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Abstract
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Abstract

Surgical site infections (SSIs) in dermatologic surge-
ry contribute to unwanted healthcare costs and are
complications that cause suffering in patients. The
aim of this thesis was to explore clinical, diagnos-
tic, and pathogenic aspects of SSIs in dermatologic
surgery.

In study |, we examined bacterial dynamics during
normal wound healing and SSIs. We found that
quantifying bacteria from wounds was a relevant
factor for assessing healing outcomes. Higher bac-
terial loads in wounds resulted in complicated post-
operative healing outcomes.

In study Il, we designed a randomized controlled
trial exploring the effects of a novel antiseptic, po-
lyhexanide biguanide (PHMB) on bacterial loads.
PHMB added to tie-over dressings in full-thickness
skin grafting did not decrease bacterial loads and
paradoxically increased the incidence of SSIs in the
intervention group.

In study Ill, we examined whether wound fluids
obtained from dermatosurgical wounds could pre-
dict the occurrence of an SSI. Our results showed
that the investigated biomarkers could indeed ser-
ve as diagnostics for assessing wound healing.

In study IV, the aim of the study was to assess in-
ter-observer agreement when assessing wound
healing in dermatologic surgery. There was a bro-
ad inter-observer variability in the diagnosis of an
SSI illustrating the need for objective diagnostic
methods that capture an actual SSI.

Ultimately, we provided new insights into SSIs in
dermatologic surgery that can be useful in discove-
ring methods to prevent these types of infections
in the future.

Keywords: Surgical site infections (SSIs), derma-
tologic surgery, full-thickness skin grafting, acute
wounds, wound healing, microbiome, diagnostics,
prevention, pathogenesis.
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Summary in Swedish

Varje gang en patient har genomgatt ett kirurgiskt
ingrepp 16per han/hon en risk for att drabbas av
en efterfoljande infektion i operationssaret, inom
medicin kallat en "postoperativ sarinfektion” (posto-
perativ = efter operation). Dessa ar potentiellt farli-
ga komplikationer som, férutom att de kan leda till
allvarliga blodférgiftningar och dventyra patienter-
nas liv, orsakar smaérta, lidande, fordrojd sarlakning
och slutligen en oestetisk arrlakning. I tillagg kostar
de sjukvarden enorma summor, uppskattningsvis
500-1000 miljoner kronor arligen enbart i Sverige.
Inom specialiteten dermatologi (Iaran om hudsjuk-
domar) opereras det allt mer. Mycket av hudkirur-
gin inom denna specialitet sker i ansiktet och dar
kan en postoperativ sarinfektion ge ett missprydan-
de och psykiskt belastande arr.

Varfor vissa rakar ut for postoperativa sarinfektioner
och andra inte &r ej helt kartlagt.

Syftet med den hér avhandlingen bestaende av
fyra delarbeten var att studera postoperativa sarin-
fektioner inom dermatologin for att dka kunskapen
inom omradet.

| delarbete | undersoktes sar efter hudtransplan-
tationer i ansiktet. Vi konstaterade att sar med ett
komplicerat ldkningsforlopp hade hogre halter av
bakterier en vecka postoperativt jamfort med sar
som uppvisade normal infektionsfri lakning. Detta
oberoende av vilken bakterieart som vaxte i saren.

| delarbete Il testades ett nytt antiseptiskt (=bakte-
rieavdddande) medel, Prontosan i en dubbelblind
studie pa 40 patienter som skulle genomga hud-
kirurgi i ansiktet. 20 patienter fick medlet pa sina
sar och 20 patienter fick placebo. | en dubbelblind
studie vet vare sig patienten eller ldkaren vem som
behandlas med aktiv substans och vem som far
icke-aktiv substans. Prontosans potential att redu-

cera halten bakterier i operationssaret analyserades,
men dessvérre uppvisades ingen minskning av
infektionsfrekvensen, utan anvéndningen till och
med okade risken for postoperativa sarinfektioner.
Vi har ingen direkt forklaring till detta men speku-
lerar i om det antiseptiska medlet rubbar balansen
mellan skadliga och ofarliga bakterier pa huden.
Detta skulle kunna bidra till ett minskat skydd fran
hudens goda bakteriella normalflora, ge de elakar-
tade bakterierna i normalfloran ett ¢vertag och dar-
med 6ka infektionsrisken; men fler studier krévs for
att kunna undersoka en sddan hypotes.

| delarbete Il analyserades sarvatskorna fran pa-

tienterna i delarbete Il. Patienterna med sdr som
uppvisade en normal ldkning hade lagre nivder av
olika inflammationsmarkdrer jamfért med sar som
uppvisade tecken till infektion. Med hjélp av analys
av dessa inflammationsmarkérer kommer vi for-
hoppningsvis kunna férutséga vilka sdr som kom-
mer att bli infekterade.

| delarbete IV studerades dermatologers férmaga
att, oberoende av varandra, géra likvardiga bedom-
ningar av huruvida fotograferade operationssar var
infekterade eller inte. Vifann en stor oenighet bland
svaren. Lakare som inte hade kirurgivana, kvinnliga
|&kare och ldkare under utbildning var mer bendg-
na att beddma ett sdr som infekterat dn icke infek-
terat. Delarbetet belyste vikten av att vi i framtiden
far battre, mer objektiva och precisa metoder som
beslutsunderlag i bedémningen av postoperativa
sarinfektioner.

Tillsammans har dessa studier gett oss en tydligare
bild av férekomst, genes och forutsagelse av posto-
perativa sarinfektioner. Forhoppningen ar en framti-
da anvandning av resultaten bade kliniskt och som
underlag for vidare forskning inom dermatologin
och andra kirurgiska specialiteter.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

23




Abbreviations

Karim Saleh

Abbreviations

ACMS: American College of Mohs Surgery

AMP: Antimicrobial peptide

BGC: Bacterial growth change

BSDS: British Society for Dermatological Surgery
CDC: Centers for Disease Control and Prevention
CFU: Colony-forming unit

CoNS: Coagulase-negative staphylococcus
DAMP: Damage-associated molecular pattern

E. coli: Escherichia coli

ESMS: European Society for Micrographic Surgery
IL-1: Interleukin-1

IL-6: Interleukin-6

IL-8: Interleukin-8

IL-12: Interleukin-12

MALDI-TOF: Matrix-assisted laser desorption/ioniza-
tion time-of-flight

MAPK: Mitogen-activated protein kinase

MHC: Major histocompatibility complex

MMP: Metalloproteinase

MRSA: Methicillin-resistant Staphylococcus aureus

NFKB: Nuclear factor kappa light chain enhancer of
activated B cells

PAMP: Pathogen-associated molecular pattern
PHMB: Polyhexanide biguanide

PRR: Pattern recognition receptor

P aeruginosa: Pseudomonas aeruginosa

RCT: Randomized controlled trial

S. aureus: Staphylococcus aureus

SDS-PAGE: Sodium dodecy! sulphate polyacrylami-
de gel electrophoresis

SEAP: Secreted embryonic alkaline phosphatase

S. epidermidis: Staphyloccus epidermidis

SSDV: Swedish Society for Dermatology and Vene-
reology

SSI: Surgical site infection

TGF-B: Transforming growth factor 3

TH: Todd-Hewitt

TLR: Toll-like receptor

TNF-a: Tumor Necrosis Factor a

VEGF: Vascular Endothelial Growth Factor
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Introduction
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Introduction

Human skin

Skin is one of the largest organs in the body with
a surface area of 1.5 to 2.0 m? and a weight of 4 to
5 kg. ' The skin is divided into three layers: (1) epi-
dermis; (2) dermis; and (3) subcutis (Figure 1). The
epidermis is the relatively thin, tough, outer layer of
the skin, and its most important function lies in the
stratum corneum, a semipermeable laminated sur-
face aggregate of differentiated squamous epithe-
lial cells, which serves as a physiological barrier. 2
The epidermis consists mainly of three different
cell types: (1) keratinocytes; (2) melanocytes; and

Hair shaft

Stratum corneum

Hair follicle —
Dermis

Sebaceous
gland

Vein

Artery
Fat tissue ———

Figure 1. Skin anatomy. (Artwork: Hassan Hashemian)

(3) Langerhans’ cells. Beneath the epidermis, a vas-
cularized dermis provides structural and nutritional
support. It is composed of a polysaccharide gel
and a matrix with collagen and elastin fibers, which
gives skin its flexibility and strength. Dermis also
contains nerve endings, sweat- and sebaceous-
glands, hair follicles, and blood vessels, all of which
contribute to protecting the body, regulating body
temperature, and provide sensation. ' Subcutis con-
tains fat that helps insulate the body from heat and
cold, provides protective padding, and serves as an
energy reserve.!
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Wounds

One of the skin's main functions is to act a barrier
between body tissues and the external environ-
ment. The skin with its structures described above
protects the human tissues from external poten-
tially dangerous factors such as pathogenic mi-
croorganisms, chemical substances, warm or cold
conditions, and trauma. When the skin integrity is
compromised, a wound is created.

Wounds are classified as either acute or chronic.
Acute wounds normally heal spontaneously in an
orderly and timely process (see Wound healing) in
contrast to chronic wounds. Chronic wounds have
a tendency to heal slowly and require significant

Table 1. Surgical Wound Classification % °

interventions. Acute wounds can be further divi-
ded into traumatic or surgical wounds. Traumatic
wounds include abrasions, crush wounds, puncture
wounds, lacerations, and cuts. Surgical wounds are
incisions made purposefully by a health care pro-
fessional. 3

Surgical wounds

Surgical wounds are usually classified into four diffe-
rent categories depending on their anatomic loca-
tion and preoperative skin condition (Table 1).4 5 As
noticed, this classification system is based on gene-
ral surgical procedures and is not easily applied to
wounds deriving from dermatologic surgery. ¢

Classification Wound description

Class | - Clean

Uninfected operative wound in which no inflammation is encountered and the respiratory, alimentary,
genital, or uninfected urinary tract is not entered. In addition, clean wounds are primarily closed and,
if necessary, drained with closed drainage. Operative incisional wounds that follow nonpenetrating
(blunt) trauma should be included in this category if they meet the criteria.

Class Il - Clean-contaminated

An operative wound in which the respiratory, alimentary, genital, or urinary tracts are entered under
controlled conditions and without unusual contamination. Specifically, operations involving the biliary
tract, appendix, vagina, and oropharynx are included in this category, provided no evidence of
infection or major break in technique is encountered.

Class Il - Contaminated

Open, fresh, accidental wounds. In addition, operations with major breaks in sterile technique (such as
open cardiac massage) or gross spillage from the gastrointestinal tract, and incisions in which acute,
nonpurulent inflammation is encountered are included in this category.

