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Summary  Surgical  site  infection  (SSI)  is  a  major  cause  of  morbidity  and  mortal-
ity,  and  they  are  the  third  cause  of  nosocomial  infections.  It  has  been  shown  that
surveillance  can  reduce  the  rate  of  these  infections  because  the  publication  of  the
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  SSIs.
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-
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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  5  mg/l  at  the  time  of  the  operation  and  increased  to  more  than  60  mg/l

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/mm3 in  the  30  days  immediately  after  post-operation.  The  ‘‘type  of

∗ Corresponding author at: Département Environnement et Santé Publique — S.E.R.E.S., Faculté de Médecine, 9 Avenue de la forêt
e Haye, B.P. 184, 54505 Vandoeuvre les Nancy Cedex, France. Tel.: +33 3 83 68 34 80.

E-mail address: alexis.hautemaniere@medecine.uhp-nancy.fr (A. Hautemanière).

876-0341/$ — see front matter © 2012 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier Ltd. All rights reserved.

ttp://dx.doi.org/10.1016/j.jiph.2012.08.002

https://core.ac.uk/display/82360266?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
dx.doi.org/10.1016/j.jiph.2012.08.002
mailto:alexis.hautemaniere@medecine.uhp-nancy.fr
dx.doi.org/10.1016/j.jiph.2012.08.002


90  A.  Hautemanière  et  al.

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  SSIs,  2  for  bacteria  found  in  2—5%
of  SSIs,  1  for  bacteria  found  in  less  than  2%  of  SSIs  and  0  if  there  were  no  bacteria.
The  algorithm  calculates  a  score  from  1  to  5.
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/mm3 in  41.5%  of
cases  and  CRP  above  60  mg/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

e  investigated  is  27  out  of  168.
abases  from  bacteriology  and  biology  with  those  containing
urgical  procedures  is  a  simple  method  for  identifying  surgical

dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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the results  can  be  given  by  the  type  of  patient  and
surgery [14—16].  The  collection  of  data  relating  to
records  that  remain  to  b
Conclusions:  Linking  dat
the  hospital  records  of  s
nosocomial  infections.
©  2012  King  Saud  Bin  Ab
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Introduction

Nosocomial  infections  (NI)  are  a  major  cause  of
morbidity  and  mortality.  It  has  been  reported  that
SSIs 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  NIs  in  this
group [2].  In  one  Italian  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
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easurements,  allowing  a  comparison  of  the  results
ver time.  To  make  this  comparison,  the  typology  of
he diseases  managed  and  the  general  health  score
f patients  who  have  had  surgery  must  be  taken
nto account  in  this  analysis  [8].  In  fact,  these  two
arameters  (analysis  of  the  results  of  her  practices
nd make  a  benchmarking)  affect  the  probability
f occurrence  of  an  SSI  [7].  The  Center  for  Disease
ontrol and  Prevention  in  Atlanta  has  identified  3
isk factors  for  occurrence  of  an  SSI  in  its  surgical
I surveillance  program  (the  length  of  surgical  pro-
edures, the  contamination  class  according  to  the
nfectious agent  and  the  medical  condition  of  the
atient) [11].  In  this  program,  an  NNIS  (National
osocomial Infection  Surveillance)  risk  score  has
een created.  The  NNIS  score  is  obtained  by  com-
ining the  three  risk  factors  for  SSI:  Altemeier’s
lassification  of  contamination  [12],  the  ASA  score
or the  ‘‘Physical  status  score’’  was  developed  by
merican Society  of  Anesthesiologists  (ASA);  the
SA score  is  used  in  medicine  to  express  the  health
tatus of  pre-operative  patients,  and  its  use  also
ffers the  opportunity  to  study  and  determine  the
actors that  may  lead  to  infection  after  surgery)
13] and  the  length  of  the  operation.  Each  of  these
actors is  scored  as  0  or  1.  The  NNIS  score  is  cal-
ulated  by  adding  up  the  scores  for  these  three
isk factors  (Altemeier’s  classification,  ASA  score
nd length  of  the  operation);  it  therefore  varies
rom 0  to  3.  The  NNIS  score  is  used  as  a  variable  in
djusting the  risk  factor  for  onset  of  an  SSI,  so  that
he patient  or  operation  is  not  limited  to  the  NNIS
core.  This  method  of  data  collection  can  prove
o be  extremely  time-consuming  and  tiresome  for
linicians.  As  a  result,  integrating  SSI  surveillance
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ssessment  of  a  screening  procedure  for  surgical  no

nto  a  hospital’s  IT  system  may  encourage  surgical
epartments  to  participate  in  SSI  surveillance.

