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Surgical site infections (SSIs) remain one of the most common serious surgical complications and are the
second most frequent healthcare-associated infection. Patients with SSIs have a significantly increased
postoperative length of hospital stay, hospital expenses, and mortality risk compared with patients
without SSIs. The prevention of SSI requires the integration of a range of perioperative measures, and
approximately 50% of SSIs are preventable through the implementation of evidence-based preventative
strategies. Several international guidelines for SSI prevention are currently available worldwide. How-
ever, there is an urgent need for SSI prevention guidelines specific to Japan because of the differences in
the healthcare systems of Japan versus western countries. In 2018, the Japan Society for Surgical Infec-
tion published SSI prevention guidelines for gastroenterological surgery. Although evidence-based SSI
prevention guidelines are now available, it is important to consider the appropriateness of these guide-
lines depending on the actual conditions in each facility. A systemic inflammatory host response is a
hallmark of bacterial infection, including SSI. Therefore, blood inflammatory markers are potentially
useful in SSI diagnosis, outcome prediction, and termination of therapeutic intervention. In this review,
we describe the current guideline-based perioperative management strategies for SSI prevention, focus-

ing on gastroenterological surgery and the supplemental utility of blood inflammatory markers.
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Introduction

Surgical care is an integral part of healthcare, with an es-
timated 313 million surgical procedures performed
worldwide annually. Surgical care is associated with a
considerable risk of complications and death. It is esti-
mated that 42 million people worldwide die within 30
days of surgery every year, accounting for 7.7% of all
deaths globally and making surgery the third greatest
cause of death after ischemic heart disease and stroke'.

Surgical site infections (SSIs) remain one of the most
common serious surgical complications. Although the in-
cidence of SSI is lower in high-income countries, SSIs af-
fect up to one-third of patients who have undergone a
surgical procedure in low- and middle-income countries.

Furthermore, SSIs are still the second most frequent

healthcare-associated infection in Europe and the United
States’. In the United States, recent data show that SSI ac-
counts for over two million nosocomial infections in pa-
tients who have been hospitalized®. SSIs significantly in-
crease the postoperative length of hospital stay by ap-
proximately 7-10 days, increase the hospital expenses,
and carry a 2-11-fold higher risk of death compared with
patients without SSIs, regardless of improved surgical
practice, surveillance, and infection-control techniques"™.
Importantly, it is estimated that approximately 50% of
SSIs are preventable through the implementation of
evidence-based preventative strategies’. The present re-
view focuses on the pathophysiology, prevention, and

prediction of SSIs in gastroenterological surgeries.
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Table 1 Recently published or updated guidelines for prevention of surgical site infection

SSIin GI Surgery

Year of Timing of Re-dosing of Postoperative Tareeted blood
blication Publisher Guideline prophylactic prophylactic prophylactic 1 gcose level
pu ABS ABS ABS g
2019 National Insti- Surgical site infec- before recommend- not recom- Do not give
tute for Health tion: prevention starting ed mended insulin rou-
and Care and treatment anesthesia tinely to opti-
Excellence mize blood
(NICE) glucose
2018 Japan Society Gastroenterologi- within no recom- gastric sur- <150 mg/dL
for Surgical cal Surgery, 60 min mendation gery: not
Infection (JSSI) guideline of before recommend-
perioperative incision ed, colon
management for surgery:
the prevention of efficacy is
surgical site unknown
infection
2017 Centers for Guideline for the before the no recom- not recom- <200 mg/dL
Disease Control prevention of incision mendation mended
and Prevention surgical site
(CDC) infection, 2017
2016 American Surgical site infec- within recommend- not recom- 110-150 mg/dL
College of tion guidelines, 60 min ed mended
Surgeons/ 2016 update before
Surgical Infec- incision
tion Society
(ACS/SIS)
2016 World Health Global guidelines within no recom- not recom- 110-150 mg/dL
Organization for the prevention 120 min mendation mended
(WHO) of surgical site before
infection incision
2016 Japanese Society Practical Guide- within every 3-4 Intraoperative not mentioned
of Chemothera- lines for the 60 min hours ~ until 24 hrs
py/Japan Appropriate Use before
Society for of Antimicrobial incision
Surgical Infec- Agents for
tion (JSC/JSSI) Postoperative
Infection Preven-
tion

ABS: antibiotics

Guidelines for the Prevention of Surgical Site Infection
Recently published or updated guidelines for SSI preven-
tion are listed in Table 1. In 2017, the Centers for Disease
Control and Prevention (CDC) published updated Guide-
lines for the Prevention of Surgical Site Infection for the
first time in 18 years®. These guidelines focus on selected
areas of SSI prevention with sufficient evidence, and
comprise recommendation and commentary parts. The
recommendation part includes six core sections regarding
SSI prevention in all surgical procedures, and seven that
relate specifically to prosthetic joint arthroplasty. The six
general core sections are parenteral antimicrobial prophy-
laxis, nonparenteral antimicrobial prophylaxis, glycemic
control, normothermia, oxygenation, and antiseptic pro-
phylaxis. These guidelines continue to recommend parts
of the 1999 guidelines’, and reiterate the recommenda-
tions in supplement eAppendix 1.5. However, the 2017
Guidelines for the Prevention of Surgical Site Infection

only contain general comments, without providing de-
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tails on SSI prevention techniques that should be imple-
mented in clinical practice.

