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Abstract

nocompromised hosts are also described.

Purpose: To review the salient features of the diagnosis and management of the most common skin and soft tissue
infections (SSTI). This review focuses on severe SSTIs that require care in an intensive care unit (ICU), including toxic
shock syndrome, myonecrosis/gas gangrene, and necrotizing fasciitis.

Methods: Guidelines, expert opinion, and local institutional policies were reviewed.

Results: Severe SSTIs are common and their management complex due to regional variation in predominant patho-
gens and antimicrobial resistance patterns, as well as variations in host immune responses. Unique aspects of care for
SSTls in the ICU are discussed, including the role of prosthetic devices, risk factors for bacteremia, and the need for

surgical consultation. SSTI mimetics, the role of dermatologic consultation, and the unique features of SSTls in immu-

Conclusions: We provide recommendations for clinicians regarding optimal SSTI management in the ICU setting.
Keywords: Skin and soft tissue infections in the intensive care unit, Necrotizing fasciitis, Gas gangrene

Introduction

Skin and soft tissue infections (SSTI), also known as
acute bacterial skin and skin structure infections, are a
common reason for patients seeking inpatient and out-
patient medical care. In the US, SSTI are responsible for
at least 14 million outpatient visits a year [1], and almost
900,000 inpatient admissions [2]. SSTI are similarly prob-
lematic across Europe, though with regional variation in
predominant pathogens, antimicrobial resistance pat-
terns, duration of hospitalization, and rates of readmis-
sion [3-7]. Pathogen isolation from SSTI is limited by
currently available diagnostics and is influenced by host
and geographic factors, making empiric therapy selection
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complicated [4, 8, 9]. In this review, we summarize the
salient features of diagnosis and treatment of SSTI, with
a particular focus on those necessitating management in
intensive care settings.

Epidemiology of SSTI in the USA, Europe,

and worldwide

Severity of illness due to SSTI loosely correlates with
ae_ptH of skin structure involvement. Table 1 provides a
summary of some of the common skin infections along
with predominant pathogens, characteristic skin features,
and requisite treatment. Any assessment of a patient with
a possible SSTI should include assessment of immune
status, exposure history (animaE, water, zraurrﬁ), and
travel history to inform empiric antimicrobial decisions
[9, 10]. Travel history is important for all patients with
infections, as knowledge of local pathogens in recent
travel destinations may be useful in directing empiric
therapy. As an example, travelers to areas endemic for
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Table 1 Skin and soft tissue infections—types, pathogens, features, and treatment

Impetigo

Ecthyma

Ecthyma gangrenosum

Purulent SSTI—abscesses, furuncles, carbuncles

Cellulitis

Surgical site infections

Gas gangrene/myonecrosis

Staphylococcus aureus, Streptococcus pyogenes

S.aureus, S. pyogenes

Pseudomonas aeruginosa, S. aureus, S. pyogenes,
less commonly other Gram-negative rods,
fungi, mold

S.aureus

Beta-hemolytic streptococci, S. aureus

Dependent on surgical site

S.aureus, 5. pyogenes, rarely other streptococci

Clostridium spp., C. perfringens—trauma related,
C. septicum—non-traumatic

Polymicrobial aerobes and anaerobes (type I),
Group A streptococcus or S. aureus (type Il)

Honey-crusted lesions, less common bullous
variant

Dry crusted lesions that involve the dermis and
lead to scarring, predilection for the lower
extremities

Cutaneous vasculitis, typically seen between
umbilicus and knees, have potential for rapid
increases in size. Erythematous nodules that
evolve into necrotic ulcers with eschar

Pustules surrounded by erythema. Furuncles
and carbuncles centered on hair follicles. May
exhibit 5 cardinal signs of infection—calor,
rubor, dolor, tumor, fluor

Diffuse, superficial spreading erythema. May be
associated with lymphangitis

Localized pain in a single muscle group with
fever. Overlying skin may have “woody” feel

Wound drainage, local inflammation

Staphylococcal disease: erythroderma that
starts on the trunk and spreads to extremities
(including palms and soles). Streptococcal
disease: scarlitinform rash may be seen

Bullae, crepitus

Classic finding of pain out of proportion
to exam. Spectrum from normal external
appearance to woody feeling subcutaneous
tissues with obliterated fascial planes/muscle
groupings

