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ABSTRACT

PURPOSE OF THE STUDY
There are little reports about criteria or predictors for evaluation of the severity of necrotizing fasciitis (NF) leading to death.

The purpose of this study is to evaluate the risk factors to predict mortality through analysis of historical, clinical, laboratory
and radiographic findings in the patients suspected NF in emergency room and assist surgeons in taking preventative
measures or appropriate treatment to increase survival rates on the basis of the early predictor related mortality.

MATERIAL AND METHODS
67 consecutive patients who received a fasciotomy under the impression of NF in emergency room were divided into two

groups on the basis of the result of treatment; Death (D) and survival (S) groups which were compared as follows:
demographics, cause of death, number of surgical procedures, surgical period, intensive care unit period, hospital period,
causes of NF, underlying disease, infected site, duration from symptom appearance to surgical day, vital sign (blood pressure,
pulse and respiration rates, fever, peripheral O2 saturation), wound appearance, physical examination, laboratory study (vein
and artery blood), radiologic findings and microorganism cultivation (blood and infected site culture) were evaluated for
analysis.

RESULTS
The mortality rate was 21% (n = 14) and the survival rate was 79% (n = 53). Most common causes of death was septic

shock (85%, n = 12). Mortality of patient with NF were increased with statistically significant difference when no open wound
at involved site (p = 0.05), cold skin sensation compared to other site (p = 0.04), frank cutaneous gangrene with skin sloughing
(p = 0.009), vascular insufficiency (p = 0.04) and motor dysfunction (motor grade < 3) (p = 0.01). Air formation along the
fascial plane have statistically significantly difference (p = 0.004). Most involved sites in death group were proximal area
such as hip and thigh (65%), in sequence knee (11%) and calf (24%). While distal portion of extremities such as calf (31%),
ankle and foot (25%) or forearm (30%) and hand (54%) were more common in survival group. The ratio between single and
multi-organisms in each group had no statistically significant difference: respectively 67% and 33% in survival and 58% and
42% in death group.

CONCLUSIONS
Recognition of several risk factors (cold skin sensation, gangrene, vascular insufficiency, motor dysfunction, air formation,

and proximal involvement) associated with toxicity and mortality could help surgeon to determine the necessity of further
evaluation, proper selection of drug and operative timing, and those could improve the referral service in suspected cases
of necrotizing fasciitis and avoid unnecessary delays in treatment

Level of evidence: IV, retrospective cohort study.
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INTRODUCTION

Necrotizing fasciitis (NF) is any necrotizing soft tissue
infection spreading along fascial planes with or without
overlying cellulitis (1). The clinical features of NF
include a rapidly progressing necrotizing process, be-
ginning in the superficial fascial planes and progresses
into the deep fascial layers causing necrosis by mi-
crovascular occlusion, accompanied by severe systemic
toxicity (17). Causative infectious agents tend to be
either a single organism or more frequently by a variety
of microbes, both aerobic and anaerobic (6). The reported
mortality rates ranged from 5.9% to 36% with common
causes of death including sepsis or respiratory, renal, or
multisystem organ failure (28). Early diagnosis of NF
and treatment is the most important factors associated
with mortality of NF; however, necrotizing fasciitis is
often indistinguishable from cellulitis due to the non-
specific symptoms and signs, laboratory and radiologic
findings on initial presentation in the emergency room.
Delayed recognition and treatment can cause the disease
to progress and increases the risk of poor outcomes, so
it is crucial to diagnose the disease at an early stage and
treat rapidly. But, there are little reports about criteria or
predictors for evaluation of the severity of NF leading
to death. The purpose of this study is to evaluate the risk
factors to predict mortality through analysis of historical,
clinical, laboratory and radiographic findings in the
patients suspected NF in emergency room and assist
surgeons in taking preventative measures or appropriate
treatment to increase survival rates on the basis of the
early predictor related mortality.

