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results that introduce a interrogation on her surgical pratices. However, surveillance
requires considerable medical resources. Our objective is to validate a computer
algorithm that uses microbiological results and the results of a C-reactive protein
(CRP) assay and granulocyte count to detect SSls.

Materials and methods: All patients who underwent colorectal surgery between the
1st of January and the 30th of June 2009 were included. Administrative, surgical
and microbiological data and the appearance of neutrophilia and CRP after surgery
and during hospitalization were collected. The algorithm uses four biological vari-
ables: CRP, neutrophils, and the bacterium found on the positive sample. The CRP
and neutrophil variables were coded in 0 or 1. CRP was coded as 1 if the sample
was below 5mg/l at the time of the operation and increased to more than 60 mg/|
in the 30 days immediately after post-operation. Neutrophils were coded as 1 if
the sample was normal at the time of the operation and increased to more than
12,000 cells/mm? in the 30 days immediately after post-operation. The ‘‘type of
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sample’’ and ‘‘bacterium’’ variables were coded in categories. For the type of sample,
we coded 3 if the sampling site was related to the surgical site, 2 if the sampling site
was potentially linked to the surgical site, 1 if the sampling site was not directly
or indirectly related to the surgical site and 0 if there was no sample. Regarding the
bacteria, we coded 3 for bacteria found in over 5% of SSls, 2 for bacteria found in 2—5%
of SSls, 1 for bacteria found in less than 2% of SSlIs and 0 if there were no bacteria.

Results: Our study included 195 operations, out of which it was possible to study 168.
Following the operations, we found neutrophilia above 12,000 cells/mm? in 41.5% of
cases and CRP above 60mg/l in 64.6% of cases. Thirty-seven operations (22%) were
complicated by an SSI. The positive predictive values and the negative predictive
values in our algorithm were 74.07% and 87.94%, respectively, and the number of
records that remain to be investigated is 27 out of 168.

Conclusions: Linking databases from bacteriology and biology with those containing
the hospital records of surgical procedures is a simple method for identifying surgical

© 2012 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
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Introduction

Nosocomial infections (NI) are a major cause of
morbidity and mortality. It has been reported that
SSls comprise 14—16% of nosocomial infections [1].
Between 1986 and 1996 in the US, SSI was the
most common cause of NI in surgical patients,
accounting for approximately 38% of all Nls in this
group [2]. In one lItalian study, the prevalence of
patients with NI in medical, surgical and intensive
care areas was 6.6%, 5.0% and 25.8%, respectively.
The sites that were most frequently affected were
the following: urinary tract (28.4%), surgical site
(20.3%), bloodstream (19.3%), and pulmonary and
lower respiratory tract (17.6%) [3]. In France, the
incidence of SSIs for all categories of operations
and patients is 1.54% [4]. The SENIC project in the
United States showed that SSI was the principal pre-
ventable NI [5—7]. The risk factors for acquiring an
SSI can be separated into two categories: factors
relating to the patient, and those relating to the
surgery or underlying disease [8,9].

Measurement of the rate of NIs in patients
who have undergone surgery has shown that the
implementation of infection surveillance and the
subsequent implementation of intervention pro-
grams are effective ways of controlling the risk of
post-operative infection (SSI) [10]. A 14% reduction
in the rate of SSIs was observed after NI control pro-
grams were implemented in participating hospitals
[4,7]. SSI surveillance systems have been set up in
many countries. Due to the implementation of such
surveillance with feedback, health care profession-
als are discussing and analyzing their practices to
reduce the risk of NI. One of the main require-
ments of this approach is the reproducibility of the

measurements, allowing a comparison of the results
over time. To make this comparison, the typology of
the diseases managed and the general health score
of patients who have had surgery must be taken
into account in this analysis [8]. In fact, these two
parameters (analysis of the results of her practices
and make a benchmarking) affect the probability
of occurrence of an SSI [7]. The Center for Disease
Control and Prevention in Atlanta has identified 3
risk factors for occurrence of an SSI in its surgical
NI surveillance program (the length of surgical pro-
cedures, the contamination class according to the
infectious agent and the medical condition of the
patient) [11]. In this program, an NNIS (National
Nosocomial Infection Surveillance) risk score has
been created. The NNIS score is obtained by com-
bining the three risk factors for SSI: Altemeier’s
classification of contamination [12], the ASA score
(or the ‘‘Physical status score’’ was developed by
American Society of Anesthesiologists (ASA); the
ASA score is used in medicine to express the health
status of pre-operative patients, and its use also
offers the opportunity to study and determine the
factors that may lead to infection after surgery)
[13] and the length of the operation. Each of these
factors is scored as 0 or 1. The NNIS score is cal-
culated by adding up the scores for these three
risk factors (Altemeier’s classification, ASA score
and length of the operation); it therefore varies
from 0 to 3. The NNIS score is used as a variable in
adjusting the risk factor for onset of an SSI, so that
the results can be given by the type of patient and
surgery [14—16]. The collection of data relating to
the patient or operation is not limited to the NNIS
score. This method of data collection can prove
to be extremely time-consuming and tiresome for
clinicians. As a result, integrating SSI surveillance
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into a hospital’s IT system may encourage surgical
departments to participate in SSI surveillance.

