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ABSTRACT

Necrotising fasciitis is a grave infectious process affecting the fascia, the overlying soft tissues, and, occasion-
ally, the underlying muscle. Various bacteria can be the cause of this aggressive and fast progressing disease.
Skin lacerations or surgical wounds are the portal of entry in most patients; however, hematogenous spread
of the microorganism can occasionally initiate the process. Streptococcal pharyngitis (group A  hemolytic
streptococcus - GAS) followed by necrotizing fasciitis of the lower limb is a very rare finding with only a few
case reports found in the literature. Two such cases of necrotising fasciitis of the left lower limb with similar
features treated by the same surgeon at two different hospitals in two different countries are presented. The
outcome was favorable in both patients. The diagnostics and appropriate mode of treatment are reviewed.
The importance of early surgical intervention is stressed, as it can save lives.
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Introduction
In the 16" century, Ambroise Paré described a
gangrene-like condition that resembled today’s
“flesh-eating disease” (1). A similar soft-tissue infec-
tion was described during the American Civil War
(2). In 1952, Wilson proposed the term “necrotising
fasciitis” to replace terms like gangrenous erysip-
elas, hospital gangrene, acute cutaneous cellulitis,
streptococcal gangrene, Meleney cellulitis, and oth-
ers (3).

Necrotising fasciitis (NF) is a subset of the aggres-
sive skin and soft tissue infections which cause ne-
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crosis of the muscle fascia and subcutaneous tissue.
Even today, the disease has a high mortality rate (1,
2). This infection typically travels along the poorly
vascularized fascial plane leaving the overlying tis-
sues initially unaffected, potentially delaying diag-
nosis and surgical intervention (4). The infectious
process can rapidly spread to peri-fascial planes,
causing a secondary infection of the overlying skin
and underlying soft tissue and muscle (necrotising
fasciomyositis). The estimated annual incidence in
the United States in 2018 was 10.3 (National Inpa-
tient Sample) and 8.7 (Watson Health Dataset) per

GO s aiElin el Ch. Ioannidis MD DMD PhD, Consultant P/R Surgeon UCL Hospitals NHS Trust,
UK, Assoc. Professor of Surgery, University of Leuven, Belgium,
Ioannou Gennadiou Str. 18, Athens 11521, Greece,

166

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Ch loannidis, et al. Necrotising fasciitis of the lower extremity following streptococcal pharyngitis.

100,000 persons, respectively (5). The incidence
has been demonstrated to be increasing, as in 2009
it was reported 4.3 infections per 100,000 (6). NF
places significant demand upon hospital and med-
ical resources. An Australian study reported that
the mean hospital length of stay for survivors of NF
was 36 days, and the average cost per patient during
their stay was AUS $ 64,517 (7).

NF can affect any part of the body; the extremi-
ties, however, the perineum and the truncal areas
are the most commonly involved. Most patients
present with signs of inflammation such as erythe-
ma, swelling and pain at the affected site (6, 8, 9, 10).
However, these symptoms may be non-specific at
first, which often causes the diagnosis to be missed.
Severe pain disproportionate to local findings, and
occasionally associated with systematic toxicity,
should raise the suspicion of necrotising fasciitis (6,
11, 12). As the infection progresses, the skin becomes
increasingly erythematous and tense with indistinct
margins. It may change color from red-purple to a
dusky blue before progression to necrosis and for-
mation of bullae (blistering) which eventually be-
come hemorrhagic. Blistering is due to ischemia- in-
duced necrolysis, as the invading organisms cause
progressive thrombosis of vessels that penetrate the
fascia to supply skin (13). Crepitus may be palpated
over the affected area due to gas produced by aer-
obic and anaerobic bacteria. The skin lesions may
turn black and form a necrotic crust, with fascial
tissue and brown-grayish secretions underneath the
crust (6). Symptoms may develop over a period of
hours to several days, and presentations vary (11).
Patients presenting at an advanced stage may show
signs of systemic shock and sepsis. They pose extra
diagnostic difficulties since they may be confused,
agitated or have a reduced level of consciousness.

