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predicting sepsis after elective major surgery
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Abstract

Background and Aims: Severe sepsis is a significant cause of morbidity and mortality
following major surgery. The Charlson co-morbidity score (CCS) has been shown to
be associated with severe sepsis following major surgery for cancer. This prospective
observational study investigated the effect of patient factors (CCS, gender, age and
malignancy) and intraoperative factors (duration of surgery and allogeneic blood
transfusion) on the incidence of sepsis after elective major surgery, and the impact of
patient co-morbidities on length of stay in critical care. Materials and Methods: We
prospectively identified a cohort of 101 patients undergoing elective major surgery in a
university teaching hospital. The CCS was calculated before surgery, and the incidence
of sepsis was documented following surgery. We investigated whether age, malignancy,
intraoperative allogeneic blood transfusion, length of surgery or gender were associated
with sepsis following surgery. Results: Twenty-seven (27%) patients developed sepsis.
Using multivariate logistic regression, the duration of surgery was associated with the
development of sepsis after surgery (P = 0.054, odds ratio 1.2).The CCS was not associated
with sepsis in this population of cancer and non-cancer patients undergoing elective major
surgery, but was associated with longer length of stay in the intensive care unit (P = 0.016).
Conclusions: Duration of surgery, but not patient co-morbidity as assessed by the CCS,
may predict the postoperative incidence of sepsis. CCS could be used as a guide to predict
consumption of critical care resources by elective surgical patients. A higher CCS was
associated with a longer |CU stay. Resources, such as postoperative goal directed therapy,
may be useful in reducing length of stay, hospital costs and risks of infective complications
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in this subgroup of patients with higher CCS.
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Introduction

Septic shock and severe sepsis are the major causes
of mortality after surgery. The risk of developing
sepsis after major surgery increases with emergency
operations,!! the degree of surgical insult," transfusion
of allogeneic blood,** increasing agel® and male
gender.*” The extent of co-morbid illness also increases
the risk of postoperative complications, including sepsis,
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after elective surgery.!># The Charlson co-morbidity
score (CCS), developed in 1987, is one instrument used
to measure the burden of co-morbidity.” It uses 19
weighted categories related to chronic health to predict
the likelihood of 1-year mortality [Table 1]. Patients with
higher levels of chronic co-morbidity as assessed using
the CCS are at higher risk of developing complications
after surgery, including major head and neck, colorectal
and major urological operations.'1*12 Although the
CCS was not originally designed to identify patients at
risk of developing sepsis, patients on chronic dialysis
with a high CCS have an increased risk of developing
a hospital-acquired infection,™! and a high CCS is
associated with surgical site infections after orthopedic
surgery.l" The CCSis correlated with increased mortality
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Table I: Co-morbid conditions with their associated
weighted scores

Condition Weighted score

Myocardial infarction |
Biventricular heart failure

Peripheral vascular disease
Cerebrovascular disease

Dementia

Chronic pulmonary disease
Connective tissue disease

Peptic ulcer disease

Mild liver disease

Diabetes with no end-organ damage
Hemiplegia from any cause

Moderate/severe renal disease

|
|
|
|
|
|
|
|
|
2
2
Diabetes with end-organ damage 2
Any tumor 2
Leukemia 2
Lymphoma 2
Moderate or severe liver disease 3

6

Metastatic solid tumor
AIDS 6

The Charlson co-morbidity score uses |9 weighted categories, primarily defined
using ICD-9-CM diagnoses codes to predict the likelihood of |-year mortality. Each
category has an associated weighted score that is based on the adjusted risk of |-year
mortality. The overall co-morbidity score reflects the burden of co-morbidity: the
higher the score, the greater the likelihood of I-year mortality. The Charlson co-
morbidity score is obtained by summing the scores associated with the conditions
present

in patients with sepsis caused by bloodstream infections
with methicillin-resistant Staphylococcus aureus™ and
Pseudomonas aeruginosa pneumonia.l'®! Severe sepsis
after major surgery for cancer is also associated with an
increased CCS.!!

