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Abstract

Aim: To synthesise the literature pertaining to surgical site infections (SSIs) in neurosurgical pa-
tients following cranial surgery.

Background: SSis in neurosurgical patients following cranial surgery present a major healthcare
problem for healthcare providers worldwide. The most widely reported outcomes following SSls
include increased length of inpatient stay, morbidity, mortality, higher treatment costs and increased
care burden for families and caregivers.

Design: Integrative review.

Methods: Using an integrative review framework, electronic database searches were conducted in
CINAHL, Embase, Medline and ProQuest from 2012 - 2022. The search was limited to peer re-
viewed full text publications. Reference lists of identified studies were reviewed, and additional arti-
cles were accessed. Methodological rigour for included studies was evaluated using Critical Ap-
praisal Skills Program tools.

Results: Twenty articles were reviewed, and four themes emerged relating to: preoperative patient
preparatory practices and SSIs; risk factors for developing SSls post cranial surgery; patient-
reported outcomes and healthcare implications; and strategies for preventing SSIs within hospital
settings.

Conclusion: Surgical site infections post cranial surgery among neurosurgical patients can be con-
tained through administration of pre-surgical prophylactic antibiotics, adhering to aseptic hand hy-
giene, utilising evidence based infection control protocols, educating neurosurgical nurse clinicians
in post cranial surgical wound care, and providing tailored education for patients and families in
postoperative cranial surgical wound care.
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Introduction be in the form of surgical site infections
(SSlIs) (Abu Hamdeh et al., 2014; Kose et al.,
2016, Kraft et al., 2022). SSls are infections
that develop within either thirty days following
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SSls are common nosocomial infections
among neurosurgical patients, and they ac-
count for approximately 5% of all nosocomial
outbreaks (Abu Hamdeh et al., 2014; Bekelis
et al., 2016). The most widely reported patho-
gens that cause SSils include Staphylococcus
aureus, Enterococci, Pseudomonas aeru-
ginosa, Escherichia coli, Streptococci, Enter-
obacter species, Proteus species, and Serra-
tia species (Garner & Anderson, 2016;
Seidelman & Anderson, 2021).

Within the hospital setting, SSIs post cranial
surgery are associated with high morbidity
among patients and increased hospital re-
source utilisation (Davies et al., 2016; Mann
et al., 2021; Riordan et al., 2016, Patel et al.,
2019). SSils result in increased length of hos-
pital stay, prolonged use of antibiotics, and
inpatient mortality (Fiani et al., 2020). Pa-
tients who develop SSis after discharge from
hospital may require readmission for further
corrective treatment, heightening family strain
and caregiver burden. (Royle et al., 2023;
Sebastian, 2012).

A review of published statistical data re-
vealed that the overall estimated SSI rate in
Australian public hospitals equated to 66 cas-
es per 100,000 population and 16,541 cases
were recorded annually at a treatment cost of
A$323.50 million (Royle et al., 2023). The
burden of SSls for both public and private
hospitals was estimated to be A$6.8 billion
(Royle et al., 2023). The lack of a centralised
or national surveillance system to track SSls
in both public and private healthcare settings
in Australia encumbers the computation of
the true burden of SSls. In the United States
of America (USA), approximately 300,000
SSls occur each year and between 1% to 5%
of inpatients develop SSls post operatively
(Seidelman & Anderson, 2021). The estimat-

ed annual healthcare expenditure associated
with SSls ranges from US$3.5 to US$10 bil-
lion depending on the surgical site and
wound classification (Khan et al., 2020;
Seidelman & Anderson, 2021). In Europe,
SSls constitute up to 19.6% of all Hospital
Acquired Infections (HAIs) (Badia et al.,
2017). Across a sample of 12 European na-
tions, an estimated incidence rate of SSls
ranging from 0.6% to 9.5% was established
from as cohort of 1.2 million surgical cases
(European Centre for Disease Prevention
and Control [ECDC], 2023). The global inci-
dence for SSls varied from 0.5% to 11%
among patients who underwent cranial sur-
gery (Ehrlich et al., 2016; Fiani et al., 2020).
Low and middle income countries have the
highest incidence rates for SSls ranging from
1% to 24% (Seidelman & Anderson,
2021).The general signs and symptoms for
SSils include pain, swelling, redness, purulent
discharge, wound dehiscence, foul odour,
local erythema and delayed healing
(Harrington, 2014; Hweidi et al., 2018;
Schuderer et al., 2022; Seidelman & Ander-
son, 2021).