The most common portals of entry are sites of pri-
or surgery or trauma, contusions and skin lesions (1,
6, 12). Malignancies and other conditions can play
a role as predisposing factors. NF, however, can
also occur idiopathically, with no previous history
of surgery, trauma, skin lesions etc. Pharyngitis and
early hematogenous spread of the infection is a very
rare occurrence. Our aim is to present two cases of
otherwise healthy patients, who shortly after strep-

tococcal pharyngitis developed NF of the left low-
er extremity. The history, clinical course, treatment
and follow-up of this disease are reviewed and the
importance of early diagnosis and surgical interven-
tion is discussed.

Case One

A 45-year-old previously healthy male patient (A.
M.) was referred by his general practitioner (GP)
to the Accident & Emergency Department (A&E)
at the University College Hospital, London (UCLH
NHS Trust) because of pain in his left hip and thigh.
Four days earlier he had visited his GP because of a
sore throat, for which amoxicillin (capsules 500mgr,
3xdaily) was prescribed. Two days later, the patient
returned to his GP complaining of pain in the left
hip/thigh area. He was a denizen of the gym; there-
fore, some kind of muscle or hip injury was suspect-
ed and ibuprofen (tablets 400mgr, 3-4xdaily) was
prescribed with little effect. Thence, he was referred
to the A&E Dept. of the UCH. At arrival, the patient
was pyrexial (38.3 C), and complained of severe
pain in and around his left hip and thigh. Ortho-
pedic physical examination revealed erythema and
tenderness of the skin over the left thigh. No other
abnormal physical signs were detected. Plain x-rays
of the left femur, left hip joint and pelvis were within
normal limits. A CT-scan showed non-specific ede-
ma of the soft tissues of the left thigh (skin, subcu-
ta-neous fat and muscles). Laboratory values were:
AP 100/70, pulse 90/ min, PA 22/min, Hb 11.5 gr/
dL, leucos 16,300/ ml, CRP 18.3, Na+ 132 mmol/L,
creatinine 1.6 mg/dL, glucose 106 mg/dL. A throat
swab was taken which showed the presence of
group A P-hemolytic streptococci. The consultant
orthopedic surgeon (B.C) was highly suspicious of
a necrotic infection and together with the consultant
P/R surgeon on call (Ch.I) carried out a “finger-test”
(small skin incision under local anesthesia over the
area of maximal suspicion, blunt dissection down to
the fascia and examination of the fascia with the fin-
ger. A finger along the fascial planes that easily dis-
sects the overlying tissue without resistance was a
positive test. Having established a differential diag-
nosis of necrotising fasciitis, the patient was taken to
the operating theatre, where under general anesthe-
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Fig.2. Patient one after cover of thigh/trunk defect with meshed skin grafts. A. Lateral aspect. B. Median aspect.

sia the suspicious skin, underlying fat and necrotic
fascia of the left thigh and part of the left trunk were
surgically debrided. The left rectus femoris muscle
looked clinically necrotic (blackish, brittle) and was
also debrided (Fig. 1). The patient was transferred
to ICU and the triple antibiotic regimen (initiated
in theatre) was continued. Postoperatively, the pa-
tient’s condition improved dramatically. Further
surgical exploration was conducted 24h later and
further debridement of peripheral soft tissues and
muscle parts was performed. Another two surgical
debridements had to follow till all necrotic tissue
was removed and the patient’s condition stabilized.
Seven days later he was returned to the ward. Blood
cultures showed the presence of group A p-hemo-
lytic streptococcus. After several days (d 14) and
two consecutive negative wound swabs, the left
extremity/trunk defect was covered with meshed
split thickness skin grafts harvested from the right
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thigh. There was a 100% take of the skin grafts (Fig.
2) and the patient was discharged from hospital in
a good condition on day 23. He received intensive
kinesio/physiotherapy and could return to normal
physical activities three months after discharge. Fol-
low-up at 8 months showed a normally functioning
and aesthetically acceptable left lower limb (Fig. 3).
The patient has been healthy and well, and free of
symptoms for five years.