Patients who develop severe sepsis after major surgery
often require long stays in critical care. The identification
of patients who have a high risk of sepsis after surgery
may enable critical care resources to be targeted at this
high-risk population, reducing unplanned admissions
and improving cost-effectiveness. If the CCS was found
to correlate with an increased risk of sepsis following
surgery, then an increased level of postoperative care
could potentially be targeted toward this high-risk
population.

Materials and Methods

The study was conducted in a university teaching
hospital that provides a regional service for surgical
resection of pancreatic malignancies. The local research
ethics committee approved the study protocol and
waived the requirement to obtain written informed
patient consent since no interventions were made to the

treatment of any patient during the study. Consecutive
patients aged over 16 years, scheduled for elective major
surgery as defined by the OPCS-4.3, were eligible for
the study.'"”! The operations included major vascular
surgery (open abdominal aortic aneurysm repair),
major intra-abdominal surgery (bowel resection,
nephrectomy, cystectomy), and intrathoracic surgery
(esophago-gastrectomies). Patients undergoing elective
cardiac surgery were not included, as this surgery is not
performed at the hospital. Patients having emergency
surgery, those aged 16 years or under and patients in
whom sepsis was present or suspected prior to surgery
were excluded.

During the study period, three trained research nurses
prospectively identified and reviewed the case notes
of consecutive patients scheduled for elective major
surgery. Data were abstracted from the patients’ case
notes using a standardized data collection sheet. The CCS
was calculated preoperatively using the criteria defined
by Charlson [Table 1]. Patients” gender, age and the
presence or absence of documented malignancy before
surgery were recorded.

The following data were recorded after the operation:
surgery performed, duration of operation, and number of
autologous and allogeneic blood units transfused during
surgery. Duration of operation was recorded in minutes
and was then rounded off to the nearest quarter hour.

The conduct of anesthesia, and postoperative analgesic
technique were decided by the responsible anesthetist.
All patients were given appropriate intravenous
prophylactic antibiotics at the induction of anesthesia.

The patients were followed up for 10 days after
surgery. Evidence of the systemic inflammatory response
syndrome (SIRS) was sought from the observation
charts and laboratory results daily. Parameters that
were not measured on that day (e.g. white cell count)
were assumed to be in the normal range when scoring
for the presence of the SIRS. If the SIRS criteria were
met, possible sources of infection were sought from the
case notes, laboratory results, radiographs, computed
tomography scan results, or other available imaging. No
additional clinical investigations were requested by the
data collectors or investigators. The source of sepsis was
assigned to a specific site based on the following criteria.

“Chest” was recorded as the source of sepsis if there
were one or more of purulent sputum, worsening
hypoxemia, new infiltrates on chest radiograph, or
positive sputum culture.
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“Abdomen” was recorded as the source of sepsis if
there was an imaging modality demonstrating an intra-
abdominal collection, or growth of pathogenic bacteria
in any specimen of intra-abdominal drain fluid.

“Urinary tract” was recorded as the site of infection if
there was positive growth of a pathogen in a mid-stream
specimen or catheter specimen of urine.

If positive blood cultures occurred without a positive
imaging modality or positive microbiological culture
from another site, the source of sepsis was attributed to
the most likely source of primary infection based on the
type of organism cultured from blood, type of surgery
performed and clinical signs. The SIRS, sepsis and septic
shock were defined as per the American College of Chest
Physicians/Society of Critical Care Medicine Consensus
Conference criteria.l"™!

All admissions to critical care areas (level two or three)
were documented, including planned admissions for
postoperative care. Where patients were re-admitted to
critical care, only the first admission was included in the
results. The reason for admission along with length of
stay was recorded. Length of stay was recorded in hours
and then rounded off to the nearest half day for analysis.
“Planned” admissions were defined as those admissions
for which a critical care bed was requested prior to the
administration of anesthesia.

