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ABSTRACT 

Necrotizing fasciitis (NF) is still remained a dreaded disease with high morbidity and mortality due to rapidly progres-
sive necrotizing infection. Objective: Review recent available literature on necrotizing fasciitis (NF) and compare it 
with our publications. Data and Source: Local and international published literature on NF from early nineties to 2012; 
Midline and pub Med literature search using the term “necrotizing fasciitis”. Data Synthesis: NF is more common in 
male patient, it is frequently polymicrobial. Common site of NF is the extremities. NF is classified according to the mi-
crobes. Common co-morbid condition associated with NF is diabetes mellitus. Minor trauma and surgery are the major 
etiological risk factors for NF. There seems to be significant correlation between the use of non steroidal anti-inflam-
matory medication (NSAID) and NF. Severe pain disproportionate to injury is the presenting symptom. Laboratory risk 
indicators for necrotizing fasciitis (LRINEC) score will diagnose NF early in emergency clinics. Tissue biopsy is the 
gold standard for the diagnosis of NF. Pathophysiology of NF is rapid horizontal spread of infection with fascial necro-
sis and secondary vertical involvement of skin. More than 90% of NF patients need intensive care therapy. Early and 
bold debridement in combination with brave organ supportive intensive care will have better outcome of NF patients. 
Conclusion: High index of suspicion and knowledge is essential for early diagnosis of NF. Finger test and LRINEC 
score may help in early diagnosis. Early debridement, proper antibiotics and organ supportive intensive care will im-
prove morbidity and mortality of NF patients. 
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1. Introduction 

Necrotizing fasciitis (NF) is a rapidly progressing, in- 
flammatory infection of the fascia with the secondary 
involvement of skin, subcutaneous tissues and muscle [1]. 
NF is a limb and life threatening surgical emergency; we 
added the term medical emergency as it requires emer-
gent and aggressive medical care as most of these pa-
tients are managed in the intensive care unit [2]. Various 
terminologies are used describe necrotizing fasciitis (NF) 
such as hospital gangrene, streptococcal gangrene, acute 
dermal gangrene, Fournier’s gangrene suppurative fas-
ciitis, synergistic necrotizing cellulites. NF is a severe 
form of soft tissue infection. 

NF is recognized as dreaded disease from the days of 
Hippocrates; Fournier in late eighteen century docu-
mented necrotizing infection of the perineal and genital 
area; which is still known as Fournier’ gangrene. Wilson 
in 1952 gave the term ‘necrotizing fasciitis’ to describe 
the disease and it is the preferred terminology in these 
days, as it describes the most consistent and key features 
of the disease; the fascial necrosis. Necrosis means death 

of a portion of the tissue and fascia is fibrous tissue that 
encloses muscle [3].  

NF in last century occurred sporadically mainly during 
the war time and it was monobacterial; but recently its 
occurrence in civilian population is on rise and it’s 
mainly polymicrobial and methicilin resistant staphylo-
coccal infection (MRSA) [4].  

High morbidity and mortality associated with NF 
makes it an emergency; early debridement will have a 
favourable outcome. Hence, it is a surgical emergency. 
More than 90% of NF patients will also need intensive 
care and organ supportive therapy; that makes NF a 
medical emergency. Up to 46% of NF patients may need 
limb amputation or disarticulation [2]. All above expla-
nations dictate that the NF a limb and life threatening 
surgical as well as medical emergency. 

2. Epidemiology 

One has to be careful about the difficulties to record ac-
tual incidence of NF due the confusion by various epo-
nyms of necrotizing fasciitis. In USA the NF occurs in 
4.3 per 100,000 of the population [2]. In UK it is re-*Corresponding author. 
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ported that 500 new case of NF per year [5]. In our study 
94 patients were admitted to the surgical intensive care 
unit over a period of 10 years [6]. NF commonly occurs 
in male with male:female ratio of 3:1, it more frequently 
affects the extremities [6]. In our study 54% of the pa- 
tients had NF of the extremities. Anaya et al. had 58.7% 
of their patients had NF of the extremities [7]. NF in- 
volving perineum and genitalia occurs in 20%; chest, 
flanks, shoulder as well as hip and gluteal area are in- 
volved with NF in 8.5% of the patients. Fortunately ab- 
dominal and cervical necrotizing fasciitis are rare (5.3% 
and 2.1%, respectively) [8]. NF is rare in pediatric and 
neonatal age; rarely reported NF affecting scalp [9].  