PO penicillins, 1st generation cephalosporins, or
clindamycin

PO penicillins, 1st generation cephalosporins, or
clindamycin. If MRSA suspected, doxycycline,
TMP-SMX, or clindamycin

Broad spectrum antibiotics, pathogen directed
therapy when culture results available

Incision and drainage. Antibiotic therapy for
MRSA in patients meeting SIRS criteria or
immunocompromised

Mild: PO therapy directed against MSSA and
streptococci. Moderate: PO or IV therapy
directed against MSSA and streptococci. Severe:
surgical consultation, broad spectrum antibiot-
ics directed against MRSA, Pseudomonas, and
anaerobes

Surgical consultation, vancomycin. Addition of
gram-negative agents if immunocompromised
or penetrating trauma

Surgical consultation, antimicrobials dependent
on surgical site and severity of illness

PLUS for foxin produc-
tion (limited studies)

Immediate surgical consultation, broad spectrum
agents—yvancomycin PLUS piperacillin-tazo-
bactam, an anti-pseudomonal carbapenem OR
cefepime PLUS metronidazole

cefepime and




multidrug resistant (MDR) Enterobacteriaceae have an
increased risk of acqui_sitior-l of an MDR Enterobacte-
riaceae colonizer and patients who are colonized with
carbapenem-resistant Enterobacteriaceae (CRE) have a
16.5 % risk of infection with CRE [11].

Impetigo and ecthyma

Impetigo is the most superficial of the SSTI and causes
a mild illness that can be managed as an outpatient with
topical or oral antibiotics directed against Staphylococcus
aureus and Streptococcus pyogenes. The classic appear-
ance is honey-crusted lesions, though a less common
bullous form is also possible. Impetigo is primarily a dis-
ease of children, representing one of the most common
SSTTI in this group. Affected adults are typically those in
contact with afflicted children [12]. Ecthyma is a scar-
ring form of non-bullous impetigo which involves the
dermis, predominantly on the lower extremities, and can
be confused with ecthyma gangrenosum [12]. Impetigo
or ecthyma due to S. pyogenes can result in post-strepto-
coccal glomerulonephritis, with or without antimicrobial
treatment [12].

Ecthyma gangrenosum

Ecthyma gangrenosum (see Fig. 1) is an uncommon
necrotizing, hemorrhagic cutaneous vasculitis that is
classically associated with Pseudomonas aeruginosa

Fig. 1 Severe skin and soft tissue infections—ecthyma gangrenosum
secondary to Pseudomonas aeruginosa infection (top left and right—
images courtesy of Dr. Arthur Z. Eisen) and necrotizing fasciitis of the
lower extremity (middle and bottom) with retiform purpura, bullae
formation, and spreading erythema

septicemia, though many other pathogens have been
implicated, including other Gram-negative rods, S.
aureus, S. pyogenes, fungi, molds, atypical mycobacte-
ria, and viruses [12—14]. The lesions typically begin as
painless erythematous nodules that evolve into painful
necrotic ulcers with eschar. Necrosis results from inva-
sion of the medial and adventitial blood vessel walls by
the implicated microbe. A recent review found only 167
published cases of ecthyma gangrenosum from 1975 to
2014 [14], though this is likely an underestimate as not
all cases are published. When suspected, patients with
ecthyma gangrenosum should be given broad spec-
trum antimicrobials, particularly agents with anti-pseu-
domonal activity.

Purulent SSTI

Purulent SSTI—abscesses, furuncles, and carbuncles—
are predominantly caused by S. aureus. Furuncles and
carbuncles are centered on hair follicles. In the US in
2005, the combined category of abscess/cellulitis was
responsible for ~10 million outpatient and emergency
room visits, an increase from 1997 that correlated with
an increasing frequency of community-acquired MRSA
[1]. Polymicrobial infections are possible depending on
the site of infection. Infections that include anaerobes
are more likely in the cervical, pelvic, and lower extrem-
ity regions (particularly in those with peripheral vascular
disease and/or diabetes). Enterobacteriaceae from the gut
play a role in polymicrobial milieu of pelvic abscesses.

All critically ill patients with purulent SSTI require
source control with incision and drainage. Source control
of abscesses, furuncles, and carbuncles can be accom-
plished via surgical debridement or percutaneous drain-
age if the location is favorable without any interceding
vital structures. The need for antibiotic therapy is dic-
tated by severity of illness, which takes into consideration
the immune status of the host and lab and clinical param-
eters. Antibiotic therapy is generally required for patients
with severe illness, with empiric therapy dictated by ana-
tomical site of the abscess and local antibiogram. Readers
should refer to the treatment section of this manuscript
for a discussion on grading SSTI severity in light of the
recently updated sepsis definitions.