MATERIAL AND METHODS

We retrospectively reviewed the medical records of
67 consecutive patients who received a fasciotomy under
the impression of NF in emergency room between 2003
and 2014. All the patients were finally confirmed to NF
on the basis of in intraoperative and histopathologic
findings. All patients were promptly treated with broad-
spectrum antibiotics in emergency room and had a
surgical treatment including incision, debridement of
necrotic soft tissue and/or amputation as early as possible
if the patients’ condition were permitted. Tissue cultures
by some of dissected fascia in all case were performed.
Patients were divided into two groups on the basis of
the result of treatment; death (D) and survival (S) groups
which were compared as follows: the demographics,
cause of death, number of surgical procedures, surgical
period, intensive unit care period, hospital period, causes
of NF, underlying disease, infected site, duration from
symptom appearance to surgical day, vital sign (blood
pressure, pulse and respiration rates, fever, peripheral
O2 saturation), wound appearance, physical examination,
laboratory study (vein and artery blood), radiologic
findings and microorganism cultivation(blood and infected
site culture) were evaluated for analysis. All data were
collected from medical results conducted within 24
hours from visiting to the emergency room. But data on

the causal microorganisms were determined by reviewing
the microbiological reports of wound and/or blood culture
samples that were taken before or at the time of operation.
Aerobic and anaerobic cultures and gram stained smears
were made immediately of the fluid aspirated and the
tissue debrided from the center of the lesion.

Statistical analyses were performed using Microsoft-
Excel and Sigma Plot Version 11.1 (System Software
Inc. San Jose , CA) for Windows. Categorical variables
were compared using the Chi-square statistic and con-
tinuous variables using Student’s t test (when normally
distributed) or Mann-Whitney U test. Results are presented
as means ± standard deviation (SD) or medians with
range. A two-tailed p value < 0.05 was considered to be
statistically significant.

RESULTS

3.1. Demographic data between survival and death
groups

Total 67 patients diagnosed with NF had undergone
emergent fasciotomy and/or amputation. The mortality
rate was 21% (n = 14) and the survival rate was 79%
(n = 53). Most common causes of Death was septic
shock (85%, n = 12) and the following was cardiac
arrest (15%, n = 2). Death group have preponderance in
Female, while survival group is a distinct male prepon-
derance.(p = 0.05), but age has no significant difference
between two groups. Surgical period (S: 27.6 ± 1.54, 
D: 7.4 ± 4.06, day, p = 0.03), the mean duration for In-
tensive care unit (S: 1.69 ± 0.49 D: 8.26 ± 2.2, day,
p = 0.01), and the mean duration of hospitalization 
(S: 59.67 ± 4.6, D: 24.14 ± 7.7, day, p = 0.001) between
two groups were statically significant difference. (Table 1).

3.2. Comparison between survival and death groups
on causes, comorbidities and vital signs of NF

Causes of NF in survival group were more various
such as spontaneous occurrence (54%, n = 29), eating
raw foods (5% n = 3), trauma (39%, n = 20) and
athlete’s foot (2% n = 1). But, spontaneous occurrence
in death group was most common (85%, n = 12) and
second was to eat raw foods (15%, n = 2) (Table2). The

Survival Death p value
Total Number(N) 53 (79%) 14 (21%)
Sex = F: M 1 : 1.8 1.8 : 1 0.05
Age (year) 57 57
Infected site
lower : upper extremity 9 : 1 9 : 1
Causes of death
septic shock 12 (85%)
cardiac arrest 2 (15%)

Number of surgical 
procedures 4.1 ± 0.6 2.2 ± 0.9 0.152
Surgical period 27.6 ± 1.54 7.4 ± 4.06 0.031
Intensive Care Unit 
periods 1.69 ± 0.49 8.26 ± 2.2 0.011
Hospital periods 59.67 ± 4.6 24.14 ± 7.7 0.001

Table 1. Demographic analysis
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time interval between onset of illness (symptom ap-
pearance) and surgical day were more longer in survival
group (15.9 ± 2.7 days) than death group (7.2 ± 1.2
days) with statistically significant difference (p = 0.05).
(Fig. 1). we evaluated co-existing disease of the patients
between two groups; Renal disease, hepatic disease,
taking immunosuppressive agent, hypertension, diabetes,
cardiovascular disease, pulmonary disease, cerebrovascular
disease, hematologic disease and osteomyelitis. Of these
underlying disease, chronic renal failure (CRF) (p = 0.004),

Survival Death p value
Chronic renal failure 4 6 0.004
Hepatic disease 7 9 0.01
Taking immunosuppressive
agent 7 5 0.03
Hypertension 21 3 0.34
Diabetes 23 8 0.35
Cardiovascular disease 7 3 0.45
Pulmonary disease 4 2 0.45
Cerebrovascular disease 6 1 1.00
Hematologic disease 2 0 1.00
Osteomyelitis 2 0 1.00

Survival Death
Spontaneously 29 (54%) 12 (85%)
Eating raw foods 3 (5%) 2 (15%)
Trauma 20 (39%) –
Athlete’s foot 1 (2%) –

Table 2. Causes of necrotizing fasciitis between two groups

Table 3. Co-existing disease of the patients with necrotizing fas-
ciitis within 24 hours from visiting to the emergency room bet-
ween two groups

Fig. 1. The time interval between onset of illness (symptom
appearance) and surgical day were longer in survival group
than death group with statistically significant difference.