The diagnosis of SSlIs is based on either clinical,
biological or microbiological definitions. The bio-
logical markers of inflammation that are most used
for diagnosing infections include C-reactive protein
(CRP) and neutrophils. The presence of CRP is an
important biological marker of the acute inflamma-
tory phases. CRP is an early, sensitive and specific
marker of the inflammatory reaction [17]. Neu-
trophils are cells that belong to the line of blood
cells involved in non-specific immunity. In the nor-
mal state, the neutrophil count comprises 40—70%
of the total leukocyte count, i.e., from 1700 to
7000 cells/mm3.

The objective of our work was to design an algo-
rithm for detecting SSIs based on data from the hos-
pital’s IT system, and thus to improve surveillance.

Materials and methods
Population and data source

All the patients who had undergone colorectal
surgery carried out in the gastrointestinal and
endocrine surgical department at Nancy University
Hospital (CHU de Nancy), France, between the 1st
of January and the 30th June 2009 were included.
To achieve reasonable statistical power, the study
was carried out in categories of surgery with a high
probability of SSI, the expected rate ranging from
11.6% to 26.1% [15]. The surveillance of SSIs was
organized in the surgery ward, and the methodology
was a clinical follow-up.

At Nancy University Hospital, we designed a
computer program using Microsoft Access® soft-
ware that enables us to carry out surveillance of
surgical procedures. The list of patients for inclu-
sion and the variables used were supplied by the
Medical Information Department (MID) after extrac-
tion from the hospital information system (Systéme
d’Information Hospitalier — SIH). To do this, the
operational hygiene team obtained the list of pro-
cedure codes (Classification Commune des Actes
Médicaux — CCAM) and their dates of realization.
This list was provided by the MID. In the event that
there were multiple or repeat interventions within
30 days, only those cases where the abdominal
surgery was the main procedure was included, and
analysis was restricted to this primary procedure.
The complete medical record was investigated by
one of the members of the hospital hygiene team.

To standardize the data collection, a file was
created of administrative, surgical, and microbio-
logical data, and the appearance of neutrophilia

and increased levels of CRP after surgery and
during hospitalization. Sixteen variables were con-
sidered for surveillance of SSIs. These variables
were either taken directly from the SIH or calcu-
lated using other variables in the SIH. The variables
taken from the SIH were Administrative data (sur-
name, first name, date of birth, sex, IPUM (patient’s
unique identification number in the hospital), date
of admission, date of discharge, department car-
rying out the procedure) and Surgical data (date of
the operation, time the operation started, time the
operation ended, CCAM procedure code).

Definition of SSI

The definition of an SSI used is based on the
definition of the Centers for Disease Control and
Prevention translated into French [18]. An SSI is
an infection that occurs within 30 days after the
operation if no implant is left in place or within
1 year after the operation (only deep SSls) if an
implant is left in place and the infection appears to
be related to the operation. An implant is under-
stood to mean a non-human-derived implantable
foreign body (e.g., a prosthetic heart valve, a non-
human vascular graft, a mechanical heart, or a hip
prosthesis) that is permanently placed in a patient
during surgery.

