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ABSTRACT

THE PURPOSE OF THE STUDY. The purpose of this study was to evaluate the prevalence and structure of sur-
gical site infections in the Department of Orthopaedis — Trauma Unit in Regional Hospital. St. Luke in Tarnow
in 2008-2012.

MATERIALS AND METHODS. Data analysis included 7189 patients operated in 2008-2012. The data collection
and analysis used standard statistical tools and definitions for nosocomial infections issued by the U.S. Centers
for Disease Control and Prevention (CDC).

RESULTS. In the study group it was 91 cases of SSI (surgical site infection), including 35 patients (38%) with
post-operative open reduction of long bone fracture (FX), 16 (18%) with reduction of closed fractures (CR), 15
patients (16%) undergoing hip endoprosthesis (HPRO), 13 (14%) with open reduction surgery of small bones
(OR-OTHER), 4 (4%) after knee endoprosthesis surgery (KPRO), and 8 (9%), after treatments of other infections
(OTHER). The latter have not been taken into account in the further analysis due to the small number and variety
of surgical procedures. The incidence of SSI was for: FX from 2.6 (2008) to 4.1 (2011); CR from 1.2 (2012) 4.8
(2008), HPRO from 0.7 (2012) to 1.3 (2009 r.), OR-OTHER from 0 (2009) to 4.5 (2010); KPRO from 0 (2010-
2012) to 2.1 (2009). Among the etiological factors isolated from clinical materials derived from patients diagnosed
with infections dominated Gram-positive bacteria, especially Staphylococcus-aureus: HPRO-40%, KPRO-75%
FX-46%, OR-OTHER-62%, CR-63%, OTHER -38%. Strains resistant to methicillin (MRSA) were not reported.
CONCLUSION. Prevention measures implemented in many areas of the potential impact on risk factors for SSI,
has helped to achieve in 2012, the lowest rate of infection for all the analyzed procedures in the last 5 years.
Conducting targeted surveillance of surgical site infection keeps morbidity associated with SSI at an acceptably
low level and allows for precise planning of the preventive measures in this area.

Key words: nosocomial infections, surgical site infection, surveillance of the infections, infections associated
with orthopedic implant

INTRODUCTION place in the field of orthopedics and traumatology due

to invasive medical interventions carried out in the area

Intensive development of medicine observed with
improvement of new methods of diagnosis and treat-
ment has created new challenges in the area of preven-
tion of nosocomial infections. Invasive procedure for
treating patients save lives, but also increase the risk
of displacement of microorganisms to the areas of the
body vulnerable to infection. Building of a system for
infection control requires a systematic analysis of the
epidemiological situation and take preventive measures
in respect of detected infections (1,2). Surgical site
infections are an important group among diagnosed
nosocomial infections. They occur with certain frequen-
cies in all surgical specialties (3) They occupy a special

of bone tissue. These infections are characterized by
long-term treatment and an uncertain outcome. They
can lead to the patient’s disability and long-term inca-
pacity for work. Failure to treat these infections prompt
patients to seek redress and compensation under adverse
medical events.

MATERIALS AND METHODS

In 2008-2012, the Department of Orthopedics and
Traumatology performed 7189 surgical operations. This
unit is subject to monitoring of the treatment of infec-
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tions detected by the Infection Control Team (ZKZ) of
this hospital. Surgical treatments were analyzed and
classified according to the procedures of International
Classification of Diseases (ICD 9), (Table I).

Infection Control Team in the diagnosis of noso-
comial infections, applied the definitions given by the
CDC-Center for Disease Control and Prevention of
Infectious Diseases (4). The registration of detected
infections division used the following categories of
clinical forms of infection: superficial, deep and organ
involvement. Information about the patients was col-
lected by active monitoring through daily analysis of
the results of microbiological testing and review of
patient records, consultations with doctors and nurses.
Each case classified as surgical site infection (SSI)
was discussed with the patient’s doctor. For each iso-
lated microorganism recognized as an etiologic agent
of infection was assessed drug sensitivity, which was
examined by the automatic instrument Witek II. The
incidence of SSI was calculated as ratio of the number of
new cases of SSI per unit of time divided by the number
of operations and multiplied by 100. (5).

