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ABSTRACT

Introduction: Surgical site infections in patients undergoing neurological procedures
contribute to the development of complications, as they constitute a serious threat to
patient safety. Objective: To characterize the profile of surgical site infections in patients
undergoing neurosurgery at a teaching hospital in Parana. Method: Retrospective study,
from a documentary, quantitative source, carried out from January 2017 to December
2019. Data were collected and organized in tables and analyzed using descriptive statistics.
Results: 100.0% (n = 439) infections were reported and, of these, 10.0% (n = 44) were part
of the sample. There was a predominance of males 72.7% (n = 32) and the average age of
the participants was 31.2 years. The average hospital stay was 82.5 days. The implantation
of peritoneal or external ventricular bypass was the surgical procedure performed in 40.9%
(n = 18) of the patients and according to the potential for contamination, 100.0% of the
surgeries were classified as clean. There were 68.1% (n = 30) infections clinically defined
as infection of the surgical organ cavity site, with a prevalence of 33 75.0% (n = 33)
cases. The prevalent microorganism was Pseudomonas spp. with 42.9% (n = 6). For the
outcome of the cases, 29.5% (n = 13) of the patients developed other infections, 93.1%
(n = 41) were discharged from the hospital and 6.8% (n = 3) patients died. Conclusions:
SSIs directly influence the health of neurological patients, requiring the implementation
of strategies aimed at reducing statistics and promoting patient safety.
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RESUMO

Introducdo: As infeccdes de sitio cirGrgico em pacientes submetidos a procedimentos
neurologicos contribuem para o desenvolvimento de complicacdes, pois constituem séria
ameaca a seguranca do paciente. Objetivo: Caracterizar o perfil das infeccoes de sitio
cirrgico em pacientes submetidos a neurocirurgias em um hospital-escola do Parana.
Método: Estudo retrospectivo, de fonte documental, quantitativo, realizado no periodo de
janeiro de 2017 a dezembro de 2019. Os dados foram coletados e organizados em tabelas e
analisados por meio de estatistica descritiva. Resultados: Foram notificadas 439 infeccoes
de sitio cirlrgico e, destas, 10,0% (n = 44) fizeram parte da amostra. Houve predominio do
sexo masculino, 72,7% (n = 32), e a média de idade dos participantes foi de 31,2 anos. O
tempo médio de internacéao foi de 82,5 dias. O implante de derivacao ventricular peritoneal
ou externa foi o procedimento cirlrgico realizado em 40,9% (n = 18) dos pacientes e,
segundo o potencial de contaminacao, 100,0% das cirurgias foram classificadas como
limpas. Foram 68,1% (n = 30) de infeccdes clinicamente definidas como infeccao de sitio
cirurgico de drgéo cavidade, prevalecendo em 33 (75,0%) casos. O microrganismo prevalente
foi Pseudomonas spp., com 42,9% (n = 6). Para o desfecho dos casos, 29,5% (n = 13) dos
pacientes desenvolveram outras infeccoes, 93,1% (n = 41) tiveram alta hospitalar e 6,8% (n
= 3) dos pacientes evoluiram a 6bito. Conclusées: As infeccoes de sitio cirdrgico influenciam
diretamente a saude do paciente neurologico, sendo necessaria a implementacao de
estratégias que visem reduzir as estatisticas e promovam a seguranca do paciente.

PALAVRAS-CHAVE: Controle de Infeccao; Epidemiologia; Enfermagem; Infeccao da Ferida
Cirtrgica; Neurologia
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INTRODUCTION

Healthcare-associated infections (HAls) are a major problem in
public health. They are mainly associated with invasive proce-
dures and result in an increase in direct, indirect and intangi-
ble costs, length of hospitalization, clinical complications and,
oftentimes, the spread of multiresistant microorganisms.!

According to data from the World Health Organization (WHO),
in Brazil, surgical site infections (SSls) account for about 15%
of all HAls and lead to an average increase of 60% in patients’
length of stay?.