Case Two

A 46-year-old white male patient was admitted to
the department of internal medicine at IASO Gen-
eral Hospital, Athens (S. G) with fever, weakness,
general malaise and vertigo. Five days previously,
while skiing in Switzerland, he felt unwell (sore
throat, pyrexial, general malaise), and was pre-
scribed antibiotics (amoxicillin tabs. 500mgr, 3xdai-
ly) by the local general practitioner. Three days later
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Fig.3. Patient one eight months postoperatively. A. Lateral aspect. B. Medial aspect.

his situation did not improve and he returned to his
homeland (Athens, Greece). Upon telephonic con-
sultation with his internist, hospital admission was
suggested. From the medical history, tonsillectomy
and hemorrhoidectomy were reported. On phys-
ical examination, the patient presented septic. His
pharynx was erythematous and the skin of the left
thigh showed signs of cellulitis (Fig. 4). Temper-
ature was 37.9C, pulse 100/min, arterial pressure
70/50 mmHg, respiration 20/min, Hb 15.9 g/dL,
Ht 45.3 %, leucocytes 17,330 (neutrophils 96%), SR
92, CRP 57.8 mg/dL, platelets 303,000, urea (BUN)
52 mg/dL, creatinine 1.3 mg/dL, Na+ 139mmol/L,
K+ 4mmol/L, glucose 128mg/dL, D Dimers 2,688
ng/mL, CPK 527 IU/L (LRINEC score 5). A phar-
yngeal swab was taken for culture, which grew
group A B-hemolytic streptococcus. The patient was
resuscitated and put on IV antibiotics (clindamy-
cin/Dalacin 600mg 3xdaily, moxifloxacin/Avelox
400mg once daily, amikacin/Briklin 1gr once daily).
The following day his condition deteriorated; Hb
11.2 g/dL, Ht 32.8%, leucocytes 28,120 (neutrophils
94%), CRP 39.1 mg/dL, platelets 219,000, BUN 70

mg/dL, creatinine 2.2 mg/dL, Na+ 137mmol/L,
K+ 4.1mmol/L, glucose 150 mg/dL, CPK 448 IU/L
(LRINEC score 9). The antibiotic regimen was adapt-
ed (daptomycin/Cubicin 700mg once daily, clinda-
mycin/Dalacin 600mg 3xdaily, doripenem/Dori-
bax 500mg 3xdaily). An ultrasound of the left thigh
showed oedema of the skin and adipose tissue, as
well as increased vascularity of the anterior surface
of the thigh, suggestive for cellulitis. The sartorius
muscle and to a lesser extent the vastus medialis
were edematous. There was no gas or fluid collec-
tion. The left inguinal lymph nodes were somewhat
enlarged. The MRI of the left thigh showed exten-
sive oedema of the skin and fat, a thickened deep
fascia as well as thickening of the sartorius muscle,
and to a lesser extent of the vastus medialis. There
was a limited fluid collection around the sartorius
muscle. At this point, surgical consultation (Ch. I)
was sought and as the clinical picture was sugges-
tive of necrotising fasciitis, a “finger-test” (and fro-
zen sections) was suggested. It is worth noting that
the infectious disease specialist wrote: “Even if the
clinical and radiological picture is against a possi-
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Fig.4. Left thigh of patient two. A. On day one. B. On day two. The erythema is markedly more extensive.