In 2016, the World Health Organization (WHO) pub-
lished the “Global guidelines for the prevention of surgi-

cal site infection”"

. Because SSIs are epidemiologically
important and largely preventable, the WHO prioritized
the development of evidence-based recommendations for
SSI prevention. One of the major characteristics of the
WHO guidelines is the assumption that they will be used
in low- and middle-income countries.

The Japan Society for Surgical Infection (JSSI) pub-
lished the “Guidelines for the prevention, detection, and
management of gastroenterological surgical site infec-
tion” in 2018". Considering the differences between Japan
and western countries regarding healthcare insurance
and equipment, race, physique, and surgical procedures,
there was an urgent need for Japan-specific guidelines.
The JSSI guidelines are internationally unique because

they focus on gastroenterological surgery and suit the
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Japanese medical system in which surgeons treat patients
throughout the perioperative period. The evidence-based
JSSI guidelines use the Grading of Recommendations,
Assessment, Development and Evaluation system® that
are also adopted in the CDC® and WHO" guidelines, are
based on studies published from 2000 onwards, and are
suited for clinical practice in Japan targeting all medical
staff involved in SSI prevention in gastroenterological

surgery.

Definition and Epidemiology of Surgical Site Infection
Perioperative infection is broadly classified into surgical
field infection (i.e., SSI) and remote infection (RI). SSIs
are classified as superficial incisional, deep incisional,
and organ/space SSIs that occur within 30 or 90 days af-
ter surgery, depending on the surgical procedure’. RI is
defined as perioperative infection that occurs in areas not
directly subjected to surgical manipulation, and includes
infections such as pneumonia, antimicrobial-associated
enteritis, urinary tract infection, and -catheter-related
blood stream infection. The main cause of SSIs is intraop-
erative contamination with bacteria, including intestinal
flora and resident skin flora. In contrast, most Rls are
caused by cross-infection with bacterial contaminants in
the hospital environment through the hands of medical
staff®.

The incidence of SSIs is higher in gastroenterological
surgery than other surgeries, and gastroenterological SSIs
account for over 80% of all SSIs. Japanese nationwide
surveillance data (204,763 cases of gastroenterological
surgery) demonstrated that the incidences of overall SSIs,
superficial, deep incisional, and organ/space SSIs in 2019
were 7.7%, 3.5%, 0.7%, and 3.6%, respectively. The inci-
dences of SSIs in colon surgery, rectal surgery, esophageal
surgery, and panreaticoduodenectomy were 9.3%, 12.2%,
17.5%, and 25.5%, respectively, and are decreasing annu-
ally". The European Centre for Disease Prevention and
Control reported that the incidences of SSI in laparo-
scopic and open colon surgeries in 2017 were 6.4% and
10.1%, respectively'; the incidences of SSIs in both proce-
dures are reportedly decreasing, which is consistent with

the trends in Japan.

Perioperative Management for the Prevention of
Surgical Site Infection
Prophylactic Antimicrobial Therapy
The purpose of prophylactic antimicrobial therapy is to
reduce the sensitive bacterial load and enhance the anti-

bacterial function of immunocompetent cells (e.g., phago-

cytosis by neutrophils), resulting in the reduction of SSIs.
However, prophylactic antibiotics have no reported pre-
ventative effect for RIs. Therefore, clinicians should select
drugs with antimicrobial activity against the indigenous
bacterial flora of the surgical site rather than drugs tar-
geting bacteria that cause postoperative infection. Fur-
thermore, drug selection must take into account potential
adverse effects, induction of resistant bacteria, and medi-
cal cost™. The WHO", American College of Surgeons an
Surgical Infection Society (ACS/SIS)”, and National Insti-
tute for Health and Care Excellence (NICE)" guidelines
recommend prophylactic antimicrobial therapy compre-
hensively, without distinguishing between surgical proce-
dures, while the Guidelines for the Appropriate Use of
Antimicrobial Agents in Japan by the Japanese Society of
Chemotherapy (JSC)/JSSI describe recommendations for
each surgical technique®.

Adequate tissue concentrations of prophylactic antibi-
otics should be present at the time of incision and
throughout the surgical procedure. However, the optimal
timing of prophylactic antibiotic administration is debat-
able. A meta-analysis showed that the incidence of SSIs is
higher in patients administered prophylactic antibiotics
more than 120 minutes before the incision than in those
administered antibiotics within 120 minutes before the
incision; the incidence of SSI did not significantly differ
between groups administered antibiotics at 60-120 min-
utes vs. 0-60 minutes before the incision, or between
groups administered antibiotics at 30-60 minutes vs. 0-30
minutes before the incision. Based on these data, the
WHO guidelines recommend prophylactic antibiotic ad-
ministration within 120 minutes before the incision®.
Other guidelines recommend prophylactic antibiotic ad-
ministration 60 minutes before the incision, including the
ACS/SIS guidelines” and JSSI guidelines" (Table 1).

