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ABSTRACT

Introduction

Surgical site infections pose a significant problem in the treatment of neurosurgical procedures,
regardless of the application of perioperative prophylaxis with systemic antibiotics. The infection
rate in these procedures ranges from less than 1% to above 15%. Different antibiotics and admin-
istration regimes have been used in the perioperative prophylaxis so far, and there are numerous
comparative studies regarding their efficiency, however, it is generally indicated that the choice
thereof should be based on information and local specifics connected to the most probable bacterial
causers, which would possibly contaminate the surgical site and cause infection, and moreover,
the mandatory compliance with the principles of providing adequate concentration of the drug at
the time of the anticipated contamination.

Objective

Comparing the protective effect of two perioperative prophylactic antibiotic regimes using ce-
furoxime (second generation cephalosporin) and ceftriaxone (third generation cephalosporin) in
the prevention of postoperative surgical site infections after elective and urgent cranial and spinal
neurosurgical procedures at the University Clinic for Neurosurgery in Skopje in the period of the
first three months of 2016.

Design of the study
Prospective randomized comparative study.

Outcome measures
Establishing the clinical outcome represented as prevalence of superficial and deep incision and
organ/space postoperative surgical site infections.

Material and method

We analyzed prospectively 40 patients who received parenteral antibiotic prophylaxis with two
antibiotic regimes one hour before the routine neurosurgical cranial and spinal surgical procedures;
the patients were randomized in two groups, according to the order of admission and participa-
tion in the study, alternately, non-selectively, those persons who fulfilled inclusion criteria were
placed in one of the two programmed regimes with cefuroxime in the first, and cefotaxime in the
second compared group. All relevant demographic and perioperative patient data were analyzed
for both comparative groups, especially the factors known to cause disposition (predisposition)
to infections. The prevalence of postoperative infections was evaluated as the primary outcome
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in both comparative groups, while the secondary outcome was the postoperative infection rate
after cranial and spinal neurosurgical procedures at the Neurosurgical clinic in Skopje (having in
consideration that so far no data have been published in this context), as well as the prevalence of
the risk factors for occurrence of postoperative infections, pre-surgically in patients undergoing
neurosurgical interventions locally in the Republic of Macedonia.

Results

A total of three cases of postoperative infections were registered, two of which classified as
superficial incisional, while one case organ/space infection — meningitis (elective intervention)
without etiological confirmation. Both comparative groups were statistically similar, without any
statistically significant differences in the basic demographic and perioperative characteristics, es-
pecially in relation to the incidence of the factors, which, regardless of the antibiotic prophylaxis,
show predisposition to postoperative infections. All three cases with infections were registered
in the group of persons who received prophylaxis with ceftriaxone preoperatively, with isolated
etiological S. aureus agent (elective intervention) in one of them, and methicillin resistant staph-
ylococcus aureus (MRSA) in another (urgent intervention) with superficial incisional SSI. There
was no case of SSI in the group of patients who received cefuroxime before surgery.

Conclusion

Administration of parenteral antibiotics before surgery reduces the incidence of postoperative
infections after neurosurgical procedures, especially in cases with increased risk factors for SSI,
such as ACA score of > 2/3, the duration of the surgical intervention > 4 hours, contaminated
wound and comorbidities. Perioperative antibiotic prophylaxis should be directed to better cov-
erage of the S.aureus arrays.

Key words: Surgical site infections, Neurosurgery, Antibiotic prophylaxis, Cefuroxime, Ceftriaxone

INTRODUCTION

Surgical site infections (SSI) are most com-
mon infections associated with the healthcare of
surgically treated patients [1]. The incidence of
SSI varies between 1% and 17%, depending on
the definition of infection, the duration of postop-
erative monitoring, the institution and the type of
performed surgical procedure [2,3.,4,5,6]. In addi-
tion to the notable advancement and improvements
of the surgical practice and the infections control
techniques, SSI continue to be burden for the pa-
tients and healthcare services in context of morbid-
ity, mortality and expenses, and are still the main
threat to the wellbeing of postsurgical patients [2].
Having in consideration that the complete eradi-
cation of SSI is not practically possible, most of
them are potentially preventable with the help of
efficient strategic prevention approaches [7]. With
careful monitoring, a significant reduction of SSI
incidence is possible [8], whereas in hospitals with
strict surveillance and infection control programs,
within 4-6 years, the reduction is 19-41% [9,2,10].
The SSI incidence has been determined by nu-
merous exogenous and endogenous factors and
it depends on the characteristics of the patient,
the surgical intervention/procedure, the staff and

hospital [11]. Thus, one of the key components of
any SSI prevention strategy is the multidisciplinary
approach and inclusion of all relevant persons as
a team in the improvement process. As a result of
the implementation of a comprehensive prevention
program, one study registered a clear trend of the
SSIrate, from 6.21% in 2008 to 2.28% in 2013 [2].

The SSI incidence in patients after neurosur-
gical intervention ranges between 1.25% and 17%
in conditions of prophylactic administration of
antibiotics, and 0.3% to 3.0% in absence of anti-
biotic prophylaxis [2,12,4,13,14]. The suggested
allowed rank of annual SSI incidence is the mar-
ginal value of less than 5% [15].