Survival Death p value
Systolic Blood Pressure 
(SBP) mm Hg 117.4 ± 3.8 102.8 ± 7.9 0.09
Diastolic blood pressure 
(DBP) mm Hg 70.1 ± 2.3 62.5 ± 5.4 0.16
Pulse rates (PR) 84.2 ± 1.8 104.7 ± 9.8 0.046
Respiration rates (RR) 17.0 ± 0.1 20.7 ± 0.5 0.007
Fever 36.8 ± 0.1 36.9 ± 0.2 0.862
Peripheral O2 
saturation (%) 97.9 ± 0.0 95.4 ± 2.8 0.402

Table 4. Vital sign of patients with necrotizing fasciitis within
24 hours from visiting to the emergency room

Survival Death p value
WBC 14.56 ± 0.96 15.05 ± 3.02 0.840
Segment neutrophil 82.06 ± 1.54 84.71 ± 4.06 0.470
ESR 73.94 ± 5.2 47.64 ± 9.4 0.052
CRP 178.3 ± 13.9 170.3 ± 27.5 0.079
SaO2 (ABGA) 95.1 ± 1.1 95.0 ± 2.0 0.975
CO2 (ABGA) 30.1 ± 0.8 26.4 ± 2.3 0.045
Ph (ABGA) 7.44 ± 0.0 7.37 ± 0.0 0.027
Lactate (ABGA) 1.96 ± 0.2 4.10 ± 1.4 0.02
HbA1c 7.72 ± 0.42 6.65 ± 0.69 0.226

Survival Death p value
Direct tenderness 28 7 0.753
Swelling 55 17 1.000
Open wound 10 0 0.05
Pus-discharge 8 0 0.189
Redness 23 4 0.242
Heatness 20 3 0.222
Coolness 2 2 0.04
Gangrene 10 7 0.009
Motor function 3 3 0.01
Sensory function 6 2 0.669
Circulation 7 5 0.03

Table 5. Wound appearance and physical examination with 
necrotizing fasciitis within 24 hours from visiting to the emer-
gency room

Table 6. Laboratory data of patients with necrotizing fasciitis
within 24 hours from visiting to the emergency room

Fig. 3. There was no statistically significant difference in the
incidence of mono- or multi-microorganisms between two
groups.

Fig. 2. Involved site of patients with necrotizing fasciitis had
influence on the prognosis. Central portion of body was higher
rate of death than peripheral portion. 
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hepatic disease (p = 0.01)
and taking immunosuppres-
sive agent (p = 0.03) have
been identified as pre-dis-
posing factors of mortality
in patients with NF (Table 3).
Vital sign within 24hours in
emergency showed that both
systolic and diastolic blood
pressure were lower in death
group than survival group
but no statistically significant
difference.(p = 0.09 and
p = 0.16) But, pulse rate and
respiration rates were higher
in death group than survival
group with statistically sig-
nificant difference (p = 0.046
and p = 0.007). The mean
temperature were normal in
both group, peri pheral O2

saturation using pulse oxime-
ter was slightly lower in death
group, as shown in (Table 4).

3.3. Comparison between survival and death groups
on wound appearance, physical examination and
laboratory data 

Wound appearance such as swelling, open wound ex-
istence, pus-discharge, redness, hotness, coolness,
gangrene and physical examination including direct ten-
derness, circulation, motor and sensory dysfunction
were evaluated. Especially, mortality of patient with NF
were increased with statistically meaningful difference

when no open wound at involved site (p = 0.05), cold
skin sensation compared to other site (p = 0.04), frank
cutaneous gangrene with skin sloughing (p = 0.009),
vascular insufficiency (p = 0.04) and motor dysfunction
(motor grade < 3) (p = 0.01) (Table 5). 

Laboratory data including WBC, segmental neutrophil,
ESR, CRP and HbA1c from venous blood showed no
difference between two group, but, CO2 (p = 0.045), Ph
(p = 0.02) and lactate (p = 0.02) except SaO2 (p = 0.97)
from arterial blood gas analysis have statically significant
difference (Table 6).

