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Abstract
Postoperative infection is an important complication of colorectal surgery
and continued efforts are needed to minimize the risk of Surgical Site Infection
(SSI). Sepsis prevention in colorectal surgery depends upon (a) the degree
of contamination of the peritoneal cavity (disease factor), (b) the preoperative
status of the patient (patient factor) and (c) surgical technique (surgeon factor).
Inter-individual variation in the pattern of mediator release and of end-organ
responsiveness may play a significant role in determining the initial physiological
response to major sepsis and this in turn may be a key determinant of outcome.
Immune response and metabolic regulation are highly integrated as minor
operations may stimulate the immune response but the effect of major surgery is
immunosupression. The review elucidates the relative contributions and impact
of patient and surgeon- related factors on sepsis prevention in colorectal surgery.
The most important prognostic factors in emergency colorectal surgery are the
preoperative status: (a) age and (b) faecal peritonitis. Together the mortality
is greater than 60% and co-morbidity accentuated the morbidity and mortality
from sepsis. The patient factor is more important than the surgeon factor in the
prognosis of sepsis in emergency colorectal surgery but, the surgeon factor
remains the single most important factor that can influence the morbidity and
mortality from sepsis in both elective and emergency colorectal surgery.
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Introduction

Discussion

Intra-abdominal sepsis is one of the most challenging situations
in surgery [1]. Colorectal surgery is associated with a high sepsis rate
which may lead to serious complications including death. According
to the CDC National Nosocomial Infection Surveillance (NNIS) risk
index that applies a range from 0-3 points for the absence or presence
of the following three composite variables: 1point - the patient that
has an operation classified as either contaminated or dirty; 1point –
the American Society of Anaesthesiologists (ASA) pre-op assessment
score of 3, 4, 5 and 1point - the duration of operation exceeds the
75th percentile of operation time) colon surgery carries the highest
risk of Surgical Site Infection (SSI) followed by vascular surgery,
cholecystectomy and organ transplant [2]. Postoperative infection
is an important complication of colorectal surgery and continued
efforts are needed to minimize the risk of Surgical Site Infection (SSI).
SSI may be superficial incisional infection involving the subcutaneous
tissue, deep incisional infection involving the deep soft tissue or
organ/space surgical site infection. Dirty/ contaminated surgery
would render a SSI risk of > 50%. SSIs results in 10 billion dollars in
cost/year in USA [3]. The patient with an SSI stays hospitalized 7 days
longer, is 60% more likely to spend time in the ICU, is 5 times more
likely to be readmitted within 30 days of discharge and is twice as
likely to die [4]. Despite the major impact of prophylactic antibiotics,
the overall incidence of sepsis after elective surgery remains static
(5-10%) [1]. Though technical factors may play a part this residual
sepsis may be a reflection of perturbation of the immune system due
to surgical stress [5].

Intra-abdominal sepsis in colorectal surgery
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Intra-abdominal sepsis may be spontaneous (at the time of the
colorectal catastrophe) or postoperative. The former may be due to
colonic or rectal perforation with a wide aetiology. The latter may
be due to an anastomotic leak, inadequate elimination of sepsis, an
unrecognised perforation or an infected haematoma. Sepsis prevention
in colorectal surgery depends upon (1) the degree of contamination
of the peritoneal cavity (disease factor), (2) the preoperative status of
the patient (patient factor) and (3) surgical technique (surgeon factor)
[6,7]. Thus, the complex interactions between the surgeon, patient
and disease (Figure 1). A reported 12-fold variation in the 30-day
mortality rate following emergency abdominal surgery in 21st century
Britain ranged from 3.6% in the best performing hospital to 41.7% in
the worst [8]. This would be alarming in the developing world where
a < 17 % mortality was reported in Kigali, Rwanda where emergency
abdominal surgery was performed in < 24h of admission, guided by
the Mannheim peritonitis index score [9]. This shows that surgical
outcome depends on a complex interaction of many factors (surgeon,
anaesthetist, patient, disease, demography and success is obtained
with the early onset of specific therapeutic procedures in the best
hospitals [8].
Surgeon factor
The most important factor in determining postoperative sepsis is
the presence of viable organisms in the surgical field prior to wound
closure. Despite antibiotic prophylaxis and therapy surgeon factor
(decision- making and surgical technique) remain the single most
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Figure 2: Schematic diagram of anastomotic dehiscence (with permission
from Weledji et al. [28]).
Figure 1: Schematic diagram of the interaction between surgeon, patient and
disease factors.