SSI are associated with increased morbidi-
ty, mortality, and increased hospitalization costs,
prolonged hospitalization on an average of 4 to
7 days and twice the risk of fatal outcome, twice
increased probability for ICU treatment, and five
times greater chance of post-discharge hospital-
ization [16,17,18]. Furthermore, due to the prolon-
gation of the illness and the hospitalization, SSI
patients suffer emotionally and physically, which
results in prolonged absence from their usual ac-
tivities, social life and family disruptions due to
the deterioration in their status and the insecurity
related to their health related problems [16].
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In neurosurgery, SSI’s are important due to
their clinical significance, association with nega-
tive prognosis, high mortality and great number
of sequels in surviving persons. These infections
may be superficial infections of the wound, shunt
infections or ventricular shunts, intra-parenchymal
abscesses and meningitis [19]. In neurosurgery,
most of the procedures are considered “frequent”
compared to manipulations in sterile tissues [16].

Surgical site infections (SSI) are considered
important complications of surgical interventions
and are associated with significant morbidity and
mortality. They entail serious consequences for the
patients and high financial costs [20]. SSI result
in pain, discomfort, prolonged hospitalization and
permanent disability, which are all underlying rea-
sons for increased costs [21]. According to differ-
ent studies, SSI result in increased hospitalization
of patients, around 10 days and additional costs
of approximately USD 2.000 [22], whereas, each
SSI results in additional postoperative hospital
stay of 7.3 days and extraordinary costs of USD
3.152 [12], while, compared to the SSI which are
limited only to the site of incision, deep SSI which
involve organs or space are associated with even
longer hospitalizations and greater costs [23,12].

Global achievements in enhancement of
air-conditioning of ORs, sterilization methods,
barriers, surgical techniques, as well as the ap-
plication of antimicrobial prophylaxis have pro-
vided for improved infection control, however,
it is suggested that complete eradication of post-
operative infections in patients is not possible.
This conclusion is partially due to the incidence
and increase of microorganisms resistant to the
usually applied antimicrobial agents, and also to
the increased number of elderly who, in addition
to their age, bear other risk factors of chronic and
immunocompromising illnesses and primary dis-
ability [21,12].

Even though SSI’s are rare in neurosurgical
patients, they result in serious consequences, es-
pecially in craniotomies. Knowledge of the risks
of infection and identification of patients with high
risk provide for the opportunity for implementation
and instructed delivery/undertaking specific preven-
tive institutional measures for certain patients. SSI
rate indicators are one of the ways to evaluate the
quality and effectiveness of hospital care and treat-
ment. The treatment of patients may be improved
by knowing the risks and preventive methods.

The key objective of the study was the at-
tempt to evaluate the protective effect of periop-
erative antimicrobial prophylaxis in context of

SSI prevention using two different regimes: With
cefuroxime and ceftriaxone, which according to
the literature [24,25,26,27,28,29,30] and the ex-
perience with their use at the Neurosurgical clinic
in Skopje, considering that so far there are no
published data in this regard in RM, to provide
for initial insight in the incidence of SSI after neu-
rosurgical procedures, and identify patients with
increased risk of SSI after performed neurosurgi-
cal interventions in the Republic of Macedonia.

MATERIAL AND METHOD

The protocol of conducting the study is not
different compared to the standardized which has
been so far routinely used in patients undergoing
neurosurgical intervention in our institution, with
mandatory perioperative antibiotic prophylaxis,
however, in the interest of this study, randomized
(according to the order of coming of the patients,
alternately, by administration of cefuroxime or
ceftriaxone, within 60 minutes before initial in-
cision. All patients underwent standardized set
of procedures as usual, when admitted, during
and after the neurosurgical intervention, during
their hospital stay, when discharged and during
follow-ups.

Both antibiotics (cefuroxime and ceftriax-
one) administered parenterally (intravenous) in
determined dosage and at the given time intervals
before starting the surgery, calculated according
to the time of first incision, provide a specter of
effect which covers the most frequent etiologi-
cal agents of postsurgical infections arising from
colonization of skin and external barriers of the
patient, and in the surgical site and the place of
performing the surgical intervention reach concen-
trations sufficiently high and above MIC during
the whole duration of the intervention, which is
basic/key precondition for efficient perioperative
antibiotic prophylaxis.

The study involves all patients undergoing
cranial and spinal neurosurgical procedures, with-
out age limitation, with BMI (calculated according
to the anamnestic data about height and weight) in
normal range of 18.5 to 25 (WHO), hospitalized
two or less than two days before surgery (inclusion
criteria), while the exclusion criteria for participa-
tion in the study were psychosomatic developmen-
tal disability, allergy to penicillin, BMI outside the
above mentioned range, long-term therapy with
corticosteroids, cytostatics and antibiotics, as well
as previous in-patient treatment of one months as
a result of another illness.
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The study was designed as prospective ran-
domized controlled study, implemented at the Uni-
versity Clinic for Neurosurgery in Skopje, during
2016, and involved 40 patients according to the
order of their admission at the Clinic, which were
non-selectively, alternately, randomized in two
groups. In one group, by random selection accord-
ing to the time of admission of the patient before
surgery (within 60 minutes before incision) intra-
venously was administered a vile of Cefuroxime
1.5g (intraoperatively, the dosage was repeated in
case of prolonged surgery, lasting longer that two
half-lives of the antibiotic, i.e. every 3 hours per
750mg, or in cases of severe hemorrhage, more
than 1.51) and the other group, in the same time
interval and under the same principles (inside 60
minutes before incision) instead of cefuroxime,
were treated with intravenous vile of Ceftriax-
one 2.0g. The persons allergic to penicillin were
preoperatively treated with vancomycin, and they
were not included in the study. After the surgery,
the patients were carefully monitored and ana-
lyzed for signs of infections in the following 30
days and 6 weeks, and afterwards, three months
for sign of colonization.

