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Background: The aim of this work is to assess the clinical and therapeutic characteristics of patients treated
for necrotizing soft-tissue infection/necrotizing fasciitis (NSTI/NF) and determine their outcomes.
Patients and Methods: During the period 1/2012-12/2019 24 adults (18 males, 6 females, aged 33-91
years/mean age 52.4 years) with NSTI/NF were treated. Comorbidities were encountered in 20 (83.3%).
Eighteen patients (Group I) presented late, with gangrene and systemic inflammatory response syndrome
(9) or septic shock/ organ dysfunction (9). Six patients (Group IlI) presented early, with local pain, fever,
and erythema. Affected areas included perineum-scrotum- external genitalia- abdominal wall or thigh,
extremities-trunk, and gluteofemoral area in Group I, and scrotum, extremities, and labium majus in Group
1.

Results: Intensive resuscitation and antibiotics were started immediately. All patients had a CT scan and
underwent surgery within 4 hours from admission. All necrotic soft tissues were aggressively excised.
Additionally, patients underwent Hartmann’s colectomy (3) or colostomy (3), thoracostomy (1), opening of
compartments of extremities (2), and extrapelvic drainage (1).Wounds were packed open; specimens were
sent for Gram stain/cultures and histology. From Group |, 14 remained intubated for 2-10 days, and 15
required 1-5 further limited debridements or incisions (mean 2). Histologically, tissue necrosis was
confirmed in all patients, NF in 18. Infection was polymicrobial in 20. Antibiotics were modulated based
on culture results. Four Group | diabetics with extended perineal NF died due to uncontrolled sepsis
(16.66%). Survivors received antibiosis for 10-18 days (mean, 15), were helped with nutritional support,
and they had a planned wound closure or reconstruction. Their mean hospitalization was 28 days (range,
12-46).

Conclusion: Improving diagnosis of NSTI/NF requires awareness for early recognition and prompt
initiation of aggressive treatment, particularly for lesions extended beside perineum. Unfavourable outcome
is affected by the delayed or inadequate surgery and the degree of multiple organ dysfunction on admission.

© 2021 Constantinos Avgoustou. Hosting by Science Repository.

Introduction

syndrome (SIRS), septic shock/multiple organ dysfunction syndrome
(MODS) and death [2-8]. Necrotizing fasciitis (NF) is the most common
type of NSTI and the most complicated and life-threatening NSTI [2]. It

Necrotizing soft-tissue infection (NSTI) has been recognized for
millennia, with reports dating back to notations by Hippocrates [1].
NSTI is an uncommon heterogeneous disease, which describes a group
of fulminant infections, mostly virulent bacterial, that swiftly can spread
through fascial planes causing necrosis of skin, soft tissues, and muscles,
and that can rapidly lead to intoxication/systemic inflammatory response

causes fulminant clinical deterioration in any patient, regardless of the
patient's immune status.

The infection usually originates from the gastrointestinal tract, the
genitourinary tract, or dermal-cutaneous injuries. A secondary host's
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colonization of their own indigenous aero-, anaerobic microflora usually
leads to polymicrobial infection [2, 5, 9]. Bacteremia is accompanied by
the production of particularly destructive toxins that are released into the
systemic circulation; this is crucial as it is the starting link in the
mechanism of development of fascial necrosis that initiates the cytokine
cascade, which is leading to the endothelial damage [4]. Causative
organisms proliferate in an environment of tissue hypoxia. The
coagulation cascade of thromboplastin is activated resulting in inhibition
of fibrinolysis and in the formation of disseminated microthrombosis of
vessels feeding the fascia; in addition, the prolonged vasoconstriction in
the dermal capillary network, the resultant extravasation of the liquid
part of the blood, the tissue swelling and the leukocyte infiltration lead
to the ischemic necrosis and liquefaction of the fascias and the
surrounding tissues [2, 7, 9].

