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Abstract Background: Resection surgery in patients with colorectal cancer (CRC) patients is associated with potential

" complications, including surgical site infection (SSI).
Objectives: To estimate the prevalence rate of SSI, identify the common pathogens responsible for SSI, and
determine potential risk factors for SSI development in a cohort from Saudi Arabia.
Materials and Methods: Patients with CRC who underwent bowel resection surgery at King Abdulaziz
Medical City, Riyadh, between January 01, 2016, and December 31, 2019, were retrospectively
included. Demographics, comorbidities, surgical procedure data, and the results of preoperative
laboratory tests were retrospectively collected from medical records through the health information
system. The study population was divided into two groups: those who developed SSI and those
who did not.
Results: A total of 92 patients with CRC who underwent resection surgery were included, of which
54 (58.7%) were males. The median age was 65 (IQR 55.5-75.0) years. SSI was observed in 25 (27.2%)
patients. The most frequently isolated organisms were Escherichia coli and Pseudomonas aeruginosa,
followed by Klebsiella pneumoniae, vancomycin-sensitive Enterococcus faecium, and methicillin-resistant
Staphylococcus aureus. Three E. coli isolates were producers of extended-spectrum beta-lactamases, and
two K. pneumoniae isolates exhibited a multidrug resistance profile. Low preoperative serum albumin
level was identified as a significant independent risk factor for developing SSI (AOR = 0.853, 95%
Cl = 0.748-0.973, P = 0.0181).
Conclusion: The study found a notable prevalence of SSI among the included patients. Gram-negative bacteria
were more involved in SSI events and were also associated with drug-resistance patterns. Gut microbiota bacteria
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were most commonly involved in SSIs. Low preoperative serum albumin levels predicted the development of
postoperative SSI, and thus its close monitoring and management before surgery could reduce the SSIs.

Keywords: Antimicrobial resistance, colorectal surgery, hypoalbuminemia, risk factors, Saudi Arabia, surgical

site infection

INTRODUCTION

In colorectal resection surgery, the prevalence of SSI is
estimated to range from 2.4% to 21.6%, according to
the National Nosocomial Infection System of the US
Centers for Disease Control and Prevention (CDC).!
Moreover, the incidence rate of SSI related to colorectal
cancer (CRC) is four times higher than any other abdominal
surgery.”) The development of SSI in patients who have
undergone colorectal resection surgery might have a
negative impact on their overall health status and result in
longer hospitalization and readmission, which all contribute
negatively to their quality of life and increase healthcare
cost.t”!

According to the CDC, the identification of SSIis based on
both clinical and microbiology laboratory observations. SSI
is an infection that develops within 30 days after a surgical
operation and meets at least one of the following criteria:
purulent drainage, pain or tenderness, local swelling, and
redness or heat." It is classified into three classes according
to the infected anatomical site: (1) superficial incisional
SSI (i.e. infection in the skin or subcutaneous tissue); (2)
deep incisional SSI (i.e. infection in deep soft tissue: fascia
and muscle); and (3) organ/space SSI (i.e. infection in
the organ or space apart from the incised abdominal wall
layers).!

Microorganisms associated with CRC-related SSI
basically originate from the patient’s endogenous normal
microbiota or from exogenous sources such as the
hospital environment, surgical tools, or surgical team
members.P! According to the literature, the most frequent
pathogens responsible for SSI in patients with CRC
originate from the patient’s normal microbiota that reside
in the colon and rectum,) specifically Gram-negative
bacilli (Escherichia coli and Klebsiella pneumoniae) and
Gram-positive cocci (mainly Enferococcus species).l The
Gram-positive cocci Staphylococcus anreus (which is known
to inhabit anterior nares, nasopharynx, and skin) has also
commonly been isolated from SSIs and is associated
with a resistance pattern against multiple antibiotics,
including oxacillin.*" In contrast, Pseudomonas aernginosa,
an opportunistic Gram-negative bacillus that commonly

inhabits hospital environments, has been documented
as a significant exogenous pathogen in SSIs.B'™4 The
emergence of P. aeruginosa in clinical settings might be due
to poor infection control practices, including a lack of hand
hygiene among surgical team members, or due to increased
resistance patterns of Gram-negative pathogens against
disinfectants.["’! Critically ill or immunocompromised
patients with CRC may develop SSI associated with
multi-drug resistant (MDR) microorganisms, which
worsens the patient’s well-being and increases the burden
of treatment cost.l'”) Therefore, the World Health
Organization guidelines emphasize the importance of the
proper use of antimicrobial prophylaxis to minimize the risk
of antimicrobial resistance development."" Antimicrobial
use was reported as one of the key exogenous inducers
responsible for alterations in gut microbiota in terms of
composition and function (dysbiosis).!”! Previous studies
indicated that gut microbiota dysbiosis increases the
development of MDR bacteria.l"’!

