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Abstract A standard treatment procedure for necro-
tizing fasciitis in the head and neck region was intro-
duced in 1999 at Rigshospitalet (National Hospital of
Denmark) Copenhagen. The new procedure intro-
duced more drastic surgical debridement than before,
combined with a set antibiotic regime and intravenous
gamma globulin and adjunctive hyperbaric oxygen
treatment (HBO). To evaluate the eVect of this, a ret-
rospective study was undertaken, involving 19 patients
treated for NF at the ENT department from 1996–
2004. Between 1996 and 1999 eight patients were
treated (non-HBO) from 1999–2004 eleven patients
were treated (HBO group). Length of antibiotic treat-
ment was very similar in the two groups (mean
22.5 days) as was bacteriology. Aetiological focus
diVered marginally with the HBO group showing a
clear tendency towards odontogen focus. The HBO
group was found to undergo signiWcantly more
debridement procedures (3.36). The most drastic
diVerence in the two groups however, was the reduc-
tion in mortality. The non-HBO group had a mortality
of 75% and in the HBO group they all survived. This
obviously resulted in a prolonged hospital stay for the
HBO group (mean 30.8 days). The study concluded
that the reduction in mortality was due to the combined
eVects of the diVerent entities in the new treatment

guidelines. It was not possible to isolate a speciWc fac-
tor responsible for the change.
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Introduction

Necrotizing fasciitis (NF) was Wrst described in 1871 by
Joseph Jones, an army surgeon, who encountered the
infection during the American Civil War. NF is the pre-
ferred term because fascial necrosis is the most consistent
manifestation of the disease, which includes a wide vari-
ety of syndromes [1–4]. In 1952, Wilson et al. [1] found
this infection to be primarily caused by staphylococci spe-
cies. However, since then, it is widely used to describe an
acute infection of the superWcial fascia and surrounding
soft tissue, often polymicrobial and including streptococci
and anaerobes in synergistic coexistence [1–7]. The symp-
toms develop acutely and quick diagnosis is of crucial
importance to reduce mortality and morbidity [8–10].
The progression of the disease is classically divided into
three stages. Initially the primary symptom is a patchy
erythema often mistaken for cellulites or erysipelas. The
skin lesion does not correspond with the true extent of
subcutaneous involvement. Often the patients experience
tenderness of the area and a run fever. The infection
quickly spreads and in the second phase the patient
suVers from severe pain of the aVected area and bullae
often develop. Systemic symptoms get more severe with
typical signs of septicaemia. The last stage of the disease
is characterized by cyanotic skin discoloration typical of
necrosis. The pathogenesis behind this necrotic develop-
ment is thought to be endarteritis obliterans in the
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nutrient vessels going through the fascia. On palpitation
there can be marked crepitation of the soft tissue due to
subcutaneous bacterial gas production. The patient grad-
ually goes into septic shock and multi organ failure
(MOF) [2, 5, 7, 8, 11–13]. The continuous problem with
early diagnosis is due to the paucity of speciWc clinical
signs during the early progression of the disease [3, 8].

The total number of NF in Denmark has been
reported to be 25–50 per year (in a population of about
5 million) in the head and neck region the incidence is
5–10. The total number of recorded cervical and cra-
niofacial NF cases in the literature includes about 200
patients [14]. NF in the head and neck region has
diVerent characteristics depending on location. Cervi-
cal NF dominates among males and has a higher mor-
tality and is more often polybacterial than infection
originating from the craniofacial region [4, 15].

The quick spread of infection and vast bacterial load
cause devastating consequences for the patients and the
literature reports extremely high mortality and morbid-
ity. To reduce this, a guideline to standardize treatment
was implemented in 1999 at the department of Otolar-
yngology-head and neck surgery at Rigshospitalet
(National Hospital in Denmark). This standard proce-
dure includes primary extensive surgical debridement,
intensive antibiotic and intravenous gamma globulin
treatment1. and hyperbaric oxygen treatment (HBO).

