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Abstract To provide retrospective, descriptive informa-
tion on patients with cervical necrotizing fasciitis treated at
a single center during the years 1998-2014, and to evaluate
the outcome of a newly introduced treatment strategy.
Retrospective analysis of clinical data obtained from
medical records. Mortality, pre-morbidity, severity of ill-
ness, primary site of infection, type of bacteria, time
parameters. The observed 3-month mortality was 6/59
(10 %). The most common initial foci of the infection were
pharyngeal, dental or hypopharyngeal. The most common
pathogen was Streptococcus milleri bacteria within the
Streptococcus anginosus group (66 % of the cases). Using
a combined treatment with early surgical debridement
combined with hyperbaric oxygen treatment, it is possible
to reduce the mortality rate among patients suffering from
cervical necrotizing fasciitis, compared to the expected
mortality rate and to previous historical reports. Data
indicated that early onset of hyperbaric oxygen treatment
may have a positive impact on survival rate, but no iden-
tifiable factor was found to prognosticate outcome.
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Introduction

Cervical necrotizing fasciitis (CNF) is a rare and poten-
tially fatal infectious disease, which calls for early recog-
nition and treatment [1, 2]. The condition was first
described in the late nineteenth century [3] and later
characterized as “necrotizing fasciitis” in 1952 [4]. Today,
the incidence of CNF has been reported to be two per
million per year [5], with reported mortality rates between
6 and 64 % [6-9].

The disease usually begins as a bacterial infection of
dental or pharyngeal origin [2, 5, 10]. In contrast to
forming a defined abscess, the infection spreads rapidly
along the fascial planes, which become necrotic. Initially,
the underlying muscles and overlapping skin are spared
[11, 12], but the infection and the inflammatory response
cause microembolies and hampered circulation, which
leads to necrosis also to skin and soft tissue [13]. This
generates further bacterial growth, and the patient
becomes septic, with affected vital parameters [14, 15].
Without prompt treatment, the infection leads to multi-
systemic organ failure, and death. For diagnostic purpose,
attempts have been made to stage the clinical progress of
the disease: stage 1 (early) includes tenderness, erythema,
swelling and calor; stage 2, blistering and bullae and
stage 3, crepitus, skin anesthesia, and skin necrosis
[12, 16]. Nevertheless, to make an adequate diagnose in
an early stage is often difficult. CNF can be mistaken for
erysipelas or other localized infection, but should be
considered among patients with disproportionate pain
[12, 17].
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Due to low incidence and diagnostic uncertainties, pre-
vious literature on CNF is limited. Given the high mortality
rate and the presumed importance of early treatment, there
is a clear need for more clinical data. The aim of the pre-
sent study was to provide retrospective, descriptive infor-
mation on patients diagnosed with CNF at a single center
during the years 1998-2014, and to evaluate the outcome
of a newly introduced treatment strategy. These patients
were all treated with early surgical debridement, antibiotic
treatment and daily hyperbaric oxygen (HBO) treatments at
2.8 bars.

Methods

The study is a retrospective, descriptive analysis of clinical
data obtained from medical records and registers regarding
patients diagnosed with CNF at the Karolinska University
Hospital, Stockholm, during the years 1998-2014. In 1998,
a new treatment protocol was introduced, including early
and repetitive surgical debridement to eradicate all necrotic
tissue, broad-spectrum antibiotics (clindamycin 600 mg
three times daily, +Cilastatin/Imipenem 1000 mg/
1000 mg four times daily) and HBO treatments (at 2.8 bar
twice daily during 100-285 min, 3.9-113.4 ATA (atmo-
spheric hours of oxygen) totally per patient).

