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ABSTRACT
 

الخلفية: تعد الإنتانات في موضع الجراحة من الأسباب الرئيسية للعدوى المرتبطة 
الحية  الكائنات  وتواتر  ونوع  الإنتانات  الصحية.  هدفنا هو تحليل معدل  بالرعاية 

الدقيقة المرتبطة بها بشكل شائع.

تشمل   2019 ويونيو   2018 ديسمبر  بين  رجعي  بأثر  دراسة  إجراء  تم  الطريقة: 
2018 من مرضى مصابين بعدوى في  إلى أغسطس   2008 بيانات من أغسطس 

جرح جراحي مؤكد في مستشفى جامعي.

تم  الدراسية،  الفترة  خلال  الجراحي  الجرح  انتان  حالة   2716 بين  من  النتائج: 
تشخيص 289 مريضا بالإنتانات في موضع الجراحة.  انخفض معدل الإنتانات في 
مستشفى الملك فهد الجامعي بالخبر من 20 لكل 1000 عملية في 2009 إلى 3.5 
لكل 1000 عملية في 2018. ولوحظ انخفاض كبير في معدل الإنتانات في عامي 
2014 و 2015 عندما تم تنفيذ استراتيجيات التقييم الذاتي استعدادًا للاعتماد 
المؤسسي للمستشفى. لوحظ تحول كبير في معدل الإنتانات من الجروح من النوع 
الاعتماد.  إجراءات  تنفيذ  مع  بالتزامن  الرابع  النوع  من  الجروح  إلى  والثاني  الأول 
كانت الإشريكية القولونية أكثر مسببات الانتانات الجراحية شيوعًا. أظهرت أنماط 
الحساسية للمضادات الحيوية انخفاض المقاومة للسيفتازيديم وتازوسين، في حين 

كانت الراكدة البومانية مقاومةً لمعظم المضادات الحيوية على مدى 10 سنوات.

الخاتمة: تصف هذه الدراسة، لأول مرة، حالة إنتانات الجروح الجراحية على مدى 
اعتماد  تأثير  أيضًا  أثبتنا  السعودية.  العربية  المملكة  في  الماضية  العشر  السنوات 
ونمط  العدوى  بمكافحة  يتعلق  فيما  الصحية  الرعاية  منظمة  أداء  على  المستشفى 

المضادات الحيوي.

Objectives:  To analyze the rate of surgical site infections 
(SSIs), the type, and the frequency of the commonly-
associated microorganisms. 

Methods: A retrospective study was conducted in King 
Fahd Hospital of the University, Al Khobar, Saudi Arabia 
between December 2018 and June 2019 comprising data 
from August 2008 to August 2018 from patients with 
culture-confirmed surgical site infection at a tertiary 
hospital. 

Results: Out of 2716 wound infection cases during the 
study period, a total of 289 patients were diagnosed with 
SSI. The rate of SSI in the tertiary hospital decreased 
from 20 per 1000 operations in 2009 to 3.5 per 1000 
operations in 2018. A significant decrease in the rate of 
SSIs was observed  in 2014 and 2015 when self-assessment 
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strategies in preparation for the accreditation of the 
hospital were implemented. A significant shift in the 
SSI rate from type I and II wounds to type IV wounds 
was observed coinciding with implementation of 
accreditation procedures. Escherichia coli was the most 
common pathogen. Antibiotic susceptibility patterns 
showed reduced resistance to ceftazidime and tazocin, 
while Acinetobacter baumannii was resistant to most of 
the antibiotics over 10 years.

Conclusion: This study describes, for the first time, 
the status of SSI over the past 10 years in Saudi Arabia. 
The study also demonstrated the effect of hospital 
accreditation on healthcare organization performance 
regarding infection control and antibiogram pattern.
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Surgical site infections (SSIs) are defined as soft 
tissue, deep tissue, or organ infections that are 