The incidence of SSIs is much lower in developed countries,
however, it is the second most common cause of HAls in Europe
and the United States. The mortality rate in patients affected
by SSls is about 77%. Although most patients recover from
this condition, SSls can cause long-term damage, often with
irreversible sequelae.®*

SSIs in patients undergoing neurological procedures contribute
to the appearance of complications, considering these patients’
long hospital stay, their morbidities, the need for other surgical
interventions, the occurrence of other HAls, among other com-
plications. A study done at a university hospital in Italy observed
that infection rates ranged from 1.0% to 8.0% in cranial proce-
dures and from 0.5% to 18.0% in spinal surgeries.>

The quality of hospital epidemiological surveillance services in
the prevention and control of HAls is still an unmet challenge,
as these infections continue to pose serious threats to patient
safety."23 Improving monitoring initiatives in Hospital Infection
Control Services (HICS) is essential, since the data and informa-
tion acquired through this monitoring can support the planning
of individual and collective actions to prevent HAls.®

The search for quality in healthcare services has encouraged
more robust systems to monitor adverse events, including
HAls. To address that, the Brazilian government has some hos-
pital-oriented initiatives in place, including programs like the
Patient Safety Center (NSP), which supports the adoption of
measures aimed at preventing and reducing the incidence of
adverse events in patient care. These initiatives are guided by
international patient safety goals, namely: 1. identify patients
correctly; 2. improve effective communication; 3. improve the
safety of high-alert medications; 4. ensure safe surgery; 5.
reduce the risk of healthcare-associated infections; 6. reduce
the risk of patient harm resulting from falls. These goals were
established by the WHO and recommended by the Joint Commis-
sion International (JCI)."7

The importance of goals 4 and 5 stands out when it comes to the
implementation of the safe surgery protocol and the reduction of
HAls, respectively. These goals are directly related to the object
of this study due to the high rates of SSI in patients undergoing
neurosurgery at the institution as per data from recent years.

Thus, this study aimed to characterize the profile of SSIs in
patients undergoing neurosurgery at a teaching hospital in the
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Brazilian state of Parana, providing the institution’s HICS with
tools to support measures aimed at preventing these infections,
contributing to the reduction of complications associated with
them and improving the quality of the hospital’s patient care.

METHOD

Descriptive, retrospective study with a quantitative approach,
performed through passive search in electronic health records
(EHR), from January 2017 to December 2019, in a teaching hos-
pital in the state of Parana. Data were collected at the HICS
after approval of the study by the Research Ethics Committee
(CEP), under CAEE n. 50066815.8.0000.0107 and Opinion n.
3.062.301, according to the ethical and legal precepts of Res-
olution n. 466, of December 12, 2012, of the National Health
Council (CNS).?

The study investigated all the health records that, in the period
determined for data collection, indicated the appearance of SSI
resulting from neurological surgical procedures. This included
patients of both sexes and different ages, all followed up on
with reporting forms prepared by the HICS until the outcome of
the case.

Therefore, the study variables were: a) sex; b) age; c) length of
stay; d) surgical procedure; e) surgery potential for contamina-
tion; f) diagnostic criteria for identifying the SSI; g) specific site
of the SSI; h) isolated microorganisms; i) antimicrobial therapy
administered and j) outcome of the cases.

The criteria used to classify the SSIs were established by the
Centers for Disease Control and Prevention (CDC)°® and the Diag-
nostic Criteria for Healthcare-associated Infections of Brazil’s
National Health Surveillance Agency (Anvisa).®

Antibiotic therapy is administered from the moment the SSI is
confirmed until hospital discharge, considering the diagnostic cri-
teria of HAIs already described, which were organized into classes
according to Anatomical Therapeutic Chemical (ATC), WHO."

The passive search for HAls at the study institution is part of
the in-service training carried out by residents of the Nursing
Residency Program—Specialization in Health Surveillance and
Infection Control. This program started in 2017, which justi-
fies the period addressed in this study. The data available in
the EHR were collected through the HAI reporting form, pre-
pared by the HICS, with data inherent in the daily monitoring of
patients, including clinical signs and symptoms, clinical analy-
sis and imaging tests, antimicrobial therapy used before, during
and at the end of the treatment of the HAI, and data about any
invasive procedures.

