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1. Abstract

Introduction: Various factors have been known to influence the risk of developing postoperative

surgical site infections (SSI). One of the most common risk factors for SSI is the duration of
the surgery itself. The objective of this study is to examine if a relationship between the duration
of surgery and the spectrum of pathogens causing postoperative surgical site infections exists.

Methods: Patients who had at least one revision surgery of the spine due to SSI, with at least

one positive intraoperative culture were selected chronologically through the hospital patient
management system. Patients who were operated primarily due to spondylodiscitis were
excluded from this study. Age, gender, ethnicity, and nationality of patients were not deemed
as exclusion criteria for this study. Patient data such as age, gender, body mass index, ASA
classification, diagnoses, duration of primary surgery, pathogens discovered through
postoperative blood cultures and intraoperative cultures, among others, were collected
anonymously and stored electronically. The statistical analysis of the data was carried out
through the Statistical Package for the Social Sciences software version 28 (SPSS, Chicago,

lllinois, USA) with a significance level of 0,05.

Results: 75 patients were included in this study. There were 36 male and 39 female patients.
The median age of the population was 64 years. Patients were primarily operated mainly due to
spinal stenosis, spinal disc herniation, vertebral fracture, and metastasis. The mean duration

of the primary surgery was 131,5 minutes. There were 19 positive postoperative blood cultures in
the study population. The most common species were Staphylococcus aureus,
Staphylococcus haemolyticus and Staphylococcus hominis. The difference of mean of the
surgical duration between the groups of pathogen species discovered in postoperative blood

cultures was tested and was found out to be statistically significant (ANOVA p = 0,002).

Discussion: The duration of surgery has been known to increase the risk of postoperative SSI
through numerous studies. This study further analysed the relationship between surgical
duration and SSI and found out that the surgical duration predisposes SSI to be caused by

certain pathogenic species.

Conclusion: The knowledge of pathogen predisposition according to the duration of surgery
must be further studied through clinical research and incorporated into guidelines for the
selection of an appropriate antibiotic or antibiotic combination for the empiric treatment of post-

surgical SSI.
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Einleitung: Verschiedene Faktoren sind bekannt, einen Einfluss auf die Entwicklung von
postoperativen Wundinfektionen auszuuben. Die Dauer des operativen Eingriffs ist durch viele
Studien als einen Risikofaktor flr postoperative Wundinfektionen identifiziert worden. Das Ziel
dieser Studie ist es, die Beziehung zwischen der Dauer des operativen Eingriffs und dem

Spektrum der Wundinfektionen verursachenden Pathogenen zu untersuchen.

Methoden: Patienten wurden retrospektiv. und chronologisch (Gber das interne
Patientenmanagementsystem ausgewahlt. Um in dieser Studie eingeschlossen zu werden,
soliten die Patienten mindestens eine Revisionsoperation der Wirbelsdule wegen einer
Wundinfektion gehabt haben, und sollten mindestens in einer dieser Revisionsoperationen
eine positive intraoperative Kultur bezliglich Pathogenen haben. Patienten aller Altersgruppen,
Geschlechte, Ethnien und Nationalitdten waren in dieser Studie eingeschlossen. Patienten,
die primar wegen Spondylodiszitis operiert worden sind, sind von der Studie ausgeschlossen
worden. Patientendaten wie, unter anderem, Alter, Geschlecht, Body-Mass-Index, ASA-
Klassifikation, Diagnosen, Dauer des primaren operativen Eingriffs und Pathogenspezies, die
durch postoperativen Blutkulturen und intraoperativen Kulturen identifiziert worden sind, sind
anonym gesammelt und elektronisch gespeichert worden. Die statistische Datenanalyse
erfolgte mithilfe der Statistical Package for the Social Sciences software Version 28 (SPSS,

Chicago, lllinois, USA) mit einem Signifikanzniveau von 0,05.

Ergebnisse: 75 Patienten sind in dieser Studie eingeschlossen worden, davon waren 36
mannlich und 39 weiblich. Das mediane Alter der Studienpopulation war 64 Jahre. Patienten
wurden vor allem wegen Spinalkanalstenose, Bandscheibenvorfall, Spinalfraktur und
Metastasen primar operiert. Die mittlere Dauer des primaren operativen Eingriffs war 131,5
Minuten. Es waren 19 positiven Blutkulturen nachweisbar. Die haufigsten Pathogenspezies,
die nachgewiesen wurden, sind Staphylococcus aureus, Staphylococcus haemolyticus und
Staphylococcus hominis. Es gab einen statistisch signifikanten Unterschied der Dauer des

Eingriffs zwischen der nachgewiesenen Pathogenspezies (ANOVA p = 0,002).

Diskussion: Es ist bekannt durch zahlreiche Studien, dass die Dauer der Operation das Risiko
fur die Entwicklung von postoperativen Wundinfektionen erhoht. Diese Studie hat die
Beziehung zwischen der Dauer der Operation und die Wundinfektionen verursachenden
Pathogenspezies noch genauer untersucht und herausgefunden, dass die Dauer des Eingriffs

das Vorkommen von unterschiedlichen Pathogenspezies pradisponiert.
Zusammenfassung: Die Beziehung zwischen der Pradisposition von chirurgischen

Wundinfektionen verursachenden Pathogenspezies und der Dauer des operativen Eingriffs
sollte noch weiter durch klinische Studien untersucht werden. Die Dauer des Eingriffs sollte in
den Leitfaden fur die Wahl eines passenden empirischen Antibiotikums flir die Therapie von

chirurgischen Wundinfektionen eingeschlossen werden.

11



2. Introduction

2.1. Anatomy and functions of the human vertebral column

The human vertebral column consists of vertebrae, intervertebral discs, and ligaments [2, 3,
1]. The vertebral column can be divided into five segments — cervical spine, thoracic spine,
lumbar spine, sacrum, and coccyx (Figure 1). The vertebrae display considerable differences
among the five spinal segments due to the functional variations. Despite these differences, the
common structure of the vertebrae consists of the vertebral body located anteriorly and the
vertebral arch located posteriorly (Figure 2). The vertebral body consists of a superior surface
and an inferior surface. The thickness of the vertebral body increases from the cervical spine to
the lumbar spine. The spaces between two vertebral bodies are occupied by intervertebral discs,
which consist of an outer fibrous ring (Anulus fibrosus) and an inner gelatinous core (Nucleus
pulposus). The vertebral arch is connected to the vertebral body at the pedicle. The vertebral
arch consists of seven processes — four articular processes each with a facet joint, two each

on the superior and inferior surfaces, two transverse processes and one spinous process.
The purpose of the articular processes is to form the zygapophyseal joints between
neighbouring vertebrae, while the function of the transverse and spinous processes is to serve
as a point of attachment for muscles and ligaments. The vertebral body and the vertebral arch
enclose the vertebral foramen, which houses the spinal cord. The vertebral foramen decreases in
area from the cervical vertebrae to the lumbar vertebrae. The notches between the posterior
section of the vertebral body and the articular processes of two adjacent vertebrae form the

intervertebral foramen, which occupies the spinal nerves from each vertebral level (Figure 2).

The cervical spine consists of seven vertebrae (C1 — C7), with the first cervical vertebra being
the Atlas and the second being the Axis. The thoracic spine consists of twelve vertebrae (T1 —
T12) and possess a surface for the articulation with the ribs. The lumbar spine and sacrum
each consists of five vertebrae (L1 — L5 and S1 — S5 respectively) and the coccyx consists of
three to five vertebrae (Co1 — Co5). The sacrum and coccyx lack intervertebral discs. The
shape of the vertebral column is characterised by four curvatures in the median plane — two
lordotic curves in the cervical and lumbar spines and two kyphotic curves in the thoracic spine

and sacrum.

The ligaments of the vertebral column serve an important role in stabilisation. The anterior and
posterior surfaces of the vertebral bodies are supported by the anterior and posterior
longitudinal ligaments respectively. Both the anterior and posterior longitudinal ligaments limit
vertebral hyperextension and hyperflexion, respectively, while the posterior longitudinal
ligament additionally serves in reducing disc herniations. Furthermore, the ligamentum flavum

connects paired laminae of adjacent vertebrae, the supraspinous ligament connects the apices
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of spinous processes and the interspinous ligament connects adjoining spinous processes
(Figure 2).

The functions of the vertebral column are diverse in nature. The vertebral column houses the
spinal cord, which is of utmost importance for the functionality of humans. Furthermore, the
vertebral column acts as a support for the human body and transfers the weight of the upper
body to the lower body, which is evident through the increasing thickness of the vertebral
bodies from the cervical spine to the lumbar spine. The four curvatures of the spine and the
intervertebral discs also serve in dampening the impact of axial shock acting on the human
body through bipedal mobility. The thoracic spine also acts as a point of anchor for the rib
cage, providing it with stability. The dynamic function of the spine is due to the intervertebral

joints, which allow movement in three axes — ventral and dorsal flexion, lateral flexion, and

rotation.
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Figure 1: Human vertebral column. A. Posterior view of the vertebral column.
B. Primary curvature of newborn. C. Normal curvatures of an adult. [1]




Posterior
Spinal nerve longitudinal ligament

Source: David A. Morton, K. Bo Foreman, Kurt H. Albertine: The Big Picture: Gross Anatomy, 2@
Copyright © McGraw-Hill Education. All rights reserved.

Figure 2: Vertebrae, ligaments and intervertebral discs. A. Posterolateral view of a
typical vertebra. B. Vertebrae ligaments. C. Lateral view of two vertebrae and
intervertebral (IV) discs; observe the |V discs and facet joints during vertebral flexion

and extension. [1]
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2.2. Common orthopaedic ailments of the spine

Orthopaedic ailments of the spine can be summarised into five categories: traumatic,

infectious, degenerative, neoplastic and deformities [4].

