.[23] The results indicated that the
prevalence of SSIs could be decreased by reducing the duration of
the patients’ pre- and postoperative hospital stays, in combina-
tion with antibiotic prophylaxis administration. These results are
consistent with those of this study. The results have shown that an
increase in the length of hospital stays significantly increases the
risk of developing an SSI.
Another study conducted by Bellusse et al revealed that the risk

factors that increased the chances of developing an SSI included a
prolonged hospital stay, high BMI, blood transfusions, and the
length of surgery.[24] Rao et al conducted a study to elucidate the
risk factors for SSI and develop effective strategies to prevent
SSI.[25] Their results demonstrated that open suction drains are
likely to increase the SSI risk after spinal fusion procedures. Our
4

study findings were consistent with the work conducted byMeng
et al. They found that a history of smoking, UTI, diabetes,
hypertension, blood transfusion, spinal surgery, and cerebrospi-
nal fluid leakage are risk factors for developing an SSI following
spinal surgery.[6]

Few studies have found similar results to ours concerning
hypertension as a risk factor for SSI. Yao et al and Saeedinia et al
found that hypertension was associated with SSI in patients
undergoing spinal surgery. However, few hypotheses have been
postulated in this regard, including those relating to subcutane-
ous tissue and skin hypoperfusion in such patients, leading to
higher SSI rates.[26,27]

One unexpected finding was the low prophylactic antibiotic
administration rate in our cohort, as only a minority of our cases
received timely prophylaxis. Whether this finding is a factual or a
result of insufficient documentation remains unknown. Proper
documentation is an essential prerequisite for infection control
policy evaluation and improvement. We believe that this finding
represents a defect in our hospital system that must be addressed
and that we are attempting to improve.
Our study also demonstrates that research collaborations are

urgently needed in Saudi Arabia because our conclusions are
limited by the findings being restricted by the single-center
experience and the small number of spinal surgeries conducted at
our hospital. The limited number of patients included in our
study likely accounted for our failure to demonstrate a significant
association between SSIs and their well-known risk factors.
4.2. Study limitations

The retrospective observational design, with its inherent
limitations, is a significant weakness of this study. The accuracy
of the hospital data was dependent upon the quality of the
information entered into the electronic and paper-based medical
records. Since spinal surgery is considered a major surgery that
requires a high level of documentation and given that most of our
study variables were objectively measured, we expected a lower
risk of errors related to measurement. Our study’s further
limitation is that the hospital records did not contain data on
potential variables of interest, such as nutritional status, NSAID
use, and the type of microorganisms cultured.
Our study is also limited by the small numbers of patients and

infections that were included, which could lower the ability to
statistically determine further risk factors for SSI and achieve
statistical power in a multivariate analysis of the data. Since our
study is a single-center study, this may limit its generalizability to
Saudi Arabia.
5. Conclusions

This study found low SSI rates following spinal surgery. In our
population, we identified a history of hypertension, prolonged
hospitalization and operative times, blood transfusion, and a
high ASA score as risk factors for SSI in spinal surgery. Our
findings are derived from a single institute. We believe there is a
need for national research collaboration among multiple
disciplines to determine better information about SSIs and their
risk factors in our patient population.
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