All initial preoperative procedures were
performed according to the established routine
practice (clinical examination, complete labora-
tory-biochemical analyses) RTG, CT, MRI, and
all other necessary specific diagnostic procedures
for the individual patient. All symptoms and signs
(local and systemic) were postoperatively careful-
ly monitored for infection, both during the period
of hospitalization and the follow-ups after dis-
charging the patient, after one and three months.
Both the incidence of local symptoms and signs
(redness, swelling, discharge, pus, non-healing up
and pain) and systemic ones (high temperature,
deterioration of general health, headaches, vom-
iting, disorders of consciousness, neurological
deficits).

In case of symptoms and signs of infection,
we immediately conducted the following targeted
examinations: wound smear, blood culture and
other microbiological investigations, full blood-
work with peripheral smear and sedimentation,
CRP, other laboratory and biochemical and hepat-
ic examination, urine, urea, glycaemia, CT, MRI,
as well as all other necessary specific analyses,
depending on localization, the type of infection
and its extensiveness.

During 2016, 40 patients who underwent neu-
rosurgical intervention at the Neurosurgical clinic
in Skopje were analyzed. Neurosurgical cranial

procedures covered by the study were craniec-
tomy, craniotomy, cranioplastic surgery and burr
hole, and spinal procedures such as laminecto-
my, discectomy, foraminotomy;, cist resection, and
reparation of myelomeningocele. Patients who
underwent one of the above mentioned neuro-
surgical procedures, based on inclusion criteria,
were selected and monitored postoperatively for
signs of SSI. The study involved patients at the
age from 0-99 who underwent selective or urgent
intervention, who survived at least 7 days after
the surgical intervention. Patients with implanted
primary liquor shunt, endoscopic surgical inter-
vention, such as ventriculostomy in the third ven-
tricle, patients highly suspected for infection of
the central nervous system before the procedure,
including subdural empyema, cerebral abscess, or
infectious disease, such as tuberculosis, toxoplas-
mosis or cryptococcosis infection, patients with
contaminated wound, and those who died during
48 hours after surgery were not included in the
study (exclusion criteria). The monitoring period
of the patients was at least 30 days postoperatively
or until the fatal outcome in persons who survived
less than 30 days, if the patient had been still hospi-
talized. Discharged patients were again examined
at the Neurosurgical clinic 30 days post-surgery,
in order to determine any sign of postoperative
SSI. Data were prospectively collected for the
patients’ age, sex, data of hospitalization, ACA
classification of preoperative physical status, an-
tibiotic prophylaxis, and as regards the surgical
procedure, data about the date of surgery, reason
for the surgical intervention (tumor, vascular or
functional trauma), wound classification (clean,
clean-contaminated, contaminated and contami-
nated- infected), duration/length of surgery, type
of intervention, implant, type of drainage and
number of performed procedure. The classifica-
tion of surgical wounds was adjusted to the spe-
cifics of neurosurgery, according to which, con-
taminated-infected wounds include brain abscess,
subdural empyema and osteitis in the cases with
already present sepsis; contaminated included pa-
tients with traumatic injury with open cranial frac-
tures or lacerations of the scalp older than 4 hours;
clean-contaminated procedures involved inter-
ventions with tightening/entering paranasal sinus-
es or mastoids, repair of cranium based fractures,
or in cases of protrusion/interruption of aseptic
surgical techniques; clean surgical interventions
include most of the planned procedure. The dura-
tion of the prophylactic antibiotic treatment was
noted. Early subsequent operative interventions
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and wound infections (type, date and etiological
agent) were noted in the postoperative period.
Early subsequent operative interventions included
urgent operative interventions/procedures, usual-
ly performed in the first 24 to 48 hours after the
primary surgical procedure due to postoperative
hematoma. SSI were classified according to the
instructions/guidelines of the contagious disease
control center (CDC) and diagnoses are estab-
lished by the surgeon. SSI classification covers
the following: Scalp infection (purulent discharge
from the site of the incision, isolated bacterium
from a serous drainage, or clinical diagnosis by
the neurosurgeon) bone (bone flap) osteitis (either
surgical diagnosis of osteitis or increased tempera-
ture with local signs and discharge, and positive
blood culture or indicated RTG); meningitis-ven-
triculitis (either coloration per gram and/or micro-
organism determined through myeloculture, or
liquor pleocytosis with increased cerebrospinal
fluid and/or reduced CSF glucose, associated with
increased temperature and cervical rigidity, and
antibiotic therapy prescribed by the clinician);
cerebral abscess and empyema (either isolated
microorganism from the brain tissue or subdural
space, or surgical diagnosis for brain abscess, or
temperature, deteriorated mental status and/or
focal neurological deficit and indicated CT, with
antibiotic treatment by a clinician). According
to the CDC criteria, scalp wound infections are
defined as superficial incision infections, while
osteitis and meningitis and abscess/empyema as
organ/space infections.

RESULTS

The research involved 40 respondents, half of
which treated with antibiotic parenteral perioper-
ative prophylaxis with cefuroxime (C2) and half
with ceftriaxone (C3).

