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Surgical Site Infections and Compliance
with Perioperative Antimicrobial
Prophylaxis in Greek Children

Surgical site infections (SSIs) are the second most common
healthcare-associated infection in adults and children, rep-
resenting up to 16% of all infections reported to the National
Healthcare Surveillance Safety Network of the Centers for
Disease Control and Prevention (CDC). SSIs increase patient
morbidity and mortality as well as healthcare costs.1,2 Few
data exist about pediatric SSI rates and perioperative anti-
microbial prophylaxis (AP) practices in children, especially
from Europe.3-5 Acquiring these data is particularly important
in Greece, because healthcare-associated infection rates, an-
timicrobial consumption, and prevalence of multidrug-resis-
tant organisms are among the highest observed in developed
nations. We sought to determine the incidence of SSIs and
to evaluate current perioperative AP practices among pedi-
atric surgery patients in Greece.

We performed a 7-month prospective surveillance study of
surgical procedures (January through July 2013) at Aghia
Sophia Children’s Hospital (Athens, Greece). All inpatients
and outpatients subjected to 1 or more surgical procedures,
as defined by the CDC, were eligible to be included. If mul-
tiple procedures took place during a single trip to the op-
erating room, this was defined as a single surgery. Patients
subjected to procedures in which edges of skin incision were
not fully closed were excluded.1

We modified the CDC’s Denominator for Procedure form6

and collected demographic data, perioperative AP data (anti-
microbial agents, administration route, and duration of AP),
procedure data (type and duration of procedure, use of im-
plants, wound classification, and elective versus urgent pro-
cedure) and postprocedure data (therapeutic use of antimi-
crobials, postoperative hospital stay, and presence of an SSI).

All postoperative patients were observed daily by the sur-
geons until hospital discharge. After discharge, telephone fol-
low-up was performed by 2 of the study authors at 30 days
(no implant) or at 6 months (implant placed) after surgery
to assess whether an SSI had occurred. SSIs were diagnosed
and classified as superficial incisional, deep incisional, or
organ/space using standard CDC definitions.6 A standardized
paper data collection form was used, and data were then
entered into an electronic database (RedCap).

Overall SSI rates per 100 operative procedures were cal-
culated according to the CDC’s instructions.6 SSI rates were
also calculated by wound class and procedure type. The pro-
cedures were grouped as procedures of the scrotum/inguinal
region, urinary tract, skin/soft tissue, liver/biliary, intestinal
tract and anus, appendectomies (complicated and uncom-

plicated), oncologic procedures, umbilical and abdominal
wall hernia repair, and other procedures, such as pyloro-
myotomy, varicocele repair, and pediatric gynecology pro-
cedures.

Appropriateness of perioperative AP was assessed as the
administration of preoperative doses of the correct antimi-
crobial agents for specific surgical procedures, and the correct
duration of AP for less than 24 hours, according to American
Society of Health-System Pharmacists recommendations.7 Pa-
tients who underwent procedures with an established infec-
tion were excluded from analysis of AP.

All categorical variables were summarized as absolute num-
ber and relative frequency (%). Duration of AP was sum-
marized as median and interquartile range because Shapiro
Wilk test revealed that this was not normally distributed. SSI
rates were presented as percentage and 95% confidence in-
terval.

During the study period, a total of 553 children underwent
surgery. The most frequent surgeries were procedures of scro-
tum and inguinal region (38.5%), appendectomies (28.9%),
and procedures of urinary tract (13.9%). The SSI rates by
wound type and procedure type are shown in Table 1.

Perioperative AP was administered to 425 of 513 eligible
patients (40 were receiving antimicrobial treatment for in-
fection at the time of surgery). Of the 425 patients who re-
ceived AP, 410 (96.5%) had an indication, whereas 15 patients
(3.5%) did not have an indication for AP. Of these 410 pa-
tients with an indication for AP, 118 (28.8%) received the
correct antimicrobial agent. The most common AP was ce-
foxitin (44.2%), followed by gentamicin (26.8%) and met-
ronidazole (21.4%). The median duration of AP was 7 days
(interquartile range, 3–9 days), and only 85 patients (20.7%)
received the appropriate duration of AP (for 24 hours).

