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Abstract

Diabetes mellitus is a chronic metabolic condition with severe repercussions in surgical treatment. One
important component of this effect is the complex link between diabetes and Surgical Site Infections (SSI).
Diabetes severely slows wound healing, owing to poor microvascular circulation, decreased collagen
production, and diminished immunological responses. Diabetic patients are more likely to develop SSI as a
result of variables such as hyperglycemia, neuropathy, obesity, and peripheral vascular disease.
Staphylococcus aureus, Escherichia coli, and Enterococcus species are common bacterial infections that
cause SSI in diabetics. Furthermore, this review emphasizes important biomarkers, such as C-reactive
protein and procalcitonin, which provide indications for SSI in diabetics. Deep tissue involvement, sepsis,
and extended hospitalization are among the consequences associated with these infections, which need
quick and customized care measures. By focusing on both diabetes control and SSI prevention, healthcare
practitioners may reduce the significant burden both conditions place on patients and the healthcare system,
thereby improving outcomes for diabetic patients having surgical operations.

Keywords: Diabetes mellitus, Wound healing, Surgical Site Infections (SSI), Risk factors, Bacterial pathogens,
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Introduction

Diabetes Mellitus (DM) is characterized by
uncontrolled glucose levels caused by insulin
deficiency, malfunction, or both, culminating in
hyperglycemia [1]. Globally, one in every eleven
persons has diabetes [2], and the prevalence is
expected to rise from 415 to 642 million by 2040,
particularly in low-income countries [3]. Diabetes
mellitus (DM) is classified into two types: type 1
(TADM) and type 2 (T2DM) [2]. T1DM is an
autoimmune illness in which the body's immune
system wrongly attacks and kills the pancreas'
insulin-producing beta cells. T2DM, on the other
hand, is largely defined by insulin resistance, which
occurs when the body's cells do not respond
adequately to insulin [1]. Diabetes is characterized by
hyperglycemia, which is also the root cause of its
complications and consequences on other systems.
Chronic and persistent hyperglycemia has a poor
prognosis and raises the risk of potentially fatal

consequences [2]. Surgical site infection (SSI) is one
of the most serious consequences of preoperative
and intraoperative hyperglycemia [4]. Prior to the
introduction of antiseptics and other sanitary
procedures, SSI mortality was quite high [5]. SSI is
defined as superficial incisional infection, which
affects just the skin and subcutaneous tissue, deep
incisional infection, which affects deeper tissues, and
organ/space infection, which affects any organ other
than the incision site but must be connected to the
surgical process [6]. Preexisting infection,
malnutrition, low serum albumin, the elderly,
smoking, and immunosuppression (diabetes mellitus,
irradiation) have all been identified as key risk factors
for this SSI [7]. (Olsen et al, 2008) found that
preoperative blood glucose levels more than 125
mg/dL or postoperative serum glucose levels greater
than 200 mg/dL were independent causes for SSI
after spine surgery [8]. Diabetes contributes to SSI
because it promotes neuropathy, vascular damage,
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and cellular malfunction, particularly in immune cells, a.

and decreases immunity [9]. Bacteria that invade
surgical wounds can be gram-positive or gram-
negative [10]. Staphylococcus aureus was the most
frequent isolate among Gram-positive bacteria,
followed by coagulase-negative Staphylococcus,
while Escherichia coli, Klebsiella species, and
Citrobacter freundii were the most prevalent among
Gram-negative bacteria [11]. This review will highlight
the effect of diabetes on wound healing, risk factors
contributing to SSI in diabetic patients and most
common bacteria isolated from these infections,
important biomarkers indicating the presence of SSI
in diabetics, complications of these SSI, and their
management.

Discussion

1. Physiology of Wound Healing and Its
Disruption in Diabetic Patients

a. Normal wound healing:

After a tissue lesion forms, a series of molecular and
cellular processes occur in an attempt to restore the
wounded tissue [12]. Sequential processes involving
soluble mediators, blood cells, and parenchymal cells
are incorporated during the exudative, proliferative,
and extracellular matrix remodeling phases [13].
Vasoconstriction begins immediately after damage,
followed by platelet coagulation to create a clot that
protects the lesion and prevents additional bleeding
[14]. This is followed by an inflammatory phase, which
inhibits inflammatory cell movement to clear debris
and activate other activities [13]. The most significant
cells are macrophages, which stimulate the
recruitment of other cells, mostly leukocytes, by
releasing various cytokines. Because of their
phagocytic ability, macrophages eliminate excess
apoptotic particles, lowering inflammation while
stimulating other cells to act [12]. The inflammatory
phase is followed by the proliferative phase, which is
characterized by the development of granulation
tissue and the regeneration of the vascular network.
[14]. The fibroblasts are the main cells in this process,
which begins after 2 to 3 days [12]. Cells begin to
proliferate, primarily fibroblasts and endothelial cells,
and angiogenesis develops to reestablish blood flow
and feed the tissue. At the same time, stem cells
differentiate and keratinocytes proliferate, resulting in
epithelization [14]. The healing process then
progresses to the remodeling stage [13]. During this
stage, the previously produced granulation tissue is
replaced by permanent scar, which requires a perfect
balance between new tissue synthesis and
breakdown that must be meticulously maintained
[12,14].