Cellulitis

Cellulitis is predominantly caused by beta-hemolytic
streptococci (BHS), though staphylococcT also play an
important role [15]. The most common presentation is a
superficial spreading erythema that may be associated with
lymphangitis [15]. In its early stages, cellulitis may appear
@cally similar to necrotizing skin and soft tissue infec-
tion. The two can be difficult to differentiate, but bullae,
crepitus, renal failure, shock, lactic acidosis, progressive



spread of infection despite appropriate antibiotics, and
systemic toxicity are all suggestive of a necrotizing infec-
tion. In patients with cellulitis and no evidence of BHS
infection, the vast majority nonetheless respond to therapy
directed against BHS [15]. It is reassuring that most cases
respond to treatment directed against BHS, as our ability
to detect pathogens with currently available technology is
still limited, despite our advanced molecular testing [8].
Similarly to abscesses, there is anatomical variation
in predominant pathogens in cellulitis. In the cervical
region, oral flora, including anaerobes, tend to be more
problematic as in Ludwig’s angina. Infections in the pel-
vic region more commonly result from Enterobacte-
riaceae from the genitourinary or gastrointestinal tracts.
Anaerobes and gram-negative organisms also play a
role in cellulitis of the lower extremities, particularly in
patients with diabetes or peripheral vascular disease.

Pyomyositis

Pyomyositis is classically thought of as a tropical disease,
though the incidence in temperate climates is increasing.
Staphylococcus aureus is the predominant pathogen, and
certain staphylococcal genotypes may predominate [16].
Physical examination findings tend to be limited, but skin
overlying affected muscle groups may have a “woody”
feel. MRI is the imaging study of choice for diagnosis,
though bedside ultrasound may be a useful rapid diag-
nostic [17, 18]. Source control and empiric antimicrobials
directed against MRSA are paramount. Antimicrobials
directed against MDR Gram-negative organisms should
be added in immunocompromised patients.

Surgical site infections

Surgical site infections (SSI) are common, occurring after
up to 9 % of operations depending on surgical site [19-21].
The likelihood of developing a SSI is dependent on multi-
ple factors, including patient, hospital, surgeon, operation,
and operation site characteristics, among others [21-23].
Risk prediction modeling may help individualize risk fac-
tors for SSI [24] and will hopefully guide future trials in
discovery of interventions that can reduce the incidence
of SSI. Pathogens implicated in surgical site infections vary
by country and type of surgery [25]. Recent guidelines pro-
vide a helpful management algorithm for SSI [9]. Wound
infection with systemic toxicity in the 4 days immediately
following surgery should prompt consideration of strepto-
coccal or clostridial infection, both of which require surgi-
cal management and penicillin PLUS clindamycin therapy
[9]. Other infections within 4 days post-surgery are pos-
sible, though they tend to be less fulminant. In patients
that are more than 4 days post-operative, antibiotic ther-
apy along with surgical exploration should be considered
in patients with signs of systemic illness and wounds

with >5 cm of erythema or induration [9]. When SSI is
present along with systemic toxicity, source control via
surgery is essential, particularly in patients with infected
mesh who are at higher risk of bacteremia [26]. In patients
who are not systemically ill, opening the wound at bedside
or via percutaneous drainage in combination with close
attention to dressing changes may be sufficient for resolu-
tion without antibiotics.

ICU-specific infections

Purulent SSTI, cellulitis, pyomyositis, and SSI can all
result in severe illness, but the most severe end of the
SSTI spectrum is composed of toxic shock syndrome, gas
gangrene, and necrotizing fasciitis.

Toxic shock syndrome

Toxic shock syndrome (TSS) is a fulminant Gram positive
infection, typically due to S. aureus or S. pyogenes, though
small series have described similar syndromes in group
B, C, and G streptococci, as well as Clostridium species.
The annual incidence of staphylococcal TSS (SaTSS)
is ~0.5/100,000 and ~0.4/100,000 for streptococcal TSS
(SeTSS), though local rates may vary [27]. Mortality rates
are <5 % for menstrual SaTSS, 5-22 % for non-menstrual
SaTSS, and 30-70 % for SeTSS [27]. Clostridial toxic
shock is rare and its incidence is uncertain [28, 29].

