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Master thesis, Programme in Medicine.

Postoperative Sepsis in an Upper Gastrointestinal Surgical Ward.

Liisa Eriksson, 2014. Department of Surgery, Sahlgrenska University hospital, Gothenburg,
Sweden and Haukeland University hospital, Bergen, Norway.

Background: Postoperative sepsis constitutes a considerable proportion of surgical healthcare
problems and upper gastrointestinal surgery includes high risk procedures. The challenge in
early diagnosis of postoperative sepsis is to separate the inflammatory response to surgery
from that of an infection, i.e. sepsis. Recent studies suggest risk factors and early markers of
postoperative sepsis. Assessment tools for vital signs are used but no established screening
tool aimed specifically to identify postoperative sepsis exists. Efforts made to diminish the
problems of sepsis focus mainly on severe sepsis and its treatment. When approaching early
identification of sepsis the guidelines directs mostly to patients in the ICU, not patients in

surgical wards.

Objective: To identify possible predicative risk factors for postoperative sepsis and clinical

and laboratory parameters useful for early-stage diagnosis of postoperative sepsis.

Methods: Data from 50 patients submitted to upper gastrointestinal surgery were
prospectively collected at the Haukeland University hospital, Bergen, Norway. The four
parameters of the systemic inflammatory response syndrome (SIRS) and CRP were followed
daily postoperatively. In order to find possible preoperative and postoperative risk factors for

postoperative sepsis logistic regression analysis was performed.

Results: The progress of the parameters respiratory frequency, heart rate, body temperature
and CRP over the first ten postoperative days turned out to be significant early markers of
postoperative sepsis. The incidence of postoperative sepsis in this upper gastrointestinal

surgical setting was 16% with a lethal outcome of 25% for the sepsis patients. The sepsis



patients were more likely to have a malignancy and they had a longer hospital stay than no-

sepsis patients.

Conclusions: This study suggests that it is the dynamics of the clinical parameters of SIRS
and CRP that are of significant importance when identifying postoperative sepsis. A screening
tool for postoperative sepsis should take into account repeated measurements (i.e. abnormal

values over time) when alerting for signs of sepsis, rather than one single data gathering.

Key words: Postoperative sepsis, upper gastrointestinal surgery, early diagnosis, SIRS,

clinical parameters.



Introduction

Background

The sepsis syndrome, first defined in 1989 by Balk and Bone [1] was to be followed by the
definitions of systemic inflammatory response syndrome (SIRS), sepsis and multiple organ
dysfunction syndrome (MODS) in the Consensus Conference in 1991 [2]. In 2001 those
definitions were revised and the list of signs and symptoms of infection leading to SIRS, i.e.
sepsis, were expanded [3]. For the current definition and pathophysiology of sepsis, see

appendix 1 and 2.

Studies from the United States suggest that sepsis is the most prevalent cause of death outside
cardiac Intensive Care Units (ICUs), representing 3% of all hospital admissions [4]. The
incidence in Norway is not of the same magnitude (1% of all hospital admissions), but
remains a serious problem with a mortality rate of 13.5% for sepsis and as high as 27% for
severe sepsis [5]. Not only is it essential to minimize the frequency of sepsis but also to make
an effort to achieve lower mortality rates once sepsis has occurred. Goal-directed therapy

significantly reduces overall mortality and the rapid initiation of this is essential [6-8].

Postoperative Sepsis

Sepsis after surgery (or postoperative sepsis) is not uncommon and, when it occurs, it is a
serious problem [9]. It is associated with increased mortality, morbidity and prolonged
hospitalization as well as increased costs for society [10]. Studies of data from Norway
indicate that secondary sepsis (including postoperative sepsis) accounts for more than 47% of

all cases of sepsis in a year [5]. This makes it an important problem in surgical healthcare.

When addressing secondary sepsis (in this context postoperative sepsis) it is not easy to

separate the systemic response to surgery from that of an infection. The stress response to



surgery involves a generalized cytokine production triggered by tissue injury as well as
hormonal changes overall leading to a catabolism of stored energy. Anesthesia, hemorrhage,
transfusion and ischemia-reperfusion further contribute to the postoperative inflammatory
response. Following surgery, the immune system is suppressed and predisposes development
of sepsis. The magnitude and continuance of the systemic response correlate to the magnitude

of surgical injury and risk for sepsis [11].

Cardinal symptoms of a systemic response to surgery include increase in body temperature,
white blood cell (WBC) count and C-reactive protein (CRP) in the first 48-72 hours
postoperatively, typically followed by a decline. If fever, elevated WBC and CRP levels
persist beyond this time frame, the SIRS-reaction can no longer be suspected to be caused by
the surgical trauma, but must be assumed to be caused by postoperative infection — i.e. sepsis

[12]

Upper Gastrointestinal Surgery and its Complications

Upper gastrointestinal surgery comprises procedures such as esophagectomy, gastrectomy,
Whipple’s procedure (pancreaticoduodenectomy) and other resections of tumors in the upper
gastrointestinal organs (in esophagus, stomach, duodenum, pancreas and liver).
Esophagectomy is associated with high mortality (from 8.9% in 30-day mortality up to 11.5%
in total mortality) with sepsis identified as the most common cause of death in cancer patients
[13, 14]. High mortality and morbidity are also sometimes found after gastrectomy for cancer
(30-day mortality up to 7.6%, overall surgical morbidity of 33.3% and sepsis accounts for
5.9% of this morbidity) [15]. The postoperative mortality associated with a Whipple’s
procedure has declined due to advances in surgical technique and perioperative care (less than
5%) but complication rates remain high (19-60%) [16]. Hence, upper gastrointestinal surgery

includes high risk procedures and is relevant to study with respect to postoperative sepsis.



30-day mortality after major surgery is significantly higher for patients with complications
such as pneumonia, urinary tract infections, deep wound infections and systemic sepsis than
for patients without complications (18.0% versus 2.5%, 6.1% versus 3.0%, 7.2% versus 3.0%
and 34.0% versus 2.6% respectively, and even greater differences exists for long term
mortality) [17]. Major gastrointestinal surgery is associated with a significant rate of
complications of which infections account for a considerable proportion. A comparison
between upper and lower gastrointestinal tract surgery showed a significantly higher in-
hospital mortality and 30-day mortality for patients having upper gastrointestinal tract surgery
[18]. The Perioperative Myocardial Infarction or Cardiac Arrest (MICA) Risk Calculator
calculates a higher risk for “foregut’ and ‘hepatic/pancreatic/biliary’ procedures than for other
procedures in the gastrointestinal tract — consequently, emphasizing the importance of
searching for methods to achieve lower rates of morbidity and mortality in this very group

(upper gastrointestinal surgery) [19, 20].