2.2.1. Traumatic injuries to the spine

Traumatic injuries to the spine are commonly caused by fractures. Spinal fractures can occur in
the vertebral bodies, such as burst fractures and compression fractures, and in the vertebral arch,
such as the Jefferson fracture and the clay-shoveler’s injury [2]. Furthermore, traumatic injuries to
the spine can also be caused due to dislocation of vertebrae, such as
spondylolisthesis. These conditions can be of enormous threat to the patient, as they can lead to
instability of the vertebral column, which can in turn cause spinal injuries such as spinal
stenosis, paralysis, radiculopathy, neurogenic claudication and cauda equina syndrome [2, 5].
Therefore, it is of vital importance in the clinical management of traumatic spinal injuries that
the patient is sufficiently assessed for spinal stability using physical examination and

radiographic imaging, and immobilised until the spine is cleared [2].

2.2.2. Infectious diseases of the spine

Infectious diseases of the spine can affect both the vertebrae and the intervertebral discs.
Spondylitis (which is osteomyelitis of the vertebrae) is a condition where the vertebral bone is
infected. In pyogenic vertebral osteomyelitis, the vertebrae are infected by pathogens such as
Staphylococcus aureus and Enterobacter spp. which cause destruction to the vertebrae.
Tuberculous vertebral osteomyelitis, also known as Pott’s disease, occurs commonly among
immunocompromised patients and in underdeveloped nations. Discitis is a condition when the
intervertebral discs are infected. Primary discitis is rare and occurs more commonly among
children. Secondary postoperative discitis occurs mostly due to Staphylococcus aureus and

Staphylococcus epidermidis infections of the intervertebral disc [2].

2.2.3. Degenerative diseases of the spine

Intervertebral disc herniation is a common degenerative condition of the spine. It occurs when
the Nucleosus pulposus herniates through the degenerative Anulus fibrosus. Disc herniations
can occur in the central, posterolateral, foraminal and extraforaminal zones. Central
herniations can compress the spinal cord, while more lateral herniations bear the risk of
compressing the exiting spinal nerves, causing radiculopathy. It has been identified that disc
herniations have a lifetime incidence of 13% to 40% and occur most commonly between the

fourth and fifth lumbar vertebrae and between the fifth lumbar vertebra and the sacrum [5].
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2.2.4. Neoplastic diseases of the spine

Spinal metastases and haemangiomas are examples of neoplastic diseases of the vertebral
column. Metastatic tumours are the most common extradural tumours of the spine and occur
most commonly in the thoracic and lumbar vertebral bodies due to the amount of red bone
marrow. The most common primary source of spinal metastases are lymphoma, lung, breast
and prostate. Spinal metastases can cause destruction to the vertebral bodies and cause
spinal cord compression. Haemangiomas are primary tumours of the vertebral column and are
mostly benign and asymptomatic, but large haemangiomas can cause loss of spinal stability
and lead to fractures [2].

2.2.5. Deformities of the spine

The most common examples of spinal deformities are scoliosis and kyphosis. Scoliosis is
defined as the deviation of the spine from the vertical axis greater than ten degrees. Scoliosis
can be subdivided into idiopathic scoliosis, which is the most common form of scoliosis, and
syndromic scoliosis. Idiopathic scoliosis can be classified into congenital scoliosis, infantile
scoliosis, juvenile scoliosis, adolescent scoliosis, and adult scoliosis, depending on the age of
the patient at diagnosis. Syndromic scoliosis occurs due to skeletal syndromes such as Marfan
syndrome or neurofibromatosis, or due to neuromuscular conditions such as cerebral palsy
[5].

Kyphosis is a condition that occurs when the physiological kyphosis of the spine is more
pronounced and gives rise to pathologies. Congenital kyphosis and Scheuermann kyphosis
are the most common forms of kyphosis. Even though kyphosis can be mild and asymptomatic,

severe forms can cause pain, discomfort and disability such as paralysis [5].
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2.3. Aspects of orthopaedic spine surgery

2.3.1. Surgical approaches to the spine [6, 7]

Surgical approaches to the spine can be divided into anterior and posterior approaches. The
choice of a particular approach depends on the spinal pathology in question and the desired

view of the spine.

The location of pathologies of the cervical spine can be divided into pathologies of the Atlas
and Axis (C1 - C2 vertebrae) and of the subaxial cervical spine (C3 — C7). The posterior
approach to the C1 — C2 vertebral space can be employed for spinal fusion, decompression
laminectomy and for the treatment of tumours, most C1 — C2 ligamentous instabilities,
traumatic fractures, congenital malformations, inflammatory diseases such as rheumatoid
arthritis, degenerative diseases, and infections. Dangers of this approach to the first two
vertebrae include the damage of large cutaneous nerves and vertebral artery, and dural and
spinal cord injury. The posterior approach to the subaxial cervical spine is used for posterior
cervical spine fusion, laminectomy, treatment of tumours, treatment of facet joint dislocations,
nerve root exploration and discectomy. Complications of this approach include profuse
bleeding of the venous plexus in the cervical canal and rarely the damage of posterior primary
rami of the cervical nerve roots. Anterior approaches to the cervical spine can be used to
expose the anterior vertebral bodies from C3 to C7 for discectomy, interbody fusion, excision

of tumours, treatment of osteomyelitis and abscess drainage. Complications of this approach
include acute airway obstruction from swelling or haematoma, CSF leak, injury to the vertebral

artery, transient or permanent dysphagia and nerve root or spinal cord injury.

The most common approaches to the thoracic spine include the posterolateral approach and
the anterior transthoracic approach. The posterolateral approach (also known as
costotransversectomy) is used for abscess drainage, vertebral body biopsy, tumour treatment
and for anterolateral spinal decompression. Complications of this procedure include dural
damage resulting in CSF leaks and the damage of segmental intercostal arteries during rib
resection. The anterior transthoracic approach is not often used due to the many complications it
can cause, such as the damage of intercostal vessels during rib resection and during the
surgical exposure to the vertebrae. Nonetheless, this approach can be used for the treatment

of infections, fusion, correction of scoliosis, correction of kyphosis, osteotomy, anterior spinal

cord decompression and biopsy.

Posterior approach to the lumbar spine is used most commonly for discectomy, exploration of
nerve roots, spinal fusion and tumour excision and carries the risk of damaging the venous
plexus, segmental blood vessels and nerve roots. The anterior approaches to the lumbar spine,

such as the anterior transperitoneal and retroperitoneal approaches, can be used for L5/S1
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fusion surgery. These approaches bear the risk of damaging the presacral nervous plexus,
which is vital to uphold sexual function of the patient, and important vessels such as the aorta,
inferior vena cava and the middle sacral artery, causing profuse bleeding. The anterolateral
retroperitoneal approach to the lumbar spine allows access from L1 to S1 and allows, among

others, access to levels above L4, which is difficult with the transperitoneal approach, and the
drainage of an infection without risk of postoperative ileitis. Damage to nervous structures such
as the sympathetic chain and genitofemoral nerve and blood vessels such as the vena cava

and segmental lumbar arteries and veins are complications of this approach.

In order to minimise disruption to bone and soft tissue in spinal surgery, minimally invasive
techniques have been introduced lately. Facet joint screw fixation, transsacral lumbar
interbody screw fixation, lumbar interspinous spacers and lateral interbody approaches such
as direct lateral interbody fusion are examples of the most common minimally invasive surgical

techniques of the spine.

2.3.2. Instrumentation in spine surgery [8, 9]

Instrumentation is a common aspect of spine surgery. The most common metal substances
used for spinal instrumentation are stainless steel, cobalt-chromium alloys, and titanium alloys.
Even though these metals are commonly used, they are susceptible to implant failure through
defects and exposure to repeated high stresses, corrosion and friction and wear, causing local
inflammation, scarring and toxic or allergic reactions. Nonmetals used in spinal instrumentation
include polymers, ceramics, and composites. Polymers such as polymethylmethacrylate are
used in spinal surgery as they have found to be rigid and brittle. Ceramics most commonly
used in spinal instrumentation due to their hardness and brittleness are alumina, zirconia, and
hydroxyapatite. Composites consist of a matrix material and a filler. The most common
composites used in spinal surgery are fibre-reinforced polymers such as carbon fibre

composites.

2.3.3. Assessing the outcome of spinal surgeries

The outcome of spinal surgeries can be assessed by comparing the scores of various scales
used prior to and after surgery. These scales include, among others, the Oswestry Disability
Index, Neck Disability Index, 36-Iltem Short Form Health Survey and the Zurich Claudication

Questionnaire [7].
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24. Complications of spinal surgery

Perioperative complications of spinal surgery present in various levels of severity. The
incidence of perioperative complications following spinal surgery depend on the surgical
procedure performed and can be subdivided into medical complications, neurological
complications, soft tissue complications, vascular complications, cerebrospinal fluid fistulas

and pseudomeningoceles, pseudoarthrosis, and surgical site infections [10].

2.4.1. Medical complications

Medical complications due to spinal surgery can affect many organ systems [10]. Pulmonary
complications such as pneumonia, acute pulmonary injury, pulmonary abnormalities (such
atelectasis, infiltrates, lobar collapse, and effusions) and pulmonary embolism have been
described as serious factors affecting the morbidity of patients [11]. Cardiac complications
following spinal surgery include postoperative chest pain and arrythmia [12]. Renal and urinary
tract complications include the probably the most common complication of spine surgery,
urinary tract infections, and the less frequent renal failure [10]. Furthermore, gastrointestinal
complications such as postoperative ileus and constipation (due to perioperative opiate intake)

are common complications following spine surgery [13].

2.4.2. Neurological complications

Neurological complications of spine surgery can occur due to various reasons. Firstly, the
positioning of the patient plays a central role in giving rise to neurological complications such
as brachial plexus injury, peripheral nerve injury (ulnar nerve injury being the most common),
ischemic damage or stretch injury to the spinal cord due to spinal hyperextension [10]. The
surgical approach may cause various neurological complications such as dysphasia,

dysphonia, Horner’s syndrome, spinal cord ischemia, paraparesis and paralysis. [10].