When TSS is suspected, empiric therapy must cover for
drug-resistant infections. Expert opinion based on retro-
spective studies and in vitro data highlight vancomycin
and clindamycin or linezolid alone as possible treatment
regimens [30—33]. Nafcillin or oxacillin are good choices
for methicillin-sensitive staphylococcal TSS, but must be
used in combination with clindamycin as nafcillin alone
can increase toxin production [32]. Clindamycin or lin-
ezolid are essential in treatment as they reduce superanti-
gen production in both staphylococcal and streptococcal
TSS [31-33]. When susceptibilities are available, antibiot-
ics should be de-escalated while still including an agent that
suppresses toxin production. In the rare event of clostridial
toxic shock syndrome, clindamycin and penicillin should
be used, though there is limited data on this syndrome.

Intravenous immunoglobulin (IVIG) nonspecifically
binds and inactivates superantigens, limiting cytokine
storm, though the clinical benefits are controversial.
Due to the rarity of TSS, recruitment for randomized
controlled trials of IVIG has been difficult [34]. A recent
prospective observational study found a significantly
improved mortality in patients that received IVIG or
clindamycin for SeTSS [35]. IVIG is even less studied in
SaTSS, though in a recent study, five patients with con-
firmed SaTSS received IVIG and none expired [36]. IVIG
can be considered in patients with TSS, though specific
dosing regimens have not been well studied.




Necrotizing skin and soft tissue infections: gas gangrene/
myonecrosis and necrotizing fasciitis

Necrotizing skin and soft tissue infections are difficult to
treat and require aggressive surgical debridement, broad-
spectrum antimicrobials, and intensive care. Tables 2,
3, and Fig. 2 provide guidance on factors associated
with increased likelihood of necrotizing infection, com-
mon pathogens, and a proposed surgical decision tree.
Source control of infection is paramount and serial sur-
gical debridements are generally required. The frequency
and number of required debridements varies based
on aggressiveness of infection, but generally patients
should return to the operating room for debridement
every 24-48 h until there is no evidence of continued or
progressive skin and soft tissue necrosis. Wound dress-
ing changes should be carried out at least MY to look
for evidence of ongoing infection (e.g. bullae, devitalized
tissue, spreading erythema) that would require repeat
debridement. In addition to wound appearance, clinical
deterioration as measured by increased requirements for
intensive care support or laboratory parameters sugges-
tive of worsening infection (e.g. progressive renal fail-
ure, increasing leukocytosis, increasing lactate) should
prompt discussion of repeat debridement.

Table 2 Characteristics associated with increased likeli-
hood of necrotizing infection

Pain out proportion to Serum sodium <135 mmmol/L

examination
Bullae White blood cell count >15,400
cell/mm?
Tenderness beyond area of Renal failure
erythema
Crepitus Progressive lactic acidosis

Cutaneous anesthesia

Cellulitis refractory to antibiotic
therapy

Rapid progression of cellulitis
Dusky appearance of skin
Systemic toxicity

Surgical control of infection is particularly important
because diffusion of antimicrobials into affected tis-
sues is limited due to significant tissue edema, necrosis,
inflammation, and penetrating vessel thromboses [37].
These anaerobic environments are particularly crucial for
the proliferation of clostridial species in gas gangrene/
myom and anaerobes in type I necrotlzmg fascii-
tis. Additionally, bacteria can invade blood vessel walls
and result in direct vascular injury that worsens tissue
perfusion. In e II necrotizing fasciitis, streptococ-
cal superantigens result in cytokine cascades that cause
systemic vasodilation and inflammation, leading to tis-
sue hypoxia that precludes effective tissue antimicrobial
concentrations.

Gas gangrene/myonecrosis

Gas gangrene or myonecrosis is caused by Clostridium
species. Clostridium perfringens is classically associated
with traumatic injuries; C. @ticum with neutropenic
patients or those with gastrointestinal malignancies or
abnormalities; C. sordellii with childbirth and “home”
abortions; and C. perfringens, C. novyi, and C. sordellii
with drug users who fskin pop” [38-41]. Gas gangrene
and myonecrosis are primarily surgical diseases and
should be managed emergently as such, in combination
with broad-spectrum antibiotics while awaiting culture
results. Clostridium sordellii infections are relatively
rare, with only 45 cases found on review of the litera-
ture in 2006 [41]. Though rare, C. sordellii infections are
notable as they can be associated with a toxic-shock like
syndrome, particularly in patients with recent muri-
tion or abortion [28, 29, 42]. The toxic shock syndrome
associated with clostridial infection is mediated by two
clostridial cytotoxins, making it pathophysiologically dis-
similar to streptococcal or staphylococcal toxic shock,
both of which are mediated by superantigens [28, 29, 42].