3.4. Radiologic findings using magnetic resonance
imaging and computed tomography between sur-
vival and death groups

We compared radiological finding from plain radiograph,
computed tomography (CT) and magnetic resonance
imaging (MRI) between two groups; involved soft tissue
layer (skin, subcutaneous, fascia, muscle) osteomyelitis,
joint infection, air and fluid collection, abscess, necrosis,
compartment syndrome. Only air along the fascial plane
have statistically significantly difference (p = 0.004)
(Table 7).

3.5. Involved site of patients with NF
NF mainly occurred at lower limb in both groups, but

significant difference existed between the two groups
with respect to proximity of affected sites. Most Involved
sites in death group were proximal area such as hip and
thigh (65%), in sequence knee (11%) and calf (24%)
without distal portion including foot and ankle in lower
extremity. All 2 case of upper extremity in death group
were also proximal portion including shoulder (50%)
and upper arm (50%). While distal portion of extremities
such as calf (31%), ankle and foot (25%) or forearm
(30%) and hand (54%) were more common in survival
group (Table 8, Fig. 2).

Survival Death P value
Osteomyelitis 6 0 0.33
Muscle involvement 18 5 0.902
Deep fascia involvement 15 4 1.000
Air along the fascial plane 4 6 0.004
Abscess 15 4 1.000
Necrosis 9 2 1.000
Compartment syndrome 1 1 0.377
Joint 4 1 1.000

Table 7. Radiologic findings using magnetic resonance imaging
and computed tomography 

Survival Death
Hip 6 3
Thigh 17 8
Knee 6 2
Calf 21 4
Ankle 4 –
Foot 13 –
Shoulder 1 1
Upper arm - 1
Elbow 1 –
Forearm 4 –
Hand 3 –

Table 8. Involved site of patients with NF

A

B

Fig. 4. The incidence of cultured microorganisms of the patients with necrotizing fasciitis
gram stain between two groups (A: survival group, B: death group) show that gram-
negative bacterium in necrotizing fasciitis progress more severe course resulting in death.
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3.6. The incidence of cultured micro-organisms of
the patients with necrotizing fasciitis gram stain
between two groups

Total 27 types of microorganisms including aerobe and
anaerobe were cultured in death group compared to 11
types in survival group. The ratio between single and
multi-organisms in each group had no statistically significant
difference: respectively 67% and 33% in survival and
58% and 42% in death group. Of pathogens which were
identified in single and polymicrobial infections in survival
group, Staphylococcus aureus (11) was the most common,
in sequence, Methicillin-resistant Staphylococcus aureus
(9), Enterococcus faecalis (8), Pseudomonas aeruginosa
(6), Streptococcus pyogenes (Group A) (5) followed. In
death group, Escherichia coli (5) was cultured most com-
monly and Pseudomonas aeruginosa (4), Methicillin-re-
sistant Staphylococcus aureus (3), Klebsiella pneumonia
(3) followed. Gram-negative bacterium was 80% in death
group, in contrast, gram-positive bacterium was 68% in
survival group, which have statistically significant difference
(p = 0.007) (Figs. 3, 4, 5).

DISCUSSION 

In this study, sex had influence on the outcome of
treatment and could predict mortality. Females were at
greater risk for mortality. Elliott et al. (10) reviewed
198 patients between March 1985 and June 1993, and
also found that being female was an independent predictor
of death. Khamnuan et al. report that females have a
greater amount of subcutaneous fat (BMI > 30) than
men and are more easily prone to infection. However,
some authors have reports that sex has no correlation
with the mortality of NF (7, 8, 15, 19). In previous
several studies, advanced age was associated with an
increased risk of mortality (2, 3, 8, 11, 12, 16, 18) but in
our series, age had no effect on mortality. 

The most important consideration to predict the pos-
sibility of mortality in the patients suspected NF is to
assess what stage the patient were in progression of
NF. Thus, surgeon should understand the characteristics
of NF and evaluate the severity of NF on the authority
of clinical, radiological, laboratory clues correlated to
the characteristics. Generally, progression of disease