2.4.3. Vascular complications

Due to the close proximity of vascular structures to the vertebral column, they are at risk of
iatrogenic damage during surgery leading to complications such as bleeding and thrombosis.
Such bleeding can range from benign bleeds to fatal bleeds causing death [10]. Vascular
complications of surgical procedures concerning the cervical spine include direct injury to the
carotid artery, thrombosis of the carotid artery, injury to the vertebral artery and bleeding from

the epidural plexus. [14—16]. Procedures of the thoracic spine, although rare, can lead to injury
of the aorta, vena cava, pulmonary arteries and veins, and segmental vessels [10]. During

lumbar spine procedures, venous structures such as the iliac veins are more frequently injured

19



than arterial structures through surgery using the anterior approach, while injuries to arteries

such as the iliac artery are more common among the posterior approach [10].

2.4.4. Cerebrospinal fluid fistulas and pseudomeningoceles

Cerebrospinal fluid leakage due to iatrogenic intraoperative dural tears can lead to
cerebrospinal fluid fistulas and pseudomeningoceles [10, 17—20]. Cerebrospinal fluid fistulas
and pseudomeningoceles can result in back pain, radicular pain, headache, meningismus,
other signs of meningitis, and wound healing disorders [10, 21].

2.4.5. Pseudoarthrosis

Pseudoarthrosis can be defined as the non-union of the spine following spinal fusion surgeries
with an incidence ranging from 5% to 35% [10]. This can result in pain, increasing deformity
and neurological signs and symptoms. Advanced patient age, preoperative thoracolumbar
kyphosis of >20 degrees, and the number of fused vertebral levels are some of the many

factors that have been proven to significantly increase the risk of pseudoarthrosis [22—-24].

2.4.6. Surgical site infections

As surgical site infection (SSI) has been identified as one of the most common complications
following spinal surgery, and as it is the main focus of this dissertation, it will be discussed

separately and in detail below.
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2.5. Surgical site infections

2.5.1. Incidence of SSI

Surgical site infection is a common complication of orthopaedic spine surgery. Even though
numerous studies have reported the incidence of SSI in their study populations to be as low
as 0,65% and 0,99%, other studies have reported that SSI has a much higher incidence of up to
17,6% [25-29]. A meta-analysis performed by Zhang X, et al. in 2022 with a sum of 26
studies reported the overall incidence of SSI to be 2,9% [30].

2.5.2. Epidemiology of SSI

SSI have been known to have drastic effects on the patient’'s wellbeing and the healthcare
system. The duration of hospital stay of patients have been reported to have increased by 9,7

days to 2 weeks [31, 32]. Furthermore, SSI has been found out to result in an increased number

of rehospitalizations, total surgical procedures, and to adversely affect the quality of life of the
patients [32, 33]. The number of patients with SSI requiring reoperation has been reported to
range from as low as 4% to as high as 100% [26, 34—36]. A study performed by Lissovoy, et
al. in 2009 states that SSI have caused 406.730 additional hospital days and hospital costs

exceeding $900 million on a national level in the United States [31].

2.5.3. Risk factors

Various factors, both intrinsic and extrinsic with regard to the patient, can predispose a patient
for SSI following orthopaedic spine surgery.

The demographic characteristics of patients have been discussed as unalterable risk factors
for SSI. Two studies performed by Ogihara, et al. in 2018 and 2021 have mentioned that male
patients are more commonly associated with SSI than female patients [25, 37]. This has been
contradicted by Zhang, et al. through their meta-analysis in 2022, stating that the gender of
patients was not associated with a statistically significant increase in the incidence of SSI [30].
Although it has been widely accepted that the advance age of patients increases the risk of
SSI occurrence, some studies have found no such association [38, 39, 35, 40-42, 30].
Furthermore, the number of prior surgeries has been revealed to increase the risk of SSI [30,
39, 40, 43]. Tomov, et al. (2015) reported that 67% of patients with SSI had prior operations
versus the 16% of patients without SSI [40].

The comorbidities of patients undergoing spine surgery have been considered as risk factors
for SSI. Obese patients have been reported to have a predisposition for SSI. The body mass
index (BMI) of patients has been found out to increase the risk of SSI following spine surgery,
with a meta-analysis by Jiang J, et al. in 2014 reporting a 1,87 for BMI regarding SSI and a
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meta-analysis by Abdallah, et al. in 2013 reporting a 21% increase in the risk of SSI with every 5-
unit increase of the BMI [44—48]. Patients with diabetes mellitus have been found out to have a
higher risk for SSI than patients without diabetes [30, 38, 43, 44, 49-53]. Ando, et al. (2014) and
Jiang, et al. (2021) have found out that patients with diabetes make up 50% and 31,71%

of the total number of patients with SSI respectively [49, 38]. A history of hypertension has also
been mentioned as a risk factor for SSI by numerous studies including AlGamdi, et al. (2021)
with 62,5% and Cizik, et al. (2012) with 47,62% of all patients with SSI suffering from
hypertension [54, 36, 30, 43]. Patients with malignant tumours appear to possess a
predisposition for SSI, as revealed by various studies [40, 49, 50]. Furthermore, patients with
anaemia and patients with perioperative hypoalbuminemia have been shown to be at risk for

SSI following spine surgery [40, 55].

The Charlson Comorbidity Index (CCI) was introduced by Charlson, et al. in 1987 to classify
the prognostic comorbidity of patients [56]. The CCI was later modified by Deyo, et al. in 1992
[57]. The rate of SSI has been found to increase with the CCI score, as reported by Nota, et
al. in 2015 and Andrés-Cano, et al. in 2018 [47, 58].

Patients with an anamnestic use of noxa have been identified to be at risk for postoperative
SSI. A history of smoking has been found out to be present in 28% to 56,76% of patients with
SSI when compared to 14% and 50% of patients without SSI respectively [40, 59].
Consumption of alcohol has also been discovered to be in a statistically highly significant

association with the incidence of SSI [40].
It has been reported by Durkin, et al. (2015) and Spatenkova, et al. (2021) that SSI are

significantly more common during the warmer months of the year when compared to the colder
months [60, 61]. Spatenkova, et al. (2021) revealed that 14% of the patients operated during
the warm months had SSI following surgery, while only 6,2% of the patients operated during
the cold season had SSI [61].

Several intraoperative aspects have been found out to affect the risk of developing

postoperative SSI. The location of surgery of the vertebral column can pose an increased risk

of SSI [30, 39, 62]. The level of the spine posing the highest risk of SSI has been disputed
among various studies. Even though numerous studies have reported that operations of the
thoracic spine carry an increased likelihood of infection, some studies state that operations of
the cervical spine poses a significant risk for SSI [37, 40, 44]. A study performed by Cizik, et
al. (2012) identified that lumbosacral and thoracic procedures carried a 2,03 and 2,57 times
higher risks for SSI, respectively [36]. The surgical technique also affects the rate of SSI in

patients. Minimally invasive surgery has been lauded with a lower risk of SSI when compared to
open surgery, while the use of an endoscope has been debated as a protective factor

against postsurgical SSI [45, 25, 63]. The surgical approach of spinal interventions seems to
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influence the risk of developing an SSI, as a posterior approach and a combined anterior and
posterior approach have been recognised to be associated with a higher risk of SSI [39, 47,
64, 65]. Even though the volume of blood loss during surgery has been reported by numerous
studies to be significantly higher among patients who later developed a SSI, a meta-analysis

performed by Zhang, et al. (2022) states that an increased blood loss during surgery is not
associated with a significant increase in SSI [42, 51, 54, 59, 66, 30]. However, the transfusion
of blood products has been confirmed by numerous studies to be a risk factor for the

occurrence of SSI, as the number of transfusions and the volume of transfusions have been

observed to be higher among patients who developed SSI following surgery when compared
with patients who did not develop SSI [30, 39, 50, 54, 66]. A retrospective study performed by
Osterhoff, et al. (2015) reports an odds ratio of 3,1 for patients who were administered with
blood transfusions 48 prior to surgery to present with SSI [41]. Several studies have identified
an intraoperative iatrogenic dural tear as a risk factor for SSI [39, 67]. Takenaka, et al. (2019)
presents that patients with a dural tear developed a significantly higher number of SSI at 1,8%
when compared to patients without a dural tear, which was 0,7% [67]. Furthermore, Maragakis, et
al. (2009) state that patients who were administered an FiO: of less than 50% are subjected to a
higher risk of acquiring SSI following surgery [39]. Although some studies report that the local
subcutaneous fat thickness is involved in increasing the risk for SSI, with Peng, et al. (2019)
stating that a subcutaneous fat thickness of more than 4 cm possessing an odds ratio

of 5,562 to present with SSI, Osterhoff, et al. (2015) analysed 244 patients and concluded that
the subcutaneous fat thickness does not significantly increase the risk of SSI [59, 41]. The
duration of surgery has been identified by numerous studies as a common risk factor for
postoperative SSI, with a higher rate of SSI among surgeries with a longer duration [40, 51,
54, 58, 68—70]. Hosseini, et al. (2016) performed a study which proposes a probable cause for
the relationship between the duration of surgery and the increasing rate of SSI. It was found
out that the recolonisation of a surgeons hands become detectable at the fifth hour of surgery,
which might be the reason for the association between longer surgery durations and increased
risk of SSI [71]. Finally, the duration of hospital stay prior to and following surgery has been

discussed as a possible cause for increased SSI [45, 54, 58, 64].

2.5.4. Common pathogens

The spectrum of pathogens causing SSI has been analysed by a multitude of studies. Most
studies report gram-positive bacteria to be the most common pathogen to cause SSI, although
several studies have mentioned gram-negative bacteria to cause the majority of SSI [62, 38,
72]. Among the gram-positive bacteria, methicillin sensitive Staphylococcus aureus, methicillin
resistant Staphylococcus aureus and coagulase negative Staphylococcus have been reported to

be the most common [73, 60, 45, 37]. Pseudomonas aeruginosa, Escherichia coli and
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Klebsiella pneumoniae have been discussed as the most common gram-negative bacteria to
cause SSI [38, 44, 72]. Overall, most studies have stated that Staphylococcus aureus was by
far the most common pathogen to cause SSI, even though several studies have stated
Pseudomonas aeruginosa and Escherichia coli to be the most common pathogenic cause of
SSI [45, 74, 38, 72]. Monomicrobial SSI have been identified as more common than
polymicrobial SSI, with the incidence of polymicrobial SSI ranging from 4,3% to 43,5% of all
positive cultures [25, 37, 35, 62].