Necrotizing fasciitis

Necrotizing fasciitis (see Fig. 1) is a rare SSTI that
involves the deep fascia and always requires surgical
intervention and broad-spectrum intravenous antimicro-
bials. Rates of necrotizing fasciitis vary widely based on

Table 3 Necrotizing fasciitis—pathogens and treatments by anatomical site

Head/neck Anaerobes

Ampicillin/sulbactam usually sufficient, though MRSA coverage should be consid-

ered, particularly in immunosuppressed or IV drug abusers

Abdomen/perineal Gram negative, anaerobes

Cefepime + metronidazole OR an anti-pseudomonal carbapenem OR piperacillin-

tazobactam

Lower extremity Gram negative, anaerobes, Gram positive

In MRSA prevalent areas vancomycin PLUS cefepime + metronidazole OR an anti-

pseudomonal carbapenem OR piperacillin-tazobactam

Surgical site Variable depending on surgical site

In addition to anatomic location pertinent antimicrobials, if not already included,

MRSA coverage should be considered in regions with high incidence
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Fig. 2 Proposed decision tree for surgical management of suspected necrotizing soft tissue infections
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region (0.18-15.5 per 100,000) and seem to be increasing
over time [43, 44]. Type I necrotizing fasciitis is polymi-
crobial, including aerobic and anaerobic organisms. Type
IT necrotizing fasciitis is classically caused by S. pyogenes,
though S. aureus also falls into this category.

Two rare causes of necrotizing fasciitis merit special
mention due to their well described exposure histories—
Vibrio vulnificus and Aeromonas hydrophila. Vibrio vul-
nificus is a cause of necrotizing fasciitis in patients with
exposure to warm coastal waters (particularly the Gulf
of Mexcio), penetrating injuries from seafood, or inges-
tion of uncooked/undercooked seafood. Once identified

in culture, V. vulnificus is best treated with doxycycline
and ceftriaxone or cefotaxime. Aeromonas hydrophila
necrotizing fasciitis occurs after exposure of wounds to
fresh or brackish water or contaminated soil. Leech use
can also result in A. rydrophila infections. Treatment is
typically doxycycline PLUS rproﬂoxacin, though cipro-
floxacin resistance has been reported, which may neces-
sitate empiric cefepime use while awaiting susceptibilities
(Table 1 Electronic Supplementary Material).

There are a variety of case reports and case series of
less frequently encountered agents causing necrotiz-
ing fasciitis, making it important for practitioners to



realize the importance of surgical debridement with
attendant bacterial cultures in combination with broad-
spectrum antimicrobials as the first lines of therapy [45,
46]. Though the classic teaching for necrotizing fascii-
tis is pain out proportion to physical examination find-
ings, it is important to remember that superficial nerves
can undergo necrosis, resulting in anesthesia of affected
areas. Eliciting a history may be problematic due to the
severity of illness and alterations in sensorium, requiring
maintenance of a high degree of suspicion for necrotizing
SSTI. Due to unacceptably low sensitivity, imaging find-
ings cannot rule out necrotizing fasciitis and may delay
surgical intervention, which is associated with poor out-
comes [47]. However, in patients that are clinicamum,
MRI may be helpful in distinguishing necrotizing infec-
tion from non-necrotizing infection [48].

Necrotizing fasciitis predominates on the lower
extremity and predisposing conditions reflect this locali-
zation—diabetes, abnormalities of venous return or arte-
rial insufficiency, and intravenous drug use. Due to the
relative rarity, heterogeneity of microbiologic causes, and
severity of disease, no clinical trials are available to guide
duration of therapy, though guidelines based on expert
opinion suggest continuation of therapy directed against
cultured organisms for at least 48—72 h after patients are
clinically stable and require no further operative inter-
ventions [9].