Factors that might be associated with SSI development
in patients with CRC are patient-related factors,
intraoperative factors, and postoperative surgical site
management.!'"’! For instance, the patient’s status before
surgery, such as age, comorbidities (diabetes, heart, or
renal diseases), cancer stage, and nutritional status might
influence the patient’s immunity and susceptibility to
develop SSL>"" Intraoperative factors, which include the
duration and type of surgery (emergency vs elective, open,
or laparoscopic colectomy) and the surgeon’s experience
may also affect the patient’s risk for SSI development.!*
Further, inadequate postoperative surgical management,
including poor hand hygiene when changing dressings or
use of unsterile dressings, might increase host susceptibility
to SSI development.!"”!

A recent study conducted in Greece in 2021 reported that
significant risk factors for SSI development in patients with
CRC were old age (>70 years), diabetes, American Society
of Anesthesiologists (ASA) scores >2, and history of
chronic steroid use." Meanwhile, a study conducted in Japan
found that independent risk factors for SSI development
after laparoscopic CRC surgery were preoperative serum
albumin levels <2.5 g/dL, use of functional end-to-end
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anastomosis, and non-polydioxanone sutures-plus.!"*
Therefore, risk factors could vary across countries and
across settings, and thus studies are required to determine
the local risk factors.

In Saudi Arabia, CRC is the first and third most frequently
diagnosed malignant tumor among males and females,
respectively;!'” however, there is limited data on the
prevalence, associated pathogens, and the potential
risk factors of SSI development in patients with CRC.
Therefore, the objectives of the present study were to
estimate the prevalence rate of SSI in a cohort of Saudi
Arabian patients with CRC, identify the most common
pathogens responsible for SSI and demonstrate their
antimicrobial resistance pattern, and determine potential
risk factors for SSI development.

MATERIALS AND METHODS

Study design, setting, and participants

In this retrospective cohort study, non-probability
convenience sampling was applied. The study was
conducted at King Abdulaziz Medical City—Riyadh and
King Abdullah International Medical Research Centre,
which are part of the Ministry of National Guard—Health
Affairs (MNGHA), Saudi Arabia. MNGHA hospitals
are tertiary healthcare hospitals and implement infection
prevention and control program to prevent postoperative

SSIs.

All accessible records of patients who met the inclusion
criteria from January 01, 2016, to December 31, 2019, were
accessed. The inclusion criteria consisted of adult patients
with a confirmed diagnosis of CRC who underwent curative
surgical resection, with or without SSI development.

Variables

Data were retrieved from admission, readmission, CRC
surgery follow-up notes, and emergency visit records. The
patients” demographics, comorbidities, CRC clinical and
diagnostic data of CRC, surgical procedure, preoperative
biochemistry test results, and hematology laboratory
analysis findings were collected.

Procedures

The clinical specimens collected from suspected patients
were sent to the Division of Microbiology, Department
of Pathology and Laboratory Medicine, for pathogen
identification. Exudate from the infected surgical incision
site was collected using two cotton-tipped swabs and
transported to the laboratory in a transport medium.
If an anaerobic infection was anticipated, an anaerobic
transport medium was used. Upon receipt of the surgical

incision (wound) swab at the laboratory, the Gram staining
was performed, and bacterial culture was prepared
using MacConkey agar, chocolate agar, blood agar, and
phenylethyl alcohol agar. Then, the inoculated agar plates
wete incubated at 35-37°C for atleast 24 h. If an anaerobic
infection was predicted, anaerobic media, including
anaerobic brucella modified blood agar, brucella laked
blood agar with kanamycin and vancomycin, Bacteroides
bile esculin agar and thioglycolate broth, were used and
the samples were immediately incubated under anaerobic
conditions. The resultant culture might show the growth of
a single microorganism or a mixture of two microorganisms
or more: the dominating two microbes were then cultured
and tested for antimicrobial susceptibility. A beta-lactamase
test was performed for Gram-negative bacteria. In
cases where Enterococcus spp. was noted, the presence of
vancomycin-resistant Enterococcns (VRE) was investigated.

Sterile body fluid specimens, including abdominal fluid,
were collected by aseptic aspiration using a sterile needle
and then expelled into a sterile container and transported
directly to the laboratory, with immediate processing.
Upon receipt, the fluid specimen was centrifuged, and the
sediment was used to prepare two Gram-stained smears and
to inoculate directly to a Bact/Alert vial and then incubated
in a Bact/Alert Microbial Detection System (BioMétieux,
Inc., Durham, North Carolina, USA) for 5 days. The
culture was examined daily, and if positive, the pathogen
was identified and tested for antimicrobial susceptibility.

The peripheral blood specimens collected from the
suspected patients were inoculated in a Bact/Alert vial
and incubated in the Bact/Alert Microbial Detection
System (BioMérieux, Inc., Durham, North Carolina, USA)
for 5 days. Positive blood cultures were Gram stained, and
the attending physician was notified directly of the results.
From a positive aerobic blood culture, an inoculation was
made into MacConkey agar, chocolate agar, and blood
agar, and incubated at 37°C for at least 24 h. For positive
anaerobic blood cultures, anaerobic media including
Brucella agars were used and then incubated in a blood
culture anaerobic jar at 37°C for atleast 72 h. Antimicrobial
susceptibility testing (AST) of coagulase-negative
staphylococci and Viridans streptococci identified from the
positive blood cultures was only performed on request.

