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Abstract Aim of the study: Necrotizing soft tissue infections (STIs) are serious
complications that may arise from pressure ulcers. However, there are few studies
on this important issue. In addition, diagnostic criteria for necrotizing STIs devel-
oping from pressure ulcers and infected pressure ulcers are not well established.
Methods: We defined necrotizing STIs developing from pressure ulcers based on
clinical findings. Based on the definition, we retrospectively analyzed the medical
records of 24 elderly patients with this condition to determine patient age, gender,
comorbid disease, laboratory findings, wound location, bacteriology, and treatment
outcomes.
Results: In the examined population, necrotizing STIs developed primarily from
pressure ulcers over the sacrum. Dementia and diabetes mellitus were also
frequently observed in patients with necrotizing STIs. The average Laboratory Risk
Indicator for Necrotizing Fasciitis (LRINEC) score was relatively low. Bacterial cul-
tures from the debrided deep tissues exhibited mixed infections of gram-positive
cocci and gram-negative bacilli, except 1 case. Anaerobic pathogens were isolated
from 18 patients (72%), and 7 patients (29%) developed bacteremia. None of the
cases were preceded by wounds dominated by granulation tissue. Surgical interven-
tion, combined with antibacterial therapy involving intravenous carbapenem or ce-
phem, was successfully used in most cases.
Conclusion: Necrotizing STIs arising from pressure ulcers are generally caused by
mixed pathogens and exhibit symptoms that are milder than those of necrotizing
fasciitis caused by group A Streptococcus.
ª 2013 Tissue Viability Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Necrotic tissue is always present in deep pressure
ulcers, and soft tissue infections (STIs) often
develop from the necrotic tissue. Some necrotizing
STIs, such as necrotizing fasciitis (NF) and gas
gangrene are potentially life threatening. NF is
characterized by extensive, rapidly progressive
necrosis of the fascia, followed by necrosis of the
subcutaneous tissue, with an overall mortality rate
of 25e30% [1,2]. However, the clinical features of
necrotizing STIs developed from pressure ulcers
are not well documented [3]. Necrotizing STIs have
a significant impact on patients with pressure ul-
cers because these STIs dramatically increase
wound volume and often induce sepsis. Although
pressure ulcers develop over bony prominences
and infected pressure ulcers have been previously
reported [3,4], STIs may also extend beyond the
pressure ulcer lesion. Therefore, studies are
required to characterize these necrotizing STIs
that develop from pressure ulcers.

Generally, NF is the most severe STI and is
accompanied by systemic symptoms, including
fever and shock. Moreover, NF often leads to sepsis.
Therefore, the clinical features of necrotizing STIs
are important in the management of pressure ul-
cers. In addition, whether necrotizing STIs that
develop from pressure ulcers show clinical features
distinct from fulminant NF (type II NF) is unclear.
However, the etiology of necrotizing STIs that
develop frompressure ulcers is notwell understood.
Furthermore, the terminology of “necrotizing STIs
from pressure ulcers” and “pressure ulcer in-
fections” has not been defined. This study aimed to
investigate the characteristics of necrotizing STIs
that develop from pressure ulcers.
Methods

Cases

All patients in this study were observed at a
medical center with 300 beds; more than 90% of
the patients hospitalized at the medical center
were aged >65 years. This retrospective review
examined patient medical records created be-
tween January 2005 and December 2012. The re-
cords of patients who had necrotizing STIs that
developed from pressure ulcers were analyzed.
This study complied with the ethical tenets for
human experimentation outlined in the 1975
Declaration of Helsinki.