Bacteremia

The probability of bacteremia in patients with SSTI is
greater in those with device or prosthesis infection, hav-
ing healthcare exposure, and more advanced age [26].
Risk scores can be used to help predict those patients at
highest risk of bacteremia with SSTI (Table 2 Electronic
Supplementary Material) [26]. Of ICU acquired second-
ary bacteremia, SSTT are implicated as the source in ~4 %
[4]. In general, blood cultures are not recommended for
patients with SSTI, but critically ill and immunocompro-
mised patients with SSTI should have blood cultures per-
formed due to the increased yield.

Role of prosthetic materials

Knowledge of surgical history and presence of any pros-
thetic materials is important for all patients requiring
intensive care as prosthetic materials increase the risk for
infection. Patients with synthetic mesh placed after abdom-
inal surgeries have a higher risk of subsequent SSI [49].
Ventricular assist devices are associated with high rates of
infections, the majority of which are driveline infections
that present as SSTI at the driveline exit site [50]. Similarly,
cardiac implantable electronic devices (CIED) can present
with SSTT at the device site. Rates of CIED infections vary
based on device type, but in general seem to be increasing

in incidence [51]. In addition to septicemia, short and long
term intravascular catheters can present with cellulitis or
abscesses at insertion sites or along the tract of the cath-
eter. Updated guidelines are in progress, but in general, it is
preferable for patients with catheter infections to undergo
removal if at all possible [52].

Dermatologic findings and dermatology consultants
Dermatology consultation can be an important tool to
help with the diagnosis of dermatologic findings in criti-
cally ill patients and reduce antimicrobial use in those
with non-infectious conditions [53, 54]. Many derma-
tologic conditions can mimic infections, for which der-
matologist expertise can be helpful in distinguishing;
including pyoderma gangrenosum and pustular psoria-
sis, among others (Table 4) [55]. Pyoderma gangrenosum
should be suspected in cases where non-healing wounds
undergo progressive necrosis with each debridement,
particularly in patients with associated autoimmune
conditions or malignancy. Dermatologic findings can
be present in up to 42 % of patients requiring ICU care,
though they are the primary or secondary diagnosis for
ICU admission in only ~0.5 % [56, 57]. Infections are the
predominant etiology of skin changes in the ICU, with
regional variations in the most common pathogens [56—
59]. Cutaneous manifestations as a whole do not con-
fer an increased risk of mortality in ICU patients when
adjusted for severity of illness [56].

Treatment

Surgical and general considerations

For all patients with SSTI requiring ICU care, general
resuscitative measures should be followed in accordance
with individual institutions’ protocols for management
of sepsis and septic shock. Aggressive source control is
paramount, which may include surgical debridement,
removal of invasive devices, or vaginal examination in
the case of menstrual TSS. Urgent surgical consultation
and debridement may be required. For necrotizing SSTI,
serial debridements every 24-48 h are necessary until
there is no evidence of continued necrosis and clinical
stability has been achieved. In all cases of necrotizing soft
tissue infections, one of the goals of surgery should be
to seek out portals of entry for bacteria that could have
established the infection, either from indwelling devices,
the external environment/foreign bodies, or other organs
(e.g. gastrointestinal or genitourinary systems). Pro-
longed time from presentation to first surgical interven-
tion are associated with increased mortality [47]. Delays
in diagnosis of necrotizing soft tissue infections were felt
to be one of the highest impact risk factors for delayed
time to surgical intervention in a recent survey of ICU
practitioners in Europe [60]. In conjunction with serial









































































































































































































































Table 4 SSTI mimetics

Tender papulopustules with surrounding erythema that develop into ulcers

Autoimmune conditions, hematologic malignancies, idiopathic in up to 50 %

Pyoderma gangrenosum

with purulent base. Typically on lower extremities, tend to be painful with

undermined edges. Heaped up borders with gun-metal gray color. Necrosis

extends with surgical intervention

In volume overload states, often symmetric and bilateral

Multiple—cardiac dysfunction, renal failure, lymph node surgeries, lymph

Lymphedema/chronic venous stasis

node destruction (filariasis), varicose veins

ie.

Can be hard to differentiate on exam alone, may be suggested by history

prolonged immobility, genetic risk factors

Thrombosis

Deep venous thrombosis

Retiform purpura

Brown recluse spider bite

Loxoscelism

debridements, vacuum assisted closure of wounds may
contribute to healing [61]. For cases of necrotizing infec-
tion involving the perineum or other sites with potential
for stool contamination, temporary colostomy may be
required to assist in wound healing. Rates of amputa-
tion in lower extremity necrotizing fasciitis vary from
15 to 72 % based on comorbidities, with diabetes being a
strong risk factor for amputation [62]. While potentially
life-saving, it is important to recognize that amputations,
among other factors, may be associated with significant
functional limitations after discharge [63].