Intraoperative re-dosing of prophylactic antibiotics
may be necessary in longer surgeries to maintain thera-
peutic levels, as recommended in the 1999 CDC guide-
lines’. The timing of repeat doses of antibiotics is based
on the drug half-life, as each drug should be readminis-
tered at approximately every 1.5 times the half-life’. Only
one randomized controlled trial (RCT) published in 1991
has compared the use of single- and double-dose antibi-
otics in colorectal surgery, with re-dosing failing to show
a reduction in the incidence of SSI”. Although other ret-
rospective studies have suggested a beneficial effect of re-

dosing in various surgeries”*

, the efficacy of re-dosing
remains unclarified. While re-dosing seems to have bene-

fits from a pharmacokinetic aspect, there are no recom-
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mendations for re-dosing in the guidelines of the CDC?,
WHO?, and JSSI" (Table 1). Furthermore, the therapeutic
level of antibiotics may theoretically be affected by condi-
tions such as excessive intraoperative blood loss. The
ACS/SIS guidelines recommend re-dosing every 1,500
mL of blood loss”. However, due to a lack of evidence,
the CDC’, WHO", and JSSI" guidelines do not provide
clear recommendations regarding re-dosing in patients
with excessive blood loss or obesity.

The approaches for postoperative prophylactic antibiot-
ics differ between Japan and western countries. The
CDC* and WHO" guidelines do not recommend postop-
erative prophylactic antibiotics because of the unclear ef-
ficacy and the risks of the selection and emergence of re-
sistant strains and Clostridium difficile infection; however,
these guidelines do not give separate recommendations
for each surgical procedure. Historically, postoperative
prophylactic antibiotics have been used for a long time in
Japan. The JSSI guidelines" are based on meta-analyses
of gastric and colorectal cancer surgeries that compared
intraoperative administration (and intraoperative re-
dosing) versus extension to the postoperative period. The
JSSI guidelines recommend only intraoperative prophy-
lactic antibiotics in gastric cancer surgery based on the
meta-analysis of four RCTs*™. As only two RCTs have
evaluated prophylactic antibiotic administration in col-
orectal cancer surgeries””, the JSSI guidelines do not
make specific recommendations regarding the dosing pe-
riod of prophylactic antibiotics in colon surgery (Table
1). However, most surgeries in the assessed studies were
performed via laparotomy. Because laparoscopic surgery
is now the gold standard and contributes to a reduction
in the incidence of SSI®*, further studies are warranted
to evaluate the non-inferiority of intraoperative prophy-
lactic antibiotics compared with the extension to the
postoperative period in the era of laparoscopic surgery.

Blood Glucose Control and Preoperative Carbohy-
drate Loading

Surgery causes a stress response that releases catabolic
hormones, inhibits insulin production, and induces insu-
lin resistance™. This relative hypoinsulinemia followed by
hyperglycemia is associated with an increase in SSIs,

even in non-diabetic patients™”

. While the importance of
blood glucose control in preventing SSls is widely estab-
lished, the optimal target blood glucose levels remain
controversial. Previous studies targeting low periopera-
tive glucose levels under intensive control showed a fa-
vorable reduction in the occurrence of SSlIs, but high-

lighted the adverse effects of hypoglycemia™”. Therefore,
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most guidelines recommend glucose levels of 150-200
mg/dL. The 2017 CDC guidelines recommend the imple-
mentation of perioperative glycemic control, with target
blood glucose levels of less than 200 mg/dL in both dia-
betic and non-diabetic patients’. The WHO guidelines
recommend intensive glucose control for both diabetic
and non-diabetic surgical patients, with target glucose
levels of 110-150 mg/dL or less than 150 mg/dL". The
JSSI guidelines state that target glucose levels of 80-110
mg/dL are preferred in terms of SSI prevention, but rec-
ommend levels of less than 150 mg/dL considering the
risk of hypoglycemia”. The optimal duration and fre-
quency of glucose measurement are undetermined. If in-
tensive glycemic control is performed, the protocol
should be modified in accordance with the actual situ-
ation at each facility.

The ‘enhanced recovery after surgery’ program is a
patient-centered, evidence-based, multidisciplinary team-
developed comprehensive protocol to reduce the surgical
stress response, optimize the physiologic function, and
facilitate postoperative recovery”. One of the elements of
the ‘enhanced recovery after surgery” program is preop-
erative carbohydrate loading, which reportedly sup-
presses insulin resistance and controls postoperative hy-
perglycemia (i.e., maintains normoglycemia)”*. Further-
more, carbohydrate loading alleviates symptoms of dis-
comfort, such as mouth dryness, thirst, and hunger, with-
out safety concerns”. Theoretically, carbohydrate loading
was expected to reduce SSIs through the effect of glyce-
mic control, but clinical trials failed to show improve-
ments in survival and postoperative infections*.

Perioperative Nutritional Support

Nutritional status greatly impacts the immune system,
and malnutrition in surgical patients contributes to de-
layed recovery and high susceptibility to postoperative
infection, followed by prolonged hospitalization and in-
creased medical costs”. The recent increase in sarcopenic
and/or frail surgical patients due to the aging population
is reportedly causing increased rates of postoperative
morbidity and mortality. Therefore, the importance of nu-
tritional support is increasingly being recognized™".
Meta-analyses have clearly demonstrated increased oc-
currences of SSIs, while preoperative nutritional modula-
tion reduced the incidence of SSIs in malnourished surgi-
cal patients based on the JSSI guidelines”; however,
immune-enhancing nutritional modulation did not re-
duce the incidence of SSI in surgical patients without
malnutrition. The WHO guidelines also recommend the

administration of oral or enteral multiple nutrient-
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Table 2 Definitions of patients with malnutrition