Design of the algorithm

The hospital also has a database of all microbiolog-
ical and pathological samples taken from patients.
All positive bacteriological samples were extracted
into a separate database and cross-referenced with
the data on the surgical procedures that were per-
formed during the study period and extracted from
the SIH. An algorithm was designed to link three
administrative variables (date, operation and sam-
ple) with four biological variables: CRP, neutrophils,
the type of positive microbiological sample and
the bacterium found in the positive sample. The
CRP was coded 1 if the sample was below 5mg/l
at the time of the operation and increased to
more than 60mg/l in the 30 days immediately
after post-operation, otherwise, it was coded 0.
The threshold of 60 mg/l was chosen in accordance
with data in the literature [19,20]. The neutrophils
were coded 1 if the sample was normal at the
time of the operation and increased to more than
12,000 cells/mm?3 in the 30 days immediately after
post-operation [20]. The biochemical parameters
were regrouped in a 3rd variable: biomarker +.
This variable was coded 1 if the neutrophils were
>12,000 and CRP>60mg/l. The other combina-
tions were coded 0 (Fig. 1).
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Figure 1 Decision tree according to positive parameters from the IT system. (a) Decision tree to aggregate the
biomarker. (b) Decision tree to aggregate all parameters.
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Table 1 Prevalence of microorganisms of SSIs in study INCISO 2008.
Type of bacterium Percentage (%) IT code
Gram-positive cocci
Staphylococcus aureus 29.1 3
Coagulase-negative staphylococci 7.1 3
Enterococcus faecalis 5.8 3
E. faecium 0.4 1
Other enterococci 3.3 2
Streptococcus agalactiae (B) 1.6 1
Hemolytic streptococci (C, G) 0.4 1
Other streptococci 4.1 1
Gram-negative bacilli (GNB)
Enterobacteria 37.3
Escherichia coli 17.4 3
Enterobacter cloacae 4.6 2
Proteus mirabilis 3.7 2
Klebsiella pneumoniae 2.9 2
Morganella sp. 2.5 2
Citrobacter koseri 1.7 1
K. oxytoca 1.2 1
Other Proteus 0.8 1
Serratia sp. 0.8 1
E. aerogenes 0.4 1
Other Enterobacter 0.4 1
C. freundii 0.4 1
Providencia 0.4 1
Non-enterobacteria GNB 5.8
Pseudomonas aeruginosa 5.4 1
Other Pseudomonas 0.4 1
Anaerobic 3.7
Bacteroides fragilis 1.7 1
Other Bacteroides 0.8 1
Clostridium sp. 0.8 1
Prevotella sp. 0.4 1
Yeasts
Candida albicans 0.4 1
Others
Corynebacterium sp. 0.4 1

Based on expert opinion, the *‘type of sample’’
and ‘‘bacterium’’ variables were coded into cat-
egories. The type of sample was coded 3 if the
sampling site was directly related to the surgical
site (for example, an abdominal sample in colorec-
tal surgery), 2 if the sampling site was potentially
linked to the surgical site (for example, periph-
eral blood cultures), 1 if the sampling site was not
directly or indirectly related to the surgical site and
0 if there was no sample. The bacteria detected
were coded based on how commonly they were
implicated as causes of SSI: 3 for bacteria found
in over 5% of SSls (e.g., Staphylococcus aureus), 2
for bacteria found in 2—5% of SSls (e.g., Enterococ-
cus sp. group), 1 for bacteria found in less than 2%
of SSlIs and 0 if there were no bacteria reported (cf.
Table 1) [21].

Finally, the algorithm was used to calculate a
score from 0 to 4, which reflects the risk of having
acquired a nosocomial SSI (very high, high, medium,
low, and very low risk). The decision tree is shown
in Fig. 1b.

All of our statistical analyses were carried out
in Epi Info version 6.04 (CDC Atlanta) at a signif-
icance threshold of 5%. This study was performed
after presentation to the Information Medical Col-
lege, which accepted this methodology.

Results

Our study included 195 consecutive surgical pro-
cedures that occurred during the study period,
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[Operations considered: 195}

Figure 2
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involving 167 patients. Of these operations, the
clinical records of 9 operations could not be found.
After excluding cases as described above and omit-
ting operations where the clinical record was
unavailable, we studied 168 operations. The flow
chart in Fig. 2 summarizes these various stages.

Description of the population

The average age was 61.8 years (1.98) for men
and 57.4 (1.91) for women. The sex ratio (F/H)
was 1.025. Twenty-nine (17.3%) operations were
performed with laparotomy, and 18 (10.7%) were
emergency procedures. The operations were car-
ried out on an average of 64.2h (7.6) after
admission to the hospital, with a median of 23.6 h.
The average length of the post-operative stay was
16 days (1.1).

In the period following the operations, we found
neutrophilia (over 12,000 cells/mm?3) in 41.5% of
cases and a CRP above 60mg/l in 64.6% of cases.
Of the 168 operations we studied and after analyz-
ing the medical record of all the patients, 37 (22%)
were complicated by an SSI. The average time until
onset of an SSI was 10.7 days (1.1). The location of
the 37 SSIs was distributed as follows: 20 (54.1%)

Table 2 Single predictor variable analysis diagnosed through review of patient records.

Variables

Number of operations

Number of SSls p Odds-ratio (Cl 95%)

Samples score

0

1

2

3
Bacteria score

0

1

2

3
CRP score

0 (CRP<60mg/l)

1 (CRP>60mg/l)
Neutrophils score

0 (<12,000 cells/mm?)