The collected data were compiled and processed in Microsoft
Office Excel 2007 electronic spreadsheets. The data were then
submitted to descriptive statistical analysis and presented as
absolute and relative frequency.
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RESULTS

A total of 439 cases of SSI were observed during the study period
and, after applying the inclusion criteria established for the
study, we could identify 10.0% (n = 44) of SSls in patients under-
going neurosurgery. Table 1 shows the variables analyzed in the
total sample.

The average length of stay was 82.5 days (range, 10-379), with
a median of 50 days, standard deviation of 83.7 (95% confidence
interval [Cl], 57.7-107.2).

According to the Diagnostic Criteria for Healthcare-associated
Infections,® we analyzed the relationship between the surgical
procedure to which the patient was submitted and the site
affected by the infection. This classification can be seen in
Table 2.

The criteria and diagnoses of infection, which determine how
to confirm an infection, can be defined as clinical-only or crite-
ria with laboratory support (which may confirm a microorganism
as the causative agent of the infection). Regarding the clinical
criteria, the patient’s symptoms are observed: fever, signs of
inflammation or purulent drainage at the insertion of the surgi-
cal wound, decrease or increase in heartbeat or complaints of
pain in the surgical wound.

For laboratory criteria, microbiological analysis is required to
evidence the presence of a causative agent, that is, to find
the microorganisms that are directly linked to the infection
of the surgical site wound. This investigation takes place by
collecting material from the wound, researching the pathogen
and determining its susceptibility to antimicrobials in order to
inform the treatment.

Of the 14 SSls defined by microbiological criteria, the following
could be identified: Pseudomonas aeruginosa in 42.9% (n = 6) of
the infections, Staphylococcus aureus in 28.6% (n = 4), Esche-
richia coli in 14.3% (n = 2), and Klebsiella pneumoniae and Neis-
seria meningitidis in 7.1% (n = 1).

During the investigation period, there were 108 antibiotic pre-
scriptions for the total sample, including situations with con-
comitant use of two or more antibiotics by the same patient.
For cases in which a microorganism was identified by labora-
tory means, the antibiotic class and the resistance profile of the
microorganism were determined.

Resistance to B-lactams was identified in 66.6% (n = 4) of the
P. aeruginosa strains, 25.0% (n = 1) of the S. aureus strains and
in 100.0% of the E. coli , K. pneumoniae and N. meningitidis
strains. For these last two microorganisms, resistance to quino-
lones was also identified. Half of the S. aureus strains (50.0%;
n = 2) were resistant to aminoglycosides. All patients who had
identified microorganisms were receiving some type of antibiotic
from the therapeutic classes in which resistance was identified.

Regarding the outcome of the cases, the prevalence was of hos-
pital discharge, which totaled 93.1% (n = 41) of the patients,
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Table 1. Distribution of the characterization of patients undergoing
neurosurgeries who presented with surgical site infection from January
2017 to December 2019. Parana, 2020.

Variable n %
Sex
Male 32 72.7
Female 12 27.2
Age
0to9 13 29.5
10 to 19 4 9.1
20 to 29 6 13.6
30 to 39 4 9.1
40 to 49 3 6.8
50 to 59 5 11.3
60 to 69 5 11.3
69 to 79 4 9.1

Surgical procedure

Peritoneal or external ventricular shunt 18 40.9
Decompressive craniectomy 10 22.7
Lumbar arthrodesis 6 13.6
Brain surgery for tumor removal 6 13.6
Surgery for removal of brain aneurysm 2 4.5
Spinal cord surgery for tumor removal 1 2.3
Surgical treatment to correct dysraphism 1 2.3

Contamination potential
Clean 44 100.0
SSI diagnostic criteria
Clinical 30 68.1
Microbiological 14 31.8

SSI specific site

Organ Space Surgical Site Infection (SSI-0OS) 33 75.0

Deep Incisional Infection (SSI-DI) 8 18.1

Superficial Incisional Infection (SSI-SI) 3 6.8
Outcome

Hospital discharge 41 93.1

Death 3 6.8

Other healthcare-associated infections

Other 13 29.5

SSI: surgical site infection
Source: Data from the survey of electronic health records, 2020.

whereas 6.8% (n = 3) of the cases evolved to death, with a
fatality rate of 6.8%.