The diagnosis  of  SSIs  is  based  on  either  clinical,
iological or  microbiological  definitions.  The  bio-
ogical markers  of  inflammation  that  are  most  used
or diagnosing  infections  include  C-reactive  protein
CRP) and  neutrophils.  The  presence  of  CRP  is  an
mportant  biological  marker  of  the  acute  inflamma-
ory phases.  CRP  is  an  early,  sensitive  and  specific
arker of  the  inflammatory  reaction  [17].  Neu-

rophils are  cells  that  belong  to  the  line  of  blood
ells involved  in  non-specific  immunity.  In  the  nor-
al state,  the  neutrophil  count  comprises  40—70%

f the  total  leukocyte  count,  i.e.,  from  1700  to
000 cells/mm3.

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

aterials and methods

opulation and data source

ll  the  patients  who  had  undergone  colorectal
urgery carried  out  in  the  gastrointestinal  and
ndocrine  surgical  department  at  Nancy  University
ospital  (CHU  de  Nancy),  France,  between  the  1st
f January  and  the  30th  June  2009  were  included.
o achieve  reasonable  statistical  power,  the  study
as carried  out  in  categories  of  surgery  with  a high
robability  of  SSI,  the  expected  rate  ranging  from
1.6% to  26.1%  [15].  The  surveillance  of  SSIs  was
rganized  in  the  surgery  ward,  and  the  methodology
as a  clinical  follow-up.
At  Nancy  University  Hospital,  we  designed  a

omputer  program  using  Microsoft  Access® soft-
are  that  enables  us  to  carry  out  surveillance  of

urgical procedures.  The  list  of  patients  for  inclu-
ion and  the  variables  used  were  supplied  by  the
edical  Information  Department  (MID)  after  extrac-

ion from  the  hospital  information  system  (Système
’Information  Hospitalier  —  SIH).  To  do  this,  the
perational  hygiene  team  obtained  the  list  of  pro-
edure codes  (Classification  Commune  des  Actes
édicaux  —  CCAM)  and  their  dates  of  realization.
his list  was  provided  by  the  MID.  In  the  event  that
here were  multiple  or  repeat  interventions  within
0 days,  only  those  cases  where  the  abdominal
urgery was  the  main  procedure  was  included,  and
nalysis was  restricted  to  this  primary  procedure.
he complete  medical  record  was  investigated  by

ne of  the  members  of  the  hospital  hygiene  team.

To standardize  the  data  collection,  a  file  was
reated of  administrative,  surgical,  and  microbio-
ogical data,  and  the  appearance  of  neutrophilia
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nd  increased  levels  of  CRP  after  surgery  and
uring hospitalization.  Sixteen  variables  were  con-
idered for  surveillance  of  SSIs.  These  variables
ere either  taken  directly  from  the  SIH  or  calcu-

ated using  other  variables  in  the  SIH.  The  variables
aken  from  the  SIH  were  Administrative  data  (sur-
ame, first  name,  date  of  birth,  sex,  IPUM  (patient’s
nique  identification  number  in  the  hospital),  date
f admission,  date  of  discharge,  department  car-
ying out  the  procedure)  and  Surgical  data  (date  of
he operation,  time  the  operation  started,  time  the
peration ended,  CCAM  procedure  code).