Patient identification and inclusion

Patients were identified from a local quality register and
through searching for International Classification of Dis-
ease (ICD) codes M726 (necrotizing fasciitis) and M354
(diffuse fasciitis) in the medical record database. Of the 166
identified patients, 59 met the inclusion criteria, defined as:
(1) severe soft tissue infection in head and neck area with
pain out of proportion, (2) radiological signs of free gas in
tissue, and/or fascial oedema (computed tomography) (3)
confirmed necrotic tissue at surgery associated with lique-
fied purulent secretion and a rotten, waste like odor, and (4)
deranged vital parameters and need for intensive care.
Patients with localized infections (erysipelas, cellulitis) and
abscesses were excluded. In six cases, biopsies had been
sent for pathological confirmation of diagnosis, which all
showed signs of inflammation and necrosis.

Of the 59 included patients, 37 were originating from
the Stockholm area and primarily handled at Karolinska
Hospital, whereas 22 patients were referred from other
parts of the country.

Surgical management

The aim of the surgical management was to remove all
necrotic tissue to prevent further spread of the infection.
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This was performed through wide skin incisions over the
affected region. Most often bilateral neck incisions were
needed with extension of the incisions along the fascia
planes up to the skull base. Incisions were sometimes
needed further down over the shoulders, thorax and back
region. The wounds were left open covered with saline
dressings and drainage until no further spread was noted
during the daily or twice daily check-ups by the surgeons.
In cases where the infection spread to mediastinum thora-
cotomy was performed and multiple drainages were used.
Notably nerves and vessels were rarely affected and could
generally be spared as an organ preservation approach was
used. Vessels were ligated only for exposure purposes. To
prevent unnecessary spread of infection to the mediastinum
patients were kept intubated as tracheostomy was avoided
until the infection was under total control. The sequelae
were mainly disfiguring scars, in some patients requiring
secondary reconstructive surgery.

Collected data and parameters of interest

Information was collected regarding demographic data,
previous medical history, foci of infection, and time
parameters such as time from hospitalization to surgical
intervention and duration of intensive care. The number
of surgical procedures was documented. Based on the
appearance of the tissue during surgery, extent of the
disease was categorized into (1) necrotic sub-dermal
tissue with intact fascia, (2) necrotic fascia and necrotic
subcutaneous tissue but with preservation of the muscle
tissue, or (3) necrotic fascia, muscle, fat and sometimes
overlaying skin. Bacterial growth in cultures from blood
or tissue was noted, as well as total HBO dose and extent
of intensive care (need for dialysis, inotropic support and
assisted ventilation). The APACHE-II score (clincalc.-
com) was used as a tool to measure severity of the illness
and to calculate the estimated mortality risk, based on
archived data from the first 24 h in the intensive care
unit.

Parameters of interest were: mortality, pre-morbidity,
severity of illness, and time parameters such as time to
infection control. Infection control was defined as no fur-
ther development of necrosis, C-reactive protein <100 and
no need for inotropic support.

Statistical analyses

Mann—-Whitney U test was used to analyze differences
between two unrelated observations. The variance ratio test
was used for the comparison of the variability of data in
two populations.

Classified data from two independent populations were
compared by the Fischer exact test. Standardized mortality
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ratio (SMR) and its 95 % confidence intervals were cal-
culated as given by Liddell [18].

Statistics were evaluated by MS Excel (Microsoft
Corporation, Redmond, Washington USA) and Graph
Pad Instat 3.10 (Graph Pad Software inc. San Diego,
USA).

p values less than 0.05 were considered as statistical
significant. All reported p values were from two-sided tests.

Results
Age, gender and previous medical history

Fifty-nine patients met the inclusion criteria (30 female, 29
male). Median age was 60 years (range 17-89 years).
Among the survivors the median age was 59 years (range
17-89 years) and in the group of diseased 64 years (range
53-75 years). The patients with a previous medical history
were categorized into: heart and vascular diseases
(n = 16), diabetes mellitus (n = 10), drug abuse (n = 7),
pulmonary diseases and asthma (n = 6), malignancy
(n = 3), psychiatric diseases (n = 3), or “other”, such as
gastric reflux, Guillan Barré syndrome, or acne (n = 18).
The remaining patients had no previous medical history
and were considered healthy (n = 11) (Fig. 1).