In this paper, the characteristics of the patient’s risk
factors were obtained by calculating SSI Risk Index
which is based on an integrated analysis of three catego-
ries of variables determining: the degree of microbial
contamination of the surgical site, duration of surgery
and the surgical patient susceptibility of infection ac-
cording to ASA (American Society of Anesthesiology)
score (6,7). The degree of microbial contamination of
surgical site defined the operating physician during
surgery. Considered a risk factor for above-standard
duration of operation for 25% (75th paracentyl) longest
ongoing operations. The classification of patients in
the ASA score conducted an anesthesiologist before
surgery.

Risk factors were grouped according to the scheme:
the place operated dirty-1p., above-standard duration of
the operation-one point, three or more points on a scale
of ASA- 1 point. We also calculated the standardized
risk index SIR (Standardized infection ratio) in relation

to the incidence observed in the American program of
infection control NNIS (National Nosocomial Infection
Surveillance) (8).

In patients of Orthopaedics — Trauma Unit periop-
erative antibiotic prophylaxis was used according to the
hospital own rules. Cefazolin was used at a dose of 1 to
2 g, for 30 min. before the incision of tissue following
by two kinds of antibiotic prophylaxis: “ultra-short” -
(cefazolin to 24 hours after treatment) and “short-term”
(cefazolin to 72 hours after surgery).

RESULTS

Within five years 7 189 patients were treated in the
Department of Orthopedics and Traumatology with an
average length of stay was 7.9 day. The Department
carried out an average of 40 microbiological tests per
bed for a year. In the observed sample were identified
91 cases of SSI, including 35 patients (38%) after open
fracture surgery (FX), 16 (18%) post-operative reposi-
tion of closed fractures (CR), 15 (16%) of patients who
underwent hip replacement surgery (HPRO), 13 (14%)
after open surgery of small bones (OR-OTHER), 8 (9%)
after surgery other (OTHER), 4 (4%) after arthroplasty
surgery of the knee (KPRO).

The dominant form of SSI were deep infections,
which accounted for 71% of all SSI. The incidence of
SSI in each year for FX ranged from 2.6 (2008) to 4.1
(2011), for CR from 1.2 (2012) to 4.8 (2008), for HPRO
from 0.7 (2012) to 1.3 (2009),for OR-OTHER from 0
(2009) to 4.5 (2010), fpr KPRO from 0 (2010-2012) to
2.1 (2009) (Table II).

SSI Risk Index was calculated for each category
of treatment, in which the incidence was dependent on
the identified risk factors. For the procedures HPRO of
patients with no risk no SSI was found, among patients
with a single risk factor, incidence was 1.41, with two
or more factors 1.24. In patients with KPRO procedures
there were no SSI in patients with no risk factors, with
one risk factor incidence was 1.28, with two or more of

Tabela. 1. The list of surgical procedures performed in the Orthopedic Trauma Ward and their codes ICD-9.

Code Operative procedures ICD-9
HPRO Hip prosthesis, Arthroplasty of hip 00.70-00.73; 81.51-81.53
KPRO Knee prosthesis, Arthroplasty of knee 00.80-00.84; 81.54; 81.55
Open reduction of fracture or dislocation of long bones with or 79.21; 79.22; 79.25; 79.26; 79.31; 79.32; 79.35;
FX without internal or external fixation; does not include placement of | 79.36; 79.51; 79.52; 79.55; 79.56
joint prosthesis
Open reduction of fracture or dislocation of small bones with or 77.28; 78.070-78.079; 79.33; 79.34; 79.37,
OR- OTHER | without internal or external fixation; does not include placement of | 79.391-79.395; 79.80-79.89
joint prosthesis — other then FX
CR Closed reduction of fracture or dislocation of bones with external |79.11-79.18; 79.191-79.194
fixation;
Other operative procedures 77.67; 78.627; 81.11; 81.45; 81.56; 81.84;
OTHER 84.01; 84,07
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2.08. Otherwise the incidence ranged for patients with FX
procedures amounting to 2.03 patients without risk fac-
tors, 2.61 with one risk factor, and 10.32 for two or more.