Risk Factors and Preoperative Risk Assessment

Several studies propose different risk factors for development of sepsis after surgery. Among
them are preoperative variables such as male gender, need for emergency surgery, age older
than 60 years, nursing home residents and presence of comorbid conditions where patients
with a history of cancer have increased risk for developing sepsis and dying from sepsis [10,
21, 22, 23]. The early identification of sepsis in patients with a malignancy can be challenged
by immunosuppressive treatments (i.e. chemotherapy) disguising the immune response and

the cancer itself can also depress adequate leucocyte function.

Current preoperative risk assessment protocols cover several risk factors such as consideration
with respect to type of surgery, functional status, creatinine levels, age, comorbidity and

American Society of Anaesthesiologists (ASA) class [19].



Diagnosing Sepsis and Postoperative Sepsis

Medical Emergency Team (MET) [24], Modified Early Warning Score (MEWS) [25], Rapid
Emergency Triage and Treatment System (RETTS) [26] and BAS 90-30-90 (Swedish for
systolic blood pressure (<90 mmHg), respiratory frequency (>30 bpm) and pulse oximetry
saturation (<90%) respectively) [12] are all examples of systems used for assessment of vital
signs. Evaluations of the usability for prediction of sepsis are typically not done except for
BAS 90-30-90 where a low predictive value was found [27]. An example of scoring system
specifically designed to identify sepsis is the Mortality in Emergency Department Sepsis

Score (MEDS) [23].

Moore et al [28] have developed a sepsis screening tool to be completed by the bedside nurse
in an attempt to achieve early identification of sepsis. A subsequent validation of this
screening tool indicates high sensitivity, high specificity and high negative predictive value in

the in-patient surgical ward [28].

The Intra-Abdominal Infections Guidelines outlines recommendations for early identification
of intra-abdominal infection [29]. They suggest a careful patient history and physical
examination including symptoms of gastrointestinal dysfunction associated with signs of
infection comprising pain, tenderness, fever, tachycardia and tachypnea. They implicate that

clinical impression are comparable to scoring systems in diagnostic value.

Early Markers in the Postoperative Course

Previous studies have presented different postoperative “early markers” for prompt
identification of sepsis [22, 23, 30-32]: procalcitonin (PCT), interleukin-6 (IL-6), CRP and the
parameters in the SIRS are found significant among others. However, there are findings

rejecting some of these early markers describing a low predictive ability for the SIRS



parameters as well as CRP [30, 33]. PCT, CRP and SIRS-parameters should all be interpreted

dynamically over time and with coexistent postoperative rise in mind [12].

MEDS, among other sepsis score systems, have contributed to the conclusion that respiratory
abnormalities (high respiratory frequency >20 bpm or oxygen saturation <90%) are of
prognostic significance and therefore particularly important to follow [12, 23]. Other warning
signs of sepsis have been formulated. These include PaCO, < 8 kPa, heart rate > 90 bpm,
systolic blood pressure < 90 mmHg, altered mental status, body temperature <36° C and urine
production <0.5 ml/kg/h and may also be used in the evaluation of sepsis development [12,

23, 34, 35].

Objective of study

“The Surviving Sepsis Campaign’ is an international guideline-based improvement program
targeting severe sepsis developed in 2002 (a second revision in 2012) by the Society of
Critical Care Medicine (SCCM) [36, 37]. An evaluation in 2010 [38] showed reduced hospital
mortality rates for participating institutions. These results may encourage future similar
improvement efforts. However, conclusions are not clear-cut whether the improved results
depended on increased awareness of sepsis or other unrelated factors rather than the
guidelines themselves. A review of the campaign [39] subsequently criticized the guidelines

with the argument that they are opinion-based rather than evidence-based.

In addition, this campaign only address severe sepsis and septic shock and the guidelines
include mainly the treatment of this. Early identification, as described in the guidelines,
relates only to screening of severe sepsis and septic shock and includes clinical variables
controlled mainly in the ICU, after initial hypoperfusion or hypotension is recognized. No

guidelines are described for the early identification of sepsis (i.e. not severe sepsis or septic
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shock) in the hospitalized patient (including the postoperative patient in a surgical ward), in

an attempt to avoid development of the more severe outcomes.

Hence, there is still room for improvement even though the International Sepsis Definitions
Conference in 2001 attempted to clarify the sepsis definitions as well as the advancement of
the international guidelines in the Surviving Sepsis Campaign. To conclude, it is of great
importance for patient outcome not only to achieve appropriate treatment but also to increase

awareness and early identification of sepsis [9, 12, 39].

Sepsis, and postoperative sepsis in particular, is a major problem requiring prioritization and
improvement efforts regarding early diagnosis to secure appropriate treatment before severe
sepsis and septic shock develops [28]. By following the process of SIRS in the days after an
upper gastrointestinal surgical operation and by trying to identify signs of developing

infection in the postoperative course early diagnosis could be achieved.

Aim
The aim of this study is to identify possible predicative risk factors for postoperative sepsis

and clinical and laboratory parameters useful for early-stage diagnosis of postoperative sepsis.

Significance of the Study

The study attempts to emphasize postoperative sepsis as an important cause of patient
suffering and societal cost, focusing on upper gastrointestinal surgery as a putative high-risk
procedure. By investigating potential preoperative and postoperative parameters of prognostic
relevance in the development of postoperative sepsis we aim at improving early diagnosis and
clinical decision-making of postoperative sepsis. This would have the potential to decrease

morbidity and mortality among these patients.
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Methods

This prospective study was conducted during 6 months in 2012 at Haukeland University
Hospital, Bergen, Norway. There was an approval from the Ethics Committee of the hospital.

Informed patient consent was obtained prior to inclusion.