Moreover, as for deaths, we can observe that there was no
trend pointing to a specific period of life in relation to age,
and among the three cases, the ages were, respectively, eight
months, 34 years and 75 years. These three cases were patients
who developed organ/space surgical site infection (SSI-0OS) after
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Table 2. Distribution of surgical site infections in neurosurgeries
according to the specific site of involvement according to the criteria®
used. Parana, 2020.

Variable n %
Organ/space infection (SSI-0S) 33 100.0
Peritoneal or external ventricular shunt 17 51.5
Decompressive craniectomy 6 18.1
Brain surgery for tumor removal 6 18.1
Lumbar arthrodesis 3 9.0
Surgery for removal of brain aneurysm 1 3.0
Deep Incisional Infection (SSI-DI) 8 100.0
Decompressive craniectomy 3 37.5
Lumbar arthrodesis 2 25.0
Peritoneal or external ventricular shunt 1 12.5
Spinal cord surgery for tumor removal 1 12.5
Surgical treatment to correct dysraphism 1 12.5
Superficial Incisional Infection (SSI-SI) 3 100.0
Decompressive craniectomy 1 33.3
Lumbar arthrodesis 1 33.3
Surgery for removal of brain aneurysm 1 333

Source: Data from the survey of electronic health records, 2020.

peritoneal shunt surgery, microsurgery for intracranial tumor,
and arthrodesis, respectively. Among the diagnostic criteria for
the identification of a SSI, 75.0% (n = 2) were clinically defined
and 25.0% (n = 1) of the cases had a microbiological definition,
with a predominance of Pseudomonas spp.

Among the cases that developed other HAls, the prevalence of
these infections was 46.1% (n = 6) in ventilator-associated pneu-
monia (VAP), 38.4% (n = 5) in urinary tract infection (UTI), 30.7%
(n = 4) pneumonia, 23.0% (n = 3) in peripheral intravenous cath-
eter (PIVC), 15.3% (n = 2) in primary bloodstream infection (BSI),
and 7.6% (n = 1) in tracheobronchitis. It is noteworthy that, in
some cases, patients developed more than one HAI during the
study period.

DISCUSSION

As defined by the CDC and the Diagnostic Criteria for Health-
care-associated Infections by Anvisa, SSIs must occur within the
first 30 days of the surgical procedure, or 90 days if any implant
is placed.®®

Once the possibility of SSI is identified, the criteria and diagnoses
help confirm it by determining the insertion site affected by the
infection, that is, the location and depth where this infection is
located. For this, the criteria follow some specific definitions to
identify the origin of the infection, such as superficial incisional
infections (SSI-SI) that involve only subcutaneous tissue, deep
incisional infections (SSI-DI) that affect soft and deep tissues in
the incision, and SSI-OS involving any organ or cavity that was
manipulated during the surgery.®
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In this study, data have shown an occurrence of 72.7% among
males. These data differ from other studies that found between
46.3% and 58.9% of occurrence for males'"12131415,16,17,1819 and
suggest that sex is not a risk factor for the development of SSls
after neurosurgery. Our research shows that most cases occurred
in males. We can correlate this with the fact that one of the
main causes of admission was trauma, since males tend to be
more involved in risky situations, and also because the state of
Parana is one of the Brazilian states with the highest rates of
traffic accidents, especially in the West Region, where the study
was conducted.

Concerning age, the mean ranged between 46.6 and 61.0 years
of age for most studies.>'>'3141516,17,18 The data obtained in our
study, 31.2 years on average, are corroborated by the results
presented above. We emphasize that few studies were found
whose target population was under 18 years of age and, in the
study presented here, 38.6% of the patients were aged between
0 and 19 years. This is significant data, since the hospital studied
here is a state reference center for the treatment of congenital
neurological anomalies, and that is why this age group is present
in this study.