Even nowadays, NSTIs are associated with a high burden of surgical and
critical care, as well as high morbidity and mortality for the patients [4].
Previous research has shown that morbidity and mortality rates increase
when patients are not presented early in the course of their disease, they
are transferred from other outside facilities, or when initiation of their
treatment delays [4, 10-18]. The patients may be delayed in seeking
medical help, mostly because of the rapid spread of the pathological
process in deep tissues along the fascias, the lack of superficial changes
of the skin over the infectious focus, and the absence of significant
subjective sensations due to the destruction of the subcutaneous nerves,
all leading to an underestimation of the severity of the disease [7, 17,
18]. On the other hand, in clinical practice, time to surgical intervention
decreases and outcome improves, most likely due to increased awareness
and more timely referral of the NSTI patients [3, 4, 13-15]. However,
diagnosis in the early stages can be challenging, as local signs can be
minimal and only become prominent as the disease progresses [3, 7, 11,
16, 17].

Patients and Methods
| Search Methods

This review included all adults with suspected NSTI/NF who were
admitted to the General Hospital of Nea lonia Constatopoulion-Patission
“Aghia Olga”, Athens- Greece. An approval was granted by the
Institutional Review Committee for retrospective patients' data
collection from the Hospital medical records and medical files. The
objective of this study was to determine the presentation of patients
diagnosed with NSTI/NF and their in-hospital outcomes. In particular,
we addressed the following issues: i) origin of soft-tissue infection, ii)
progression of infection to NF, iii) microorganisms involved and
antibiotics used, iv) clinical and histological staging of NF, v) type of
surgical intervention, and vi) extend of holistic multidisciplinary
treatment. This article contains the relative literature research,
particularly the recent, using PubMed for the MEDLINE database.

11 Case Presentation

During the period 01/2012-12/2019, 24 patients with NSTI/NF were
treated at our Department of Surgery. There were 18 males and 6
females, with mean age 52.4 years (range, 33-91). All patients with
suspected NSTI/NF, except 3 cases that were transferred from outside
facilities, were initially admitted undiagnosed to the Emergency
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Department (ED); inpatients had the diagnosis of “worsened
(necrotizing) infection” of perineum, scrotum, and labium majus
following inadequate drainage before 24-48 hours. Comorbidities were
encountered in 20 patients (83.3%) (Table 1).

Table 1: Risk factors for development of infection and initiating
pathologic conditions in 24 patients with NSTI/NF.

Preexisting conditions No of patients

Advanced age (>65 years) 8

Diabetes mellitus

Hypertension under medication
Chronic pulmonary disease
Peripheral vascular disease
Congestive heart disease
Obesity

Malnutrition

Chronic alcoholism

Active IV drug use, steroid use/
immunocompromised status
Malignancy 1

Initiating pathologic conditions No of patients
Perineal abscess or chronic anal 8
fistula/fissure
Periurethritis/epididymoorchitis after 6  Anorectal-
instrumentation(urethral rupture) genitourinary
Post-hemorrhoidectomy wound infection | 1 foci
Anorectal carcinoma (anastomotic 1

recurrence)
Bartholin’s cyst abscess 1
Tibial chronic vascular ulcers-
sinuses(assoc. compartment syndrome in
2)

Abscess after IM/IV injections (2 3
immunocompromised)

[N
N

W N WO NN

Dermal foci

Figure 1: Fournier's gangrene extended to scrotum-penis-perineum-
lower abdominal wall.

Prompt recognition and initial evaluation of cases suffering from a
serious soft-tissue infection that was spreading rapidly and was
accompanied by determinable systemic signs and symptoms, and of
suspected cases for which such an infection could not be easily ruled out
as well, was followed by immediate intensive resuscitation for the more
severe cases, and by variable supporting for the remaining, coupled with
a simultaneous laboratory work-up, which included blood chemistry
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analysis, aerometry and computed tomography (CT). Most antibiotics of
an empirical broad-spectrum regime were initiated near the time of

Table 2: Main local physical-clinical findings in 24 patients with NSTI/NF.

hospital admission and blood cultures were generally obtained before
antibiotic administration (first-line treatment).

Late findings — Group | patients

Early findings — Group |l patients

Severe pain or local anaesthesia
Rapid progression of erythema, edema (tenderness), pain
Blistering- hemorrhagic bullae

e  Foul odor e  Tense edema beyond area of erythema
e  Purulent collection or brownish-tan “dishwater” drainage . Induration- epidermolysis

(sinuses) e Numbness
. Skin sloughing/necrosis * LRINEC score 5 - 3 patients
. Crepitus (12 patients) 6 - 3 patients
. SIRS - 9 patients
. Sepsis and/or MODS - 9 patients
* LRINEC score >6 - 6 patients

>8 - 12 patients

e  Pain (disproportional), fever
e  Erythema, skin bronzing- discoloration
e Local warmth (hyperthermia)

Table 3: Origin/type of infection and systemic manifestations in 24 patients with NSTI/NF.