Theoretically HBO and intravenous gamma globu-
lins should reduce the bacterial proliferation and
spread and therefore also reduce necrotic develop-
ment. The use of HBO in treating NF is controversial
[16]. Theoretically HBO treatment increases polymor-
phonuclear cell function, further Wbroblast prolifera-
tion and collagen production. Furthermore, hyperbaric
oxygen is directly bactericidal on anaerobes [3, 17, 18].
All these factors combined improve healing and are
thought to diminish the volume of debrided tissue.

The aim of the present study is to evaluate the new
treatment by comparing the modalities before and after
1999. In this evaluation it has not been possible to sepa-
rate the diVerent entities in the new procedure. It is
therefore the combined eVect that has been analyzed.

Materials and methods

From 1996–2004, 19 patients were treated for NF at the
Head and Neck and Otolaryngology Surgical Depart-
ment at Rigshospitalet [19]. All patient records were
reviewed retrospectively and two groups were identi-

Wed; the non-HBO group (n = 8) before the new guide-
line with HBO as adjunctive therapy, and the HBO
group (n = 11) after the new guideline. Host factors
including age, sex, aetiological focus, bacteriology and
co-morbidity were analyzed. Length of hospital stay,
duration of antibiotic treatment, number of surgical
procedures and mortality were also evaluated. For the
purpose of this study, operations were classiWed as:
Debridement, describing necrotic tissue removal until
clearly vital tissue was reached, or incision and drain-
age (I&D), describing only wound inspection and
drainage. An estimate of the clinical status on arrival,
pathology Wndings and surface area debrided proved to
be unmanageable due to incomplete data.

The HBO protocol for necrotizing fasciitis involved
administering hyperbaric oxygen at 2.8 atmospheres
pressure for 90 min in a multiplace chamber (Drass
Gallazzi Sp.A). Patients received HBO treatment as an
adjunct therapy three times within the Wrst 24 h after
admission, and then twice during the following days.
This protocol was followed until there was no on-going
evidence of necrosis.

The results were tested for signiWcance using Wilco-
xon’s test, t-test for independent data, Binomial test
and Fisher’s exact test. A P-value less than 0.05 was
considered signiWcant.

Results

Host factors like age, sex, co-morbidity, etiological
focus and bacteriology are illustrated in Tables 1, 2, 3
and 4. Age and sex were very similar in the two groups.
Co-morbidity diVered marginally. In the HBO groups
there were signiWcantly more patients with diabetes
and smoking. In the non-HBO group signiWcantly
more patients with a substantial alcohol abuse2.

Wound and blood bacteriology showed a tendency
towards streptococcal species and generally a polybac-
terial colonisation.

The duration of antibiotic treatment was not signiW-
cantly diVerent in the two groups, i.e., 23.3 days in the
HBO group and 21.1 days in the non-HBO group.
However, there was an obvious variation in the initial
choice of antibiotics due to change in protocol. Antibi-
otic treatment was adjusted according to the sensitivity
of cultured organisms.

The HBO group underwent a total of 88 surgical
procedures (mean 8.0) and the non-HBO only a total

1 Consist of Meronem 2 g bolus followed by 1 g three times daily,
Ciproxin 400 mg twice daily, Dalacin 600 mg three times daily.
Gammaglobulin is 25 g once a day for 3 days. All given intravenously

2 DeWned according to the Board of National Health in Denmark,
to be more than 14 U per week for women and more than 21 U
per week for men.
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of 20 (mean 2.5). The HBO group underwent signiW-
cantly more operations of the debridement type than
the non-HBO patients (P < 0.002), while the number
of I&D in the two groups were similar (0.05 < P < 0.1).
In the HBO group the mean for debridements was 3.36
versus 0.5, and I&D 4.63 versus 2.13, respectively.
Reconstructive surgery was also performed. However,

this was only the case in the HBO patients where seven
patients underwent reconstructive surgery.

HBO treatment followed a speciWc protocol and the
patients had a mean of six dives. Sixty four percent of
the patients had Wve or less. No patient received more
than 11 dives. In this analysis only dives where necro-
tizing fasciitis was the indication for treatment were
included. One patient developed osteomyolitis of the
jaw and underwent HBO treatment on a regular basis
for a 2-month period after his soft tissue infection had
resolved. This patient’s data was not included in the
evaluation of HBO treatment.