ble necrotising fasciitis, I agree with the minimally
invasive test (finger-test by P/R surgeon) in order
to exclude NF”. The evening of day 2, under local
anesthesia a small skin incision on the anterior sur-
face of the patient’s left thigh was performed with
immediate pus flow through the wound (Fig. 5). The
“finger-test” was positive. A small fat/fascia tissue
specimen was resected and sent for frozen section.
According to the pathology report, the adipose/
connective tissue showed extensive necrotic inflam-
mation, which extended to the fibrocollagenous sep-
ta, around the vessels and into the fatty tissue. There
were sites of liponecrosis (Fig. 6). Furthermore, con-
gested vessels and sites of recent hemorrhage could
be identified (Fig. 6). The histologic picture along
with the clinical picture was highly suggestive of
necrotising fasciitis. The patient was taken to the
operating theatre, where under general anesthesia
a wide surgical debridement of the skin, adipose
tissue and fascia of the left thigh was performed.
Necrotic parts of the left sartorius muscle and the
vastus medialis were also excised (Fig. 7). Postoper-
ative improvement was spectacular. Fluid resuscita-
tion and IV antibiotics continued on ICU. Histolog-
ical examination of the paraffin sections confirmed
the frozen section diagnosis of necrotising fasciitis
showing furthermore acute inflammation, exten-
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sive necrosis and hemosiderin deposits of the fascia
lata. Blood cultures showed the presence of group
A hemolytic streptococcus. Daily inspection of the
wound under sedation showed no further extension
of the necrotic process. After two negative wound
swabs, split thickness skin grafts from the right
thigh were used to cover the defect (day 12). Skin
graft take was 100% (day 19) (Fig. 8). There were
no further sequelae and the patient was discharged
from hospital on day 22 in a good condition. Dress-
ing changes and cauterization of hypertrophic gran-
ulation tissue between the skin grafts (Fig. 8) were
performed on an outpatient basis. Intensive physio/
kinesiotherapy helped the patient regain function-
ality and muscular strength of the lower limb (and
avoided lymphedema of the lower leg and foot). He
returned to his normal sports activities (football-am-
ateur) one year later (Fig. 9). He has been followed
for 7 years without pathological signs or need for
readmission.

Discussion

Necrotising fasciitis (NF) is a rapidly progressive,
destructive soft tissue infection with high mortality.
There are four types of NF: Type I is polymicrobial
with at least one anaerobic species with one or more
facultative anaerobic streptococci and members of
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Fig.5. Incision through skin and subcutaneous tissue

down to fascia. There was immediate flow of pus. The
“finger-test” was positive.

the enterobacteriaccae. Type II NF is a monobacte-
rial infection caused by group A hemolytic strepto-
coccus. Type III NF is caused by the marine Vibrio
species. Type IV NF is caused by fungal cases of
Candida and it is very rare (14).

The incidence of NF is low, 0.4 cases per 100,000
people (14). In the US, the annual age adjusted inci-
dence was 4.3 invasive infections per 100,000 of the
population (6). An increase, however, has been ob-
served in Europe (UK), as well as in New Zealand.
Brown et al (15) reported that the Health Protection
Agency identified 1012 cases of invasive group A
streptococcal infection (iGAS) between week 37,
2008 and week 20, 2009, compared to between 712
and 887 cases for the same period in the previous
four years. Bodansky et al (16), in a more recent
study reported that age-standardized incidence for
NF patients requiring surgery increased from 4 to 20
per million across the study period (2002-2017). Das
et al (17) observed a highly significant rise in annu-
al incidence rates of NF in New Zealand from 0.18
to 1.69 per 100,000 person-years (1990-2006). Males
seem to be more frequently affected than females
(52.7% vs 47.3% - 11,042 patients) (16). The median
age of patients is ca 60 years (range 44-60y) (16, 18).

In many cases of NF, an identifiable antecedent
penetrating trauma or surgical procedure is evi-
dent. Surprisingly, the initial lesion can be often
trivial, such as an insect bite, minor abrasion, boil,
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fascial necrosis

H+E stains X100

Fig.6. A. Photomicrograph showing necrobiotic tissue
(blue arrow), dense infiltration of neutrophils and fat ne-
crosis (yellow arrow) (H&E stains x 100). B. Photomi-
crograph showing extensive fascial necrosis (H&E stains
x 100).

postoperative infection or injection site (e.g., sub-
cutaneous insulin, illicit drugs) (19). Cheung et al
(6) reported that sites of prior trauma and skin le-
sions were the two most common portals of entry
(44.8% of patients). Furthermore, these infections
can develop secondarily to minor blunt trauma,
muscle strain or even spontaneously. Spontaneous
occurrence is rare, with hematogenous or lymphat-
ic spread responsible for the translocation of group
A B hemolytic Streptococcus (GAS) (15). Although
a minor muscle injury cannot be excluded in the

171



Ch Ioannidis, et al. Necrotising fasciitis of the lower extremity following streptococcal pharyngitis.