Extent of necrosis

The necrotic process involved subcutaneous fatty tissue
(n = 8), extending to fascia (n =21), and muscle
(n = 29). In one case data is missing, since the patient was
primarily cared for at another hospital. Thoracic spread of
the infection was observed in 23 patients, of which 4
patients died.

Fig. 1 Previous medical
conditions of the patients
included in the study. *Other
disease such as gastric reflux,
Guillan Barré syndrome, or acne

Asthma/pulmonary disease
Substance abuse

Diabetes mellitus

Healthy
Heart and vascular disease

Other diseases*

Malignancy

Psychiatric disorder

Foci of primary infection

The most common initial focus of the infection was pha-
ryngeal (n = 23), dental (n = 20) or hypopharyngeal
n = 8). More rarely, the infection developed after surgical
procedures or trauma (n = 4), salivary gland infection
n = 1), or axillary skin (n = 1). In two cases, the initial
focus was not identifiable (Fig. 2).

—~r o~

Bacteria

Perioperative cultures from wound/tissue and blood were
collected in all patients. Monobacterial growth was found
in 29 patients, polybacterial growth in 25 patients,
whereas no bacterial growth was detected in 5 patients.
Gram-positive cocci were found in 48/59 (81 %) of the
cases, of which the most common pathogen was Strep-
tococcus milleri bacteria within the Streptococcus angi-
nosus group, found in 39/59 (66 %). Beta-haemolytic
streptococci (GAS) were seen only in 3/59 (5.1 %) of the
cases. In 18/59 (31 %) of the cases both gram-positive
cocci and anaerobic bacteria were found together

Early diagnosis and treatment are clinically emphasized
and therefore attempts were made to analyze the time
intervals (in days) between first healthcare contact to:
(a) hospitalization (b) diagnosis (c) surgical treatment,
(d) HBO treatment and to (e) infection control. Time
intervals were generally slightly shorter for surviving
patients compared to diseased patients, but did not reach
statistical significance at a 5 % significance level (Mann—
Whitney U test, two-tailed p value, Table 2).
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Foci of primary infection

Axillary 2 % Unknown 3%
Parotid gland 2 %

\

Aftersurgery 7% — _

—

Hypopharyngeal 14 %
Pharyngeal 39 %

Dental 34 %

Fig. 2 Primary foci of infection, judged from the medical records. In
two cases, the primary origin of the infection was not identifiable

Severity of the illness

Data for calculating the APACHE-II score was available in
54/59 patients. Median value was found to be 18 points

(range 4-33 points). Median time in the intensive care unit
was 15 days (2-46 days) mechanical ventilation 14 days
(0-56 days). Total number of surgical debridement was 4
(median value; range 1-18). 14 % of the patients were in
need of dialysis.

Mortality

The observed 3-month mortality was 6/59 (10 %). Derived
from the Apache-II score, the estimated mortality risk was
calculated to 35.9 % (median value; range 5.1-78.9 %) for
all patients, with no statistical difference comparing sur-
viving and diseased patients (p = 0.6327 Mann—Whitney
U test). The standardized mortality rate (SMR) = (ob-
served mortality/expected mortality), was found to be
0.267 (95 % C1 0.0976-0.5816).

The clinical characteristics of the six patients with fatal
outcome are listed in Table 3. Two of these patients had
significant premorbidity (recurrent malignant disease and
multiple cerebrovascular lesion, respectively), butin one case

Table 1 Bacterial growth
(tissue and blood)

Bacterial growth in tissue and blood

Type of bacteria

Number of patients (%)

Gram-positive cocci 48 81
Beta-haemolytic streptococcus (GAS) 3 5.1
Alfa-haemolytic, Strep. anginosus (milleri) 39 66.1
Alfa-haemolytic streptococcus (the rest) 2 34
Enterococcus spp. 1 1.7
Gram-positive cocci, unidentified 3 5.1