observed within 30 days postoperatively or within 
one year in cases of foreign body implantation. They 
are considered as one of the most important causes of 
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postoperative complications. The Centers for Disease 
Control and Prevention (CDC) classifies wound types 
into 3 groups each of which carries an expected risk of 
infection.1,2 Several previous studies found that the most 
common organisms causing surgical wound infections 
were Staphylococcus aureus (S. aureus) and the more 
antibiotic resistant strain methicillin-resistant S. aureus 
(MRSA).3-5 Additionally, the American College of 
Surgeons and Surgical Infection Society identified 
several factors that predispose for the development of 
SSI in their guidelines.6 These factors can be classified 
as either intrinsic (patient-related) or extrinsic 
(procedure-related). Risk factors such as age, diabetes, 
nutritional status, obesity, smoking, preoperative length 
of stay, coexistent infections, and colonization with 
microorganisms are considered patient-related. While 
factors related to procedures involve the duration of 
surgical scrubbing and duration of operation, skin 
antiseptic preparation, and shaving and prepping before 
operation.6,7 Furthermore, environmental factors such 
as fungal and bacterial colonization on surfaces and the 
quality of air in the operating rooms are associated with 
SSIs.8,9 The Physical Status Classification System of the 
American Society of Anesthesiologists links the higher 
rates of SSI with more unstable and critical patients.10 
Other risk stratification strategies have been developed 
to predict the likelihood of occurrence of SSIs, such 
as the Surgical Site Infection Risk Score;11 however, 
a standardized strategy for all patients has not been 
determined.12,13   

Hospital-acquired infections including SSIs can 
increase the length of stay (LOS) and cost of treatment 
resulting in poorer patient outcomes. Approximately 
20% of hospital-acquired infections are caused by 
SSIs.14 Studies conducted in the United States and 
England have unanimously concluded that SSIs 
increase the LOS and overall hospital costs.15 The 
increase in LOS is dependent on the nature of the SSI, 
whether superficial or deep, and the type of procedure.15  

On average, SSI resulted in an additional 4-13 days of 
hospital stay and a 3-fold increase in the likelihood of 
readmission.14,16 

Timely administration of preoperative antibiotics 
is considered an important practice to prevent 
SSIs.17,18 Additionally, reducing the time of surgery 
and performing an open approach during surgery 

can reduce the risk of SSIs according to the recent 
guidelines advocate for the use of minimally invasive 
techniques.19,20 Other preventive measures include 
controlling patient’s modifiable risk factors to enhance 
wound healing, preoperative preparation by smoking 
cessation, nutritional support, and controlling blood 
glucose.20 

We described in this report the frequency and rate 
of SSI at a tertiary hospital and identified the causative 
organisms associated with SSIs, along with their 
antimicrobial susceptibility pattern, over a period of 10 
years. We also demonstrated the effect of implementing 
hospital accreditation strategies on the rate of SSIs.

Methods. This retrospective study was conducted 
between December 2018 and June 2019. The study 
included data from culture-confirmed surgical 
site infections in patients who underwent surgical 
intervention in King Fahd Hospital of the University 
(KFHU), Al Khobar, Saudi Arabia between August 2008 
and August 2018. We employed the CDC definition 
and classification of surgical wound infections to define 
and classify our cases.2 The study was conducted in 
agreement with the principles of Helsinki Declaration. 
The ethical approval for the study was obtained from the 
Research Ethics Committee of Imam Abdulrahman Bin 
Faisal University (Number: IRB-UGS-2018-01-218).

Patients’ demographic and clinical data were 
collected from the medical records. 

Patients were selected if they had a record of 
a samples at the microbiology laboratory labeled 
with “wound swab,” “abscess,” “wound,” “wound 
drain,” “wound culture,” “wound discharge,” or any 
combination of these keywords from August 2008 to 
August 2018. Careful inspection of all selected patients’ 
files was performed to exclude samples that do not 
fit the definition of SSI. Additionally, samples were 
excluded if the patients underwent surgical procedures 
in another hospital, if samples were inappropriately 
collected, duplication, or if the culture result suggested 
a normal skin flora.

Statistical analysis. The rate of SSI was calculated as 
the number of SSIs per 1000 operations per year. Because 
the data were not completely available for the years 2008 
and 2018, the rates of SSI for these years were estimated 
based on the average total number of operations 
annually for the years 2009-2017. Descriptive analysis 
including frequencies and designing multivariate tables 
were performed using the software IBM SPSS Statistics 
for Windows, version 26 (IBM Corp., Armonk, N.Y., 
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USA). Excel software from Microsoft office was used to 
design figures and graphs.

Results. A total of 2716 reads were obtained from 
the hospital records using the search words mentioned 
above. A total of 400 samples were excluded because 
they did not meet the CDC definition of SSI. Moreover, 
2027 samples were excluded because of the following 
reasons: duplication (most common), surgery being 
performed in another hospital, mislabeling, missing 
data about infection, and contamination. A total of 289 
samples of culture-confirmed SSIs were included in our 
study.