3. Classification 

Necrotizing fasciitis is classified according to the area 
involved and microbes causing necrotizing fasciitis. 
When the NF occurs without any initiating events it is 
called as idiopathic necrotizing fasciitis [9]. According to 
the body area involved with the necrotizing fasciitis; it is 
called: 1) Cervical necrotizing fasciitis, when area in-
volves head and neck; 2) Abdominal necrotizing fasciitis 
(Meleney’s gangrene); 3) Fournier’s gangrene: Perineum 
and genitalia necrotizing fasciitis. 

According to microorganism causing necrotizing fas-
ciitis; it is classified into four groups. 

3.1. Type I Necrotizing Fasciitis 

This type of NF is a polymicrobial, often bowel flora 
derived and synergistic infection; tissue culture will show 
a mixed growth of anaerobes and aerobes. It is common 
type of NF; frequently occurs in patients with diabetes 
mellitus. Type 1 NF common to occur in perineum and 
trunk of the body [6-8].  

3.2. Type II Necrotizing Fasciitis 

It is a monobacterial, skin or throat derived infection, 
often the causative organism will be either Group A/B 
hemolytic streptococci alone or in combination with the 
staphylococci. Even staphylococci alone can also cause 
this type of NF [6].  

Type 2 NF commonly occurs in young and immune- 
competent patients. Type NF due to MRSA is increasing. 
Frequently involved areas of the body with this infection 
are the extremities. Type 2 NF occurred in 43% of our 
patients. Usually these patients will have toxic shock 
syndrome and multiple organ dysfunctions [6-8].  

3.3. Type III Necrotizing Fasciitis 

This is the fulminant form of NF. It is caused by gram 
negative bacteria, commonly by marine-related organ-
isms. Typically occurs after punctured wound from fish 

or cut injury or an insect bite exposed to the sea water. It 
is a hyper acute infection, causes septic shock and 
MODS within 12 to 24 hours of injury; if not detected 
early it will leads to 100% mortality [10]. In a study from 
Hong Kong showed 83% of their totals NF were type 3 
[2]. We had reported a case of type 3 NF of the forearm, 
caused by the Aeromonas sabori; patient developed sep-
tic shock with MODS with in 12 hour of injury [11].  

3.4. Type IV Necrotizing Fasciitis 

This type of NF occurs in immunocompromised or se-
vere trauma patients. It is caused by fungal infection. It 
can rapidly spread and leads to severe NF. It caused by 
candida or Mucor and Rhizopus species (Table 1).  

4. Risk Factor 

Diabetes mellitus is one of the commonest risk factor for 
the NF; Chueng et al. reported that up to 57% of their 
patients had diabetes mellitus [2]. In our study 53% of 
the patients were diabetic; we also reported other risk 
factors for NF; Hypertensive disorders (25% Patients), 
cardiac diseases (15%), chronic airway diseases (5.3%) 
and brachial asthma in 2.1% of the NF patients [6].  

There seems to be significant correlation between de-
velopment of NF and use of non-steroidal anti-inflam-
matory (NSAID) drugs. Souyri et al. claimed a signifi-
cant association the NF and use of NSAID with OR = 
31.4; 95% CI, 6.4 - 15.3 [12]. In our study 50% of NF 
patients had received NSAID before presenting to the 
hospital [6]. NSAID suppresses cytoprotective effect of 
prostaglandins; and as these medications reduces pain, 
while the disease process is continued resulting in late 
presentation to the hospital. We also found that minor 
trauma (11.7%), surgical procedure (10.6%) and insect 
bite were etiological risk factors for the development of 
NF [6] (Table 2). 

5. Clinical Presentation 

NF can affect any region or part of the human body. The 
major clinical suspicion of NF should arise when patient 
complains of severe pain disproportionate to the local 
injury. 