important factor that can influence the morbidity and mortality from
sepsis in colorectal surgery. Decisions about surgery in the emergency
setting are made on an individual basis. This include damage- control
surgery approach for intra-abdominal sepsis- acute resection of
sepsis, drainage, and delayed reconstruction at re-look laparotomy
at 48h after correction of physiology [10], avoiding anastomosis after
resection by exteriorising the bowel ends as stomas, or a Hartmann’s
procedure for a ‘L’ sided colonic/ rectal sepsis or perforation. A
laparostomy may be required if there is risk of developing abdominal
compartment syndrome from severe sepsis and septic shock [11,12].
In a less severe situation, the intraoperative irrigation of the colon
may permit primary colorectal anastomosis [6,7,11]. Surgical
techniques include anastomotic technique and intraoperative
measures to prevent sepsis in colorectal surgery [6]. The measures
include intraoperative air-testing of colorectal anastomosis [13],
fluorescence imaging of the microcirculation of the anastomosis and
the creation of a defunctioning loop ileostomy for high risk colorectal
anastomosis [6,14]. Proximal faecal diversion does not decrease the
rate of anastomotic leak, but has been shown to decrease mortality
and septic complications in those patients who do leak [15-17].
The risks to health and subsequent function from an unprotected
anastomotic leak occurring in 10-20% of ultra-low anastomosis are
such that a stoma should be employed in all cases [17]. A combination
of anatomical inaccessibility, less than optimal blood supply, tightly
closed anal sphincters below an ultralow anastomosis and an infected
pelvic haematoma are likely to be contributory to anastomotic
leakage. Thus, there is the potential role of a transanal drainage
tube in the reduction of the endoluminal pressure as well as faecal
diversion resulting in a protective effect on anastomotic healing. The
current vogue of placing a transanal drainage tube in patients with
colorectal anastomoses is safe, simple and claims to reduce the rate
and severity of anastomotic leakage [18]. However, there has only
been one prospective randomized controlled study that demonstrated
this benefit [19]. By avoiding hypotension, hypoxia and hypothermia,
optimal perioperative anaesthetic care would allow primary resection
and anastomosis in the emergency setting and promote anastomotic
healing in the critical first 48 h after surgery [20,21]. The acute onset of
abdominal pain and generalized peritonitis is a serious manifestation
of an anastomotic leak and these patients may quickly progress to
septic shock, requiring intensive care monitoring and resuscitation
with fluids and inotropic agents [22]. Patients with diffuse peritonitis
from an anastomotic leak or perforated viscus cannot be fully
resuscitated until ongoing soiling has been controlled [10,23,24].
Submit your Manuscript | www.austinpublishinggroup.com