A retrospective hospital-registry study performed by Long, et al. (2021) was able to identify an
anatomic gradient with regard to the pathogens causing SSI after spinal fusion surgery [62]. It
was recognised that SSI of the cervical spine were predominantly caused by gram-positive
bacteria of the skin flora, whereas SSI of the lumbosacral spine were mostly caused by gram-
negative enteric bacteria. The point of inflection between the gram-positive and gram-negative

bacteria was found to be significantly located at the thoracolumbar junction.
Although focusing on the most common pathogens is important when deciding which

antibacterial therapy is most fitting, it is of utmost importance to consider rare bacterial strains to
be the cause of SSI in cases of therapeutic resistance [75]. A case report published by
Savini, et al. (2014) presents a patient with SSI after a discectomy caused by a mannitol-
nonfermenting Staphylococcus aureus isolate [76]. SSI caused by such rare strains might be

mistaken for contaminants and the rightful treatment might not be delivered.

Another hurdle in treating postoperative SSI is culture negativity. Several studies have reported
patients with clinical SSI but with negative bacterial cultures, which have been known to range
from 1,3% to 21,4% of the patients with clinical SSI [37, 62, 72].

2.5.5. Preventive measures

As SSI have been known to negatively impact the quality of life and prognosis of patients and to
impose a massive burden on the healthcare system, it is of utmost importance to device

methods to reduce the incidence of SSl in patients [31, 32].

The prevention of SSI can be started prior to surgery using prophylactic antibiotics [77, 78].
Several studies have highlighted the positive effect of prophylactic parenteral antibiotic
administration prior to surgery [50, 51, 79]. Maciejczak, et al. (2019) revealed that patients who
were administered 72 hour antibiotic prophylaxis had a lower risk of developing SSI at 3,6%,
while patients who received a one-dose prophylaxis carried a 7,1% risk to develop SSI

following surgery [50].
The use of intraoperative vancomycin powder in spine surgery has been disputed among

professionals as to its ability to reduce the incidence of SSI [80]. A meta-analysis by Xie, et al.

(2017) examined 20 studies and reported a favourable effect of intra-wound vancomycin
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powder on reducing post-surgical SSI [81]. Furthermore, preliminary results of the ongoing
“YANCO Trial” have confirmed the protective effects of intra-wound vancomycin application
[82]. Despite these results, a retrospective cohort study performed by Tafish, et al. (2021)
states that intra-wound vancomycin application was not significantly associated with a lower
incidence of SSI in patients who underwent spinal surgeries [83]. Tomov, et al. (2015) analysed a
protocol consisting of 0,3% Betadine wound irrigation and 1 g of intra-wound vancomycin
powder application, and reported that this intervention significantly reduced the occurrence of
SSI by 50%, with infections caused by methicillin resistant Staphylococcus aureus dropping
from 30% to 7% and multi-bacterial infections dropping from 37% to 27% [40]. However intra-
wound vancomycin powder might affect the rate of development of SSI, possible adverse
effects of this practice have been reported. Zhang, et al. (2021) retrospectively analysed seven
cases of severe hypotension and shock during wound closure or immediately following surgery
which were all associated with local application of vancomycin powder [84]. The post-
application effects of vancomycin powder were identified to be a result of anaphylaxis, which is

presented with delayed occurrence, severe hypotension, and circulatory collapse [84].

Furthermore, the intraoperative use of various lavage techniques has also been known to alter
the incidence of SSI. Fei, et al. (2017) studied the effects of traditional saline lavage, pulse
lavage, closed drainage and iodine lavage on the rate of postsurgical infections following
posterior lumbar interbody fusion (PLIF) surgeries and found out that pulse lavage, closed
drainage and iodine lavage were significantly associated with much less rates of SSI following

surgery [85].

Two techniques of surgical wound closure, the use of staples and 2-octyl-cyanoacrylate, was
studied in a comparative study by Ando, et al. (2014) [49]. It was concluded that the use of 2-
octyl-cyanoacrylate was associated with a significantly less rate of postoperative SSI than the
use of staples. A study by Wachter, et al. (2010) also revealed that the use of 2-octyl-
cyanoacrylate was associated with a lower incidence of postoperative SSI [86]. Furthermore, it
was found out that the use of 2-octyl-cyanoacrylate was more time saving and cost effective than

the use of staples [49].

The effects of negative pressure wound therapy (NPWT) has been a topic of discussion with
regards to reducing the number of postoperative SSI [87, 88]. Naylor, et al. (2020) analysed
the effects of NPWT on patients undergoing spinal surgeries [89]. It was concluded that
patients who underwent spinal surgery through an anterior approach benefitted from NPWT

and that NPWT prevents the increased rates of SSI.

The course of patient care following surgery can also be used as an opportunity to reduce the
incidence of SSI. Gao, et al. (2018) compared the effects of total parenteral nutrition and

enteral nutrition in patients after sacrectomy and found out that patients who received total
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parenteral nutrition had a lower rate of postoperative SSI when compared to patients who

received enteral nutrition [90].

2.5.6. Management

The management of postoperative SSI is of vital importance to prevent the drastic results of
SSI on the patient’s wellbeing and the healthcare system [31, 32]. A retrospective survey by
Yin, et al. (2018) named a few possible methods to manage postoperative SSI [74]. These
include a timely diagnosis of SSI, aggressive and meticulous debridement, and the use of
antibacterial substances. The Robert Koch Institute (Berlin, Germany) published a series of
recommendations to prevent an increase in SSI rates following surgery [91]. Preoperative
decolonisation was recommended for patients with nasal colonisation of Staphylococcus
aureus. The preoperative duration of hospital stay was suggested to be held at a minimum. It
was also recommended to determine the need for preoperative systemic antibiotic prophylaxis.
Furthermore, the importance of postoperative wound care was highlighted. It was suggested
that the first change of dressing should take place around 48 hours after surgery and that the
inspection of the surgical wound by a physician is crucial. Moreover, the Robert Koch Institute

recommended wound drainages to be removed as early as possible.
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2.6. Research question and objective

As numerous studies performed up to date have been able to identify, among others, the
duration of surgery as a risk factor of utmost importance that increases the chance of
developing a surgical site infection, the objective of this research is to further investigate the

relationship between SSI and the duration of surgery.

The research question is formulated as follows: does the duration of surgery influence the

spectrum of pathogens causing postoperative surgical site infections?

Patient data such as the duration of surgery and the species of pathogens discovered through
postoperative blood culture reports are used for analysis to arrive at a conclusion to accept or
reject the hypothesis that surgical duration influences the spectrum of pathogens causing
postoperative SSI. Other patient data, for example the age, gender, diagnosis, and ASA

classification, will be collected to further examine factors that affect the nature of SSI.
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3. Material and Methods

3.1. Selection of the study population

This study was performed as a retrospective clinical analysis. Patients who underwent wound

revision surgeries of the cervical, thoracic, and lumbar spinal levels in the department of
orthopaedics and trauma surgery of the University Hospital of Cologne following a primary

surgery of the spine were chronologically searched using the clinical software ORBIS (DH

Healthcare GmbH, Bonn, Germany).

Patients of all genders, ages, ethnicities, and nationalities were included in this study. In order to
be included in this study, patients had to have at least one wound revision surgery with a
positive bacterial culture from a sample taken intraoperatively. If a patient has had more than

one wound revision surgery of the spine with positive intraoperative bacterial cultures, data of
the first wound revision surgery to have a positive intraoperative bacterial culture was chosen
for the analysis. Furthermore, patients who underwent their primary surgery with the indication

of spondylodiscitis were deemed unsuitable for this study. The reason for this exclusion was
the primary objective of this study, which was to analyse postoperative surgical site infections
caused independently from the primary surgical diagnosis. As the pathogens causing
spondylodiscitis could serve as the primary origin of post-surgical wound healing disorders, it
was deemed as a confounding factor and named as a reason for exclusion. Nonetheless,
patients diagnosed with spondylodiscitis for their revision surgeries were included in this study,
as the spondylodiscitis in these cases developed secondarily as a part of the surgical site

infection.

Several data regarding patient characteristics such as the date of birth, gender, weight, and
height were collected. Furthermore, the diagnosis of the primary surgery of the patients, the
date of the primary surgery, the duration of the primary surgery, the date of the revision surgery

of interest, and the American Society of Anaesthesiologists (ASA) score of the revision surgery
were collected. The duration of stay of the patients in the intensive care unit, if applicable, was
also recorded. In order to analyse the effects of antibacterial therapy on postoperative surgical
site infections, the applied antibiotics and the duration of application were also collected. The
bacterial species discovered in the intraoperative cultures and in the postoperative blood
cultures were noted. Moreover, several laboratory parameters such as serum C-reactive

protein (CRP), leukocytes, procalcitonin, creatinine, glomerular filtration rate (GFR), urea and
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uric acid of the period from one day prior to the revision surgery to ten days following the

revision surgery were collected.
3.2. Approval for data collection

Patient data was collected according to the data protection guidelines of the University Hospital

of Cologne, Germany, and a signed declaration for a retrospective data collection was

submitted accordingly.

3.3. Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences
software version 28 (SPSS, Chicago, lllinois, USA). The value for a was set to 0,05, according to
convention, and statistical tests were deemed as statistically significant when the p-value was
less than 0,05.

Data regarding patient characteristics were summarised using descriptive statistics and
frequencies. The age of patients was calculated using the date of the revision surgery of

interest and the date of birth. Furthermore, the BMI of the patients was also calculated.

Continuous data were analysed for normal distribution, as the presence or lack of normal
distribution would decide the use of parametric or non-parametric statistical tests. Continuous
data were considered to be normally distributed by analysing graphically using a histogram
with a normality curve, and numerically using the Kolmogorov-Smirnov test, which is suitable
for sample sizes of more than 50, with a p-value greater than or equal to 0,05 [92]. The mean
value and the standard deviation were used to summarise normally distributed continuous
variables, while the median and the interquartiie range (IQR) were used to summarise

variables lacking a normal distribution [93].

