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Introduction
Necrotising soft tissue infections (NSTIs) were 
first described in 1871 as ‘hospital gangrene’ 
and they continue to carry a high mortality 
and morbidity rate[1]. Necrotising soft tissue 
infections are, as the name implies, infections 
that affect the soft tissue by causing necrosis. 
They spread along the fascial layers and can be 
either monobacterial or multibacterial in origin. 

Although they are most often associated 
with surgical wounds, they can also 
occur in tiny cracks or breaks in the skin. 
They are considered surgical wound 
infections because the treatment involves 
surgical excision in addition to antibiotic 
administration, unlike non-necrotising soft 
tissue infections that require antibiotics only. 

However, in the years since NSTIs were 
first discovered, many classifications and 
terms have been used to describe them 

and there has been confusion surrounding 
their diagnosis and management[1–5]

This review will focus on the diagnosis, 
management and outcome of this condition. 

Microbiology
NSTI is classified into two types based on 
the microbial pathogens involved and the 
immune status of the patient[6].

Type 1 
Type 1 occurs in about 20% of cases. Patients 
are typically healthy young individuals 
with an uncompromised immune system. 
These infections are usually monomicrobial 
in origin and caused mainly by group A 
Streptococcal infection or Staphylococcus 
aureus. A few cases will be caused by 
Clostridium species, and when associated 
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The diagnosis and management of 
necrotising fasciitis
Necrotising fasciitis was first described more than a century ago, 
however, its diagnosis still represents a challenge for clinicians and 
the condition carries a high mortality rate. The management of 
necrotising fasciitis requires prompt diagnosis, early surgical excision 
and proper coordination between the multidisciplinary team to 
achieve the best outcome for the patient. This paper reviews the 
diagnostic tools used in identifying necrotising soft tissue infections 
as well as examining the microbiology, management and prognosis. 
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Figure 1: A six-year-old boy 
presenting with septic shock and 
rapid deterioration. The arrow 
points to areas of skin necrosis. Note 
that even though the scrotal skin 
was bluish in colour, the  
supra-pubic area was normal.
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with myonecrosis they carry a very high 
mortality[7]. Recently, increased cases of 
monomicrobial NSTI caused by methicillin-
resistant Staphylococcus aureus (MRSA) have 
been reported[8]. 

Most cases of type 1 NSTI are associated 
with penetrating injuries or abscesses[6].

Type 2 
Type 2 is the more common form of NSTI 
and is characterised by the presence of 
polymicrobial organisms of both aerobes and 
anaerobes. It usually occurs in people with 
compromised immune systems or those who 
are debilitated, especially those with diabetes 
mellitus or morbid obesity[6].

Multiple organisms have been 
reported including gram-positive cocci, 
Enterococci, Gram-positive rods, Gram-
negative organisms including Klebsiella 
and Escherichia coli, anaerobes and even 
fungi[1,7,9]. The presence of such a wide 
spectrum of organisms means that a range 
of antimicrobial medication is used initially, 
which can be adjusted according to the 
culture results[1,7,9].

Diagnosis
Early diagnosis is the key to survival for 
patients with NSTI[1,7]. It is very important to 
differentiate necrotising from non-necrotising 
infections, as the former require surgical 
treatment as well as antibiotics and the latter 
only requires antibiotics[1]. In addition, non-
necrotising soft tissue infections (like cellulitis 
and erysipelas) tend to occur in the skin layers 
themselves, whereas NSTIs tend to involve the 
fascial layers. 

Diagnosis has been made more difficult 
by the different terms used to describe this 
condition[5], but physical examination and 
taking an accurate patient history remain the 
mainstay for establishing a diagnosis. 

People who are more likely to have 
NSTI include those with a history of self-
injecting drug misuse (although NSTIs can 
occur with clinician-injected medication if 
the sterile technique has been violated), 
those with diabetes, a suppressed immune 
system and obesity[10-12].

However, it has been repeatedly shown 
in larger studies that about 20% of people 
who develop NSTI do not have any of these 
precipitating factors and have an idiopathic 
aetiology[13–15]. It has been observed that these 
idiopathic cases mostly occur in people infected 

with group A Streptococcus[1], or MRSA[8]. 
Initial symptoms to look for when 

examining a patient with suspected 
NSTI include pain, swelling, erythema 
and tachycardia. These will progress to 
discolouration, blister formation, eschar 
formation, crepitus, swelling outside the area 
of skin changes and pain out of proportion 
to the physical findings [Fig 1][1]. 

Of these symptoms, the authors find a 
disproportionate pain level to be a crucial 
indicator of NSTI. It has been found, 
however, that although these signs and 
symptoms are highly specific for NSTI, their 
sensitivity is low as they are present in only 
10–40% of patients[16, 17]. 

In most cases, especially those caused by 
monomicrobial organisms, the progression 
of the signs and symptoms is rapid but 
conversely progression can be very slow, 
making accurate diagnosis challenging[1]. 