The pressure ulcers were staged according to
the National Pressure Ulcer Advisory Panel
(NPUAP) criteria, with the wound locations being
described according to the bony prominence over
which they developed. All patients were analyzed
with regard to the recorded surgical interventions,
laboratory data, and microbiological and histolog-
ical findings. The Laboratory Risk Indicator for
Necrotizing Fasciitis (LRINEC) score [5] was calcu-
lated for each patient on the day of hospital
admission using clinical laboratory data comprising
white blood cell counts and levels of glucose,
C-reactive protein (CRP), sodium, serum creati-
nine, and hemoglobin. Information about age,
gender, anatomical location of the pressure ulcer,
antibacterial treatments, and 30-day mortality
were extracted from each patient’s medical
record.
Definition and diagnosis of necrotizing STIs
that develop from pressure ulcers

Necrotizing STIs, including necrotizing fasciitis, gas
gangrene, and other clinical entities, cause ne-
crosis of the subcutaneous tissue, fascia, and
muscle. However, deep pressure ulcers also result
in soft tissue necrosis. To distinguish between the
2 conditions, necrotizing STIs were defined as
shown in Fig. 1. Necrotizing STIs were defined as
those extending beyond the area immediately over
the bony prominence and were, therefore, not
limited to the primary ischemic tissue generated
by excessive pressure.

In this study, necrotizing STIs that developed
from pressure ulcers were diagnosed by a board-
certificated dermatologist. In brief, the diagnosis
was determined based on the presence of necrotic
fascia and fat tissue, accompanied by direct ob-
servations during surgical debridement and/or
pathological findings and/or computed tomogra-
phy evidence of the presence of gas within the soft
tissue adjacent to the pressure ulcer. Infections
limited to necrotic tissue and developing as a
result of pressure-induced ischemia were excluded
(Fig. 1).
Results

Patient characterization

During the 8-year study period, 624 hospitalized
patients were diagnosed with pressure ulcers; 24
(4%) were diagnosed with necrotizing STIs that
developed from pressure ulcers (Table 1). Among
the 24 patients with STIs, the average age was 82.9
(range, 65e98) years and 14 (58%) were female.



Table 1 Characteristics of the patients and
wounds.

Variable Value

Age (years); mean and range 82.9 � 9.2 (65e98)
Gender (male/female); n 10/14
Comorbidities; n (%)
Dementia 18 (75%)
Diabetes mellitus 14 (58%)
Site of occurrence; n (%)
Sacrum 11 (46%)
Greater trochanter 4 (17%)
Coccyx 4 (17%)
Ischium 2 (8%)
Foot 1 (4%)
Ilium 1 (4%)
Shoulder 1 (4%)
LRINEC score (mean and
range)

5.5 � 3.3 (2e11)

0e5; n (%) 13 (54%)
6e7; n (%) 3 (13%)
8e13; n (%) 8 (33%)

LRINEC, laboratory risk indicator for necrotizing fasciitis.

Figure 1 Schematic presentation of the criteria for
diagnosing infected pressure ulcers and necrotizing soft
tissue infections that developed from a pressure ulcer A,
Necrotizing soft tissue infection developed from a
pressure ulcer. The tissue necrosis extends beyond the
primary lesion caused by the pressure over a bony
prominence. PU, pressure ulcer B, Infected pressure
ulcer, the tissue necrosis is primarily limited to the
ischemic lesion caused by the pressure.
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The mean LRINEC score upon admission was 5.5
(range, 2e11), with a score of >5 being observed
in 11 cases (Table 1). In all cases, elevated in-
flammatory markers were observed; serum albu-
min levels were also generally well maintained at
the first observation (data not shown). Among the
24 necrotizing STI patients, 18 (75%) had comorbid
dementia and 14 (58%) had comorbid diabetes
mellitus.

Characterization of the necrotizing STIs that
developed from pressure ulcers

The primary pressure ulcers were mostly located in
the buttocks region, including over the sacrum,
greater trochanter, coccyx, and ischium (Table 1).
Only 1 case of necrotizing STI that developed from
a foot pressure ulcer was found in the database.
For the diagnoses, computed tomography scans
were obtained in 21 cases (88%). Complicated
pneumonia and urinary tract infection were
differentiated upon diagnosis of necrotizing STIs.
All of the primary pressure ulcers were stage IV,
according to the NPUAP criteria. None of the
pressure ulcers showed dominant granulation tis-
sue at the time the necrotizing STI was diagnosed
(Fig. 2(A) and (C)). In representative cases
(Fig. 2(A)e(D)), surgical debridement exposed the
fascia and muscle that appeared to be necrotic,
with a gray-blackish appearance (Fig. 2(B) and
(D)). In contrast, infected pressure ulcers without
necrotizing STIs (Fig. 2(E)) only exhibit yellowish
debris, usually called slough, after debridement
(Fig. 2(F)).