VOLUME 73 | ISSUE 2 | APRIL - JUNE 2022

g

&5 o
W -

™

two patients presented here (gym, ski), no relevant
symptoms were reported by either of them and no
clinical signs indicative of a muscle injury could be
identified. The most common presentation of GAS
infection is with pharyngitis which accounts for up
to 40% of cases seen by general practitioners in the
United Kingdom (20). The majority of patients with
NF, however, do not have preceding symptoms of
pharyngitis or tonsillitis (21). The differences in se-
verity of invasive streptococcal infections have been
attributed to human leucocyte antigen class II allel-
ic variation. This is due to their ability to regulate
cytokine responses triggered by streptococcal super
antigens (22). Both patients reported here had cul-
ture proven streptococcal pharyngitis which mani-
fested a few days before onset of NF symptoms and
signs. The latter were overlooked by general practi-
tioners in both cases.

The clinical presentation of necrotising fasciitis
entails progressive skin changes. Early on, only
tenderness, erythema, warm skin and swelling are
present, as was seen in both patients described
here. Specific signs such as crepitus and blistering
are rare. The average time of symptoms until hos-
pital admission has been reported 4.1 days (8). In an
American study on 198 patients, swelling was pres-
ent in 75.0%, pain in 72.9%, and erythema in 66.3%
(8). Foul discharge (46.8%), induration (45.3%),
crepitus (36.5%), fever (31.6%), skin slough or ne-
crosis (31.1%), blistering (23.7%), and skin discol-
oration (18.4%) occurred less frequently (8). In an-
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Fig.7 Patient two after surgical debridement. A. Lateral aspect. B. Medial aspect.

other study from India involving 75 patients, 91%
presented with local tenderness, 99% with edema,
72% with erythema, 73% with ulceration and 72%
with a purulent or serous discharge (23). Hypo-
tension (systolic blood pressure < 90 mmHg) (see
Case two) was reported in 11-33% (6, 8) and diso-
rient-ation/mental obtundation in 17-24% (6, 8).
At the initial stage, many patients are mistakenly
diagnosed as having cellulitis due to overlapping
diagnostic characteristics between cellulitis and NF.
This results in delayed management. When critical
skin ischemia occurs, blisters or bullae are formed.
Blistering is due to ischemia-induced necrolysis as
the invading organisms cause progressive thrombo-
sis of vessels that penetrate the fascia to supply skin
(24). As the disease progresses, skin lesions turn
black and form a necrotic crust. The occurrence of
tissue necrosis results in hypo- or anesthesia of the
affected region due to nerve involvement (6). Tissue
crepitation may be present due to gas production by
aerobic and anaerobic bacteria. The skin eventually
becomes hemorrhagic and gangrenous (6).
Diagnosis of NF, especially of the initial stage, is
difficult due to its similar clinical presentation with
other skin and soft tissue infections. Initial suspi-
cion, however, is based on the clinical picture. The
presence of severe pain, fever and thigh skin erythe-
ma without underlying hip pathology raised strong
suspicion of a necrotising infection in our first pa-
tient, whereas the entire clinical picture of our sec-
ond patient was indicative of necrotising fasciitis,
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Fig.8. Patient two after skin grafting of left thigh defect. Hypertrophic granulation tissue is seen at graft junctions. A.
Lateral aspect. B. Medial aspect.

despite the different opinion of the infections spe-
cialist. The Laboratory Risk Indicator for Necrotis-
ing Fasciitis (LRINEC: C-reactive protein, white cell
count, hemoglobin, sodium, creatinine, and glu-
cose) has been proposed as a diagnostic tool for NF
infection (24). Patients with a LRINEC score of > or
= 6 should be carefully evaluated for the presence of
NF; a score of > or = 8 is strongly predictive of this
disease. The value of LRINEC has been validated by
later studies even for patients with comorbid condi-
tions (25, 26, 27). Su et al (25) reported that patients
with a LRINEC score of > or = 6 have a higher rate
of both amputation and mortality. Other authors
observed that severe hypoalbuminemia, severe
thrombocytopenia and increased banded forms of
leucocytes are laboratory risk indicators of NF and
predict a higher risk of death (28). Recently, serum
procalcitonin has been suggested as a useful marker
for differentiating NF from cellulitis. A cut-off value
of 1.0 had a sensitivity of 88%, a specificity of 89%,
a positive predictive value of 81%, and a negative
predictive value of 93% (29). The most useful diag-
nostic imaging modality in the diagnosis of NF is
MRI. Signs that support a diagnosis of NF include
extensive involvement of the deep intermuscular
fasciae (high sensitivity, low specificity), thickening
to more than 3 mm, and partial or complete absence
on post-gadolinium images of signal enhancement
of the thickened fasciae (fairly high sensitivity and
specificity) (30). Ultrasonography is not recom-
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mended in adults, as the infiltration of the hypoder-
mis blocks ultrasound transmission (30). Imaging
may help to confirm deep tissue involvement and
to evaluate lesion spread, however, it should never
delay emergency surgical treatment in patients in
whom NF is strongly suspected (30, 31).