efinition of SSI

he  definition  of  an  SSI  used  is  based  on  the
efinition of  the  Centers  for  Disease  Control  and
revention  translated  into  French  [18].  An  SSI  is
n infection  that  occurs  within  30  days  after  the
peration  if  no  implant  is  left  in  place  or  within

 year  after  the  operation  (only  deep  SSIs)  if  an
mplant  is  left  in  place  and  the  infection  appears  to
e related  to  the  operation.  An  implant  is  under-
tood to  mean  a non-human-derived  implantable
oreign body  (e.g.,  a prosthetic  heart  valve,  a  non-
uman vascular  graft,  a  mechanical  heart,  or  a  hip
rosthesis)  that  is  permanently  placed  in  a  patient
uring  surgery.

esign of the algorithm

he  hospital  also  has  a database  of  all  microbiolog-
cal and  pathological  samples  taken  from  patients.
ll positive  bacteriological  samples  were  extracted

nto  a  separate  database  and  cross-referenced  with
he data  on  the  surgical  procedures  that  were  per-
ormed  during  the  study  period  and  extracted  from
he SIH.  An  algorithm  was  designed  to  link  three
dministrative variables  (date,  operation  and  sam-
le) with  four  biological  variables:  CRP,  neutrophils,
he  type  of  positive  microbiological  sample  and
he bacterium  found  in  the  positive  sample.  The
RP was  coded  1  if  the  sample  was  below  5 mg/l
t the  time  of  the  operation  and  increased  to
ore than  60  mg/l  in  the  30  days  immediately

fter post-operation,  otherwise,  it  was  coded  0.
he threshold  of  60  mg/l  was  chosen  in  accordance
ith data  in  the  literature  [19,20].  The  neutrophils
ere coded  1  if  the  sample  was  normal  at  the

ime of  the  operation  and  increased  to  more  than
2,000  cells/mm3 in  the  30  days  immediately  after
ost-operation  [20].  The  biochemical  parameters

ere regrouped  in  a  3rd  variable:  biomarker  +.
his variable  was  coded  1  if  the  neutrophils  were
12,000  and  CRP  ≥  60  mg/l.  The  other  combina-

ions 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
Bacteroïdes  fragilis 1.7 1
Other  Bacteroïdes  0.8  1
Clostridium  sp.  0.8  1
Prevotella  sp.  0.4  1

Yeasts
Candida  albicans  0.4  1

Others
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Corynebacterium  sp.  

Based  on  expert  opinion,  the  ‘‘type  of  sample’’
nd ‘‘bacterium’’  variables  were  coded  into  cat-
gories. The  type  of  sample  was  coded  3  if  the
ampling site  was  directly  related  to  the  surgical
ite (for  example,  an  abdominal  sample  in  colorec-
al surgery),  2  if  the  sampling  site  was  potentially
inked to  the  surgical  site  (for  example,  periph-
ral blood  cultures),  1  if  the  sampling  site  was  not
irectly or  indirectly  related  to  the  surgical  site  and

 if  there  was  no  sample.  The  bacteria  detected
ere coded  based  on  how  commonly  they  were

mplicated as  causes  of  SSI:  3  for  bacteria  found
n over  5%  of  SSIs  (e.g.,  Staphylococcus  aureus),  2

or bacteria  found  in  2—5%  of  SSIs  (e.g.,  Enterococ-
us sp.  group),  1  for  bacteria  found  in  less  than  2%
f SSIs  and  0  if  there  were  no  bacteria  reported  (cf.
able 1)  [21].

R

O
c

0.4  1

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

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

ur  study  included  195  consecutive  surgical  pro-
edures  that  occurred  during  the  study  period,
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Figure  2  Flow  chart.
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Table  2  Single  predictor  variable  analysis  diagnosed  throu

Variables Number  of  operations

Samples  score  

0  108  

1  31  

2  4  

3  25  

Bacteria  score  

0  108  

1  4  

2  7  

3  49  

CRP  score  

0  (CRP  <  60  mg/l)  63  

1  (CRP  >  60  mg/l)  105  

Neutrophils  score  

0  (<12,000  cells/mm3)  105  

1  (≥12,000  cells/mm3)  63  

Neutrophils  or  CRP  score  

0  (CRP  and  neutrophils  −)  57  

1  (CRP  or  neutrophils  +) 111  

Total  score
0 (very  low  risk) 139
1  (low  risk) 21
2  (medium  risk)  5  

3  (high  risk)  21  

4  (very  high  risk)
A.  Hautemanière  et  al.