1 (>12,000 cells/mm3)
Neutrophils or CRP score

0 (CRP and neutrophils —)

1 (CRP or neutrophils +)
Total score

0 (very low risk)

1 (low risk)

2 (medium risk)

3 (high risk)

4 (very high risk)

108
31
4
25

108
4

7
49

63
105

105
63

57
111

139
21

21

<0.001
12 Ref Reference
5 0.455 1.5 (0.5; 4.8)
2 0.047 8 (1; 62.1)
18 <0.001 20.6 (7.1; 59.3)
<0.001
12 Ref Reference
0 0.999 0 (0; o)
4 0.004 10.7 (2.1; 53.5)
21 <0.001 6 (2.6; 13.7)
0.001
4 Reference
33 6.8 (2.3; 20.2)
<0.001
12 Reference
25 5.1 (2.3; 11.2)
0.001
3 Reference
34 7.95 (2.3; 27.2)
<0.001
17 Ref Reference
0 0.999 0 (0; o0)
1 1 1810 (0; o0)
4 0.003 28.7 (3; 272)
15 <0.001 17.9 (6.1; 52.5)
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Table 3  Sensitivity, specificity according to the semi-quantitative probability score of SSI.

Positive if >4)

Positive if >3 Positive if >2 Positive if >1

Sensitivity 40.5%
Specificity 95.4%
PPV 71.4%
NPV 85.0%

Number of records to be investigated by the 21
hospital hygiene team or clinicians if this
score is used

51.3% 54.0% 54.0%
94.7% 94.7% 93.1%
73.1% 74.1% 69.0%
87.3% 87.9% 87.8%
26 27 29

superficial SSlIs and 17 (45.9%) deep SSIs. The real
and total incidence of SSIs was 22% (37/168).

Single predictor variable analysis

Age and the length of stay in the hospital before
the operation were not significantly associated with
the onset of an SSI. In contrast, the length of
post-operative hospitalization was higher following
onset of an SSI (p<0.001). Age, sex, NNIS score,
emergency surgery, surgery with coelioscopy and
the length of the operation were not significant at
5%. The significant results are shown in Table 2.

Analysis of sensitivity — specificity

The characteristics of our weighting tree are shown
in Table 3, summarizing the probability scores of
an SSI. The sensitivity of the algorithm was mod-
est at a little over 50% for most determined risk
groups, although the sensitivity fell in the very high-
risk group to 40%. The specificity was high (>90%)
in all risk groups, with a modest increase with risk
group from 93.1% in the low risk group to 95.4% in
the high-risk group. In choosing a score equal to or
higher than 2, we obtained a specificity equal to
94.7%, a positive predictive value equal to 74.1%
and a negative predictive value equal to 88%. With
these parameters, the number of medical records
that must be investigated and validated with the
surgeon was limited to 27 out of 168 (16%). Thus,
the task of performing the surveillance is more
acceptable for the surgeon.

In conclusion, the best compromise is found for
a threshold value greater than or equal to 2.

Discussion

This study has shown that SSI surveillance together
with a computer program based on the crossing
of existing data can simplify the surveillance of
nosocomial SSIs. In fact, the positive and negative
predictive values are high. Furthermore, there are
few records to be investigated because only 16%

of the records need to be checked for the pres-
ence of an SSI. In addition, by using this method of
collection, exhaustive information on all operations
meeting the established surveillance criteria could
be obtained. This system also cuts down on input
errors and missing data. It has the advantage of not
being dependent on the willingness of departments
and surgeons to take part in the survey.

Our study has demonstrated a high rate of SSls
at 22%, but this is compatible with the data in
the literature [15] for colorectal surgery. However,
for the period 1992—1998, the National Nosocomial
Infections Surveillance system has reported that
the SSI rate was 8.10% for this type of operation
with regard to overall surveillance [22].