The “finger-test” and rapid frozen section biop-
sy examination have proved very useful in aiding
diagnosis of patients presenting with suspected ne-
crotising fasciitis in the early and intermediate stag-
es (32, 33, 34). The test is performed in the following
manner: the area of suspected involvement is infil-
trated with local anesthesia and a 2-cm incision is
made in the skin down to the deep fascia. Lack of
bleeding is an ominous sign of a necrotising process.
On many occasions, a “murky, dishwater fluid” has
been noted in the wound (clear pus in Case 2 of the
present study). A gentle probing maneuver with the
index finger is performed at the level of the deep
fascia. If the tissues dissect with minimal resist-
ance, the finger-test is positive. Tissue biopsies are
sent for frozen section analysis. The characteristic
histologic findings include obliterative vasculitis of
the subcu-taneous vessels, acute inflammation, and
subcutaneous tissue necrosis (33). If the finger-test
or the rapid frozen section analysis is positive or if
the patient has pro-gressive clinical findings con-
sistent with NF, he/she should be resuscitated and
taken emergently to the operating theatre for surgi-
cal debridement.
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Fig.9. Patient two one year postoperatively. A. Lateral aspect. B. Medial aspect.

Necrotising fasciitis represents a surgical emer-
gency. The large amount of necrotic tissue fuels a
persistent septic state and recalcitrant hemodynam-
ic instability. Whenever possible, aggressive resus-
citation must be initiated immediately to maintain
hemodynamic stability (19). However, one may not
be able to completely stabilize the patient before
surgery, in which case the anesthetist continues the
resuscitative efforts intraoperatively (33). Surgical
debridement of all obviously necrotic and poorly
perfused tissues leads to more rapid overall clinical
improvement. It is therefore essential that surgeons
be consulted early in the care of these challenging
patients. Early surgical debridement is a life-saving
treatment (34, 35, 36). Furthermore, it may mini-
mize tissue loss, eliminating the need for amputa-
tion of the extremity, which has been reported to
be necessary in ca 22% of patients (6, 35, 36). There
has been controversy regarding how much tissue
should be initially excised because the skin may
often appear normal. Andreasen et al (33) exam-
ined the normal-appearing tissues microscopically
and found that they had extensive early vascular
thrombosis and vasculitis, suggesting a high poten-
tial for full thickness loss. Therefore, these authors
recommended wide, extensive debridement of all
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tissues that can be easily elevated off the deep fascia
with gentle finger dissection. The wound must be
inspected closely (usually daily), as hemodynam-
ic instability usually persists postoperatively, and
progressive skin necrosis may occur from infectious
spread or hypoperfusion, as was observed in Case
one of this study. Further debridement as often as
necessary should be performed until the patient is
fully stabilized and all necrotic tissue is removed.
Once all of the affected tissues have been debrided,
on an average between one and four debridements
are necessary (19), the patient is asymptomatic and
two consecutive tissue cultures are negative, recon-
struction of the defect should be considered. Skin
autografts are the best option for larger defects,
whereas small defects (< 200cm?) in difficult sites
(e.g. articular surfaces) can be covered with free tis-
sue transfer (37).