Mortality was vastly reduced from 75% in the non-
HBO group to zero in the HBO group (P < 0.001).
This reXected directly on the length of hospital stay.
Resulting in a mean duration of 30.8 days in the HBO
treated patients versus 15.3 days in the non-HBO
group (P < 0.02). The cause of death in the non-HBO
groups was mainly due to progressive multi-organ fail-
ure. In both groups the complications typically
included sepsis with haemodynamic instability and
adult respiratory distress syndrome.

Discussion

In treating this group of patients, physicians were left
with the impression that the patients were more sus-
ceptible to infection and compromised healing due to
vascular disease and general immunodeWciency. Diabe-
tes and smoking combined with excessive alcohol
intake or intravenous drug abuse was the most com-
mon co-morbidity. Even though only few of the evalu-
ated co-morbidity factors were signiWcantly more
frequent in our patients than the population in general,
Table 2 shows a marked tendency to substantiate the
initial impression. Systemic disease is thought to be a
contributing but not necessary factor for NF to develop
in these patients [4, 5, 8, 9, 11].

Duration of antibiotic therapy was reported to be
marginally longer in this study than what is usually
reported in the literature [9, 21], with no signiWcant
diVerence between the two groups. However, in our
study the duration of antibiotic treatment was very var-
ied, and it gives no clear impression of the optimal
length of antimicrobial therapy. Antibiotics were com-
bined with intravenous immunoglobulin, especially in
the HBO group where 9/11 patients received immuno-
globulin for a total of three days. The rationale behind
this adjuvant antimicrobial therapy is to reduce bacterial
spread and inXammation in the soft tissue by inhibition
of superantigen activity reducing septicaemia and Xuid
sequestration [8, 22, 23]. The simultaneous use of

Table 1 DemograWc data

HBO (n = 11) Non-HBO (n = 8)

Mean age 59.5 (34–69) 54.4 (44–82)
Male 3 2

Table 2 Co-morbidity

a [20]

HBO 
(n = 11)

Non-HBO 
(n = 8)

General 
populationa (%)

Diabetes 3 (27%) 1 (13%) 2.7
Smoking 7 (64%) 4 (50%) 34
Alcohol abuse 4 (36%) 6 (75%) 11.7
Previous cancer 4 (36%) 2 (25%) –
Adipositas 3 (27%) 1 (13%) 41.8
Cold 1 (9%) 1 (13%) 3.0
Poor dental status 1 (9%) 1 (13%) –
Previous i.v. drug 

abuse
2 (18%) 1 (13%) –

Table 3 Aetiological focus

HBO 
(n = 11)

Non-HBO 
(n = 8)

Odontogen 5 0
Peritonsillar abscess 2 1
Parapharyngeal abscess 0 2
Epiglottitis 1 2
Glandula parotis 0 1
Other 3 2

Table 4 Bacteriology (primary cultures)

a Unfortunately microbiological data to determine anaerobes is
not consistent in this group

Species HBO 
(n = 11)

Non-HBO
(n = 8)

Haem. Strep. gr. A 1 4
Haem. Strep. gr. C 1 1
Haem. Strep.gr. G – 1
Haem. Strep. gr. F – 1
Non-haem. strep. 4 1
Other strep. spp. 3 –
Staph. aureus 2 1
Other spp. 8 5
Anaerobe spp. 5 –a

No bacteria in culture 0 0
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several diVerent broadspectrum antibiotics illustrates
the diVerent resistance proWle and variation in bacte-
rial species cultured from these patients. McMahon
et al. [8] found the oropharynx and oral cavity to be the
aetiological focus of cervical NF. This Wnding corre-
lates well with our Wndings. However, none of the
patients in the non-HBO group showed odontogen
infection focus, diVering clearly from the Wndings of
Maisel and Karlen, who found the majority of cervical
NF to be of odontogen focus just like the HBO group.
This diVerence in focus can not be readily explained.
However, it has been suggested that NF in the head
and neck region can not be considered as one entity
but must be divided into cervical and craniofacial NF
[4, 15]. Cervical and craniofacial NF diVer in two main
aspects. Cervical NF has a higher mortality, and it is
more often caused by multiple bacterial species, both
anaerobes and aerobes [15]. Due to the limited number
of patients in this study it was decided not to subdivide
NF in the head and neck region further.