is known to be rapid with skin changing from red and
purple to pathognomic blue-grey ill-defined patches
as early as 36 hours after onset, but occasionally after
third to fifth days (17). By fourth or fifth day, frank
cutaneous gangrene develops in patients with skin
sloughing caused by thrombosis of nutrient vessels.
Bullae filled with clear, thick, pink, and deep purple
fluid may develop, often showing the appearance of a
partial or full thickness burn (1, 16). Although at first
extremely painful, involved areas become insensible
secondary to cutaneous nerve destruction (13, 14).
This may occur before the onset of gangrene, providing
a clue that the process is indeed necrotizing fasciitis
(16). Subcutaneous fat and fascia become edematous,
dull gray and necrotic with serosanguinous exudations
and extensive underming of skin (18). Skin death is
subsequent to subcutaneous necrosis. Far advanced in-
stances reveal muscles and tendons “standing out
almost as an anatomic dissection” (17). Pink, viable
muscle can be seen beneath grossly gangrenous fascia,
fat and necrotic skin (6). Several physical examinations
having statistically meaning in this study, such as cool-
ness, gangrene, vascular dysfunction and motor deficits
in mortality group were late signs in the progression
of patients with NF (Table 5). Thus, we can postulate
that the patients with these symptoms are not only
high risk of mortality but also imply to being the ad-
vanced stage of NF. 

The degree of rapid progression through the duration
from onset of illness to surgery also reflect the severity
of NF as a risk factor presenting that early recognition
and prompt aggressive debridement of all necrotic tissue
is critical for survival. Wong et al. have reported that a
delay from admission to operation of more than twenty-
four hours influence survival for patients with NF (4)
(Fig. 1). Another risk factor to develop advanced NF is
the proximity of affected area in both lower and upper
extremity. There are more likely to deteriorate with
rapid progression when infected sites are close to central
portion with more soft tissue and larger vessel (Fig. 2).
The following two cases with each different involved
site of NF shows different prognosis resulting that the
patinets with NF at central area of body like hip and
pelvis was expired, while one with peripheral area like
calf was survived (Figs. 6, 7).

The most common cause of death by NF was a septic
shock. That is, assessment of what condition the patients
with NF were in a series of process from systemic in-
flammatory response syndrome(SIRS) to septic shock
help to predict the possibility of mortality. In 1992, the
American College of Chest Physicians (ACCP) and the
Society of Critical Care Medicine (SCCM) jointly pub-
lished the consensus definitions of sepsis (Table 9).
There are many different ways to predict the risk of
dying for patients with sepsis. The most facile approach
may be to accurately classify the patient according to
their stage of sepsis. Applying the consensus conference
definition, rough estimates of fatality rates (the percentage
of patients who die) are as follows: (22) 
• Sepsis: 10–20%

Fig. 5. The incidence of cultured microorganisms of the patients
with necrotizing fasciitis gram stain between two groups show
that gram-negative bacterium in necrotizing fasciitis progress
more severe course resulting in death.
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• Severe sepsis: 20–50%
• Septic shock: 40–80%.

In our study, there are several sta-
tistical meaningful factors of high
mortality, associated with the criteria
of septic condition. Vital sign in-
cluding heart rate(HR) and respiratory
rate(RR), Ph, PCO2 and lactate on
arterial blood gas analysis, tissue hy-
poxic state presented discoloration
or blanching of soft tissue on physical
examination and organic failure re-
lated circulatory dysfunction such as
liver and kidney are one of the septic
criteria respectively. These factors
are important clues to predict high
mortality by rapid assessment in
emergency room (Tables 4, 5). 

This study showed that there was
no significant difference in conjunc-
tion with mono- or polymicrobal or-
granism infection between two
groups, but mortality was higher in
NF with gram negative organism
than gram positive infection. Lee et
al. reported that Patients with gram-
negative monobacterial necrotizing
fasciitis present with more fulminant
sepsis. Identification of gram-negative
organism like Escherichia coli
Pseudomonas aeruginosa, and Kleb-
siella pneumoniae from blood or tis-
sue culture help surgeon to predict
the severe forward progression and
decide appropriate treatment (Figs.
4, 5). Thus, intravenous antibiotics
should be initiated immediately after
having established the diagnosis and
be changed according to sensitivities.
Appropriate selection of antibiotics
is crucial for in ameliorating systemic
sepsis and bacterial spread in company
with surgical procedures. Historically,
an empiric regimen using high-dose
penicillin and clindamycin was re -
commended to cover gram-positive
and aerobic organisms. This particular
combination was also shown to be
synergistic against clostridia species.
A third agent was used for additional
empiric coverage of gram-negative
organisms. Today, the recommended
initial antibiotics regimen has changed
because of the emergence of resistant
microbes and relative decrease in the
incidence of clostridial infection.
Vancomycin, linezolid, daptomycin,
or quinurpristin/ dalfopristin are re -
commended for empiric coverage of
gram-positive organisms because of
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Fig. 7. Survived 53-year-old woman with early necrotizing fasciitis. The time from
onset of illness to surgery was 8 days. AP (a) and lateral (b) radiograph of lower leg
show dermal thickening, fascial edema without gas formation. Coronal (a) and axial
(b) T2-weighted fat suppressed images show diffuse marked edema (increased T2
signal intensity) of soft tissues and superficial fascia of lower leg. No definitive
muscle edema or enhancement is yet appreciated.