When comparing the average length of stay of studies that
addressed the same characteristic, results vary between 2 and
28 days of hospitalization,>'%'4' while for the present study, the
average of days of hospitalization was 82.5 days (range 10-379),
with a median of 50 days, standard deviation of 83.7 (95% con-
fidence interval [Cl], 57.7-107.2). These data predominate in
relation to the characteristics of the patients, and it has been
described that 38.6% are children between 0 and 19 years old
with congenital neurological anomalies, often with suppression
of the immune system and severe conditions, which led to more
complex and longer treatments.

Surveillance prior to surgery has the objective of collecting data
about the patient and about the conditions that led to the need
for a surgical procedure. This surveillance is extremely import-
ant to define cases of SSI, as it supports the identification of this
type of infection and whether it meets the criteria for being an
HAI. It has been analyzed in some studies and the data found
can help determine the situations that favor the onset of SSls,
like chronic diseases, length of hospital stay, history of under-
lying lung disease, surgical emergencies, confinement to bed,
increase in the perioperative period, anatomy of the surgical
site and the potential for dirty or infected contamination. All
these variables tend to increase the risks for the development
Of SS|5‘2,5,1Z,13,14,15,17

According to the classification of surgical contamination potential,
surgeries can be classified as clean, potentially contaminated,
contaminated and infected. Clean surgeries are those performed
on sterile or decontaminated tissues, in the absence of a local
infectious process on areas like epidermis, subcutaneous tissue,
musculoskeletal, nervous and cardiovascular systems.®

This classification is described in the guidelines®® and in the
criteria adopted by the institution and depends on a thorough
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assessment of various factors, which is to be done by the sur-
geon. Some studies reported a variation between 1% to 10% for
the development of SSI in clean surgeries.® Surgical preparation
and the number of professionals in the operating room are con-
sidered predictors and should be analyzed so that SSI prevention
measures can be effectively adopted.*214

The relationship between SSI and contamination potential can be
observed in a study involving 185 neurological surgeries defined
as clean. Of these, 3.8% (n = 7) developed SSI. When compared
to other cases of different specialties and contamination poten-
tials, these data were prevalent in neurosurgery.?

Regarding the type of surgical procedure, in the present study,
considering patients who underwent shunt implantation,
whether peritoneal or external, the prevalence of SSI was 40.9%.
This prevalence was also observed in a study in which 333 cranial
procedures were analyzed. Of this total, 7.2% (n = 24) of the
procedures developed SSI, and in 91.6% (n = 22) of these proce-
dures, an external ventricular bypass was implanted.

This incidence was also described in a university hospital in
Germany, where 218 patients underwent external ventricular
bypass procedures, with an infection incidence rate of 10.4 per
1,000 procedures. Additionally, 95% of these HAIls developed
between 6.2-16.5 days after catheter placement. Among these
procedures, 88 implanted catheters were of the conventional
type and 122 of them were silver-impregnated. The use of the
latter did not show any differences in terms of post-surgical
non-contamination.'®

In this study, the SSI-DI and SSI-OS were the most prevalent
among the surgical procedures performed. Other studies have
shown that these surgical sites are predominant for this classifi-
cation due to their anatomical location, mainly due to the type
of surgery, which, in most cases, involves deeper planes.' 41
These numbers were also significant in a study of 30 cases of
SSI after neurosurgery, in which 70% (n = 21) of the cases were
SSI-0S, 17% (n = 5) SSI-SI and 13% (n = 4) SSI-DI. "

In most cases, infection by pathogens is strongly related to the
patient’s natural microbiota and the microbiological profile of
the institution. Some prospective studies on positive cultures
show that most pathogen infections were caused by Staphylo-
coccus spp. "7

The present study has shown that Pseudomonas spp. predom-
inated in positive cultures. This pathogen is a microorganism
that is not part of the natural human microbiota. It is commonly
found in soil, decaying organic matter, vegetation and water, and
disseminated in hospital settings through the contamination of
hospital devices and materials, especially those with liquid com-
ponents, such as mechanical ventilation equipment, intravenous
infusion fluids, among others.?