Common presenting sign and symptoms of NF are se-
vere pain, swelling and redness in 78% - 100% of these 
patients. Fever in 86% of NF patients, 33% will be pre-
senting as hypotension. Forty percent of NF patients will 
have local crepitus and blistering. 24% of them had local 
hypoesthesia or anesthesia and 23% of NF patients will 
be disoriented at the presentation [13]. Tang et al. re-
ported all of their NF patients had severe pain at the site 
of NF, 58% had tenderness and swelling whereas ery-
thema was present in 50% of patients. Interesting but 
significant finding in Tang et al. study was that 79% of 
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Table 1. Types of necrotizing fasciitis (NF). 

Type I Polybacterial and common 

Type II Monobacterial/fulminant 

Type III Marine bacteria/fulminant 

Type IV Fungal 

 
Table 2. Risk factors for necrotizing fasciitis. 

Age > 50 years 

Malnutrition 

Intravenous drugs abuser 

Diabetes 

Chronic liver disease 

Chronic kidney disease 

Steroids 

Malignancy 

Obesity 

Peripheral vascular disease 

Minor trauma 

Surgical procedure 

Insect bite; Hypertensive disorders; Cardiac diseases;  
Chronic airway disease. 

 
the NF patients presented to the hospital in toxic shock 
syndrome [14]. 

To summarize the initial presentation of NF, all pa-
tients will have severe pain in the affected area or whole 
limb. There may be signs of trivial injury or skin opening. 
Patient will be dehydrated and looks sicker. If patient 
present within 3 - 4 days, the area may be swollen, warm, 
rash and affected limb or area might have large, dark 
colored marks which progress into the blisters, than 
Wounds becomes necrotic. Wang et al. graded the der- 
matological manifestations of NF into 3 stages depending 
on early or late presentation of NF patients [15] (Table 
3). 

6. Diagnosis 

Diagnosis is the important but difficult aspect of the 
management of NF; initially patients’ manifestations are 
benign and confusing and no any initial specific sign is 
not diagnostic of NF. It is a common mistake to diagno-
sis NF as cellulitis, which will dilute the patient care. 
Patient with NF looks sicker on presentation to the 
emergency department and few basic blood investiga-
tions (complete blood count, serum electrolytes and acute 
phase proteins) will be done on presentation. 

Wong et al. depending on hypothesis that these basic 
above mentioned profiles may help in the early diagnosis 
of NF, did a comparative study between cellulitis and NF; 

designed the laboratory risk indicatotors for necrotizing 
fasciitis (LRINEC) score. It is a numerical score (Table 
4) with a total of 13. If LRINEC score of 6 or greater has 
positive predicative value for NF of 92% and negative 
predicative value of 96%. A LRINEC score 8 and above 
will have a stronger positive predicative value with a 
specificity of 95% (Table 4) [16]. 

The beauty of the LRINEC score is its easy to calcu-
late and parameters are often readily available in the em- 
ergency department; which will facilitate early diagnosis. 
In our study we found that almost all our NF patients had 
fever and leucocytosis on presentation to the emergency 
department [6]. The tissue oxygen monitoring with the  

 
Table 3. Stages of necrotizing fasciitis. 

Stage1/Early Stage2/Intermediate Stage3/Late 

Erythema Blisters Crepitus 

Swelling Bullae Anesthesia 

 Warm skin Skin necrosis 

 
Table 4. LRINEC sore. 

Value Score 

C-reactive protein (mg/L)  

<150 0 

>150 4 

Leukocytosis  

<15,000 0 

15,000 - 25,000 1 

>25,000 2 

Hemoglobin (g/dL)  

>13.5 0 

11 - 13.5 1 

<11 2 

Serum sodium(mmol/L)  

>135 0 

<135 2 

Serum creatinine (mg/dL)  

<1.6 0 

>1.6 2 

Glucose (mg/dL)  

<180 0 

>180 1 
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near-infrared spectroscopy for the diagnosis of the NF, 
looks a promising tool but required a properly designed 
studies to support its use [17]. 

Imaging studies also claimed to be useful in the diag-
nosis of the NF, but one should be very careful not to 
waste the life saving time, while waiting for the imaging 
studies. 

Plain x-ray can show soft tissue swelling or subcuta-
neous gas, but it is not of any value for diagnosing NF. In 
a low powered, retrospective study ultrasound examina-
tion correlated with histopathology of NF. However as it 
is operator dependent; it reported to have missed few 
histological apparent NF [18]. Ultrasound guided aspira-
tion of the Peri fascial fluid can help in isolating organ-
ism and narrow spectrum antibiotic therapy [19]. Com-
puterized tomography (CT) scan is documented to have 
sensitivity of 80% in diagnosis of NF; it will show fascial 
edema, and thickening with or without gas formation 
[20].  