Effect of diabetes and hyperglycemia on wound
healing:

Diabetes delays the healing process, resulting in a
non-healing wound that can lead to a number of
complications [15]. Diabetes, especially
hyperglycemia, causes endothelial and fibroblast
dysfunction, free radical damage, immune system
dysfunction, neuropathy, reduced angiogenesis, and
poor granulation tissue growth [15,16,17].
Hyperglycemia causes atherosclerosis, which
decreases nutrients and blood supply to the
regenerating tissue, causing healing to be slowed
[16]. Endothelial and fibroblast dysfunction are also
significant effects [16,17]. Functional fibroblasts are
required for optimal and controlled wound healing
because they secrete growth factors, secrete,
contract, and change the extracellular matrix. As a
result, any defect in these cells will impede wound
healing [17]. Furthermore, a decrease in IGF1, a
potent chemotactic agent, inhibits these cells'
chemotaxis [15]. Poor wound healing is exacerbated
by free radical damage and oxidative stress [18]. One
cause of free radical damage is decreased activity of
antioxidant enzymes such as glutathione peroxidase
and superoxide dismutase [19]. Oxidative damage, in
conjunction with hyperglycemia, causes nheuron
ischemia and sensory, motor, and autonomic
neuropathy [15]. Because neuropathic skin contains
fewer neurons, it promotes poor and prolonged
wound healing [20]. Sensory neuropathy results in
loss of pain perception [15], whereas autonomic
neuropathy results in decreased sweat gland activity,
resulting in dry skin and pruritus, as well as delayed
wound healing and increased risk of infections [18].
The formation of granulation tissue in diabetics lacks
a typical cascade of events that defines healthy
wound healing [16]. The platelet-derived growth
factor is required for fibroblast recruitment and
expansion, the creation of granulation tissue proteins
and temporary extracellular matrix, and angiogenesis
throughout the healing process. In diabetic wounds,
the expression of PDGF and its receptors is
decreased, indicating a malfunction in the healing
process [15]. Diabetes also modifies the angiogenic
program, resulting in an unanticipated unequal
distribution of soluble angiogenic factors [16]. It also
has an effect on immune system reaction [15]. (Mallik
et al., 2018) found that hyperglycemia and oxidative
stress affect macrophage epigenetic coding,
generating changes in macrophage polarization and
modulation, resulting in dysregulation and a longer
recovery period [21]. As previously stated, diabetic
individuals have poor chemotaxis, which inhibits the
migration of various inflammatory cells and causes
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these cells to malfunction, resulting in delayed wound
healing and an increased risk of infection [15].

2. Risk factors contributing to infections in
diabetic patients

a. Neuropathy and Reduced Sensation

Within 25 vyears of the onset of diabetes,
approximately half of patients establish peripheral
neuropathy [22]. This complication is determined by
the clinical manifestations of peripheral nerve
damage in patients with diabetes after ruling out other
causes of neuropathy that are categorized either as
sensory, motor, or autonomic in accordance with the
type of nerve fibers attained. Hyperglycemia is the
main cause behind neuropathy triggering a series of
events comprising increased polyol pathway and
hexosamine influx, building up of glycosylation end
products, stimulation of protein kinase C (PKC), and
oxidative stress [23]. As a result of the structural
nerve damage, the risk of trauma is greatly increased.
Extremities infections, wounds, and ulcerations are
underestimated due to the absence of pain
symptomatology [24]. As does continuous painless
injury caused by neuropathy, enhances the risk of
extremity infections [25]. Diabetic patients who have
already lost their protective sensation reported
significantly higher rates of postoperative infections
[26].