AST of the isolated pathogens was performed with the
automated Vitek 2 system (BioMérieux, Inc., Durham, North
Carolina, USA), which is based on the broth microdilution
method.”) The minimum inhibitory concentration results
were interpreted and categorized mainly into susceptible,
intermediate, ot tesistance within 6 to 8h.”! Genotyping methods
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were also performed to detect antimicrobial resistance genes
described in methicillin-resistant Szaphylococcus anrens (MRSA),
VRE, carbapenem-resistant Enferobacteriaceae (CRE), and
extended spectrum [-lactamase (ESBL) producers. MDR
Gram-negative bacteria were identified as bacteria with
resistance or intermediate susceptibility to a minimum
of one antimicrobial agent in at least three of five
antimicrobial classes: (1) beta-lactams (piperacillin or
piperacillin/tazobactam), (2) aminoglycosides (amikacin
or gentamicin), (3) fluoroquinolones (ciprofloxacin or
levofloxacin), (4) cephalosporins (ceftazidime, cefotaxime,
ceftriaxone, or cefepime), and (5) carbapenems (imipenem
ot meropenem).?!

Outcomes

The primary outcomes were determining the prevalence
rate of SSIs and the causative microorganisms and their
antimicrobial susceptibility profile. The secondary outcome
was the prediction of the independent risk factor for
postoperative SSI development.

Statistical analysis

The included patients were divided into two groups for
the analysis: those who developed SSI and those who did
not develop SSI. Data analysis was performed using the
statistical program SAS version 9.4. (SAS Institute Inc.,
North Carolina, USA). The patients’ data were expressed as
a percentage for categorical variables and as a median with
the interquartile range (IQR) for continuous variables with
non-normal data distribution. The association between
the categorical variables was assessed using the Fisher
exact test. The Wilcoxon two-sample test was applied to
test the association between the continuous variables with
non-normal data distribution. Statistical significance was
defined as a P value of < 0.05.

Univariate and multivariate analyses were performed
using the binary logit model to predict risk factors for
SSI development in patients with CRC. The dependent
variable was SSI, while the independent variables tested
were diabetes, CRC stage, surgical procedure, preoperative
blood transfusion, preoperative cancer treatment, serum
albumin, white blood cells (WBCs), monocytes, neutrophils,
hemoglobin, platelets, prothrombin time (PT), and
international normalized ratio (INR). Multivatiate analyses
were adjusted for the following variables: diabetes, CRC
stage, surgical procedure, perioperative blood transfusion,
preoperative cancer treatment, potassium, serum albumin,
glucose, WBCs, monocytes, neutrophils, hemoglobin,
platelets, INR, and PT. A Pvalue < 0.05 in the multivariate
analysis indicated a statistically significant and independent
risk factor for postoperative SSI development.

RESULTS

Clinical characteristics and laboratory parameters
The study included 92 patients with CRC who underwent
curative surgical resection via laparoscopic colectomy
or open colectomy. Of these, 38 were females (41.3%)
and 54 were males (58.7%). The patient’s median age
was 65 years (IQR: 55.5-75.0 years). The details of their
demographics, comorbidities, CRC diagnostic data, and
preoperative biochemistry, and hematology laboratory
findings are provided in Table 1.

A total of 25 (27.2%) patients developed SSI, of
whom 22 (88.0%) had incisional SSI (superficial = 15,
60.0%; deep: 7, 28.0%) and 3 (12.0%) had organ/
space SSI. The prevalence rate of SSI was significantly
higher in males (# = 20; 80.0%) than in females (# = 5;
20.0%) (P=0.0165). The highest prevalence of SSI (60.0%,
n = 15) was in the patients with CRC who had an ASA
score of III (i.e. severe systemic disease).?!) Moreover, the
patients diagnosed with CRC stage 111 and with cancer in
the left-side colon had the highest prevalence rates of SSI
at 40.0% (z = 10) and 72.0% (n = 18), respectively.

Preoperative biochemistry and hematology blood analyses
for a wide range of laboratory parameters showed
generally normal values, as detailed in Table 1. However,
the preoperative hemoglobin level of all CRC patients
was low, equivalent to 112.0 g/L (IQR: 130.0-98.0 g/L),
with no significant difference between the patients who
developed SSI and those who did not. Furthermore, the
patients’ preoperative blood coagulation profiles revealed a
significant difference in PT and INR between the patients
who developed SSI and those who did not (P = 0.0031 and
P = 0.0447, respectively).

Microbiological findings

For the 25 patients who developed postoperative SSI, the
microbiology laboratory results showed different bacterial
species, including Gram-positive and Gram-negative
bacteria [Table 2]. The most frequent bacteria isolated from
the clinical specimens were E. co/i and P. aeruginosa, each
identified in four SSI cases (32.0%). K. pneunoniae, E. faecinm,
and S. aureus were also identified as causative pathogens
of SSI. Furthermore, 6 of the 25 SSI cases (24.0%) were
due to polymicrobial infection. From the microbiological
findings, four culture-negative SSI cases (16.0%) were
identified; no anaerobic bacteria were isolated.

