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Abstract

Background: Within the spectrum of necrotizing soft tissue infections
(NSTI), necrotizing fasciitis (NF) has been characterized by tissue and fascial
necrosis with systemic toxicity. The objective was to determine and summar-
ize the frequency and characteristics of breast NF and NSTI in the literature.
Methods: Cases were obtained through PubMed, Google Scholar, Google,
and from published article reference sections. One hundred twenty-three
cases were gleaned from 96 articles that reported NF and NSTT of the breast
(1924 through 2021). Results: NF was reported in 70 and NSTI in 53 cases
(111 women and 12 men). Patients presented with swollen, painful breasts,
erythema, bullae, crepitus, necrosis, gangrene, fever, tachycardia, and neu-
trophilia. Fifty-nine of 123 (48.4%) patients were septic on admission. The
most frequent microorganisms were S hemolytic Group A Streptococcus, and
Staphylococcus aureus. Treatment consisted of antibiotics, mastectomy and
debridement with flaps, skin grafts or primary and secondary closure. For-
ty-four (63.0%) of the NF cases had chest wall involvement; of these, 18
(14.6%) involved the breast secondarily, P < 0.0001. There were twelve mor-
talities (9.8%): eleven (9.0%) with NF and one (0.8%) with NSTI, P = 0.007.
Conclusions: Men and women with breast NF and NSTI presented with sim-
ilar signs and symptoms and required the same emergent treatment as pro-
vided for NF and NSTT of the more common sites. As a time-sensitive dis-
ease, patients treated within 12 hours of admission had a better survival. Pa-
tients with NF were more likely to have sepsis on admission, a higher mortal-
ity, and fascial chest wall/muscle involvement than patients with NSTL
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1. Introduction

Within the spectrum of necrotizing soft tissue infections (NSTI), necrotizing
fasciitis (NF) is characterized by tissue and fascial necrosis with associated sys-
temic toxicity. For the more commonly reported cases of NF, mortality remains
high, estimated between 20% and 30% [1] [2]. Based on 2003-2013 National
Center for Health Statistics, NF has an incidence of 4.8 deaths per 1,000,000 and
affects males more frequently (extremities and torso) [3]. In a review of the lite-
rature, Peetermanns et al. reported on 222 NSTT cases that required ICU admis-
sion with the following results: an incidence of 4/100,000/year; 25% to 50% de-
veloped septic shock or required mechanical ventilation; 33% had acute kidney
injury; or ICU admission was required due to comorbidities or postoperative
wound care [4]. Most of the available literature is focused on the common pres-
entations of necrotizing fasciitis, generally in men (extremities, chest and abdo-
minal walls, head and neck, and Fournier’s gangrene of the perineum and geni-
talia). Seen mainly in the female population, necrotizing fasciitis of the breast is
a rare clinical entity and has been misdiagnosed for other diseases presenting af-
ter trauma, infection, or surgical intervention.

Patients with breast NSTI have the same risk factors and comorbidities as pa-
tients with the classic NF and NSTTI: diabetes, renal disease, alcoholism, obesity,
advanced age, surgical interventions, drug abuse, and immunosuppression [1]
[2] [3]. NF originates from the breast parenchyma (primary) or involves the
breast as a direct extension from an adjacent area such as the upper extremities,
axilla, chest wall or face/neck (secondary) [5] [6]. Primary breast NF is com-
monly misdiagnosed as an abscess, mastitis, cellulitis, or inflammatory breast
cancer, trauma, and contusion, leading to treatment delays [5] [6]. However,
lactational mastitis, breast abscesses, and breast cancer may evolve into NSTI or
NF within thirty days of initial drainage or surgery. Since breast involvement
and mortality are reported mainly in single case or small series, they are ex-
cluded in the general NF or NSTI reviews or meta-analyses of the more common
NF sites such as extremities, trunk, head/neck or perineum. Women have been
included in the general NF and NSTI reports if they have extremity, head and
neck or trunk infections. As in the more common locations, rapid clinical iden-
tification of NF and NSTI, and emergent surgical debridement of necrotic tissue
are critical; delays to surgical intervention result in increased mortality regard-
less of gender or infection site [7]. Since NF of the breast is so rare and different
from the usual locations where this disease usually develops, the objective was to
review the current literature to determine, compare, and summarize the fre-
quency, patient demographic characteristics, and treatment of breast NF and
other NSTI diagnoses.