Class IV - Dirty-infected

Old traumatic wounds with retained devitalized tissue and those that involve existing clinical infection
or perforated viscera. This definition suggests that the organisms causing postoperative infection
were present in the operative field before the operation.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

Dermatologic surgery

Dermatologic surgery is on the rise due to an in-
crease in skin cancer incidence and increases in the
number of excisions performed by dermatologists.
71t is estimated that 40% of all visits to a dermato-
logist result in a surgical procedure.” In the United
States (US), 42.2 million dermatological procedures
were performed in 2007 according to a study by
Ahn et al.” The most common type of procedure
was local excision of a lesion. Studies show that the
number of dermatological procedures performed
annually is increasing. 7 8

Wound healing

Under normal conditions, acute wounds heal in a
sequenced and timely manner, characterized by

four major overlapping phases (namely, hemosta-
sis, inflammation, proliferation, and remodelling)
(Figure 2). This is a complex process involving che-
mokines, cytokines, proteases, and their respective
counterregulatory molecules through the healing
process. ° The primary goal of wound healing is to
re-establish a functional skin barrier as quickly as
possible. ! Ideally, wound healing would be a rege-
nerative process, with complete restoration of origi-
nal skin function and morphology as is the case in
scarless fetal skin wound healing, ™ but this type of
healing does not actually occur. Wound healing in
children and adults is a reparative process resulting
in a loss of normal skin function and a certain de-
gree of impaired morphology. ' Each of the wound
healing phases (Figure 3) beneath are critical to
successful wound closure, and any deviations from
the norm may be associated with an abnormal or
delayed wound healing. "

Day 1 to 3
Phase 1| NglS\VORIAEIS
Day 2 to 14
Phase 2 INFLAMMATION
Week 1 to 3
Phase 3
Phase 4

PROLIFERATION

Week 3 to 2 years

REMODELLING

Figure 2. Phases of wound healing. (Artwork: Karim Saleh)
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Hemostasis

Skin injury causes the disruption of blood vessels
and exposure of the basal lamina, which result in
extravasation of blood constituents and concur-
rent platelet activation. ™ ™ The formed blood clot
composed of fibrin re-establishes hemostatis and
provides a provisional extracellular matrix for cell
migration. 2 This stage also results in the release
of growth factors involved in the deposition of
extracellular matrix (transforming growth factor
B), chemotaxis (platelet-derived growth factor),
epithelialization (both fibroblast growth and epi-
dermal growth factors), and angiogenesis (vascular
endothelial growth factor). ™

Inflammation

Hemostatis is followed by inflammatory cell in-
flux. Neutrophils are the predominant cell type in
this phase (48 h after injury) and begin to decline
in numbers via apoptosis at the same time mono-
cytes start arriving at the wound and mature into
macrophages. ® Neutrophils also produce tumor
necrosis factor a (TNF-a) and interleukins (ILs) such
as IL-1 and -6, which recruit fibroblasts and epithe-
lial cells. ™™

Macrophages are responsible for phagocytosing
debris and bacteria, secreting additional cytoki-
nes such as TNF-q, transforming growth factor 8
(TGF-B), vascular endothelial growth factor (VEGF),
IL.-1 and -6. IL.-1 promotes angiogenesis, and TNF-a
is a mitogen for fibroblasts. ™ ® It is also believed
that macrophages are responsible for clearing
neutrophils that may otherwise result in a prolong-
ed inflammatory phase. '® Macrophages also have a
role in clearing fibrin from the wound. " Lympho-
cytes are the last to infiltrate wounds. ™ Normally,
inflammation goes on for two weeks, and it is this
stage that results in the traditional signs of inflam-
mation: (1) dolor (pain); (2) rubor (redness); (3) calor
(warmth); and (4) tumor (swelling). ™
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Proliferation

Proliferation is composed of several steps occurring
during this phase, namely epithelialization, angio-
genesis, granulation tissue formation, and collage
deposition and normally occurs 2-10 days after
injury. ™"

In this phase, epidermal cells migrate and prolife-
rate after being stimulated by growth factors, me-
talloproteinases (MMP), and integrins. *° Within 24
h after injury, keratinocytes at the wound edge are
activated and undergo phenotypic and functional
changes in order to adhere to the newly formed
provisional wound matrix and to be able to migrate
laterally towards wound edges. ” The provisional
wound matrix is synthesized by activated fibro-
blasts and is composed of fibronectin, vitronectin,
and type 1 collagen interwoven in the fibrin clot.
" The provisional wound matrix serves as the basis
for granulation tissue formation, which is gradually
replaced with a collagenous matrix produced by
fibroblasts. ” MMPs such as MMP-2 and -9 have im-
portant functions in accelerating cell migration and
promoting reepithelization. ' Angiogenesis, a cru-
cial part of wound healing, is initiated and promo-
ted by secretion of fibroblast growth factor (FGF),
platelet-derived growth factor (PDGF), and VDGF. "

Remodelling

In this final stage, which starts after the formation
of granulation tissue, granulation tissue is conver-
ted to scar tissue by remodelling of the extracellu-
lar matrix. ¥ Remodelling begins 2-3 weeks after
injury and lasts for a year or more. * This phase is
characterized by a balance between the synthesis
of new scar matrix components and their degra-
dation by proteases. ' Myofibroblasts play the main
part in wound contraction, resulting in decreased
wound size. ” Wounds can reach 80% of the tensile
strength of the original tissue.

Hemostasis

Inflammation

Bacteria

Macrophage

Neutrophil

Platelet

Proliferation

New blood vessels

Granulation tissue

Remodelling

Fibroblast

Regenerated epithelium — \ N
\
Scar tissue — J 4 &
y

Fibroblast :\\
Figure 3. An illustration of wound healing phases.
(Artwork: Hassan Hashemian)
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Skin’s immunity
in wound healing

The skin not only functions as a mechanical barrier
to microbial and physical insults but can also gene-
rate an immune response for protection. The skin’s
immune system has elements of both the innate
(nonspecific) and adaptive (specific) immune sys-
tems and both contribute to regulating the wound
healing process.' Innate immunity provides the first
defence mechanism during wounding while adap-
tive immunity responds later.

Innate immunity relies on recognizing structural
patterns of microorganisms called pathogen-asso-
ciated molecular patterns (PAMPs) or damage-as-
sociated molecular patterns (DAMPs) by a class of
receptors known as pattern recognition receptors
(PRRs). # Known PAMPs include bacterial liposac-
charides and bacterial DNA, while known DAMPs
are cytosolic and nuclear proteins. 2 PAMPs and
DAMPs are recognized by PRRs, known as Toll-like
receptors (TLRs), which, once activated, ultimately
lead to activation of the nuclear factor kappa (NF-
KkB) light chain enhancer of activated B cells and mi-
togen-activated protein kinase (MAPK) pathways. **
This process then results in the production of ILs-1,
-6, -8, and -12 and TNF-a that leads to chemokine
release and subsequent inflammatory cell migra-
tion to the site of wound injury. % The secretion of
inflammatory mediators via TLR-dependent activa-
tion also promotes dendritic cell maturation that
is able to induce an adaptive immune response. %
Keratinocytes' role in innate immunity, other than
expressing TLR, is to produce antimicrobial pepti-
des (AMPs). The best characterised AMPs are cathe-
licidins and defensins.

Another important part of innate immunity is the
complement system that helps destroy invading
microorganisms by attracting neutrophils to the
wound.”
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The adaptive immune system provides a more de-
layed and specific response. * Itis unique in its capa-
bility to generate and retain memory. It consists of
B and T cells that carry out humoral and cell-medi-
ated responses. % These effector cells are activated
upon recognizing either free or bound antigen via
professional antigen presenting cells. ° For T cells,
the type of effector response depends on the major
histocompatibility complex (MHC) molecule that
is employed for antigen presentation. MHC class |
complexed with endogenously produced antigens
is recognized by CD8 cytotoxic T cells, while MHC
class Il expresses ingested exogenous antigen and
is recognized by CD4 helper T lymphocytes. % CD4
activation results in cytokine production, whereas
CD8 cells are much more specific in cell targeting.
% Activated B cells produce antibodies, which ser-
ve to inactivate toxins, opsonize bacteria, flag pat-
hogens for destruction, and activate complement
among other functions.

Surgical site infections (SSls)

Research in SSls is mainly based on studies of ge-
neral surgery. Results from these studies have then
been extrapolated to dermatologic surgery.

Epidemiology

Surgical site infections (SSIs) are known to be the
leading healthcare-related infection in developing
countries and the second most common health-
care-related infection in developed countries. 7 %
It is estimated that 230 million surgical procedures
are carried out globally on an annual basis, which
result in more than seven million complications, of
which SSIs represent the most common compli-
cation. # In the US alone, SSls incur $10 billion in
annual costs. ** *' These include direct costs such
as prolonged hospitalizations and readmission
to hospitals, outpatient visits, visits to emergency
departments, additional surgeries ranging from
incision and drainage to staged reimplantation,
prolonged antibiotic therapy, more use of ancillary

services such as laboratory tests, drugs, and durable
medical equipment, and professional fees. Indirect
costs, harder to quantify, include lost productivity,
decreased patient satisfaction, reduced referrals,
and possibly litigation. > SSls are associated with a
doubled increased relative risk for hospital mortali-
ty, and over a third of all postoperative deaths are
due to an SSI. * 3

Half of all antibiotics used in a hospital have been
attributed to prophylaxis prior to surgery. ** This can
lead to antibiotic resistance. ** Approximately each
fifth visit to an emergency department is due to an
antibiotic-induced side-effect. *

Within the field of dermatologic surgery, the risk
for an SSI occurrence is assumed to be low, varying
from 5% to 10%, *® but depending on the procedu-
re type and anatomical location, it can be as high as
28.5%.* Skin grafting and complex reconstructions

Subcutaneous
tissue

are procedures normally associated with a higher
risk of SSI.2#41

Regardless of the generally low SSl rates, it is of pa-
ramount concern to achieve acceptable cosmetic
results and normal wound healing within dermato-
logic surgery, owing to the fact that many procedu-
res involve critically aesthetic facial units.

Definition

SSls are infections arising in wounds within 30 days
of surgery according to the Centers for Disease
Control and Prevention (CDC). %

These infections are classified as either incisional or
organ/space (Figure 4). Incisional SSIs are further
divided into those involving only skin and subcuta-
neous tissue (superficial incisional SSI) and those
involving deeper soft tissues (deep incisional SSI). 2

Superficial
incisional SSI

Deep soft tissue

Deep incisional

(fascia & muscle)

Ssl

Organ/space

Figure 4. Different types of SSls.

Organ/space

(Artwork: Hassan Hashemian)
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Superficial incisional SSI is the most common type
of SSI, accounting for 2/3 of all SSIs, and the most
relevant for dermatologic surgery. ©

According to the CDC, a superficial incisional SSI'is
defined as an infection involving skin and subcuta-
neous tissue occurring within 30 days after surgery
and fulfilling one of the several criteria:

1. Purulent drainage, with or without laboratory
confirmation from the superficial incision;

2. Organisms isolated from an aseptically obtained
fluid or tissue culture from the superficial incision;

3. At least one of the following signs or symptoms
of infection: (a) pain or tenderness; (b) localized
swelling; (c) redness; (c) or heat and superficial inci-
sion is deliberately opened by surgeon unless inci-
sion is culture-negative;

4, Diagnosis of superficial incisional SSI by the sur-
geon or attending physician.