The results of the AST of Gram-negative bacteria
indicated that neither the E. co/i nor the P. aeruginosa
isolates expressed a MDR phenotype. However, three
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Table 1: Clinical characteristics and laboratory parameters of the included patients (N=92)

Characteristics Overall, n (%) Postoperative SSI P
No (n=67), n (%) Yes (n=25), n (%)
Age 65.0 (75.0-55.5) 64.0 (74.0-54.0) 69.0 (76.0-60.0) 0.1892
Gender
Female 38.0 (41.3) 33.0(49.2) 5.0 (20.0) 0.0165
Male 54.0 (58.7) 34.0 (50.7) 20.0 (80.0)
BMI (18.5-24.9 kg/m?) 28.1(30.3-23.2) 28.6 (30.4-23.1) 26.6 (30.2-23.3) 0.4663
Previous abdominal surgery 13.0 (14.1) 8.0 (11.9) 5.0 (20.0) 0.3296
Heart disease 15.0 (16.3) 12.0 (17.9) 3.0 (12.0) 0.7519
Chronic kidney disease 7.0 (7.6) 5.0 (7.4) 2.0 (8.0) 1.0000
Diabetes 47.0 (51.1) 33.0(49.2) 14.0 (56.0) 0.6425
ASA score
| 2.0(2.2) 2.0(2.9) 0 0.7218
Il 29.0 (31.5) 23.0(34.3) 6.0 (24.0)
I 50.0 (54.3) 35.0(52.2) 15.0 (60.0)
IV 7.0 (7.6) 4.0 (5.9) 3.0 (12.0)
CRC stage
| 10.0 (10.8) 8.0 (11.9) 2.0 (8.0) 0.7911
Il 27.0(29.3) 19.0 (28.3) 8.0 (32.0)
1 41.0 (44.5) 31.0 (46.2) 10.0 (40.0)
\% 14.0 (15.2) 9.0 (13.4) 5.0 (20.0)
Surgical procedure
Laparoscopic colectomy 45.0 (48.9) 34.0 (50.7) 11.0 (44.0) 0.4935
Open colectomy 35.0(38.0) 23.0(34.3) 12.0 (48.0)
Switched from laparoscopic colectomy to open 12.0 (13.0) 10.0 (14.9) 2.0 (8.0)
colectomy
CRC location
Right colon 6.0 (6.5) 4.0(5.9) 2.0 (8.0) 0.7409
Left colon 72.0(78.2) 54.0 (80.6) 18.0 (72.0)
Transverse colon 7.0 (7.6) 4.0(5.9) 3.0 (12.0)
Right and left colon 2.0(2.) 1.0 (1.5) 1.0 (4.0)
Total colon 4.0 (4.3) 3.0 (4.5) 1.0 (4.0)
Subtotal colon 1.0 (1.1) 1.0 (1.5) 0
Preoperative anemia 70.0 (76.1) 51.0 (76.1) 19.0 (76.0) 1.0000
Perioperative blood transfusion 5.0 (5.4) 3.0 (4.5) 2.0 (8.0) 0.6103
Preoperative cancer treatment 29.0 (31.5) 18.0 (26.9) 11.0 (44.0) 0.1350
Preoperative biochemistry
Estimated glomerular filtration rate (>60 mg/mmol) 101.0 (119.5-86.0) 102.0 (120.0-87.0) 99.0 (114.0-81.0) 0.4043
Serum creatinine’ 67.0 (75.5-59.5) 66.0 (75.0-57.0) 68.0 (76.0-65.0) 0.1139
Blood urea nitrogen* 3.8(5.8-2.8) 3.5(5.3-2.7) 4.5(6.0-3.4) 0.1459
Uric acid® 278.5(364.0-232.0) 279.5(361.0-228.0) 274.5(371.5-238.0) 0.5967
Bilirubin (3.4-20.5 pmol/L) 7.2 (10.6-5.7) 7.3 (11.0-5.8) 7.1(9.8-5.7) 0.5997
Phosphorus (0.74-1.52 mmol /L) 1.1 (1.3-1.0) 1.1 (1.3-1.0) 1.2 (1.3-1.1) 0.3948
Calcium (2.1-2.55 mmol /L) 2.2 (2.3-2.) 2.2 (2.3-2.) 2.2 (2.3-2.) 0.3974
Potassium (3.5-5.1 mmol/L) 4.2 (4.5-3.9) 4.3 (4.6-3.9) 4.0 (4.3-3.8) 0.0738
Sodium (136-145 mmol /L) 138.0 (140.0-136.0) 138.0 (140.0-136.0) 138.0 (140.0-137.0) 0.7471
Chloride (98-107 mmol/L) 106.0 (108.0-103.0) 106.0 (108.0-103.0) 105.0 (107.0-103.0) 0.4329
CO, (22-29 mmol/L) 22.0 (24.0-20.0) 22.0 (24.0-20.0) 24.0 (24.0-21.0) 0.1884
Total protein (64-83 g/L) 65.5 (70.0-61.5) 66.0 (71.0-62.0) 65.0 (68.0-60.0) 0.2313
Serum albumin (35-50 g/L) 37.0 (40.0-33.0) 37.0 (40.0-33.0) 36.0 (38.0-34.0) 0.4120
Glucose (2.9-7.8 mmol/L) 6.2 (8.5-5.0) 6.1(7.8-4.9) 7.5 (11.1-5.5) 0.1104
Alkaline phosphatase (40-150 U/L) 81.0 (103.0-66.0) 80.5 (99.0-66.0) 87.5 (134.5-66.0) 0.2599
Alanine aminotransferase (5-55 U/L) 15.0 (20.0-11.0) 15.0 (20.0-12.0) 14.0 (18.5-10.0) 0.3681
Aspartate aminotransferase (5-34 U/L) 16.0 (21.0-13.0) 16.0 (21.0-13.0) 16.0 (21.0-12.5) 0.6086
Preoperative hematology laboratory analysis
White blood cells (4-11x10°/L) 7.4 (9.3-5.4) 7.5(9.5-5.7) 6.9 (8.8-5.1) 0.2378
Basophils (0.0-0.1x10°/L) 0.0 (0.1-0.0) 0.0 (0.1-0.0) 0.0 (0.1-0.0) 0.3332
Monocytes (0.1-1.1x10°/L) 0.5 (0.6-0.4) 0.5 (0.7-0.4) 0.4 (0.6-0.3) 0.0964
Eosinophils (0.1-0.7x10°/L) 0.2 (0.3-0.1) 0.2 (0.3-0.1) 0.2 (0.4-0.1) 0.2067
Neutrophils (2.0-7.5x10°/L) 4.1(6.2-3.1) 4.2 (6.1-3.4) 4.0 (8.2-2.4) 0.5339
Lymphocytes (1.0-4.4x10°/L) 2.0 (2.5-1.4) 2.0(2.4-1.6) 1.9 (3.2-1.4) 0.9545
Hemoglobinl! 112.0 (130.0-98.0) 111.0 (130.0-99.0) 116.0 (129.0-98.0) 0.9930
Red blood cell” 4.4 (4.8-4.1) 4.4 (4.8-4.0) 4.4 (4.7-4.2) 0.6799
Hematocrit** 0.4 (0.4-0.3) 0.3 (0.4-0.3) 0.4 (0.4-0.3) 0.8160
Platelet (150-400%10°/L) 302.5 (431.0-226.0) 303.0 (434.0-247.0) 283.0 (351.0-217.0) 0.3065
Preoperative blood coagulation profile’
Contd...
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Table 1: Contd...