b. Vascular Complications and Impaired Blood Flow

Correspondingly, neuropathy due to endoneurial
microvascular damage is a form of vascular
complication in diabetes. Diabetic patients had higher
arterial stiffness and reported vascular endothelial
cell malfunction [27]. Diabetes-related metabolic
disorders, including hyperglycemia, insulin
resistance, and free fatty acids, may activate
numerous mechanisms that modify the blood vessels’
structure and functionality. Certainly, mechanisms
that may cause or worsen vascular damage, including
the inactivation of nitric oxide, mitochondrial
dysfunction, the activation of PKC, increased
apoptosis caused by elevated oxidative stress, the
formation of reactive oxygen species secondary to
different biochemical pathways either the polyol
pathway or the accumulation of advanced glycation
end products (AGEs) [27,28]. Furthermore, the
fundamental hallmarks of diabetic vasculopathy are

changes in vascular homeostasis caused by
endothelial and vascular smooth muscle cell
dysfunction, which promotes a pro-

inflammatory/thrombotic state and eventually causes
atherothrombosis. Diabetes-related macro- and
microvascular problems are mostly caused by

chronic hyperglycemia [28]. All these mechanisms
and pathways can lead to reduced blood circulation
and perfusion of extremities, hindering the delivery of
immune cells and nutrients to the wound site thus
increasing the risk of infections [15].

Immunodeficiency and Impaired Immune Response

In normal circumstances, the human body employs
incredible processes to defend itself against
countless infectious agents. Pathogens find it difficult
to penetrate this protective mechanism under normal
settings, but a variety of situations and flaws cause
the immune system to malfunction. Unfortunately,
diabetes is one of those situations that might disrupt
the host's immune system [15,29]. Insulin
insufficiency and hyperglycemia can impact cellular
immunity in addition to the danger caused by the
natural barrier degradation resulting from neuropathy
[29]. Diabetes and hyperglycemia have a wide range
of adverse effects on immunological defense
mechanisms, either cellular or humoral. These effects
include cytokine production impairment, inhibition of
leukocyte recruitment, flaws in pathogen recognition,
and alteration in leukocyte functionality [29,30].
Diabetes causes suppression of numerous cytokine
secretions, like IL-2, IL-6, IL-10, and IL-22, [29]
especially IL-6 because of its importance in the
adaptive immune response by increasing antibody
secretion and effector T-cell growth. These findings
suggest that the lack of those cytokines might
decrease the immunological response against
invading pathogens in diabetic patients [31]. These
changes weaken innate immunity, considered as the
first line of defense [32]. In the same way, adaptive
immunity is also altered, including reduced T cell
activity, elevated infammatory T helper
characteristics, reduced regulatory T cells [33], and
hindered B cell functionality [34]. These changes are
harmful to the host because they affect tissue healing,
enhance inflammatory response, disrupt regulation,
and cause an aberrant humoral response causing the
patient to have weak immunity against pathogens and
increase the risk of infections. [15,32]

Obesity and Increased Skin Folds

Obesity, previously thought as an isolated problem
has changed over the last several decades and is
now recoghized as a systemic disease involving
various organs and systems, especially what is
known as the largest organ, the skin [35]. Obese
patients' skin is associated with a great number of
physiological changes, characterized by more
subcutaneous fat, greater skin folds, and more
roughness on the surface [36]. This causes a
decrease in collagen synthesis relative to the skin
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surface area reducing the rigidity and structural
integrity of the skin itself, in addition to an increase in
the water permeability of the skin leading to drier skin
[37]. Adipose tissue also acts as a very effective
insulator by retaining heat, raising core temperatures,
and producing excessive perspiration. Increased
moisture, particularly in skin folds, encourages fungal
or bacterial growth [37,38]. Hyperhidrosis is
established, presumably due to impaired temperature

control, a rise in sweat gland activities directly §

correlated to the increase of skin moisture [37]. The
sweating and friction within skin folds can lead to
Intertrigo, an inflammatory condition, associated with
microorganisms’ overgrowth, most regularly with
Candida or Gram-positive bacteria [38,39]. Likewise,
erythrasma is another skin fold infection due to
Corynebacterium colonization [36,39]. The diversity
of the skin's microbiome fluctuates and is mostly
affected by the physiological condition of the
cutaneous sites, which is certainly influenced by
moisture, dryness, sebum secretion, and temperature
[39].

3. Most common types of bacteria causing SSI
a. S. Aureus:

Staphylococcus Aureus is the most common type of
surgical site infection (SSI) accounting for 30.4% of
all SSIs [40]. Knowing that diabetes can be
considered an independent risk factor for SSis for
multiple surgical procedure types [4]. Consequently,
diabetic patients will be more susceptible to S. Aureus
infections in SSls as it is the most common bacterium
affecting soft tissues in diabetics [41]. Moreover,
Methicillin-resistant S. Aureus (MRSA) accounts for
approximately half of the S. Aureus SSils [42]. Due to
the fact that diabetes mellitus is a well-recognized risk
factor for hospital-acquired MRSA infections [43], it
can be established that MRSA SSis increased in
diabetic patients too.

b. E. Coli:

Escherichia Coli accounts is also one of the common
bacteria isolated in SSI [40]. Nonetheless, (Alkaaki et
al., 2019) showed that, including only abdominal
surgical procedures, E. Coli was the commonest SSI
causative agent counting 26 out of 50 patients. In this
study, patients with diabetes had a higher rate of
infection [10]. Furthermore, the presence of enteric
organisms is attributed to the patient's normal
endogenous microbial fecal flora. The wound
invasion of E. coli is clearly due to poor hospital
hygiene [44].

c. Pseudomonas Aeruginosa:

SSI can be due to Pseudomonas Aeruginosa in

multiple surgical procedures [40]. These aerobic
Gram-negative bacteria are usually found in moist
environments and can cause opportunistic infections
in the healthcare setting [45]. Moreover, a P.
aeruginosa wound infection can persist for weeks and
is highly resistant to antibiotic treatment, and
underlying conditions such as diabetes can extend
the persistence time of these infections thus
exacerbating the infections [46].

Anaerobic Bacteria:

Anaerobic bacteria have also been implicated as
causative agents in surgical infections. Gram-
negative bacilli (mostly Bacteroides fragilis spp.),
Gram-positive cocci, and Clostridium spp. were the
top three anaerobes isolated from the cases.
Furthermore, the most common presentations in
these patients were deep-seated abscesses, infected
non-healing ulcers, diabetic foot infections, and gas
gangrene [47].

4. Biomarkers

a. CRP &PCT:

C-reactive protein (CRP) is a plasma-secreted acute-
phase reactant that is primarily produced by the liver,
along with lymphocytes and macrophages, in
response to inflammation, infection, tissue injury, and
cancer [48]. Pro-inflammatory cytokines, primarily IL-
6 and, to a lesser extent, tumor necrosis factor-alpha
(TNF-) and IL-1, stimulate its synthesis [49]. In case
of infection, CRP promotes bacterial phagocytosis by
binding to bacterial polysaccharides, aiding in
neutrophils and macrophages opsonization, and
activating the conventional complement system. CRP
levels continue to rise 6 hours after the initial
stimulation, reaching a peak in 48 hours, and after the
trigger for inflammation is removed, CRP is
catabolized by hepatocytes and swiftly cleared from
circulation [48].

A useful diagnostic tool for identifying and keeping
track of postoperative wound infections is C-reactive
protein [50]. The increase in CRP level on the third
postoperative day, however, is suggestive of wound
infection, so keeping an eye on C-reactive protein
levels can aid in designing an effective intervention,
identifying problems earlier, and improving the
prognosis for patients with postoperative infections
[51].

Furthermore, (Petel et al., 2018) have indicated that
CRP-driven antibiotic therapy was related to a
decrease in the duration of antibiotic usage in
neonatal patients and a decrease in the beginning of
antibiotics in adult outpatients [48].
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Another trustworthy biomarker for the diagnosis of
SSis is procalcitonin (PCT), particularly in the first few
days following surgery [52]. The C-cells in the thyroid
and, to a lesser extent, other neuroendocrine cells
produce PCT, the precursor to the hormone
calcitonin. In response to bacterial infection,
production of PCT is triggered in all parenchymal
tissues through the cytokines IL-6, TNF-a, and IL1- B.
It is considered a more specific marker for bacterial
infections because interferon-y, which is typically
secreted in response to viral infection, inhibits PCT
production. When a bacterial infection is present,
PCT rises; the magnitude of the rise correlates with
the severity of the infection, and the concentration
declines often indicating the remission of the sickness
[53]. Following the release of TNF-a at 90 minutes
and IL-6 at 3 hours following an infection, PCT is
measurable 3 to 4 hours later. Its half-life is roughly
24 hours, and it peaks between 6 and 12 hours
[53,54]. Itis helpful for diagnosis, disease progression
monitoring, and antibiotic therapy recommendations
due to its favorable kinetic profile, specificity, and
sensitivity to bacterial infection [53]. As a result of the
faster increase and earlier peak at 24 h following
infection, as well as the faster fall following infection
resolution, PCT offers greater advantages than CRP
[53,55].

These biomarkers serve as reliable indicators for SSI
diagnostic prediction. However, they cannot be
relied upon to accurately predict surgical site
infections, so the diagnosis of SSI should be made in
conjunction with the patient's clinical symptoms [52].

b. White Blood Cell Count (WBC) and Differential:

WBC maturation and release into the bloodstream
are controlled by a number of variables, including
interleukins,  colony-stimulating  factors, tumor
necrosis factors, and complement components.
Neutrophils are increasingly discharged into the
bloodstream in response to infection or inflammation,
where they remain for just a few hours while receiving
additional supply from the bone marrow. The bone
marrow increases the production and release of both
band cells and immature neutrophil cells into
circulation when the bone marrow's neutrophil
reserve becomes depleted, a phenomenon known as
the left shift [56].