One investigator randomly analyzed 10% of the
completed datasheets and case notes to ensure
consistency of scoring and accuracy of the collected
data. The data were screened for missing or implausible
values, and corrected by discussion with the research
nurses. All data were anonymized prior to analysis.
Data were entered into a Microsoft Excel spreadsheet
prior to analysis (Microsoft Corporation, Redmond,
WA, USA). Statistical analysis was performed using
SPSS version 17 for Windows (SPSS Inc., Chicago, IL,
USA). Where data were missing, normal physiological
values were assumed if the presence of the SIRS was
being established, and zero was substituted for other
non-physiological values.

Comparisons between groups of categorical data
were performed using the two-tailed Fisher’s exact
test. Comparisons between groups of continuous data
were performed using the Mann-Whitney U test.
Univariate analyses between groups of categorical data
were performed using the Fisher’s exact test. P values
<0.05 were considered to be statistically significant
(two-tailed). Variables associated with sepsis using

univariate analysis with a P value <0.125 were analyzed
using multivariate logistic regression, with sepsis as the
dependent variable.

Results

One hundred and one patients were included in the
study. Data on blood transfusion during surgery were
missing for two patients. SIRS criteria were missing on
one or more days for six patients, hence the SIRS was
assumed to be absent on these days.

Sixty-eight (67%) of the patients were males. The
median age was 66 [IQR 57-72 (range 16-87)] years.
Eighty (79%) patients had documented malignancy prior
to surgery. Of the patients in the study, 57 (58%) had
lower abdominal surgery, 35 (35%) had upper abdominal
surgery, six (6%) had urological surgery and two (2%)
had vascular surgery. The median duration of surgery
was 4 [IQR 2.5-6.75 (range 0.5-10)] hours. Twenty-eight
(28%) patients received allogeneic blood intraoperatively
[median units transfused 2, IQR 2-3, (range 1-12)].
Median CCS was 2 [IQR 2-3 (range 0-8)].

Fifty-nine (58%) patients developed SIRS
postoperatively. Twenty-seven (27 %) patients developed
sepsis postoperatively, and this included nine patients
who developed septic shock. The source of sepsis was
the abdomen (15 patients), the chest (9 patients); and
the urinary tract (2 patients). Ten patients had positive
microbiological cultures and 17 were positive by clinical
evidence (images suggestive of infection on chest or
abdominal radiology).

Patients who became septic had longer median
duration of surgery (6 hours) than those who did not
develop sepsis (3.5 hours) (P = 0.003), and were more
likely to have received allogeneic blood intraoperatively
(48% of the patients who became septic received blood,
compared to 20% of the patients who did not develop
sepsis) (P = 0.013) [Table 2]. The type of surgery
performed was not significantly associated with sepsis
after surgery (data not shown). There was a greater
proportion of male patients in the septic group (78%)
compared to the non-septic group (64%) but this was
not statistically significant (P = 0.233). CCS (P = 0.304)
and age (P = 0.908) were not associated with sepsis.
The patients who developed septic shock did not
have significantly higher CCS (data not shown). In
multivariate analysis, neither the duration of surgery
nor the blood transfusion were significantly associated
with the development of sepsis after surgery, although
the duration of surgery, with a P value of 0.054, was of
borderline statistical significance [Table 3].
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Thirty-four (34%) patients were admitted to a critical
care area for planned postoperative care. There were 20
admissions to the level three facility (9, 9% unplanned
admissions) and 37 admissions to level two facilities
(12, 12% unplanned admissions). Eleven patients were
admitted to a level two facility and later transferred to
a level three unit, which are geographically separate in
the hospital. None of the patients admitted to critical
care after planned surgery received invasive mechanical
ventilation. Overall, 12 (12%) patients were admitted
to a critical care bed for unplanned reasons in the first
10 days after surgery. Unplanned admissions therefore
accounted for 26% of all admissions to critical care.
In six patients, sepsis was the reason for admission.
Three patients were admitted to a level three bed
with respiratory failure; two of these patients received
invasive mechanical ventilation and one received non-
invasive continuous positive airway pressure [Table 4].