ESPEN GLIM
Presence of at least one of Phenotypic criteria Etiologic criteria
following criteria:
. g crtenia Weight loss Reduced Reduced food intake .
- Weight 1 >10-15% & Low BMI Inflammation
withfrl1g6 mon(i;ss Tl (%) muscle mass or assimilation
- BMI <18.5 kg/m?2 >5%  within <20 if Reduced by <50% of ER >1 week  Acute disease/
. past 6 months  years, or <22if validated or any reduction for injury or
SGA Grade C or NRS >5 or 10% beyond >70 years body compo- >2 weeks or an chronic  dis-
. y y y p y
. Prgoperatlve serum al- 6 months Asia: <185 sition measur- chronic GI condition ease-related
bumin 30 g/L (with no ev- <70 years or ing tech-  that adversely im-
idence of hepatic or renal <0 if niques pacts food assimila-

dysfunction) years

tion or absorption

ESPEN: The guideline of the European Society for Clinical Nutrition and Metabolism in 2017 45, BMI: Body mass index, NRS: Nu-
tritional risk screening, GLIM: The definition of the Global Leadership Initiative on Malnutrition 4, ER: energy requirements, GI:

gastrointestinal

Table 3 Reported risk factors for surgical site infection

Patient-related

Procedure-related

age

gender
nutritional status
diabetes

steroid use
smoking

severe obesity

preoperative length of hospital stay

ASA score
dirty wound

preoperative chemoradiotherapy

surgical hand preparation
surgical site preparation
hair removal

duration of surgery

blood transfusion

surgical procedure
colostomy

emergency surgery
antimicrobial-coated suture

ASA: American Society of Anesthesiologists

enhanced nutritional formulas to prevent SSIs in under-
weight patients scheduled for major surgery”. However,
there are no established criteria for diagnosing malnutri-
tion in surgical patients. The 2017 guidelines of the Euro-
pean Society for Clinical Nutrition and Metabolism
(ESPEN)* define the diagnostic criteria for malnutrition
as 1) weight loss > 10%-15% within 6 months, 2) body
mass index (BMI) < 18.5 kg/m’, 3) subjective global as-
sessment grade C or nutritional risk screening score > 5,
and 4) preoperative serum albumin < 30 g/L (with no
evidence of hepatic or renal dysfunction). The ESPEN
guidelines recommend a nutritional assessment more
than 2 weeks before surgery, and nutritional intervention
for 7-10 days for malnourished patients. In 2018, four
academic societies in Europe, the United States, Asia, and
South America participated in the formulation of the first
international standard for diagnosing malnutrition. The
Global Leadership Initiative on Malnutrition (GLIM) de-

fines malnutrition based on phenotype (weight loss, low

BMI, reduced muscle mass) and cause (reduced food in-
take, inflammation)* (Table 2); this definition involves
not only reduced food intake, but disease-related malnu-
trition, which is a recently established concept and is
closely linked to inflammation. Recent studies have dem-
onstrated that the criteria perform well in the nutritional
assessment and survival prediction of patients with vari-
ous types of cancer”. Large-scale clinical trials are war-
ranted to evaluate the effect of nutritional intervention

based on these criteria in preventing SSI

Risk Factors for Surgical Site Infection in
Gastroenterological Surgery
The risks of delayed wound healing and SSI occurrence
are increased by patient-related factors (age, sex, smoking
status, nutritional status) and procedure-related factors
(surgical hand preparation, surgical site preparation, hair
removal, prophylactic antimicrobial therapy, antimi-

crobial-coated sutures) (Table 3). The uncontrollable fac-
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tors, such as age, sex, and surgical procedure, should be
adjusted for in interinstitutional comparisons of SSI oc-
currence rates.

A study of patient-related risk factors for SSI after
eight categories of gastrointestinal surgery based on the
Japan Nosocomial Infections Surveillance program found
that intraoperative blood transfusion was a risk factor for
SSI in all surgeries, except appendectomy and small
bowel surgery”; diabetes and steroid use were risk fac-
tors in certain surgeries (gastric and colon surgery for
diabetes; cholecystectomy and colon surgery for steroid
use). A recent study found that the risk factors for SSI in
laparoscopic colorectal cancer surgeries performed in a
high-volume cancer center in Japan were abdominop-
erineal resection, BMI more than 25 kg/m’, and preopera-
tive chemoradiotherapy, while no significant risk factors
were identified in laparoscopic colon surgeries”. In the
Japan Nosocomial Infections Surveillance database, gas-
tric surgeries are divided into three types of procedures:
total gastrectomy, distal gastrectomy, and other types of
gastric surgery. Although the effect on SSI development
is different for each type of gastric procedure, male sex
and emergency surgery are risk factors for SSI in all
types of gastric surgery”. The JSSI guidelines" state that
the risk factors for SSI in gastroenterological surgery are
an American Society of Anesthesiologists score of more
than 3, surgical wound classification of more than 3, pro-
longed operation time, diabetes, severe obesity, malnutri-
tion, current smoking status, and intraoperative blood
transfusion based on a meta-analysis of seven retrospec-
tive studies™™™. It is necessary to prioritize the risk fac-
tors by the strength of their effect on SSI development
and work toward eliminating SSIs through further pro-

spective interventional studies based on risk assessment.