Anastomotic leakage: Anastomotic leak is an independent
predictor of mortality (40%) due to sepsis, higher than any natural
condition and, delayed diagnosis worsens the prognosis [24-26]
(Figure 2). It may be early (3-5 days post operation) as a result of
technical failure (surgeon factor), or more commonly late (weeks)
as a result of tissue (biological) failure due to ischaemia, tissue
quality or sepsis (patient, surgeon factor or both) [27]. The surgeon
may have poorly judged the viability of the bowel ends or more
commonly overzealously ‘cleaned’ the bowel ends thus hampering
the microcirculation. The pathogenesis of anastomotic leak is
however multifactorial as the reported leak rate ranges widely
between 3% and 22% [24-28]. These include surgical technique,
impaired microcirculation, life-style related factors (smoking, alcohol
abuse) and post- operative Non-Steroidal Anti-Inflammatory Drugs
(NSAIDS).
NSAIDS and anastomotic leakage: NSAIDS have been widely
used in colorectal surgery due to their opioid-sparing effects.
Following their study on rats showing an increased risk of anastomotic
leakage, Klein et al. in 2012 [29] recommended that NSAIDS be
abandoned after primary resection and anastomosis because of effects
on collagen metabolism. Several clinical studies have since indicated
an increased risk of anastomotic leakage following NSAID treatment
although conflicting results exist and a well-powered randomized
clinical trial is warranted. A more recent meta-analysis by Peng et
al. [30] demonstrated that post-operative NSAIDS, especially nonselective NSAIDS could increase the incidence of anastomotic leak.
Haddadd et al. [31] reported NSAIDS being safe in emergency general
surgery patients undergoing small bowel resection and anastomosis.
They advised its cautious use in emergency general surgery patients
with colon or rectal anatomises. Fjedeholt et al. [32] found a strong
association between the postoperative use of NSAIDS and the risk
for anastomotic leakage after surgery for gastro-esophageal junction
cancers. A most recent study reported postoperative NSAID treatment
being safe and does not seem to increase the risk of symptomatic
anastomotic leakage after anterior resection for rectal cancer [33].
Post- operative intra-abdominal sepsis: This may be due to
anastomotic leak with localised sepsis or commonly due to the
inadequate elimination of sepsis especially following generalized
faecal peritonitis [34]. The main sites of intra-abdominal abscess are
usually over the site of the origin of infection or in the dependent
areas of the body: subphrenic spaces, pelvis (pouch of Douglas),
hepatorenal (Morrison’s) pouch, paracolic gutters and the lesser
sac. Clinical suspicion of a post- operative intra-abdominal abscess
will include a swinging pyrexia, increasing pain, pulse and mass
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[1,35]. Unlike generalized peritonitis which demands emergency
laparotomy, intra-abdominal abscess must be treated urgently, not
emergently. Drainage should be performed within 12 h of diagnosis,
but, patients critically ill with a severe systemic septic response require
immediate drainage following initial haemodynamic and respiratory
resuscitation [35,36]. CT or Ultrasound – guided percutaneous
drainage of abdominal abscesses has emerged as the procedure of
choice in many circumstances as morbidity and mortality is lower than
following operative drainage [37]. Operative drainage is necessary
for those abdominal abscesses which are multiple, are isolated but
cannot safely be approached percutaneously, and/or are associated
with systemic sepsis unresponsive to percutaneous drainage [24,37].
The mortality from postoperative intra-abdominal abscess is greater
than 50% and the mortality increases with each operation to treat
recurrent or persistent sepsis [24]. This is due to the deteriorating
septic state of the patient superimposed on the stress of surgery
and, the increased dissection required by re-operative surgery with
increased risk of injury and ischaemia to tissues [24,38]. Therefore,
the best opportunity to eradicate infection is the first operation.
Disease factor
Sepsis prevention in colorectal surgery depends upon whether it
is elective (planned) or emergency surgery. Elective surgery is cleancontaminated and mortality from sepsis is less than 1%. In emergency
surgery there is imminent or frank faecal contamination and the
mortality may be greater than 50% [6,7]. The high mortality is due
to (a) faecal peritonitis, (b) inadequate preoperative optimization,
(c) advanced nature of the disease, and (d) patient related factors
(comorbidity). According to the ‘recommendations for best practice’
from the Association of coloproctology of UK and Ireland, and the
Scottish intercollegiate Guidelines Network, surgeons should expect
to achieve an operative mortality of less than 20% for emergency
surgery and 5% for elective surgery for cancer; an overall leak rate
below 4% for colonic resection, and wound infection rates after
surgery for colorectal cancer should be less than 10% [15]. Although