Table 2: Characteristics of patients with and without sepsis

Septic Non-septic P value
patients patients (n=174)
(n =27)
Charlson co-morbidity score 2 [2-3 (2-8)] 2 [2-3 (0-6)] 0.308
Duration of surgery (hours) 6[3.5-8.125 3.5 0.003
(1.5-10)] [2.5-5 (0.5-13)]
Intraoperative allogeneic 13 (48%) 15 (20%) 0.001
blood transfusion
Documented malignancy 23 (85%) 57 (77%) 0.423
Age (years) 64 [59.5-69.5 66 [56.25-73 0.908
(50-79)] (16-87)]
Male gender 21 (78%) 47 (64%) 0.233

Values are shown as median [IQR (range)], or number (proportion). Continuous data
were analyzed with the Mann-Whitney U test. Fisher’s exact test was used to analyze
categorical data

Table 3: Results of multivariate logistic regression analysis

Variable P value Odds ratio (95%
confidence interval)

Duration of operation 0.054 1.2 (0.99-1.44)

Intraoperative allogeneic 0.100 2.4 (0.85-6.77)

blood transfusion

All variables with a P value < 0.125 on univariate analysis were entered into the
logistic regression analysis, with sepsis as the dependent variable. Duration of
operation was entered as a continuous variable. Blood transfusion was entered as a
dichotomous variable

In total, the patients consumed 136 level three bed-days
and 109 level two bed-days. The median length of stay in
both level three and level two facilities was 2 days (IQR
1-8 and 1-4, respectively). Level three length of stay
was longer after unplanned admission (median 4, range
0.5-41 days) than after planned admissions (median 0,
range 0-4 days, P =0.016). Level three length of stay was
associated with increasing CCS (P = 0.022), but not with
increasing age.

Discussion

In this study of patients undergoing major elective
surgery, we found that sepsis after surgery was not
associated with the CCS. However, a higher CCS was
associated with an increased level three length of stay.

The strengths of this study were that it was conducted
prospectively and all eligible patients were included.
No changes were made to the anesthetic given for the
surgery or the management of the patients after surgery,
so the conditions in the study reflect those that exist in
the hospital environment. In this hospital, it is standard
practice for patients who are undergoing thoracic,
upper and lower gastrointestinal major surgery to be
offered an epidural. Epidural analgesia may reduce the
incidence of SIRS through an effect on the surgical stress
response after surgery,*? although the effect may be
limited and the clinical significance is unclear.! Despite
widespread use of epidural analgesia in this study, 59
(58.4%) patients developed the SIRS postoperatively.
This is a lower incidence than that reported in post-
surgical intensive care unit patients (93%).*? However,
not all of the patients in the current study were cared
for in critical care. The incidence of SIRS in the current
study is similar to the number of patients developing
SIRS (excluding the first postoperative day) in a similar
study where no epidural analgesia was provided
(46.2%).181

The rate of sepsis after surgery reported in different
reports varies, and can be as high as 40.2% .1 A study on
the association of postoperative sepsis with the Charlson

Table 4: Use of critical care resources by patients

Overall Planned Unplanned P value
Admissions 46 (46%) 34 (34%) 12 (12%)
Level two 37 (80%)* 25 (68%)* 12 (32%)
Level three 20 (43%)* Il (55%)* 9 (45%)
Length of stay (days)
Level two 214 (1-9)] 1.5 [1-4 (1-9)] 2.5[0.5-4 (0.5-9)] 0.121
Level three 2[1-8 (141)] 2 [1-4 (1-9)] 6.5[2-19 (1-41)] 0.016

Values are shown as median [IQR (range)], or number (proportion). Continuous data were analyzed with the Mann—Whitney U test, *Eleven patients were admitted to a level two

facility and later transferred to a level three unit
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score reported an incidence of 20%.® Our incidence of
sepsis (27 %) is comparable with these figures.