Bacteria isolated from deep necrotic tissue

Most of the wounds in our database were surgically
explored; samples for bacteriology were obtained
from the deep tissues, not from the wound sur-
face. All surgical debridements were performed
within 72 h of admission. Bacterial cultures,
including those for anaerobic bacteria, revealed
the presence of multiple organisms in the samples.
The most frequently detected pathogen was Bac-
teroides fragilis. A single species of bacteria was
recovered from only 1 wound (4%); 2 bacterial
species were isolated from 3 (13%) wounds; and �3
species were isolated from 20 (83%) wounds.
Corynebacterium spp., Staphylococcus aureus
(including methicillin-resistant S. aureus; MRSA),



Figure 2 Representative cases of necrotizing soft tissue infections that developed from pressure ulcers and infected
pressure ulcers. (A) Necrotizing soft tissue infection developed from pressure ulcer in a 98-year-old woman. The
bacteria isolated from the deep tissues were Proteus vulgaris and Enterococcus faecalis. The palpable lesion, con-
taining gas, is marked. (B) After surgical debridement: the necrosis had reached the fascia. The deep tissue exhibits a
gray appearance due to coagulation of blood. (C) Necrotizing soft tissue infection showing a phenotype like gas
gangrene from a sacral pressure ulcer occurred in a 71-year-old woman. The bacteria isolated from the deep tissue
were Bacteroides fragilis. (D) The wound is shown after surgical debridement. (E) An infected pressure ulcer in a 92-
year-old woman. (F) After debridement, the deep tissue shows only yellowish appearance, unlike necrotic fasciitis.
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and Peptostreptococcus spp. were among the
gram-positive pathogens that were isolated.
Among the gram-negative pathogens, Entero-
coccus faecalis, Escherichia coli, and B. fragilis
were frequently isolated (Table 2). Anaerobic
pathogens were isolated from 18 wounds (75%),
and 17 wounds (71%) had both aerobic and anaer-
obic pathogens.

Treatment and outcomes

Of the patients in the database who were diag-
nosed with necrotizing STIs that had developed
from pressure ulcers, all were treated with a
combination of antibiotics and debridement,
except for 1 patient whose family refused any
surgical treatment. Seven patients (29%) devel-
oped bacteremia, with B. fragilis being the most
frequently isolated pathogen from blood cultures.
Antibiotics were administered to all patients, and
the type(s) of antibiotic(s) that each patient
received is/are shown in Table 3. Appropriate
treatment for dehydration was required in all
cases. The 30-day mortality rate was 8% (2 pa-
tients), despite the advanced age of the patients
and their associated comorbidities. The 2 patients
who died succumbed to multiple organ failure due
to sepsis.



Table 2 Bacterial pathogens isolated from necro-
tizing soft tissue infections that developed from
pressure ulcers.

Pathogen Value n (%)

Aerobic pathogens
Corynebacterium sp. 9 (38%)
Enterococcus faecalis 9 (38%)
Methicillin-resistant
Staphylococcus aureus

8 (33%)

Staphylococcus aureus 7 (29%)
Escherichia coli 6 (25%)
Streptococcus agalactiae
(group B)

5 (21%)

Staphylococcus
epidermidis

3 (13%)

Proteus vulgaris 3 (13%)
Streptococcus spp. group G 2 (8%)
Klebsiella pneumoniae 2 (8%)
Streptococcus pyogenes
(Group A)

1 (4%)

Citrobacter freundii 1 (4%)
Pseudomonas aeruginosa 1 (4%)
Enterobacter cloacae 1 (4%)

Anaerobic pathogens
Bacteroides fragilis 13 (54%)
Peptostreptococcus sp. 10 (42%)
Clostridium sp. 2 (8%)
Fusobacterium sp. 1 (4%)
Porphyromonas
asaccharolytica

1 (4%)

Prevotella bivia 1 (4%)
Propionibacterium acnes 1 (4%)

Simultaneous detection of
aerobic and anaerobic
pathogens

17 (71%)
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Discussion

In this study, a retrospective analysis was con-
ducted to examine necrotizing STIs that arose as
complications of pressure ulcers in elderly pa-
tients. Because both deep pressure ulcers and
necrotizing STIs cause soft tissue necrosis, we
Table 3 Treatment and clinical outcomes of pa-
tients with necrotizing soft tissue infections arising
from pressure ulcers.