prophylactic antibiotic therapy is inferior to good surgical and aseptic
technique, patient mortality is significantly lower when appropriate
antibiotics are prescribed early in the course of sepsis (early goaldirected therapy) [39]. Several scoring systems using haematological,
biochemical and clinical variables offer comparative indices of disease
severity but limited individual prognostic use. The Portsmouth
Physiological and Operative Severity Score for the enumeration
of Mortality and Morbidity (P-POSSUM) score is used in wards
and the High Dependency Unit (HDU) and may be an admission
criteria to HDU or the Intensive Care Unit (ICU) [40]. The Acute
Physiology, Age and Chronic Health Care Evaluation (APACHEII) score of >8 predicts a 15-18% mortality [41], and the acute
phase protein, C-Reactive Protein (CRP) of < 125mg/dl is a good
negative predictive value for postoperative intra-abdominal sepsis
[42]. Thus these scoring systems may influence surgical decisionmaking and procedure. The Mannheim Peritonitis Index (MPI) is
a good predictor of peritonitis outcome and risk of death. It entails
the presence of organ failure, the time elapsed < 24 h before surgery,
presence of malignancy, origin of sepsis, faecal peritonitis and
generalised peritonitis [43]. The Mannheim peritonitis index score
may assist surgeons in identifying and aggressively managing high
risk patients so as to improve outcome [9].
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Patient factor
Patient factors include (1) Advanced age (>70 years) but it is
important to distinguish chronological age from physiological age, (2)
Comorbidity (Chronic renal failure, COAD, liver failure, obesity), (3)
Malnutrition (> 20% weight loss), (4) Pre-existing remote body site
infection, (5) Immune organ response (host-defence mechanisms),
(6) Disease process/shock, (7) Immune suppression (Diabetes
mellitus, HIV/AIDS, Steroids), (8) Perioperative hyperglycaemia
(Insulin resistance), (9) Lifestyle (smoking, alcohol abuse). The most
important prognostic factor in emergency colorectal surgery is age
and faecal peritonitis. Together the mortality is > 60% as the toxaemia
and rapid severe Systemic Inflammatory Response Syndrome (SIRS)
in faecal peritonitis overwhelms the aged [21,25].
Advanced age: Many older patients underwent relatively more
complex and contaminated operations, and a greater proportion of
elderly patients had major emergency procedures [44]. Phillips et
al. [45] demonstrated a 1 in 3 chance (33%) of in hospital mortality
following emergency surgery in > 80 year olds with malignant large
bowel obstruction. In elective surgery, <80 year olds had 8% inhospital mortality and 16% mortality for radical rectal cancer surgery
in > 80 year olds. Widdison et al. in 2011 [46] reported an improved 30
day mortality (4% elective surgery; 14% emergency surgery), mostly
elderly from medical complications and comorbidities. There was an
improved 16% postoperative mortality after emergency surgery in >
80 year olds and a 1% postoperative mortality in the < 59 year olds,
presumably due to improved perioperative care. The post- operative
mortality increased by 3% every 10 years after elective resection
but increased by 8% every 10 years after emergency resection. The
probability of dying from colorectal cancer (CRC) declined with age
(50yrs- 1/2 died, 70yrs- 1/3 died, 80yrs- 1/4 died). Given the increased
post- operative mortality in the elderly and reduced likelihood of them
dying from colorectal cancer, the question is should all elderly patients
undergo a radical resection. There should therefore be selection of
those most to gain from radical operation, improved preoperative
assessment and optimisation and the improved provision of HDU/
ICU beds may reduce postoperative morbidity and mortality.
Lifestyle (Smoking and alcohol abuse): Following multiple
regression analysis where well known risk factors for anastomotic
leakage such as site of anastomosis, age and stage of training of the
surgeon were taken into account, Sorensen et al. [47] showed that
smoking and alcohol abuse are important predictive factors for
anastomotic leakage after colonic and rectal resection. Due to the
effect on the microcirculation smokers, compared with non-smokers,
had an increased risk of anastomotic leakage (Relative Risk (RR) 3.18
(95% c.i; 1.44-7.00) as with alcohol abusers compared with abstainers
(RR 7.18 (95% c.i. 1.20-43.01).
Host- defence mechanisms: It is not possible to practice fully
the ideal management of early diagnosis and surgery for the acute
abdomen, thus reducing morbidity and mortality to zero because the
patients and the disease are variable [1,48]. A pain-free abdomen may
occur in older people, children, immunocompromised, last trimester
of pregnancy and the sedated and paralysed ICU patient [48,49].
Why is it that a patient with minimal bacterial contamination at
surgery may develop a pelvic abscess, whereas another patient with
faecal contamination after a stercoral perforation of the colon may
Austin J Surg 5(4): id1137 (2018) - Page - 03
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Table 1: Cytokines.
Pro-inflammatory