There are a number of limitations in this study. The
study population included 101 patients, but the number
who developed sepsis was relatively small, limiting the
ability to detect an association between patient factors
previously found to be associated with sepsis. However,
our study had a similar number of patients compared
to a previous study® that had reported an association
between a high Charlson score and postoperative sepsis.
Secondly, the study was conducted in one institution,
which is a university teaching hospital and tertiary
referral center for hepatobiliary surgery. Caution should
be used before applying our results to other hospitals
where the case mix and postoperative care may be
different. The specialized nature of study site and its
highly selected population limits generalizability of the
study.

Thirdly, as we did not evaluate white cell count daily
unless a full blood count had been requested by the
treating surgeons, patients who would have met the
SIRS criteria with a high white cell count may have been
classified as not having SIRS (false negatives). In turn,
this could have resulted in a number of patients with
sepsis not being identified as such.

In a previous study by Mokart and colleagues, a
high CCS was associated with severe sepsis.l®! In this
study, we found no association between CCS and
sepsis. Apart from the different endpoints used in the
two studies (sepsis in this study, severe sepsis in the
former study), there were differences in the patient
populations enrolled into the two studies, which may
explain this discrepancy. The patients in the current
study had a lower average CCS (a median of 2 in this
study compared to a mean of 5 in the Mokart study).®!
Other studies looking at the effect of a higher CCS on
outcome have found an adverse effect only when the
CCSis higher than 5, so it may be that in our subgroup
of patients with sepsis, the level of co-morbidity was
not high enough to have any effect. Secondly, only
patients who had operations longer than 5 hours were
included in the Mokart study,® whereas we included
all patients who were planned to have major elective
surgery on an “intention-to-treat” basis, even if the
actual surgical time was short. Finally, all patients in
the previous study were admitted to a critical care area
after surgery. The present study adds to the debate as to
whether the Charlson score will always reliably predict
the incidence of postoperative sepsis.

We did not find that male gender or age, as reported
previously,B7#2321 were significantly associated with
sepsis. The previously reported difference in the
occurrence of sepsis between males and females may
be due to hormonal differences in estrogen levels.*!
However, the exact reason is unclear.

It has been reported that blood transfusion during
surgery is associated with infections after surgery.[**!
In this study, we found an association between blood
transfusion and sepsis on univariate analysis that
became nonsignificant on multivariate analysis [Tables
2 and 3]. This suggests that the apparent association
of blood transfusion with postoperative sepsis may be
explained by confounding with longer operating times.
Blood transfusions during surgery may confound with
prolonged, difficult surgery; intraoperative hypotension;
urinary catheterization; or tracheal intubation - factors
which could also be associated with the development of
sepsis after surgery.>!

We found that the length of operation, on multivariate
analysis, may be associated with sepsis postoperatively,
with a P value of 0.054. This suggests that after technically
demanding surgery or when complications occur, sepsis
is more likely. This is consistent with previous studies
that demonstrated an increased risk of wound infection
as the duration of surgery increased.” !

Unplanned admissions consumed a greater number
of critical care days than planned admissions and the
length of stay was significantly longer after unplanned
admission (median 6.5 days) than after planned
admission (median 2 days, P = 0.016). Unplanned
admission to intensive care after surgery is associated
with a longer hospital length of stay and may be an
indicator of patient safety.®®! We found that patient
co-morbidity, as reflected in a higher CCS, was also
associated with a longer level three unit stay, as has
previously demonstrated.