DOI: 10.4236/s5.2021.127026

237 Surgical Science


https://doi.org/10.4236/ss.2021.127026

A. Kowal-Vern et al.

1.1. History of NF and NSTI

The 5" century B.C. renowned physician, Hippocrates, vividly described necro-
tizing fasciitis as a complication of erysipelas [8]. Erysipelas has been defined as
an infection of the upper dermis and superficial lymphatics as opposed to cellu-
litis, which is in the deeper dermis and subcutaneous fat; especially in Europe,
these are synonymous terms [9]. Both cause rapidly spreading erythema, swel-
ling, pain, and edema that may progress to vesicles, bullae and ecchymoses.

Loudon provided a detailed description of necrotizing fasciitis, the “once-see-
never-forgotten-disease,” as it traversed through Europe in the 18" and 19"
century, especially during the wars, (Peninsular, Battle of Waterloo, Napoleonic,
Crimean), and on transport ships, where it was known as phagedena/hospital
gangrene [10]. Although seen mainly in the military, “phagedena” did occur in
England and Wales and had a high mortality of 30,475 patients in 1863 during
an epidemic of scarlet fever, and another smaller occurrence in 1893 (78 patients)
when there was an increase of deaths due to erysipelas and puerperal fever (ute-
rine postpartum infection) [10]. The first English description of NSTIs was by
three British physicians: Leonard Gillespie, Gilbert Blaine and Thomas Trotter,
who called these infections phagedaenic ulcer, phagedena gangrenous, hospital
gangrene, etc. in the late 18" century [11].

In 1871 during the American Civil War, an Army surgeon, James Jones pro-
duced a treatise on hospital gangrene, reporting on 2642 cases with a 46% mor-
tality [12] [13]. In World War I, the Belgian physician, Antoine Depage and
others debrided the necrotic tissue and delayed primary closure; this maneuver
along with newly developed antimicrobial interventions increased survival [14].
Mortality rates from gangrene decreased from 28% in World War I to 15% in
World War II (1939-1945) [13]. As a result of rapid evacuation from the battle-
field and antibiotics, none of the American soldiers developed gangrene during
the Vietnam War [14]. The Joint Theater Trauma Registry (TTTR) established
as a central repository of clinical casualty injury data in Operation Iraqi and
Enduring Freedom reported that of the 562 completed records (2003-2006),
there was only one patient with an ICD-9 code for necrotizing fasciitis [15].
Manring et al. compiled an interesting review on the treatment of war wounds
throughout the centuries [16]. Although frequently quoted whenever an article
about NF or NSTI is published, few reports indicate the relevance of the Meleny

and Wilson observations about this disease process.

1.2. Meleny and Wilson

Historically, Wilson and Meleny were the most instrumental in identifying and
describing NF and NSTI as we know them today. In 1924, Meleny documented
the connection between 19 cases of g hemolytic Streptococcus (19 cases) and
gangrene in the extremities and trunk [17]. Wilson defined the disease severity
and characteristics that required an acute observation, and a rapid decision to

provide surgical debridement, removal of necrotic subcutaneous tissue, and fas-
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cia of the afflicted body part [18]. Wilson compared his own patients to those
seen by Meleny, and in 1952 published a description of the clinical presentation
and treatment of necrotizing fasciitis, Table 1. Current patient diagnostic para-
meters and treatment have not changed significantly from those patients en-
countered by Wilson and Meleny, especially the necessity for rapid surgical in-

tervention at the time of admission.

1.3. NF and NSTI of the Breast

Many of the breast NF and NSTI case reports in the literature credited Shah et
al. (2001) with the first report of NF occurring in the adult female breast [19]
There were, however, earlier reports in 1924 by Probstein of an NSTI reported as
gangrene of the breast [20]. In their case report, Shah et al did not describe fas-
cial involvement of the pectoral muscle or chest wall (the pre-operative diagnosis
was necrotizing fasciitis): “... On gross examination the breast showed two
haemorrhagic areas, each up to 30 mm across. Microscopically there was exten-
sive necrosis of the breast tissue, subcutaneous fat and skin. Around the margin
of necrosis, a rim of acute inflammation was present with associated focal vascu-
litis. Throughout the necrotic tissue numerous bacteria were seen without at-
tendant inflammation; these were positive on Gram staining (Figure 1). The

appearances were typical of necrotising fasciitis.” [19] In the discussion, NF was

Table 1. Demographic characteristics of F. Meleny (1924) and B. Wilson (1952) patients
with NF parameters [17] [18].