From the onset of infection till recovery, there are
multiple phases that characterize the change in WBC
count and left shift which can be used to direct
antibiotic therapy [57]. Neutrophils move into the
infected location during the very first phase of
infection, which accounts for the drop in WBC count
in the blood [56]. The bone marrow begins

manufacturing and releasing band cells into
circulation (left-shift) a few hours later when the
neutrophil pool in the bone marrow runs out and the
WBC count drops below the normal level [56,57].
Thus, the WBC count begins to rise with persistent
left shift within 20 hours of infection [57]. The high
WBC count remains after initiating treatment, but
band counts start to fall, indicating that the bone
marrow no longer has to produce as many
neutrophils. Finally, the WBC count returns to normal
range without a left shift after bacterial infection is
fully treated [56,57].

As a result, it is challenging to forecast bacterial
infection using just one of these factors because they
fluctuate interchangeably throughout the infection,
and not all severe bacterial illnesses exhibit the same
alterations in WBC and band count, while viral
infections and trauma exhibit a left shift and a low
WBC level [57].

A decrease in lymphocyte count accompanied by an
increase in CRP and an increase in Neutrophil-
Lymphocyte  Ratio (NLR) signals  that  these
parameters could be used as a reliable screening
marker for SSIs 4 days after surgery, which is
important for early diagnosis and infection control
[58]. Thus, it is possible to employ WBCs and their
subpopulations as crucial indicators of surgical site
infections [59].

AGEs, angiotensin Il, oxidative stress, and cytokines
induce the WBC in diabetic patients to release
cytokines and transcription factors which aid the
disease's inflammatory process [60]. WBCs also
produce proteases and superoxide molecules, which
tend to increase oxidative stress [61]. Therefore, a
greater WBC count, even when it falls within the
normal range, is a sign of chronic inflammation and
macro and microvascular complications seen in type
2 diabetic patients [60]. Along with the inflammatory
processes, diabetic patients are more prone to tissue
damage and have greater vulnerability to invasive
microorganisms since the alteration in neutrophil
activity renders them more susceptible to infections
[61].

c. Glycemic Biomarkers:

Through several mechanisms, hyperglycemia results
in endothelial dysfunction, which is at the origin of
both the micro- and macrovascular complications in
diabetes, including neuropathy, retinopathy, and
nephropathy, as well as cardiovascular diseases,
which can eventually lead to multiorgan failure. These
mechanisms include increased oxidative stress,
increased production of advanced glycation end-
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products, increased production of growth factors,
cytokines, and angiotensin Il, as well as enhanced
polyol and hexosamine pathways, and diacylglycerol
(DAG)-protein kinase C (PKC) [62].

The main parameter used to evaluate long-term
glycemic control is hemoglobin Alc (HbAlc) since it
reflects the average plasma glucose over the
preceding months [63]. Improved glycemic control
has been linked to a lower risk of developing and
worsening micro- and macrovascular problems [64].
However, there is no proven HbAlc threshold below
which complications are fully reduced, therefore
achieving as close to normal glycemic control as
feasible is the goal. HbAlc assessment, on the other
hand, provides little about individual daily glucose
changes, which are primarily measured by fasting
plasma glucose (FPG) and postprandial glucose
(PPG) levels. Therefore, in order to control the
problems of both acute and chronic hyperglycemia,
therapeutic decisions should be based on the three
factors [62].

d. Interleukins and Cytokines:

The body's response to injury or infection is primarily
dependent on the release of cytokines. The innate
immune cells are signaled to invade the site of injury
and infection by the release of cytokines, which in turn
trigger the proper inflammatory or adaptive response.
Epithelial and endothelial cells are among the first
cells to begin this process. TNF, IL6, and IL1 are a
few of the main pro-inflammatory cytokines and
chemokines that the innate immune cells release [65].

Increased secretion of pro-inflammatory cytokines
(TNFa and IL6) and diminished production of anti-
inflammatory mediators (IL4 and IL10) was linked to
insulin resistance [66]. TNF and IL6 disrupt hepatic
insulin signaling by reducing the liver's glucose
absorption and glycogen signaling, respectively [67].
As a result, practically every aspect of immunity,
inflammation, and the onset of diabetes is influenced
by cytokines [66].