Literature suggest Magnetic resonance imaging (MRI) 
is highly sensitive (90%) but not specific (50% - 80%) in 
the diagnosis of NF. Hence MRI shows more positive NF; 
and MRI is not routinely available for 24 hours and in all 
the hospitals [21].  

7. Surgical Diagnosis 

Mainly two surgical modalities are available for the di-
agnosis of the necrotizing fasciitis. 

Finger test: This was described by Andreasen et al. A 
2-cm long incision under local anesthesia is made in the 
affected area, lack of fascial resistance, active bleeding 
and foul smelling fluid will constitute a positive finger 
test; which will be diagnostic of necrotizing fasciitis [22]. 
Biopsy/Frozen section biopsy: Majeski et al. supported 
the idea of frozen section biopsy; they also demonstrated 
that it diagnoses NF early and hence reduces the mortal-
ity. But it needs dedication and willingness of a patholo-
gist familiar with the interpretation of NF [23]. 

Gold standard for detecting and diagnosing necrotizing 
fasciitis is biopsy either tissues taken during or after the 
debridement [2]. 

8. Pathophysiology 

Necrotizing fasciitis pathophysiology is hall mark by 
trivial injury but rapidly progressive necrotizing infection 
of the superficial fascia. It is essential to understand the 
pathophysiology of NF it discerning the presentation of 
the dreaded disease. 

In necrotizing fasciitis the primary site of infection is 
superficial fascia, than the infection rapidly spread 
through the fasical planes (horizontal spread) without 
involvement of skin. This horizontal spread start with 
initial trivial injury, the bacteria get lodged into the su-

perficial fascia, proliferate and produces hyaluronidase 
enzymes. This enzyme causes degradation and necrosis 
of the fascial layers; creates more favorable atmosphere 
for bacterial growth and rapid, uncontrolled spread of 
infection. This is the reason that patients become sicker 
without significant local manifestations. As the disease 
evolves, vertical spread of infection occur leading to the 
involvement of skin, subcutaneous tissue, deeper fascia 
and muscles [24]. 

Once the necrosis of the superficial fascia occurs, it 
causes leucocyte infiltration in the deeper fascia, dermis, 
thrombosis and suppuration of veins and arteries passing 
through the fascia. This leads to occlusion of the dermal 
nutrient vessels and causes progressive ischemia and 
gangrene of the overlying skin [24].  

In type II necrotizing fasciitis the causative organism 
streptococcus produce a large number of virulence fac-
tors; which damages host tissues by inactivating poly-
morphonuclear cells. Whereas the exotoxin secreted by 
these bacteria enhances the virulence and accelerates 
progression of the infection [25].  

Streptococcus and staphylococci produces surface an-
tigen M1, M3, exotoxins A, B, C streptolysin O, and su-
per antigens. An M protein increases adherence ability of 
these bacteria, which helps microbes in avoiding the pha- 
gocytosis. Exotoxin A and B causes loss of vascular in-
tegrity, which leads to capillary leakage and tissue edema 
[23,24]. Over all effects of all these above mentioned 
virulent factors cause much rapid spread of infection in 
type2 NF; hence these types of patients frequently pre-
sent with the toxic shock syndrome and multiorgan dys-
function syndrome. 

9. Treatment 

Bold early surgical debridement, appropriate early anti-
biotics and brave medical organ supportive intensive care 
is essential for better outcome of NF patients. Early and 
aggressive debridement of all necrotic tissues until the 
tissue start to bleed is the pillar of NF management and 
may need more than one debridement; hence repeated 
wound examination is mandatory, and these patients’ 
needs on average two or more setting of debridement [6]. 
Delayed or incomplete debridement will increase the 
morbidity and mortality, toxemia, dehydration and bio-
chemical disorders [26].  

In NF surgical debridement of necrotic tissue within 
24 hours of presentation to the hospital has significantly 
better outcome than the delayed debridement done (6% 
verses 25%) [27]. Repeated aggressive debridement de-
crease mortality in the NF patients [28].  