The clinical manifestation of post cranial SSls
pauses a major global public health care
problem (Abu Hamdeh et al., 2014). Howev-
er, to date, a broad review of the literature
pertaining to neurosurgical patients following
cranial surgery has not been explored. Hence
to address this gap in literature, this integra-
tive review was warranted. The review out-
comes will generate information that can in-
form and guide neurosurgical nurses in the
clinical nursing management of post cranial
surgical patients.

39



Australasian Journal of Neuroscience

Volume 33 @ Number 2 @ Oct 2023

The review
Aim

The aim of this integrative review was to syn-
thesise the literature pertaining to SSls in
neurosurgical patients following cranial sur-
gery. The review was guided by the question:
What is known about SSIs among neurosur-
gical patients who undergo cranial surgery?

Design

The Whittemore and Knafl (2005) integrative
review framework was used to allow for inclu-
sion of empirical studies of diverse research
designs. A five-stage approach was applied
addressing elements relating to problem
identification, literature search, data evalua-
tion, data analysis, and presentation. The
problem was identified as SSls in neurosurgi-
cal patients following cranial surgery. The
literature search terms used are contained in
the search strategy illustrated within Table 1.
Data evaluation involved assessing the quali-
ty of each included study for methodological
rigour using Critical Appraisal Skills Pro-
gramme tools (CASP, 2018). The data analy-
sis involved extraction of data from selected

papers into a tabular form for conceptualisa-

Table 1 The search strategy

tion and categorisation (Table 2). Data
presentation portrayed a broad synthesis of
results that integrated data from all the re-
viewed studies. The primary author (SK) per-
formed the study selection, screening for eli-
gibility, data extraction, and data synthesis.

Search methods

Electronic searches were conducted from
databases that included CINAHL, Embase,
Medline and ProQuest for pertinent articles
published between 01 January 2012 and 31
December 2022. Table 1 illustrates the key-
words, additional search terms, and search
limits that were used to explore the four data-
bases. Boolean operators “OR” and “AND”
were applied to search terms in multiple com-
binations. Reference lists of the identified
articles were also explored, and additional
articles were extracted, reviewed and includ-
ed in the review process. The Preferred Re-
porting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram was
used to illustrate the search process and indi-
cate the number of studies that were
screened, assessed for eligibility, and includ-
ed (Figure 1) (Moher et al., 2009).

Databases Keywords Additional search term Search limits
CINAHL Surgical site Craniotomy site; craniectomy site English Lan-
Embase Wound infection Wound infection*; surgical site infec- guage publi-
Medline Neurosurgical tion* cations, peer
ProQuest patients Neurosurg*; patient* reviewed pa-
Cranial surgery Brain surgery; head surgery; cranioto- | pers, patients
Causes my aged 18 years
Preventing Cause*; outcome* or above, full
Managing Prevent*; prevention* text papers,
Nursing practice Manage*; management and studies
Nurs* practice; nurse* practice* ; centred on
Hospital setting nursing practice* human sub-
Hospital*; acute care ; inpatient* set- jects
ting*
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The following inclusion and exclusion criteria were applied:

Inclusion criteria

. Studies focusing on SSls in neurosurgical patients post cranial surgery
. Publications in English language published in peer reviewed journals
. Studies with patients aged 18 years or older

Exclusion criteria

. Studies where data specific to neurosurgical patients could not be identified

. Grey literature, abstracts and opinion papers

Figure 1 PRISMA Flow diagram illustrating the search process (Moher et al., 2009)
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Search outcomes

A total of 2540 studies that were pertinent to
the review were identified. Fifteen papers
were further identified following a manual
search for the literature from the reference
lists of initial articles. From a total of 2555
studies, 2350 records that were duplicates or
not-primary studies were further removed.
The screening of the remaining 205 studies
was undertaken against the inclusion and
exclusion criteria. A further 105 studies were
removed as these did not meet the selection
criteria. Full text extraction of 100 studies
was undertaken and upon further review for
eligibility, 80 articles were further excluded as
they were not peer reviewed publications. A
total of 20 studies were included in the final
review (Figure 1) and a summary of these
studies is provided in Table 2.

The 20 included papers were from eleven
different countries. These were distributed
as follows ; five from the USA (Bekelis et al.,
2016; Fiani et al., 2020; Luther et al., 2020;
Riordan et al., 2016; Wathen et al., 2016),
three from England ( Davies et al., 2016; Pa-
tel et al., 2019; Tanner et al., 2012), two from
France (Cassir et al., 2015; Salle et al.,
2021), two from Japan (Haruki et al., 2017;
Shibahashi et al., 2017); two from China (Shi
et al., 2017; Yao & Liu, 2019), and one from
each of the following six countries, Wales
(Bhatti & Leach, 2013), Norway (Golebiowski
et al., 2015), Sweden (Abu Hamdeh et al.,
2014), Australia (Honeybul & Ho, 2014), Tur-
key (Kose et a., 2016), and Spain (Jiménez-
Martinez et al., 2021). The study designs in-
cluded ten prospective studies, eight retro-
spective studies, one randomized control tri-
al, and two qualitative studies.