Characteristics Overall, n (%) Postoperative SSI P
No (n=67), n (%) Yes (n=25), n (%)
PT (11-13.5s) 11.3 (11.9-10.9) 11.2 (11.7-10.9) 11.9 (13.0-11.2) 0.0031
INR (0.8-1.2) 1.0 (1.1-1.0) 1.0 (1.1-1.0) 1.1 (1.1-1.0) 0.0447
Partial thromboplastin time (24.8-32.9 s) 27.3(29.1-25.9) 27.3 (29.1-26.0) 27.2 (30.3-25.6) 0.5882

**Hematocrit: 0.42-0.54 and 0.36-0.54 for male and female, respectively. Normal ranges: *Serum creatinine: 64.0-110.0 umol/L and 50.0-98.0 umol/L
for male and female, respectively, *Blood urea nitrogen: 3.0-9.2 mmol/L and 3.5-7.2 mmol for male and female, respectively, $Uric acid: 220.0-450.0
umol/L and 150.0-370.0 umol/L for male and female, respectively, 'Hemoglobin: 135.0-180.0 g/L and 120-160 g/L for male and female, respectively,
IRed blood cell: 4.5-6.1x10*?/L and 4.0-5.4x10*?/L for male and female, respectively, ""Three patients out of 92 were on warfarin before surgery (3.3%)
and one patient out of 25 (of those who developed SSI) was on warfarin before surgery (4.0%). ASA — American Society of Anesthesiologists; BMI — Body

mass index; CRC — Colorectal cancer; SSI — Surgical site infection; PT — Prothrombin time; INR — International normalized ratio

E. coli 1solates were identified as ESBL producers. Two
K. pneumoniae isolates resulted in a MDR resistance profile:
one isolate was resistant to all the antimicrobial agents
tested, including carbapenem, and the other isolate was
cephalosporine-resistant K. pueumoniae [Table 2]. The
Gram-positive bacterium E. faecinm isolated from two
SSI cases demonstrated a sensitivity pattern against
vancomycin. However, the . aureus isolate was resistant
to oxacillin and was identified as MRSA.

Risk factors for surgical site infection development

In the univariate analysis, none of the variables were found
to be significant risk factors related to SSI development in
patients with CRC. However, in the multivariate logistic
regression analysis, preoperative serum albumin level was
identified as an independent risk factor for SSI development
in patients with CRC (adjusted odds ratio [AOR]: 0.853; 95%
confidence interval [CI]: 0.748-0.973; P = 0.0181) [Table 3].