Study population

No less than 52 consecutive patients were eligible for the study. Criterion for inclusion were
patients submitted to the ward for upper gastrointestinal surgery at Haukeland University
Hospital undergoing surgery during the hospitalization; both elective and emergency surgery.
Patients not undergoing surgery, with less than two days of hospitalization or age less than 18
years were excluded. One patient was hospitalized less than two days and thus not included.
Two patients did not give their informed consent to participate in the study. Consequently a

total of 50 patients were included in the study.

Data collection

A structured register form (appendix 3) was created and used while collecting data. Upon
registration of a new patient in the ward, information about the patient was collected from
medical records. The information collected covered parameters such as age, gender,
underlying diagnosis, comorbidity score, surgical operation, if the surgery was elective or not,
length of stay and outcome of hospitalization. The patients who developed sepsis during the

postoperative period were allocated to the sepsis group, and the others to the no-sepsis group.

Day 0 was the day of surgery and day -1 was the first day of hospitalization. Data were then
collected the days after surgery, as from day 1, electronically and bedside, until the patient

was discharged from hospital or moved to another department or until death occurred.
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Sepsis Definitions and Comorbidity

To diagnose sepsis the criteria for SIRS (appendix 1) was used. However in clinical practice
at Haukeland University hospital, SIRS was traditionally defined as the presence of 3 of 4
criteria instead of 2 of 4 (table 1) [40]. Respiratory frequency, heart rate, body temperature
and WBC count were followed and collected for each patient once daily during

hospitalization.

Table 1. Criteria for SIRS used in the study [40]

SIRS is present when a patient have three or more of the following clinical findings:
= Respiratory frequency above 20 per minute
= Heart rate above 90 per minute
= Body temperature below 36°C or above 38°C
= White blood cell count below 4 x 10° cells per liter or above 12 x 10° cells per liter

If a patient met the criteria for SIRS it was investigated if signs of infection (appendix 1, point
6) were apparent and, if present, consequently met the sepsis criteria. This was determined
from the medical record and from different analyses made. To follow infection status the CRP
level was registered. If a patient showed signs of severe sepsis (according to notes, clinical
parameters and laboratory analyses in the medical record), organ failure was searched for

(appendix 1). It was also noted if the patient was moved to an Intensive Care Unit or not.

The clinical findings tabulated in “Diagnostic criteria for sepsis” (appendix 1, point 6) are not
specific for sepsis. Each of them can occur in a number of other conditions, thus the possible

findings serve only as guidelines facilitating bedside diagnosis of sepsis [3].

To fulfill criteria of severe sepsis a patient need to have both sepsis and evidence of either

organ dysfunction, hypotension or hypoperfusion (appendix 1).

There were some missing data. For some patients, a complete data set could not be collected

every day. The WBC count and the CRP levels were not registered every day and a number of
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days the ward nurses did not check for all vital sign parameters and/or failed to register them
in the medical record. In these cases the parameters sometimes could be collected by bedside

examination by the investigators, if and when the patient was available in the ward.

To determine comorbidity score (graded 0-3), the Comorbidity Calculator from Washington
University School of Medicine in St. Louis [41] was used, quantifying specific comorbidity
(by grade) for different organ systems; cardiovascular, respiratory, gastrointestinal, renal,
endocrine, neurological, psychiatric, rheumatologic and immunological with sub-groups of
diseases including malignancy, substance abuse and body weight. The calculator generates a

score for comorbidity where 0 = none, 1 = mild, 2 = moderate and 3 = severe.

Statistical methods

For demographic and clinical characteristics of the patients continuous (or numerical) data
was presented as means and standard deviations and categorical (or discrete) data as numbers
and percentages. Non-normally distributed variables were presented as median and
interquartile range (IQR). The Statistical Package for Social Sciences (SPSS) software
(version 22.0 SPSS Inc., Chicago, IL, USA) and Microsoft Excel (Microsoft Corporation,
Redmond, Wash, USA) were used for data management and statistical analysis. P-value less

than 0.05 were considered significant in all statistical tests.

Normally distributed numerical variables were compared by means using the student’s t-test
(unpaired) to calculate p-values. Non-normally distributed variables were tested using Mann-
Whitney U test. For categorical variables either the Pearson’s chi-square test or the Fisher’s

exact test was used.

Presence of sepsis was used as the outcome measure of the analyses. Logistic regression

analysis was performed for continuous and categorical variables to see if there was any

14



statistically significant relation between each variable and if the patient got sepsis or not. The
variables in the logistic analysis who showed to be significant, i.e. p-value <0.05, were
subjected to a multivariate logistic regression analysis to clarify if they had an independent

relation to sepsis development or not.

Since the study population and number of events (sepsis patients) was relatively small,
multivariate analysis was also performed with fewer covariates at a time in order to strengthen

the pertinence of the study.
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Results

Demographic and Clinical Characteristics

A total of 50 patients were included in the study after excluding one who did not meet the
inclusion criteria, and two eligible patients were excluded because of denial of consent. Eight
patients (16%) developed sepsis and were allocated to the sepsis group. Two patients met
three of four SIRS criteria but had no evidence of an infection; they were therefor allocated to
the no-sepsis group, yielding in total 42 (84%) patients in the no-sepsis group. Demographic
information about the patients is presented in table 2. Median age was 62.5 years of age

(range 25-89). Gender distribution was with female predominance (56%).

Table 2. Demographic characteristics of the patients

Total study Sepsis group No-sepsis group
cohort
n =50 n=8 n=42
Age (years) (mean £ SD) 61.1+16.2 64.1+12.3 60.6+16.9
Female (n (%)) 28 (56.0) 3 (37.5) 25 (59.5)
Comorbidity score (n (%))
0 13 (26.0) 3(37.5) 10 (23.8)
1 7 (14.0) 1(12.5) 6 (14.3)
2 14 (28.0) 2 (25.0) 12 (28.6)
3 16 (32.0) 2 (25.0) 14 (33.3)
Mean comorbidity score (SD) 1.66 (1.2) 1.38 (1.3) 1.71 (1.2)
Emergency surgery (n(%)) 6 (12.0) 1(12.5) 5(11.9)
Underlying diagnosis (n(%))
Stomach cancer 6 (12.0) 2 (25.0) 4(9.5)
Hepatic cancer 1(2.0) 0 (0.0) 1(2.4)
Esophageal cancer 5 (10.0) 2 (25.0) 3(7.1)
Duodenal cancer 2 (4.0) 2 (25.0) 0 (0.0)
Pancreatic cancer 9 (18.0) 2 (25.0) 7 (16.7)
Metastasis from other cancer 8 (16.0) 0 (0.0) 8 (19.0)
Other? 19 (38.0) 0 (0.0) 19 (45.2)
Underlying diagnosis with respect to cancer (n(%))
Cancer 33 (66.0) 8 (100.0) * (p=0.039) | 25 (59.5)
No cancer 17 (34.0) 0 (0.0) 17 (40.5)
Surgical operation (n(%))
Resection of stomach/gastrectomy 5(10.0) 2 (25.0) 3(7.1)
Resection of liver 10 (20.0) 0 (0.0) 10 (23.8)
Esophagectomy + stomia 3(6.0) 1(12.5) 2 (4.8)
Whipple’s procedure (pancreaticoduodenectomy) 5(10.0) 4 (50.0) 1(2.4)
Resection of pancreas 5 (10.0) 0 (0.0) 5(11.9)
Resection of tumor (not otherwise specified) 5 (10.0) 0 (0.0) 5(11.9)
Other? 17 (34.0) 1(12.5) 16 (38.1)