Fig. 6. Expired 68-year-old woman with necrotizing fasciitis and history of remote
chemo-therapy with surgery due to sigmoid cancer. The time from onset of illness to
surgery was 3 days. AP (a), internal oblique (b) radiograph and coronal (c) and
axial (d) CT images of hip and pelvis show dermal thickening, fascial edema and
gas tracking along superficial and deep fascial planes, consistent with necrotizing
fasciitis.
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concern for MRSA infection. Especially, in IV drug
users (20, 21, 23). The incidence of clindamycin-resistant
MRSA prohibits use of this drug alone for coverage of
gram-positive organisms in severe infections. Clindamycin
remains a useful agent because it covers anaerobic or-
ganisms well and inhibits M protein and exotoxin
synthesis by group A Streptococcus. Quinolones offer
excellent soft-tissue penetration and can be used to
cover gram-negative organisms. Thus, initial antibiotics
should have effective for both aerobic and anaerobic
microbes and especially, deliberate selection of IV an-
tibiotics for gram-negative organisms are necessary for
initial treatment to increase mortality (24).

NF remains a clinical diagnosis, and although it can
be useful to grasp disease extent to plan the surgical ap-
proach and margins, the utility of imaging is limited.
Radiographic findings in the early stage of NF are
similar to those of cellulitis including increased soft-
tissue opacity and thickness. Radiographs can also be
normal until the infection and necrosis are advanced
and manifest as soft-tissue emphysema tracking along
fascial planes (4, 26). CT characteristics usually show
pathologic findings of soft-tissue inflammation or liq-
uefactive necrosis and thus may feature dermal thickening,
increased soft-tissue attenuation, inflammatory fat strand-
ing, and possible superficial or deep crescentic fluid or
air in the subfascial planes (5, 11, 26, 27, 29, 30). But,
soft-tissue air with deep fascial fluid collections is not
always seen, and its absence does not mean prompt ex-
clusion of NF from the differential diagnosis because
the patient may have early disease in which gas has not
yet formed or reached detectable levels (27). MRI of
necrotizing fasciitis shows circumferential dermal and
soft-tissue thickening that have variable signal intensity
on T1-weighted sequences and increased signal intensity
on fluid-sensitive sequences (9, 25, 27). However sub-

cutaneous edema being typically a less-prominent feature
than in patients with cellulitis and fascial thickening
being hyperintense on fluid-sensitive sequences are non-
specific and difficult to distinguish from nonnecrotizing
fasciitis, eventually, clinical correlation is crucial. Patients
with negative or nonspecific imaging findings and a
high clinical suspicion of necrotizing fasciitis should be
promptly treated. Late-stage gas collections dissecting
superficial or deep fascia are seen as punctate or
curvilinear T1- and T2-hypointense foci. In our study,
of these radiographic finding in CT and MRI, only the
air collection in the subfascial planes have had a statistical
significance between two groups (Table 7). That is,
surgeon often cannot only get a lot of information for
the diagnosis of NF, but also is difficult to grasp the
severity of patients through radiologic evaluation except
the finding of gas collection. Importantly, in patients
whose cases are severely toxic, treatment should not be
delayed for the performance of imaging. Especially,
MRI is the modality of choice for detailed evaluation of
soft-tissue infection but is often not performed for necro-
tizing fasciitis evaluation because its acquisition is time
consuming and will delay treatment (9, 27). Thus,
further detailed evaluation using radiologic mortality
can be performed in relatively stable patients who have
changing clinical status to assess for possible progression
to necrosis. CT is the most sensitive modality for soft-
tissue gas detection, and compared with radiography,
CT is superior to evaluate the extent of tissue or osseous
involvement, show an underlying (and potentially more
remote) infectious source, and reveal serious complications
such as vascular rupture complicating tissue necrosis
(4,5,11,22,26,29,30). Therefore, the rapidity of CT com-
pared with MRI would rather be advantageous to predict
the mortality of NF for an emergent necrotizing fasciitis
evaluation.