Infectious origin: Affected area/ Depth Severe systemic manifestation: No of patients|Type of infection: No of patients
Anorectal, Urogenic: e SIRS:9 Polymicrobial/Type I: 17 patients
e  Perineum e  Septic Shock: 3 e  Hemolytic Streptococcus
e  Scrotum e  Shock/MODS: 2 e  Staphylococcus
e  Lower abdominal wall Skin, aureus/haemolyticus
e Upper thigh(s) fascia e  Enterobacteriaceae
e Labium majus — E.coli
—  Pseudomonas aeruginosa
—  Acinetobacter sp.
—  Kiebsiella sp.
—  Serratia
e  Enterococcus avium
e  Bacteroides sp.
e  Peptostreptococcus
e  Clostridium perfringens
e Proteus mirabilis
e  Fusobacterium sp.
e  Citrobacter freundi
Dermal wound (bite?): Skin, Polymicrobial/Type I: 3 patients
e  Tibia, forearm fascia e  Hemolytic Streptococcus
e  Staphylococcus aureus
Dermal wound-IM/IV drug abuse: . Toxic Shock Syndrome, MODS:2 Monomicrobial/Type II: 2 patients
e Trunk, upper extremities Skin, fascia, muscle e  Group A hemolytic Streptococcus
. Gluteofemoral area . Methicillin resistant Staph. aureus|
Dermal wound- IM/IV drug abuse: . Circulatory collapse, MODS:2 Monomicrobial/Type IlI: 2 patients
e  Lower extremities (compartment| e  Clostridium perfringens
syndrome: 2) Fascia, muscle

Late physical findings were encountered in 18 patients, who were
considered as having prolonged necrotic infection (Group ). Their
extensive affected body areas involved: the perineum, scrotum-external
genitalia and lower abdominal wall or upper thigh (14 patients;
additionally, anorectal necrosis: 3, left pleural-pericardial collection: 1),
the lower extremity (two patients with compartment syndrome: thigh 1,
tibia 1), the right gluteofemoral area (one patient) and the upper
extremity-trunk (one patient) (Figure 1). Disproportional local pain or
local anaesthesia, skin necrosis or ischaemia, and erythema/edema (with
crepitus in 12 patients), were the main physical findings. Systemic
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manifestations detecting sepsis were encountered:
tachycardia/tachypnea, hypotension, oliguria-anuria, hyperglycemia or
metabolic acidosis, leukocytosis, and high fever (except in one
immunocompromised), and alterations of mental status (7 patients). All
these patients had an immediate laboratory risk indicator for necrotizing
fasciitis (LRINEC) scoring system score>6, which, however, was not
timely used in cases with “hard” signs of NF and certain clinical
diagnosis. Their condition was manifested with either SIRS (9 cases) or
toxic septic shock and/or MODS (9 cases), with at least 2 organs —
usually lungs and kidneys-dysfunctioning (Tables 2 & 3).
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Immediate and intensive fluid resuscitation, correction of metabolic
disturbances and hemodynamic support were started in the ED and were
calculated according to the requirements and preexisting conditions of
each patient. Three patients with severe cardiopulmonary instability
were emergently intubated in the ED. Group | patients waited an average
3.5 days (range, 18 hours-6 days) after the onset of symptoms before
seeking medical advice. The remaining 6 patients were timely presented
with early local findings (Table 2), consisting of the Group II. They were
presented with 1-2 days fever, the most annoying local pain out of
proportion to the physical appearance, and tense edema beyond the area
of erythema or skin bronzing. Affected areas in this group were: the
scrotum (2 patients), the labium majus (inadequately opened Bartholin’s
cyst abscess 1) and the extremities (forearm 1, tibia 2). Comorbidities
were detected in 3 patients (diabetes mellitus, hypertension, peripheral
vascular disease). Symptoms of systemic toxicity were lacking in Group
11 patients; their LRINEC scoring system score was 5 or 6. Since their
other findings were highly suspicious for underlying NSTI or NF,
variable supporting, particularly fluid hydration, was initiated at the ED.
The initiating pathologic conditions of the inflammatory process were
either distinct or considered probable and included perineal-anorectal-
urogenic foci in 17 patients, and dermal foci on the trunk, gluteus, and
extremities in 7 patients (Tables 1 & 3). Complete information about the
type of microbial infection was obtained later (24-48 hours from
admission) in the course of the disease. Differential diagnosis in the early
stages of suspected disease included the non-necrotizing cellulitis and
the ulcerative and gangrenous forms of inguinal lymphogranulomatosis.