It should be noted that more than 30 different de-
finitions of SSI have been published, but the defi-
nitions based on the CDC guidelines are the most
commonly used. * This illustrates the limitations of
the way in which SSIs are defined. The same wound
can be defined as infected according to one defini-
tion but non-infected when using another one. *

Even when using the CDC's definition alone, the-
re is a wide variation in wound assessments. ** °
Studies have shown both inter-and intra-observer
variations. ¥ Another limitation to the definition of
SSIs according to CDC includes a 30-day postope-
rative evaluation timeframe, which imposes prac-
tical difficulties in monitoring all surgical wounds
and is not likely to occur. CDC's fourth criteria for
an SSI'was updated in 2018, allowing a physician’s
designee to diagnose an SSI thus making SSI assess-
ments perhaps even less accurate. ** Clearly more
objective definitions of SSIs are needed.
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Pathogenesis of SSls

In healthy skin, an equilibrium between skin micro-
biota and innate immunity exists. As soon as the
skin is damaged due to surgery, this equilibrium is
under the risk of being disrupted. When a surgical
wound is created, a primed host immune-inflam-
matory process, as explained earlier, starts. This is
beneficial to a certain degree and has to be ba-
lanced by homeostatic anti-inflammatory mecha-
nisms. The increased non-specific inflammatory
response at this stage limits the hosts’ ability to
defend itself from microbes entering the wound.
If a certain degree of microbial invasion occurs,
causing an additional inflammatory response, the
surgical wound is now too inflamed and an SSI has
developed. *”' Distinguishing an inflamed wound
from an infected one in vitro and clinically is a major
challenge taking into consideration that measura-
ble parameters are lacking.

According to CDC, the risk of an SSI to occur can be
visualized by the following equation: ©

Dose of bacterial contamination X virulence
= Risk of SSI

Resistance of the host patient

Earlier studies felt that an SSI occurred when the
wound’s microbial load exceeded 10° colony-for-
ming units (CFU) per gram of tissue. ** According to
the CDC, the number of bacteria present in wounds
is the most important factor associated with the de-
velopment of SSls. * On the other hand, growing
evidence suggests that the pathogenesis for an SSI
is far more complex than just being dependent on
the bacterial load of a wound, and specific bacterial
interactions and virulence factors need to be taken
into account. >

Skin microbiota

Skin microbiota contains bacteria, virus, and fungi
and is classified as either "resident flora’, which is
constitutes the most abundant microbes that are
always present, or “transient flora” which are micro-

bes not always present or are present for only a few
days, weeks, or months before disappearing under
various environmental and host conditions. Bac-
teria are the most-studied flora isolated from skin.
These include those from the genera Staphylococ-
cus, Corynebacterium, Propionibacterium, Streptococ-
cus, and Pseudomonas. **

The way in which these bacteria interact among
themselves, with each other, and with skin in both
a normal and pathological skin states has yet to be
explored.

S. epidermidis, a coagulase-negative Staphylococcus
(CoNS), is the most common clinical isolate from
skin and is believed to represent greater than 90%
of the aerobic resident flora. It has long been regar-
ded as only a commensal bacterium, yet research
has shown it has both a pathogenic role in noso-
comial infections and acts a mutualistic organism
that can enhance skin innate immunity by eliciting
responses through TLRs. A microbe can therefore
simply not be labelled as either a commensal or a
pathogen in the context of SSls. *°

S. aureus is the microbe that has received most at-
tention in studies of SSIs, perhaps due to its high vi-
rulence. In fact, it was the most commonly isolated
organism in surgical site infections between 1986
and 1996 according to the CDC. *®

In breast and gynaecological surgery, the most
frequently isolated organisms included S. aureus
(20%), CoNS (14%), Enterococci (12%), E. coli (8%),
and P aeruginosa (8%). > Similar studies examining
dermatologic surgery are few with small sample si-
zes. However, it has been shown that reducing the
nasal carriage of S. aureus reduces the risk for SSIs.
A randomized controlled trial (RCT) published in
2018 showed that patients that received preope-
rative intranasal mupirocin had a reduced risk for
SSI. *® It appears that SSs in dermatologic surgery
are due to an endogenous origin. **®* This is also
the case within other types of surgery, in which

specific DNA fingerprint analysis confirmed that
the source of SSIs was endogenous. ® The way in
which bacteria end up in dermatosurgical wounds
is not fully understood but is believed to depend
on nasal outflow and skin-to-skin contact and not
through respiratory droplets, which mainly contain
Streptococcus, an organism that rarely causes SSls.
Studies on airborne transmission have shown con-
flicting results on its role in SSI development. ¢

Risk factors

SSIdevelopment is multifactorial and related factors
can generally be divided into either endogenous
(patient-related) and exogenous. Most research
within SSIs has focused on exogenous factors, but
in recent years more focus has been placed on en-
dogenous factors that could perhaps have a larger
impact on SSls. %

Examples of endogenous factors include age, con-
comitant diseases such as diabetes, immunosupp-
ression, malnutrition, obesity, pulmonary disease,
renal failure, smoking, and wound type. The latter
has been a source of controversy within dermatolo-
gic surgery. As explained earlier, the surgical wound
classification system (class | to V) is based on ge-
neral surgical procedures. An attempt to adapt it to
dermatologic surgery was made in 1995 by adding
examples of dermatologic surgery procedures to
each wound category. ® Most dermatological pro-
cedures were defined as “clean-contaminated”. This
was later changed in 2003 after classifying derma-
tologic surgery procedures as “clean” ¢ Some au-
thors ° agree with this while others do not. *®

Examples of exogenous factors are preoperative
antisepsis, hair removal, intraoperative technique,
type of surgical procedure, duration of surgery, use
of antibiotic prophylaxis, use of surgical gloves, skin
antisepsis, hand antisepsis, surgical face masks, and
wound dressings. *

Available evidence-based guidelines for preventing
SSls examining endogenous and exogenous factors
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are mainly based on general surgical procedures. ”
"' The way in which these factors impact dermato-
logic surgery has not been fully explored since not
so many RCTs exist. Table 2 lists all of the published
RCTs involving dermatologic surgery to date.

Antibiotic prophylaxis has received the most atten-
tion as an SSI preventative method, yet it was only
this year that the very first RCT supporting its use in
dermatologic surgery was published. Previous anti-
biotic prophylaxis recommendations such as the
advisory statement published in 2008 by Wright et
al.  or the guidelines proposed by Maragh et al.
relied solely on retrospective and prospective ob-
servational studies. More RCTs are needed in order
to evaluate if antibiotics should be used as prophy-
laxis in dermatologic surgery. Up to this date, only
three meta-analyses examining SSIs in dermato-
logic surgery procedures have been published. "
7®1n 2014, Nast et al. "* published a meta-analysis
examining complications in dermatologic surgery
in patients receiving anticoagulative medications.
However, the primary outcome of this systematic
review was the risk of bleeding. The risk for SSI was
only part of a secondary outcome of the study. It
concluded that there was an insufficient number of
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studies to draw any conclusions on the effects of
anticoagulative therapy on SSls.

In 2015, Saco et al. ® published a meta-analysis in
which it was concluded that topical antibiotics
should not be used to prevent SSIs in dermatologic
surgery.

The last available meta-analysis, published in 2016
by Brewer et al. 7, showed that use of sterile gloves
did not lower the risk for SSI'in dermatologic sur-
gery when compared to use of non-sterile gloves.
However, only two out of the eight included studies
778 were based on dermatologic surgery. Five were
based on dental surgery, and the sixth on emergen-
cy surgery. ”®

Studies with lower quality evidence examining
various factors are summarized in Table 3, and a
noticeable point indicates that these provide con-
flicting results, making it impossible to yield any
conclusions. In summary, more RCTs specific to der-
matologic surgery are needed in which each factor
believed to contribute to the development of SSI
is examined.

Table 2. A list of all available RCTs examining SSI development in dermatologic surgery

First author Year Patients  Intervention Authors conclusion (SSI rate in intervention group
versus placebo)
Smith®® 2018 1350 Preoperative intranasal mupirocin Intranasal mupirocin reduced SSI incidence
treatment versus placebo significantly (2% versus 4%)
Rosengren” 2018 154 2g cephalexin before flap and graft Cephalexin reduced SSI incidence significantly
surgery versus placebo (1.4% versus 11.6%)
Saleh® 2016 40 Soaking tie-over dressings with Polyhexanide biguanide increased SSI incidence
polyhexanide biguanide versus water significantly (40% versus 10%)
Heal” 2015 478 Use of sterile gloves versus non-sterile No significant difference in SSI incidence
gloves (8.7% versus 9.3%)
Cherian® 2013 693 Intranasal mupirocin preoperatively Intranasal mupirocin reduced SSl incidence
versus pre-and postoperative per significantly (0% versus 9%)
oral cephalexin
Xia”® 2011 60 Sterile gloves versus non-sterile gloves No significant difference in SSI incidence
(3.3% versus 1.6%)
Heal® 2009 972 Topical use of chloramphenicol versus Chloramphenicol use reduced SSl incidence
paraffin significantly (6.6 % versus 11%)
Dixon® 2006 778 Mupirocin ointment versus petrolatum No significant difference in SSI incidence
versus no ointment applied to wounds (2.3% vs 1.6% versus 1.4%)
postoperatively
Campbell® 2005 142 Topical gentamicin versus petrolatum No significant difference in SSI incidence
(4.76% versus 6.67%)
Huether® 2002 1030 Intraincisional local anesthetic with Intraincisional clindamycin reduced SSI incidence
clindamycin versus local anesthetic significantly (0.5% versus 2%)
without clindamycin
Griego® 1998 790 Intraincisional local anesthetic with Intraincisional nafcillin reduced SSIincidence
nafcillin versus local anesthetic significantly (0.2% versus 2.5%)
Smack® 1996 922 White petrolatum versus bacitracin No significant difference in SSl incidence

applied to wounds postoperatively

(2% versus 0.9%)
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Table 3. Other studies published examining SSls in dermatologic surgery

First author Year Patients  Study design Authors conclusion

Belakirski® 2018 177 Retrospective Immunosuppression didn't increase SSI risk

Bari® 2018 271 Retrospective SSI rates were lower in patients that underwent Mohs
compared to wide local excision below knee. Subcuticular or
vertical mattress suturing reduced SSI rate when compared
to other sutures. Antibiotic prophylaxis did not reduce SSI.
Doxycycline prophylaxis did not reduce SSI rate when
compared to cephalexin prophylaxis

Liu* 2018 1977 Retrospective Higher risk for SSI for location on ear, larger defects, closure
with flaps, and secondary intention healing

Nuzzi® 2016 700 Retrospective Surgery performed in a strictly sterile operation room did not
lower risk for SSI. Incidence of SSI did not vary according to
antibiotic usage, surgeon, age, lesion size, type, or location

Nasseri”' 2015 338 Prospective observational Using a single set of instruments for both tumor extirpation
and repair stages of Mohs did not increase risk for SSI

Lee®” 2015 414 Retrospective Fusidic acid applied topically to wounds postoperatively had
no effect on SSI rates when compared to petrolatum

Mehta™ 2014 942 Retrospective No difference in SSl rates between using sterile or non-sterile
gloves

Liu* 2014 1415 Retrospective Implementation of stricter sterilization guidelines did not
lower risk for SSI

Tai® 2013 738 Prospective randomized Decolonization with intranasal mupirocin reduced risk for SSI

Alam® 2013 20821 Prospective cohort Mean patient age among registered SSIs was 70.8 years

Kulichova®™ 2013 1088 Retrospective

Contaminated preoperative skin or ulcerated tumor and
advanced age increased risk of SSI development

Heal” 2012 972 Prospective observational

Incidence of SSI was in direct proportion to the patient’s age

Bordeaux® 2011 1911 Prospective observational

No association between anticoagulative therapy and SSls

Rogers®® 2010 1000 Prospective observational Patients that didn't receive antibiotic prophylaxis prior to
Mohs surgery had an extremely low SSI rate

Cordova™ 2010 963 Prospective observational Preoperative methicillin-resistant Staphylococcus aureus
(MRSA) screening and subsequent decolonization in Mohs
surgery reduced SSIin MRSA carriers

Dixon® 2009 4197 Prospective observational Diabetes was a risk factor for SSI

Dixon'® 2009 4197 Prospective observational Smoking was not a risk factor for SSI

Rogues™ 2007 3491 Prospective observational SSlincidence was higher in patients that underwent

reconstruction vs excision, male patients, patients on
immunosuppressive therapy, and when surgeons didn't use
sterile gloves
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Dixon*®

2006

2424

Prospective observational

Lips, ears, perineum, inguinal area, and below knee were
sites associated with a higher risk of SSls. Flaps and graft
reconstruction surgery were associated with a higher SSI risk
compared with other types of surgery

Wahie'®

2006

100

Prospective observational

SSls occurred more frequently in smokers, when biopsies
were taken below the waist, in patients taking
corticosteroids, and when procedures were performed in
the ward instead of operating room

Amici®

2005

3788

Prospective observational

Prolonged operation duration was a risk factor for SSI

Futoryan®

1995

1047

Retrospective

Large defects and ear surgery were associated with higher
risk for SSI
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Karim Saleh

Aims

The overall aim of this thesis was to enhance our
understanding of SSIs in dermatologic surgery by
examining clinical, diagnostic, and pathogenic
aspects.