Quality appraisal

The quality appraisal for the studies included
in the review was performed using Critical
Appraisal Skills Programme tools (CASP,
2018). The quality appraisal involved a com-
prehensive evaluation of the studies for
methodological rigour following key CASP
tools questions that were scored out of com-
puted totals specific to the applied tool (Table
2). For example, out of 10 and 12 for qualita-
tive studies and out of 11 for quantitative
studies (CASP, 2018). The CASP tools ena-
bled the critical examination of the methodo-
logical rigour of the selected studies taking
into consideration the sampling, setting, aim,
design, data collection, data analysis, re-
searcher-participant relationship, ethical con-
siderations, clarity of findings and contribu-
tion of study findings to clinical practice
(CASP, 2018). All the studies included in the
review had a high-quality appraisal score and
had received Human Research Ethics Com-
mittee approval.

Data synthesis

The structure for data synthesis was based
on the Whittemore and Knafl (2005) frame-
work and the following four steps were ap-
plied during this phase. Firstly, a table was
constructed, and key data were extracted
from each of the included articles. The data
extracted related to author, country of study,
aims, design, sample, setting, data collection,
data analysis and pertinent findings (Table
2). Secondly, the extracted data were dis-
played in the table, examined, and iteratively
compared to identify common relationships
and differences. Thirdly, categories were
identified, and examined for common mean-
ings which enabled the emergence of
themes.
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Fourthly, primary sources were revisited and
reviewed to ensure that the conceptualised
themes that emerged were congruent with
those in the primary sources. The process
involved re-reading each primary study to
compare reported results with the themes
that emerged.

Results

The four main themes that emerged included:
(1) preoperative patient preparatory practices
and SSis; (2) risk factors for developing SSls
post cranial surgery; (3) patient-reported out-
comes and healthcare implications, and (4)
strategies for preventing SSls within
healthcare settings. These themes are pre-
sented below in detail:

Preoperative patient preparatory practices
and SSls

Five studies explored preoperative patient
preparatory practices and examined how
these practices were associated with post-
operative SSls (Bhatti & Leach, 2013; Fiani
et al., 2020; Jiménez-Martinez et al., 2021;
Kose et al.,2016; Luther et al. 2020). A key
finding indicated that the practice of adminis-
tering prophylactic antibiotics prior to cranial
surgery reduced the risk for acquiring SSis
(Jiménez-Martinez et al., 2021). Also, shav-
ing of patients’ hair prior to cranial surgery
was a widely used practice (Bhatti & Leach,
2013). However, there was no conclusive
evidence that hair removal decreased the risk
for developing SSls (Bhatti & Leach, 2013;
Luther et al., 2020). Bhatti and Leach (2013)
cautioned that shaving of patients’ hair pre-
operatively may instead heighten the risk for
developing SSls. The practice of shaving pa-
tients’ was reported to have negative out-

comes for patients including emotional, psy-

chological and behavioural transformations.
These were associated with struggling to
adapt to living with a changed personal ap-
pearance as a result of having shaven hair
post cranial surgery (Kose et al., 2016; Lu-
ther et al., 2020). Hair sparing techniques
enhanced self-image among patients (Luther
et al., 2020).

Risk factors for developing SSis post cra-
nial surgery

The most common risk factors reported for
developing SSls post cranial surgery includ-
ed the presence of cerebrospinal fluid (CSF)
leakage from the cranial surgical wound; hav-
ing an indwelling surgical wound drain, and
the use of staples for wound closure (Abu
Hamdeh et al., 2014; Cassir et al., 2015;
Golebiowski et al., 2015; Haruki et al., 2017;
Jiménez-Martinez et al., 2021; Patel et al.,
2019; Yao & Liu, 2019). Additional risk fac-
tors for developing SSls were associated with
being diabetic and having an external CSF
monitoring device in situ (Haruki et al., 2017;
Wathen et al., 2016). The risk for developing
SSls also increased when patients had crani-
al surgical procedures that lasted longer than
four hours (Allegranzi, 2014; Patel et al.,
2019). Further risk factors were dehiscence
at the cranial-surgical wound site and having
an inhibited immune system (Riordan et al.,
2016). The location of brain tumours was al-
so reported as a risk factor, particularly for
patients who had infratentorial or intraventric-
ular tumours (Shi et al., 2017). Having a high
rate of staff turnover within the operation the-
atre was associated with an increased risk for
developing SSls as contamination of the ster-
ile surfaces was likely to occur during the
process of gowning or scrubbing to permit
staff rotation (Wathen et al., 2016).
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Patient-reported outcomes and healthcare
implications