When there is limited donor-site availability, al-
ternatives to standard skin graft reconstruction
include collagen-chondroitin scaffold (Integra ar-
tificial skin - Integra Life Sciences, Plainsboro, NJ,
USA) or decellularized human dermis (Alloderm -
Lifecell Corporation, Blanchburg, NJ, USA) (33, 38)
or any other of the currently available skin replace-
ment technologies (39). Median time to grafting
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has been reported 12 days (IQR 5 - 22) (40), which
coincide with the time both our patients underwent
the reconstructive procedure. One hundred percent
graft take was observed in both patients and no
further reconstructive procedures were necessary.
Intense postoperative physical/kinesiotherapy ena-
bled both patients to return to normal physical ac-
tivities (walking, etc.-three months) and sports (six
to eight months) after hospital discharge.

Irreversible necrotic changes following sepsis and
failed multiple debridements necessitate limb am-
putation (6). In a recent Danish nationwide register
- based cohort study, amputation occurred in 7% of
the individuals (41). Khamnuan et al (42) reported a
similar amputation rate (8.4% - 127/1,507 patients)
in a study from Thailand. Predictive factors for am-
putation included gangrene (risk ratio RR 4.77), di-
abetes mellitus (RR 3.08), skin necrosis (RR 2.83),
soft tissue swelling (RR 1.76), and serum creatinine
values > 1.6 mg/dL on admission (RR 1.71). Anoth-
er recent cohort multicenter prospective study from
Scandinavia reported that amputation occurred in
22% of patients with NF of an extremity and was as-
sociated with higher lactate level (43). Horn et al (36)
analyzed prospectively 446 patients with surgical-
ly confirmed NF. Twenty one percent of extremity
NF patients required amputation. Age greater than
60 years, male sex, nonwhite race, diabetes, chronic
wound as etiology, leg involvement, transfer status,
and sodium < 130 mEq/L were independently as-
sociated with amputation. Patients with any of the
above predictors should be monitored for progres-
sion and receive early aggressive treatment to avoid
limb loss (36).

Immediate postoperative care is provided in the
critical care setting. Fluid resuscitation, antibiotic
therapy and nutritional support form an essential
part of the postsurgical patient care. After the bac-
teria have been identified, therapy can usually be
tailored further. Antibiotic therapy for necrotising
infections in particular has not been studied in rand-
omized controlled trials (44). The Surgical Infection
Society and Infectious Disease Society of America
guidelines both strongly recommend combination
therapy with penicillin and clindamycin in necrotis-
ing soft tissue infections due to GAS (45, 46). No

clinical trials have evaluated duration of therapy in
NF (47). Guidelines suggest continuation of appro-
priate antibiotics for a minimum of 48 - 72 h after
resolution of fever and other systemic signs of infec-
tion as well as hemodynamic stabilization (47).

Adjunctive medical treatments for NF have been
utilized, the most common of which include intra-
venous immune globulin (IVIG) and hyperbaric
oxygen. The proposed mechanism of action of IVIG
relates to binding and inactivating circulating supe-
rantigens, thereby blunting the superantigen- medi-
ated cytokine cascade. A propensity- matched anal-
ysis of administrative data from 130 US hospitals
(48) and a RCT from Denmark (INSTINCT study)
(49) found no benefit of IVIG on physical function-
ing or survival at 6 months. Hyperbaric oxygen is
believed to potentially enhance oxygen delivery
to hypoxic tissues surrounding areas of necrosis,
directly killing anaerobic bacteria and improving
leucocyte activity (50). Encouraging results were re-
ported by Jallali et al (50), however, a more recent
systematic literature review failed to locate relevant
clinical evidence to support or refute the effective-
ness of hyperbaric oxygen therapy in the manage-
ment of necrotising fasciitis (51). Furthermore, the
greatest barrier to practical use of hyperbaric oxy-
gen in NF is the limited number of centers with hy-
perbaric chambers where critically ill patients can be
adequately monitored (47).