Focus was on four main questions:
® How does bacteria behave in wounds during
normal and pathological healing after dermato-

logic surgery?

@ Can we prevent SSIs within one type of derma-
tologic surgery?

® Can we predict SSIs using biomarkers extracted
from wound dressings?

® How well are SSls defined in dermatologic sur-
gery?
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Materials
and
Methods

Karim Saleh

Materials and Methods

Stl.ldy [ full-thickness skin grafting (Figure 5) at the Depart-

ment of Dermatology at Skane University Hospital
Patients were recruited. We limited inclusion to surgery loca-
This study was designed as a prospective descrip-  lized to the face because bacterial loads are known

tive study. Eighteen patients scheduled for facial  to vary from one anatomical site to another. '

Figure 5. Photograph of a full-thickness skin graft sutured to a nasal wound. Published with patient’s permission.
(Photo: Department of Dermatology and Venereology, Skdne University Hospital, Lund)
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Sampling method

Levine et al. established one of the most accurate
techniques for swabbing believed to correlate well
with quantitative biopsies. °* ' It involves swabb-
ing a wound area of 1 cm? In order to better con-
form to the wound'’s anatomy in this study we mo-
dified Levine’s technique by swabbing a standard
circular area. Copan® swabs were used (Figure 6).
Bacterial samples were collected from wounds at
three intervals: (1) Before surgery (BS) prior to scrub-
bing with antiseptics; (2) End of surgery (ES) directly
after suturing the graft; and (3) One week after sur-
gery (1W) after removing the tie-over dressing.

Serial dilutions of the swab fluids were then pla-
ted onto blood agar, and the CFUs were counted.
Qualitative analyses of all swabs were carried out
according to standard methods and performed at
the Clinical Microbiology Laboratory at Skane Uni-
versity Hospital in Malmaé.

Clinical assessment of postoperative
course

All wounds were monitored by a single investigator
one week after surgery. A wound was considered
infected if three or four of the following features
were present: (1) discharge; (2) pain; (3) induration;
and (4) erythema.

The complete postoperative course until complete
healing had been achieved was followed for all pa-
tients by reviewing their medical journals.
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Study Il

Patients

This was a prospective, double-blinded, randomi-
zed, placebo-controlled trial registered with Clini-
calTrials.gov (NCT02253069). Patients over age 18
scheduled for facial full-thickness skin grafting were
asked to participate in this trial. Exclusion criteria in-
cluded diabetes, treatment with antibiotics within
the last four weeks prior to surgery, and planned
antibiotic therapy. The latter criterion was impor-
tant due to the findings in study |.

Power analysis
In a previous in vitro study, a reduction of >5 logy,
was achieved with a concentration of 0.02% po-
lyhexanide biguanide (PHMB) against S. aureus. '
We hypothesized that application of 0.1% PHMB
as found in the commercially available Pronto-
san® Wound irrigation solution (B. Braun Medical,
Switzerland) would at least reduce bacterial load
in wounds by half versus placebo. In order to
obtain 80% power with an a-value of 0.05, it
was calculated that 16 patients were required
in each group. By including 20 patients in each
group in this trial to allow for dropouts, notice-
able differences in bacterial reduction would be
detected.

In vitro antibacterial assay

In vitro assays were carried out prior to the main
RCT to verify the bactericidal effect of Pronto-
san® solution. Todd-Hewitt (TH) agar plates were
streaked with S. aureus ATCC 29213 and S. epi-
dermidis ATCC 14909. Polyurethane dressings
soaked with Prontosan® solution or sterile wa-
ter were applied on top to simulate an in vivo
situation in which the dressing is applied to a
wound. The zone of inhibition around the discs
was measured.

Preparation of Mepilex® dressings

34 mm were cut from Mepilex®. The liquid volume
required to achieve 70% wetting was calculated.
Seventy percent wetting was chosen to avoid lea-
kage after surgery. For each dressing template, 20
test tubes were prepared containing sterile water
and 20 contained Prontosan® solution. These were
marked with either A or B by an external investiga-
tor not involved in this trial and blinded to the nur-
se, surgeon, and principal investigator. Prontosan®
solution is similar to water in that it is both colorless
and odor-free. The dressing templates were used
for proper determination of the volume of Pronto-
san® or sterile water required for wetting tie-over
dressings used during surgery.

Intervention

At the end of each operation, once the skin graft
had been sutured to the wound, a tie-over dressing
(Figure 7) was cut from Mepilex®. It was then soa-
ked with either Prontosan® solution or sterile water
according to the randomization protocol.

Figure 7. Shows a tie-over dressing sutured on top of a graft on a
nose. Published with patient’s permission. (Photo: Department of
tes with varying diameters ranging from 10 to  Dermatology and Venereology, Skdne University Hospital, Lund)

Prior to surgery, seven circular dressing templa-
Figure 6. Photograph of a Copan® swab used for collecting bacteria in study I. (Photo: Karim Saleh)
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Bacterial analysis

Bacterial samples were blindly collected from each
patient using Eswabs (Copan, Brescia, Italy) by one
principal investigator. This procedure was done
during the same three different phases examined
in study . Before surgery (BS), at the end of surgery
(ES), and 1W after removal of the tie-over dressing.
An additional swab was rotated in the patient’s na-
ris that was closest to the neoplasm planned for
excision.

All swabs were analysed quantitatively by calcula-
ting CFU per cm? of area swabbed using the same
methods as in study . Bacterial species were deter-
mined via matrix-assisted laser desorption/ioniza-
tion time-of-flight (MALDI-TOF) mass spectrometry.

Clinical assessment

All patients were scheduled for a single follow-up
seven days after surgery. Skin grafts were assessed
in terms of redness, edema, discharge, graft take,
and pain resulting in an overall assessment by the
blinded principal investigator classifying a wound
as infected or non-infected. No scoring system was
used for this purpose. Digital photographs were ta-
ken of all wounds pre- and postoperatively.

Study Il

Patients and biological samples

This was a descriptive in vitro study. Wound fluids
in this study were extracted from tie-over dressings
belonging to 20 patients that constituted the con-
trol group in study II. ¥
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In vitro assays

Several assays were used in this study. First, sodium
dodecy! sulphate polyacrylamide gel electropho-
resis (SDS-PAGE) was performed as described by
Laemmli (1970) using a Novex® pre-cast gel sys-
tem (Invitrogen, Carlsbad, CA) on Tricine gels using
wound fluid samples containing 20 pg protein/
sample (Figure 8).

Next zymography was carried out by mixing 5 ug
protein from each sample with sample buffer and
separating it on 10% polyacrylamide gels.

Total protease activity from each wound fluid was
then determined by the azocasein method as des-
cribed by Tomarelli. ' One-hundred micrograms
from each sample were added to 50 pl azocasein
substrate.

Thereafter, NF-kB was assessed in THP1-Xblue™-
CD14 reporter cells (InvivoGen, San Diego, CA) ac-
cording to the manufacturer’s instructions.

Finally, IL-6 and TNF-a concentrations were asses-
sed using a human IL-6 and TNF-a Kit (R&D Systems,
Minneapolis, MN) according to the manufacturer’s
instructions.

Figure 8. Photograph of the electrophoresis chamber used for
SDS-PAGE. (Photo: Karim Saleh)

Clinical assessments of wounds

Each wound photograph was blindly assessed by
two independent reviewers using a three-step sca-
le (low, moderate, high) for degree of inflammation.

Microbiota
Quantitative and qualitative data concerning mi-
crobiota was retrieved from study II.

Study IV

Study design

An anonymous electronic survey was conducted
using the REDCap software, ' and distributed ran-
domly by email to physicians from the British Socie-
ty for Dermatological Surgery (BSDS), the American
College of Mohs Surgery (ACMS), the Swedish So-
ciety for Dermatology and Venereology (SSDV), the
European Society for Micrographic Surgery (ESMS)
and to personal contacts of the authors. Only bo-
ard-certified dermatologists and dermatology resi-
dents that fully completed the survey were inclu-
ded in the data analysis.

The questionnaire consisted of two sections. The first
section included demographics and basic characte-
ristics of the respondents. In the second section, the
respondents were presented with eight clinical pho-
tographs of as many patients taken one week after
facial full-thickness skin grafting (Figure 9).
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Figure 9. illustrating one of the cases from the electronic survey.
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The cases were randomly selected from study II. %
In order to aid the respondents’ SSI assessments,
all photographed wounds in this study were from
patients who exhibited no pain/tenderness, heat,
or purulent discharge during palpation at the time
they were photographed. This information was pro-
vided to all respondents. For each photograph, the
respondents had to classify the wound as infected
or not. Subsequently, respondents were asked to
suggest the most appropriate treatment through a
multiple-choice questionnaire with several options:
(1) no treatment; (2) soap and water; (3) topical anti-
biotics: (4) systemic antibiotics; or (5) other. Prior to
sending the survey, three investigators blindly as-
sessed the photographs in terms of visual criteria.
A 4-step scale (none, mild, moderate, or severe)
was used for assessing erythema, presence of black
and yellow crusts, and epidermolysis. The graft take
was described as 0%-25%, 26%-50%, 51%—-75% or
769%—-100%. Subsequently, an average of these as-
sessments was agreed upon.

Statistics

Study |

Statistical analyses were carried out using Sigmas-
tat (Systat Software, Point Richmond, CA). Medi-
an CFU/swab sampled BS and ES were compa-
red using a Mann-Whitney test. Bacterial growth
change (BGQ) from BS to TW was calculated using
the equation:

CFU sampled at 1W

BGC =
CFU sampled BS

BGC values were compared using a Mann-Whitney
test. A P value < 0.05 was considered significant.

Study Il

Statistical analyses were performed with SPSS v.22
software (SPSS Inc.,, Chicago, IL). Bacterial load re-
duction was calculated by using the following for-
mulas:

CFU(TW)-CFU(BS), CFU(TW)-CFU(ES), CFU(OW)/
CFU(BS), and CFU(TW)/CFU(ES). All median values
obtained were compared using a Mann-Whitney
U test in order to examine whether differences exi-
sted between the groups. Differences in categorical
variables were determined using the chi-squared
test. Differences in continuous variables were esti-
mated using Student’s t test. Statistical significance
was setat P < 0.05.