! Comorbidity score calculated with the Comorbidity Calculator from Washington University School of Medicine in St.
Louis [41] presented as both categorical data and numerical means. 2 See appendix 4 (table 1) for list of ‘other’ underlying
diagnoses and operations. * p<0.05 sepsis group compared with no-sepsis group.
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Patients in the sepsis group fulfilled three of four SIRS criteria after a median of 3 days (IQR
2.25-5.25). Hence, clinical parameters presented and analyzed for the no-sepsis group of
patients also refer to day 3 after surgery. For the sepsis group, the clinical parameters
presented and analyzed are from the day when three of four SIRS criteria were met for each
individual patient. If no data was registered for the day in question, the day with registered

data closest before was used.

The mean age was 64.1+12.3 in the sepsis group and 60.6+16.9 in the no-sepsis group. This
was not a significant difference (p=0.575). There were no difference in the incidence of
postoperative sepsis with respect to gender (p=0.277, Fisher’s exact test). Comorbidity score
tended to be lower in the sepsis group (mean 1.38+1.3) than in the no-sepsis group (mean
1.71+1.2), but not significantly so (p=0.465 when comparing means with student’s t-test and

p=0.904 with Fisher’s exact test for categorical variables).

Pearson’s Chi-square test gave significant differences for the diagnosis (p=0.004) and the
operations (p<0.001) between the two groups. This indicates a relation between both
diagnosis and operation and development of sepsis. Because of the small study population,
with few patients in each subgroup, logistic regression analysis could not be completed with
useable results. Consequently, no specific groups could be outpointed as significant predictors
of sepsis development. When instead comparing underlying diagnosis with respect to cancer

or not there was a significant difference between the two groups (p=0.039).

Clinical characteristics of the patients are presented in table 3. The mean number of days in
hospital in total was 15.6+12.9 (range 3-76) (table 3). Patients in the sepsis group were
hospitalized in average 30.1+22.2 days while patients in the no-sepsis group stayed for
12.6+7.8 days in average. The difference in days of hospitalization was just short of

significance (p=0.054).
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The clinical parameters of SIRS were all significantly higher in the sepsis group except for
body temperature when comparing means with t-test (table 3). The CRP levels was higher in
the sepsis group compared with the Mann-Whitney U test; median 200.0 mg/L (IQR 150.0-
224.5) in the sepsis group versus median 76.0 mg/L (IQR 48.0-150.0) in the no-sepsis group
(p=0.030). For sepsis group patients these values are from the day when 3 of 4 SIRS criteria

were fulfilled, for no-sepsis group patients the values are from day 3 after surgery.

Table 3. Clinical characteristics of the patients

Total study Sepsis group No-sepsis
cohort group

Length of stay (days) (mean + SD) 15.6+12.9 30.1+22.2 (p=0.054) 12.6+7.8
Outcome (n (%))

Alive 48 (96.0) 6 (75.0) 42 (100.0)

Dead 2 (4.0) 2 (25.0)* (p=0.023) 0 (0.0)
Clinical parameters!

Respiratory frequency (bpm) (mean + SD) 18.446.1 24.0+10.7* (p=0.015) 17.6+4.8

Heart rate (bpm) (mean + SD) 84.2+16.0 100.4+20.0** (p=0.003) 81.5+13.5

Body temperature (centigrade®) (mean + SD) 37.2+0.8 38.1+1.4 (p=0.056) 37.0+0.5

White blood cell count (x10° cells/L) (mean + SD) 11.1+4.8 17.145.0** (p<0.001) 9.943.9

C-reactive protein (mg/L) (median(IQR)) 87.0(54.0-193.0) 200.0(150.0-224.5)* (p=0.030) 76.0(48.0-150.0)

! For sepsis group patients values from the day when 3 of 4 SIRS criteria were fulfilled, for no-sepsis group patients values from day 3
after surgery. *p<0.05 sepsis group compared with no-sepsis group. **p<0.01 sepsis group compared with no-sepsis group.

Logistic Regression Analysis

In the univariate logistic regression analysis all clinical parameters; respiratory frequency,
heart rate, body temperature, WBC count and CRP, were significantly higher in the sepsis
group (table 4). Also the length of stay was longer for the sepsis group patients (p=0.017).
The odds ratio is more than 1 for all variables in the univariate analysis indicating that the
higher values in these variables, the higher are the odds to develop sepsis. Multivariate
logistic regression analysis for all these groups together showed no variables independent

related to sepsis.
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Table 4. Univariate and multivariate regression analysis of parameters related to sepsis

development.

Univariate analysis

Multivariate analysis

Odds ratio P-value Odds ratio P-value
Length of stay 1.107 0.017* 1.106 0.286
Respiratory frequency 1.140 0.047* 1.143 0.252
Heart rate 1.102 0.010* 1.254 0.162
Body temperature 5.555 0.006** 1.269 0.814
White blood cell count 1.343 0.002** 1.105 0.482
C-reactive protein 1.009 0.042* 0.996 0.674

*p<0.05 sepsis group compared with no-sepsis group. **p<0.01 sepsis group compared with no-sepsis group.

Different models with fewer variables in each multivariate analysis are displayed in table 5.