Laboratory results in Group | cases included: leukocytosis with white
blood count 18-30x10%L (with high number of immature forms in most
severe cases) or leukopenia in one immunocompromised patient, C-
reactive protein >180mg/L, creatinine>1.8 mg/dl, hyperglycemia with

glucose >220 mg/dl in all diabetics, and metabolic acidosis; results in
Group Il patients showed milder increase in white blood count (normal
count in one immunocompromised), C-reactive protein and glucose
levels. Bacteremia upon admission was documented in only 4 cases
(16.66%) with prolonged infection. Simultaneously to the required
stabilization, all patients underwent a CT scan at the site of infection
(using contrast media when creatinine value permitted it), which
constantly detected the extent of tissue edema and the infectious
infiltration, and in 16 patients the pathognomonic signs of fascia/fascia-
muscular necrosis or deep tissue emphysema (Figure 2).

) \ hA- 203,
Figure 2: Pathognomonic imaging findings of fascia necrosis and deep
tissue emphysema (arrows) in thigh (left) and rectosigmoid (right).

In three of the most severe cases, necrosis or emphysema were extending
to the anorectum and the perirectal tissues; in one case the infectious
infiltration reached as far as the left pleural and pericardial cavities. In
addition, for cases with extremities involved, plain radiographs showed
superficial tissue edema or emphysema, and Triplex confirmed the
diagnosis of compartment syndrome in two patients who raised the
suspicion for it.

Table 4: Diagnostic and treatment algorithm for NSTI/NF.

Clinical suspicion |

‘ Quick surgical consultation |

e Lab. exams and tests (LRINEC),
aerometry, CT (stable patients) ||

MNSTI/NF suspected or ' H
cannot be ruled out H H

= Resuscitation (sepsis/MODS)

e Cultures (blood)
* Antibiotics- detoxication
= Marking skin lesions

'+ Treatment for: !
' - Abscess , cellulitis :

!

Distinct clinical diagnosis- No biopsy

e Deep disproportional tissue pain

# Necrotic- purple- ecchymotic- tender skin
* Skin hypoesthesia/anaesthesia

Aggressive surgical debridement (full-
thickness, usually)

At least one = Tissue frozen section

Indistinct clinical diagnosis- open
biopsy preferable
* No certain findings of necrosis

il

Immediate examination:

= Tissue for Gram stain/culture (when
not obtained), histology

# Stoma creation, if extensive perineal
wound

* Wound packed open

)

* Acspirate or tissue for Gram stain

\L Negative

e Wound packed open or closed

e 43-hour re-evaluation every 3-4 hrs

* Multidisciplinary treatment in ICU or High Dependency Unit

e Daily wound re-evaluation for repeat necrectomy, serial wound dressing changes
* Supportive therapeutic means: TNP therapy

* Wound reconstruction on stables after fresh granulation tissue appearance

Surg Case Rep doi: 10.31487/j.SCR.2021.02.13
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We followed a clinical diagnostic and treatment algorithm for the
management of NF suspected patients and patients for whom NSTI
could not be ruled out (Table 4). Perioperative reversal of the effect of
traditional or novel anticoagulants and antiplatelet medications (3
patients for each of them) was achieved by fresh frozen plasma
transfusions and prothrombin or vitamin K administration. Under
continuous resuscitation, all patients were transferred to the operating
room (OR) within 4 hours from admission, irrespective of the degree of
their hemodynamic stability restoration. In Group Il patients, an
incisional biopsy via a longitudinal incision in the Langer’s lines over

the most suspected affected area was primarily performed under regional
or spinal anaesthesia; samples contained subcutaneous tissue, fascia, and
muscle; at least one immediate result of rapid tissue frozen section or
aspirate/tissue for Gram stain (Hematoxylin & eosin) was achieved
within 35 min and it was found positive. Relative biopsy findings
included: vessels’ thrombi or necrosis, fascial ischaemia,
polymorphonuclear infiltration and isolated microorganisms. These
patients, soon after biopsy results, and all of the Group | patients
underwent aggressive surgical debridement under general (20 patients)
or spinal (4 Group Il patients) anaesthesia.