It may also be argued that the presence of co-
morbidities, such as malignancy, in our study would
make patients more prone to developing sepsis after
surgery. We agree that this is a distinct possibility.
However, there has never been any study that has
compared the incidence of postoperative sepsis in cancer
with non-cancer patients.’! Additionally, one would
assume that an increased length of stay would also
correlate with the presence of co-morbidities. However,
this is not inevitable since it has been shown that using
a postoperative care pathway in identified patients can
significantly reduce length of stay.*"
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In this study, we found that the duration of surgery,
but not patient co-morbidity as assessed by the CCS,
may predict the incidence of sepsis postoperatively.
The CCS could be used as a guide to predict the likely
consumption of critical care resources by elective surgical
patients, as a higher CCS was associated with a longer
level three unit stay in this study.

The targeting of critical care resources using either
preoperative optimization® or postoperatively using
early goal-directed therapy™ to high-risk surgical
populations has been shown to reduce hospital length of
stay and improve outcomes. There was a demonstrated
decrease in the incidence of infective complications by
40% using preoperative optimization, which consisted
of increasing oxygen delivery to 600 ml/min/m? by
using intravenous colloid and dopexamine. It has been
estimated that in the UK, if about 500 patients annually
could be treated with this perioperative protocol,® up
to 20 lives could be saved. It was also estimated that
because of the projected reduction in hospital stay, there
should be an annual cost saving of at least £2,000,000
(approx. INR 140,000,000). With increased availability
of advanced non-invasive hemodynamic monitoring,
this could be carried out outside of a critical care unit,
leading to further cost savings.[*!

Additionally, by identifying patients at risk and
allocating personnel resources, such as a rapid response
Medical Emergency Team (MET), the relative risk of
postoperative sepsis can be reduced. The introduction
of such a team, which included the duty intensive care
doctor and a designated intensive care nurse with an
emergency pack with drugs and equipment needed for
resuscitation and tracheal intubation, led to a relative
risk reduction in postoperative sepsis (74.3%; P = 0.0044)
as well areduced hospital length of stay [23.8-19.8 days
(P =0.0092)].!

Conclusion

Resources, such as postoperative goal directed therapy
and emergency teams for recognized patients at risk,
may be useful in reducing length of stay, hospital costs
and risks of infective complications. A combination of
methods can be used to carry out such identification.
We would recommend that these findings be confirmed
in larger studies conducted in a number of different
hospital types.

References

1. Veltkamp SC, Kemmeren JM, van der Graaf Y, Edlinger M, van der
Werken C. Prediction of serious complications in patients admitted to
a surgical ward. Br J Surg 2002;89:94-102.

2
9.

10.

14.

16.

17.

18.

20.

Madbouly KM, Senagore AJ, Remzi FH, Delaney CP, Waters .J,
Fazio VW. Perioperative blood transfusions increase infectious
complications after ileoanal pouch procedures (IPAA). Int J Colorectal
Dis 2006;21:807-13.

Vamvakas EC, Carven JI, Hibberd PL. Blood transfusion and infection
after colorectal cancer surgery. Transfusion 1996;36:1000-8.

Torchia MG, Danzinger RG. Perioperative blood transfusion and
albumin administration are independent risk factors for the development
of postoperative infections after colorectal surgery. Can J Surg
2000;43:212-6.

Cullen DJ; Apolone G, Greenfield S, Guadagnoli E, Cleary P ASA
Physical Status and age predict morbidity after three surgical
procedures. Ann Surg 1994;220:3-9.

Behrman SW, Zarzaur BLi. Intra-abdominal sepsis following panereatic
resection: Incidence, risk factors, diagnosis, microbiology, management,
and outcome. Am Surg 2008;74:572-9.

Wichmann MW, Inthorn D, Andress H.J, Schildberg FW. Incidence
and mortality of severe sepsis in surgical intensive care patients: The
influence of patient gender on disease process and outcome. Intensive
Care Med 2000;26:167-72.