Patients reported outcomes included feeling
fearful of living with cranial wound infections,
having physical impairments, and having psy-
chological and emotional changes (Tanner et
al., 2012). Some patients reported having
difficulty adjusting to living with SSls, while
others felt relief post cranial surgery given
that they had survived what they perceived to
be a major life threatening disease that had
prompted for surgical intervention (Tanner et
al., 2012). Patients who developed SSis fol-
lowing cranial surgery required lengthy hospi-
tal stay for further treatment or undergo addi-
tional surgery and were faced with increased
treatment costs (Haruki et al., 2017). These
patient-reported outcomes highlight the need
for neurosurgical nurses to be vigilant about
SSlIs in order to achieve positive post-cranial
surgical outcomes. Fifty percent of patients
with a tumour malignancy developed SSls
post cranial surgery and the causative micro-
organism was identified as Propionibacterium
acnes (Haruki et al., 2017). While P. acnes
outbreaks were reported as being non-fatal
for this patient cohort, they did contribute to
longer hospital stays. For healthcare provid-
ers, the healthcare implications for neurosur-
gical patients contracting SSIs were associat-
ed with increased operational costs associat-
ed with the need for further antibiotics usage,
surgery and or alternative treatments (Abu
Hamdeh et al., 2014).

Strategies for preventing SSis within hos-
pital settings

The fundamental strategies for preventing
SSls within hospital settings were reported to
include enacting SSI infection surveillance,
observing effective infection control

measures post operatively, and providing
evidence-based education of nurses in the
care for patients post cranial surgery (Cassir
etal.,, 2015, Salle et al., 2021). The admin-
istration of antimicrobials post operatively
was reported as a positive strategy that can
prevent SSls post cranial surgery (Shi et al.,
2016), maintaining optimal blood sugar levels
for patients living with diabetes (Bekelis et al.,
2016; Salle et al., 2021). Maintaining staff
stability in the operating room can promote
stable healthcare practices, support skill
mastery and reduce the risk for SSIs (Davies
et al., 2016; Wathen et al., 2016).

Discussion

This integrative review synthesised the litera-
ture pertaining to surgical site infections in
neurosurgical patients following cranial sur-
gery. The four main themes that emerged
pertained to preoperative patient preparatory
practices and SSis; risk factors for develop-
ing SSls post cranial surgery, patient-
reported outcomes and healthcare implica-
tions; and strategies for preventing SSis with-
in hospital settings. Shaving of patients’ hair
before cranial surgery was a major practice in
many neurosurgical hospital settings but criti-
cal evidence suggested that the practice can
alter normal skin-flora and consequently
heighten the risk for developing SSls (Bhatti
& Leach, 2013). However, this finding was
derived from a prospective study that recruit-
ed participants at a single research site
(Bhatti & Leach, 2013) and a larger study
may be warranted to consolidate clinical evi-
dence. Additional findings indicated that hair
shaving can also alter the skin bacterial com-
position through exposing the scalp to micro-
scopic trauma and result in patients being
more prone to SSls (Kerk et al., 2018).
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Comparable studies reported that hair remov-
al had no benefit for patients in terms of re-
ducing SSis (Gelik, 2004; Shi, Yao & Yu,
2017).Thus, there appears to be an impera-
tive prerequisite for neurosurgical nurses to
exercise clinical judgement when considering
whether to shave or not to shave patients’
hair when preparing for cranial surgery as the
consequences from the practice could out-
weigh the benefits. There is a gap between
neurosurgical clinical nursing practice and
theoretical knowledge around shaving pa-
tients’ hair prior to cranial surgery and this is
an area that can benefit from further empiri-

cal research.