Study IlI

All statistical evaluations were performed using
GraphPad Prism software 7.0 with ns not significant,
*P<0.05,**P<0.01,***P<0.001,and ****P < 0.0001.
In order to compare more than two groups, a one-
way analysis of variance (ANOVA) with the Krus-
kal-Wallis test was used. Differences in categorical
variables were determined using chi-squared test.

Study IV

For each respondent, an SSI score was calculated.
This was measured as the percentage of wounds
assessed as infected. Similarly, topical antibiotic and
systemic antibiotic scores were also calculated for
each respondent measured as the percentage of
wounds treated by topical and systemic antibiotics,
respectively. All scores were analysed using SPSS
v.22 software (IBM Corp, Armonk, NY). Linear regres-
sion models adjusted for other characteristics were
used to determine differences. Statistical significan-
ce was set at P < 0.05. Respondent characteristics
were presented using frequencies and descriptive
statistics. Inter-observer agreement for all assess-
ments was measured using Fleiss kappa. '®

Ethics

Study I: Ethical approval for this study was granted
by the ethical committee in Malmd&/Lund, regis-
tration number (2008/646). Written consent was
obtained from all patients.

Studies I, ll, and IV: These studies were approved by
the ethical committee in Malmd/Lund, registration
number (2013/762). Written consent was obtained
from all patients.
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Results

Study |

Saleh K, Sonesson A, Persson B, Riesbeck K, Schmid-
tchen A. A descriptive study of full-thickness surgical
wounds in dermatologic surgery. Dermatol Surg. 2011
Jul:37(7):1014-22.

Sixteen out of 18 patients were colonized with
bacteria intraoperatively. Bacterial loads measured
at the end of surgery were significantly lower than
preoperative levels in all patients. (P < 0.001). Figure
10 illustrates bacterial loads from one patient.

There was a statistically significant difference when

comparing bacterial growth changes between
patients that received antibiotic treatment and pa-
tients that did not (P = 0.02). Patients that received
antibiotics had lower postoperative bacterial loads
compared to preoperative loads, and patients that
received no antibiotics had higher bacterial loads
postoperatively compared to preoperative ones.

Anticoagulative therapy, diabetes, smoking, tumor
ulceration, and gender were not associated with
any statistical difference in bacterial growth change.
Postoperative bacterial loads correlated well with
the occurrence of a complicated postoperative
outcome (P < 0.001).

Figure 10. Bacteria growing on blood agar plates from swabs taken from a patient’s wound at three different intervals. From left to
right: Before surgery, at the end of surgery, and one week after surgery. (Photo: Karim Saleh)
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Study Il

Saleh K, Sonesson A, Persson K, Riesbeck K, Schmid-
tchen A. Can dressings soaked with polyhexanide
reduce risk for surgical site infections in full-thickness
skin grafting? A randomized controlled trial. | Am Acad
Dermatol. 2016 Dec;75(6):1221-1228.

In vitro trials

Our preliminary in vitro trials showed S. aureus and
S. epidermidis growth inhibition when testing Mepi-
lex® dressings containing PHMB. Figure 11 illustra-
tes an example of one of the trials. The primary aim
of this RCT was to determine if adding PHMB to
tie-over dressings reduced postoperative bacterial
loads.

Intervention

Patients belonging to the intervention group had a
higher incidence of SSIs compared to the placebo
group (chi-squared 4.8, P = 0.028).

Bacterial dynamics

Bacterial loads measured one week after surgery
were significantly higher in patients with an SSI (P =
0.1). The presence of S. aureus in wounds after one
postoperative week also resulted in higher bacterial
loads (P = 0.03). The absence of intranasal S. aureus
before surgery resulted in significantly lower posto-
perative bacterial loads (P =0.1).

CoNS and S. aureus were the predominant speci-
es in all swabs in this study. Six out of 10 infected
wounds contained species other than S. aureus.

Figure 11. Six 8 mm dressings placed on TH plates growing S. aureus. Upper and middle row dressings were saturated with different
concentrations of PHMB. Bottom row dressings were saturated with distilled water and served as controls. (Photo: Karim Saleh)
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Study Il

Saleh K, Riesbeck K, Schmidtchen A. Inflammation
biomarkers and correlation to wound healing after
full-thickness skin grafting. 2018. Submitted.

Wound fluids

Wound fluids were successfully extracted from
wound dressings collected from study Il. These
fluids were then analysed by SDS-PAGE and showed
bands ranging from 10 kDa up to higher molecular
weight proteins of 100 to 200 kDa. Proteases from
all wound fluids were visualized using zymography.

Wound inflammation

Wounds exhibited variable degrees of inflamma-
tion (Figure 12). Wounds with a clinically higher
degree of inflammation had statistically higher le-
vels of NF-kB activation and IL-6 and TNF-a concen-
trations (P < 0.05). Wounds with a higher degree of
inflammation also had higher levels of MMP activity
and total protease activity (P < 0.05).
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Palmgren J, Paoli J, Schmidtchen A, Saleh K. Varia-
bility in the diagnosis of surgical site infections after
full-thickness skin grafting: An international survey.
Br J Dermatol. 2018 Dec 10. doi: 10.1111/bjd.17517.
E-publication ahead of print.

Diagnostic agreement

Three-hundred ninety-three physicians that com-
pleted the survey had only a slight inter-observer
agreement when all wounds were assessed in
terms of SSI presence or absence (Fleiss kappa co-
efficient =0.19).

The majority of respondents were board certified
dermatologists, involved in assessment of surgi-
cal wounds with a surgical experience involving
full-thickness skin grafting.

SSl scores
Male physicians had lower SSI scores than female
physicians (P = 0.03).

100%=
80%=
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8 60%-
c
8
5 40%=
o
20%=
0%=

1 2 3 4 5 6

Board-certified dermatologists had lower SSI scores
than residents (P = 0.001). Significantly lower SSI
scores were also observed for physicians who regu-
larly assessed SSIs (P = 0.03) and physicians perfor-
ming full-thickness skin grafting (P < 0.001).

Wound treatment
All wounds were treated differently by all respon-
dents (Figure 13).

Teledermatology

A third of all respondents were already involved in
teledermatology, and more than half believed that
they would be involved in teledermatology within
the next five years. There was no difference in SSI
scores between physicians involved in telederma-
tology and those who were not (P = 0.8).

Other
Bl Systemic antibiotics
[ Topical antibiotics
[ Soap and water

7 8 Il No treatment

Photograph number

Figure 12. Photographs of all wounds. Wound inflammation was assessed as mild (green arrow), moderate (orange arrow), or high
(red arrow). Published with the patients permissions. (Photo: Karim Saleh)

Figure 13.illustrates the way in which each wound was treated by all respondents. (Artwork: Karim Saleh)
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Discussion

Study |

Study | was a descriptive study in which no prior
power analysis had been performed. No similar stu-
dies within dermatologic surgery had been publis-
hed. We aimed to study 20 patients but ended
after 18 patients when we had interesting results.
Our aim was to investigate bacterial quantities and
species during different time intervals in one type
of dermatologic surgery and to see if these variab-
les could be diagnostic of an SSI. The reasons for
choosing full-thickness skin grafting was because
this type of surgery has higher SSI rates compa-
red to other types of surgery. > We also wanted to
analyse different patient-related factors. A major li-
mitation of this study was the presence of several
confounding factors that could have affected SSI
development. These factors included age, gender,
diabetes, smoking, anticoagulative therapy, im-
munosuppression, and antibiotic prophylaxis. Re-
gardless, we were able to establish a trend in the
bacterial dynamics of a graft wound and noticed
that postoperative bacterial loads were higher than
starting preoperative levels in patients not treated
with antibiotics and suppressed postoperative bac-
terial loads in patients given antibiotics. This trend
was not seen when other patient-related factors

were examined. A larger study with a multivariate
analysis would have been able to confirm or reject
our observed trend. The most significant finding in
this study was the correlation between high posto-
perative bacterial loads and clinical outcome. This
is in line with the earliest studies of SSIs illustrating
the importance of wound bacterial load. > " "' This
has, on the other hand, been questioned recently
as it is hypothesized that the pathogenesis of SSIs
is far more complicated than bacterial quantities.
Nevertheless, results from study Il confirmed the
positive correlation between bacterial quantities
and SSI development.

Analysis of intraoperative bacterial species was not
predictive of SSI development. In some patients,
the bacterial species causative of postsurgical com-
plications differed from the species isolated intra-
operatively. Previous studies trying to predict SSls
by analysis of intraoperative bacterial species have
shown conflicting results. "™ It should be noted
that these studies were not based on dermatologic
surgery.

In this study, we collected bacteria using swabs. A

limitation of this study was the use of a predeter-
mined area of swabbing that was set to an area of
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49 cm? corresponding to the area within a plastic
circle that we had used at our labs when applying
Kligman's technique for quantifying bacteria. " This
area covered graft wound areas in most of the ca-
ses, but in a few cases the graft wound area was
larger than 4.9 cm?” and resulted in swabbing only
part of the wound. Another limitation in this study
was the lack of donor transplant skin swabbing. The
skin microbiota from the donor skin was probably
different from the graft wound. The implication of
this requires exploration in further studies swabb-
ing pre, intra, and postoperative samples from both
donor skin and graft wounds in order to observe
any differences among these groups.

Study Il

The main aim of this study was to assess if PHMB,
a novel antiseptic, "™"* could reduce postoperati-
ve bacterial loads in a full-thickness skin grafting
wound, and thus reduce SSI occurrence. Our preli-
minary in vitro trials showed PHMB inhibited growth
of both S. aureus and S. epidermidis in different
assays. We chose to use PHMB because another
study had shown numerous advantages of its use,
including broad antibacterial activity, good cell and
tissue tolerability, low risk of contact sensitization,
promotion of wound healing, and no development
of bacterial resistance.

In this RCT, we used the same method of bacte-
ria sampling as in study |, except that each graft
wound was fully swabbed regardless of its area. The
area was roughly measured using a prepared size
template in order to calculate bacterial load per
cm?’. This provided a more standardized bacterial
load measurement when comparing all wounds. In
this study, we excluded diabetic patients and those
that were recently treated or scheduled for antibio-
tic therapy since these factors have shown a strong
association with SSls. °* ™ We were not able to ex-
clude factors such as immunosuppression and anti-
coagulative therapy due to a limited timeframe for
patient collection. On the other hand, studies avai-
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lable have not been able to establish a correlation
between immunosuppression or anticoagulative
therapy and SSls in dermatologic surgery. ”* 2% 7

The main finding of this study was that PHMB sur-
prisingly caused an increase in the risk of SSI. We hy-
pothesized, in concordance with previous studies,
¥ that PHMB might have supressed growth of com-
mensals that might have caused an overgrowth of
pathogenic species, which might have contributed
to SSI development. Due to the limited number of
patients in this study, we were not able to draw any
conclusions on the protective role of commensals
and how PHMB affects them.