Figure 3: Index surgery: Large wounds involving perineum, scrotum, penis, and lower abdominal wall in a 91-year-old man (left), an 87-year-old man
(medium) and a 75-year-old man (right). Denuded testicles are shown (white arrows), as well as a loop sigmoid stoma (left: arrowhead) and an urethral

rupture (medium: black arrows).

All necrotic, ischemic tissues, and even tissues of doubtful viability, both
in extent and depth, were radically excised until healthy tissues were
reached, and all contaminated tissue planes were opened, debrided,
cleansed, and drained (Figure 3). Intraoperatively, macroscopic findings
that we considered as pathognomonic for NF were dull grey (necrotic)
fascia-tissue, small vessel thrombosis/ lack of bleeding, tissue easily
elevated off of the fascia/positive “finger test”, non-constructing muscle
and “dishwater” pus. Tissue specimens and fluid aspirates were obtained
for immediate Gram strain, as well as for aerobic and anaerobic cultures
with sensitivities and histology. All residual tissue defects were packed
open.

For patients with necrosis from anorectal/urogenital origin, the result of
the wide tissue excision was a single defect but more extensive and
composite, which involved the perineum, external genitalia, and/or
lower abdominal wall and upper thigh(s). Six septic patients required
additionally either an atypical low Hartmann’s resection for
rectosigmoid infectious involvement (3 patients, including one with
recently recognized anastomotic recurrence after excision for
rectosigmoid carcinoma before 8 months in another hospital: they
underwent anoscopy in the OR) or a diverting loop sigmoidostomy for
large perineal wound (3); a 91-year-old man underwent also a tube
thoracostomy for left pleural empyema. When needed, the testicles were
simply denuded but spared. Two other patients with compartment
syndrome underwent wide opening of one (tibia) or two (thigh)
compartments. A 76-year-old woman with gluteofemoral NSTI/NF
underwent gluteal debridement and deep intramuscular dissection for
tube drainage and cleansing of the ipsilateral extrapelvic space for
related infectious collection at the internal surface of the pelvic

Surg Case Rep doi: 10.31487/j.SCR.2021.02.13

acetabulum (CT finding), accessed via a separate groin incision and deep
dissection; a set of two plastic tubes was placed into the extrapelvic space
for continuous “washing”. One drug addict with upper extremity- trunk
NSTI/NF required the greatest number (9) of incisions for debridement
and drainage.

Later histological examination of infected soft tissues revealed
ischaemia or necrosis of superficial tissues (skin included in most cases),
superficial and deep fascia and, in 6 cases of muscle fibers, thrombosis
of feeding vessels or fibrinoid coagulation in the lumen of vessels, and
polymorphic cell infiltration. True NF was confirmed in 18 cases, with
9 of them affected by Group A Streptococci (GAS), either alone or,
mostly, in combination with other microbes. Wall thickness ischemic or
necrotic changes were documented in all three colectomy specimens, in
one case with a malignant anastomotic lesion (recurrence).

Fourteen Group | patients remained intubated and they were treated
either in the Intensive Care Unit (ICU) (8 patients, with 2 intubated in
ED included: 2 patients died within 72 hours, survivors stayed for 6-10
days/ mean 7.8) or into the High Dependency Unit (HDU) (6 patients:
intubated for 2-3 days) for at least the initial postoperative period. Sepsis
was never controlled in other 2 patients with extended perineal necrosis,
which required colectomy or colostomy (one remained intubated). All
others had a dramatic improvement of their clinical course soon after the
primary necrectomy/debridement. Extubated patients were mostly
treated in the general ward unless HDU was available. We continued
intensive resuscitation and support to restore intravascular volume,
maintain adequate end-organ perfusion and tissue oxygenation, and limit
the adverse effect of end-organ dysfunction. The magnitude of
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resuscitation was dependent on the individual patient’s requirements and
physiologic status. Blood transfusion was given to 12 survivors (2-6
units). Five patients underwent session of hemodialysis. Insulation in
separate rooms for variable periods of time had been compulsory for 8
contagious patients after positive cultures during the course of their
disease.