DISCUSSION

This study found that in a cohort from Saudi Arabia, the
prevalence of SSI in CRC patients is 27.2%, which is
relatively higher than that reported in recent studies from
China (3.7%), Spain (12.3%), and Greece (21.8%),!""* and
relatively lower than that reported from Japan (32.1%).%!
The percentage of emergency surgery can influence the
rate of SSIs in CRC; however, given that only 20% of the
patients who developed SSI in the current study underwent
emetgency surgery, this may not be a plausible explanation for
the noted differences in SSIs. Another potential explanation
for these differences in SSI rates is the patient population: in
the current study, about 54% of all included CRC patients
had an ASA score of 3, whereas larger proportions of the
population in the other studies with lower SSI rates had ASA
scores of =2.0.I'"*4 Therefore, this may indicate that CRC
patients with severe systemic disease (ASA score 23.0) have
a higher risk of developing SSI than patients with ASA =2.0.

The study found that the rate of SSI was significantly
higher among males than females and also more common

among those with CRC diagnosed on the left side of the
colon than in other anatomical sites of the colon. However,
these findings may be skewed by the fact that overall, the
population of males was higher than females (58.7% vs.
41.3%, respectively), which is unsurprising given that CRC
is more common in males,*" and that most of the study
population had left-sided CRC (78.2%).

In terms of the microbiological findings, the Gram-negative
bacilli E. coli and P. aeruginosa were the most common
pathogens isolated from the clinical specimens. E. co/i
is a facultative anaerobic bacterium belonging to the
Enterobacteriaceae family and is considered part of the
normal gut microbiota. It can be spread from one patient
to another, especially in a hospital environment, or
transmitted from its original location (gastrointestinal tract)
to a normally sterile body site.’! In contrast, P. aeruginosa
is an aerobic bacterium belonging to the Pseudomonadaceae
family. This bacterium is known to inhabit hospital
environments, such as respiratory equipment, sinks, and
showers.Pl The second most common pathogens isolated
from SSI were K. pnenmoniae (Gram-negative bacillus
bacterium and a member of gut normal microbiota)
and E. faecinm (Gram-positive coccus bacterium that
colonizes the human gut and is known to commonly cause
nosocomial infections).

Few studies on SSIs among CRC surgery patients
have focused on the causative microorganisms. The
predominance of E. w/i observed in the current study
is consistent with the findings of previous studies.!”*!
However, in a study published by Nakamura e a/., who
reported only five clinical cases of SSI in CRC patients,
Bacteroides spp. (anaerobic bacterium and member of gut
normal microbiota) were the most prevalent pathogens
isolated.”’! However, none of the SSIs in the current
study were caused by Bacteroides spp. In this context, and
regardless of the specific genus and species type of isolated
pathogens from SSIs, the results of the current and
previous studies"** indicate that gut microbiota bacteria
are most commonly involved in SSI events.
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Table 2: Microbiology profile of the patients who developed surgical site infection

Specimen  Gram staining Causative microbe Antimicrobial susceptibility test
Susceptible Resistant
Wound Moderate WBCs and P. aeruginosa Ceftazidime, piperacillin-tazobactam, None
swab* Gram-negative bacilli ciprofloxacin, gentamicin
Wound Few WBCs and Gram-negative P. aeruginosa Ceftazidime, piperacillin-tazobactam, None
swab bacilli ciprofloxacin, gentamicin
Wound Moderate WBCs and P. aeruginosa Ceftazidime, piperacillin-tazobactam, None
swab Gram-negative bacilli ciprofloxacin, gentamicin
Wound Rare WBCs and Gram-negative P. aeruginosa Ceftazidime, piperacillin-tazobactam, None
discharge*  bacilli ciprofloxacin, gentamicin
Wound Moderate WBCs and E. coli, ESBL Ciprofloxacin, gentamicin Ampicillin, ceftriaxone
swab Gram-negative bacilli Imipenem, meropenem,
piperacillin-tazobactam,
trimethoprim-sulfamethoxazole
Wound Moderate WBCs and E. coli, ESBL Gentamicin, imipenem, meropenem, Ampicillin, ceftriaxone,
swab Gram-negative bacilli piperacillin-tazobactam ciprofloxacin,
trimethoprim-sulfamethoxazole
Wound Rare WBCs and no organisms  E. faecium Vancomycin Ampicillin, gentamicin synergy
swab seen
Wound Rare WBCs and Gram-positive MRSA Vancomycin, Oxacillin, cefazolin, clindamycin,
swab cocci trimethoprim-sulfamethoxazole erythromycin
Wound Few WBCs and no organisms  Skin flora NAS
swab seen
Wound Rare WBCs, Gram-positive Skin flora NA
swab bacilli and Gram-positive
cocci
Wound Rare WBCs, Gram-negative Mixed Gram-positive and  NA
swab bacilli, Gram-positive cocci, Gram-negative bacteria
and Gram-positive bacilli
Wound Moderate WBCs and Mixed Gram-positive and NA
swab Gram-negative bacilli Gram-negative bacteria
Wound Few WBCs and Gram-negative Mixed Gram-positive and NA
swab bacilli Gram-negative bacteria
Wound Rare WBCs and no organisms  No growth NA
swab seen
Wound Rare WBCs and no organisms ~ No growth NA
discharge seen
Abdominal ~ No WBCs and Gram-negative ~ Carbapenem resistant None Ampicillin, ceftriaxone, gentamicin,
aspiration!  bacilli and cephalosporine amikacin, trimethoprim-
resistant K. pneumoniae sulfamethoxazole, ciprofloxacin,
imipenem, meropenem,
piperacillin-tazobactam, colistin,
tigecycline
Abdominal  Few WBCs, Gram-negative E. coli, ESBL Imipenem, meropenem, Ampicillin, ceftriaxone, gentamicin
drainl bacilli, and Gram-positive piperacillin-tazobactam,
cocci ciprofloxacin, amikacin,
trimethoprim-sulfamethoxazole
E. faecium Vancomycin Ampicillin
Abdominal  Many WBCs and S. anginosus Not performed?
aspiration Gram-positive cocci
Abdominal  Moderate WBCs and no Mixed Gram-positive NA
aspiration organisms bacteria
Abdominal ~ Rare WBCs and no organisms  Mixed Gram-positive NA
aspiration seen bacteria
Abdominal ~ Rare WBCs and no organisms  No growth NA
aspiration seen
Abdominal  Few WBCs and no organisms ~ No growth NA
aspiration seen
Peripheral Gram-negative bacilli E. coli Ceftriaxone, ciprofloxacin, Ampicillin,
blood** gentamicin piperacillin-tazobactam,
trimethoprim-sulfamethoxazole
Peripheral Gram-negative bacilli Cephalosporine, Ciprofloxacin, amikacin, imipenem,  Ampicillin, ceftriaxone,
blood B-lactam and B-lactam/  meropenem, piperacillin-tazobactam trimethoprim-sulfamethoxazole,
[B-lactamase inhibitor gentamicin
combination resistant K.
pneumoniae
Contd...
214 Saudi Journal of Medicine & Medical Sciences | Volume 11 | Issue 3 | July-September 2023