The most frequently isolated species from wounds
in this study were S. aureus and coagulase negati-
ve Staphylococci, which reinforced our findings in
study I. An interesting observation in this study was
the extensive variety of preoperative bacterial spe-
cies. A recent study showed that neoplasms had a
high bacterial variety, which could explain our fin-
dings since preoperative swabbing always involved
a neoplasm. %

Study lil

In this study, our aim was to extract wound fluids
from tie-over dressings obtained from study Il and
analyse these in vitro in terms of protein composi-
tion, proteinase activity, levels of pro-inflammatory
factors, and how this correlated to clinical degree
of inflammation. Ultimately, we wanted to see if
analysed biomarkers could aid diagnosis of SSIs. To
the best of our knowledge, no similar studies on
full-thickness skin grafting wounds exist.

Protein composition was similar to previous results
involving collected wound fluids from chronic
wounds, ® ™ thus validating our methodology
in using SDS-PAGE. We chose to use zymography
to analyse proteinase activity since this is a widely
used method in studies of acute and non-healing
UlCerS. 1311133

Since this study was an observational descriptive
study, we analysed total activity of the wound fluids
semi-quantitatively by examining total band inten-
sity on our zymograms.

Our results illustrating elevated proteinase activity
in highly inflamed wounds was in agreement with
studies demonstrating that high levels of proteases
are a marker of poor wound healing. > %%

Study IV

Study IV was a reliability study in which an electro-
nic survey of eight surgical wounds was sent to
dermatologists from different countries. The aim
was to assess the variability in the subjective di-
agnosis of SSIs using the most common SSI de-
finition. No previous studies examining photo-
graphic SSI assessments in dermatologic surgery
have been published. We found a broad inter-ra-
ter variability in SSI diagnosis. Assessments varied
based on country of practice, gender, and clinical

and surgical experience. However, no multivariate
analysis was possible due to the small respondent
sample. Another interesting finding was how many
of the respondents were already involved in tele-
dermatology. Our results also suggested a degree
of correlation between in-person clinical evalua-
tions and photography assessments. The wounds
with the highest suspicion of SSI as determined
by the respondents were wounds that were clini-
cally assessed as infected. However, further studies
are needed to evaluate this correlation. Assessing
wounds after full-thickness skin grafting proved to
be hard not only clinically but using only photo-
graphs. This led to different treatment choices for
each case. When respondents agreed in terms of
an infected or non-infected wound, their treatment
still differed. Figure 14 below illustrates a selection
of cases and the way in which these were treated
based on a wound being assessed as an SSIin cases
1,5, and 8 and a wound being assessed as non-in-
fected in case 2.

SSlI treatment case 1

SSlI treatment case 8

SSI treatment case 5

Il No treatment
Soap&water

I Topical antibiotics

Il Systemic antibiotics
Other

No SSI treatment of case 2

Figure 14. Treatment of different cases depending on wound assessment. (Artwork: Karim Saleh)
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Conclusions

Study |

Quantifying bacteria from wounds following
full-thickness skin grafting can be used as an impor-
tant parameter in assessing wound healing.

Study Il

Soaking tie-over dressings with PHMB in full-thick-
ness skin grafting had no effect on postoperative
bacterial loads and increased the risk of SSI deve-
lopment.

Study Il

Biomarkers obtained from tie-over dressings can
serve as diagnostics for assessment of wound hea-

ling.

Study IV

There was a broad inter-rater variability in the diag-
nosis of SSI among dermatologists when assessing
photographs of full-thickness skin grafting wounds.
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Future remarks

RCT studies of SSIs within dermatologic surgery
are few and more should be initiated. Before this
process, we need a better and more objective de-
finition of an SSI'in dermatologic surgery. Perhaps
biomarkers similar to the ones we have examined
could prove to be beneficial. Once we have a clear
definition of an SSI, future studies testing different
preventative measures believed to lower risk of an
SSIwill be more accurate. Many preventative gui-
delines used within our field of surgery are extra-
polated from studies involving other surgery types.
The vast majority lack strong evidence and are yet
still used routinely in the belief that they lower the
risk for SSI, accounting for unnecessary costs for our
healthcare systems. We need to start questioning
every practice in a surgical room in addition to all
routines applied once we discharge our patients af-
ter surgery. Novel drugs are needed to combat SSIs
prophylactically since antibiotics have not been so
promising so far. Excess wound inflammation needs
to be reduced. Microbiota during wound healing
deserves further studies, especially the dynamics
at different time intervals and the way in which all
species interact. In the future, we hope that we can
predict which wounds will become infected and
have an effective prophylaxis that will eradicate the
risk for a wound to become infected because that

imposes a risk for the patient and causes pain and
unnecessary costs to the healthcare systems, resul-
ting in poor wound cosmesis.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

63




References

Karim Saleh

References

Hwon =

Bolognia J, Jorizzo JL, Schaffer JV, Callen JP. Dermatology. Edinburgh: Elsevier/Saunders; 2012.

Burns T, Rook A. Rook's textbook of dermatology. Vol.1. Oxford: Blackwell; 2004.

Agren MS. Wound healing biomaterials. Amsterdam ; Boston: Elsevier/Woodhead Publishing; 2016.
Garner JS. CDC guideline for prevention of surgical wound infections, 1985. Supersedes guideline for
prevention of surgical wound infections published in 1982. (Originally published in November 1985).
Revised. Infection control : IC 1986;7:193-200.

Simmons BP. Guideline for prevention of surgical wound infections. American journal of infection
control 1983;11:133-43.

Hirschmann JV. Proper classification of surgical wounds. Journal of the American Academy of
Dermatology 2011,65:202-3; author reply 3.

Ahn CS, Davis SA, Dabade TS, Williford PM , Feldman SR. Noncosmetic skin-related procedures
performed in the United States: an analysis of national ambulatory medical care survey data from 1995
to 2010. Dermatologic surgery : official publication for American Society for Dermatologic Surgery
[etal] 2013;39:1912-21.

Cullen KA, Hall MJ, Golosinskiy A. Ambulatory surgery in the United States, 2006.

National health statistics reports 2009:1-25.

Hahm G, Glaser JJ, Elster EA. Biomarkers to predict wound healing: the future of complex war wound
management. Plastic and reconstructive surgery 2011;127 Suppl 1:21s-6s.

Zheng Z, Nguyen C, Zhang X, Khorasani H, Wang JZ, Zara JN et al. Delayed wound closure in
fibromodulin-deficient mice is associated with increased TGF-beta3 signaling. The Journal of
investigative dermatology 2011;131:769-78.

Janis JE, Harrison B. Wound Healing: Part I. Basic Science. Plastic and reconstructive surgery
2016;138:95-17s.

Singer AJ, Clark RA. Cutaneous wound healing. The New England journal of medicine 1999,341:738-46.
Qing C. The molecular biology in wound healing & non-healing wound.

Chinese journal of traumatology = Zhonghua chuang shang za zhi 2017;20:189-93.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

65




66

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Diegelmann RF, Evans MC. Wound healing: an overview of acute, fibrotic and delayed healing.
Frontiers in bioscience : a journal and virtual library 2004;9:283-9.

Eming SA, Martin P, Tomic-Canic M. Wound repair and regeneration: mechanisms, signaling,

and translation. Science translational medicine 2014;6:265sr6.

Adamson R. Role of macrophages in normal wound healing: an overview. Journal of wound care
2009;18:349-51.

Leibovich SJ, Ross R. The role of the macrophage in wound repair. A study with hydrocortisone and
antimacrophage serum. The American journal of pathology 1975;78:71-100.

Patel S, Maheshwari A, Chandra A. Biomarkers for wound healing and their evaluation.

Journal of wound care 2016,25:46-55.

Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound repair and regeneration.

Nature 2008;453:314-21.

Lindley LE, Stojadinovic O, Pastar |, Tomic-Canic M. Biology and Biomarkers for Wound Healing.
Plastic and reconstructive surgery 2016;138:18s-28s.

Caley MP, Martins VL, O'Toole EA. Metalloproteinases and Wound Healing.

Advances in wound care 2015;4:225-34.

Amadeu TP, Coulomb B, Desmouliere A, Costa AM. Cutaneous wound healing: myofibroblastic
differentiation and in vitro models. The international journal of lower extremity wounds 2003;2:60-8.
Medzhitov R, Janeway C, Jr. Innate immunity. The New England journal of medicine 2000;343:338-44.
Kaisho T, Akira S. Toll-like receptor function and signaling. The Journal of allergy and clinical
immunology 2006;117:979-87; quiz 88.

Kaisho T, Akira S. Regulation of dendritic cell function through toll-like receptors.

Current molecular medicine 2003;3:759-71.

Strbo N, Yin N, Stojadinovic O. Innate and Adaptive Immune Responses in Wound Epithelialization.
Advances in wound care 2014;3:492-501.

Wenzel RP. Health care-associated infections: major issues in the early years of the 21st century.
Clinical infectious diseases : an official publication of the Infectious Diseases Society of America
2007;45 Suppl 1:585-8.

Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans W, Attar H, Donaldson L et al.

Burden of endemic health-care-associated infection in developing countries: systematic review and
meta-analysis. Lancet 2011;377:228-41.

Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, Berry WR et al. An estimation of the
global volume of surgery: a modelling strategy based on available data. Lancet 2008;372:139-44.
Mayhall CG. Hospital epidemiology and infection control. Philadelphia: Lippincott Williams & Wilkins;
2004.

HoltzTH , Wenzel RP. Postdischarge surveillance for nosocomial wound infection: a brief review and
commentary. American journal of infection control 1992;20:206-13.

Urban JA. Cost analysis of surgical site infections. Surgical infections 2006;7 Suppl 1:519-22.

Kirkland KB, Briggs JP, Trivette SL, Wilkinson WE , Sexton DJ. The impact of surgical-site infections in the
1990s: attributable mortality, excess length of hospitalization, and extra costs. Infection control and
hospital epidemiology 1999;20:725-30.

Astagneau P, Rioux C, Golliot F, Brucker G. Morbidity and mortality associated with surgical site
infections: results from the 1997-1999 INCISO surveillance. The Journal of hospital infection
2001,;48:267-74.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.
48.
49.
50.
51.
52.
53.

54.

55.

Cruse PJ, Foord R.The epidemiology of wound infection. A 10-year prospective study of 62,939
wounds. The Surgical clinics of North America 1980;60:27-40.

Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA et al. Multistate point-prevalence
survey of health care-associated infections. The New England journal of medicine 2014;370:1198-208.
Shehab N, Patel PR, Srinivasan A, Budnitz DS. Emergency Department Visits for Antibiotic-Associated
Adverse Events. Clinical Infectious Diseases 2008;47:735-43.

Dixon AJ, Dixon MP, Askew DA , Wilkinson D. Prospective study of wound infections in dermatologic
surgery in the absence of prophylactic antibiotics. Dermatologic surgery : official publication for
American Society for Dermatologic Surgery [et al] 2006;32:819-26; discussion 26-7.

Futoryan T, Grande D. Postoperative wound infection rates in dermatologic surgery. Dermatologic
surgery : official publication for American Society for Dermatologic Surgery [et al] 1995;21:509-14.

Liu X, Sprengers M, Nelemans PJ, Mosterd K, Kelleners-Smeets NWJ. Risk Factors for Surgical Site
Infections in Dermatological Surgery. Acta dermato-venereologica 2018,98:246-50.

Amici JM, Rogues AM, Lasheras A, Gachie JP, Guillot P, Beylot C et al. A prospective study of the incidence
of complications associated with dermatological surgery. The British journal of dermatology
2005;153:967-71.