Tab. II.  SSI incidence in a period of 2008-2012 years by
codes ICD-9.
Year | HPRO | KPRO | FX [ OR-Other | CR
2008 1,1 1,8 2,6 4 4,8
2009 1,3 2,1 3,7 0 2,6
2010 0,3 0,0 3,7 4,5 3,3
2011 1.2 0,0 4.1 32 1,3
2012 0,7 0,0 3,7 1,5 1,2

After the procedures “OR OTHER” incidence in
patients with no risk factors was 2.35, with one risk
factor 1.06 and 3.72 with two or more risk factors. The
CR treatments were associated in patients with no risk
factors with incidence 1.78, to in one risk factor 1.59
and 6.25 with two or more risk factors (Table III). The
results were compared with the U.S. NNIS infection
control results. The incidence among patients of U.S.
hospitals and the investigated ward shows no difference
in the incidence of HPRO and KPRO. The incidence
was higher for FX in all groups of patients with SSI risk
index calculated in a comparable population of patients
within the NNIS. The standardized index for FX risk
exceeded 1, which means that there was in this group
of patients more infections than expected (Table 1V).

Among the etiological factors isolated from raw
materials derived from patients with SSI dominated
Gram-positive bacteria, especially Staphylococcus-
aureus: for HPRO-40%, KPRO-75%, FX-46%, and
the OR-OTHER-62%, CR-63%; OTHER-38%. Strains
resistant to methicillin (MRSA) were not detected.
During this study period, the number of microbiologi-
cal tests performed in the ward increased from 16 tests
per the bed in 2008 to 82 in 2012. Regarding the use of

Tab. III. SSI incidence in patients with different numbers
of risk factors.

Type of surgery
Hpro | KPRO| FX | OR | cr
Other

Number of n=1611 | n=440 | n=1044 | n=515 | n="732
procedures
Average patient is 68 67 52 33 54
age (years)
Number of SST 15 4 35 13 16

Without risk factors
Number of 515 | 167 | 345 | 170 | 337
procedures
Number of SSI 0 0 7 4 6
SSI incidence 0,00 0,00 2,03 2,35 1,78

With 1 risk factor
Number of 854 | 235 | 574 | 283 | 315
procedures
Number of SSI 12 3 15 3 5
SSI incidence 1,41 1,28 2,61 1,06 1,59
With 2 or 3 risk factors
Number of 242 | 48 | 126 | 62 80
procedures
Number of SSI 3 1 13 6 5
SST incidence 1,24 | 2,08 | 10,32 | 3,72 6,25
Total

Number of 1611 | 440 | 1044 | 515 | 732
procedures
Number of SSI 15 4 35 13 16
SSI incidence 0,93 0,91 3,35 2,52 2,19

perioperative antibiotic prophylaxis antibiotic “ultra-
short” dose was used in 5% of the patients in the group
with diagnosed infection, “short” in 56%. In 12% of
patients antibiotics were introduced before surgery as
a treatment for the underlying disease. 26% of patients
were not given antibiotics as prophylaxis.