For studies in which the population was affected by SSI after
neurosurgery, infections by S. aureus were prevalent compared
to other microorganisms. This microorganism is present in most
cases of HAIl and is highly pathogenic. Although it is part of the
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microbiota of most individuals, this pathogen is frequently found
in hospital settings, since its main transmission mechanism is
contact. Therefore, in most cases, its main carriers are health-
care professionals, especially because S. aureus colonizes nasal
cavities, hands and health products.?

Another study that included 808 cases of spinal surgery has
shown that S. aureus was found in 58.6% (n = 17) of positive
cultures. Furthermore, in 44.8% (n = 13) of these, the patient
had not received any prophylactic measures, and in four (13.7%)
surgeries, bacterial growth was found even after this measure.
Also, in this study, the occurrence of pathogens in two different
surgeries was compared. Of a total of 25 craniotomy surgeries,
24.0% (n = 6) presented S. aureus as the main pathogen of SSI
and, for spinal surgery, this microorganism was found in 22.2%
(n = 4) of SSI."7

In a study that analyzed 334 craniotomy procedures, 133 (40%)
patients developed SSI, and 88% of post-craniotomy meningitis
had Gram-negative bacteria: Acinetobacter spp; Klebsiella spp;
P. aeruginosa; Enterobacter; Proteus mirabilis, results that are
similar to those of the present study.

Apparently, adopting a preoperative prophylaxis regimen can
modify the organism’s microbial flora by eradicating antibiot-
ic-sensitive strains and the colonization by drug-resistant organ-
isms.™2 |t is noteworthy that in this study, the vast majority of
microorganisms found in the cultures were resistant to the class
of antibiotics chosen for their treatment.

Most microorganisms found in the study are generally present
in the endogenous microbiota of human beings, especially in
the hands of healthcare professionals, who often contaminate
medical devices. This evidence calls into question the correct
adoption of hand hygiene procedures by professionals and even
the preoperative preparation of patients, among others,??” con-
sidering that these measures could avoid about 60% of SSls.®?°

Regarding the outcome of patients after SSI due to neurological
surgery, there was no difference from the other studies listed for
this research. One of these studies deals with 43 cases of SSI in
neurosurgeries, in which 34.8% (n = 15) of the patients had other
HAls, such as UTI, pneumonia and other SSls resulting from other
surgeries. Additionally, it has been shown that mortality is not
high among these patients, with 1.5% for every 30 days of hospi-
talization.'” This lethality is largely influenced by several factors
inherent in the patient, such as surgery conditions, comorbid-
ities, prolonged hospital stay and development of other HAls.

Patients who were hospitalized for a neurological specialty tend
to be more likely to develop HAls, according to a study that char-
acterized the profile of these infections, in which 32.1% (n = 70)
of the patients developed VAP, 10% (n = 22) SSI and 16% (n = 36)
were affected by BSI.%

In a study carried out with 2,018 patients after external ventric-
ular bypass, 44% had post-implant HAI, with prevalence of UTI
and BSI. It showed that the ASA score was more related to the
patient’s death than the SSI."®
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As limitations of this study, the lack of information in the hospi-
tal management system stands out. The data of this study were
retrieved from secondary sources in which there is information fed
by the multidisciplinary team and, therefore, there can be some
degree of underreporting as some cases may have gone unnoticed
by the surveillance service. Above all, despite having met the pro-
posed objectives, the results of this study indicate the need for
new approaches to the subject, considering the modus operandi
of the SSIs with other approaches and new research scenarios.

CONCLUSIONS

In the present study, SSIs in patients undergoing neurosurgery
mainly affected male individuals, aged between 0 and 79 years,
with a predominance of those aged 0 to 9 years, with a mean of
31.2 years.
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