Mangram AJ, Horan TC, Pearson ML, Silver LC , Jarvis WR. Guideline for Prevention of Surgical Site
Infection, 1999. Centers for Disease Control and Prevention (CDC) Hospital Infection Control Practices
Advisory Committee. American journal of infection control 1999;27:97-132; quiz 3-4; discussion 96.
Owens CD, Stoessel K. Surgical site infections: epidemiology, microbiology and prevention.

The Journal of hospital infection 2008;70 Suppl 2:3-10.

Leaper D, Tanner J, Kiernan M. Surveillance of surgical site infection: more accurate definitions and
intensive recording needed. The Journal of hospital infection 2013;83:83-6.

Wilson AP, Gibbons C, Reeves BC, Hodgson B, Liu M, Plummer D et al. Surgical wound infection as

a performance indicator: agreement of common definitions of wound infection in 4773 patients. BMJ
2004,329:720.

Taylor G, McKenzie M, Kirkland T, Wiens R. Effect of surgeon's diagnosis on surgical wound infection
rates. American journal of infection control 1990;18:295-9.

Bruce J, Russell EM, Mollison J, Krukowski ZH. The quality of measurement of surgical wound infection
as the basis for monitoring: a systematic review. The Journal of hospital infection 2001;49:99-108.
CDC. National Healthcare Safety Network (NHSN) Patient Safety Component Manual2018.

McCarty SM, Percival SL. Proteases and Delayed Wound Healing. Advances in wound care 2013;2:438-47.
Cui P, Fang X. Pathogenesis of infection in surgical patients. Current opinion in critical care 2015;21:343-50.
Hansis M. Pathophysiology of infection--a theoretical approach. Injury 1996;27 Suppl 3:5¢5-8.

Robson MC, Heggers JP. Delayed wound closure based on bacterial counts. Journal of surgical
oncology 1970;2:379-83.

Bowler PG. The 10(5) bacterial growth guideline: reassessing its clinical relevance in wound healing.
Ostomy/wound management 2003;49:44-53.

Gao Z,Tseng CH, Pei Z, Blaser MJ. Molecular analysis of human forearm superficial skin bacterial biota.
Proceedings of the National Academy of Sciences of the United States of America 2007;104:2927-32.
Cogen AL, Nizet V, Gallo RL. Skin microbiota: a source of disease or defence? The British journal of
dermatology 2008;158:442-55.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

6/




68

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

60.

67.

68.

69.
70.

71.

National Nosocomial Infections Surveillance (NNIS) report, data summary from October 1986-April
1996, issued May 1996. A report from the National Nosocomial Infections Surveillance (NNIS) System.
American journal of infection control 1996;24:380-8.

Miner AL, Sands KE, Yokoe DS, Freedman J, Thompson K, Livingston JM et al. Enhanced identification
of postoperative infections among outpatients. Emerging infectious diseases 2004;10:1931-7.

Smith H, Borchard K, Cherian P, Tai Y, Vinciullo C. Randomized Controlled Trial of Preoperative Topical
Decolonization to Reduce Surgical Site Infection for Staphylococcus aureus Nasal Swab-Negative
Mohs Micrographic Surgery Patients. Dermatologic surgery : official publication for American Society
for Dermatologic Surgery [et al] 2018.

Cordova KB, Grenier N, Chang KH , Dufresne R, Jr. Preoperative methicillin-resistant Staphylococcus
aureus screening in Mohs surgery appears to decrease postoperative infections. Dermatologic
surgery: official publication for American Society for Dermatologic Surgery [et al] 2010;36:1537-40.
Tai YJ, Borchard KL, Gunson TH, Smith HR , Vinciullo C. Nasal carriage of Staphylococcus aureus in pa
tients undergoing Mohs micrographic surgery is an important risk factor for postoperative surgical site
infection: a prospective randomised study. The Australasian journal of dermatology 2013;54:109-14.
Jakob HG, Borneff-Lipp M, Bach A, von Puckler S, Windeler J, Sonntag H et al. The endogenous pathway
is a major route for deep sternal wound infection. European journal of cardio-thoracic surgery : official
journal of the European Association for Cardio-thoracic Surgery 2000;17:154-60.

lbrahimi OA, Sharon V, Eisen DB. Surgical-site infections and routes of bacterial transfer: which ones
are most plausible? Dermatologic surgery : official publication for American Society for Dermatologic
Surgery [et al] 2011;37:1709-20.

Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Effect of ultraclean air in operating
rooms on deep sepsis in the joint after total hip or knee replacement: a randomised study. British
medical journal (Clinical research ed) 1982;285:10-4.

Brandt C, Hott U, Sohr D, Daschner F, Gastmeier P, Ruden H. Operating room ventilation with laminar
airflow shows no protective effect on the surgical site infection rate in orthopedic and abdominal
surgery. Annals of surgery 2008;248:695-700.

Levy PY, Ollivier M, Drancourt M, Raoult D, Argenson JN. Relation between nasal carriage of
Staphylococcus aureus and surgical site infection in orthopedic surgery: the role of nasal contamina-
tion. A systematic literature review and meta-analysis. Orthop Traumatol Surg Res 2013;99:645-51.
Haas AF, Grekin RC. Antibiotic prophylaxis in dermatologic surgery. Journal of the American Academy
of Dermatology 1995;32:155-76; quiz 77-80.

Babcock MD, Grekin RC. Antibiotic use in dermatologic surgery. Dermatologic clinics 2003;21:337-48.
Rogers HD, Desciak EB, Marcus RP, Wang S, MacKay-Wiggan J, Eliezri YD. Prospective study of wound
infections in Mohs micrographic surgery using clean surgical technique in the absence of prophylactic
antibiotics. J Am Acad Dermatol 2010;63:842-51.

Fry DE. Fifty ways to cause surgical site infections. Surgical infections 2011;12:497-500.

WHO Guidelines Approved by the Guidelines Review Committee. Global Guidelines for the Prevention
of Surgical Site Infection. Geneva: World Health Organization

Copyright (c) World Health Organization 2016.; 2016.

Berrios-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, Kelz RR et al. Centers for Disease Control
and Prevention Guideline for the Prevention of Surgical Site Infection, 2017. JAMA surgery 2017;152:784-91.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Wright Tl, Baddour LM, Berbari EF, Roenigk RK, Phillips PK, Jacobs MA et al.

Antibiotic prophylaxis in dermatologic surgery: advisory statement 2008. Journal of the American
Academy of Dermatology 2008;59:464-73.

Maragh SL, Otley CC, Roenigk RK, Phillips PK. Antibiotic prophylaxis in dermatologic surgery: updated
guidelines. Dermatologic surgery : official publication for American Society for Dermatologic Surgery
[et al] 2005;31:83-91.

Nast A, Ernst H, Rosumeck S, Erdmann R, Jacobs A, Sporbeck B. Risk of complications due to
anticoagulation during dermatosurgical procedures: a systematic review and meta-analysis.

J Eur Acad Dermatol Venereol 2014;28:1603-9.

Saco M, Howe N, Nathoo R, Cherpelis B. Topical antibiotic prophylaxis for prevention of surgical wound
infections from dermatologic procedures: a systematic review and meta-analysis.

The Journal of dermatological treatment 2015;26:151-8.

Brewer JD, Gonzalez AB, Baum CL, Arpey CJ, Roenigk RK, Otley CC et al. Comparison of Sterile vs
Nonsterile Gloves in Cutaneous Surgery and Common Outpatient Dental Procedures: A Systematic
Review and Meta-analysis. JAMA dermatology 2016;152:1008-14.

Heal C, Sriharan S, Buttner PG, Kimber D. Comparing non-sterile to sterile gloves for minor surgery: a
prospective randomised controlled non-inferiority trial. The Medical journal of Australia 2015;202:27-31.
XiaY, Cho S, Greenway HT, Zelac DE, Kelley B. Infection rates of wound repairs during Mohs
micrographic surgery using sterile versus nonsterile gloves: a prospective randomized pilot study.
Dermatologic surgery : official publication for American Society for Dermatologic Surgery [et al]
2011,37:651-6.

Rosengren H, Heal CF, Buttner PG. Effect of a single prophylactic preoperative oral antibiotic dose on
surgical site infection following complex dermatological procedures on the nose and ear:

a prospective, randomised, controlled, double-blinded trial. BMJ open 2018;8:020213.

Saleh K, Sonesson A, Persson K, Riesbeck K, Schmidtchen A. Can dressings soaked with polyhexanide
reduce bacterial loads in full-thickness skin grafting? A randomized controlled trial. Journal of the
American Academy of Dermatology 2016;75:1221-8.e4.

Cherian P, Gunson T, Borchard K, Tai Y, Smith H , Vinciullo C. Oral antibiotics versus topical
decolonization to prevent surgical site infection after Mohs micrographic surgery--a randomized,
controlled trial. Dermatologic surgery : official publication for American Society for Dermatologic
Surgery [et al] 2013;39:1486-93.

Heal CF, Buettner PG, Cruickshank R, Graham D, Browning S, Pendergast J et al. Does single application
of topical chloramphenicol to high risk sutured wounds reduce incidence of wound infection after
minor surgery? Prospective randomised placebo controlled double blind trial. Bmj 2009;338:a2812.
Dixon AJ, Dixon MP , Dixon JB. Randomized clinical trial of the effect of applying ointment to surgical
wounds before occlusive dressing. The British journal of surgery 2006,93:937-43.

Campbell RM, Perlis CS, Fisher E, Gloster HM, Jr. Gentamicin ointment versus petrolatum for
management of auricular wounds. Dermatologic surgery : official publication for American Society for
Dermatologic Surgery [et al] 2005;31:664-9.

Huether MJ, Griego RD, Brodland DG, Zitelli JA. Clindamycin for intraincisional antibiotic prophylaxis in
dermatologic surgery. Archives of dermatology 2002;138:1145-8.

Griego RD, Zitelli JA. Intra-incisional prophylactic antibiotics for dermatologic surgery.

Archives of dermatology 1998;134:688-92.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY 69




70

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Smack DP, Harrington AC, Dunn C, Howard RS, Szkutnik AJ, Krivda SJ et al. Infection and allergy
incidence in ambulatory surgery patients using white petrolatum vs bacitracin ointment.

A randomized controlled trial. Jama 1996;276:972-7.

Balakirski G, Kotliar K, Pauly KJ, Krings LK, Rubben A, Baron JM et al. Surgical Site Infections After Derma-
tologic Surgery in Immunocompromised Patients: A Single-Center Experience. Dermatol Surg 2018.
Bari O, Eilers RE, Jr,, Rubin AG, Jiang SIB. Clinical Characteristics of Lower Extremity Surgical Site
Infections in Dermatologic Surgery Based Upon 24-Month Retrospective Review. J Drugs Dermatol
2018;17:766-71.

Nuzzi LC, Greene AK, Meara JG, Taghinia A, Labow BI. Surgical Site Infection After Skin Excisions in
Children: Is Field Sterility Sufficient? Pediatric dermatology 2016;33:136-41.

Nasseri E. Prospective Study of Wound Infections in Mohs Micrographic Surgery Using a Single Set of
Instruments. Dermatol Surg 2015;41:1008-12.

Lee DH, Kim DY, Yoon SY, Park HS, Yoon HS, Cho S. Retrospective Clinical Trial of Fusidic Acid versus
Petrolatum in the Postprocedure Care of Clean Dermatologic Procedures. Annals of dermatology
2015;27:15-20.