Systemic Inflammatory Responses in
Surgical Site Infection

The physiologic derangements induced by bacterial infec-
tion are due to the host responses to the invading micro-
organisms as opposed to the direct effects of the microor-
ganism itself. Bacterial infections (including SSIs) are
characterized by systemic inflammatory responses medi-
ated by immunocompetent cells, such as the production
of inflammatory cytokines and various mediators™*.
Therefore, assessments of these inflammatory markers
have considerable potential in auxiliary diagnosis, predic-
tion of the occurrence and outcome, and termination of
therapeutic intervention in the clinical course of SSIs.

Interleukin-(IL) 6, a representative inflammatory cy-
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tokine, and C-reactive protein (CRP), an acute phase pro-
tein, during the perioperative period might usefully iden-
tify patients at risk of SSIs. A recent study associated
high IL-6 levels on postoperative day 1 with an increased
risk of complications after major abdominal surgery, but
its predictive value is not so high (area under the curve:
0.67)”. Several studies demonstrated that CRP measure-
ments on postoperative day 3 (or 4) are useful in predict-
ing SSIs, especially for anastomotic leakage, with optimal
predictive threshold values from 125 mg/L to 190 mg/L
in CRC surgeries™*.

Lysophosphatidylcholine (LPC) is a lipid mediator de-
rived from membrane phospholipids that has been sug-
gested to have immunosuppressive potential and regu-
late the excessive immune response. Patients with sepsis
reportedly have significantly decreased blood levels of
LPC, and the LPC level has good efficacy in predicting
the outcome of bacterial sepsis™. Serial perioperative
measurements of blood LPC levels using a quick enzy-
matic assay in highly invasive (esophageal or hepatobili-
ary pancreatic surgery), medium-level invasive (colorectal
surgery), and minimally invasive surgeries (laparoscopic
cholecystectomy) demonstrated significant LPC decreases
after surgery in all groups, with the decrease dependent
on the degree of surgical invasiveness. There was a
marked early postoperative decrease in the LPC level in
patients with postoperative complications (mainly SSIs),
and this decreased LPC level was an independent risk
factor for SSI in colorectal cancer surgery (Fig. 1)”.

Procalcitonin (PCT) is a representative inflammatory
marker produced by parenchymal organs in association
with bacterial infection. Studies have clarified the efficacy
of blood PCT measurements in the prediction of SSIs in
various gerontological surgeries®®. In addition, PCT is
the most commonly evaluated inflammatory marker,
making it potentially useful as an indicator of the suit-
ability of shortening the duration of antimicrobial ther-
apy in critically ill septic patients””. Furthermore, a re-
cent meta-analysis showed the survival benefit of a PCT-
based algorithm in ICU patients with infection and sep-
sis”. A prospective propensity score-matched study re-
ported that a PCT-based algorithm safely reduced the
duration of antibiotic exposure from 6.1 days in the con-
trol group to 3.4 days in patients with secondary perito-
nitis following emergency surgery””. However, the effec-
tiveness of a PCT-guided algorithm as an antibiotic dis-
continuation strategy in patients with SSI after gastroen-
terological surgery is undetermined and should be inves-

tigated in future trials.
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Fig. 1 The association between blood lysophosphatidyl-
choline ratio and postoperative complications
Patients were divided into high-invasive (esopha-
geal or hepatobiliary pancreatic surgery), medium-
invasive (colorectal surgery) and low-invasive
(laparoscopic cholecystectomy).

LPC: lysophosphatidylcholine, Values are ex-
pressed as mean + Standard error, POC: postoper-
ative complications, *P<0.05

Conclusion
This review described the current guideline-based pe-
rioperative management for SSI prevention in gastroen-
these

evidence-based, each of the recommendations are not al-

terological surgery. Although guidelines are

ways consistent in a single clinical situation. Each institu-
tion should critically examine the recommendations of

each of the guidelines and decide whether to adopt

them.

Acknowledgement: We thank Kelly Zammit, BVSc, from
Edanz (https://jp.edanz.com/ac) for editing a draft of this

manuscript.

Funding: No funding was received for this study.

Conflict of Interest: Authors declare no Conflicts of Interest

for this article.

References

1. Nepogodiev D, Martin J, Biccard B, Makupe A, Bhangu
A, National Institute for Health Research Global Health
Research Unit on Global S. Global burden of postopera-
tive death. Lancet. 2019;393(10170):401.

2. Global Guidelines for the Prevention of Surgical Site In-
fection. WHO Guidelines Approved by the Guidelines
Review Committee. Geneva: 2016.

3. Rahman MS, Hasan K, Ul Banna H, Raza AM, Habibul-
lah T. A study on initial outcome of selective non-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

operative management in penetrating abdominal injury in
a tertiary care hospital in Bangladesh. Turkish journal of
surgery. 2019;35(2):117-23.

Anderson DJ, Kaye KS, Classen D, et al. Strategies to pre-
vent surgical site infections in acute care hospitals. Infect
Control Hosp Epidemiol. 2008;29(Suppl 1):S51-61.

de Lissovoy G, Fraeman K, Hutchins V, Murphy D, Song
D, Vaughn BB. Surgical site infection: incidence and im-
pact on hospital utilization and treatment costs. Am | In-
fect Control. 2009;37(5):387-97.