The resulting rates of incidence were the basis for
the development of measures to reduce SSI. In the

Tabela. IV.  SSI incidence in patients with risk factors compared to NNIS.
Index/ risk | Number of | Incidence in this stud NNIS incidence Expected number of
Type of surgery factors SSIs (%) Y (%) ’ SSIs SIR* SSI
0 0 0 0,78 0,0
HPRO n=15 1 12 1,41 1,55 12,0 1,00
2i3 3 1,24 2,07 3,0 1,00
0 0 0 0,87 1,5 0,00
KPRO n=4 1 3 1,28 1,22 2,9 1,05
2i3 1 2,08 2,03 1,0 0,00
0 7 2,03 0,64 2,2 3,17
FX n=35 1 15 2,61 1,33 7,6 1,96
2i3 13 10,32 2,59 3,3 3,98
0 4 2,35 bd bd bd
OR-OTHER n=13 1 3 1,06 bd bd bd
2i3 6 3,72 bd bd bd
0 6 1,78 bd bd bd
CR n=8 1 5 1,59 bd bd bd
2i3 5 6,25 bd bd bd

* SIR standardized infection ratio
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Tab. V.  The number of used barrier surgical occupancy, surgical gloves, surgical masks, disinfectants to wash the patient’s
body before surgery, the tests for the carriage of staphylococcus aureus among patients and staff, environmental

studies of the operating room.

. Number of research | Number
liezba Number of Npmber of Number of Number of.paclfa- MSSA carriage of envi-
. . | pairs of glo- . ges of antiseptic -
barrier surgi- . surgical ma- ron- mental | Number | SSI inci-
ves with high . to clean the pa- .
cal occupan- . sks of high L, Operat. . studies of of SSI dence
year resistance to . tient’s body (box Patients .
cy (set) filtration . team the operating
damage 0.5 liter)
room
2008 75 0 0 0 7 0 20 18 1,4
2009 64 0 0 16 12 0 20 19 1,3
2010 304 0 0 32 36 0 20 23 1,6
2011 1038 3950 50 63 163 249 60 18 1,2
2012 1560 2150 10 450 68 369 765 120 13 0,9

plan were omitted areas for which was obtained the
compliance of internal procedures such as education,
duration of stay before surgery, the surgical clipping,
hand hygiene, aseptic and antiseptic action, care after
surgery. With regard to other risk factors, the following
preventive measures were introduced: discontinuation
of the use of cotton drapes and replacement them with
those which meet the standard DIN EN 13795, surgical
masks with high filtration were introduced and surgical
gloves more resistant to damage. Rules for preparing
a patient for surgery were clarified taking into account
the patient’s body hygiene. Compulsory monthly test-
ing of the members of surgical teams and patients for
the carriage of Staphylococcus aureus in the nose was
introduced (Table V).

DISCUSSION

In the word under investigation surveillance of sur-
gical site infections has been conducted by a team for
hospital infections since 2001. Systematic surveillance
of the infections was conducted up to one year after the
operation because of the large number of treatments with
use of the implant. In the initial period of monitoring of
SSI was pointed to the general incidence rates per 100
operations (3). Since 2008, it was introduced targeted
surveillance of selected orthopedic operating proce-
dures. These observations led to better diagnose the
cause of infection and enhancing cooperation between
the team and medical personnel of the ward.

Our studies have shown no difference between the
observed incidence rates for SSI and described in the
literature. In our study, SSI occurred with a frequency
of 1.3%, and according to data from NHSN (National
Healthcare Safety Network), the incidence was 1.9%
(9). Babiak et al. (10) described the occurrence of infec-
tions in orthopedic trauma wards at the level of 2.4%.

In our department incidence of infections after
HPRO during the study period was as an average 0.9%.
Wojkowska-Mach et al. (11) in a survey of surgical

site infections following total hip replacement surgery
performed on a slightly larger material found the inci-
dence of these infections in the range of 2.3% to 7.5%.
The multi-center study conducted in the framework
of the NNIS obtained comparable incidence rates for
procedures HPRO and KPRO taking into account the
risk index. In the group of patients who underwent the
procedure at the ward under study as compared with
the data of NNIS incidence of infections after HPRO
was respectively 1.41 and 1.65 for patients with one
risk factor, 1.24, and 2.52 for patients with two or more
risk factors.