Anti-inflammatory

Acute phase reactants

Tumour necrosis factor (TNFα)

Interleukin-10 (IL-10)

Αchymotrypsin

Interleukin-1 (IL-1)

Prostaglandin E2 (PGE2)

Complement C3

Interleukin-2 (IL-2)

Transforming growth factor (TGFß)

Caeruloplasmin

Interleukin-6 (IL-6)

Interleukin-4 (IL-4)

Fibrinogen

Interleukin-8 (IL-8)

Haptoglobin

Interferon (IFNγ)

C-reactive protein (CRP)

not develop infective complications? The answer would be derived
from a better understanding about susceptibility to endogenous
infection [1]. All surgical wounds will be contaminated with bacteria
during surgery but only a small percentage becomes infected. The
patient’s host defences are capable of controlling and eliminating the
offending organisms if the inoculums are small and the contaminant
not overwhelming [50]. The risk of surgical site infection is inversely
proportional to the resistance of patient to infection as illustrated
in the Patient-related surgical site risk equation: Risk of SSI = Dose
of Bacteria contaminant x Virulence of microorganism/ Resistance
of patient to infection [2]. There is a balance between excessive
and inadequate responses to infection. An excessive or prolonged
activation of the cellular/humoral mediator pathway would lead
to an evolution of a cytokine cascade (TNF, IL-1, IL-6, IL-8) and a
sustained activation of the reticuloendothelial system (SIRS) leading
to secondary inflammatory mediators causing multiple organ failure
(MOF) and death [51]. Sepsis is an evolving process and mortality
increases with the degree of SIRS. The mortality of bacteraemia (5%),
Sepsis (infection + SIRS) (15%), Septic shock (systolic BP < 90mmHg
(50%), Severe SIRS (80%), MOF (90%) [51,52]. In severe SIRS the
cytokine cascade is fully in progress and surgical intervention is
late and usually of no avail. Gut mucosal hypoperfusion as an early
consequence of hypovolaemia may continue to drive the inflammatory
process even when the initial causal factors are dealt with. Supportive
treatment may be all that is required as there is as yet no known drug
to abort this cascade [53]. Several multicentre randomized trials using
monoclonal antibodies or antagonists to endotoxin, TNF and IL-1 as
adjuvant to the established basic principles of management have not
reduced mortality and it is now recognized that the redundancy in
the inflammatory response is such that if one component is removed,
another mediator will continue the response. Moreover, if the pool of
endogenous antagonists (e.g. IL-1 receptor antagonist or soluble TNF
receptors) is replete, addition of exogenous antagonists is unlikely to
be efficacious [51,53,54]. Once one organ system has failed, others
typically follow (organ failure amplification) and when three or more
systems have failed the ensuing mortality approaches 80 - 100% and
[54]. Thus, it is important to strive to support as far as possible each
organ system to avoid each further adverse event (e.g. ventilation,
haemofiltration/haemodialysis, inotropic support, use of blood
products) [22].
Immune response and Surgical/ Metabolic stress: Immune
response and metabolic regulation are highly integrated as their
pathways have been evolutionary conserved throughout species.
The proper function of each is dependent on the other [5,55]. The
complex network of cytokines balances pro-inflammatory and
anti-inflammatory effects and an imbalance or the uncontrolled
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production of cytokines can result in inflammatory disease [55,56]
(Table 1). Cytokines are helpful during the host response but
potentially hazardous if uncontrollable or in excess. Thus, minor
operations may stimulate the immune response but the effect of
major surgery is immunodepression [57,58]. After major surgery proinflammatory cytokine secretion by T lymphocytes are suppressed
causing increased susceptibility to the intracellular pathogens such
as Listeria and mycobacteria [59]. The anti-inflammatory cytokines
(PGE2, TGFß) decrease monocyte function. TGFß decrease IL-17
that provides anti-microbial immunity at epithelial/ mucosal barriers
against a candida and staphylococcus [60]. IL-10 down regulates
MHC II of monocytes which correlates with clinical outcome and the
development of infection following surgery due to defect in neutrophil
chemotaxis, phagocytosis and lysosomal enzyme contents. Thus, it
seemed reasonable to attempt to adjust this MHC Class II antigen
level by administering interferon (IFNγ). This may benefit those
whose post-traumatic MHC class II recovery was delayed or did not
recover at all [61]. However, the multiplicity of factors that influence
the outcome of major surgery and the variability of the individual’s
response especially with their initial level of receptor expression will
confound the effect [1,5]. Although the increased anti-inflammatory
cytokine ((IL-10) secretion by monocytes after major surgery may be
a homeostatic response it would be interesting to know how much
of these may be the effect of the post- operative hyperglycaemia
(‘diabetes of injury’) as a result of the insulin resistance from surgical
stress/ injury.
Post- operative hyperglycaemia (Insulin resistance): The
post- operative hyperglycaemia after major colorectal surgery is
due to insulin resistance as a result of the antagonistic affects of the
surgical stress (catabolic) hormones especially catecholamines and
the complex immunophysiological response to the uncontrollable
or excess cytokines. The organs affected are those with no insulin
receptors nor storage capacity such as the kidney, endothelial of
blood vessels and heart, blood cells and neural tissue, and thus an
uncontrolled inflow of glucose causing early and late complications
including surgical site infections [62,63]. It responds rapidly to
insulin treatment as compared to a traumatic patients with type2 diabetes. The Enhanced Recovery after Surgery (ERAS) is a
multimodal approach developed by surgeons in Europe aimed at
reducing metabolic stress after surgery and thus decreasing insulin
resistance and post- operative hyperglycaemia [64]. By using one
facet of this protocol, the pre-operative anabolic setting of the patient
with a carbohydrate (CHO) drink, perioperative care was optimised
through the prevention of post- operative hyperglycaemia, decrease
post-operative infection, SSI and length of hospital stay [65]. This
is corroborated by the fact that the anti-inflammatory cytokine
Austin J Surg 5(4): id1137 (2018) - Page - 04
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(IL-10) secretion by monocytes decrease during preoperative CHO
loading but increase in fasting [57,58]. Because many operations are
accompanied by haemorrhage the post-operative immune depression
may also be caused in part by blood loss and cellular hypoxia rather
than surgery [66,67]. Perioperative blood transfusion may also
contribute to immunosuppression but the underlying mechanism is
largely unknown [68].
Immune deficiency (HIV/ AIDS): The Human Immunodeficiency
Virus (HIV) is an RNA retrovirus that infects human T lymphocytes,
transmitted by contaminated body fluids and after a variable period
of up to 2 years it produces diminished immunological function
which is manifest as the Acquired Immune Deficiency Syndrome
(AID)S. It is a major epidemic of the century but these patients are
heterogenous. Patients with CD4 T- lymphocyte count > 500cells/
ul have mild disease and of same risk as non-HIV patients. Patients
with 200-499 CD4 have advanced disease and require ICU if major
surgery is required. Patients with < 200CD4 have AIDS and only lifesaving surgery may be rendered [69,70]. Highly Active Antiretroviral
Therapy (HAART) improves resistance to infection and nutrition and
provides better surgical outcome [71]. The factors increasing operative
morbidity and mortality are poor ASA, physiologically demanding
surgery, emergency surgery and operations in contaminated field e.g.
anorectum, oral cavity. AIDS patients with more advanced disease,
low CD4 counts (<100) or poor performance status are at increased
risk for poor wound healing following haemorrhoidectomy, and the
benefits of resolution of symptoms must be balanced against this risk
[72,73].
In summary, sepsis source control failure in colorectal surgery
are more likely in patients with delayed (>24 hours) procedural
intervention (Patient/ surgeon factor), higher severity of illness(APACHE >15 (patient/disease factor), advanced age- >70yrs (patient
factor), co-morbidity (patient factor), poor nutritional status (patient
factor) and a higher degree of peritoneal involvement - a high
MPI score (disease factor). This would be heralded by persistent or
recurrent intra-abdominal infection, anastomotic failure or fistula
formation.

Conclusion
The most important prognostic factors in emergency colorectal
surgery are the preoperative status - age and faecal peritonitis. Thus,
peritoneal sepsis is seldom the sole cause of death, but compounds
coincidental cardiovascular, respiratory or renal pathology. Interindividual variation in the pattern of mediator release and of end
organ responsiveness determines the initial physiological response
to major sepsis and may be the key determinant of outcome.
Perioperative care strives to support as far as possible each organ
system to avoid organ failure amplification. The prevention of gut
mucosal acidosis in the critically ill patient on ICU may also improve
outcome. The empiric choice of the surgical technique/ procedure
is predominantly determined by the patient status and the disease.
The patient factor thus has a greater impact than the surgeon-factor
on the prognosis of sepsis in emergency colorectal surgery. In both
elective and emergency colorectal surgery, the surgeon factor remains
the single most important factor that can influence the morbidity and
mortality from sepsis.