Mokart D, Lieone M, Sannini A, Brun JP, Tison A, Delpero JR, et al.
Predictive perioperative factors for developing severe sepsis after major
surgery. Br J Anaesth 2005;95:776-81.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: Development
and validation. J Chronic Dis 1987;40:373-83.

Singh B, Cordeiro PG, Santamaria B, Shaha AR, Pfister DG, Shah JP.
Factors associated with complications in microvascular reconstruction
of head and neck defects. Plast Reconstr Surg 1999;103:403-11.
Ouellette JR, Small DG, Termuhlen PM. Evaluation of charlson-age
comorbidity index as predictor of morbidity and mortality in patients
with colorectal carcinoma. J Gastrointest Surg 2004;8:1061-7.
Nuttall M, van der Meulen J, Emberton M. Charlson scores based
on ICD-10 administrative data were valid in assessing comorbidity
in patients undergoing urological cancer surgery. J Clin Epidemiol
2006;59:265-73.

D'Agata EM, Mount DB, Thayer V, Schaffner W. Hospital-acquired
infections among chronic dialysis patients. Am J Kidney Dis
2000;35:1083-8.

Lee J, Singletary R, Schmader K, Anderson DJ, Bolognesi M, Kaye
KS. Surgical site infection in the elderly following orthopaedic surgery
risk factors and outcomes. J Bone Joint Surg 2006;88:1705-12.
Bader MS. Staphyloccocus aureus bacteraemia in older adults:
Predictors of 7-day mortality and infection with a methicillin-resistant
strain. Infect Control Hosp Epidemiol 2006;27:1219-25.

Zavascki AP, Barth AL, Fernandes JF, Moro AL, Gongalves Al
Goldani LiZ. Reappraisal of Pseudomonas aeruginosa hospital-acquired
pneumonia mortality in the era of metallo-beta-lactamase-mediated
multidrug resistance: A prospective observational study. Crit Care
2006;10:R114.

NHS Connecting for Health, Great Britain: Department of Health,
Health and Social Care Information Centre. OPCS Classification of
Interventions and Procedures, Version 4.3. London, UK: The Stationery
Office; 2006.

Bone RC, Balk RA, Cerra B, Dellinger RP, Fein AM, Knaus WA, ef
al. Definitions for sepsis and organ failure and guidelines for the use of
innovative therapies in sepsis. The ACCP/SCCM Consensus Conference
Committee: American College of Chest Physicians/Society of Critical
Care Medicine. Chest 1992;101:1644-55.

Ahlers O, Nachtigall I, Lenze .J, Goldmann A, Schulte E; Hohne C, et al.
Intraoperative thoracic epidural anaesthesia attenuates stress-induced
immunosuppression in patients undergoing major abdominal surgery.
BrJ Anaesth 2008;101:781-7.

Yokoyama M, Itano Y, Katayama H, Morimatsu I, Takeda Y, Takahashi
T, et al. The effects of continuous epidural anesthesia and analgesia on
stress response and immune function in patients undergoing radical
esophagectomy. Anesth Analg 2005;101:1521-7.

Liu SS, Wu CL. Effect of postoperative analgesia on major postoperative
complications: A systematic update of the evidence. Anesth Analg
2007;104:689-702.