Standardized Risk Index (SIR) for HPRO and
KPRO was one or less which means that in our study
occured fewer infections for these procedures than
expected (Table IV). Infection rates higher than in the
comparable NNIS system were obtained in the proce-
dures relating to open repositioning of long bones (FX).
Also standardized risk index for these treatments has
exceeded a value of 1, which means that more infec-
tions occurred in this area than expected in comparison
to NNIS (12).

With regard to the results of incidence of infec-
tions after FX procedures authors see a need to re-
examine infections in this group. Assuming constancy
of organizational and personal factors in the ward and
repeatability of sanitation procedures used in the oper-
ating room, which is fixed and unchanging for all the
analyzed procedures, it is necessary to take into account
additional risk factors of the patient. There was not
analyzed the incidence of open fractures in high impact
tissue injury and multiple foci of necrosis, coexisting
with large physical contaminations at the injury site
that may affect the occurrence of infection. The risk of
infection may also depend on the time elapsed since the
tissue damage to the first dose of antibiotic.

These factors were not examined in this study.
Hryniewicz et al (13) indicate that penetrating injuries
with the presence of necrotic tissue, operated more than
4 hours after the event, carry a high risk of infection, up
to 40%. As a part of monitoring the infection rates were
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calculated for other procedures than the open reduction
of long bones and fixation of fractures and dislocations
(OR-OTHER), and for setting of closed-fractures and
repositions (CR), but a comparative material in this area
was not found in the available literature.

In our study, Gram-positive organisms were the
most common cause of surgical site infections, which
was dominated by strains of Staphylococcus aureus,
representing 51% of the isolates. Stick and Truszkie-
wicz in the analysis of the patients civil claims mention
MRSA infection as the most common cause of infec-
tion in the area of orthopedics and traumatology (14).
Bloch-Bogustawska E et al. also indicate that S. aureus
was the most common pathogen causing infections in
orthopedic and trauma wards in the reviewed lawsuits
due to nosocomial infections (15). Our results do not
differ from those listed in the literature.

It was also performed an analysis of the results of the
use of perioperative antibiotic prophylaxis, according
to the recommendations for the diagnosis and treatment
of infections in the hospital (16). A review of the litera-
ture suggests that the perioperative use of antibiotics
reduces the number of infections in orthopedic surgery
and trauma wards (17,18). According to the materials
developed by Steinberg et al. (18), the incidence of SSI
depends on the time of administration of antibiotics. In
this study, patients who received antibiotic too early or
too late in relation to tissue incision, had higher rates
of infection of up to 6%. Our study was not carried
out as an in-depth analysis of antibiotic administration
time, however, it is possible to further reduce infection
rates by applying the general principles recommended
antibiotic prophylaxis.

SUMMARY AND CONCLUSIONS

Prevention measures implemented in many areas of
the potential impact on risk factors for SSI, has helped
to achieve in 2012, the lowest rate of infection for all
the analyzed procedures in the last 5 years. In our study
the incidence of SSI for procedures HPRO and KPRO
was at a level comparable to the results of a multicenter
study of NNIS.

Our results allow the following conclusions:

1 The method of SSI surveillance applied in this study
has a high sensitivity.

2 Conducting targeted surveillance of surgical site in-
fection can properly control the morbidity associated
with SSI and precisely plan the preventive measures
in this area.

3 Standard risk index confirms the comparability of
the patients treated in the studied ward and those
being a subject to the NNIS.

4 The risk factors of the patient may influence the

incidence of SSI in FX procedures.

5 Inthe case of surgical treatment of open fractures of
long bones, the use of combined antibiotic therapy
should be considered.

6 Among the etiological factors Staphylococcus au-
reus was most frequently detected. Absebce MRSA
strains in the clinical material indicates effective
supervision on antibiotic resistany strains and ef-
ficient prevention procedures.
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