The four parameters for the SIRS were not independently related to sepsis when analyzed

together. Length of stay and body temperature were independently related to sepsis according

to model 4. See table 5 for the other models tested.

Table 5. Different models for multivariate logistic regression analysis of parameters related to

sepsis development.

Model 1 P-value
Respiratory frequency 0.359
Heart rate 0.075
Body temperature 0.301
White blood cell count 0.541
Model 2

White blood cell count 0.033*
Body temperature 0.037*
C-reactive protein 0.225
Model 3

Length of stay 0.038*
Heart rate 0.029*
White blood cell count 0.191
Model 4

Length of stay 0.021*
Body temperature 0.018*

*p<0.05 sepsis group compared with no-sepsis group.
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Progression of the Clinical Parameters

Mean body temperature over the first ten days after surgery was significantly higher in the

sepsis group (p<0.001). This was also true for respiratory frequency, heart rate and CRP

(figure 1). White blood cell count was not representative because of too few registered values.

Results of univariate and multivariate logistic regression analysis of respiratory frequency,

heart rate, body temperature and CRP for the first ten days after surgery are shown in table 6.

Body temperature and CRP levels with dynamics over ten days after surgery showed to be

independently related to the development of sepsis (p<0.001).

Table 6. Univariate and multivariate logistic regression analysis for clinical parameters
related to sepsis development the first ten days after surgery, except for white blood cell

count’?.

Univariate analysis

Multivariate analysis

Odds ratio P-value Odds ratio P-value
Respiratory frequency | 1.095 0.005** 0.934 0.244
Heart rate 1.044 <0.001** 1.001 0.952
Body temperature 2.806 <0.001** 3.696 <0.001**
C-reactive protein 1.012 <0.001** 1.012 <0.001**

! White blood cell count not representative because of too few registered values. *p-value<0.05, **p-
value<0.01 sepsis group compared with control group.
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Mean Respiratory frequency (bpm)

Mean Body temperature (Celsius)

Figure 1. Clinical parameters for the sepsis group and the no-sepsis group the first ten days
after surgery. (graph for WBC count not shown because of too few registered values).
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Outcome of Hospitalization

In the sepsis group five patients (62.5%) developed severe sepsis, five had organ failure of
different and sometimes multiple origins. Two (25.0%) patients were transferred to an
Intensive Care Unit (table 7). The same two patients died in the ICU, one from septic shock
and one from other causes. These patients were both male and had a comorbidity score of 2
and 3 respectively. The first one was 54 years old and had esophageal cancer operated with

esophagectomy and was hospitalized for 5 days. The second patient was 71 years old, had a

pancreatic cancer operated with a Whipple’s procedure and stayed in hospital for 76 days. No

postoperative deaths occurred in the no-sepsis group, making the outcome of death

significantly more common among sepsis compared to no-sepsis patients (p=0.023).

The source of infection for the sepsis group were the abdomen (n=6, 75.0%), urinary tracts

(n=2, 25.0%) and lungs (n=3, 37.5%). Some patients had multiple sources of infection.

Table 7. Sepsis group characteristics.

Day when 3 of 4 SIRS criteria occur (median(IQR)) 3(2.25-5.25)
Source of infection (n (%))
Abdomen 6 (75.0)
Urinary tract 2 (25.0)
Lungs 3(37.5)
Severe sepsis (n (%)) 5 (62.5)
Organ failure (n (%))
Renal 2 (25.0)
Respiratory 2 (25.0)
Hepatological 2 (25.0)
Circulatory 1(12.5)
Transfer to Intensive Care Unit (n (%)) 2 (25.0)
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Discussion

The main finding of this study was that the progress of the clinical parameters respiratory
frequency, heart rate, body temperature and CRP over the first ten days after surgery is
significantly related to sepsis development, both in univariate and multivariate analysis. This
supports the assumption that it is the dynamics of the parameters that helps in early diagnosis

of postoperative sepsis rather than the absolute values from one single observation [12].

This study shows that postoperative sepsis after upper gastrointestinal surgery is not
uncommon with an incidence of 16%. The lethal outcome in patients with sepsis was 25%.
Flaatten [5] approaches sepsis as an important resource-intensive and improvement-
demanding problem in Norwegian hospitals where secondary sepsis (including postoperative
sepsis) accounts for more than 47% of all cases of sepsis in a year, with a mortality rate of
13.5% for sepsis and as high as 27% for severe sepsis. The study of Flaatten is retrospective
and has some uncertainty due to limitations in the ICD-10 coding system. However, the
results in our thesis may strengthen assumptions found by Flaatten finding a significant
incidence and a high mortality rate of sepsis in postoperative patients in the upper

gastrointestinal surgical ward.

In the prediction of postoperative sepsis our study could not contribute with many significant
demographic characteristic variables; age was not correlated to postoperative sepsis, nor was
sex or comorbidity score. In fact, comorbidity score tended to be lower in the sepsis group
than in the no-sepsis group rather than higher (NS). A possible explanation may be that the
surgical operations in this study are strenuous for the patient as well as considered high risk
procedures — this requires a rigorous patient selection, hence patients with low comorbidity.
Furthermore, underlying diagnosis and surgical operation had a relation to development of

sepsis but no specific groups could be identified in our primary stratification. When
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discriminating towards cancer or not in the underlying diagnosis our study though gave us one
preoperative risk factor related to sepsis in agreement with earlier findings [21]. This study of
Pajman et al. [21] also finds an association between sources of infection and type of
malignancy — a result confirmed in our thesis, where 75% of the sepsis patients had

abdominal infections, corresponding to their underlying cancer diagnosis. The abdomen as a
main source of infection also accords to assumptions made by Moore et al. [28] finding two-

thirds of all cases of sepsis in surgical patients arising from intra-abdominal infections.

In the postoperative course, the five clinical parameters analyzed in this study (respiratory
frequency, heart rate, body temperature, WBC count and CRP) showed to be significantly
elevated in the sepsis group, indicating that they could help in the early diagnosis of post-
operative sepsis. For sepsis group patients these values are from the day when 3 of 4 SIRS
criteria were fulfilled, for no-sepsis group patients the values are from day 3 after surgery.
This supports the results from Mokart et al. [22] and Sierra et al. [31] finding the SIRS
parameters and the CRP useful in sepsis prediction. Not unexpectedly we found a statistically

increased length of hospital stay in patients that developed postoperative sepsis.