CONCLUSIONS

Prompt diagnosis of NF is crucial to a favorable outcome
because of its potential fatal course. Although laboratory
and radiologic diagnostic tests may be useful adjuncts,
the diagnosis is still primarily a clinical one. Thus
suspicion alone could be justified to early surgical referral.
When a patient visiting to emergency room is suspected
to NF, even though it is difficult to confirm diagnosis, as-
sessing what the stage of NF is into objective standard
affect to decide the direction of management. Recognition
of several risk factors (cold skin sensation, gangrene,
vascular insufficiency, motor dysfunction, air formation,
and proximal involvement) associated with toxicity and
mortality could help surgeon to determine the necessity
of further evaluation, proper selection of medical drug
and operative timing and those could improve the referral
service in suspected cases of necrotizing fasciitis and
avoid unnecessary delays in treatment.

Disclosure of interest
The authors declare that they have no competing 
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ACCP/SCCM Defining criteria
named condition 
SIRS Core body temperature > 38 °C or < 36 °C

HR ≥ 90 bpm
Respiration  20/min (or PaCO2 
< 32 mm Hg) WBC ≥ 12,000/l 
or ≤ 4,000/l or >10% immature forms

Sepsis At least two SIRS criteria caused by known
or suspected infections

Severe sepsis Sepsis with acute organ dysfunction
(including hypoperfusion and hypotension)
caused by sepsis

Septic shock Sepsis with persistent or refractory
hypotension or tissue hypoperfusion
despite adequate fluid resuscitation

MODS The presence of organ dysfunction in an
acutely ill patient such that homeostasis
cannot be maintained without intervention

Table 9. Defining criteria of ACCP/SCCM named conditions.

ACCP: American College of Chest Physicians; HR: heart rate; MODS: multiple
organ dysfunction syndrome; PaCO2: Partial pressure of carbon dioxide in
the blood; SCCM: Society of Critical Care Medicine; SIRS: systemic inflam-
matory response syndrome; WBC: white blood cell.

263_270_choi  14.8.17  15:01  Stránka 269



270/ Acta Chir Orthop Traumatol Cech. 84, 2017, No. 4 ORIGINAL PAPER
PŮVODNÍ PRÁCE

References

1. Ahrenholz DH. Necrotizing soft-tissue infections. Surg Clin North
Am. 1988, 68:199–214.

2. Anaya DA, Bulger EM., Kwon YS, Kao LS, Evans H, Nathens
AB. Predicting death in necrotizing soft tissue infections: a clinical
score. Surg Infect. 2009;10:517–522.

3. Bair MJ, Chi H, Wang WS, Hsiao YC, Chiang RA, Chang KY.
Necrotizing fasciitis in southeast Taiwan: clinical features, micro-
biology, and prognosis. Int J Infect Dis. 2009;13:255–260.

4. Bakleh M, Wold LE, Mandrekar JN, Harmsen WS, Dimashkieh
HH, Baddour LM. Correlation of histopathologic findings with
clinical outcome in necrotizing fasciitis. Clin Infect Dis. 2005;40:410–
414.

5. Becker M, Zbären P, Hermans R, Becker CD, Marchal F, Kurt
AM, Marré S, Rüfenacht DA, Terrier F. Necrotizing fasciitis of
the head and neck: role of CT in diagnosis and management. Ra-
diology. 1997;202: 471–476.

6. Changchien CH, Chen YY, Chen SW, Chen WL, Tsay JG, Chu C.
Retrospective study of necrotizing fasciitis and characterization
of its associated Methicillin-resistant Staphylococcus aureus in
Taiwan. BMC Infect Dis. 2011;11:297.

7. Chen IC, Li WC, Hong YC, Shie SS, Fann WC, Hsiao CT. The
microbiological profile and presence of bloodstream infection in-
fluence mortality rates in necrotizing fasciitis. Crit Care. 2011;15:
R152.

8. Dworkin MS, Westercamp MD, Park L, McIntyre A. The epi-
demiology of necrotizing fasciitis including factors associated
with death and amputation. Epidemiol Infect. 2009;137:1609–
1614.

9. Eke N. Fournier's gangrene: a review of 1726 cases. Br J Surg.
2000;87:718–728.

10. Elliot DC, Kufera JA, Myers RA. Necrotizing soft tissue infections.
Risk factors for mortality and strategies for management. Ann
Surg. 1996;224:672–683.

11. Fayad LM, Carrino JA, Fishman EK. Musculoskeletal infection:
role of ct in the emergency department 1. Radiographics.
2007;27:1723–1736.