We initially used an empirical combination of IV antibiotics that cover
a broad spectrum of aerobes, anaerobes, gram positive and gram negative
bacteria. Our therapeutic regime usually consisted of Penicillin G or
Ampicillin or 2"/3" generation Cephalosporin, Clindamycin, and
Gentamycin or 3"/4" generation Cephalosporin or Carbapenem. We
monitored renal function with creatinine excretion when
Aminoglycoside was used. Alternatively, to Penicillin, we sometimes
replaced the whole regime by Piperacillin/Tazobactam/Aminoglycoside.
We used Linezolid against possible Methicillin-resistant Staphylococcus
aureus (MRSA) in 4 diabetics who were re-admitted for NSTI after a
recent hospitalization for cardiorespiratory disease; administration was
stopped in one after such infection had been excluded. Modulation of
antibiotics and de-escalation to a more targeted therapy was later
feasible, after Gram-staining result and microbiological identification of
the pathogens. In all, 20 patients had polymicrobial infections, with those
with perineal/anorectal origin of the infection having the greater number
of bacteria (up to 5). Commonest isolated microbes were: GAS,
Staphylococci (MRSA or community-associated MRSA, included),
Enterococci, Klebsiella sp., Bacteroides sp., Escherichia coli,
Pseudomonas aeruginosa and Proteus mirabilis (Table 3).

The management in immunocompromised patients differed in that it
comprised an anti-fungal agent. In 4 patients, monomicrobial infection
was documented and causative organisms were: GAS, MRSA and
Clostridium perfringens. We continued the administration of the targeted
therapy for 3-5 days after the systemic signs and symptoms and the most
local signs of soft-tissue infection had been resolved. In survivors,
targeted antibiotic therapy was administered for 10-18 days (mean, 15
days). Beyond that time, antibiotics were variably given for wound
superinfection, nosocomial pulmonary or urinary infection, and as
coverage in some wound reconstructions.

After index surgery, the resultant wounds were re-explored during the
next 24 hours in the OR, under general anaesthesia in intubated patients
and those with no clear improvement of their condition. Fifteen patients,
all with perineal/urethral foci and one with lower extremity NF from
Group |, underwent further 1-5 limited debridements or new incisions
(mean, 2), under IV analgesia if non-intubated, during the first 8 days
(mean, 4 days). Serial wound dressing changes -twice daily during the
first 72 hours- were performed; open wounds were irrigated with
hydrogen peroxide and saline and were covered with antibiotic dressing
(povidone-iodine 1%). After stabilization of the wounds, we
occasionally used agents such as silver nitrate or silver sulfadiazine; we
applicated topical negative pressure (TNP) in non-perineal wounds.

Enteral feeding was preferred over parenteral nutrition, and it was
provided after calculating caloric and protein requirements for patients
with extensive open wounds and in hypermetabolic state. Vitamins A
and C, and minerals were also given. Food orally was taken soon when
the patient could tolerate it. Rehabilitation was started as soon as the
patient was stable and able to participate. We stopped the postoperative

Surg Case Rep doi: 10.31487/j.SCR.2021.02.13

anticoagulant/ antithrombotic treatment near the time of patients'
mobilization and prescribed their medication on discharge from hospital.

In all, four chronic diabetics with prolonged sepsis and MODS at
admission, who had the more extensive wounds that involved the
perineum and who had undergone additional Hartmann’s colectomy
(two patients, one with anorectal carcinoma recurrence) or loop
sigmoidostomy (two patients, one with left thoracostomy) at index
surgery died at 2", 39 5% and 16™ day due to uncontrolled sepsis
(overall mortality: 16.66%, mortality of cases with late findings:
22.22%). Complications were encountered in 11 survivors (55%):
thrombophlebitis (8), atelectasis (5), urinary infection (4), residual
wound superinfection (3), delayed MODS-corrected (2), partial
autograft necrosis needing intervention (1), and chronic renal
insufficiency (1).

Figure 4: Reconstruction: Use of TNP in a woman with gluteofemoral
NSTI/NF at 8th postoperative day (left: arrow shows extrapelvic drain
tubes), and final result at 40th postoperative day in a patient with
perineal- lower abdominal/ groin wound and denuded testicles (right:
arrows show flap healing and covered testicles).