nvolving  167  patients.  Of  these  operations,  the
linical records  of  9  operations  could  not  be  found.
fter  excluding  cases  as  described  above  and  omit-
ing operations  where  the  clinical  record  was
navailable, we  studied  168  operations.  The  flow
hart in  Fig.  2  summarizes  these  various  stages.

escription of the population

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

In the  period  following  the  operations,  we  found
eutrophilia  (over  12,000  cells/mm3)  in  41.5%  of
ases and  a CRP  above  60  mg/l  in  64.6%  of  cases.
f the  168  operations  we  studied  and  after  analyz-
ng the  medical  record  of  all  the  patients,  37  (22%)
ere complicated  by  an  SSI.  The  average  time  until
nset of  an  SSI  was  10.7  days  (1.1).  The  location  of
he 37  SSIs  was  distributed  as  follows:  20  (54.1%)

gh  review  of  patient  records.

Number  of  SSIs p Odds-ratio  (CI  95%)

<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;  ∞)
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;  ∞)
1  1  1E10  (0;  ∞)
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%  51.3%  54.0%  54.0%
Specificity  95.4%  94.7%  94.7%  93.1%
PPV  71.4%  73.1%  74.1%  69.0%
NPV 85.0%  87.3%  87.9%  87.8%
Number  of  records  to  be  investigated  by  the

hospital  hygiene  team  or  clinicians  if  this
21 26 27  29

s
a

S

A
t
t
p
o
e
t
5

A

T
i
a
e
g
r
i
g
t
h
9
a
t
t
s
t
a

a

D

T
w
o
n
p
f

o
e
c
m
b
e
b
a

a
t
f
I
t
w

e
s
c
t
c
t
p
t
t
e
a
r
o
T
a
a
1
i
F
t
i
s
d
F

score  is  used

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

ingle predictor variable analysis

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

nalysis of sensitivity —  specificity

he  characteristics  of  our  weighting  tree  are  shown
n Table  3,  summarizing  the  probability  scores  of
n SSI.  The  sensitivity  of  the  algorithm  was  mod-
st at  a  little  over  50%  for  most  determined  risk
roups,  although  the  sensitivity  fell  in  the  very  high-
isk group  to  40%.  The  specificity  was  high  (>90%)
n all  risk  groups,  with  a  modest  increase  with  risk
roup from  93.1%  in  the  low  risk  group  to  95.4%  in
he high-risk  group.  In  choosing  a  score  equal  to  or
igher than  2,  we  obtained  a  specificity  equal  to
4.7%, a  positive  predictive  value  equal  to  74.1%
nd a  negative  predictive  value  equal  to  88%.  With
hese parameters,  the  number  of  medical  records
hat must  be  investigated  and  validated  with  the
urgeon  was  limited  to  27  out  of  168  (16%).  Thus,
he task  of  performing  the  surveillance  is  more
cceptable for  the  surgeon.

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

iscussion

his  study  has  shown  that  SSI  surveillance  together
ith a  computer  program  based  on  the  crossing

f existing  data  can  simplify  the  surveillance  of
osocomial  SSIs.  In  fact,  the  positive  and  negative
redictive values  are  high.  Furthermore,  there  are
ew records  to  be  investigated  because  only  16%

i
T
I
o

f  the  records  need  to  be  checked  for  the  pres-
nce of  an  SSI.  In  addition,  by  using  this  method  of
ollection,  exhaustive  information  on  all  operations
eeting  the  established  surveillance  criteria  could
e obtained.  This  system  also  cuts  down  on  input
rrors and  missing  data.  It  has  the  advantage  of  not
eing dependent  on  the  willingness  of  departments
nd surgeons  to  take  part  in  the  survey.