The rate of SSIs among females (55.6%) was higher 
than that of males (44.4%), but it was statistically 
insignificant (p=0.06). There was a statistically 
significant difference in frequency of SSIs among males 
and females in different age groups (Chi-squared for 
linear trend [extended Hans-Mantel] = 4.6; p=0.03) 
(Table 1).

The rate of SSIs decreased over the past 10 years from 
approximately 20 cases per 1000 operation in 2009 to 
3.5 cases per 1000 operations in 2018 (Figure 1). The 
most significant decrease in the rate of SSIs was observed 
in 2014 and 2015 (Figure 1).

Almost one-fifth of the SSIs was observed in vascular 
surgeries (20.85/1000), followed by general surgeries 
(12.18/1000), neurosurgeries (10.8/1000), orthopedic 
surgeries (7.48/1000), and obstetrics and gynecology 
surgeries (5.35/1000).

Figure 1 -	The rate of surgical site infections (SSIs) over the past 10 years 
reported as the number of SSIs/1000 operations per year. 
The bars show the number of SSIs reported in each month. 
Because the data were not completely available for the years 
2008 and 2018, the rates of SSI for these years were estimated 
based on the average total number of operations every year for 
the years 2009-2017.

Figure 2 -	Change in the surgical site infections rate based on the type of 
wound over the study period.

Table 1 - Age groups and gender of patients diagnosed with surgical site 
infections in the study.*

Age   Male
  n  (%)

   Female
    n  (%)

P-value† Total

0-10 19 (67.9) 9 (32.1) 0.005 28 (10.5)

11-20 12 (57.1) 9 (42.9) 0.11 21   (7.9)

21-30 23 (51.1) 22 (48.9) 0.16 45 (16.9)

31-40 12 (26.7) 33 (73.3) 0.004 45 (16.9)

41-50 16 (38.1) 26 (61.9) 0.19 42 (15.8)

51-60 16 (37.2) 27 (62.8) 0.15 43 (16.2)

>61 20 (47.6) 22 (52.4) 0.32 42 (15.8)

Total 118 (44.4) 148 (55.6) 266 
(100%)‡

*Chi-squared for linear trend (extended Hans-Mantel) = 4.6, p=0.03; 
†Mid-P exact, ‡31 samples were excluded in this analysis because they 

were duplicates from the same patients with different surgeries and SSIs 
over the 10-year study period

Additionally, our results showed that SSIs were 
observed more frequently in class I wounds representing 
37% of cases, while class II 31%, class IV 22%, and 
class III wounds represented 12% of our sample. 
Escherichia coli were found to be more frequent in class 
IV and  P. aeruginosa in class III wound types, whereas 
Enterococci and A. baumannii were the predominant 
organisms in class I wound category. From 2014 
onward, SSIs rate decreased in class I and II wounds 
and became significantly lower than the rate in class IV 
wounds (p=0.025 for class I and p=0.034 for class II 
wound) (Figure 2).

Escherichia coli was the most frequently isolated 
bacteria from SSIs over the study period (18.4%). 
The second most commonly isolated bacteria were 
Pseudomonas aeruginosa (16.3%), Klebsiella pneumoniae 
(9.6%), and Acinetobacter baumannii (9.4%). 
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Staphylococcus epidermidis and Enterobacter spp. had 
equal isolation frequency (8.4% each), Enterococcus 
faecalis (7.3%), and S. aureus (5.6%) (Figure 3). 
Pseudomonas aeruginosa was the most common cause of 
SSIs in 2008 and 2009, and was less prevalent in the 
subsequent years (Figure 1). On the contrary, E. coli was 
less prevalent in the years 2008 and 2009 and became 
more frequently isolated from SSIs over the study 
period (Chi-squared for trend p<0.0001) (Figure 3). 
Other microorganisms such as Acinetobacter, S. aureus, 
Klebsiella spp., Enterococcus, and Enterobacter were 

consistently isolated from SSIs with variable frequencies 
(Figure 3).

Analysis of antibiograms of the most common 
organisms and antibiotics showed a change in the trend 
of antimicrobial resistance over the years (Figure 4). The 
resistance pattern of ceftazidime and tazocin decreased 
over time, while the resistance pattern of ciprofloxacin 
and Augmentin did not change over time (Figure 4). 

Discussion. The rate of SSIs at our tertiary hospital 
decreased from approximately 20/1000 operations 

Figure 3 -	Causative organisms isolated from surgical site infection cases over the study period.