In survivors, closure of the residual tissue defects and “covering” of
denuded organs (i.e., testicles) was a scheduled procedure during the
initial admission (10 patients) or at planned re-admissions (10 patients).
Applied simple to complex reconstructive methods included either
repeat limited mobilization of wound edges and sectional suturing at
week intervals (9 patients) or true plastic procedures after the formation
of new granulation tissue (11 patients): creation of advancement
pudendal-thigh (anterolateral) flaps (usually, bilateral), or local split-
thickness skin grafts, component separation technique with restoration
of abdominal wall function, and use of bioprosthetic mesh (Figure 4).

After initial admission, the mean hospitalization of survivors was 28
days (range, 12-46), with those with perineal/urogenic foci having the
longer durations: 18-46 days vs 12-26 days for patients with infections
on extremities, gluteus or trunk. After discharge, 12 patients were re-
admitted for some days, either for planned residual wound
reconstruction (10) and requested ostomy closure (1) or for surgical skin
infection-disruption requiring intervention (1). All survivors were
followed-up for at least one year after index surgery. No recurrence of
NSTI/NF was encountered.

Discussion

Necrotizing infections are polymicrobial/synergistic in ~80% of cases
(mostly, type 1) and monomicrobial in ~20% [2, 5, 11]. NF, the worst of
all NSTIs, has a reported incidence of 0.4 cases per 100.000 adults per

year [2]. The present series comprises mostly septic patients with
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perineal and/or urogenic focus of inflammatory origin. Patients of this
group had greater number of bacteria and they had larger and more
composite tissue defects after the index surgery; survivors (all 4 deaths
belonged to this group) required more operative procedures and longer
hospitalization than patients with dermal foci. Actually, a subgroup of
diabetic patients with extended affected areas involving the perineum,
external genitalia, lower abdominal wall, and upper thigh(s), originating
from non-clearly identified inflammatory focus, either perineal/anorectal
or genitourinary, had the worse prognosis. It has been postulated that
infecting bacteria in these difficult cases are probably passing through
the Buck’s fascia of penis and spreading along the Darto’s fascia of penis
and scrotum, the Colle’s fascia of perineum, and the Scarpa’s fascia of
the lower abdominal wall [2, 6, 7, 9, 11, 19].

NSTI/NF remains associated with a heavy mortality, despite the
improvement in critical care, usage of broad spectrum and targeted
antibiotics, and the aggressive surgical debridement. However, over the
last fifteen years, mortality has decreased to 13%-43% in reported series
[2-5, 8, 20-23]. The mortality rate in our cohort (16.66%) compares
favourably with the combined published mortality rate. Unfavourable
outcome is affected by the delayed or inadequate index surgery, the
degree of MODS on admission (delay in presentation), the high
virulence of certain bacteria and the presence of severe concomitant
illness[ 2, 6, 7, 16, 19, 22-27]. The relative risk of death was 7.5 times
greater with improper primary necrectomy in the study of Mock et al.
[24], and it was 9 times greater when index surgery was delayed more
than 24 hours in the study of Wong et al. [23]. The multivariate analysis
in the series of Jerraya et al. [19] retained the extension of gangrene
beyond the perineum as an independent predictive factor of mortality
(p=0.004). This was a clear observation in our present cohort, as it was
the delayed presentation in our previous relative research [28, 29]. We
also maintain that diabetics, representing half of our patients, mostly
presented with delay, associated with all cases of unfavourable outcome,
appear to be particularly at greater risk. Amputations (“guillotine” type)
are sometimes inevitable for patients when the affected limb is not viable
or not expected to be functional after the debridement [4, 8, 22].
Fortunately, in this series, we haven't been confronted with such a
necessity. Awareness is advocated in patients with sudden onset and
rapid progression of a suspected soft-tissue infectious disease [3, 5, 16,
22]. A meticulous physical examination and a clear understanding of the
clinical picture have paramount importance in establishing an early
diagnosis of NSTI or NF [2, 3, 11, 16-18, 22]. Early clinical findings
generally emphasized are the swelling-erythema with tenderness and
disproportional pain [5]. Only 6 (25%) of our patients were presented
early in the course of their disease. However, in the early phase, the
spread and extent of infection do not correspond with the overlying skin
changes, the clinical diagnosis may be ambivalent, and the unskilled
surgeon might not clearly determine the seriousness of a progressed
disease that takes place under the skin and into the subcutis. On the other
hand, the hallmark symptoms of prolonged NF, especially on the
perineum and extremities, include intense pain and tenderness over the
involved skin and underlying muscles [2]. With either the presence of
obvious skin necrosis or not, the presence of tissue crepitus (encountered
in more than half of all NF cases) or skin anaesthesia (due to destruction
of cutaneous nerves) are late findings of more severe disease [22].
Concluding, the diagnosis of NSTI/NF relies on clinical findings which,
however, can further be supplemented by clinical and laboratory scores
such as the Fournier's Gangrene Severity Index and the LRINEC score
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[2,3,5,7,9, 17, 22]. Imaging is important for diagnosis in equivocal
cases and for assessment of infection extent and severity [2, 5, 6, 17, 22].