Our study diVerentiated surgical procedures accord-
ing to removal of necrotic tissue or simple drainage.
Our Wndings clearly showed that the HBO group
underwent signiWcantly more surgical debridement
procedures than the non-HBO patients, with a mean of
3.36 versus 0.5. This diVered drastically from Risemann
et al. [10] who found a marked reduction in the need
for debridement in the HBO treated group. Risemann
et al. [10] found a need for debridement in HBO group
to be less than half of the non-HBO group (1.6 and
3.25, respectively). Their Wndings contrast directly with
the two-fold increase in debridements in the HBO
group found by Brown et al. [21] in 1994 when review-
ing 54 cases of truncal NF. Our study correlates well
with the Wndings of Brown et al. [21] with a mean of 2.4
and 1.3 in the HBO and non-HBO patients, respec-
tively. Several factors are relevant in analyzing these
results. First of all the patient populations diVer in
respect to aetiological focus. Riseman et al. looked at
NF in the extremities and Brown et al. [21] reviewed
truncal infections and our study only included cervical
and craniofacial NF. DiVerent aetiology could have an
eVect on surgical control of the infection. Furthermore,
in Riseman and Browns studies a distinct diVerentia-
tion between diVerent types of surgical procedures has
not been clearly described and this could account for
some of the discrepancy between the results. We made
a clear distinction between debridement and I&D, as
previously described; this makes direct comparison
diYcult. The drastic reduction in mortality could also
play a part in explaining the need for more surgical
procedures in the HBO treated group. Increase in sur-
gical debridement in the HBO group left the patients

with greater soft tissue defects, and hence a greater
need for reconstructive surgery. The need for a func-
tional and cosmetically acceptable end result was also
enhanced in this patient group (see Figs. 1, 2 and 3).

The literature generally reports mortality rates
between 6 and 76% with NF. This correlates well with
the mortality of 75% in the non-HBO group. In the
HBO group all the patients survived their infection.

Fig. 1 Initial presentation of a 79-year-old male. No prior illness.
Presents with apparently innocent erythema of the anterior part
of the neck and a peritonsillar abscess

Fig. 2 Necrotic skin resected—gauze in pharyngeal Wstula
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This drastic reduction in mortality between the two
groups must be due to the speciWc treatment proce-
dure, aiding the admitting doctor in diagnosing and ini-
tiating rapid treatment of this acute infection.
McMahon et al. [5] and Balcerak et al. [8] both found
quick diagnosis and surgical debridement to be very
important factors in reducing mortality.

Conclusion and perspectives

In the present study it has not been possible to diVeren-
tiate the entities in the new guideline, and the revolu-
tionary survival in the HBO group must be a result of
the combined eVect of quick and major debridement,
broad-spectrum antibiotic treatment, intravenous
gamma globulins and HBO treatment. This drastically
changes the prognosis for patients with necrotizing
fasciitis.

In the future it would be interesting to evaluate if
the volume of soft tissue removed could be lessened
making the need for reconstructive surgery smaller and
more achievable, leaving the patients with an even bet-
ter result than today. HBO eVectiveness has not been
tried in randomized trials. This would be advisable,
though probably unlikely due to the very small number
of patients with this infection. Also the question of
human ethics should be considered after Wnding such a
marked diVerence in mortality.

Since the conclusion of this study 14 cases of NF in
the head and neck region have been identiWed and
treated as our HBO group. All have survived. There
has been a slight increase in the incidence of NF, prob-
ably due to increased awareness. In future studies it

would be interesting to look at patient status on arrival,
including blood count, temperature, blood pressure
and a standardized measure of tissue involvement. This
would make it possible to evaluate possible prognostic
factors for development of septic shock and also give
an idea of the possible eVect of HBO and immunoglob-
ulin in reducing tissue volume removed.
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