Figure 4 -	General percentage of antimicrobial resistance patterns for the most commonly used antibiotics over the 
study period.
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in 2009 to 3.5/1000 operations in 2018. The KFHU 
was granted Hospital Accreditation by the Joint 
Commission International (JCI) in September 2015. 
According to the JCI, the process of accreditations 
takes 18 to 24 months.21,22 The process of hospital 
accreditation involves a self-assessment, revision, and 
analysis of standard procedures and their outcomes. 
This would explain the decrease in the rate of SSI in 
2014 and 2015 and indicates the importance of such 
external peer assessment strategies on the quality of 
patients care.

In general, the female patients in this study had 
higher rate of SSIs than male patients aged between 30 
and 40 years. This might be influenced by the fact that 
operations from the obstetrics and gynecology ward 
are included in the study, constituting 7%-9% of total 
operations annually. On the contrary, males aged less 
than 10 years have higher SSIs rate because this age 
group includes the over representation of males due to 
circumcision operations.

Several previous studies found that the most 
common organisms causing surgical wound infections 
were S. aureus and MRSA.4-6 However, according to our 
findings, Gram-negative bacteria were found to be the 
most common organisms including E. coli, P. aeruginosa, 
other members from the Enterobacteriaceae family. 

Various factors play important roles in the risk of 
SSI occurrence, including lifestyle, comorbidities, 
medications, and length of hospital stay.13 Surgical 
wound classification has also been found to be a 
predictor of SSI risk.1,23 Previous studies assessing 
SSI found that SSIs are more commonly observed in 
class IV procedures.1 Furthermore and according to 
Mioton et al,1 the rate of SSI was similar for class I and 
II wounds at 0.64% and up to 2% for classes III and 
IV wounds. Conversely, the results of this study showed 
that SSI in KFHU was more common in classes I and II 
wounds than in class III and IV wounds. Nevertheless, 
in the years after 2014, a slight shift in the pattern of 
SSI was observed, where infections decreased in classes 
I and II to level lower than in class IV wounds. This also 
can be attributed to the strict application of scrubbing 
and disinfection through the implementation of 
accreditation policy and documentation procedures. 
The Annual European Epidemiological Report stated 
that the average percentage of SSI was 1.9%, but varied 
depending on the procedure.24 

Vascular surgery had the highest rate of SSI over 
the 10 years. It is consistent with the predictable rate 
of SSI according to the CDC considering that patients 
undergoing vascular surgery have more major risk 
factors for SSI than patients undergoing other types of 

surgeries.25 The second highest rate of SSI was observed 
in general surgery, with wound type II as the most 
common wound type. However, as of 2014, the rate 
of SSI after general surgeries started to decrease with 
wound type IV as the most common wound type, 
reemphasizing on the role of implementing accreditation 
strategies in the decreasing rate of SSI.

Antibiotic-resistance results in significant morbidity 
and mortality and is therefore a global concern. 
Unfortunately, the prevalence of these organisms is 
increasing among hospitalized patients, specifically in 
surgical and intensive care unit patients.26-28 Several 
factors can lead to the increase in antibiotic resistance, 
including antibiotic misuse and overuse. The reduction 
observed in microbial resistance to ceftazidime and 
tazocin in this study is interesting and is also consistent 
with the application of hospital accreditation policies.

Two of the most commonly encountered organisms 
in this study were P. aeruginosa and A. baumannii, 
both of which have shown significant resistance to 
some of the most potent antibiotics. According to the 
investigator’s observation, patients frequently receive 
antibiotics for SSIs that have been proven to be resistant 
to that drug (data not shown). This issue is critical to 
patient care and may be attributed to the apparent 
lack of awareness among treating physicians. Mortality 
secondary to sepsis was identified in 7 patients in this 
study, 5 of which were due to carbapenem-resistant 
strains of A. baumannii. Al Jindan et al29 investigated 
this issue in KFHU and found that the organisms were 
most likely of the same nosocomial source. 

We believe that our stringent criteria for filtering the 
samples and including only samples with most available 
data may have produced an underestimated rate of SSI 
at our hospital. 

Study limitation. Most of the limitations in this 
study result from the lack of proper documentation 
of patient information and storage of results from 
diagnostic and treatment procedures at different sites, 
leading to discrepancies in the labeling of samples and 
swabs, missing data, and duplication of data.

In conclusion, this study describes, for the first 
time, the status of SSI over the past 10 years in Saudi 
Arabia. We also demonstrated the effect of hospital 
accreditation on healthcare organization performance 
regarding infection control and antibiogram pattern.
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