The suggested approach is that sepsis is treated immediately according
to the Surviving Sepsis Campaign Guidelines [30]. Intentionally,
Infectious Diseases Society of America (IDSA) guidelines support
prompt and aggressive wide surgical excision of infected tissue,
accompanied by appropriate antibiotic therapy [31]. Many investigators
postulated that encouraging recovery, especially of the more severe
cases with NF affecting large body areas, and favourable final outcome
are positive only after a multidisciplinary approach [2, 5, 11, 15, 22, 26].
Contemporary dilemmas about how long to use antibiotics also exist [2,
4, 8, 22]. TNP therapy for large wounds has been reported to securely
remove exudates, reduce bacterial contamination, and promote better
healing, and we support its use [2]. Finally, although well-conducted
trials evaluating the efficacy of IV immunoglobulins (i.e., for GAS
infection) and hyperbaric oxygen (i.e., for Clostridia) are lacking,
scattered case reports and observational studies show no obvious
survival benefit to therapy [2, 5, 22].

In our study, the polymicrobial infection identified by wound cultures
was the dominant cause of either the NSTI or NF. Our therapeutic regime
covered a broad spectrum of anaerobes and Gram-positive and Gram-
negative organisms; repeat culture results with sensitivities to antibiotics
guided further appropriate adjustment to more targeted treatments.
Importantly, ~ we  never  delayed the index  surgical
necrectomy/debridement in the fraudulent hope of correcting firstly
hemodynamic instability, because septic state reversal will not occur
until all of the infected and necrotic tissues have been timely removed.
Time to wait for the first surgery ranges from 3 hours to 36 hours in the
existing literature [2, 5, 18, 22, 32]. In this series, rapid improvement
after the earliest (within 4 hours) and the as widest as possible index
necrectomy was observed in all but four of our patients, besides that
survivors required some repeat further limited excisions or new
incisions. The clinical course of the infection was never improved in four
patients with much delay in presentation and the worst necrosis beyond
the perineum, who had a colectomy or colostomy at index surgery, had
undergone additional serial debridements, but finally died due to
uncontrolled sepsis. Practice guidelines for best management of
NSTI/NF after initial necrectomy/debridement and administration of
antibiotics do not exist [2, 4, 5, 9].

Conclusion

High index of suspicion is the prerequisite for an early clinical diagnosis
of NSTI/NF, which is especially challenging in ambivalent cases with
minimal local signs. Awareness is advocated in patients with sudden
onset and rapid progression of a suspected soft-tissue infectious disease.
Clinical physical examination, coupled with cultures, imaging and
surgical exploration may confirm the initial suspicion. The treatment of
NSTI/NF is multidisciplinary. It is initiated promptly, including
intensive resuscitation, and supporting of the patient in shock, and
simultaneous surgical radical excision of affected tissues and
administration of wide-spectrum antibiotics. The mainstay of treatment
entails an aggressive approach with extensive and, if required, repeated
necrectomy/debridement to completely control the progressing sepsis in
the soft tissues. Contributors for final favourable outcome are the close
wound care, the de-escalation to targeted antibiotic therapy after culture
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results, the nutritional support, the appropriate rehabilitation, and the
timely plastic reconstruction to cover denuded organs and reconstruct
residual tissue defects. Unfavourable outcome is affected by the delayed
or inadequate index surgery, the degree of MODS on admission, and the
severe concomitant illness.
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