Submit your Manuscript | www.austinpublishinggroup.com

Austin Publishing Group

References
1. Weledji EP, Ngowe NM. The challenge of Intra-abdominal sepsis. International
Journal of Surgery. 2013; 11: 290-295.
2. Culver DH, Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG, et
al. Surgical wound infection rates by wound class, operative procedure, and
patient risk index. National Nosocomial Infections Surveillance System. Am J
Med. 1991; 91: 152S-157S.
3. Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE, Sexton DJ. The impact
of surgical-site infections in the 1990s: attributable mortality, excess length
of hospitalization, and extra costs. Infect Control Hosp Epidemiol. 1999; 20:
725-730.
4. Perencevich EN, Sands KE, Cosgrove SE, Guadagnoli E, Meara E, Platt
R. Health and economic impact of surgical site infections diagnosed after
hospital discharge. Emerg Infect Dis. 2003; 9: 196-203.
5. Guiillou PJ. Adjuvant biological response modifiers after major surgery and
trauma. Br J Surg. 1995; 82: 721-723.
6. Weledji EP, Ngowe NM. Surgical measures to reduce infection in open
colorectal surgery. East Cent Afr J Surg. 2013; 18.
7. Hugh Dudley. Sepsis prevention in colorectal surgery. In: Rob & Smith. 4th
Edn Operative Surgery 3, Colon, Rectum and anus. 1983.
8. Pearse RM, Morenon RP, Bauer P, Pelosi P, Metnitz P, Spies C, et al.
Mortality after surgery in Europe: a 7 day cohort study. Lancet. 2012; 380:
1059-1065.
9. Ntiranganya F, Ntakiyarita G, Kakande I. Prediction of outcome using the
Mannheim peritonitis index on patients with peritonitis at Kigali University
Teaching Hospital. East Cent Afr J Surg. 2012; 17: 48-59.
10. Waibel BH, Rotondo MF. Damage control for intra-abdominal sepsis. Surg
Clin North Am. 2012; 92: 243-257.
11. Dudley HAF, Radcliffe AG, McGeehan D. Intraoperative irrigation of the colon
to permit primary anastomosis. Br J. Surg. 1980; 67: 80-81.
12. Schein M. Planned relaparotomies and laparostomy. In: Schein M, Marshall
JC, editors. A guide to the management of surgical infections. HeidebergSpringer. 2003: 412-423.
13. Beard JD, Nicholson MC, Sayers RD, Lloyd D, Everson NW. Intraoperatve air
testing of colorectal anastomoses: a prospective randomized trial. Br J Surg.
1990; 77: 1095-1097.
14. van den Bos J, Al-Taher M, Schols RM, van Kuijk S, Bouvy ND, Stassen LPS.
Near-Infrared Fluorescence Imaging for Real-Time Intraoperative Guidance
in Anastomotic Colorectal Surgery: A Systematic Review of Literature. J
Laparoendosc Adv Surg Tech A. 2018; 28: 157-167.
15. Association of Coloproctology of Great Britain and Ireland. Guidelines for the
management of colorectal cancer, 3 rd edn. Assoc of Coloproctology of Gt
Britain and Ireland. 2007.
16. Parks AG, Nicholls RJ. Proctocolectomy without ileostomy for ulcerative
colitis. Br Med J. 1978; 2: 85-88.
17. Phillips RKS. Rectal cancer. In: Colorectal Surgery- a companion to specialist
surgical practice 4th edn 2009, Saunders elsevier London.
18. Brandl A, Szipin S, Mittermain R, Weiss S, Pratschke J, Kafka- Ritsch R.
Transanal drainage tube reduces rate and severity of anastomotic leakage
in patients with colorectal anastomosis. A case- controlled study. Ann Med
Surg. 2016; 6: 12-16.
19. Xiao L, Zhang WB, Tiang PL, BU XF, Yan Q, Li H, et al. Can transanal tube
placement after anterior resection for rectal carcinoma reduce anastomotic
leakage rate? A single Institution prospective randomized study. World J
Surg. 2011; 35: 1367-1377.
20. Keighley MRB, Williams NS. Perioperative care, In: Surgery of the anus,
rectum and colon, 2nd edn. WB Saunders London. 1999.
21. Krukowski Z. Diverticular disease. In: Colorectal surgery, a companion to
surgical practice 4th edn. ed Robin Phillips; Saunders Elsevier. 2009.