Antimicrobial considerations

SSTI in patients that are immunocompromised should
be treated with broad-spectrum antibiotic therapy [9].
In the most recent IDSA guidelines, the presence of any
SIRS criteria resulted in classification as a severe SSTI
[9]. The recently released update of sepsis definitions
has not yet been studied for or incorporated into SSTI
management [64]. In the face of the new sepsis defini-
tions, a prudent approach would be to define SSTI as
severe if the patient meets either of the following crite-
ria: (1) ICU patients with an acute change in Sequential
Organ Failure Assessment (SOFA) score >2 points due to
infection, (2) non-ICU patients meeting 2/3 quick SOFA
(qSOFA) criteria (altered mental status, systolic blood
pressure <100 mmHg, or respiratory rate >22/min)
[64]. Patients without baseline organ dysfunction can be
assumed to have a baseline SOFA score of 0 [64].

As a general rule, all severe SSTI should be treated
empirically with broad-spectrum antibiotics directed
against typical pathogens, specifically MRSA, resistant
Gram-negatives, and anaerobes (see Table 3 for a break-
down by anatomic site). However, when selecting empiric
therapy, all practitioners should consider their local anti-
biograms as these can vary significantly from institution
to institution. In regions such as Northern Europe with
low rates of MRSA [65], it may be prudent to exclude
MRSA coverage from empiric therapy in patients at low
risk of MRSA infections. Risk factors for mixed gram-
positive and gram-negative SSTI include admission to
an ICU, residence in a nursing home, and SSTI other
than an abscess [66]. Reasonable empiric therapies meet-
ing these criteria include vancomycin or linezolid PLUS
piperacillin/tazobactam, meropenem or imipenem, or
cefepime PLUS metronidazole.

De-escalation of antibiotic therapy should be based on
clinical improvement and cultured pathogens from blood
or surgical specimens. Once patients have improved
and are ready for discharge, transition to oral antibiotic
therapy is possible, though non-adherence to prescribed
antibiotics is common and is a risk factor for treatment
failure [67].




























































































































































Dosing and caveats for selected antimicrobials

A full dosing algorithm for all antibiotics is outside the
scope of this review, but below we provide information on
some of the most commonly used empiric antimicrobials
relevant for severe SSTI and caveats for certain drugs.

Ceftaroline

The USFDA approved dose of ceftaroline is 600 mg intra-
venously (IV) Q12 h for patients with normal creatinine,
though a dose escalation strategy for patients with severe
infections or those with BMI >40 or >100 kg may be ben-
eficial [68, 69]. Practitioners should be aware that the
duration of ceftaroline therapy seems to correlate with
risk of neutropenia, with rates as high as 21 % reported in
those patients receiving >21 days of therapy [70].

Cefepime

For severe, life threatening infections, or in those with
morbid obesity, we use an increased dose of cefepime,
based on CrCl [68].

Clindamycin

Clindamycin can be used to reduce toxin production,
treat cervical cellulitis/abscesses, and may be used as step
down therapy for susceptible S. aureus strains. Practi-
tioners should be aware that clindamycin increases the
risk of subsequent Clostridium difficile infection.

Dalbavancin/Oritavancin

Dalbavancin and oritavancin are long-acting semisyn-
thetic lipoglycopeptides with approval for SSTIs that
cover a wide range of gram-positive organisms. However,
further studies are needed before their use can be recom-
mended in critically ill patients.

Daptomycin

For patients >120 % of their ideal body weight, we used an
adjusted body weight to dose daptomycin, rounded to the
nearest 25 mg [68]. Doses are adjusted for CrCl <30 mL/
min and in those on intermittent hemodialysis [68, 71].
Daptomycin use may be contraindicated in some patients
with necrotizing fasciitis if their CK is above five times
the upper limit of normal.

Linezolid

Caution is advised as use of linezolid for MRSA bactere-
mia may be associated with worse outcomes in patients
with APACHE II scores zlmso not rec-
ommerrded-Tpatients-omserotortin reuptake inhibitors
due to the risk of serotonin syndrome. Tidezolid may be
an alternative to linezolid and as it has been reported to
have less risk of serotonin syndrome, though clinical data
are still limited [73].