Aldriwesh, et al.: SSI after colorectal cancer surgery

Table 2: Contd...

Specimen  Gram staining Causative microbe Antimicrobial susceptibility test

Susceptible Resistant
Peripheral ~ Gram-positive cocci S. viridans group Not performed
blood

*Wound swab and wound discharge were processed as wound culture; SNA — The antimicrobial susceptibility test was NA as per laboratory guidelines;
IAbdominal aspiration and abdominal drain were processed as sterile body fluid culture; "The AST was performed if only was requested by attending
physician; **Peripheral blood was processed as blood culture. AST — Antimicrobial susceptibility testing, MRSA — Methicillin-resistant S. aureus;
P aeruginosa — Pseudomonas aeruginosa; WBCs — White blood cells; E. coli— Escherichia coli; NA — Not applicable; E. faecium — Enterococcus faecium;
S. anginosus — Streptococcus anginosus; K. pneumonia — Klebsiella pneumonia; S. viridans — Streptococcus viridans; Staphylococcus aureus — S. aureus;
ESBL — Extended spectrum B-lactamase (the isolate was resistant to all B-lactam and B-lactam/B-lactamase inhibitor combination except carbapenems)

Table 3: Predictors of postoperative surgical site infection in patients with colorectal cancer who underwent curative surgical

resection

Variable Univariate analysis Multivariate analysis*
OR 95% Cl P AOR 95% Cl P

Diabetes 1.311 0.521-3.302 0.5652 0.642 0.157-2.618 0.5364
CRC stage

Il 1.684 0.291-9.744 0.5609 0.476 0.038-5.915 0.5637

1 1.290 0.234-7.098 0.7699 0.398 0.036-4.341 0.4496

I\ 2.222 0.334-14.796 0.4093 0.288 0.019-4.482 0.3745
Surgical procedure

Open colectomy 1.613 0.609-4.273 0.3364 0.498 0.115-2.152 0.3506

Switched from laparoscopic colectomy to open colectomy 0.618 0.117-3.262 0.5709 0.460 0.049-4.341 0.4979
Preoperative blood transfusion 1.856 0.291-11.82 0.5128 2.669 0.22-32.39 0.4408
Preoperative cancer treatment 2.139 0.822-5.568 0.1194 3.076 0.828-11.428 0.0933
Serum albumin 0.953 0.886-1.026 0.1984 0.853 0.748-0.973 0.0181
White blood cell 0.921 0.776-1.093 0.3475 0.935 0.628-1.393 0.7416
Monocyte 0.188 0.017-2.02 0.1675 0.090 0.001-6.199 0.2652
Neutrophil 1.017 0.978-1.057 0.4103 1.087 0.893-1.323 0.4041
Hemoglobin 1.005 0.983-1.027 0.6723 1.023 0.985-1.063 0.2299
Platelet 0.999 0.995-1.002 0.4271 1.001 0.995-1.007 0.7111
PT 0.998 0.986-1.009 0.6816 0.998 0.984-1.012 0.7643
INR 0.846 0.467-1.533 0.5811 0.813 0.306-2.161 0.6784

*Multivariate analyses were adjusted for the following variables — Diabetes, CRC stage, surgical procedure, perioperative blood transfusion,
preoperative cancer treatment, serum albumin, white blood cells, monocytes, neutrophils, hemoglobin, platelets, INR and PT. INR — International
normalized ratio; PT — Prothrombin time; CRC — Colorectal cancer; OR — Odds ratio; AOR — Adjusted OR; CI — Confidence interval