Criticism has been directed towards the sepsis criteria and some authors favor that they should
be revised and changed [33, 42]. Criticisms include:
= Firstly; no major abnormalities in the variables for SIRS are needed to meet the
criteria. The sepsis definition is overly sensitive and the SIRS criteria have low
specificity [3]; they are supposed to have a low predictive ability for sepsis [33].
= Secondly; the list of signs and symptoms of infection (appendix 1, point 6) is long and

unspecific and open for different interpretations [9].
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= Thirdly; the definition of sepsis is not used in clinical practice, but serves mostly as a
tool in clinical trials and scientific research for categorization of patients with
infections [12].

= Fourthly; neither ward nurses nor physicians are sufficiently capable to recognize
sepsis according to recent studies. This is not only due to lack of knowledge but also

because of a shortage of monitoring sepsis [43-46].

The Society of Critical Care Medicine (SCCM) summarizes the efforts made to reach early
identification of sepsis by screening tools [47]. All screening tools are quite similar, the one
developed by Moore et al. [28] are directed towards the surgical ward and consist of a three
step screening with escalating levels of expertise. The SCCM concludes that this screening
tool is (as well as other tools mainly used in the ICU’s) completed by paper and pencil.
Although it is appealing with simple tools available all over the world (regardless disposal of
technical equipment), efforts should be directed towards reaching a computerized version for

real-time alert to minimize the doctor’s delay to early diagnosis and treatment.

The evaluation of sepsis screening tools by the SCCM continues with a description of how the
sepsis identification is outlined today [47]. The person responsible for initial screening is
usually the bedside nurse, who communicates the positive signs for SIRS and infection to the
physicians, who make medical decisions. In the screening of postoperative sepsis a
multidisciplinary teamwork is essential for improving patient outcomes. Again, the evaluation
by the SCCM focus mainly on ICU sepsis screening — the aim of our study was to identify
postoperative patients earlier, already in the surgical ward, before development of severe

sepsis and septic shock.

According to Gardner-Thorpe et al. [25] the Modified Early Warning Score (MEWS) is an

appropriate risk-management tool for identification of surgical in-patients who are in danger
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of deterioration in their physiological condition. They suggest that MEWS have a better
ability to predict need of admission to an intensive care unit than the presence of SIRS.
However, the MEWS are not predictive for sepsis in particular, only the need for critical care.
Furthermore, this study uses the original SIRS criteria that have been criticized for example
because of a low predictive value for sepsis (among other reasons as mentioned earlier). If the
parameters of SIRS are followed over time with respect to their development as it is done in
our study (and not retrospectively as by Gardner-Thorpe et al. [25]), it is possible that the

predictive ability may be improved.

When summarizing the criticisms of the sepsis criteria and the efforts made to reach early
identification of sepsis, it is not clear whether current SIRS and sepsis criteria are practically
applicable as they were formulated in the Consensus Conference in 1991 and 2001 [2, 3].
Neither are there established conventional methods for early identification of sepsis in the in-
ward and postoperative patients. The Surviving Sepsis Campaign developed guidelines
mainly for treatment, not early identification [36, 37]. Besides, some of the recommendations
have low evidence-support [37, 39]. Clinical impression and expert opinion are not enough to
secure early identification of sepsis as suggested in the Intra-Abdominal Infection Guidelines
[29, 46]. The MEWS are used and useful but do not focus on sepsis in particular [25]. What
we do understand is that sepsis, and postoperative sepsis in particular, is a major problem

requiring improvements regarding early diagnosis to secure appropriate treatment.

In conclusion, SIRS-parameters and CRP can identify postoperative sepsis despite earlier
studies rejecting these early markers. However, the definition of SIRS used in this study; with
three of four criteria instead of two of four — implicates that even more patients would have
been diagnosed with sepsis if the original SIRS-criteria had been used. It is possible that

application of three criteria instead of two would increase specificity for the SIRS-diagnosis.
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Limitations

The relatively small number of patients included in our study is a major limitation.

Potentially, we could have found more predictive preoperative factors and more significance
in the multivariate logistic regression analyses if the number of patients had been higher.
There were some missing data making it necessary to use data collected from days previous of
that originally intended. Data of WBC count were also lacking for a number of days resulting
in insufficient results when analyzing development of the parameter over the first ten days
post-surgery. However, despite a small number of patients and some missing data, the results

that we did find may be pertinent as guidance for predicting sepsis in postoperative patients.

This study does not take into account any information about the conventional preoperative
risk assessment tools or ASA-score. Other risk factors could have been interesting to
investigate; for example smoking, body mass index, current medication and perioperative
variables and complications. However, substance abuse and body weight was included in the
comorbidity score calculation. Furthermore, the study does not assess what treatment the
patients got, e.g. fluid resuscitation, antibiotics and appropriate reoperative surgery.

Obviously, early identification alone does not improve patient outcome.

Another question to consider is if the groups of underlying diagnosis and surgical operation
were correctly selected. The groups of ‘other’ diagnoses and operations (appendix 4) are big
and may include the less severe diagnosis as well as the low-risk procedures. For clarification
these lists are displayed (appendix 4) and when stratifying the groups differently we found
cancer as underlying diagnose significantly related to sepsis. The deficient outcomes of the
analyses of the original selection of groups are probably a cause of the small number of

patients rather than the group selection.

27



Conclusion

To conclude, the major results of this study are that it is the development of the clinical
parameters for SIRS and CRP that are of significant importance in identifying postoperative
sepsis. This suggests that a screening tool to identify postoperative sepsis should be used
repeatedly in the postoperative period and alert for abnormal values over time, rather than for

one single data gathering.

The results highlight the need for further research and development of screening tools with

the purpose of early diagnosis of postoperative sepsis.
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Popularvetenskaplig Sammanfattning

Sepsis ar ett sjukdomstillstand som uppstar efter invasion av bakterier, virus eller svampar
och den reaktion som kroppens immunforsvar satter igang for att bekampa de fraimmande
organismerna. Reaktionen kallas systemisk inflammatoriskt respons syndrom (SIRS) och har
fyra bestandsdelar vilka ar forandringar av andningsfrekvens, hjartfrekvens, kroppstemperatur
och andelen vita blodkroppar i blodet. CRP &r ett protein som produceras av levern nér man
far en inflammation och kan matas i blodet som ett matt pa immunforsvarets reaktion.
Immunceller och inflammationsmolekyler orsakar forst olika fysiologiska effekter lokalt dar
bakterieangreppet skett och om immunreaktionen blir tillrackligt stark sprids den sedan och
paverkar hela kroppen — sepsis har uppstatt. Vid de allvarligaste fallen av sepsis kan hjartats
formaga att fa ut tillrackligt med syresatt blod till alla celler i kroppen bli forsamrad. Kroppen
blir stressad och forsoker pressa hjartat att arbeta mer, men det kan bli en ond cirkel som till

slut kan fa kroppens organ att svikta och patienten kan avlida.