Several diagnostic tools have been 

Value LRINEC 
points

C-reactive protein (mg/dl)

<150 0

>150 4

White blood cell (cells/cc)

<15 0

15–25 1

>25 2

Haemoglobin level (g/dl)

>13.5 0

11–13.5 1

<11 2

Sodium level (mmol/dl)

> 135 0

< 135 2

Creatinine level (mg/dl)

< 6 0

> 6 2

Glucose level (mg/dl)

< 180 0

> 180 1

Table 1 – LRINEC score variables.
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n	 If the score is 5 or less, then the probability 
of NSTI is low (less than 50%)

n	 If the score is 6 or 7, then the probability of 
NSTI is 50–75%

n	 If the score is 8 or more, then the 
probability of NSTI is very high (more than 
75%). 

This tool was found to have a high 
positive predictive value (92%) and also a 
high negative predictive value (96%) for 
intermediate and high-risk groups[1, 11]. 

Another test, the Acute Physiology, Age 
and Chronic Health Evaluation (APACHE II) 
score has been found to be non-specific for 
NSTI diagnosis, but helpful in predicting the 
prognosis for people with the infection[9, 19]. 
Yilmazlar et al[19] reported that patients who 
had an APACHE II score greater than 13 had 
an 86% mortality rate. All patients who died 
during the study had an APACHE II score of 
greater than 20. 

All of these scores and laboratory 
parameters are supposed to aid in diagnosis, 
but it is important to remember that none of 
them replace the physical examination and 
assessment of an expert physician in making 
an early and accurate diagnosis[9].

Imaging studies 
X-ray, ultrasound, computerised 
tomography (CT) scan and magnetic 

investigated that could be used in 
conjunction with clinical findings to help 
make a diagnosis as early as possible[18], 
including laboratory studies, imaging 
studies and pathological examination[1]. 

Laboratory studies
Wall et al[10] retrospectively studied the 
admission variables for necrotising and non-
necrotising infections and reported that a 
white blood cell count greater than 15,400 
x 103 cells/cc, or a serum sodium level less 
than 135mmol/L were associated with a 
necrotising infection. When combined, these 
two parameters had a very high negative 
predictive value of 99%, indicating that they 
are a good tool for ruling out NSTI. However, 
the positive predictive value was very low 
(26%) indicating a very low specificity.

More recently, a laboratory score was 
created by Wong et al[17] to differentiate 
between necrotising and non-necrotising 
infections. Called the 'Laboratory risk 
indicator for necrotising fasciitis score’ 
(LRINEC), it identified six independent 
laboratory variables associated with NSTI 
and gave each one of them a number of 
points [Table 1]. 

The summation of the points gives a score 
that ranges between 0–13. Three groups 
were then identified according to their risk 
for NSTI:
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Figure 2: A 40-year-old man who presented with rapidly extending NSTI of the genital and lower abdomen area. 
Note the fascial necrosis and infection despite normal overlying skin.
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resonance imaging (MRI) have all been 
evaluated for their usefulness in diagnosing 
NSTI. X-ray can only show subcutaneous 
gas, which proves the presence of gas-
producing bacteria such as E. coli or 
Clostridium species[1,20]. This means that 
X-ray is highly specific, but with low 
sensitivity, as it can miss many of the NSTIs 
caused by non-gas-producing bacteria. 

CT scans have the advantage of being 
able to diagnose deep abscesses or other 
indicators of NSTI[20-22]. The major limitation 
of CT scans, however, is that they indicate 
the presence of NSTI by comparing the 
thickness of the fascial layer of an involved 
area with a non-involved area, rather than 
with an area exhibiting non-necrotising 
infection. Therefore, they do not distinguish 
between different infections[20–22]. Another 
disadvantage to using CT scans is that 
patients with suspected NSTI are often 
in shock and thus the use of intravenous 
contrast is contraindicated to avoid kidney 
damage[20]. 

Ultrasound imaging has the same 
limitations as CT scans because it only 
compares the fascial layer[23].

MRI scans do show oedema in the tissues 
but have a major limitation in that any 
contrast enhancement only highlights the 
edges of a necrotic area, not the necrosis 
itself[20]. In addition, MRI tends to overestimate 
necrosis because it cannot distinguish 
surrounding non-infectious oedema[20]. 

General consensus in the literature is that 
if performing imaging studies for NSTI is 
going to delay treatment then they should 
not be performed due to the need for early 
surgery in these patients[1, 20].

Pathological 
examination 
Two studies looked at the outcome of 
frozen section pathological examination on 
a biopsy that included fascia and muscle 
layers[24, 25]. They reported a decreased 
mortality rate compared with historical 
controls, however, this might be due to 
the clinical suspicion that led to the early 
ordering of the frozen section biopsy rather 
than to the biopsy itself[1]. 