Engemann JJ, Carmeli Y, Cosgrove SE, et al. Adverse
clinical and economic outcomes attributable to methicillin
resistance among patients with Staphylococcus aureus
surgical site infection. Clin Infect Dis. 2003,36(5):592-8.
Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Wil-
liams K, Brennan PJ. Estimating the proportion of
healthcare-associated infections that are reasonably pre-
ventable and the related mortality and costs. Infect Con-
trol Hosp Epidemiol. 2011;32(2):101-14.

Berrios-Torres SI, Umscheid CA, Bratzler DW, et al. Cen-
ters for disease control and prevention guideline for the
prevention of surgical site infection, 2017. JAMA Surg.
2017;152(8):784-91.

. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis

WR. Guideline for prevention of surgical site infection,
1999. Hospital Infection Control Practices Advisory Com-
mittee. Infect Control Hosp Epidemiol. 1999;20(4):250-78;
quiz 79-80.

Organization WH. Global guidelines on the prevention of
surgical site infection [Internet]. 2016. Available from: http
s:/ /www.who.int/publications/i/item/global-guidelines-
for-the-prevention-of-surgical-site-infection-2nd-ed
Infection JSfS. Gastroenterological Surgery, guideline of
perioperative management for the prevention of surgical
site infection 2018 [Internet]. Available from: http://ww
w.gekakansen.jp/guideline2018. html

Schunemann HJ, Oxman AD, Brozek J, et al. Grading
quality of evidence and strength of recommendations for
diagnostic tests and strategies. BMJ. 2008;336(7653):1106—
10.

Maruyama H, Kusachi S, Yoshida H, Makino H,
Nishimuta H, Niitsuma T. Association of respiratory tract
infection after gastroenterological surgery with postopera-
tive duration of hospitalization and medical expenses:
Subanalysis of data from a multicenter study. ] Nippon
Med Sch. 2020;87(5):252-9.

Ministry of Health LaW. Japan nosocomial infections sur-
veillance [Internet]. 2019. Available from: https:/ /janis.mh
Iw.go.jp/report/ssi.html

Control ECfDPa. Healthcare-associated infections: surgical
site infections; Annual Epidemiological Report for 2017
[Internet]. 2019. Available from: https://www.ecdc.europ
a.eu/en/publications-data/healthcare-associated-infection
s-surgical-site-infections-annual-1

Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical prac-
tice guidelines for antimicrobial prophylaxis in surgery.
Am ] Health Syst Pharm. 2013;70(3):195-283.

Ban KA, Minei JP, Laronga C, et al. American College of
Surgeons and Surgical Infection Society: Surgical Site In-
fection Guidelines, 2016 Update. ] Am Coll Surg. 2017,224
(1):59-74.

Excellence NIfHaC. NICE guideline (NG125): Surgical site
infection: prevention and treatment [Internet]. 2019. Avail-
able from: https://www.nice.org.uk/guidance/ng125
Infection JSoCJSfS. Practical guidelines for the appropri-
ate use of antimicrobial agents for postoperative infection

J Nippon Med Sch 2023; 90 (1)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

SSIin GI Surgery

prevention [Internet]. 2016. Available from: http:/ /www.c
hemotherapy.or.jp/guideline/jyutsugo_shiyou_jissen.pdf
Cuthbertson AM, McLeish AR, Penfold JC, Ross H. A
comparison between single and double dose intravenous
Timentin for the prophylaxis of wound infection in elec-
tive colorectal surgery. Dis Colon Rectum. 1991;34(2):151~
5.

Morita S, Nishisho I, Nomura T, et al. The significance of
the intraoperative repeated dosing of antimicrobials for
preventing surgical wound infection in colorectal surgery.
Surg Today. 2005;35(9):732-8.

Zanetti G, Giardina R, Platt R. Intraoperative redosing of
cefazolin and risk for surgical site infection in cardiac sur-
gery. Emerg Infect Dis. 2001;7(5):828-31.

Haga N, Ishida H, Ishiguro T, et al. A prospective ran-
domized study to assess the optimal duration of intrave-
nous antimicrobial prophylaxis in elective gastric cancer
surgery. Int Surg. 2012,97(2):169-76.

Imamura H, Kurokawa Y, Tsujinaka T, et al. Intraopera-
tive versus extended antimicrobial prophylaxis after gas-
tric cancer surgery: a phase 3, open-label, randomised
controlled, non-inferiority trial. Lancet Infect Dis. 2012;12
(5):381-7.

Mobhri Y, Tonouchi H, Kobayashi M, Nakai K, Kusunoki
M; Mie Surgical Infection Research G. Randomized clini-
cal trial of single- versus multiple-dose antimicrobial pro-
phylaxis in gastric cancer surgery. Br ] Surg. 2007;94(6):
683-8.

Takagane A, Mohri Y, Konishi T, et al. Randomized clini-
cal trial of 24 versus 72 h antimicrobial prophylaxis in pa-
tients undergoing open total gastrectomy for gastric can-
cer. Br ] Surg. 2017;104(2):e158-64.

Fujita S, Saito N, Yamada T, et al. Randomized, multicen-
ter trial of antibiotic prophylaxis in elective colorectal sur-
gery: single dose vs 3 doses of a second-generation
cephalosporin without metronidazole and oral antibiotics.
Arch Surg. 2007;142(7):657-61.