The serum marker IL-6 can be used to identify both
early and delayed SSI [14]. It is a key factor in the
development of fever and is in charge of promoting
the production of acute-phase proteins, including
CRP, and neutrophils in the bone marrow [68].
Because of this, the blood level of IL-6 reaches its
peak and returns to normal faster than CRP, making
IL-6 an effective inflammatory marker for early
detection of bacterial infections. At a very early stage
of the illness, serum IL-6 can distinguish between
infection and an aseptic course with a very high
degree of diagnostic accuracy. Thus, in order to
enable early detection and treatment, the surgeon

should concentrate primarily on SSI if IL-6 values are
above 15.3 pg/ml [69].

e. Matrix Metalloproteinases (MMPs):

The matrix metalloproteinase (MMPs) family of
endopeptidases is essentially engaged in several
stages of wound healing, aiding in rapid wound
recovery. They are dependent on zinc, hidden inside
the extracellular matrix, and responsible for
eliminating all damaged proteins while being
constantly stimulated by macrophages and
keratinocytes. They are also responsible for secreting
chemokines, cytokines, lipid mediators, and
antimicrobial peptides that are involved in the
inflammatory stage of wound healing [70].

MMPs are subject to profound regulatory
mechanisms that sustain homeostasis both at the
intracellular and extracellular levels because of their
great proteolytic ability [71]. High serum MMP
concentrations were found in both kinds of diabetes,
owing to the fact that hyperglycemia increases MPP
expression and activity via oxidative stress or AGEs,
which impairs wound remodeling capacity [72].

The inflammatory response during surgery causes
the wound to become non-healing due to a change in
the balance between extracellular matrix deposition
and breakdown [71,72]. In order to evaluate the
biomarkers that reflect wound status, (Saleh et
al.,2019) utilized wound fluid. They came to the
conclusion that MMP levels were higher in inflamed
wounds, which resulted in excessive extracellular
matrix breakdown and poor healing. MMPs can
therefore be utilized as a biomarker that indicates the
state of a wound; however, it is still being determined
at what point biomarkers are needed to forecast the
onset of SSls [73].

f.  Microbiome Biomarkers:

The skin microbiome is made up of a collection of
microorganisms that live on the body's surface. As it
secures the epithelium, controls the immune
response, and shields it from infections, it aids in the
skin barrier function [74].

On the other hand, the wound microbiome may have
two distinct effects. First, by avoiding and treating
bacterial wound infections and promoting quick
wound closure, commensal skin bacteria can support
a healthy repair process [75]. With the help of toll-like
receptor-2 signaling and the production of lipoteichoic
acid, bacteria like Staphylococcus epidermidis
reduce inflammation following skin damage [76,77].
By creating antimicrobial compounds and proteases,
as well as reducing the production of biofilm, it limits
the colonization and invasion of S. aureus [75].
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Additionally,  Staphylococcus capitis, another

bacterium, defends the host by reducing S. aureus'|,

pathogenicity [74].

When inflammation remains as a result of the wound
failing to progress through the stages of normal
wound repair, it creates an environment for bacterial
infiltration and multiplication, leading to a chronic
wound infection, which is a critical component in
delayed wound healing [75].

Near the incision, during surgery, skin-invading
microbes that are a part of the skin microbiome can
result in SSIs [78]. Additionally, because bacteria are
not evenly distributed throughout the body, the local
microbiome close to the incision site can serve as a
marker for locating the source of SSis [79]. P. Acnes
is more common on the upper back and chest, which
have disproportionately more sebaceous glands than
other areas. (Wenzel et al., 2019) has revealed that
infections following shoulder surgery, where
sebaceous glands are more common, would exhibit
an overrepresentation of this organism more
frequently than infections following knee or hip
surgery. Therefore, this bacterium serves as a flag for
SSIs in this specific site. This highlights the
significance of managing the microbiome at the
surgical site, which would undoubtedly reduce the
risks of SSls [78].

5. Complications

Complications from SSI can be local or systemic, with
local complications including delayed healing,
cellulitis, and abscesses and systemic complications
including sepsis and organ failure [5].

a. Prolonged hospitalization and increased cost:

A major consequence of SSI in diabetics is delayed
wound healing due to prolonged SSI time [80]. As a
result, these patients, particularly those with complex
diabetes, have a longer duration of infection and
require more insulin [26]. According to (Neumayer et
al, 2007), the average increase in hospital stay
following surgery in patients with SSI was roughly 4
days [81]. This rise is caused not only by delayed
healing, but also by diabetes, which raises the chance
of infection severity, requiring hospitalization and, in
some cases, amputation [82]. This extended stay will
raise costs for both the medical facility and the patient
[83]. According to (Jenks et al, 2014) who looked at
the impact of SSI following vascular surgery, the
median additional postoperative length of stay linked
with SSI was 10 days, with an average cost of £2480
per episode [84]. Other side effects of extended
hospitalization include pressure-related harm to the
skin, venous thromboembolism, deconditioning and

frailty, and, eventually, an increase in mortality [85].
Local complications and Necrotizing Fasciitis:

Local SSI consequences include delayed wound
healing, abscesses, and cellulitis [5]. Diabetes
exacerbates this illness because it impairs the
immune system, induces neuropathy, and reduces
blood supply to the infection site [86]. Skin and soft-
tissue infections (SSTI) problems are five times more
common in diabetes patients, necessitating greater
hospitalization [87]. The most serious of these
consequences include abscesses, cellulitis, and NF
[86]. (Suaya et al, 2013) found that diabetes patients
had a considerably greater incidence of abscess [87].
Alcohol abuse, cancer, chronic cardiac and renal
iliness, intravenous drug use, immunosuppressive
medication, and immunosuppressive malnutrition all
enhance the risk of NF [88]. Diabetes has a significant
impact on the immune system and is a common
contributing medical condition for NF and limb loss
[89].

c. Sepsis and organ dysfunction:

Sepsis is described as an abnormal immunological
response to an infection that results in organ
dysfunction [90]. Sepsis can arise during surgery and
is worsened by incisional infection [91]. According to
(Barie et al.,2018) in the United States, about two
million surgeries are complicated by SSI each year,
and surgical patients account for 30% of patients with
sepsis [92]. Diabetic individuals tend to have a
greater risk of sepsis and septicemia than non-
diabetic patients [93]. Diabetes causes significant
metabolic changes in the body, including increased
AGE formation, stimulation of protein kinase C
isoforms, and raised flux through the polyol and
hexosamine pathways, which leads to increased
superoxide production and activation of inflammatory
pathways in diabetic patients [90]. Furthermore, the
immune system is being weakened by the effect of
excessive glucose on immune cells, cytokines, and
immunoglobins. All of these effects enhance the
likelihood of sepsis in these individuals [86,93]. In the
absence of organ failure, sepsis is not deemed
present [90,92]. According to (Barie et al, 2008),
sepsis is responsible for up to three-quarters of
instances of multiple organ failure syndrome in
postoperative patients [94]. Septic individuals are at
an increased risk of having acute renal failure,
cardiovascular failure, and other dysfunctions.
Diabetic individuals with sepsis, on the other hand,
appear to be at a greater risk of developing acute
renal failure [95].
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d. Psychosocial:

Patients with diabetic foot infection, regardless of the
source, have a worse quality of life, are more likely to
suffer from depression, have a lower level of
education, and are less self-sufficient. This is
exacerbated by stress and unemployment following
amputation [96]. Furthermore, individuals with SSI
have a low quality of life because they struggle to
engage with others, resulting in strained relationships
with family and friends, lost income, and financial
hardship. Some of these individuals also mention a
dysfunctional doctor-patient interaction [97]. Physical
handicaps accompanied by depressive symptoms as
a result of SSI have an influence on the patient's life
throughout their hospital stay and beyond discharge,
with some patients showing signs of depression even
6 months after departure [85]. However, SSls delay
but do not prevent long-term increases in quality of
life, implying that SSIs have no effect on long-term
quality of life [98]. These negative SSI implications
will necessitate increasing financial expenses to
handle [85].

Table 1: This table lists the most common types of etiological
factors and their complications in diabetic patients.

Infections Complications

Staphylococcus aureus
phy Wound healing

Cellulitis

Abscess Formation
Diabetic foot infection
Systemic Infections

E. coli

Klebsiella species

agrwhPE

Enterococcus species

g ¥

‘ it
4

B
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Figl: This image represents cellulitis and gangrene following
amputation.

Fig 2: This image represents cellulitis and an abscess following
foreign body removal.

6. Preoperative, intraoperative, and
postoperative management

Perioperative hyperglycemia, as previously stated,
increases the risk of surgical complications including
poor wound healing and surgical site [99,100]. Thus,
blood glucose should be monitored and controlled to
minimize the risk of these complications [100]. For
this reason, the American Diabetes Association
(ADA) and the American Association of Clinical
Endocrinologists (AACE) have proposed 140 to 180
mg per dl as a glycemic target [101]. In addition to
that, Hb1Ac is recommended to be 7-8%. There is no
HbAlc threshold above which surgery should be
postponed because Hb1lAc alone is insufficient to
predict the likelihood of postoperative infections
[102,103]. Moreover, guidelines suggest close and
consistent monitoring of glucose electronically to
enable early intervention in case of dysglycemia
[104].

It Is important to mention that oral hypoglycemics and
insulin taken by diabetics should be adjusted during
the perioperative period. For instance, most
medications including metformin are withheld on the
day of surgery. Sodium glucose-linked transporter-2
(SGLT-2) inhibitors specifically, should be avoided 3-
4 days before surgery considering the risk of
developing diabetic ketoacidosis [102,104,105]. In
T1D patients, SC basal insulin should never be
interrupted [106] and long-acting or premixed insulin
can be taken until the day of surgery with a reduction
of 25% of the dose. If hypoglycemia occurs, insulin
should be withheld [102,104]. Intraoperatively,
hyperglycemia (>180 mg/dl) is treated with insulin
infusion in critically ill patients who have
hemodynamic changes, significant blood loss,
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requirement for inotropes and vasopressors, and long
surgeries. However, continuous SC insulin is
recommended in non-critically ill patients, with no
long postoperative fasting period, and in short
operative procedures (less than 4 hours) [102].