Anaerobe, gram-negative rod-shaped 15 254
Prevotella spp. 9 15.3
Bacteroides fragilis 4 6.8
Fusobacterium necrophorum 2 34

Anaerobe, gram-positive cocci 8 13.6
Peptostreptococcus spp. 8 13.6

Anaerobe, gram-positive rod-shaped 7 11.9
Lactobacillus spp. 1 1.7

Propionibacterium acnes 5 8.5
Clostridium spp. 1 1.7

Staphylococcus spp. 4 6.8
S. aureus 2 34
S. lugdunensis 1 1.7
KNS 1 1.7

Gram-negative rod-shaped, non enterobacteriacae 2 34

Hemophilus influenzae 1 1.7

Eikenella corrodens 1 1.7

Gram-negative rod-shaped, enterobacteriacae 2 34
Serratia spp. 2 34

No bacteria identified in culture 5 8.5

Bacterial species are listed in order of abundance. Note the high abundance of Streptococcus milleri, found
in 66.1 % of the patients. Negative cultures were found in five of the patients
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Table 2 Time intervals (days) for surviving and diseased patients (median value, range), showing slightly shorter time intervals for surviving
patients, though without reaching statistical significance at a 5 % significance level (Mann—Whitney U test, two-tailed p value)

Time interval Survived (n = 53) Diseased (n = 6) p value
(a) First healthcare contact to hospitalization 2.6 £ 3.2 (range 0-14) 5.8 £+ 6.8 (range 0-15) 0.5255
(b) First healthcare contact to diagnosis 3.7 &+ 3.7 (range 0-16) 4.6 + 3.8 (range 1-11) 0.4824
(c) First healthcare contact to surgery 3.8 £ 3.8 (range 0-16) 6.2 £+ 5.0 (range 1-12) 0.2749
(d) First healthcare contact to HBO 4.5 £ 3.8 (range 0-15) 7.8 £ 5.8 (range 4-16) 0.1074

(e) First healthcare contact to infection control

17.4 £ 10.6 (range 4-59) - _

Table 3 Clinical data of the six patients with fatal outcome

Patient Pre-morbidity

Primary focus Bacteria

Male, 75 years Atrial fibrillation, Substance abuse

Female, 71 years Diabetes, Substance abuse

Female, 53 years Healthy
Male, 59 years Obesity, Diabetes, Myocardial infarction,
Hypertension

Male, 68 years Pleomorphic adenoma, magnified

Male, 60 years Diabetes, Hypertension, CVL

Suspected Parotitis Strep. milleri

Dental No bacteria found
Pharyngeal tonsillitis

No data

Strep. milleri

Strep. milleri, Prevotella

Radiated tissue, right cheek Peptostreptococcus,
and neck Strep. intermedius
Hypopharyngeal Alfa-haemolytic streptococcus,

Staph. aureus

the patient had no previous medical conditions. four of the
diseased patients had thoracic engagement of the infection.

HBO treatment

The patients received one to two HBO treatments each day,
at 2.5 or 2.8 bar pressure. HBO treatment was generally
started within 24 h from the first surgical intervention; 26
patients were treated the same day and 14 at 1 day after
surgery. In one case, the HBO treatment was initiated
15 days before the onset of CNF due to another disease,
and in one case the HBO treatment was resigned because of
the patient’s status with a background malignancy. In three
cases, the time of onset of HBO was unclear.

The total HBO dose varied from 3.9 to 113.4 atmo-
sphere absolute (ATA) hours. The total number of treat-
ments varied from 1 to 30, reflecting the varying time to
control of infection. Of the six cases with fatal outcome,
one did not receive HBO treatment, three started HBO
treatment the same day as surgery, and two patients started
HBO at 3 and 5 days after first surgical intervention.