There is an increasing trend in the incidence rate of
SSIs caused by antimicrobial-resistant pathogens.
This might reflect a higher proportion of severely ill,
immunocompromised patients or improper use of
antimicrobial prophylaxis."” However, the AST of isolated
pathogens from SSIs, specifically after CRC surgery, has
scarcely been investigated. Previous studies that reported
the microbiology profile of SSIs in CRC patients did not
examine antimicrobial susceptibility and resistance patterns

of isolated pathogens,-**

I which makes comparisons
with such studies difficult. The presence of antimicrobial
resistance negatively impacts patients’ health due to the
need for prolonged hospitalization, extended antimicrobial
therapy duration, increased morbidity and mortality, and
requirement of a new antimicrobial therapy, which could
increase the risk of toxicity, such as renal injury and
Clostridinm difficile infection.>*"" A previous prospective,
global, multicenter cohort study conducted to investigate
SSIs after abdominal surgery reported that patients in
low- and middle-income countries (LMICs) were at higher
risk of developing SSIs than patients in high-income

countries and that these countries might have greater rates
of antimicrobial resistance.”® In a more recent review, the
authors highlighted the burden of SSIs as the most frequent
hospital-acquired infection, particularly in LMICs.I*’!
The higher SSI rates observed in LMICs might result
from inadequate compliance with the surgical antibiotic
prophylaxis guidelines (in terms of administration time
and duration) to prevent SSI or due to the unavailability
of antibiotics guidelines in some healthcate institutions.*”
The variables included in our univariate and multivariate
analyses to determine the risk factors for SSI development in
CRC patients have previously been reported to be independent
risk factors. For instance, patient-associated factors, including
diabetes, CRC stage, preoperative serum albumin and
hemoglobin levels, and WBC count, have been reported
as independent risk factors for SSI development.!'*%]
Similatly, surgery-associated factors, such as blood loss and
blood transfusion, and the type of surgical procedures (open
colectomy versus laparoscopic colectomy) were highlighted
as independent risk factors for SSI development.27
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Preoperative chemotherapy and radiotherapy have also been
shown to be independent risk factors for SSI development.?*)
However, no variable in the current study was found to be a
significant risk factor in the univariate analysis.

While the median value of preoperative serum
albumin levels between patients who developed
SSIs (median: 36.0 g/L [IQR 38.0-34.0]) and those
who did not (median: 37.0 g/L [IQR 40.0-33.0]) was
not determined to be a significant risk factor in the
univariate analysis, in the multivariate analysis,[*"! a
lower preoperative serum albumin level was found
to be a significant independent risk factor for SSI
development in CRC patients. This finding was consistent
with those reported previously.!'®***! Serum albumin
is a key nourishment indicator, a low level of which
reflects a malnourishment state.*'! A previous review
discussed the negative impact of low albumin levels on
postoperative recovery, including low collagen synthesis,
low tissue healing and granuloma development in
surgical wounds which eventually leads to a delay in
the healing process.*) Further, malignancy is associated
with inadequate oral intake, intestinal blockage, intestinal
fistula, poor absorption, and loss of large volumes
from the gastrointestinal tract, which results in the
malnourished state frequently observed in colorectal
surgery patients."!! From a biological point of view, the
nourishment status of a patient plays a primary role in
the immune system.*’) Therefore, immunity alterations
induced by malnutrition might increase the risk of SSI
and the duration of hospitalization, mortality, morbidity,
readmission, and, consequently, the economic burden.*!
Therefore, more emphasis is being placed on preoperative
nutritional status and nutritional support for patients by
recommending the use of formulas rich in amino acids,
anti-inflammatory factors, and antioxidants.!*!

The current study examined the preoperative blood
coagulation profiles and indicated a significant
difference in median values of PT and INR between
the patients who developed SSIs and those who did
not (P = 0.0031 and P = 0.0447, respectively). In the
multivariate analysis, neither PT nor INR were identified
as predictors for SSI. The higher PT and INR median
values observed in patients with CRC who developed
SSI might be mediated by differential effects of
proinflammatory cytokines.!*!

Strengths and Limitations

CRC is one of the most common cancers in Saudi Arabia,
yet this is the first study from the country to provide the
SSI rates in patients who have undergone CRC surgery

as well as to present the microbiological profile of the
associated pathogens and the potential risk factors of the
SSIs in these patients.

However, the study has some limitations. The high
prevalence of SSI reported herein might be due to the
small sample size obtained from the single-center CRC
patient cohort. The small sample size might also influence
the univariate and multivariate analysis results. However,
our findings are compatible with those reported previously.
Nonetheless, large-scale prospective studies are needed to
obtain results that can be validated and generalized.

CONCLUSION

The study found that about one-fourth of the CRC
patients who underwent resection surgery developed SSIs.
Gram-negative bacteria were more involved in SSI events and
were also associated with drug-resistance patterns. In addition,
gut microbiota bacteria were found to be most commonly
involved in SSI events. The preoperative serum albumin level
was identified as an independent and significant risk factor for
SSI development, highlighting the need for careful nutritional
status evaluation and management before surgery.
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