In the authors’ experience, if there is 
any doubt about the diagnosis, they will 
perform a small incision down to the fascial 
layer. If there is pus or necrosis then this 
confirms the diagnosis and fascial excision 

Practice development The diagnosis and management of necrotising fasciitis

proceeds [Fig 2]. This strategy has been very 
helpful in confirming clinical suspicion after 
frozen section or other imaging studies 
while reducing any delays to surgery. 

Management
Like any other surgical infection, the 
management of NSTI relies on three main 
principles:
n	 Source control
n	 Correct antimicrobial administration
n	 Organ support[1].

NSTI is a perfect example and 
demonstrates the importance of immediate 
source control[26]. Without complete surgical 
excision of all infected tissues, mortality 
increases and may approach 100%[1, 27–29]. 

Skin bridges and flaps should be 
avoided because they can be the source 
for expanding pockets of fasciitis and 
micro-abscesses[9]. Frequent monitoring 
and assessment of these patients 
postoperatively is mandatory as they may 
require another visit to the operating room 
for further debridement[9, 30]. 

Concomitant with early and complete 
surgical excision is the administration of 
broad spectrum antibiotics to cover the 
wide range of possible infection-causing 
organisms[1]. Antimicrobials should 
include penicillin (for the Gram-positive 
bacteria), clindamycin (to inhibit the 
secretion of Streptococcal exotoxin), and a 
fluoroquinolone or an aminoglycoside (for 
the Gram-negative bacteria)[1, 9, 26, 31]. 

With the increasing incidence of 
community-acquired MRSA and its 
involvement in mono or polymicrobial 
NSTI, the addition of vancomycin to the 
antimicrobial regimen is recommended until 
cultures show the absence of MRSA[1, 8, 32]. 

The antimicrobial regimen should 
continue until organ system failure stops 
and the wound status improves. It should 
also be adjusted according to the final 
culture results[1]. 

Organ support, whether respiratory, 
circulatory or any other system, should 
be continued until the system improves[1]. 
Nutritional and fluid support should not be 
neglected, particularly for patients with large 
open wounds[9]. 

Wound coverage should be carried out 
within a few weeks of improvement and  
is usually performed by applying  
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Hyperbaric oxygen therapy has also 
been recommended as an adjunct to 
treatment[40-42], however, the evidence is still 
controversial and hyperbaric oxygen therapy 
use should not interfere with early and 
complete surgical excision[9]. 

Other adjunctive techniques have been 
reported and small case series have been 
performed on the use of immunoglobulin G 
(IgG), plasmapheresis or activated protein 
C[43-46]. However, their role is still to be 
assessed in prospective controlled studies, 
meaning that there has yet to be conclusive 
evidence[1, 9].
 

Prognosis
NSTI carries high mortality rate, which has 
been reported as approximately 46% in 
total[1], although other reports cite a rate 
between 16–24%[14,16]. Yilmazlar et al[19] 
have reported that an APACHE II score of 13 
or greater and disease dissemination (the 
involvement of more than one anatomical 
areas of the human body, for example the 
upper extremities and the trunk) were 
found to be independently and associated 
with the mortality of patients with NSTI.

Conclusion
In summary, NSTI is a serious infection that 
can cause death. It requires prompt diagnosis, 
and early and complete surgical excision 
in addition to broad spectrum antibiotic 
coverage and organ support.

This requires a team approach involving a 
critical care specialist, an infectious disease 
specialist, a surgeon, nurses, dietitians and 
rehabilitation specialists in order to achieve 
a satisfactory outcome.
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split-thickness skin grafts[9] [Fig 3]. This can 
be performed in the hospital or the patient 
can be discharged to a rehabilitation centre 
until their nutrition is sufficient for the 
wounds to heal. 

Skin replacement matrices have been 
recommended for covering these wounds 
due to the loss of the full thickness of the 
tissues from the skin all the way down to the 
muscle fascia[33, 34]. 

However, the authors do not recommend 
this management protocol as despite 
the surgical excision and antibiotic 
administration, these wounds are never 
clean, and carry a high risk of infection 
until the matrix is well vascularised. After 
adequate control of the infection and when 
the patient's nutrition has been stabilised 
the wound can be closed by skin grafts. 

Daily wound care should be performed, 
including daily cleansing, the application of 
topical agents and the use of appropriate 
dressings[9]. Some centres recommend 
the use of sterile saline, while others 
recommend using tap water. A Cochrane 
study into open wounds compared these 
two methods and found a reduced rate of 
wound infection when using tap water, 
probably due to its greater availability, 
which means it can be used more often[35, 36]. 

The use of 5% mafenide acetate has been 
shown to facilitate early wound closure[37] 
and the authors use silver sulfadiazine 2% 
cream once or twice daily to help prepare a 
reasonably clean wound that is ready 
for closure. 

Recent reports have recommended the 
use of vacuum-assisted closure, because it 
reduces the number of dressing changes, 
meaning less stress for patients and a 
lighter workload for nurses,[38, 39] but this 
technique still needs to be fully examined. 
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Figure 3: The same patient as shown in 
Figure 2, two months post coverage with split 
thickness skin grafts.
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