Telavancin

Telavancin is a lipoglycopeptide that blocks peptidogly-
can cross-linking and disrupts bacterial cell membrane
potential. It is associated with higher rates of toxicity
than other available agents for SSTI and we therefore
do not recommend its use when other agents can be
employed.

Tigecycline

Though approved for SSTIs, tigecycline has been linked
with worse outcomes in patients with severe illness.
Tigecycline may also be a risk factor for treatment fail-
ure in patients with drug resistant infections. As such,
we recommend avoiding tigecycline therapy when other
options are available.

Vancomycin

For all patients, we use an initial dosing regimen of
15 mg/kg of vancomycin, with a maximum single dose
of 2.25 g, and a maximum daily dose of 4.5 g [68]. Use
of vancomycin alternatives is favored (e.g. ceftaroline,
daptomycin, linezolid) in patients with progressive renal
failure, those with CrCl <30 mL/min, or in those who
therapeutic levels cannot be rapidly achieved. An in
depth discussion of therapeutic vancomycin level main-
tenance is outside the scope of this review and practition-
ers should refer to their institutional protocols.

Special considerations

There are several special considerations in SSTI that
merit further mention. Certain exposures put patients at
risk for unusual pathogens as causes of SSTI. Table 1 in
the Electronic Supplementary Material and Table 5 men-
tion some of these, but a complete listing is outside the
scope of this review, particularly as most are rare and not
associated with severe illness. Table 5 includes several
endemic mycoses, which Europeans are most likely to
acquire as a result of travel [74]. Readers should refer to
reviews on exposure-related causes of SST1I for rare path-
ogens. Of particular importance due to the increasing
prevalence of immunosuppressed patients, special con-
siderations in the immunocompromised host are detailed
below.

Immunocompromised hosts

Immunodeficiency changes the physical examination
findings of SSTI, the putative pathogens, and the diag-
nostic and treatment plans. In addition to the SSTI
mimetics in Table 4, the differential diagnosis for derma-
tologic findings in the immunocompromised host should
include drug eruptions (especially patients on chemo-
therapy), skin metastases, local invasion of tumor bur-
den, leukocytoclastic vasculitis, graft-versus-host disease
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in stem cell transplant patients, and a broader infectious
differential including invasive fungal and mold infections,
mycobacterial infections, and parasitic infections such
as disseminated strongyloidiasis [9]. Given the broader
differential diagnosis and greater potential for decom-
pensation, early dermatologic consultation with biopsy
and culture may be beneficial [9, 53]. All immunocom-
promised patients that are critically ill should undergo
thorough cutaneous examination as immunosuppression
tends to reduce physical exam findings of SSTI. Immuno-
suppressed patients are also more likely to have dissemi-
nation of pathogens to the skin.

A unique situation to consider in generation of a dif-
ferential diagnosis for immunosuppressed patients is
the use of anti-infective prophylaxis, which can affect
the types and resistance profiles of potential pathogens.
Immunosuppressed patients may be reservoirs for the
development of antimicrobial resistance. As is important
for all patients with SSTI, travel and exposure history can
guide differential diagnosis and workup for immunocom-
promised hosts. When possible, reduction of immuno-
suppression should be considered for severe infections.
For patients with febrile neutropenia, MASCC score is
important for predicting complication rates [75]. The
types of pathogens are also dependent on the type of
immunosuppression—cell mediated versus neutropenia.
In neutropenic patients, factors to consider when con-
templating surgery are probable duration of neutropenia
and severity of infection. Patients with shorter durations
of neutropenia have a higher likelihood of recovering
from surgical interventions and are likely better candi-
dates for surgery. Unfortunately, patients with prolonged
duration of neutropenia and severe infections have poor
prognoses. However, data are limited on management of
necrotizing soft tissue infections in neutropenic patients,
and strategies should be individualized on a case-by-case
basis. There is insufficient evidence to recommend for or
against granulocyte transfusions in this population.

Conclusion

Skin and soft tissue infections have a variety of presen-
tations and can be severe enough to require intensive
care. Practitioners should be familiar with the spectrum
of clinical presentations for SSTI that require urgent sur-
gical debridement to avoid delays in surgery as this can
lead to worsened outcomes. Aggressive source control
and broad spectrum antimicrobials are essential for all
severe SSTI, with empiric therapy guided by knowledge
of patient risk factors and the local antibiogram.
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