Despite efforts to treat the rapid infective pro-
cess, many patients still die through complications
of sepsis (pneumonia, heart failure, metabolic
disturbance) and finally multiorgan failure (6). It
should be noted, however, that mortality rates, re-
ported as high as 75% two decades ago (6), have
been mitigated and currently range between 15
and 20% (18, 36, 40, 41, 42, 43). In a study of the US
Multiple Cause of Death files (2003 - 2013), 9,781
NF - related deaths were identified corresponding
to a crude mortality rate of 4.8 deaths/1,000,000
person - years. Diabetes mellitus, obesity and renal
failure were significantly associated with NF-relat-
ed death (52). Fatal cases of NF were more common
among older individuals, and the greatest number
of cases was observed among individuals aged 55
to 64 years (52). In another study, Ahn et al (53)
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reviewed retrospectively the American College of
Surgeons - National Surgical Quality Improve-
ment Program and found 674 patients with lower
extremity NF. Although diabetes mellitus (DM)
was associated with more amputations for lower
extremity NF, patients with DM had lower mortal-
ity than non - DM patients in the bivariate analysis
(53). Increased mortality has been associated with
age > 60 years by most authors (34, 36, 41, 42, 43,
53). Other factors which have been associated with
a higher mortality rate include higher lactate level
(43), white blood cell count > 30x102/ml and plate-
lets < 150x10°/ml (36), systolic blood pressure <
90 mmHg and serum creatinine > 1.6 mg/dL (42),
partial thromboplastin time > 38 seconds, and al-
bumin > 2.0 mg/dL (53). Comorbid conditions
(congestive heart failure, peripheral vascular dis-
ease, chronic kidney disease and cancer) were as-
sociated with higher in-hospital mortality (34, 40).
Mortality rate has been shown to increase when
patients are transferred from outside facilities (18),
whereas admission to high-volume hospitals seem
to be associated with improved survival (41).

The severity of NF and the aggressive treatment
requirements put survivors at risk for significant
long-term sequelae related to the trauma of both
disease and treatment. While mortality rates have
improved, long-term outcomes in survivors are
poorly understood (54). Patients who have survived
often suffer from functional impairment and altered
body appearance. Pain medication and/or support-
ive devices are frequently required and the patients
present with significant physical, psychological
and relational sequelae at midterm follow-up (55).
Hakkarainen et al (56) interviewed 18 NF survivors
with a median follow-up of 4.2 years (range 3-6y)
and identified increased value placed on life, some
level of depression (related to external disfigure-
ment), posttraumatic stress, pain, sexual difficul-
ties, physical function (loss of mobility), behavio-
ral changes, fear of infection, change in dress, and
change in social activities (e.g., dance due to physi-
cal impairment). Both our patients initially reported
fear of infection, temporary relational difficulties,
and influenced societal factors, all of which were
normalized at long term follow- up. Special atten-

tion which had been given to the reconstructive part
of their treatment, and intensive active and passive
physical therapy resulted in an acceptable appear-
ance of the limb and near normal functionality (no
oedema, ROM, muscular strength etc.) one year af-
ter hospital discharge.

The presentation of two cases of streptococcal
pharyngitis and ensuing NF of the lower limb, no
matter how rare, aims to alert clinicians to a high in-
dex of suspicion for necrotising fasciitis, which has
an aggressive clinical course and can progress rap-
idly (within hours). Clinicians should have a high
index of suspicion and a low threshold for surgical
referral (11). Complaints of pain out of proportion
to the visible findings or excruciating tenderness are
clinical aids to early diagnosis. Upon admission, the
general approach is to start empirical antibiotics, as
most conditions will respond. Repeated physical ex-
aminations should be performed whilst maintaining
a low threshold for a “finger test”, tissue biopsy and
surgery. It is safer to treat the ambiguous cases as
necrotising fasciitis and manage them aggressively,
as delay in treatment can be life threatening.

Conclusions

Streptococcal pharyngitis can, very seldom, lead to
necrotizing fasciitis/ myositis of the lower limb. Be-
cause of the potentially fatal course of NF, early di-
agnosis is the key to a favorable outcome. Laboratory
findings (LRINEC score) and imaging may be useful,
however, the diagnosis is a clinical one, and suspi-
cion alone warrants early surgical consultation. The
mainstay of treatment is immediate resuscitation of
the patient, followed by aggressive surgical debride-
ment and intravenous antibiotic therapy. Once the
patient’s condition has been stabilized, meticulous
reconstruction of the defect followed by intensive
physiotherapy is mandatory in order to ensure a bet-
ter postoperative quality of life.
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