The average age of the respondents was
51.12£19.9 years, the youngest, 3 years of age,
and the oldest at the age of 81 (Table 1). The
respondents who underwent treatment with
perioperative prophylaxis with cefuroxime and
ceftriaxone were not of significant age difference
(p=0.45). Patients treated pre-surgery with ce-
furoxime were significantly older (53.55+14.1
compared to 48.7+£24.6).

The distribution of patients in both groups
according to age is presented in Table 2, and it
shows that patients from the group treated with
cefuroxime were mostly at the age from 50 to 65
(11/20), while patients from the group treated with
ceftriaxone were mostly at the age of 66 years and
older (6/20). However, these patients, compared
to the patients who were treated with cefuroxime
more often belonged to younger age groups, i.e. 5
patients at the age of 25 years, compared to only
one patient from the group treated with cefurox-
ime (Fisher exact p=0.26).

The gender structure of the patients was
represented by 25 (62.5%) male patients and 15
(37.5%) female patients (Table 3). The distribu-
tion of male and female respondents regarding
the type of administered antibiotic perioperative
prophylaxis was statistically insignificant (p=0.3).

Table 1.
AGE (years)
ANTIBIOTIC - p-value
mean+SD Std error Min-max
C2 53.55+14.1 3.15 14-77 T=0.76
C3 48.7424.6 5.5 3-81 P=0.45 ns
TOTAL 51.12419.9 3.15 3-81
C2 Cefuroxime, C3 - Ceftriaxone
t (Student t test)
Table 2.
AGE GROUPS (years)
ANTIBIOTIC TOTAL
<5 6-13 14-25 26-49 50-65 66>
C2 1(5.0%) 5(25.0%) 11 (55.0%) | 3(15.0%) 20
C3 1 (5.0%) 2 (10.0%) 2 (10.0%) 4 (20.0%) 5(25.0%) 6 (30.0%) 20
TOTAL 1(2.5%) 2 (5.0%) 3 (7.5%) 9 (22.5% 16 (40%) 9 (22.5%) 40 (100%)

C2 Cefuroxime, C3 - Ceftriaxone
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Table 3.
ANTIBIOTIC
GENDER TOTAL p-value
2 C3
MEN 25 (62.5%) 11 (55.0%) 14 (70.0%) )
WOMEN 15 (37.5%) 9 (45.0%) 6 (30.0%) Chi-square=0.96
TOTAL 40 20 20
C2 Cefuroxime, C3 - Ceftriaxone
Table 4.
VARIABLE C2+C3-n(%) C2-n(%) C3-n(%) SSI C3 p-value*
Procedure Chi-square
Cranial 22 (55%) 8 (40%) 14 (70%) 3 =3.6
Spinal 18 (45) 12 (60%) 6 (30%) P=0.056
Type of intervention Chi-square
Elective 30 (75%) 18 (90%) 12 (60%) 2 =1.8
Urgent 10 (25%) 2 (10%) 8 (40%) 1 P=0.028**
Reason for intervention
Trauma 3(7.5%) 1 (5%) 2 (10%) 1
Vascular 5(12.5%) 1 (5%) 4 (20%) Fisher exact
Infective 1(2.5%) 1 (5%) P=0.3
Functional 17 (42.5%) 11 (55%) 6 (30%) 1 ’
Tumor 14 (35%) 7 (35%) 7 (35%) 1
ACA classification
ACA1 12 (30%) 4 (20%) 8 (40%) Fisher exact
ACA2 17 (42.5%) 11 (55%) 6 (30%) 1 P=0.27
ACA3 11 (27.5%) 5(25%) 6 (30%) 2
Duration of intervention Chi square
less than 4 hours 28 (70%) 12 (60%) 16 (80%) 2 =1.9
more than 4 hours 12 (30%) 8 (40%) 4 (20%) 1 (6h) P=0.17
Type of wound
clean 39 (97.5%) 18 (90%) 1 Fisher exact
Clean-contaminated 20 (100%) 1 (5%) 1 P=1.0
Contaminated 1(2.5%) 1 (5%) 1
Type of drainage .

. . Chi square
‘E"Qrtlh"(‘)‘t grr:t‘;j/aege 17 (42.5%) 11 (55%) 6 (30%) ~2.56
L Yy op 23 (57.5%) 9 (45%) 14 (70%) P=0.11

iquor
C2 - Cefuroxime
C3- Ceftriaxone
o(C2 compared to C3 (statistical significance)
SSI — surgical site infections
Table 5.
DESCRIPTIVE STATISTICS (all 40 patients)
VARIABLE
mean+SD std. error Min-max
AGE (years) 51.12+19.9 3.15 3-81
SURGERY (hours) 3.25+1.67 0.26 1-8
STAY (DAYS) 12.448.9 1.4 2-45

Male patients were more often treated with cef-
triaxone (70% as opposed to 30%), while female
patients more often with cefuroxime (45% as op-
posed to 30%).