In order to test for any relationships between two categorical variables, contingency tables
were generated along with the Pearson’s chi-squared test. If the Pearson’s chi-squared test
results in a statistically significant association between the variables, the Cramér's V test or

the Phi-coefficient were used to measure the association between the variables.

Tests for the difference of mean were used to analyse for associations between categorical
variables and continuous variables. If the continuous variable follows a normal distribution,
parametric tests such as the student’s t-test (in the case of a binary categorical variable) and
the analysis of variance (ANOVA,; in the case of a non-binary categorical variable) were used. In
the case of a statistically significant result from an ANOVA test, the Bonferroni post hoc test was
used to analyse the relationship between the individual groups. If the continuous variable does

not follow a normal distribution, non-parametric tests such as the Mann-Whitney test (in
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the case of a binary categorical variable) and the Kruskal Wallis test (in the case of a non-

binary categorical variable) were used.
When two continuous variables needed to be tested for any possible relationship, the

Pearson’s correlation (when both variables have a normal distribution) or the Spearman’s rank

correlation (if at least one of the variables was not normally distributed) was used. The degree

of correlation was assessed using the Pearson’s correlation coefficient or Spearman’s rank
correlation coefficient. Cut-off points were set to interpret the correlation coefficient, with 0,00 —
0,10 as negligible, 0,10 — 0,39 as weak, 0,40 — 0,69 as moderate, 0,70 — 0,89 as strong and 0,90 —
1,00 as a very strong correlation [94].

Graphical representation of data was done through bar charts, pie charts, histograms, and

scatterplots, depending on the variables in question.
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4. Results

4.1. Descriptive statistics and frequencies

4.1.1. Age and gender

Seventy-five patients were included in this retrospective study. Of the 75 patients, 36 were

male (48%) and 39 were female (52%) (Figure 3).

Gender

M Male
M Female

Figure 3: Gender distribution of the study population

The median age of the study population was 64 years (IQR 20, range 15 — 85). The median
age of the male patients was 65,5 years (IQR 16, range 15 — 84) and the median age of the
female patients was 63 years (IQR 33, range 21 — 85). Figures 4 and 5 represent the ages of

the overall study population and of the male and female patients in three boxplots.
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Figure 4: Boxplot of the age of the overall study population
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Figure 5: Boxplot of the ages of male and female patients
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4.1.2. Height, weight, and BMI

The study population had a median height of 1,70 m (IQR 0,14, range 1,09 — 1,87) and a
median weight of 82 kg (IQR 26, range 49 - 185). The male patients had a median height of
1,78 m (IQR 0,13, range 1,22 — 1,87) and a median weight of 87,5 kg (IQR 27, range 49 - 185),
and the female patients had a median height of 1,65 m (IQR 0,1, range 1,09 — 1,84) and a
median weight of 78 kg (IQR 29, range 54 - 145). The BMI of the patients was calculated,
resulting in a median BMI of 29,00 kg/m? (IQR 9,17, range 15,70 — 124,29) of the overall study
population. The median BMI of the male patients was 27,77 kg/m? (IQR 8,04, range 15,70 —
124,29) and the median BMI of the female patients was 29,38 kg/m? (IQR 11,26, range 20,28 —
58,92). The BMI of the patients was stratified according to the World Health Organisation’s
classification of obesity. 3 patients fell into the underweight category, while 19 were of normal
weight, 23 were overweight (pre-obese) and 30 were obese. Among the male patients, 3 were
underweight, 9 were of normal weight, 10 were pre-obese and 14 were obese, while among
the female patients, none were underweight, 10 were of normal weight, 13 were pre-obese
and 16 were obese. Figures 6 and 7 display the BMI categories in two bar charts for the overall
population, male patients, and female patients.

Count

Underweight Normal Overweight (pre-obese) Obese

BMI category

Figure 6: BMI categories of the study population
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Figure 7: BMI categories of male and female patients

4.1.3. ASA classification

The ASA classification of the patients was noted as follows: 4 patients were classified as ASA 1,
27 as ASA 2, and 41 as ASA 3. None of the patients were classified as ASA 4, ASA 5, or ASA
6. 3 patients did not have a record of the ASA classification. Among the male patients, 2 were

classified as ASA 1, 14 as ASA 2, and 18 as ASA 3. Among the female patients, 2 were classified
as ASA 1, 13 as ASA 2, and 23 as ASA 3. Figure 8 presents the ASA classification

of the study population.

ASA

Figure 8: Distribution of ASA categories
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4.1.4. Main diagnosis of the primary surgery

The main diagnosis of the primary spine surgery of the patients were analysed. The most
common diagnoses were spinal stenosis (n = 15, 20%), spinal disc herniation (n = 11, 14,7%),
vertebral fracture (n = 10, 13,3%), metastasis (n = 10, 13,3%), foraminal stenosis (n = 9, 12%),

abscess (n = 3, 4%), adjacent segment degeneration (n = 2, 2,7%), scoliosis (n = 2, 2,7%) and

others such as spondylolisthesis, intraspinal granuloma, chordoma, etc. (n = 13, 17,3%). The

pie chart in Figure 9 displays the main diagnoses with their proportions.

Diagnosis

Spinal stenosis
M Spinal disc herniation
. Metastasis
B Vertebral fracture
M Foraminal stenosis
B Abscess
M Scoliosis
¥ Adjacent segment degeneration
I Others

Figure 9: Diagnosis for primary surgery
4.1.5. Primary surgery

The earliest primary surgery of the study population took place on the 09.03.2007, while the

latest primary surgery took place on the 23.09.2022. The mean duration of the primary surgery
of the overall study population was 131,5 + 70,9 minutes (range 23 - 285). The mean duration

of the primary surgery of the male patients was 135,9 + 71,9 mins (range 23 - 276), while the
mean duration of the primary surgery of the female patients was 127,4 + 70,7 mins (range 33 -

285).

4.1.6. Antibiotic treatment after primary surgery

58 patients (77,3%) received antibiotic treatment after the primary surgery for a median
duration of one day (IQR 0, range 1 - 9). The most frequent duration of the application of
antibiotic treatment was one day (n = 52), followed by 3 days (n = 3), 4 days (n = 1), 6 days (n
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=1), and 9 days (n = 1). The antibiotics applied were cefazolin (n = 52), clindamycin (n = 3),
flucloxacillin (n = 2), nitrofurantoin (n = 1), and ceftriaxone (n = 1). 29 male patients (80,6%)
were treated with antibiotics, with a median duration of one day (IQR 0, range 1 - 9). The most
common antibiotic given to male patients was cefazolin (n = 27). 29 female patients (74,4%)
were treated with antibiotics, with a median duration of one day (IQR 0, range 1 - 6). The most

common antibiotic given to female patients was also cefazolin (n = 24).

4.1.7. Intensive care unit stay

Among the overall study population, 23 patients (30,7%) had a stay of a median duration of 2
days (IQR 2, range 1 - 34) in the intensive care unit. 13 male patients (36,1%) stayed a median
duration of 2 days (IQR 1, range 1 - 7) in the intensive care unit, while 10 female patients
(25,6%) stayed a median duration of also 2 days (IQR 8, range 1 - 34).

4.1.8. Postoperative blood cultures

Positive blood cultures were identified among 19 patients (25,3%) following the primary
surgery. 12 male patients (33,3%) and 7 female patients (17,9%) had positive blood cultures.
Among the positive blood cultures of the overall study population, the bacterial species
identified were as follows:

Staphylococcus aureus n=7(35%)
Staphylococcus haemolyticus n=2(10%)
Staphylococcus hominis n=2(10%)
Escherichia coli n=1(5%)
Enterococcus faecalis n=1(5%)
Staphylococcus capitis n=1(5%)
Gram-positive Staphylococci n=1(5%)
Serratia marcescens n=1(5%)
Staphylococcus epidermidis + Gram-positive Staphylococci n=1(5%)
Cutibacterium acnes + Enterococcus faecalis + n=1(5%)
Staphylococcus warneri + Acinetobacter iwoffii

Staphylococcus aureus + Staphylococcus haemolyticus n=1(5%)

Table 1: Most common pathogenic species of postoperative blood cultures
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The most common bacterial species among the male patients was Staphylococcus aureus (n =
6), followed by Staphylococcus haemolyticus (n = 2), whereas all bacterial species isolated

among the female patients were found once each.

4.1.9. Revision surgery

The revision surgery of interest of the patients was defined as the first revision surgery with a
positive intraoperative culture. The revision surgery of interest of the study population took
place from 17.04.2020 to 30.09.2022.

4.1.10. Cultures of intraoperative samples

Samples from the surgical site were obtained intraoperatively during the revision surgery of

interest under strictly sterile conditions and analysed for microbial growth. Among the multitude
of positive cultures, the most common species were as follows:

Staphylococcus aureus n =17 (22,7%)
Staphylococcus epidermidis n=12(16%)
Cutibacterium acnes n =10 (13,3%)
Staphylococcus aureus + Staphylococcus epidermidis n =3 (4%)
Staphylococcus epidermidis + Cutibacterium acnes n =3 (4%)
Corynebacterium tuberculostearicum n=2(2,7%)
Enterococcus faecalis n=2(2,7%)
Pseudomonas aeroginosa n=2(2,7%)
Serratia marcescens n=2(2,7%)
Staphylococcus aureus + Escherichia coli n=2(2,7%)

Table 2: Most common pathogenic species of intraoperative cultures

Staphylococcus aureus (n = 11) followed by Cutibacterium acnes (n = 7) were the most
common species identified among the male patients, while Staphylococcus epidermidis (n = 8)
followed by Staphylococcus aureus (n = 6) were the most common species identified among the

female patients.
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4.1.11. Laboratory parameters

Several laboratory parameters were collected from the patients from prior to the revision

surgery until 10 postoperative days.