Only 23 (5.6%) of the patients received the appropriate
AP in terms of both the correct antimicrobial agent and du-
ration. Eighty-six (97.7%) of the 88 patients who did not
receive AP met indication criteria for AP.

To our knowledge, this study is the first to estimate the
SSI rate among Greek children and to measure adherence to
current AP guidelines in Europe. This study revealed an over-
all SSI rate of 2.2%. These data can provide valuable bench-
marking data for other European pediatric facilities.

As expected, we found that SSI rates were higher after
contaminated and dirty-infected procedures compared with
clean and clean-contaminated procedures.4,5 We found sig-
nificant gaps in adherence to current AP guidelines. In our
study, the rate of overall AP compliance was low. The most
common reasons for inappropriate perioperative AP were
either selection of drug(s) that did not cover potential path-
ogens or redundant coverage, whereas prolonged postoper-
ative courses of antibiotics were common. Also, 16.8% did
not receive antimicrobials even though AP was indicated.
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table 1. Surgical Site Infection (SSI) Rates by Wound Class and Procedure Type

Variable No. (%) of cases No. of SSIs SSI rate (95% CI)

By wound class
Clean 112 (20.3) 0 0.0 (0 – 3.2)
Clean-contaminated 382 (69.1) 4 1.0 (0.3 – 2.7)
Contaminated 21 (3.8) 2 9.5 (1.2 – 30.4)
Dirty 38 (6.9) 6 15.8 (6.0 – 31.3)

By procedure type
Appendectomy complicated 31 (5.6) 6 19.4 (7.4 – 37.5)
Appendectomy noncomplicated 129 (23.3) 2 1.6 (0.2 – 5.5)
Small intestine 10 (1.8) 1 10 (0.2 – 44.5)
Oncologic 14 (2.5) 1 7.1 (0.2 – 33.9)
Urologic 77 (13.9) 1 1.3 (0.03 – 7.0)
Pyloromyotomy 4 (0.7) 0 0.0 (0.0 – 60.2)
Umbilical hernia/abdominal wall hernia 12 (2.2) 0 0.0 (0.0 – 26.5)
Varicocele 4 (0.7) 0 0.0 (0.0 – 60.2)
Inguinal/scrotum 213 (38.5) 0 0.0 (0.0 – 1.7)
Large intestine/anus 17 (3.1) 0 0.0 (0.0 – 19.5)
Pediatric gynecology 4 (0.9) 0 0.0 (0.0 – 52.2)
Liver/biliary tract 7 (1.3) 0 0.0 (0.0 – 40.9)
Skin/soft tissue 23 (4.2) 1 4.3 (0.1 – 21.9)
Intussusception 4 (0.7) 0 0.0 (0.0 – 60.2)
Other 3 (0.5) 0 0.0 (0.0–70.8)

Overall 553 12 2.2 (1.1–3.8)

note. CI, confidence interval.

Although we were not able to assess the timing of admin-
istration of AP or the need for redosing, we identified im-
portant targets for intervention. Additionally, we did not cap-
ture surgeon-specific data, which limited our ability to
provide personalized feedback. Finally, we were not able to
perform audits of adherence to other infection control prac-
tices, which might have increased the risk of SSI. Our future
directions include interventions to educate surgeons to im-
prove the selection of appropriate drugs and limited durations
of AP.
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Prolonged Hospital Stay, an Adverse Effect
of Strict National Policy for Controlling the
Spread of Highly Resistant Microorganisms

Healthcare facilities (HCFs) are increasingly plagued by highly
drug-resistant organisms (HDROs).1 These HDROs include
carbapenamase-producing Enterobacteriaceae (CPE) and gly-
copeptide-resistant enterococci (GRE), with low prevalence
rates in France.2,3 French recommendations for the control
of HDROs consist of strict contact precautions for colonized
patients, screening and contact precautions of contact pa-
tients, with neither transfer nor new admissions until 3 neg-
ative screening tests.4 However, this strategy is burdensome
and limits use of hospital services. Difficulties in imple-
menting these measures may induce reluctance of down-
stream HCFs to accept admission of HDRO-positive patients.
Our purpose was to describe the length of stay (LOS) and
evaluate the delay in transferring patients colonized with
HDROs to downstream units.