Mehta D, Chambers N, Adams B, Gloster H. Comparison of the prevalence of surgical site infection
with use of sterile versus nonsterile gloves for resection and reconstruction during Mohs surgery.
Dermatol Surg 2014;40:234-9.

Liu A, Lawrence N. Incidence of infection after Mohs micrographic and dermatologic surgery before
and after implementation of new sterilization guidelines. Journal of the American Academy of
Dermatology 2014;70:1088-91.

Alam M, Ibrahim O, Nodzenski M, Strasswimmer JM, Jiang SI, Cohen JL et al. Adverse events associated
with mohs micrographic surgery: multicenter prospective cohort study of 20,821 cases at 23 centers.
JAMA dermatology 2013;149:1378-85.

Kulichova D, Geimer T, Muhlstadt M, Ruzicka T, Kunte C. Surgical site infections in skin surgery: A single
center experience. The Journal of dermatology 2013;40:779-85.

Heal CF, Buettner PG, Drobetz H. Risk factors for surgical site infection after dermatological surgery.
International journal of dermatology 2012;51:796-803.

Bordeaux JS, Martires KJ, Goldberg D, Pattee SF, Fu P, Maloney ME. Prospective evaluation of
dermatologic surgery complications including patients on multiple antiplatelet and anticoagulant
medications. Journal of the American Academy of Dermatology 2011;65:576-83.

Dixon AJ, Dixon MP , Dixon JB. Prospective study of skin surgery in patients with and without known
diabetes. Dermatologic surgery : official publication for American Society for Dermatologic Surgery
[et al] 2009;35:1035-40.

Dixon AJ, Dixon MP, Dixon JB, Del Mar CB. Prospective study of skin surgery in smokers vs. nonsmokers.
The British journal of dermatology 2009;160:365-7.

Rogues AM, Lasheras A, Amici JM, Guillot P, Beylot C, Taieb A et al. Infection control practices and
infectious complications in dermatological surgery. The Journal of hospital infection 2007,65:258-63.

. Wahie S, Lawrence CM. Wound complications following diagnostic skin biopsies in dermatology

inpatients. Archives of dermatology 2007;143:1267-71.

. Grice EA, Kong HH, Conlan S, Deming CB, Davis J, Young AC et al. Topographical and temporal diversity

of the human skin microbiome. Science (New York, NY) 2009:324:1190-2.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

104.

105.

106.

107.

108.

109.
110.

117

112

113.

114.

115.

116.

117.

118.

119.

120.

Levine NS, Lindberg RB, Mason AD, Jr., Pruitt BA, Jr. The quantitative swab culture and smear: A

quick, simple method for determining the number of viable aerobic bacteria on open wounds.
JTrauma 1976;16:89-94.

Gardner SE, Frantz RA, Saltzman CL, Hillis SL, Park H, Scherubel M. Diagnostic validity of three swab
techniques for identifying chronic wound infection. Wound Repair Regen 2006;14:548-57.

Muller G, Kramer A. Biocompatibility index of antiseptic agents by parallel assessment of antimicrobial
activity and cellular cytotoxicity. The Journal of antimicrobial chemotherapy 2008;61:1281-7.
Charney J, Tomarelli RM. A colorimetric method for the determination of the proteolytic activity of
duodenal juice. The Journal of biological chemistry 1947;171:501-5.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process for providing translational research
informatics support. J Biomed Inform 2009;42:377-81.

Fleiss J. Measuring nominal scale agreement among many raters. Psychological Bulletin 1971,76:378-82.
Bendy RH, Jr, Nuccio PA, Wolfe E, Collins B, Tamburro C, Glass W et al. Relationship of Quantitative
Wound Bacterial Counts to Healing of Decubiti: Effect of Topical Gentamicin. Antimicrob Agents
Chemother (Bethesda) 1964;10:147-55.

Robson MC, Heggers JP. Bacterial quantification of open wounds. Mil Med 1969;134:19-24.

Becker GD, Parell GJ, Busch DF, Finegold SM, Acquarelli MJ, Citron DM. The non-value of preoperative
and intraoperative cultures in predicting the bacteriology of subsequent wound infection in patients
undergoing major head and neck cancer surgery. Laryngoscope 1980;90:1933-40.

Ritter MA, Stringer EA. Intraoperative wound cultures: their value and long-term effect on the patient.
Clin Orthop Relat Res 1981:180-5.

Grant SW, Hopkins J, Wilson SE. Operative site bacteriology as an indicator of postoperative infectious
complications in elective colorectal surgery. Am Surg 1995,61:856-61.

Padgett DE, Silverman A, Sachjowicz F, Simpson RB, Rosenberg AG, Galante JO. Efficacy of
intraoperative cultures obtained during revision total hip arthroplasty. J Arthroplasty 1995;10:420-6.
van der Vliet JA, Kouwenberg PP, Muytjens HL, Barendregt WB, Boll AP, Buskens FG. Relevance of
bacterial cultures of abdominal aortic aneurysm contents. Surgery 1996;119:129-32.

Bernard L, Sadowski C, Monin D, Stern R, Wyssa B, Rohner P et al. The value of bacterial culture during
clean orthopedic surgery: a prospective study of 1,036 patients. Infection control and hospital
epidemiology 2004;25:512-4.

Williamson P, Kligman AM. A new method for the quantitative investigation of cutaneous bacteria.
The Journal of investigative dermatology 1965;45:498-503.

Becerro de Bengoa Vallejo R, Losa Iglesias ME, Cervera LA, Fernandez DS, Prieto JP. Efficacy of
intraoperative surgical irrigation with polihexanide and nitrofurazone in reducing bacterial load after
nail removal surgery. Journal of the American Academy of Dermatology 2011;64:328-35.

Eberlein T, Assadian O. Clinical use of polihexanide on acute and chronic wounds for antisepsis and
decontamination. Skin pharmacology and physiology 2010;23 Suppl:45-51.

. Eberlein T, Haemmerle G, Signer M, Gruber Moesenbacher U, Traber J, Mittlboeck M et al. Comparison

of PHMB-containing dressing and silver dressings in patients with critically colonised or locally
infected wounds. Journal of wound care 2012;21:12, 4-6, 8-20.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY

71




72

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

Nunez-Moral M, Sanchez-Alvarez E, Gonzalez-Diaz |, Pelaez-Requejo B, Fernandez-Vina A,
Quintana-Fernandez A et al. Exit-site infection of peritoneal catheter is reduced by the use of
polyhexanide. results of a prospective randomized trial. Peritoneal dialysis international : journal of the
International Society for Peritoneal Dialysis 2014;34:271-7.

Piatkowski A, Drummer N, Andriessen A, Ulrich D, Pallua N. Randomized controlled single center study
comparing a polyhexanide containing bio-cellulose dressing with silver sulfadiazine cream in partial-
thickness dermal burns. Burns : journal of the International Society for Burn Injuries 2011;37:800-4.
Rohner E, Seeger JB, Hoff P, Pfitzner T, Preininger B, Andreas K et al. Preferred use of polyhexanide in
orthopedic surgery. Orthopedics 2011;34:e664-8.

Saleh K, Sonesson A, Persson B, Riesbeck K, Schmidtchen A. A descriptive study of bacterial load of
full-thickness surgical wounds in dermatologic surgery. Dermatologic surgery : official publication for
American Society for Dermatologic Surgery [et al] 2011,37:1014-22.

Sany J, Anaya JM, Canovas F, Combe B, Jorgensen C, Saker S et al. Influence of methotrexate on the
frequency of postoperative infectious complications in patients with rheumatoid arthritis. The Journal
of rheumatology 1993;20:1129-32.

Sandiford NA. Do the biologic agents increase the risk of infection in patients undergoing lower limb
arthroplasty surgery? Current rheumatology reviews 2016.

Hoste E, Arwert EN, Lal R, South AP, Salas-Alanis JC, Murrell DF et al. Innate sensing of microbial
products promotes wound-induced skin cancer. Nature communications 2015;6:5932.

Grinnell F, Zhu M. Fibronectin degradation in chronic wounds depends on the relative levels of
elastase, alphal-proteinase inhibitor, and alpha2-macroglobulin. The Journal of investigative
dermatology 1996;106:335-41.

Schmidtchen A. Chronic ulcers: a method for sampling and analysis of wound fluid.

Acta dermato-venereologica 1999;79:291-5.

Trengove NJ, Stacey MC, MacAuley S, Bennett N, Gibson J, Burslem F et al. Analysis of the acute and
chronic wound environments: the role of proteases and their inhibitors. Wound Repair Regen
1999;7:442-52.

Yager DR, Zhang LY, Liang HX, Diegelmann RF, Cohen IK. Wound fluids from human pressure ulcers
contain elevated matrix metalloproteinase levels and activity compared to surgical wound fluids.
The Journal of investigative dermatology 1996;107:743-8.

Wysocki AB, Staiano-Coico L, Grinnell . Wound fluid from chronic leg ulcers contains elevated levels
of metalloproteinases MMP-2 and MMP-9. The Journal of investigative dermatology 1993;101:64-8.
Ladwig GP, Robson MC, Liu R, Kuhn MA, Muir DF , Schultz GS. Ratios of activated matrix
metalloproteinase-9 to tissue inhibitor of matrix metalloproteinase-1 in wound fluids are inversely
correlated with healing of pressure ulcers. Wound repair and regeneration : official publication of the
Wound Healing Society [and] the European Tissue Repair Society 2002;10:26-37.

Snyder RJ, Driver V, Fife CE, Lantis J, Peirce B, Serena T et al. Using a diagnostic tool to identify elevated
protease activity levels in chronic and stalled wounds: a consensus panel discussion. Ostomy/wound
management 2011;57:36-46.

SURGICAL SITE INFECTIONS IN DERMATOLOGIC SURGERY




Surgical Site Infections in
Dermatologic Surgery

Karim Saleh was born in Prague in 1982.
He studied medicine at Lund University
and obtained his medical degree in
2011. He did a dermatology residency
in the Department of Dermatology at
Skane University Hospital in Lund. He is
currently based there. Both dermatologic
surgery and research within that field are
two of his main interests.

Dermatology & Venereology
Department of Clinical Sciences, Lund

FACULTY OF Lund University, Faculty of Medicine
MEDICINE Doctoral Dissertation Series 2019:14

ISBN 978-91-7619-743-1
UNIVERSITY ISSN 1652-8220

K4

Printed by Media-Tryck, Lund 2019 ”/// NORDIC SWAN ECOLABEL 3041 0903

L6 197431

I
7891

9




 
 
    
   HistoryItem_V1
   Nup
        
     Create a new document
     Trim unused space from sheets: yes
     Allow pages to be scaled: no
     Margins and crop marks: none
     Sheet size: 11.693 x 16.535 inches / 297.0 x 420.0 mm
     Sheet orientation: best fit
     Layout: rows 1 down, columns 2 across
     Align: top left
      

        
     D:20190115075444
      

        
     0.0000
     10.0000
     20.0000
     0
     Corners
     0.3000
     ToFit
     2
     1
     0.7000
     0
     0 
     1
     0.0000
     1
            
       D:20190115075434
       1190.5512
       a3
       Blank
       841.8898
          

     Best
     1595
     736
    
    
     0.0000
     TL
     0
            
       CurrentAVDoc
          

     0.0000
     1
     2
     0
     0
     0 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

   1
  

 HistoryList_V1
 qi2base