The study population had a median CRP of 42,4 mg/L (IQR 105,5, range 0,6 — 313,4)
preoperatively. Male patients had a median CRP of 37,65 mg/L (IQR 148,25, range 2,5 —
313,4), while female patients had a median CRP of 46,3 mg/L (IQR 104,9, range 0,6 — 276,1)
preoperatively. There were no missing preoperative CRP levels among the study population.

The median CRP levels are displayed in Figure 10.
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Figure 10: Median CRP from preoperative to postoperative day 10

The leukocyte count among the study population prior to surgery was at a median value of
9,01 10%/L (IQR 4,59, range 2,09 — 22,34). Male patients had a median leukocyte count of 8,94
10%/L (IQR 3,68, range 3,06 — 22,34) while female patients had a mean leukocyte count of
10,16 *+ 4.23 10%/L (range 2,09 — 20,26). None of the patients lacked a preoperative leukocyte

count. Figure 11 displays the course of the leukocyte count until the 10" postoperative day.
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Figure 11: Median leukocyte count from preoperative to postoperative day 10

Only 7 patients (9,3%), 6 male (16,7%) and 1 female (2,6%), had valid preoperative
procalcitonin measurements. Procalcitonin was measured preoperatively at a median value of

0,11 ng/mL (IQR 1,59, range 0,07 — 2,10). Male patients had a preoperative mean procalcitonin
of 0,843 + 0,897 ng/mL (range 0,07 — 2,10).

All patients had valid preoperative creatinine values. The median creatinine of the population
lays at 0,83 mg/dL (IQR 0,43, range 0,25 — 3,16), with male patients having a median creatinine
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Figure 12: Median creatinine from preoperative to postoperative day 10
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of 0,97 mg/dL (IQR 0,52, range 0,43 — 3,03) and female patients having a median creatinine
of 0,76 mg/dL (IQR 0,24, range 0,25 — 3,16). Figure 12 displays the development of the

creatinine levels.

Valid preoperative GFR levels were found among all patients. The overall median preoperative
GFR level was 76 mL/min/1,73 m? (IQR 46, range 19 - 201). It was 76,5 mL/min/1,73 m? (IQR
48, range 24 - 201) among the male and 72 mL/min/1,73 m? (IQR 42, range 19 - 185) among
the female patients. Figure 13 shows the GFR levels until the 10" postoperative day.
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Figure 13: Median GFR from preoperative to postoperative day 10

The median preoperative blood urea level of the population was 32 mmol/L (IQR 22, range 6 -
163). The median preoperative urea level of the male patients was 33 mmol/L (IQR 21, range 6 -
163) and of the female patients was 27 mmol/L (IQR 20, range 10 - 78). 2 male and none

of the female patients lacked valid preoperative urea levels. Figure 14 shows the blood urea
levels from prior to surgery until the 10" postoperative day.

There were 72 valid values for preoperative uric acid levels (34 male and 38 female). The
median lays at 4,65 mg/dL (IQR 2,28, range 2,2 — 14,2) among the overall population, while it
was 4,95 mg/dL (IQR 2,98, range 2,2 — 14,2) and 4,45 mg/dL (IQR 2,45, range 2,2 — 9,3)

among the male and female patients, respectively.
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Figure 14: Median urea level from preoperative to postoperative day 10
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4.2. Frequency distribution between categorical variables

4.2.1 Postoperative blood cultures versus intraoperative cultures

Contingency tables were created between postoperative blood cultures taken after the primary
surgery and intraoperative cultures of the revision surgery. The association between the two
variables was tested using the chi-squared test, which resulted in a highly significant

association (p < 0,001). A Cramér’s V value of 0,907 (p < 0,001) depicts a strong association

between the two variables.

4.2.2. Postoperative blood cultures versus gender

In order to determine if a relationship exists between pathogens discovered postoperatively
through blood cultures and gender, a chi-squared test was performed. The distribution of

frequencies among the groups are displayed in Table 3. There was no statistically significant

relationship between gender and postoperatively discovered pathogens (p = 0,214).

Pathogen Male Female
% %

Staphylococcus aureus 85,7% 14,3%
Escherichia coli 0% 100%
Enterococcus faecalis 0% 100%
Staphylococcus haemolyticus 100% 0%
Staphylococcus hominis 50% 50%
Staphylococcus capitis 100% 0%
Gram-positive Staphylococci 0% 100%
Serratia marcescens 0% 100%
Staphylococcus epidermidis + gram- 100% 0%
positive Staphylococci
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Cutibacterium acnes + Enterococcus
faecalis +
Staphylococcus warneri +

Acinetobacter iwoffii

100%

0%

Staphylococcus aureus+

Staphylococcus haemolyticus

0%

100%

Table 3: Pathogens of postoperative blood cultures vs. gender

4.2.3. Postoperative blood cultures versus BMI categories

BMI categories were tested for a relationship with pathogens of postoperative blood cultures.
Of the 19 positive postoperative blood cultures, 6 cultures were positive among the normal
weight patients, 5 among the overweight patients and 8 among the obese patients. The chi-

squared test performed resulted in a statistically insignificant result (p = 0,204). Table 4 shows

the distribution of frequencies of each group.

Pathogen Normal weight Overweight Obese

N % N % N %
Staphylococcus aureus 2 28,6% 4 57,1% 1 14,3%
Escherichia coli 1 100% 0 0% 0 0%
Enterococcus faecalis 0 0% 0 0% 1 100%
Staphylococcus 0 0% 0 0% 2 100%
haemolyticus
Staphylococcus hominis 2 100% 0 0% 0 0%
Staphylococcus capitis 1 100% 0 0% 0 0%
Gram-positive 0 0% 0 0% 1 100%
Staphylococci
Serratia marcescens 0 0% 0 0% 1 100%
Staphylococcus 0 0% 0 0% 1 100%
epidermidis +  gram-
positive Staphylococci
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Cutibacterium acnes + 0 0% 0 0% 1 100%
Enterococcus faecalis +

Staphylococcus warneri +

Acinetobacter iwoffii

Staphylococcus aureus+ 0 0% 1 100% 0 0%
Staphylococcus

haemolyticus

Table 4: Pathogens of postoperative blood cultures vs. BMI

4.2.4. Postoperative blood cultures versus ASA classification

Patients who had a record of an ASA classification were tested for a relationship with
postoperative blood culture reports. The number of positive cultures increased with the ASA
category, with only one positive blood culture among ASA 1 patients, seven positive cultures
among ASA 2 and 10 among ASA 3 patients. The chi-squared test did not result in a statistically
significant result (p = 0,467). Table 5 is the contingency table between postoperative blood

cultures and the ASA classification.

Pathogen ASA1 ASA 2 ASA3

% % %
Staphylococcus aureus 0% 28,6% 71,4%
Escherichia coli 0% 100% 0%
Enterococcus faecalis 0% 0% 100%
Staphylococcus 0% 100% 0%
haemolyticus
Staphylococcus hominis 50% 0% 50%
Staphylococcus capitis 0% 0% 100%
Gram-positive 0% 100% 0%
Staphylococci
Serratia marcescens 0% 0% 100%
Staphylococcus 0% 100% 0%
epidermidis +  gram-
positive Staphylococci
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Cutibacterium acnes + 0 0% 1 100% 0 0%
Enterococcus faecalis +
Staphylococcus warneri +

Acinetobacter iwoffii

Staphylococcus aureus+ 0 0% 0 0% 1 100%
Staphylococcus

haemolyticus

Table 5: Pathogens of postoperative blood cultures vs. ASA classification

4.2.5. Postoperative blood cultures versus diagnosis of primary surgery

As the primary diagnosis could influence the type of postoperative pathogens causing SSI, a
chi-squared test was performed between postoperative blood culture results and the diagnosis
for the primary surgery. Diagnoses with the most number of positive blood cultures were spinal
stenosis (n = 4), and foraminal stenosis (n = 3). There was no statistically significant

relationship between the two variables (p = 0,309).

4.2.6. Postoperative blood cultures versus antibiotic treatment

A chi-squared test was performed between the pathogens found in postoperative blood
cultures and antibiotic treatment following the primary surgery. Only patients who received
cefazolin and ceftriaxone had positive blood cultures. Patients who received cefazolin had 16
positive blood cultures, while patients who received ceftriaxone had only one positive blood
culture. Table 6 shows the distribution of frequencies. The test was not statistically significant

with a p value of 0,999.

Pathogen Cefazolin Ceftriaxone
N % N %
Staphylococcus aureus 6 85,7% 1 14,3%
Escherichia coli 1 100% 0 0%
Enterococcus faecalis 1 100% 0 0%
Staphylococcus haemolyticus 1 100% 0 0%
Staphylococcus hominis 1 100% 0 0%
Staphylococcus capitis 1 100% 0 0%
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Gram-positive Staphylococci 1 100% 0 0%

Serratia marcescens 1 100% 0 0%

Staphylococcus epidermidis + 1 100% 0 0%

gram-positive Staphylococci

Cutibacterium acnes + 1 100% 0 0%
Enterococcus faecalis +
Staphylococcus warneri +

Acinetobacter iwoffii

Staphylococcus aureus+ 1 100% 0 0%

Staphylococcus haemolyticus

Table 6: Pathogens of postoperative blood cultures vs. antibiotic treatment

4.2.7. Other outcomes

Chi-squared tests were performed between several other variables.

The chi-squared test performed between the BMI categories and ASA classification resulted in a
statistically insignificant result with a p value of 0,118. Nevertheless, out of the 72 patients who had
valid values for this analysis, ASA 3 was mostly recorded among overweight and

obese patients (n = 16 each). Table 7 and Figure 15 display the distribution of frequencies
among the groups.

BMI category ASA1 ASA 2 ASA 3
N % N % N %
Underweight 1 33,3% 2 66,7% 0 0%
Normal weight 2 11,1% 7 38,9% 9 50%
Overweight (pre- 0 0% 7 30,4% 16 69,6%
obese)
Obese 1 3,6% 11 39,3% 16 57,1%

Table 7: BMI category vs. ASA classification
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Furthermore, there were more obese females than males, with a count of 16 and 14,
respectively (Figure 7). The distribution of frequencies among BMI categories and gender was

analysed using a chi-squared test. The result was not statistically significant (p = 0,326).