Austin J Surg 5(4): id1137 (2018) - Page - 05

Weledji EP

22. Mclauchan GJ, Anderson ID, Grant IS, Fearon KC. Outcome of patients with
abdominal sepsis treated in an intensive care unit. Br J Surg. 1995; 82: 524529.
23. Marshall JC, Maier RV, Jimenez M, Dellinger EP. Source control in the
management of severe sepsis and septic shock: an evidence e based review.
Crit Care Med. 2004; 32: S513-S526.
24. Efron JE, Vernava AM. Reoperative surgery for acute colorectal anastomotic
dehiscence and persistent abdominal sepsis. In: Longo W, Northover J,
editors. Reoperative colon and rectal surgery. 2005.
25. Krukowski ZH, Matheson NA. A ten year computerized audit of infection after
abdominal surgery. Br J Surg. 1988; 75: 857-861.
26. Moran BJ, Heald RJ. Risk factors for, and management of, anastomotic
leakage in rectal surgery. Colorectal Dis. 2001; 3: 135-137.
27. Irvin TT, Goligher TC. Aetiology of disruption of intestinal anastomoses, Br J
Surg. 1973; 60: 461-464.
28. Weledji EP, Chichom AM. Aetiology and Impact of Intra-abdominal Sepsis on
Surgical Management. East and Central. Afr J of Surg. 2012; 17.
29. Klein M. Postoperative non-steroidal anti-inflammatory drugs and colorectal
anastomotic leakage. Dan Med J. 2012; 59: B4420.
30. Peng F, Liu S, Hu Y, Yu M, Chen J, Liu C. et al. Influence of perioperative
nonsteroidal anti-inflammatory drugs on complications after gastrointestinal
surgery: A meta-analysis. Acta Anaesthesiol Taiwan. 2016; 54: 121-128.
31. Haddad NN, Bruns BR, Enniss TM, Turay D, Sakran JV, Fathalizadeh A, et
al. Perioperative Use of Nonsteroidal Anti-Inflammatory Drugs and the Risk
of Anastomotic Failure in Emergency General Surgery. J Trauma Acute Care
Surg. 2017; 83: 657-661.
32. Fjederholt KT, Okholm C, Svendsen LB, Achiam MP, Kirkegard J, Mortensen
FV. Ketorolac and other NSAIDS increase the risk of anastomotic leakage
after surgery for GEJ cancers: a Cohort study of 557 patients. J Gastrointest
Surg. 2017.
33. Kverneng Hultberg D, Angenete E, Lydrup ML, Rutegård J, Matthiessen P,
Rutegård M. Nonsteroidal anti-inflammatory drugs and the risk of anastomotic
leakage after anterior resection for rectal cancer. Eur J Surg Oncol 2017; 43:
1908-1914.

Austin Publishing Group
43. Wacha H, Linder MM, Feldman U, Wesch G, Gundlach E, Steifensand RA.
Mannheim peritonitis index e prediction of risk of death from peritonitis:
construction of a statistical and validation of an empirically based index.
Theor Surg. 1987; 1: 169-177.
44. McLean RC, McCallum IJ, Dixon S, O.Loughin P. A 15-year retrospective
analysis of the epidemiology and outcomes for elderly emergency general
surgical admissions in the North East of England: A case for multidisciplinary
geriatric input. Int J Surg. 2016; 28: 13-21.
45. Phillips RK, Hittinger R, Blesovsky L, Fry JS, Fielding LP. Large bowel
cancer: surgical pathology and its relationship to survival. Br J Surg. 1984;
71: 604-610.
46. Widdison AL, Barnett SW, Betambeau N. The impact of age on outcome
after surgery for colorectal adenocarcinoma. Ann R Coll Surg Engl. 2011;
93: 445-450.
47. Sørensen LT, Jørgensen T, Kirkeby LT, Skovdal J, Vennits B, Wille-Jørgensen
P. Smoking and alcohol abuse are major risk factors for anastomotic leakage
in colorectal surgery. Br J Surg. 1999; 86: 927-932.
48. Simon Paterson- Brown. Diagnosis and investigation in the acute abdomen.
In: Emergency Surgery and critical care. A companion to specialist surgical
practice. Simon Paterson- Brown. W. B. Saunders company. 2000.
49. Weledji EP. Pitfalls and Problems in the management of the acute abdomen.
In J Surg Short reports (lond). 2017; 2: 54-57.
50. Weledji EP. Bacterial organisms in acute wounds-implication on surgical
wound management. J Med Med Sci. 2012; 10: 610-615.
51. Hotchkin RS, Karl E. The pathophysiology and treatment of sepsis. NEJM.
2003; 348:138-150.
52. Annane D, Billisant E, Cavaillon JM. Septic shock. Lancet. 2005; 365: 63-78.
53. Weigard MA, Horner C, Bardenheuer HJ. The SIRS. Best Pract Res Clin
Anaesthesiology Sept. 2004; 18: 455-475.
54. Deitch EA. Multiple organ failure. pathophysiology and potential future
therapy. Ann Surg. 1992; 216: 117-134.
55. Hotamisgligil GS. Inflammation and metabolic disorders. Nature. 2006; 444:
860-867.

34. Lucarotti ME, Virjee J, Thomas WEG. Intra-abdominal abscesses. Surgery.
1991; 98: 2335-2341.

56. Weledji EP. Cytokines and the metabolic response to surgery. J Clin Cell
Immunol. 2014; 5: 2.

35. Marik PE. Surviving sepsis: going beyond the guidelines. Ann intensive care.
2011; 1: 17.

57. Wakefield CH, Carey PD, Foulds S, Monson JR, Guillow PJ. Changes in
major histocompatibility complex Class II expression in monocytes and T cells
of patients developing infection after surgery. Br J Surg. 1993; 80: 205-209.