NF patients wound care has to be taken meticulously. 
These wounds should be washed and dressed with the oc-
clusive, adsorptive dressing with bandage two to three 
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times in a day. It is recommended to use antibiotic dress-
ing (1% povidone iodine or silver sulfadiazine) [29].  

Perineal, perianal or scrotal wounds requires special 
considerations, it may be necessary to perform diverting 
colostomy, cystostomy or both to facilitate the granula-
tion formation and wound hygiene [29].  

Along with the aggressive surgical debridement, 
proper medical therapy is the essential part of manage-
ment of NF patients. All NF patients with even mild 
multi-organ dysfunction syndrome (MODS) should be 
admitted to the intensive care unit. Antibiotics therapy 
should be started as soon as blood samples were taken 
for microbiological work-up. Common type of NF is 
polymicrobial; initial antibiotic regimen should include 
agents effective against gram positive cocci, gram nega-
tive bacilli and anaerobes. Initial antibiotic therapy will 
have two antimicrobial agents. One of these should be 
clindamycin [23]. Clindamycin has few added advantage 
in these patients, the efficacy of clindamycin is inde-
pendent of inoculum size or bacterial growth, it is a po-
tent suppressor of the bacterial toxins, its sub-inhibitory 
concentration also facilitates phagocytosis, it reduces the 
synthesis of penicillin binding proteins, have a longer 
post antibiotic and immuno-modulating effect (as it in-
hibits the synthesis of tumor necrosis factor) [30]. 

In our decade long experience in the treatment of NF, 
most of theses patients received two antibiotics, and 
commonly used antibiotic were Tazocin® (73%) and 
clindamycin (64%) [6]. As soon as microbiological re-
sults were available we should narrow the antibiotic 
spectrum (Table 5).  

Intravenous immunoglobulins (IVIG) are useful in pa-
tients with NF with toxic shock syndrome. As they n 
tralizes the super antigens; β hemolytic streptococcal 
activity on cytokine release and reduces the plasma tu- 
mor necrosis factor and interleukin 6 levels [27]. Kaul et 
al. in their case controlled study demonstrated that IVIG 
use in toxic shock syndrome yielded 67% survival when 
compared to the control group 34% [31]. 

Organ supportive therapy and resuscitation is a con-  
 

Table 5. Antibiotics use in necrotizing faciitis. 

Antibiotics Count Percentage (%)

Tazocin 69 73.4 

Clindamycin 60 63.8 

Metronidazole 21 22.3 

Amikacin 13 13.8 

Ceftriaxone 11 11.7 

Gentamycin 4 4.3 

Vancomycin 3 3.2 

tinuous process in NF patients. As high a 79% of these 
patients will require invasive ventilation and 70% will be 
on vasopressors [32]. NF patients may progress to the 
other organ dysfunction. NF patients have a large volume 
of extracellular fluid sequestration as well as dehydration; 
in our study we reported that NF patients required aver-
age 5 liters of fluid resuscitation in initial 24 hours of 
admission. These patients need blood and blood products 
as result of severe sepsis and surgical interventions. In 
our series NF patients received at least 2 units pack red 
blood cells, 4 units of fresh frozen plasma and 5 units of 
the platelet concentrate within 24 hours of admission [6].  

Adequate nutrition support is important for the better 
outcome of NF patients. Early enteral feeding will have 
obvious benefits, and in acute phase of NF it is recom-
mended to supplement twice of basic caloric requirement 
[22,33].  

Use of hyperbaric oxygen therapy (HBOT) in NF pa-
tients remains a controversial issue. It is advised that 
HBOT should be given in the post-debridement period. It 
should be taken care that transfer of NF to a hospital 
equipped with the HBOT should not delay the emer-
gency debridement surgery. There are no large, random-
ized controlled study trails in support of beneficial ef-
fects of HBOT in NF patients. HBOT increases the oxy-
gen saturation in the infected tissues by 1000 folds; has a 
bacteristatic effect, improves polmorphonuclear function, 
stops spread of the disease processes and enhances the 
wound healing. The standard HBOT is 2 to 2.5 atm for 
90 to 120 minutes twice daily [34].  

Once these NF recovered from emergent phase may 
require reconstructive surgery. NF patients often have a 
massive loss of skin and subcutaneous tissues. Type of 
reconstructive surgery is dictated by the amount of soft 
tissue or skin is loosed. The reconstructive surgeries can 
be skin graft, rotational flap surgeries or a biological 
mesh repair [35].  