12. Golger A, Ching S, Goldsmith CH, Pennie RA, Bain JR. Mortality
in patients with necrotizing fasciitis. Plast Reconstr Surg.
2007;119:1803–1807.

13. Hammar H, Wanger L. Erysipelas and necrotizing fasciitis. Br J
Dermatol. 1977;96:409–419.

14. Hardzog-Britt C, Riley HD Jr. Acute necrotizing fasciitis in
childhood. J Okla State Med Assoc. 1995;88:392–397.

15. Hsiao CT, Weng HH, Yuan YD, Chen CT, Chen IC. Predictors of
mortality in patients with necrotizing fasciitis. Am J Emerg Med.
2008;26:170–175.

16. Huang KF, Hung MH, Lin YS, Lu CL, Liu C, Chen CC, Lee YH.
Independent predictors of mortality for necrotizing fasciitis: a ret-
rospective analysis in a single institution. J Trauma. 2011;71:467–
473.

17. Janevicius RV, Hann SE, Batt MD. Necrotizing fasciitis. Surg Gy-
necol Obstet. 1982;154: 97–102.

18. Kalaivani V, Bharati V, Hiremath BV, Indumathi V. A. Necrotising
soft tissue infection–risk factors for mortality. J Clin Diagn Res.
2013;7:1662–1665.

19. Kuo Chou TN, Chao WN, Yang C, Wong RH, Ueng KC, Chen
SC. Predictors of mortality in skin and soft-tissue infections
caused by Vibrio vulnificus. World J Surg. 2010;34:1669–1675.

20. Lee TC, Carrick MM, Scott BG, Hodges JC, Pham HQ. Incidence
and clinical characteristics of methicillin-resistant Staphylococcus
aureus necrotizing fasciitis in a large urban hospital. Am J Surg.
2007;194:809–813.

21. Maltezou HC, Giamarellou H. Community-acquired methicillin-
resistant Staphylococcus aureus infections. Int J Antimicrob Agents.
2006;27:87–96.

22. Martin GS. Sepsis, severe sepsis and septic shock: changes in in-
cidence, pathogens and outcomes. Expert Rev Anti Infect Ther,
2012;10:701–706.

23. Miller LG, Perdreau-Remington F, Rieg G, Mehdi S, Perlroth J,
Bayer AS, Tang AW, Phung TO, Spellberg B. Necrotizing fasciitis
caused by community-associated methicillin-resistant Staphylococcus
aureus in Los Angeles. N Engl J Med. 2005;352:1445–1453.

24. Sarani B, Strong M, Pascual J, Schwab CW. Necrotizing fasciitis:
current concepts and review of the literature. J Am Coll Surg.
2009;208:279–288.

25. Souyri C, Olivier P, Grolleau S, Lapeyre-Mestre M. French
Network of Pharmacovigilance Centres. Severe necrotizing
soft tissue infections and nonsteroidal anti inflammatory drugs.
Clin Exp Dermatol. 2008;33:249–255.

26. Struk DW, Munk PL, Lee MJ, Ho SG, Worsley DF. Imaging of
soft tissue infections. Radiol Clin North Am. 2001;39:277–303.

27. Turecki MB, Taljanovic MS, Stubbs AY, Graham AR, Holden DA,
Hunter TB, Rogers LF. Imaging of musculoskeletal soft tissue in-
fections. Skeletal Radiol. 2010;39:957–971.

28. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach
H, Moreno R, Carlet J, Le Gall JR, Payen D. Sepsis Occurrence in
Acutely Ill Patients Investigators. Sepsis in European intensive
care units: results of the SOAP study. Crit Care Med. 2006;34:344–
353.

29. Wysoki MG, Santora TA, Shah RM, Friedman AC. Necrotizing
fasciitis: CT characteristics. Radiology. 1997;203:859–863.

30. Zacharias N, Velmahos GC, Salama A, Alam HB, de Moya M,
King DR, Novelline RA. Diagnosis of necrotizing soft tissue in-
fections by computed tomography. Arch Surg. 2010;145:452–
455.

Corresponding author: 
Kwang-Bok Lee MD, PhD
Department of Orthopaedic Surgery,
Chonbuk National University Medical School
Chonbuk National University Hospital
634-18, Keumam-dong, Jeonju-shi
Chonbuk, South Korea
E-mail: osdr2815@naver.com 

263_270_choi  14.8.17  15:01  Stránka 270



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