Suzuki T, Sadahiro S, Maeda Y, Tanaka A, Okada K, Ka-
mijo A. Optimal duration of prophylactic antibiotic ad-
ministration for elective colon cancer surgery: A random-
ized, clinical trial. Surgery. 2011;149(2):171-8.

Maruyama H, Kusachi S, Makino H, Kanno H, Yoshida
H, Niitsuma T. Postoperative infection after colorectal
surgery: Subanalysis of data from the 2015 Japan postop-
erative infectious complications survey. ] Nippon Med
Sch. 2020;87(4):204-10.

Yamamoto S, Fujita S, Ishiguro S, Akasu T, Moriya Y.
Wound infection after a laparoscopic resection for colorec-
tal cancer. Surg Today. 2008;38(7):618-22.

McAnulty GR, Robertshaw HJ, Hall GM. Anaesthetic
management of patients with diabetes mellitus. Br ] An-
aesth. 2000,85(1):80-90.

Ata A, Lee ], Bestle SL, Desemone ], Stain SC. Postopera-
tive hyperglycemia and surgical site infection in general
surgery patients. Arch Surg. 2010,145(9):858—64.

Kao LS, Phatak UR. Glycemic control and prevention of
surgical site infection. Surg Infect (Larchmt). 2013;14(5):
437-44.

Griesdale DE, de Souza RJ, van Dam RM, et al. Intensive
insulin therapy and mortality among critically ill patients:
a meta-analysis including NICE-SUGAR study data.
CMA]J. 2009;180(8):821-7.

Kao LS, Meeks D, Moyer VA, Lally KP. Peri-operative
glycaemic control regimens for preventing surgical site in-
fections in adults. Cochrane Database Syst Rev. 2009;(3):
CD006806.

J Nippon Med Sch 2023; 90 (1)

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Lassen K, Soop M, Nygren ], et al. Consensus review of
optimal perioperative care in colorectal surgery: En-
hanced Recovery After Surgery (ERAS) Group recommen-
dations. Arch Surg. 2009;144(10):961-9.

Lidder P, Thomas S, Fleming S, Hosie K, Shaw S, Lewis
S. A randomized placebo controlled trial of preoperative
carbohydrate drinks and early postoperative nutritional
supplement drinks in colorectal surgery. Colorectal Dis.
2013;15(6):737-45.

Soop M, Nygren ], Myrenfors P, Thorell A, Ljungqvist O.
Preoperative oral carbohydrate treatment attenuates im-
mediate postoperative insulin resistance. Am ] Physiol
Endocrinol Metab. 2001,;280(4):E576—83.

Cheng PL, Loh EW, Chen JT, Tam KW. Effects of preop-
erative oral carbohydrate on postoperative discomfort in
patients undergoing elective surgery: a meta-analysis of
randomized controlled trials. Langenbecks Arch Surg.
2021,;406(4):993-1005.

Gianotti L, Biffi R, Sandini M, et al. Preoperative Oral
Carbohydrate Load Versus Placebo in Major Elective Ab-
dominal Surgery (PROCY): A randomized, placebo-
controlled, multicenter, phase III trial. Ann Surg. 2018;267
(4):623-30.

Mathur S, Plank LD, McCall JL, et al. Randomized con-
trolled trial of preoperative oral carbohydrate treatment
in major abdominal surgery. Br ] Surg. 2010;97(4):485-94.
Culebras JM. Malnutrition in the twenty-first century: an
epidemic affecting surgical outcome. Surg Infect. 2013;14
(3):237-43.

Levolger S, van Vugt JL, de Bruin RW, IJzermans JN. Sys-
tematic review of sarcopenia in patients operated on for
gastrointestinal and hepatopancreatobiliary malignancies.
Br J Surg. 2015;102(12):1448-58.

Okumura S, Kaido T, Hamaguchi Y, et al. Impact of skele-
tal muscle mass, muscle quality, and visceral adiposity on
outcomes following resection of intrahepatic cholangio-
carcinoma. Ann Surg Oncol. 2017;24(4):1037-45.

Weimann A, Braga M, Carli F et al. ESPEN guideline:
Clinical nutrition in surgery. Clin Nutr. 2017,36(3):623-50.
Cederholm T, Jensen GL, Correia M, et al. GLIM criteria
for the diagnosis of malnutrition - A consensus report
from the global clinical nutrition community. Clin Nutr.
2019;38(1):1-9.

Zhang X, Tang M, Zhang Q, et al. The GLIM criteria as
an effective tool for nutrition assessment and survival
prediction in older adult cancer patients. Clin Nutr. 2021;
40(3):1224-32.

Fukuda H. Patient-related risk factors for surgical site in-
fection following eight types of gastrointestinal surgery. J
Hosp Infect. 2016;93(4):347-54.

Ikeda A, Fukunaga Y, Akiyoshi T, et al. Wound infection
in colorectal cancer resections through a laparoscopic ap-
proach: a single-center prospective observational study of
over 3000 cases. Discov Oncol. 2021;12(1):2.