4.3. Differences of mean and median

4.3.1. Postoperative blood cultures versus duration of primary surgery

An ANOVA test was performed between postoperative blood culture results and the duration

of the primary surgery. It was found out that the duration of primary surgery has a statistically
significant relationship with the pathogens discovered postoperatively (p = 0,002). Pathogens
such as Staphylococcus epidermidis + gram-positive Staphylococci, Staphylococcus hominis
and Staphylococcus aureus were discovered after shorter surgical durations (40, 69 and 101
minutes, respectively) while pathogens such as Enterococcus faecalis, Staphylococcus capitis,
and Staphylococcus haemolyticus were discovered after surgeries that lasted longer (285, 276
and 226 minutes, respectively). Figure 16 depicts the mean duration of surgery for each group

of postoperatively discovered pathogens. It was not possible to further analyse the relationship
between the duration of primary surgery and postoperatively discovered pathogens using the

Bonferroni post hoc test, as at least one group had fewer than two cases.
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Figure 16: Pathogens of postoperative blood cultures vs. duration of surgery

4.3.2. Postoperative blood cultures versus age

The continuous variable age was tested for normality and was found out to lack a normal
distribution. Therefore, the Kruskal Wallis test was used to test age against postoperatively
discovered pathogens. The pathogens Staphylococcus haemolyticus and Staphylococcus
epidermidis + gram-positive Staphylococci were most frequently found among younger

patients, while Escherichia coli, Staphylococcus aureus and Cutibacterium acnes +
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Enterococcus faecalis + Staphylococcus warneri + Acinetobacter iwoffii were most frequently
found among older patients. The results of the test are displayed in Figure 17. The test was

statistically insignificant with a p value of 0,287.
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Figure 17: Pathogens of postoperative blood cultures vs. age

4.3.3. Postoperative blood cultures versus BMI

The Kruskal Wallis test performed between the BMI of patients and the postoperatively
discovered pathogens showed that some pathogens such as Staphylococcus capitis and
Escherichia coli are more common among patients with a lower BMI, while pathogens such as

Enterococcus faecalis and gram-positive Staphylococci are more common among patients
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Figure 18: Pathogens of postoperative blood cultures vs. BMI
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with a higher BMI. This result was statistically insignificant with a p value of 0,277. Figure 18

shows a chart displaying the average BMI of each postoperatively discovered pathogen.

4.3.4. Postoperative blood cultures versus duration of antibiotic treatment

The median duration of the administration of antibiotic treatment following the primary surgery
did not significantly differ among the postoperatively discovered pathogen groups (p = 1,000), as
all the patients included in the test were administered postoperative antibiotics for just a single

day.
4.3.5. Postoperative blood cultures versus intensive care unit stay

The duration of postoperative intensive care unit stay was tested for an association with
postoperatively discovered pathogens using the Kruskal Wallis test. Staphylococcus aureus,
Enterococcus faecalis and Staphylococcus haemolyticus were associated with a shorter
duration of intensive care unit stay, while gram-positive Staphylococci were associated with a
longer duration of intensive care unit stay (Figure 19). This result was not statistically significant (p =
0,310).
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Figure 19: Pathogens of postoperative blood cultures vs. duration of intensive care unit stay

4.3.6. Intraoperative cultures versus laboratory parameters

Laboratory parameters such as CRP, leukocytes, procalcitonin, creatinine, GFR, blood urea
and uric acid levels were analysed to determine if certain pathogens cause the levels of these

parameters to increase significantly more than other pathogens.
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A Kruskal Wallis test was performed between the preoperative CRP levels and the pathogens

of the intraoperative cultures. Pathogens such as Escherichia coli, E. coli + Streptococcus
agalactiae + Streptococcus constellatus + Peptoniphilus spp. were associated with a much
lower CRP level than pathogens such as S. aureus + E. coli and Staphylococcus epidermidis +
Clostridium perfringens, who had a much higher median CRP level (Figure 20). This result was

not statistically significant (p = 0,341).
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Figure 20: Pathogens of intraoperative cultures vs. CRP

The preoperative leukocyte count was analysed for a relationship with the intraoperative
culture pathogen groups using the Kruskal Wallis test. Various pathogens displayed a lower
leukocyte count than other pathogens (Figure 21). This result was not statistically significant
(p =0,584).
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Figure 21: Pathogens of intraoperative cultures vs. leukocyte count

A Kruskal Wallis test analysed the association between preoperative procalcitonin levels and
intraoperative culture results (Figure 22). Staphylococcus aureus positive cultures had a much
higher median procalcitonin value when compared with the other cultures. The test resulted in a

statistically insignificant p value of 0,219.
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Figure 22: Pathogens of intraoperative cultures vs. procalcitonin

Several pathogens of intraoperative culture reports, such as Klebsiella pneumoniae and S.
aureus + E. coli, had higher median preoperative creatinine levels, while other pathogens such

as Citrobacter koseri and Staphylococcus epidermidis + Clostridium perfringens had a lower



median preoperative creatinine level (Figure 23). This association was tested through the

Kruskal Wallis test. Even though the median values differed between pathogen groups, this

0,453).
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Figure 23: Pathogens of intraoperative cultures vs. creatinine

The GFR of the patients was tested for a relationship with intraoperatively detected pathogens

using the Kruskal Wallis test (Figure 24). Even though pathogens such as Klebsiella

pneumoniae and S. aureus + E. coli had lower median GFR levels and pathogens such as
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Figure 24: Pathogens of intraoperative cultures vs. GFR
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Citrobacter koseri and Staphylococcus epidermidis + Clostridium perfringens had higher

0,558).

median GFR levels, this result, too, was not statistically significant (p

Preoperative blood urea and blood uric acid levels showed a difference of average between

pathogen groups of intraoperative culture results (Figures 25 and 26). The Kruskal Wallis test

0,295

performed to test these relationships did not result in statistically significant results (p

0,499 for blood uric acid).
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Figure 25: Pathogens of intraoperative cultures vs. blood urea
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Figure 26: Pathogens of intraoperative cultures vs. uric acid
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4.3.7. Other outcomes

The duration of surgery was tested for any association with gender, diagnosis of primary

surgery, ASA classification and postoperatively administered antibiotics.

Male patients had a longer duration of surgery, while female patients had a shorter duration of
surgery (Figure 27). This difference of mean was not statistically significant (student’s t test, p =

0,616).
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Figure 27: Mean duration of surgery vs. gender

The diagnosis of the primary surgery had different mean values of the surgical duration among

its groups (Figure 28). This difference was not statistically significant (ANOVA test, p = 0,054).
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Figure 28: Mean duration of surgery vs. diagnosis of primary surgery

Patients with the ASA categories 1, 2 and 3 had mean surgical durations of 74,5 + 60,1, 144,4 +
68,7, and 126.25 + 70,4 minutes respectively (Figure 29). The difference of mean of surgical
duration among these groups were not statistically significant (ANOVA test, p = 0,158).

Duration of surgery (min)

ASA

Figure 29: Mean duration of surgery vs. ASA classification
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Furthermore, the duration of surgery differed among the antibiotics administered following
surgery (Figure 30), although this result was not statistically significant (ANOVA test, p =
0,979).
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Figure 30: Mean duration of surgery vs. administered antibiotics

It was of interest to determine if the duration of intensive care unit stay is affected by the
diagnosis of the primary surgery and the ASA classification. Diagnoses such as spinal
stenosis, vertebral fracture and material removal were associated with a longer duration of
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Figure 37: Median duration of intensive care unit stay vs. diagnosis of primary surgery



intensive care unit stay, while intraspinal granuloma, metastasis and dural leakage with CSF

fistula were associated with a shorter duration of stay (Figure 31).

Moreover, the median duration of intensive care unit stays among ASA 2 and 3 were 2 days

each. None of the patients with an ASA 1 classification had stayed in the intensive care unit.

A Kruskal Wallis test resulted in a statistically insignificant result for the association between
intensive care unit stay and diagnosis of primary surgery (p = 0,255). The Kruskal Wallis test
performed to identify a statistically significant relationship between intensive care unit stay and

ASA categories was not able to reject the null hypothesis (p = 0,363).
Finally, age was tested against the diagnosis of the primary surgery and the ASA classification

of the study population.

Among the subjects, repositioning spondylodesis, chordoma and spinal stenosis were more
prevalent among older patients, while hyperkyphosis, infect related loosening of
instrumentation and scoliosis were more common among younger patients (Figure 32). This
relationship was tested through the Kruskal Wallis test, which resulted in a statistically

significant relationship (p = 0,008).
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Figure 32: Age vs. diagnosis of primary surgery

The median age of patients in each of the ASA categories was also calculated. The median
age of patients with ASA 1 was 68 years, ASA 2 was 58 years, and ASA 3 was 28 years (Figure
33). This difference was tested using the Kruskal Walls test for statistical significance. The
difference of median among the ASA categories was statistically significant (p < 0,001). When

the three ASA categories were tested against each other for difference of median of age, all
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three pairs resulted in statistically significant differences (p = 0,025 for ASA 1 versus 2, p <

0,001 for ASA 1 versus 3 and p = 0,017 for ASA 2 versus 3).
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Figure 33: Age vs. ASA classification



4.4. Correlations

4.4.1. Duration of primary surgery versus age

The duration of primary surgery was plotted against patient age using a scatterplot (Figure 34),
which shows a negative association. This association was tested using the Spearman’s
correlation. This test resulted in a correlation coefficient of -0,008, showing a negligible

negative correlation. This correlation was not statistically significant (p = 0,95).
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Figure 34: Duration of surgery vs. age

4.4.2. Duration of primary surgery versus BMI

When the BMI of patients was compared with the duration of the primary surgery, it was found

out that the lower the BMI of the patients was, the longer the surgery lasted (Figure 35).
Spearman’s correlation test resulted in a correlation coefficient of -0,109, which was
interpreted as a weak negative correlation between duration of surgery and BMI. This

correlation was not statistically significant (p = 0,366).
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Figure 35: Duration of surgery vs. BMI