Efter en operation (postoperativt) har man ofta en naturlig immunreaktion som séatts igang pga
den “skada” sjélva operationen utsatt kroppen for. Som komplikation efter en operation
hander det att man far infektion, dvs. invasion av t.ex bakterier. Det kan vara svart att skilja
den naturliga immunreaktionen till foljd av kirurgi, som vanligtvis gar 6ver efter nagra dagar,
fran den som beror pa en infektion (dvs. sepsis). Att drabbas av sepsis efter en operation ar ett
allvarligt problem och det har visat sig att det forekommer relativt ofta efter vissa operationer.

Ett exempel pa hogriskoperationer ar operationer i den 6vre delen av magtarmkanalen.

I den hér studien har vi kommit fram till att det &r viktigt att folja utvecklingen av de olika
kriterierna for SIRS och CRP under de 10 forsta dagarna efter en operation, istéllet for att se
pa varje enskild dag separat. Detta gjorde vi genom att folja 50 patienter som genomgatt en

operation i 6vre delen av magtarmkanalen pa Haukelands universitetssjukhus i Bergen,
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Norge. Vi registrerade deras varden for andningsfrekvens, hjéartfrekvens, kroppstemperatur,
vita blodkroppar och CRP dagarna efter operationen. Cancer som bakomliggande sjukdom
visade sig vara en riskfaktor for sepsis. Studien visade att hela 16% av patienterna fick sepsis,
dessa patienter stannade langre pa sjukhus &n patienter utan sepsis och 25% av dem dog av sin

sepsis.

Studien tyder pa att det vore mojligt att utveckla ett poangsystem som varnar nar patientens
varden inte normaliseras som forvéntat efter en operation. Postoperativ sepsis &r ett betydande
problem som é&r viktigt att uppmarksamma och upptécka tidigt for att kunna behandla pa ratt

Satt.
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Appendix 1

SIRS and Sepsis Definitions

1. Systemic inflammatory response syndrome (SIRS) — the original criteria [2]

Present when a patient have two or more of the following clinical findings:
= Respiratory rate above 20 per minute or PaCO, below 4.3 kPa.
= Heart rate above 90 per minute
= Body temperature below 36°C or above 38°C
= White blood cell count below 4 x 10° cells per liter or above 12 x 10° cells per liter or
more than 10% immature (band) forms.

2. Sepsis, severe sepsis, septic shock [2, 12]

= Sepsis = SIRS associated with probable infection.

= Severe sepsis = sepsis or verified infection + either hypotension, hypoperfusion or
organ dysfunction.

= Septic shock = severe sepsis with hypotension persisting despite adequate fluid
resuscitation (500-1000 ml crystalloid fluid given on 30 min) in the absence of other
cause + either hypoperfusion or organ dysfunction.

3. Hypotension [3]

= Systolic blood pressure below 90 mmHg or
= Mean arterial pressure below 60 mmHg or
= Areduction in systolic blood pressure of more than 40 mmHg from baseline.

4. Hypoperfusion [2, 12] may include but are not limited to

= Plasma lactate more than 1 mmol/l above the normal value or
= BE <-5 mmol/l or

= Acute alteration in mental status or

= Oliguria <0.5 ml/kg/h

5. Organ dysfunction [12]

a) renal; oliguria <0.5 ml/kg/h in at least 2 hours despite adequate fluid resuscitation,

b) respiratory; PaO,/FiO, <33 (or <27 if pneumonia), equivalent to PaO, 7.0 kPa or
approximately 86% pulse oximetry saturation (and 5.6 kPa or approximately 78%
pulse oximetry saturation if pneumonia),

c) hematological; platelet count <100x10%I, PK/INR >1.5 or APTT >60 s,

d) CNS; acute alteration of mental status or

e) hepatological; s-bilirubin >45 pmol/I.

6. Diagnostic criteria for sepsis [3, 12]
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A list of possible signs when an infection leads to SIRS
Documented or suspected infection and some of the following:

General parameters:
= Fever or hypothermia (core temperature >38.3°C or <36°C respectively)
= Heart rate >90 bpm or >2 SD above the normal value for age
= Tachypnea >30 bpm
= Altered mental status
= Significant edema or positive fluid balance (>20 ml/kg over 24 h)
= Hyperglycemia (plasma glucose >7.7 mmol/l) in the absence of diabetes

Inflammatory parameters
= Leukocytosis or leukopenia (white blood cell count >12x10%/1 or <4x10%!
respectively) or normal white blood cell count with >10% immature (band) forms
= Plasma C-reactive protein >2 SD above the normal value
= Plasma procalcitonin >2 SD above the normal value

Hemodynamic parameters
= Arterial hypotension (systolic blood pressure <90 mmHg, mean arterial pressure <70,
or a systolic blood pressure >40 mmHg in adults or <2 SD below normal for age)
= Mixed venous oxygen saturation >70%
= Cardiac index >3.5 I/min/m?

Organ dysfunction parameters [12]
= Arterial hypoxemia (P,O, /FIO; <33 or PaO, <7.0 kPa air breathing or <86%
saturation)
= Acute oliguria (urine output <0.5 ml/kg/h or 45 mmol/l for at least 2 h)
= Creatinine increase 245 umol/l (or 0.5 mg/dl)
= Coagulation abnormalities (INR >1.5 or APTT >60 s)
= |leus (absent bowel sounds)
= Thrombocytopenia (platelet count <100x10%/1)
= Hyperbilirubinemia (plasma total bilirubin >45 pmol/I)

Tissue perfusion parameters
= Hyperlactatemia (>1 mmol/l above the normal)
= Decreased capillary refill or mottling

! Infection is defined as a micro-organism induced pathological process

Appendix 2

36



Sepsis and its Pathophysiology [48, 49]

The inflammatory response is triggered by severe bacterial infection (endotoxins from Gram-
negative bacteria or exotoxins from Gram-positive bacteria) or by the presence of large areas
of damaged tissue (e.g. following major surgery, large trauma or burns), major blood loss,
hypoperfusion or hypoxia. The inflammatory immune response targets the local infection or
damaged tissue but can disseminate and expand to a systemic response with hemodynamic

changes, mitochondrial dysfunction, microvascular abnormalities and tissue injury.