The statistical analyses (Table 4) showed in-
significant association of the type of perioperative
antibiotic prophylaxis and the type of procedure

(p=0.056), reason for intervention (p=0.3), ACA
classification (p=0.27), the duration of the inter-
vention more or less than 4 hours (p=0.17), the
type of wound (p=1.0) and the type of drainage
(p=0.11), and significant association with the type
of intervention (p=0.028). Perioperative prophy-
laxis with cefuroxime was significantly more fre-
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Table 6.
DURATION OF SURGERY (HOURS)
ANTIBIOTIC - p-value
mean£SD median IQR
C2 3.65+1.8 3.25 2.5-4 7=1.85
C3 2.85+1.5 2-3.75 P=0.06 ns
C2 Cefuroxime, C3 — Ceftriaxone
Z (Mann-Whitney test)
Table 7.
POSTOPERATIVE HOSPITALIZATION (DAYS)
ANTIBIOTIC p-value
mean+SD median IQR
C2 11.5£9.9 6-15.5 7=0.9
C3 13.25+8.2 6-18.5 P=0.3ns

C2 Cefuroxime, C3 - Ceftriaxone
Z (Mann-Whitney test)

quently ordinated before elective interventions
(90% compared to 60%), i.e. ceftriaxone more
frequent with urgent interventions (40% compared
to 10%).

Our research results showed that the type of
perioperative antibiotic prophylaxis did not sig-
nificantly affect the length of surgery expressed in
hours (p=0.06). Patients treated with cefuroxime
presented with insignificantly longer duration of
surgery compared with patients treated with cef-
triaxone. The average duration of the intervention
in the group of patients treated with cefuroxime
was 3.65+1.8 hours, compared to 2.85+1.5 hours,
which was the average duration of the intervention
in the group of patients treated with ceftriaxone
(Table 5 and Table 6).

Hospital stay which was an average of
12.4£8.9 (from 2 to 45 days) for all 40 patients
(Table 5) post-surgery, was insignificantly differ-
ent (Table 7) among patients who were treated
with cefuroxime and ceftriaxone (p=0.3). Postop-
erative hospitalization was an average of 11.5+9.9
and 13.25+8.2 in the groups treated with cefurox-
ime and ceftriaxone, respectively.

Postoperative infection was registered in 3
patients (Table 4) who underwent cranial neu-
rosurgical procedure, and treated with antibiotic
prophylaxis with ceftriaxone before surgery. Two
SSI were classified as superficial incisional with
isolated C aureus in one, and methicillin resistant
staphylococcus aureus in another case, while one
infection was classified as deep SSI — meningitis,
without established etiology. SSI’s were not no-
ticed in patients who were treated with antibiotic
prophylaxis with cefuroxime before surgery.

The following were the cases with postoper-
ative SSI: One three year old male child (who
underwent elective surgical intervention, with
clean wound, functional, ACA2, duration of sur-
gery of 2 hours and postoperative hospital stay
of 9 days) with isolated C aureus; one 62 year
old male patient (who underwent urgent surgical
intervention as a result of trauma, with ACA3,
contaminated wound, duration of surgery of 2
hours, with comorbidity — cirrhosis, cardiovas-
cular/CMP, hematological and neurological, with
28 days postoperative stay and fatal outcome)
with isolated methicillin resistant staphylococcus
aureus; and 64 year old female patient (who un-
derwent elective surgical intervention as a result
of tumor, with clean-contaminated wound — entry
at frontal/ethmoidal sinus, with ACA3, duration of
surgery of 6 hours, postoperative stay of 21 days,
previously treated with corticosteroids and comor-
bidity — hematological/lymphoma, cardiovascular
and neurologically) with meningitis, without iso-
lated etiological liquor agent.

DISCUSSION AND CONCLUSIONS

The incidence of SSI in patients after neuro-
surgical intervention is between 1.25% and 17%
in condition of prophylactic administration of
antibiotics, and 0.3% to 3.0% without antibiotic
prophylaxis [2,12,4,13,14,31,32].

The suggested allowed range of annual SSI in-
cidence is less than [15]. The SSI rate without an-
tibiotics is between 5% and 11% in case of liquor
shunts, between 1% and 5% in case of cranioto-
mies and spinal surgeries in clean and clean-con-
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taminated interventions, and between 11% and
38% in case of liquor fistulas [31,31,33,34].

The risk is higher in case of craniotomies
compared to spinal procedures [35], whereas, in
clean neurosurgical procedures there had been SSI
in 2.24% compared to 20% in case of contaminat-
ed [36]. Significant procedural risk factors for SSI
are urgent as opposed to elective neurosurgical
procedures, clean-contaminated and contaminated
surgical interventions, ACA score 3, performing
more than one procedure during the surgical in-
tervention, as well as duration of the operative
intervention more than 4 hours [37,38,39,40].

After spinal neurosurgical procedures, im-
portant risk factors for occurrence of postoperative
SSI are also posterior approach, tumor resection
procedures and dural interruption [41]. Prolonged
administration of antibiotics post operation is sig-
nificantly associated with the incidence of post-
operative SSI [35].

Further significant factors contributing to the
incidence and increasing the risk of postoperative
SSI after neurosurgical interventions are age ex-
tremes, diabetes, obesity, alcohol consumption,
smoking, peripheral vascular disease, metasta-
sized cancer, preoperative sepsis, administration
of corticosteroids, prolonged hospitalization, sur-
gical re-exploration, etc. [37,21,42], and also, in
addition to the patient’s specifics and the neurosur-
gical intervention, also important are the specifics
related to the institution, operational room, skin
preparation, disinfection, the experience of the
surgeon, season, and many other [35].