35



Indian Journal of Critical Care Medicine January-March 2011 Vol 15 Issue 1

oo
Do

oo
o

Pittet D, Rangel-Frausto S, Li N, Tarara D, Costigan M, Rempe L,
et al. Systemic inflammatory response syndrome, sepsis, severe sepsis
and septic shoek: Incidence, morbidities and outcomes in surgical ICU
patients. Intensive Care Med 1995;21:302-9.
Offner P.J, Moore EE, Biffl WL. Male gender is a risk factor for major
infections after surgery. Arch Surg 1999;134:935-40.
Esper AM, Moss M, Lewis CA, Nisbet R, Mannino DM, Martin GS.
The role of infection and comorbidity: Factors that influence disparities
in sepsis. Crit Care Med 2006;34:2576-82.
Leone M, Honstettre A, Lepidi I, Capo C, Bayard F, Raoult D, et al.
Effect of sex on Coxiella burnetii infection: Protective role of 17beta-
estradiol. J Infect Dis 2004;189:339-45.
Farinas-Alvarez C, Farinas MC, Fernandez-Mazarrasa C, Llorca
J, Casanova D, Delgado-Rodriguez M. Analysis of risk factors for
nosocomial sepsis in surgical patients. Br .J Surg 2000;87:1076-81.
Rotstein €, Ferguson R, Cummings KM, Piedmonte MR, Lucey .J,
Banish A. Determinants of clean surgical wound infections for breast
procedures at an oncology center. Infect Control Hosp Epidemiol
1992;13:207-14.
Ferraz EM, Bacelar TS, Aguiar J1, Ferraz AA, Pagnossin G, Batista
JE. Wound infection rates in clean surgery: A potentially misleading
risk classification. Infect Control Hosp Epidemiol 1992;13:457-62.
Haller G, Myles PS, Wolfe R, Weeks AM, Stoelwinder .J, MeNeil .J.
Jalidity of unplanned admissions to an intensive care as a measure

30.

31.

33.

of patient safety in surgical patients. Anesthesiol 2005;103:1121-9.
Zimmerman JE, Kramer AA, McNair DS, Malila FM, Shaffer VL.
Intensive care unit length of stay: Benchmarking based on Acute
Physiology and Chronic Health Evaluation (APACHE) IV. Crit Care
Med 2006;34:2517-29.

Miller N, Benefield E, Hasting L, Carry P, Pan Z, Erickson MA.
Evaluation of high-risk patients undergoing spinal surgery: A matched
case series. JJ Pediatr Orthop 2010;30:496-502.

Pearse R, Dawson D, Faweett .J, Rhodes A, Grounds RM, Bennett ED.
Barly goal-directed therapy after major surgery reduces complications
and duration of hospital stay: A randomised, controlled trial. Crit Care
2005;9:R687-93.

Wilson oJ, Woods I, Faweett .J, Whall R, Dibb W, Morris C, et al. Reducing
the risk of major elective surgery: Randomised controlled trial of
preoperative optimization of oxygen delivery. BMJ 1999;318;1099-103.
Bennett ED. Advances in protocolising management of high risk
surgical patients. Crit Care 2006;10:124.

Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart G, Opdam
H, et al. Prospective controlled trial of effect of medical emergency
team on postoperative morbidity and mortality rates. Crit Care Med
2004;32:916-21.

Source of Support: Nil, Conflict of Interest: None declared.

Author Help: Reference checking facility

*  Example of a correct style

Sheahan P, O’leary G, Lee G, Fitzgibbon J. Cystic cervical metastases: Incidence and diagnosis using fine needle aspiration biopsy.

Otolaryngol Head Neck Surg 2002;127:294-8.

*  Only the references from journals indexed in PubMed will be checked.

*  Enter each reference in new line, without a serial number.
*  Add up to a maximum of 15 references at a time.

* [ the reference is correct for its bibliographic elements and punctuations, it will be shown as CORRECT and a link to the correct

article in PubMed will be given.

* [f any of the bibliographic elements are missing, incorrect or extra (such as issue number), it will be shown as INCORRECT and link to

possible articles in PubMed will be given.

The manuscript system (www.journalonweb.com) allows the authors to check and verify the accuracy and style of references. The tool checks

the references with PubMed as per a predefined style. Authors are encouraged to use this facility, before submitting articles to the journal.

¢ The style as well as bibliographic elements should be 100% accurate, to help get the references verified from the system. Even a
single spelling error or addition of issue number/month of publication will lead to an error when verifying the reference.

36