Treatment and outcomes Patients n (%)

Antibiotic monotherapy
Carbapenem 13 (54%)
Cephem 6 (25%)
Clindamycin 1 (4%)

Antibiotic combination therapy
Carbapenem þ clindamycin 4 (17%)

Surgical debridement 23 (96%)
Bacteremia 7 (29%)
30-day mortality 2 (8%)
defined necrotizing STIs developing from pressure
ulcers (Fig. 1). By this definition, patients with
cellulitis and infections limited to the necrotic
tissue of the pressure ulcer were excluded.

Dementia was frequently observed among the
patient population because of the advanced age of
the patients included in this study. The dementia
likely complicated and delayed the determination
of infection; therefore, pressure ulcer patients
with co-morbid dementia may be at a higher risk
for the development of severe STIs. Previously
reported studies have not focused on the rela-
tionship between dementia and infected pressure
ulcers; however, our observation highlights the
importance of comorbid dementia. Severe in-
fections are worse in patients with diabetes [6],
and diabetes was also frequently observed in the
patients in the present study.

Necrotizing STI, also called gangrenous cellulitis,
has been classified in various manners. Rapidly
progressive NFs are caused by group A Strepto-
coccus and are classified as type II NF. However,
necrotizing STIs from pressure ulcers are likely
distinct entities. Indeed, the average LRINEC score
in this study was lower than that reported in other
NF studies [7]. Although renal clearance is reduced
in the elderly, serum creatinine levels tend to
decrease because of muscle loss [8,9]. Further-
more, local atrophy of muscle over a bony promi-
nence is a major risk factor for the development of
the primary pressure ulcer. Therefore, the mass of
damaged muscle is relatively small in patients with
pressure ulcers. Hence, serum creatinine level may
be an inappropriate marker for evaluating necro-
tizing STIs in elderly patients with pressure ulcers.
Similarly, inflammatory responses, including white
blood cell counts and CRP levels, may be lower in
elderly patients with pressure ulcers.

An advantage of this study was that bacteriology
samples were obtained from deep necrotic tissues,
such as subcutaneous fat tissue, fascia, ligaments,
and tendons. Previous studies [7,10] have not
mentioned the method used for obtaining bacte-
riology samples; therefore, the current study is
informative regarding the types of bacterial colo-
nization existing in these types of necrotizing STIs.
Although streptococcal NF is characterized as a
fulminant infection, none of the cases of necro-
tizing STIs in this study were diagnosed as strep-
tococcal NF. Indeed, Enterococcus spp. as well as
anaerobic pathogens, including B. fragilis and
Peptostreptococcus spp., were frequently isolated
from the wounds in this study.

In this study, the presence of necrotic tissue,
not granulation tissue was an initiation factor for
necrotizing STIs that developed as an extension of



6 F. Mizokami et al.
a pressure ulcer. Moreover, the anatomic location
of a pressure ulcer may be a critical factor in the
development of necrotizing STIs because the op-
portunity for fecal infection is higher for sacral and
coccygeal pressure ulcers [11]. The necrotizing
STIs developed from pressure ulcers demonstrated
mainly polymicrobial infections, with both aerobic
and anaerobic pathogens frequently observed in
the chronic wounds [12,13].

Although the cases reported in present study
involved elderly patients with multiple comorbid-
ities, the mortality rate was lower than that re-
ported previously [14]. One of the reasons for the
lower mortality rate was that surgical intervention
(debridement) was performed in 23 of the 24 cases
at the initial stage. Another reason might be the
appropriate use of broad-spectrum antibiotics to
treat the multiple pathogens associated with these
infections.

This study was conducted in a limited number of
patients; however, it provides information re-
garding the characteristics of these necrotizing
STIs that develop from pressure ulcers. This
important complication needs to be recognized in
order to achieve effective management of pres-
sure ulcers.
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