Careful determination of all potential risk
factors of postoperative SSI after neurosurgical
procedures and their precise quantification and
stratification is of high importance, not only re-
lated to the consequences for the patient and the
institution (health and financial), but also, for the
possibility of inter and intra-institutional com-
parison (the experience of the surgeon is also an
important and measurable indicator), and the pos-
sibility of making adequate strategic decisions for
undertaking specific preventive measures, espe-
cially because the benefit for the patient of such
strategic approaches is inversely associated with
the basic/primary risk of their occurrence [37].

Infections of operative wounds are mostly
characterized with classical signs of redness (ru-
bor), pain (dolor), swelling (tumor), increased tem-
perature at the site of incision (calor) and systemic
febrility [43]. Finally, the operative wound is filled
with necrotic tissue, neutrophils, bacteria and flu-
ids with protein content, altogether forming pus.

In addition to the significant scientific achieve-
ments related to the best practices and the progress
of refining (improvements) of surgical techniques,
the technological progress and improvements in
the environment of ORs, as well as the applica-
tion of prophylactic preoperative antibiotics, SSI
remain to be second most frequent unwanted in-
cidents in case of hospitalized patients, and the
main source of morbidity after surgical procedures
[44,45]. A study conducted by Duke University
during 1999 shows that SSI double the risk of
fatal outcome in patients, from 3.5% to 7.8%,
increase the probability for ICU treatment from
18% to 29%, additional hospitalization of 5 days,
double the costs for hospitalization from USD
3.844 to USD 7.531, and increase the probability
for readmission (repeated hospitalization) from
7% to 41% [46].

There are numerous factors on the side of the
patient (endogenous) and on the part of the pro-
cesses/procedures (exogenous) which influence the
risk in patient for incidence of postoperative infec-
tions. Some of these, for example, age and gender,
cannot be changed or improved; however, most of
the others, such as the nutritive status, smoking, ad-
equate application of antibiotics or intraoperative
techniques may be improved for positive outcomes
from the operative intervention [47].

Primary sources of infection for most SSI are
endogenous microorganisms of the patient. All
patients without exceptions are colonized with
bacteria, fungus and viruses — up to three million
microorganisms per square centimeter of skin.
Nevertheless, neither all patients, nor all micro-
organisms are created equal. Patients with history
of diabetes, chronic obstructive lung disease, who
need long-term treatment with corticosteroids or
have other chronic diseases which require mul-
tiple hospitalization and/or patients treated with
antibiotic therapy, are usually more colonized with
bacteria, especially bacteria resistant to antibi-
otics, such as MRSA. All surgical wounds are
contaminated during the surgical intervention, but
only a small portion of them become infected (Fry
DE, 2003), this is because defense mechanisms
of the host in most of the patients are capable of
controlling and eliminating responsible microor-
ganisms in case when the inoculum of the wound
is small, bacterial contaminants are not highly
virulent, the microenvironment of the operative
wound is “healthy” and the defense of the host is
intact. There is a possibility for conceptual mod-
elling, i.e. express the risk of SSI related to the
patient’s specifics with mathematical equation in
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order to reduce the SSI risk below one, i.e. result
in absence of postoperative SSI, whereas, the risk
of SSI equals the level of bacterial contamination
multiplied by the virulence of microorganisms,
altogether divided by the resistance of the patient
to the infection. Regardless of the type of inter-
vention, the patient’s skin can never be sterile,
however, there are many strategic approaches to
reduce biological load.

The risk of SSI depends on many patient re-
lated factors, including preexistent medical condi-
tions, the amount of the type of resistant bacteria
on the skin, perioperative glycose concentrations,
fluctuations of body temperature, as well as pre-
operative, intraoperative and postoperative care.
Hence, it is clear that it would be very difficult
to predict which operative wound would become
infected. Therefore, it is necessary to identify in
time the risk factors susceptible to variations, in
order to minimize the risks of wound contamina-
tion in all cases undergoing surgical interventions,
as well as to assist the defensive system in patients
by continuous patient care.

Surgical site infections are persistent sig-
nificant problem regardless of the prophylactic
application of systemic antibiotics and improve-
ments in the surgical techniques; however, there
is decrease of their incidence [48].

Surgical wounds often include areas of local
hematomas or seroma and tissue ischemia, which
cannot be reached by systemically administered
antibiotics (49.50)). Such unreachable areas are
even more emphasized in patients after trauma,
due to the extensive damage of the soft tissues
[51].

Postoperative infections of the central ner-
vous system after neurosurgical procedures,
mainly presented as meningitis, epidural abscess,
subdural empyema and/or brain abscess, pose a
serious threat imposing the need of medical and/
or surgical intervention [52]. There is initial in-
flammation after the CNC infection in the choroid
plexus, whereas, for the occurrence of postoper-
ative infection of the central nervous system, the
number of bacterial casers should be around 103
per gram of tissue [53].