Another finding from the review was that cra-
nial surgical procedures that took longer peri-
ods to complete increased the risk for devel-
oping SSls (Bekelis et al., 2016; Patel et al.,
2019). Of specific note was that cranial surgi-
cal procedures that lasted longer than four
hours enhanced the risk for post-operative
SSls (Jeong & Yee, 2018; Patel et al., 2019).
Similarly, longer cranial surgeries provided
an avenue for infective microorganisms from
external sources such as surgical instru-
ments and healthcare personnel to colonise
the surgical site (Golebiowski et al., 2015). In
consideration of these findings, shorter peri-
ods for cranial surgeries were advised as
they were more likely to yield positive out-
comes for patients post operatively (Abu
Hamdeh et al., 2004). Unforeseeable organi-
sational factors such as the lack of adequate
clinical and support resources can also influ-
ence the duration of cranial surgery (Storey,
2013). However, these findings highlight the
potential downside of prolonged cranial pro-
cedures which nurses can monitor and man-
age when fulfilling the role of being patient-

advocates.

The risk factors for developing SSls com-
prised of patient-specific and external factors.
The patient-specific factors which heightened
the risk for acquiring SSls included having
comorbidities or other diseases such as dia-
betes, and malignant tumours (Cassir et al.,
2015). Having diabetes increased the risk for
developing SSls by up to 60% (Coleman et
al., 2010). A major uncontrollable external
factor was described as having a redo or re-
peat cranial surgery in the absence of any
other non-invasive interventional alternatives
(Cassir et al., 2015; Abu Hamdeh et al.,
2004; Wathen et al., 2016). The modifiable
external risk factors included shaving of hair
prior to cranial surgery, using staples for
wound closure; and having indwelling devic-
es such as wound drains (Jiménez-Martinez
et al.,, 2021; Abu Hamdeh et al., 2004; Yao &
Liu, 2019). Considering that the external risk
factors are modifiable, neurosurgical nurses
should aim to address them in order to en-
hance positive outcomes for patients post
cranial surgery. For instance, ensuring timely
administration of antimicrobial prophylaxis
was a key modifiable risk factor that was as-
sociated with a decrease in SSlIs (Harrington,
2014). However, neurosurgical nurses should
exercise caution with antimicrobial admin-
istration as excessive usage can lead to anti-
microbial resistance (Velez & Sloand, 2016).
There are a number of interventions that can
be initiated by neurosurgical nurses to pre-
vent the spread of SSls for inpatients post
cranial surgery. For instance, the implemen-
tation of well-coordinated SSis surveillance
practices such as performing daily wound
assessments, and enacting SSls prevention
control measures such as keeping blood glu-
cose levels under control for patients with
diabetes (Cassir et al., 2015; Erman et al.,
2007; Harrington, 2014; Honeybul & Ho,
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2016; Hweidi et al., 2018; Moorthy, Sarkar, &
Rajshekhar, 2013; Odom-Forren, 2006; Shi
et al., 2017). Other strategies that can assist
in the prevention of SSls include practicing
regular hand hygiene and applying aseptic
precautions when attending to surgical site
care (Smith & Dahlen, 2013). In addition,
providing patient education regarding surgical
wound care, performing accurate wound as-
sessments using a structured wound assess-
ment tool and maintaining proper wound care
documentation can assist in curbing SSls
through supporting vigilance and informing
multidisciplinary team wound management
(Chen et al., 2013; Gillespie et al., 2014; Mu-
rakami et al., 2013). Preventing cranial SSls
in hospital settings necessitates working with-
in an initiative-taking multidisciplinary team
environment with the aim of enhancing posi-
tive post-operative outcomes for patients
(Lailama et al.,2021).

Limitations

The primary limitation for this integrative re-
view is that only peer reviewed studies that
were published in English were considered
and there is a possibility that some pertinent
studies may have been missed. The review
was dependent on the search terms applied
along with the databases accessed and
therefore it is possible that studies indexed
elsewhere were omitted. Larger reviews
should aim to incorporate studies from other
languages and diverse databases in order to
broaden the understanding of SSls post cra-

nial surgery.
Conclusion

This integrative review synthesised the litera-
ture pertaining to surgical site infections in
neurosurgical patients following cranial sur-

gery. The key findings indicate that risks for
developing SSls in neurosurgical patients
remains a major health problem for patients,
families and healthcare providers. Preopera-
tive patient preparatory practices such as
shaving patient hair can contribute to height-
ening the risk for contracting SSlIs. The risks
for developing SSls were categorised as
modifiable and non-modifiable. Patient-
reported outcomes reflected on the burden
that contracting SSls bears on patients and
their families. Healthcare providers and neu-
rosurgical nurses in particular play a major
role in preventing SSIs among individuals
who present for cranial surgery in hospital
settings. Future research should expand the
findings of this review and explore how neu-
rosurgical nurses can empower patients to
become self-reliant in managing modifiable
risk factors in order to prevent SSlis post cra-
nial surgery.
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