Discussion
Synopsis of key findings
This report describes the clinical parameters and outcomes

in 59 patients treated for CNF, a rare but clinically sig-
nificant infectious disease. To our knowledge, this is one of

the largest clinical studies focusing specifically on CNF.
Compared to historical data [8, 19, 20] and to the estimated
mortality risk, the observed mortality rate was found to be
relatively low (10 %), which may be attributed to the
treatment strategy introduced in 1998. At this time point, a
protocol for cervical fasciitis was nonexistent and in
addition the patients were treated with varying approaches
at different hospitals in the Stockholm area. In 1998, a
reorganization took place, and all in-patient treatment of
Head and Neck patients were concentrated to Karolinska
University Hospital, where the existing protocol for fasci-
itis in various other parts of the body was adopted to
include also cervical fasciitis. The main differences to
earlier varied treatment strategies were a more aggressive
surgical approach with leaving the wounds open until
infection control, and the addition of HBO treatment. Even
though the relative contribution of HBO treatment remains
to be clarified, its clinical effect is judged to be important.
The present report further indicates a favorable effect of
early initiation of treatment, even though comparisons did
not reach statistical significance.

Comparison with other studies

In a previous report, Krenk et al. [5], showed a remarkable
change in mortality rate from 75 to 0 % after introducing
HBO, even though the number of cases was limited. Simi-
larly, Wolfetal. [14] reported full survival in 17 patients with
CNF as well as Flanagan et al. [7] and Maisel et al. [13], when
HBO was used in addition to conventional treatment
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including antibiotics and surgery. HBO treatment has been
showed to increase the partial oxygen pressure (PO,) sev-
eralfold in the tissue, providing “guaranteed oxygenation”
of hypoxic tissues and also challenging numerous enzyme
systems providing antimicrobial [21], anti-inflammatory and
tissue preconditioning effects. These actions may be favor-
able in the case of CNF, where the local milieu in the infected
tissue is characterized by hypoxia, microthrombosis and
inadequate perfusion. However, the question still remains if
HBO is the explanation for the relatively low mortality rate
in the present material.

The most common pathogens were of the Streptococcus
milleri group mixed with anaerobic bacteria, with primary
dental or pharyngeal focus. This finding is in line with the
previous report by Fihman et al. [22], where Strep. milleri
was cultured in 54 % of the patients. However, the Fihman
report uses a wider definition of CNF, and therefore may
include other types of deep neck infections. In our material,
where such patients were excluded, 66 % (39/59) Strep.
milleri must be regarded distinctive.

Clinical applicability

Surviving patients seemed to be hospitalized and given
HBO treatment slightly faster than diseased patients
(Table 2). These time difference was, however, not statis-
tically significant, nor was it possible to identify any other
parameter regarding age, gender, pre-morbidity or treat-
ment, with importance for infection control or survival.
Nevertheless, given the rapid and sometimes dramatic
progress of the disease, early diagnosis must still be con-
sidered important in order to achieve prompt initiation of
treatment.

Dose of HBO can be expressed in different ways, i.e.,
number of treatments, intensity of treatments (number of
treatments per day, and week), treatment pressure, time at
treatment pressure, total time in HBO chamber, all of
which have a potential to influence the treatment dose
given to the patient. In our study, the patients were not
subjected to a strict HBO protocol [23, 24]. Instead, HBO
dose was individualized according to patient response/in-
fection control, as judged by senior clinicians. To make the
individualization of the HBO dose clear, we recorded the
total HBO dose (“atmospheric hours of oxygen”). A con-
sistent terminology for HBO dose would be an important
issue to consider in future treatment protocols.

Conclusions
Using a combined treatment with early surgical debride-

ment combined with hyperbaric oxygen treatment (HBO),
it is possible to reduce the mortality rate among patients
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suffering from CNF, compared to the expected mortality
rate and to previous historical reports. Early onset of HBO
treatment may be associated with an increased survival
rate, but no clear factor was found to prognosticate out-
come. Further studies are needed to clarify the effect of
HBO treatment, as well as to investigate the pathological
mechanisms behind the rapid and sometimes fatal spread of
this type of bacterial infection.
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