This study was performed at a 950-bed university hospital.
We conducted a matched case-control study from January
2009 to January 2013. Cases were defined as patients colo-
nized or infected with HDRO. Control patients were those
not colonized or infected with HDROs. Control patients were
those matched with cases on gender, age, first ward and period
of hospitalization (same period during the previous or fol-
lowing year), and diagnosis-related groups (DRGs). All pos-
sible controls were selected from the DRG system and in-
cluded. Data were retrospectively collected: comorbidities,
type of HDRO, date of positive result, dates of admission and
discharge, destination at discharge, origin of the HDRO (ei-
ther referred to the hospital or acquired in our hospital) and
DRG.5 A hospital-acquired HRDO was defined as an HDRO
cultured from screening or clinical samples more than 48 h
after admission, and infection was defined according to stan-
dard criteria.6 LOS was calculated by the difference between
discharge and admission dates at our hospital. Univariate
comparisons used a Wilcoxon rank or x2 test. LOS had a
right-skewed distribution and was log transformed. Mean
LOS of cases and controls was compared using general linear
model analysis for matched data in SAS, LSMEANS (SAS
Institute).

In total, 190 patients were included, 49 cases and 141 con-
trols (Table 1). Twenty-eight cases were colonized with GRE
(25 vanA, 3 vanB enzymes), 19 with CPE (16 OXA-48, 2
KPC, 1 NDM-1 enzymes) and 2 with both HDROs. Twenty-
four cases (49%) were hospital acquired, 18 with GRE and
6 with CPE; 19 (39%) cases were secondary to an outbreak

occurring in our hospital, 15 with GRE and 4 with CPE.
Median duration between admission and date of HDRO-
positive culture was 11 days (interquartile range [IQR], 6–
20). Four cases developed an infection with HDROs. The
number of cases increased over time, from 1 in 2008 to 25
in 2012. The median Charlson score was significantly higher
in cases than in controls, and the McCabe score was similar
(Table 1). Median LOS was 31 (15–72) days in cases and 14
(8–25) days in controls (P ! .01). Patients were hospitalized
primarily in medical units before discharge in cases (n p 25,
51%) and controls (n p 77, 55%, P p .79); 32 cases (68%)
and 91 controls (64%) were discharged home (P p .96).
After adjustment for ward, MDRO colonization status, type
of care required for primary diagnosis, and destination at
discharge, there was a statistically significant difference in
duration of hospitalization between the HDRO group and
the HDRO-free group. Log-transformed matched adjusted
mean LOS was estimated at 45.1 days in cases and 21.4 days
in controls (P ! .001). Mean excess LOS due to colonization
with HDRO was 23.7 days (95% confidence interval [CI],
21.3–26.1).

French national recommendations are effective in con-
trolling the spread of HDROs.7,8 However, this strict policy
may have adverse effects on the care of colonized patients9

and may cause a delay in transfer to downstream HCFs. Our
results suggested that colonization with HDROs was associ-
ated with a mean excess LOS of 23.7 days. The national
strategy for controlling HDROs is based on strict contact
precautions for colonized and contact patients, with imple-
mentation of cohorting and dedicated staff in an outbreak
situation. This strategy leads to potential adverse clinical and
economic effects. Indeed, costs generated by HDRO control
include loss of income due to interruption of transfers and
admissions and costs of additional staff for cohorting, mi-
crobiological tests, and contact precautions.10 These costs may
prevent HCFs from admitting these patients, especially to
rehabilitation units or long-term care facilities (LTCFs), where
resources may be scarce. In addition, care of HDRO carriers
may disrupt care organization, eg, rehabilitation in dedicated
areas. Additionally, the perceived risk of transmission may
be enhanced by healthcare workers’ perceived risk of HDRO
acquisition and fear of these “high-risk bugs.” The major
strength of our study is the statistical method, which addresses
group differences in matched patients, therefore minimizing
confusion bias due to demographic characteristics, comor-
bidity, and the hospitalization context and providing an ac-
curate estimation of excess LOS due to HDRO. However, the
single-center design limits generalizations, since connections
between acute care and rehabilitation or LTCFs are specific
to each healthcare network. This also argues for flexible rec-
ommendation in units with limited human and budget re-
sources. Additionally, controls were matched to cases for hos-
pital stay during the year before or after the episode, thus
controlling for the potential impact of preventive measures
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