Morikane K, Honda H, Suzuki S. Factors associated with
surgical site infection following gastric surgery in Japan.
Infect Control Hosp Epidemiol. 2016;37(10):1167-72.
Castro Pde T, Carvalho AL, Peres SV, Foschini MM, Pas-
sos AD. Surgical-site infection risk in oncologic digestive
surgery. Braz J Infect Dis. 2011;15(2):109-15.

de Oliveira AC, Ciosak SI, Ferraz EM, Grinbaum RS. Sur-
gical site infection in patients submitted to digestive sur-
gery: risk prediction and the NNIS risk index. Am ] Infect
Control. 2006;34(4):201-7.

. Imai E, Ueda M, Kanao K, et al. Surgical site infection

risk factors identified by multivariate analysis for patient



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

10

A. Matsuda, et al

undergoing laparoscopic, open colon, and gastric surgery.
Am J Infect Control. 2008;36(10):727-31.

Isik O, Kaya E, Dundar HZ, Sarkut P. Surgical site infec-
tion: Re-assessment of the risk factors. Chirurgia (Bucur).
2015;110(5):457-61.

Pessaux P, Msika S, Atalla D, Hay JM, Flamant Y; French
Association for Surgical R. Risk factors for postoperative
infectious complications in noncolorectal abdominal sur-
gery: a multivariate analysis based on a prospective mul-
ticenter study of 4718 patients. Arch Surg. 2003;138(3):
314-24.

Watanabe A, Kohnoe S, Shimabukuro R, et al. Risk fac-
tors associated with surgical site infection in upper and
lower gastrointestinal surgery. Surg Today. 2008;38(5):404~
12.

Hotchkiss RS, Karl IE. The pathophysiology and treat-
ment of sepsis. N Engl ] Med. 2003;348(2):138-50.
Matsuda A, Jacob A, Wu R, et al. Novel therapeutic tar-
gets for sepsis: regulation of exaggerated inflammatory
responses. ] Nippon Med Sch. 2012;79(1):4-18.

Rettig TC, Verwijmeren L, Dijkstra IM, Boerma D, van de
Garde EM, Noordzij PG. Postoperative interleukin-6 level
and early detection of complications after elective major
abdominal surgery. Ann Surg. 2016;263(6):1207-12.

Korner H, Nielsen HJ, Soreide JA, Nedrebo BS, Soreide K,
Knapp JC. Diagnostic accuracy of C-reactive protein for
intraabdominal infections after colorectal resections. |
Gastrointest Surg. 2009;13(9):1599-606.

Ortega-Deballon P, Radais F, Facy O, et al. C-reactive pro-
tein is an early predictor of septic complications after
elective colorectal surgery. World ] Surg. 2010;34(4):808—
14.

Platt JJ, Ramanathan ML, Crosbie RA, et al. C-reactive
protein as a predictor of postoperative infective complica-
tions after curative resection in patients with colorectal
cancer. Ann Surg Oncol. 2012;19(13):4168-77.

Cho WH, Park T, Park YY, et al. Clinical significance of
enzymatic lysophosphatidylcholine (LPC) assay data in
patients with sepsis. Eur J Clin Microbiol Infect Dis. 2012;
31(8):1805-10.

Park DW, Kwak DS, Park YY, et al. Impact of serial meas-
urements of lysophosphatidylcholine on 28-day mortality
prediction in patients admitted to the intensive care unit
with severe sepsis or septic shock. J Crit Care. 2014;29(5):
882 e5-11.

Matsuda A, Yamada M, Matsumoto S, et al. Lysophos-
phatidylcholine as a predictor of postoperative complica-

66.

67.

68.

69.

70.

71.

72.

tions after colorectal cancer surgery. Surg Today. 2018;48
(10):936-43.

Iida H, Maehira H, Mori H, Tani M. Serum procalcitonin
as a predictor of infectious complications after pancreati-
coduodenectomy: review of the literature and our experi-
ence. Surg Today. 2020;50(2):87-96.

Tan W], Ng WQ, Sultana R, et al. Systematic review and
meta-analysis of the use of serum procalcitonin levels to
predict intra-abdominal infections after colorectal surgery.
Int J Colorectal Dis. 2018;33(2):171-80.

Yang W, Chen X, Zhang P, et al. Procalcitonin as an early
predictor of intra-abdominal infections following gastric
cancer resection. ] Surg Res. 2021;258:352-61.

Bouadma L, Luyt CE, Tubach F et al. Use of procalci-
tonin to reduce patients” exposure to antibiotics in inten-
sive care units (PRORATA trial): a multicentre random-
ised controlled trial. Lancet. 2010;375(9713):463-74.

de Jong E, van Oers JA, Beishuizen A, et al. Efficacy and
safety of procalcitonin guidance in reducing the duration
of antibiotic treatment in critically ill patients: a random-
ised, controlled, open-label trial. Lancet Infect Dis. 2016;
16(7):819-27.

Wirz Y, Meier MA, Bouadma L, etal. Effect of
procalcitonin-guided antibiotic treatment on clinical out-
comes in intensive care unit patients with infection and
sepsis patients: a patient-level meta-analysis of random-
ized trials. Crit Care. 2018;22(1):191.

Huang TS, Huang SS, Shyu YC, et al. A procalcitonin-
based algorithm to guide antibiotic therapy in secondary
peritonitis following emergency surgery: a prospective
study with propensity score matching analysis. PLoS
One. 2014;9(3):e90539.

(Received, February 15, 2022)
(Accepted,  April 13, 2022)
(J-STAGE Advance Publication, May 30, 2022)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.

J Nippon Med Sch 2023; 90 (1)