Our  study  has  demonstrated  a  high  rate  of  SSIs
t 22%,  but  this  is  compatible  with  the  data  in
he literature  [15]  for  colorectal  surgery.  However,
or the  period  1992—1998,  the  National  Nosocomial
nfections Surveillance  system  has  reported  that
he SSI  rate  was  8.10%  for  this  type  of  operation
ith regard  to  overall  surveillance  [22].
With regard  to  the  bacterial  samples,  it  is  inter-

sting  to  note  that  we  only  recorded  positive
amples in  our  system.  For  the  time  being,  we  have
hosen not  to  use  the  part  of  the  definition  of  SSIs
hat states  that  it  is  not  an  SSI  if  the  bacteriological
ulture taken  during  a puncture  or  a reinterven-
ion is  negative,  even  though  a  sign  of  infection  is
resent (pain,  sensitivity,  redness,  heat).  This  cul-
ure could  be  negative  because  of  the  antibiotic
reatment, which  would  mask  an  infection.  We  have
lected to  incorporate  two  inflammation  markers
vailable in  our  IT  system  into  our  weighting  algo-
ithm. In  clinical  practice,  these  two  markers  are
ften associated  with  the  presence  of  an  infection.
he threshold  at  which  the  CRP  levels  may  lead  to

 suspected  SSI  is,  according  to  the  literature,  vari-
ble and  is  expressed  by  an  increase  ranging  from
9 to  80  times  the  normal  value  [23].  The  value  used
n this  study  corresponds  with  these  data  perfectly.
or this  reason,  incorporation  of  information  on
he prescription  of  antibiotics  could  be  potentially
mportant. However,  using  this  technique,  we  can
atisfy the  French  definition  of  SSIs  perfectly,  as  the
efinitions  of  SSIs  were  modified  in  May  2007  by the
rench National  Technical  Committee  for  Combat-

ng NI  and  Healthcare-associated  Infections  (Comité
echnique  National  de  Lutte  contre  les  IN  et  les
nfections  Liées  aux  Soins  —  CTINILS).  SSIs  whose
nly 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 NIs  [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.

An interesting  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  SSIs,
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  SSIs.  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
A.  Hautemanière  et  al.

ssociated  with  the  occurrence  of  an  SSI.  These
wo scores  are  closely  linked  to  samples  and  to
he types  of  bacteria  rather  than  to  the  presence
f high  levels  of  CRP  or  neutrophilia.  Therefore,
ractice relating  to  bacteriological  sampling  has  a
reat impact  on  the  sensitivity  of  our  test.  In  fact,
e have  noted  than  in  gastric  surgery,  bacterio-

ogical samples  were  primarily  taken  during  repeat
perations  due  to  infection  or  loosening  of  stitches.
amples  of  purulent  discharge  from  the  scar  or
rains were  only  taken  rarely,  as  was  the  case  with
amples  of  accumulated  pus  and  abscesses.  More
SIs could  be  detected  if samples  were  systemati-
ally taken  when  purulent  discharge  occurs  and/or
f samples  were  collected  more  systematically  dur-
ng reinterventions.  However,  antibiotic  treatment
s often  introduced,  rendering  the  samples  artifi-
ially negative  (false-negative).

Through  the  use  of  our  procedure  of  comput-
rized surveillance  of  SSIs,  the  exhaustivity  is
mproved.  This  represents  a  solid  foundation  on
hich to  build  targeted  or  overall  surveillance.
To improve  the  sensitivity  of  our  procedure,

he policy  on  bacteriological  sampling  in  our  hos-
ital needs  to  be  standardized.  More  systematic
creening of  purulent  discharge  or  intra-operative
ampling during  a  reintervention  would  certainly
mprove the  screening  of  SSIs  by  our  system.  How-
ver, the  cost/benefit  ratio  for  our  hospital  would
eed to  be  assessed.  Only  SSIs  that  are  diagnosed
y the  surgeon  or  through  imaging  methods  would
eed to  be  registered  ‘‘manually’’.

onclusions

ur  study  has  demonstrated  the  feasibility  of  an  IT
ystem for  detecting  SSIs  to  improve  surveillance.
he gain  in  terms  of  exhaustivity  is  real.  In  addition,
his methodology  relieves  surgeons  of  the  heavy
orkload  involved  in  performing  this  surveillance
nd will  therefore  increase  clinicians’  interest  in
his issue.  Through  the  development  of  IT  sys-
ems,  relevant  results  can  be  accessed  quickly  and
epeatedly,  thus  helping  the  practice  to  proceed.
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