The endotoxins and exotoxins initiating an innate immune response activate macrophages and
other cells to produce cytokines such as tumor necrosis factor (TNF), interleukin-1 (IL-1) and
IL-6. In an interaction with other cytokines they, in turn, activate leucocytes (neutrophil
granulocytes) which adhere to vascular endothelia increasing vascular permeability. The
cytokines induce production of CRP in the liver, a protein influencing the complement
system, important in the immune response. Activation of both coagulation and fibrinolysis are
other effects, but in severe situations the fibrinolysis are depressed leading to an increased risk

of thrombosis.

Anti-inflammatory systems (e.g. receptor antagonists depressing IL-1 and TNF, anti-
inflammatory cytokines or cortisol) try to decrease injurious effects of this immune response
(known as the pro-inflammatory response). When sepsis occurs the anti-inflammatory
systems are too modest or too late initiated compared to the pro-inflammatory systems. Not
only the magnitude of the pro-inflammatory response but also factors as genetic
predisposition, medication, underlying diseases and if previous trauma or infection exists are

of importance for the activation of the anti-inflammatory response.
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As mentioned above, CRP level rises as a response to an innate immune response. The

parameters affected in the SIRS, as described in the definition of SIRS (appendix 1), are also

a direct cause of this immune response [12];

The increase in white blood cell count in serum correlates to the accumulation of
neutrophil granulocytes.

Cytokines or products from bacteria adjust the “thermostat” in the hypothalamus to
change body temperature and fever occurs. The mechanisms involved in hypothermia
seen in some cases of systemic inflammation are not yet completely understood.
Increased vascular permeability among with enzyme-induced destruction,
microvascular changes, coagulation activation and the following tissue injury
contribute to decreased lung function and diminished oxygenation. An increase in
respiratory frequency is an important indicator of this and it aims to ventilate carbon
dioxide to adjust metabolic acidosis, as well as it is an indicator of increased oxygen
need due to the energy-demanding SIRS-reaction and the body temperature rise.

The increased pulse rate seen in SIRS are explained by multiple factors; among them
are vasodilation caused by pro-inflammatory mediators and fluid loss due to the above
mentioned increased vascular permeability yielding hypotension and dehydration. The
stress response to these factors starts a cascade of events where the sympathetic nerve
system activated by norepinephrine, adrenal epinephrine and pituitary vasopressin

leads to an increased heart rate.

Systemic vasodilation, tissue edema and micro thrombosis will depress oxygenation in body

organs and together with hypovolemia as well as myocardial depression due to pro-

inflammatory mediators the process can expand to septic shock and multiple organ

dysfunction syndrome (MODS). The consequences, when cardiac output starts to decline and

sympathetic stress response accumulates, are lethal [12].
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Appendix 3

Patient:

Regist reringsstart (inskiwningsdatum):__

Regist reringsschema — sekundir sepsis hos kirurgska patienter

Foum:

G rupp:

Ko -

Ader:

Fod elsedatum:

Inshrivningsdatum:

Op erationsdatum:

Lt skrivningsdatum:

Vardtid:

Grund diagn os:

Typ av patient [akut fele ktiv):

Liefall av sjukhusvistelsen (levand e/d od):

Op eration:

Kom orbidit etssoo re:

Daghiza data |vid forekom st av flera varden per dag registreras det mest awikand e vind et)

Aand ningsfrekvens Puls

Tem peratur LPK CRP

Fav4 SIRs

Dag -1

Dag 1

Dag 2

Daz 3

Dag 4

Dag s

Dag6

Dag7

Dag B

Dag 9

Dag 10

infektionsfolus:

Om 3 av 4 SIS up pfylls:

Behandling:

Allvarkig sepsis? Vilket/vilka o rzan sviktar?

Overflyttad til wa (datwm):
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Appendix 4

Table 1. Lists of ‘other’ diagnoses and operations.

Other diagnoses
Acute abdomen
Bile reflux
Bleeding duodenal ulcus
Cancer/polyp in sigmoid colon
Cholangiocarcinoma
Choledochal cyst
Choledocholitiasis
Femoral hernia
Hepatocellular adenoma
Idiopathic thrombocytopenic purpura
Incisional hernia
Liver cyst
Retroperitoneal sarcoma
Spherocytosis
Tumor front abdominal wall

Other operations
Anti-reflux surgery
Cholecystectomy
Diagnostic laparoscopy + biopsy
Duodenotomy
Fenestration of liver cyst
Incisional hernia repair
Laparoscopic anastomosis
Re-anastomosis
Reconstruction of esophagus
Remove dislocated biliary stent
Resection of choledochus + stomia
Splenectomy
Ventricular pacemaker
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Abbreviations

ASA

BAS

BPM
CRP

ICD
ICU

IL

IQR
MEDS
MET
MEWS
MICA
MODS
NS
PaCO;
PCT
PIRO
RETTS
SCCM
SD
SIRS
SPSS
TNF

WBC

American Society of Anesthesiologists

Swedish for systolic blood pressure, respiratory frequency and pulse
oximetry saturation

Beats per minute or breaths per minute

C-reactive protein

International Classification of Diseases

Intensive Care Unit

Interleukin

Interquartile range (25"-75" percentile)

Mortality in Emergency Department Sepsis Score
Medical Emergency Team

Modified Early Warning Score

Myocardial Infarction or Cardiac Arrest

Multiple organ dysfunction syndrome

Not significantly

Partial pressure of Carbon Dioxide in the arterial blood
Procalcitonin

Predisposition, Insult/infection, Response and Organ dysfunction
Rapid Emergency Triage and Treatment System
Society of Critical Care Medicine

Standard deviation

Systemic inflammatory response syndrome

Statistical Package for Social Sciences

Tumor Necrosis Factor

White blood cell
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