4.4.3. Duration of primary surgery versus duration of antibiotic treatment

Figure 36 depicts a scatterplot of the duration of surgery versus the duration of postoperative
antibiotic treatment. It is evident through the scatterplot that the duration of surgery and the
duration of postoperative antibiotic treatment have a positive association. The Spearman’s
correlation tested this association and calculated a correlation coefficient of +0,268. This weak

positive correlation was statistically significant (p = 0,044).
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Figure 36: Duration of surgery vs. duration of antibiotic treatment
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4.4.4. Duration of primary surgery versus duration of intensive care unit stay

The duration of primary surgery was compared with the duration of postoperative intensive
care unit stay and tested for statistical significance (Figure 37). Although there was no
statistical significance (p = 0,928), there was a negligible positive correlation between surgical

duration and the duration of intensive care unit stay (correlation coefficient = +0,021).
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Figure 37: Duration of surgery vs. duration of intensive care unit stay

4.4.5. Duration of antibiotic treatment versus age

The duration of postoperative antibiotic treatment was tested for any possible association with
patient age. The scatterplot in Figure 38 displays a positive correlation between the two
variables. The Spearman’s correlation coefficient of this association was +0,067, which can be
interpreted as a negligible positive correlation. This correlation was not statistically significant (p =
0,619).
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Figure 38: Duration of antibiotic treatment vs. age

4.4.6. Duration of antibiotic treatment versus intensive care unit stay

The relationship between the duration of postoperative antibiotic treatment and the duration of
intensive care unit stay was analysed. There was a weak positive correlation between the two
variables with a Spearman’s correlation coefficient of +0,248. This relationship was found out to

be not statistically significant (p = 0,373).

4.4.7. Age versus intensive care unit stay

The correlation of patient age and intensive care unit stay was examined using the Spearman’s
correlation test. The outcome was that age and the duration of intensive care unit stay was
negatively associated (Figure 39), with a correlation coefficient of -0,043 suggesting a
negligible correlation. Despite this outcome, the test result was not statistically significant, with a p
value of 0,845.
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5. Discussion

This study focuses on how the duration of surgery can influence the nature of postoperative
SSI. Postoperative blood cultures following the primary surgery were used to identify the
pathogens causing postoperative SSI, as they were closer to the primary surgery in time than
intraoperatively obtained cultures during the revision surgery. Positive blood cultures following

surgery could also be due to infection sources other than the surgical site. Therefore, reports
of the cultures which originate from samples obtained intraoperatively under strictly sterile

conditions during the revision surgery were analysed. It was found out, as mentioned above
under 4.2.1., that a highly significant and strong relationship exists between the groups of the
two variables. This attests that the pathogens of the blood cultures taken after the primary
surgery mostly, if not all, origin from the surgical site. Therefore, the use of postoperative blood

culture reports for the analysis can be justified as appropriate.

5.1. SSI, its causes, and preventive strategies

SSl is a common manifestation in orthopaedic spine surgery, with an incidence ranging from
0,65% to 17,6% [25, 27]. SSI has been known to have extreme effects on the patient’s
postoperative wellbeing and on the healthcare system [31, 32]. Patients might possess certain
predisposing factors for the development of an SSI, such as obesity, diabetes mellitus, and
anaemia [46, 48, 30, 40]. Furthermore, intraoperative risk factors such as the location of
surgery, surgical technique, and longer surgical durations can increase the chance of
developing a postoperative SSI [30, 25, 40]. The reason for longer durations of spinal surgery to
cause increased numbers of postoperative SSI could be the recolonisation of the surgeon’s
hands with the course of time, with significant recolonisation being detected at around five
hours of surgery [71]. Therefore, if a surgery is suspected to last long, surgeons could be
advised to pay extra attention to scrubbing in and could be asked to rescrub after around five
hours [71].

SSI are mostly caused by gram-positive pathogens such as methicillin sensitive
Staphylococcus aureus, methicillin resistant Staphylococcus aureus, and coagulase negative
Staphylococci, while gram-negative bacteria such as Pseudomonas aeruginosa, Escherichia
coli, and Klebsiella pneumoniae are also known to cause SSI [73, 60, 38, 44]. An interesting
division of SSI causing bacteria according to the spinal level to be operated was reported by
Long et al. (2021), where gram-positive bacteria were mostly found in SSI of the cervical spine,

while gram-negative bacteria were the principle causes of SSI of the lumbosacral spine [62].

Due to the massive influence of SSI on the wellbeing of patients and on the health-care system,
several preventive strategies have been identified. Preoperative preventive measures such as

prophylactic antibiotics have been reported to decrease the occurrence of postoperative SSI
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[78]. Even though the use of iodine-based adhesive drapes in spinal surgery could be
mentioned as a probable method of reducing postoperative infections of the surgical site,

studies have showed no beneficial effect of iodine-based adhesive drapes [95]. In fact, the use

of adhesive drapes has been reported to increase the rate of infections of the surgical site [95].
The prevention of SSI can also be done intraoperatively through numerous methods. The local
application of intraoperative vancomycin powder has been established among orthopaedic
spine surgeons and has a favourable effect in reducing the occurrence of postoperative SSI
[81, 82]. The use of pulse lavage, closed drainages, iodine lavage and 2-octyl-cyanoacrylate

for wound closure can also decrease the chance of developing an SSI [85, 49].

5.2. The influence of surgical duration on SSI

There are numerous factors that can increase the risk of developing an SSI. Various studies
performed on the risk factors for SSI report that the longer the surgical duration, the higher the

chances are of developing an SSI [40, 51, 54, 58, 68, 70]. It has been hypothesised that the
reason for this influence of surgical duration on the development of SSI is the recolonisation
of the surgeon’s hands after about five hours of surgery [71].

This study was able to identify an important role the surgical duration plays in the nature of
postoperative SSI. The analysis of the collected data proved that a relationship exists between
the duration of surgery and the spectrum of pathogens that cause postoperative SSI. As
discussed under 4.3.1. and displayed in Figure 16, there exists a certain inclination for
particular bacterial strains to cause an SSI depending on the surgical duration. Bacterial
species such as Staphylococcus epidermidis + gram-positive Staphylococci, Staphylococcus
hominis and Staphylococcus aureus cause postoperative SSI most commonly among shorter
surgical durations. On the other hand, species such as Enterococcus faecalis, Staphylococcus

capitis, and Staphylococcus haemolyticus cause SS| when the surgery lasts longer.

This relationship is an important factor that can influence the postoperative patient wellbeing.
Even though the duration of surgery largely depends on the surgical procedure performed and
local factors of the surgical site, it is of utmost importance to weigh the advantages and

disadvantages of a longer surgical duration against the postoperative complications.

The discovery of this relationship between the surgical duration and the pathogen spectrum
causing SSI is also important in the treatment of SSI following surgery. When patients show
clinical signs of infection (such as fever, redness and swelling of the surgical wound, etc.), it is
common clinical practice to first obtain blood cultures from the patients and then to administer
patients with empiric antibiotics. The results of this research can serve in modifying the
guidelines of the postsurgical empiric antibiotic treatment, after further study. Such a guideline,

which includes surgical duration as a determining factor, can increase the chances of the
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clinician using the proper and fitting antibiotic or antibiotic combination in combatting the
pathogen causing the SSI and avoid increasing the chances of the development of resistant

strains.

5.3. Effects of surgical duration on postoperative patient wellbeing

This study also analysed the effects of surgical duration on the course of patient care following
surgery. It was found out that a weak, yet positive, correlation exists between the surgical
duration and the duration of postoperative antibiotic use (4.4.3.). As surgical duration is known to
increase the risk of SSI, it is comprehensible that the duration of postsurgical antibiotic use
increases when the duration of surgery increases [54, 58, 70, 68]. Even though this study
detected further factors that have a positive or negative correlation with the surgical duration,

such as the duration of intensive care unit stay, these results were not statistically significant.

5.4. Influence of pathogens on laboratory parameters

Laboratory parameters obtained immediately before the revision surgery were analysed for
any relationship with the species of pathogens discovered in the SSI through intraoperative
cultures obtained during the revision surgery (4.3.6.). The laboratory parameters CRP,
leukocyte count, procalcitonin, creatinine, GFR, blood urea and blood uric acid all showed a
difference of median among the pathogens discovered immediately afterwards through
intraoperative cultures (Figures 20 - 26). Even though such a link exists between the groups

of pathogens causing SSI, Kruskal Wallis tests performed on each preoperative laboratory
parameter and the intraoperative culture pathogens revealed that the differences of median

were not statistically significant.

5.5. Other findings of this study

Even though the primary objective of this study was to identify a relationship between the
spectrum of pathogens causing postoperative SSI, the statistical analysis of other variables

was able to deliver secondary results of epidemiological interest.

The patient age was found out to differ significantly among the reasons for the primary surgery
(4.3.7. and Figure 32). Patients who were older were most commonly operated due to reasons
such as repositioning spondylodesis, chordoma and spinal stenosis, while patients who were
younger were most commonly operated due to hyperkyphosis, infect related loosening of

instrumentation and scoliosis.

Furthermore, it was found out that the patient age varies significantly among the categories of

the ASA classification (4.3.7. and Figure 33). The ASA category that was assigned to the
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patients increased from ASA 1 to ASA 3 (none of the patients of this study were assigned ASA

4, 5 and 6) with the increasing age of the patients.
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6. Conclusion

This study was able to prove a relationship exists between the duration of surgery and the
species of pathogens causing postoperative SSI. The predisposition of pathogenic species to
cause SSI| depending on the duration of surgery must be further examined through research.
Furthermore, the duration of surgery can be included in clinical guidelines that may assist the
clinician in choosing a suitable and appropriate empiric antibiotic for the treatment of a clinically
apparent surgical site infection and to repeat perioperative prophylactic antibiotics. This might
decrease the iatrogenic development of resistant pathogenic strains and decrease the duration

of SSI considerably, which could possibly increase the patient wellbeing significantly, decrease

the duration of postoperative hospital stay and decrease the burden on the healthcare system.
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