36. Akinci D, Akhan O, Ozmen MN, Karabulut N, Ozkan O, Cil BE, et al.
Percutaneous drainage of 300 intraperitoneal abscesses with long-term
follow-up. Cardiovas Intervent Radiol. 2005; 28: 744-750.
37. Hemming A, Davis NL, Robins RE. Surgical versus percutaneous drainage of
intra- abdominal abscess. Am J Surg. 1991; 161: 593-595.
38. Bekheitemail M, Katri KM, Nabil W, Sharaan MA, El Kayal SA. Earliest
signs and management of leakage after bariatric surgeries: single institute
experience. Alex J Med. 2012; 49: 29-33.
39. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration
of hypotension before initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock. Crit Care Med. 2006; 34:
1589-1596.
40. Jones DR, Copeland GP, de Cossart L. Comparison of POSSUM with
APACHE II for prediction of outcome from a surgical high-dependency unit.
Br J Surg. 1992; 79: 1293-1296.
41. Sadaka F, EthmaneAbouELMaali C, Cytron MA, Fowler K, Javaux VM,
O’Brien J. Predicting mortality of patients with sepsis: A comparison of
APACHE II and APACHE III scoring systems. J Clin Med Res. 2017; 9: 907910.
42. Mik M, Berut M, Dziki L, Dziki A. Does C-reactive protein monitoring after
colorectal resection with anastomosis give any practical benefit for patients
with intra-abdominal septic complications?. Colorectal Dis. 2016; 18: 252259.

Submit your Manuscript | www.austinpublishinggroup.com

58. Brune IB, Wilke W, Hensler T, Holzmann B, Siewert JR. Down regulation
of T helper type 1 Immune response and altered pro- inflammatory and
anti- inflammatory T cell cytokine balance following conventional but not
laparoscopic surgery. Am J Surg. 1999; 177: 55-60.
59. Hershman MJ, Cheadle WG, Willhausen SR, Davidson PF, Polk HC.
Monocyte HLA-DR antigen expression characterizes clinical outcome in the
trauma patient. Br J Surg. 1990; 77: 204-207.
60. Ouyang W, Kolls JK, Zheng Y. The biological functions of T helper 17 cell
effect or cytokines in inflammation. Immunity. 2008; 28: 454-467.
61. Polk HC Jr, Cheadle WG, Livinston DH, Rodriguez JL, Starko KM, Izu AE,
et al. A randomized prospective clinical trial to determine the efficacy of
interferon-gamma in severely injured patients. Am J Surg. 1992; 163: 191196.
62. Thorell A, Nygren J, Ljungqvist O. Insulin resistance: a marker of surgical
stress. Curr Opin Nutr Metab care. 1999; 2: 69-78.
63. Ljungqvist O. Insulin resistance and outcomes in Surgery. J Clin Endocrinol
Metab. 2010; 95: 4217-4219.
64. Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, et al. Consensus
review of optimal perioperative care in colorectal surgery: Enhanced
Recovery After Surgery (ERAS) Group recommendations. Arch Surg. 2009;
144: 961-969.

Austin J Surg 5(4): id1137 (2018) - Page - 06

Weledji EP

Austin Publishing Group

65. Weledji EP, Njong SN, Chichom A, Verla V, Assob JC, Ngowe MN. The effect
of preoperative carbohydrate loading on the metabolic response to surgery in
a low resource setting. Int J Surg Open. 2017; 8: 18-23.
66. Ljungqvist O, Alibegovic A. Hyperglycaemia and survival after haemorrhage.
Eur J Surg. 1994; 160: 465-469.
67. Bernard C. Hyperglycaemia in haemorrhage. Paris Baillier 210.
68. Brand A. Immunological aspects of blood transfusions. Transp Immunol.
2002; 10: 183-190.
69. Weledji EP, Nsagha D, Chichom A, Enoworock G. Gastrointestinal surgery
and the acquired immune deficiency syndrome. Ann Med Surg. 2015; 4: 3640.

Austin J Surg - Volume 5 Issue 4 - 2018
ISSN : 2381-9030 | www.austinpublishinggroup.com
Weledji. © All rights are reserved
Submit your Manuscript | www.austinpublishinggroup.com

70. Samuel S. Guidelines for surgery in the HIV patients. Continuous Medical
Education (CME). 2010; 28.
71. Horberg MA, Hurley LB, Klein DB, Follansbee SE, Quesenberry C, Flamm
JA, et al. Surgical outcomes in Human immunodeficiency virus- infected
patients in the era of highly active antiretroviral therapy. Arch Surg. 2006;
141: 1238-1245.
72. Weledji EP. Human immunodeficiency virus and the anorectum. Alex J Med.
2013; 49: 163-167.
73. Weledji EP, Kamga HL, Assob NJ, Nsagha DS. A critical review on HIV/AIDS
and wound care. Afr J Clin Exp Microb. 2012; 13: 66-73.

Citation: Weledji EP.Sepsis Prevention in Colorectal Surgery: Is Patient Factor More Important than Surgeon
Factor?. Austin J Surg. 2018; 5(4): 1137.

Austin J Surg 5(4): id1137 (2018) - Page - 07