Furthermore, in perioperative care, nausea and
vomiting need to be minimized. According to a meta-
analysis conducted in 2020, several antiemetics
medicines (aprepitant, ramosetron, granisetron,
dexamethasone, and ondansetron) have been
proven to be effective [107]. Several concerns have
been expressed about dexamethasone because of its
influence on hyperglycemia, particularly at doses of
more than 8 mg IV. For this reason, a dose of 4-5 mg
in well-controlled diabetes patients is suggested
[108,109]. Despite this, current evidence shows that
dexamethasone has no higher risk of SSI as
compared to placebo. Further investigations are
needed to inform practice about the dose effect of
dexamethasone on glycemia [110].

Regarding antibiotic prophylaxis, limited studies
address the use of antibiotic prophylaxis in diabetic
patients [111]. From the available data, we can
deduce that antibiotic prophylaxis has no effect on
reducing SSis in diabetic patients in the context of
hand surgeries [111,112]. (Ko et al., 2017) found that
antibiotic prophylaxis has no significant benefit in
well-controlled diabetes individuals over nondiabetic
patients. Whereas in poorly controlled patients
(Hb1lAc >7), the immune system due to glucose will
be altered, and thus antibiotic prophylaxis benefits
diabetic patients [113]. Furthermore, (Yao et al.,
2022) revealed that diabetes does not require long-
term antibiotic prophylaxis in gastric cancer surgery
[114]. Also, in common periodontal operations, no
scientific evidence demonstrates the effectiveness of
antibiotics prophylaxis as a precautionary measure
[115]. Guidelines for patients having surgery,
including those with diabetes, recommend using
cefazolin, a narrow-spectrum antibiotic, for most
surgical operations and cefoxitin for abdominal
surgery. Antibiotic combinations (oral + intravenous
(IV)) have been demonstrated to be more effective
than either oral or IV antibiotics alone. In terms of
administration time antibiotics should be given 60
minutes before incision [116]. Other precautions
include maintaining normal body temperature,
removing hair with clippers, combining the antiseptic
chlorhexidine gluconate with an alcohol-based
preparation, and employing negative pressure wound
care [117]. In addition to that, treating sutures with
triclosan, an antimicrobial agent, reduces SSI. These
sutures act as a reservoir that releases its agents

over time and prevents infection from being
established and spread. According to a recent meta-
analysis, triclosan-coated sutures reduce SSis [118].
Finally, continuous transdermal and subcutaneous
sutures are preferred for better wound healing and
thus reduce surgical infections [119].

In short, glucose monitoring in pre-, intra-, and
postoperative periods, is the mainstream strategy to
reduce SSlis in diabetic patients along with other
standard procedures.

Conclusion

Diabetes is a chronic condition marked by
hyperglycemia that, if unregulated, can be fatal.
Diabetic people who have surgery are at a
considerable risk of acquiring SSI thereafter.
Diabetes delays wound healing and renders patients
more vulnerable to SSI due to factors including
hyperglycemia and neuropathy and exacerbates
consequences like deep tissue infections and sepsis.
Patients with diabetes undergoing surgery must have
an early diagnosis using biomarkers and strict
management to avoid complications such as sepsis,
necrotizing fasciitis, and poor quality of life.
Healthcare providers should make an effort to
decrease the considerable healthcare burden
imposed by these disorders by addressing diabetes
management, implementing infection prevention
measures, and providing patient-centered care,
ultimately improving diabetes outcomes.

Legend:
e Diabetes Mellitus: DM
e Type 1 diabetes mellitus: TL.DM
e Type 2 diabetes mellitus: TIDM
e Surgical site infections: SSI
e Escherichia coli: E. coli
e Protein kinase C: PKC
e Advanced glycation end products: AGEs
e Interleukin: IL
e Staphylococcus aureus: s. aureus
e P. Aeruginosa: Pseudomonas aeruginosa

e Methicillin-resistant Staphylococcus aureus:
MRSA

e C-reactive protein: CRP

e Procalcitonin: PCT

e Tumor necrosis factor-alpha: TNFa
e White blood cells: WBC

e Matrix metalloproteinases: MMPs
e haemoglobin Alc: HbAlc
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e Skin and soft tissue infections: SSTI
e Necrotizing fasciitis: NF
e American Diabetes Association: ADA

e American Association of Clinical

Endocrinologists: AACE

e Sodium and glucose linked transporter 2:
SGLT-2

e |ntravenous: IV
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