A study involving over 6200 performed cra-
niotomies, showed CSF leak and male gender as
independent risk factors for the incidence of post-
operative CNC. The role of antibiotic prophylaxis
in context of the incidence of CNC postoperative
infections after performed neurosurgical interven-
tions has been investigated in many studies [52],
which have presented that antibiotic prophylaxis

reduces the incidence of postoperative infections
of the central nervous system [54]. In studies in-
volving at least 1000 intracranial neurosurgical
procedures, the incidence of postoperative infec-
tions of the central nervous system after neuro-
surgical procedures had been 5%-7% but without
antibiotic prophylaxis up to 10% [40,54,55,52].
The study of over 2000 neurosurgical procedures
in the USA, which analyzed postoperative infec-
tions of the central nervous system presented a
significantly lower incidence of such infections,
and suggested that almost half of them were as-
sociated with implants, but not CSF leak, diabe-
tes or male gender, and suggested that in case of
operative infections associated with high risk of
infections, the primary care should be prophylaxis
against S aureus and P acnes [52].
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SHAYEBLETO HA TEPUOITEPATUBHATA ITPO®UJIAKCA CO HE®YPOKCUM
NN HEOGTPUAKCOH BO IIPEBEHIIMJA HA UTHO®EKIIUA HA OIIEPATUBHOTO I10JIE
11O KPAHUJAJIHU U CIIMHAJIHU HEBPOXUPYPIIKHA ITPOLELYPU

Anexcangpa l'aBpunoscka—/lumoBcka', Anekcangap Yanapocku', Auapeja I'aBpusioBckn?, 3B0HKO MUIeHKOBHK?

' YHuBep3uTeTCKa KIMHUKA 32 HeBpoxupypruja, Boamwancka 17, 1000, Ckonje, Pernyonuka Makenonuja
2 YHHBep3uTeTCKa KIIMHUKA 3a TpaymaToiordja, Bommancka 17, 1000, Ckomje, Pemmy6imka Makenonunja
3 VHUBEP3UTETCKA KIMHKUKA 38 HHPEKTHBHE 00s1ecTn, Bommancka 17, 1000, Ckomje, Penyonika MakemgoHuja

Pe3znme

Bosen

Wudexnunte Ha ONEpaTUBHOTO M10JI€ MPETCTaByBaaT 3Ha4aeH MpoOieM BO TPETMAHOT IPHU HEBPOXHO-
PYPLIKHTE OTNIEpaTHBHU MPOLEAYPH U NOKpaj MPUMEHATa Ha MepUoIiepaTuBHA MPOPHUIAKCa CO CHCTEMCKH
anTuOuoruiy. Crankara Ha MH(EKIUKN Kaj OBUE MPOICIypH M3HECYBa oJ moMasiky ox 1% o Han 15%
%. Bo nepuoneparuBHara npoduiakca gocera ce KOPUCTEHH Pa3InuHU aHTHOMOTUIIM U Pa3uyHU pe-
KM Ha aMUHUCTpalja, MocTojaT OpOojHU CIIOpeA0CHH CTYUU 32 HUBHATA e(PUKACHOCT, HO TeHEPAITHO
ce TocovyBa JieKa U300poT Ha UCTUTE Ou Tpebalio na 6a3upa Bp3 CO3HAHHUjaTa U JIOKATHUTE CIICHU(PHKH
MOBP3aHU CO HajBEPOjaTHUTE OaKTEPUCKU MPHYMHUTEIH 3a KOJIITO CE OYEKYBa CBEHTYyaIHAa KOHTAMHUHAIIH]a
Ha ONEPaTHBHOTO I0JI€ M MOKHOCTA THE JIa MPEU3BHKaaT HHPEKIH]ja, KaKO U, KIIyYHO, 3a10JKUTEITHOTO
NPUAPKYBake KOH MPUHIUINTE 32 00e30eyBamke Ha COOABETHH KOHIIGHTPALIMU Ha JIEKOT JIOKaJIHO BO
MOMEHTOT Ha OueKyBaHaTa KOHTaMUHALIKja.

exa

Ha ce xoMmnapupa OpoTeKTUBHUOT eeKT Ha JBa MEPUONEPAaTUBHN NPOQPHUIAKTHYKH aHTHONOTCKH
pexumu co nedypokcum (edaiocoprH o1 Bropa reHeparuja) u nedrprakcoH (1iedaiocmopuH oj] TpeTa
reHepaluja) Bo MPEeBEHILIMja Ha NOCTONEpaTUBHI MH(EKINN HA ONEPAaTUBHOTO IOJIE 110 U3BPILICHH €JIeK-
TUBHH U YPIeHTHHU KPaHHjaJIHHU U CIIUHAJIHHU HEBPOXUPYPILKH NPOLEIYypH Ha YHUBEP3UTETCKATa KJIMHUKA
3a HeBpoxupypruja Bo CKoIje Bo TeKOT Ha TIpBHUTEe Tpu Meceru o 2016 1.

JAu3aju Ha cryqujaTa
[IpocnekTrBHA paHIOMH3HpaHa KOMITApaTUBHA CTY/IH]a.

Mepku Ha HCXO0T
OmnpenenyBame Ha KJIMHUYKHOT MUCXOA MPETCTaBeH KAaKO 3acTalleHOCT Ha cynepduuujaiHuTe u ana-
0OKHTE MHIIM3UOHAIHU U OPraH/IpOCTOp MOCTONEPAaTHBHU HH(EKIMU HA ONEPaTUBHOTO IIOJIE.