With regard to the bacterial samples, it is inter-
esting to note that we only recorded positive
samples in our system. For the time being, we have
chosen not to use the part of the definition of SSls
that states that it is not an SSI if the bacteriological
culture taken during a puncture or a reinterven-
tion is negative, even though a sign of infection is
present (pain, sensitivity, redness, heat). This cul-
ture could be negative because of the antibiotic
treatment, which would mask an infection. We have
elected to incorporate two inflammation markers
available in our IT system into our weighting algo-
rithm. In clinical practice, these two markers are
often associated with the presence of an infection.
The threshold at which the CRP levels may lead to
a suspected SSlI is, according to the literature, vari-
able and is expressed by an increase ranging from
19 to 80 times the normal value [23]. The value used
in this study corresponds with these data perfectly.
For this reason, incorporation of information on
the prescription of antibiotics could be potentially
important. However, using this technique, we can
satisfy the French definition of SSls perfectly, as the
definitions of SSls were modified in May 2007 by the
French National Technical Committee for Combat-
ing Nl and Healthcare-associated Infections (Comité
Technique National de Lutte contre les IN et les
Infections Liées aux Soins — CTINILS). SSIs whose
only diagnostic criterion is the surgeon’s opinion are
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excluded from surveillance under these new defini-
tions. The USA has recently updated the definitions
of Nls [24]. In contrast to the French definitions, in
this update, the surgeon’s opinion is one of the diag-
nostic criteria for an SSI. In our study, there were
few infections that were undetected because of an
algorithm error. This point reinforces the relevance
and robustness of our system.

Finally, one important limitation of our system
is that it can only detect suspected SSIs when the
patient is in the hospital or re-admitted to the hos-
pital. It has been shown that a large number of SSIs
occur at home [25]. However, out of the patients
who are discharged, those presenting with signs of
infection are traditionally re-admitted to the hos-
pital. The only cases that would not be detected
by our system are those in which the purulent dis-
charge has dried up spontaneously or those from
which a sample has not been taken.

We constructed our weighted algorithm accord-
ing to a clinical relevance approach. In terms
of the results of each test, a semi-quantitative
“‘probability’’ onset of an SSI was determined.

Aninteresting additional observation is that signs
of SSI, such as purulent discharge, are often not
noted in the medical notes but only referred to
in the notes of the dressing nurses. Similarly, we
also noted that when the presence of an accumula-
tion of pus is recorded in the medical notes, from
the descriptions given, it seems to be regularly
regarded as a ‘‘straightforward consequence’’ of
the operation. It should be remembered that SSls,
as with all NIs, must be mentioned to patients,
and the fact that they have been informed must
be noted in the medical records. When records are
investigated, we found that SSIs were diagnosed by
a doctor in the infection prevention team if the
surgeon had not made or contradicted the diagno-
sis. This diagnosis was made by a thorough analysis
of the medical record, particularly the reasons for
a reintervention, antibiotic treatment or imaging
to reveal an abscess. SSIs diagnosed solely on the
basis of discharge, although there are quite a few,
have proven to be the most difficult to confirm. As
a result, there has been a considerable underesti-
mation of the SSI rate.

In conclusion, our weighted algorithm show the
difficulty of detecting SSls. In fact, at best, our algo-
rithm has a sensitivity of approximately 50%, i.e.,
one SSI was two is not detected. Nevertheless, the
specificity was very good, as it was always above
90%.

The plausible explication is the different indi-
cation of swab by each surgeon when clinical
symptoms were observed. In fact, as we have seen,
the probability scores of 3 and 4 are most strongly

associated with the occurrence of an SSI. These
two scores are closely linked to samples and to
the types of bacteria rather than to the presence
of high levels of CRP or neutrophilia. Therefore,
practice relating to bacteriological sampling has a
great impact on the sensitivity of our test. In fact,
we have noted than in gastric surgery, bacterio-
logical samples were primarily taken during repeat
operations due to infection or loosening of stitches.
Samples of purulent discharge from the scar or
drains were only taken rarely, as was the case with
samples of accumulated pus and abscesses. More
SSIs could be detected if samples were systemati-
cally taken when purulent discharge occurs and/or
if samples were collected more systematically dur-
ing reinterventions. However, antibiotic treatment
is often introduced, rendering the samples artifi-
cially negative (false-negative).

Through the use of our procedure of comput-
erized surveillance of SSlIs, the exhaustivity is
improved. This represents a solid foundation on
which to build targeted or overall surveillance.

To improve the sensitivity of our procedure,
the policy on bacteriological sampling in our hos-
pital needs to be standardized. More systematic
screening of purulent discharge or intra-operative
sampling during a reintervention would certainly
improve the screening of SSls by our system. How-
ever, the cost/benefit ratio for our hospital would
need to be assessed. Only SSIs that are diagnosed
by the surgeon or through imaging methods would
need to be registered ‘‘manually’’.

Conclusions

Our study has demonstrated the feasibility of an IT
system for detecting SSIs to improve surveillance.
The gain in terms of exhaustivity is real. In addition,
this methodology relieves surgeons of the heavy
workload involved in performing this surveillance
and will therefore increase clinicians’ interest in
this issue. Through the development of IT sys-
tems, relevant results can be accessed quickly and
repeatedly, thus helping the practice to proceed.
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