The tropical negative pressure therapy has been re-
ported to improve wound healing by removing exudates, 
covering wound securely and by stimulating angiogene-
sis [29]. 

10. Complications 

NF can leads to various complications. These patients may 
have septic shock or toxic shock syndrome and multi-or- 
gan dysfunction syndrome (MODS); upto 79% of these 
patients requires invasive ventilation and 70% will be on 
vasopressors [31]. If infection is not controlled and pro-
gressive inspite of debridement may need amputation; 
the percentage and rate of amputation varies. The risk fac-
tors for amputation are myonecrosis, unremitting shock, 
concurrent vascular insufficiencies, rapidly progressing 
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infection and large area of soft tissue necrosis [2].  
A small Turkish study reported 40% of NF patients 

had above or below knee amputation [36]. According to 
Mouzopoulos et al. 23% of NF patients required amputa-
tion or limb disarticulation [37]. We published few un-
usual complications; 6.4% of our patients had ventricular 
tachycardia, 5.3% had compartment syndrome, one pa-
tient had tension pneumothorax due to the raptured post 
type II necrotizing fasciitis pneumocel [6] and one pa-
tient had acute myocardial infarction [38].  

11. Prognosis 

Necrotizing fasciitis has a mortality of 20% to 75% [2]. 
Necrotizing fasciitis in pediatric and neonatal age has 
higher mortality of 52% and 72% respectively [9]. Most 
important risk for the mortality is delayed surgical inter-
vention; if the surgical intervention delayed for 24 hours 
or more causes significant increase in mortality; other 
risk factors for increased mortality are older age, diabetes 
mellitus and two or more co-morbid disease [2-26]. In 
our study there was no significant difference in mortality 
of diabetic and non-diabetic NF patients [39]. Ogilvie et 
al. reported other factors leukocytosis of more than 30 × 
109, hyperkalemia, increased partial thromboplastin time 
and low PH on admission will increased mortality NF 
patients [40]. Hsiao et al. found that Vibrio and Aero-
monas infection, hypotension on admission and malig-
nancy were associated with increased mortality in NF 
patients while presence of hemorrhagic bullae was asso-
ciated with reduced mortality [41]. Mortality according 
to the body area involved; necrotizing fasciitis of chest, 
axilla, and flanks as well gluteal region has highest as 
mortality (25%), Cervical NF has a mortality of 20% and 
NF involving perineum and genitialias has lowest mor-
tality of 10% [8]. Mortality according to the type of NF 
varies, Mortality of type I NF patients depends mainly on 
associated co-morbid conditions; type II NF has a mor-
tality of 32% depending on presentation, type III NF has 
a mortality of 30% to 40% and type IV NF has mortality 
of more than 40% [42].  

12. Prevention 

According to the center for disease control and preven-
tion; following are the recommendation for prevention 
and spread of NF [43].  

1) Good hand washes after coughing, sneezing and 
before/after the patient care. 

2) Keeping skin intact. 
3) Patients with an infected wound with fever should 

seek early medical care. 
4) Patients with sore throat should be seen by physi-

cian. 

13. Conclusion 

Necrotizing fasciitis is a life and limb threatening rapidly 
progressive necrotizing infection. It is commonly po-
lymicrobial and MRSA necrotizing fasciitis is on rise. 
NF more frequently affects male patients. NSAID use is 
increasingly blamed for NF. It is classified into 4 types 
depending on causative microbes, type II and III are ful-
minant forms of NF. All NF patients will present with 
severe pain which will be disproportionate to the local 
manifestations. Dermatological manifestations of NF can 
be graded into 3 stages depending on early or late pres-
entation. LRINF score, Finger test and frozen section 
biopsy will help in early diagnosis of NF. NF patho-
physiology is divided into two phases; initial early rapid 
horizontal spread of infection with fascial necrosis and 
then the secondary vertical involvement of overlying skin. 
Rarely NF can complicate into acute myocardial infarc-
tion and tension pneumothorax. Early bold debridement, 
earlier proper antibiotics in combination with organ sup-
portive intensive care therapy will improve NF patients’ 
outcome. Hence we labeled NF as surgical as well as 
medical emergency. 
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