Marepujau u meToaun

[IpocnekTrBHO ce ananm3upann 40 aMeHTH Kaj KOjIITO MPe Py THHCKUTE HEBPOXUPYPIIKH KpaHHjal-
HU ¥ CIIMHAIHY OTEpaTHBHU MPOLIEAYPHU €IeH Jac Mpe]] orepanyrjara € aIMUHIOCTPUpaHa MapeHTepaiHa
aHTHOMOTCKA IMpodrITaKca co ABa aHTHONOTCKH PEKUMHU, PAaHIOMU3UPAHH BO JIBE TPYIIH, IT0 PEAOCIEIOT Ha
JoarameTo W BKITydyBameTO BO CTyAWjaTa, HAN3MEHUYHO, HECEJIEKTHBHO, JIMIIATa KOjIITO I'M NCIIOTHYBaa
WHKJTY3HOHHUTE KPUTEPUYMH Oea IMOCTaByBaHHU Ha eJIeH O IBaTa MPOrpaMHUpPaHU PEXUMU CO 11e(pypOKCHM BO
TpBara, OJJHOCHO, IepOTaKCHM BO BTOpaTa KOMIapupaHa rpyra. AHAIU3UPAHU CE CUTE PEJIEBAaHTHHU JIEMO-
rpad)CcKH U ITepUOTIepaTHBHH ITOJIATOIIN 32 MAITUEHTHTE BO IBETE KOMITAPUPAHU TPYITH 1 0COOEHO (hakTOpHUTE
3a KOM € TI03HATO JIeKa CO3/aBaar IUCIIo3ullrja (IpearcIionnpaar) KoH nHpeknnn. Kako mpumapeH uexon
€ eBaJTyupaHa 3acTareHoCcTa Ha IOCTOTIEPaTUBHUTE MH(EKITUH BO IBETE KOMITAPUPAHU TPYIIH, J0/IeKa KaKO
CeKyH/IapHH, BKyITHaTa CTalKa Ha TOCTOIePaTUBHU WH(EKIINHU 0 CIIPOBEICHN KPAaHHUjaJTHU U CIITHAITHI
HEBPOXUPYPIIKH OIepaTUBHU Tporeaypu Ha Kimankara 3a HeBpoxupypruoja Bo Ckorje (co ores aeka
Jlocera Hema 00jaBeHH TIOIaTOIN 3a UCTUTE), KAKO M 3acCTalleHOCTa Ha (JaKTOPHUTE HA PU3WK 3a M0jaBa Ha
MOCTOTIEPATUBHU MH(EKITUH MPEIOTIEPaTHBHO Kaj TNIaTa KOW MOJIeKaT Ha HEBPOXUPYPIIKH HHTEPBEHIINU
JoKaHO Bo PemyOnmka Makenonuja.
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Pesyararu

BkymHO ce perncTpupanyu TpH Ciy4au co MOCTONEPAaTHBHHE HH(EKIINH, OJ1 KOH BO JIBa Clly4aja THe Oea
KJIaCU(UITUPAHH KAaKO CynepUIHjaTHd WHIIM3HOHATIHH, JIOZIeKa BO €/1eH, MH(EKIHja Ha OpTraH/IPpoCTop
— MEHUHTUTHC (€JIEKTHBHA HHTEPBEHIMja) Oe3 eTHOJIOIIKa TOTBpaa. J[BeTe Kommapupanu rpynu Oea cra-
THCTHYKH CIMYHH, 0€3 CTATHCTHYKY 3HAYAjHHU PA3JIMKH BO OA3UYHHUTE JeMOTPAa(CKHU U IIEPHOTICPATUBHH
KapaKTepPHUCTHUKH, KaKO U, 0COOEHO, BO OZIHOC Ha 3aCTAaNlCHOCTa Ha (PaKTOPUTE KOM HE3aBHCHO 01 aHTHOMOT-
cKara npoguiiakca npeMCIOHUpaaT KOH NOCTonepaTuBHA HHpeKmu. Cute TpH cirydan co HHPEKIHU ce
perucTpupaHy Bo rpyIaTa JIuia KO IeproIepaTHBHO MPUMUIIE poduIIakca co e TPHaKCOoH, CO U30JIHpaH
STUOJIONIKY areHc S aureus (eJIeKTHBHA HHTEPBEHIIH]a) BO €/IeH U METUIIMIIMH PE3UCTEHTEH CTAHIOKOKYC
aypeyc (MRSA) Bo npyruot ciyd4aj (ypreHTHa HHTepBeHIIrja) co cynepdunujanan nanusujaran MOIL Bo
rpymnara nanyeHTH KO IIepruorepaTHBHO puMalie e(ypoKCHM He € perucTpupaH HUTY efieH ciydaj Ha MOIL

3aKkay4yok

[Tpumenara Ha mapeHTepaTHd aHTUOUOTHUIIH TTIEPUOTIEPATUBHO ja HaMasTyBa MHIIMCHIIATa Ha [TOCTOIIe-
paruBHUTE WHPEKIMH 110 U3BPUICHUTE HEBPOXUPYPIIKH ONIEPATHBHH MPOIIEYPH, 0COOCHO Kaj CITydauTe
co mpucyTHH (aKTOPH Ha 3rojieMeH pu3kK 3a nojasa Ha MOIT kako mto ce ACA ckop >2/3, BpemeTpacme
Ha oTepaTHBHATa MHTEPBEHIUja >4 yaca, KOHTAMUHHUPaHa paHa u KoMopouaHocTH. [lepuoneparnBHara
aHTHOMOTCKa podriakca Tpeda aa Oue HacoueHa KOH Mo00po MOKPUBAKE Ha COCBUTE Ha S.aureus.

Kunyunn 360poBu: Mudekiuu Ha oneparuBHo moe, HeBpoxupypruja, AHTHOMOTCKA Tpoduiiakca,
Hedypoxcum, LedTprakcon