Variables Necrotizing Fasciitis [18] Streptococcal Gangrene [17]
Number 20 23
Age (years) 45 (31, 60) 32(23,49)
Gender (Male/Female) 16/7 18/2
Length of Stay (days) 27 (15, 57) 52 (37, 62)
Critically Il # (%) 10 (43.5) 18 (90)
Gangrene # (%) 11 (47.8) 19 (95)
Temperature "C 102.5 (101, 104) 38 (37, 38)
Diminished Sensation (prick) # (%) 13 (59.0) 0
Hemoglobin (gm/dl) 10 (9.5, 10.5) 8.3 (7.5,9.5)
White Blood Count (x10% pL) - 17.4 (13, 20.5)
Day of Disease on Admit 7 (4, 14) 12 (5.5, 15)
Day of Disease Operation 7 (4, 14) 10 (7, 15)
Gangrene -- 4.4+ 1.7 (5)
Erysipelas # (%) 10 (43.5) 3 (15.8)
Mortality # (%) 2 0f 23 (4.65) 4 0£20 (9.3)

Median (IQRT) = (lower 25% interquartile range, upper 75% interquartile range); Number (percent) = #
(%); Meleny: 19 of 23 patients had cultured Streptococcus; Wilson: 5 (26%) had cultured Streptococcus, 8
(42%) had Staphylococcus, and 6 (32%) had both Streptococcus and Staphylococcus. Some patients in the
literature also complain of numbness of the breast, as noted by the diminished sensation above.
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Across a Century of Publications
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Figure 1. Both NF and NSTT of breast case reports and series have increased within the
past ten years.

described as “a rare but serious progressive infection characterized by wide-
spread necrosis of subcutaneous tissue and fascia with associated systemic toxic-
ity.” [19] This report, however, did note that: “Diagnostic incision of the affected
site to inspect the underlying fascia should be performed at the earliest opportu-
nity, with pus sent for urgent Gram stain and culture.” [19] The keen observa-
tions of a case with NSTI defined the characteristics of necrotizing soft tissue in-
fections to which NF belongs. It was emphasized in this case report that patients
with breast NF and NSTI required the same rapid clinical observations and
treatment as NF in other sites; otherwise, the rapid spread of an infection could
evolve into an NF and increase mortality [19]. For the diagnosis of breast NF, it
is important to document whether the breast and fascia of the underlying mus-
cles and chest wall are affected by the infection or necrosis. If the fascia is not
involved, then the diagnosis is a necrotic soft tissue infection (NSTI) of the
breast. Since 1924, there have been abbreviated literature reviews with multiple
case reports. The most recent NF and NSTI breast reviews have limited selected
cases and time periods: Cai ef al with 40 cases between 1997-2018 and Konik et
al. with 25 primary breast cases reported between 2001-2017 [21] [22]. Our lite-
rature review included all the cases reported in these two reviews; in addition,
our review encompassed 1924 through 2021, and comprised patients with pri-
mary and secondary breast involvement: females, males, infants, in addition to
women with lactational mastitis, abscesses, and surgical cases that progressed to
NSTI and NF.

2. Materials & Methods

2.1. Case Report and Series Review

There were 123 cases gleaned from 96 articles (1924 through 2020) that reported
NF and NSTTI of the breast. Literature searches were conducted through PubMed
of the National Library of Medicine, Google Scholar, and from article reference
sections [5] [6] [9] [10] [19] [20] [21]-[117]. All accessible English, Spanish,
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German, and French printed journal articles as case reports or series were iden-
tified if they pertained to breast gangrene, breast necrosis, necrotizing fasciitis of
the breast, and necrotizing soft tissue infections. The specific terms searched for
were: breast gangrene, necrosis, NF, NSTI, synergistic gangrene of the breast,
and NF of the chest wall. Case reports which did not have “necrosis” or “gan-
grene” reporting abscesses, ulcerations, surgical soft tissue infections were not
included in the title or case description. As noted in Figure 1, more than half of
the case reports were published within the past decade. The landmark article
recognized for NF was by Wilson in 1952, and for breast NF, Shah in 2001 [17]
[19]. There may have been earlier publications than in 1924 about breast NF and

NSTI, but they were not included in this literature review.

2.2. Sources

The major specialty journals were: 34 (35.4%) Medicine (included Pharmaceuti-
cals, Radiology, Tropical Medicine); 30 (31.3%) Surgery (included Plastic Sur-
gery and Trauma); 10 (10.4%) in Breast; nine (9.4%) in Case Reports; four
(4.2%) each in Pediatrics, Infectious Diseases, and Obstetrics/Gynecology; and
one (1%) in Pathology. Most of the articles originated from the United States 21
(22%); the United Kingdom 16 (16.7%); India 15 (15.6%); four (4.2%) each from
Brazil, Korea, France; three (3.1%) from Australia; two (2.1%) each from Japan,
Nigeria, Spain, Switzerland, Italy, Singapore, Saudi Arabia; and one (1.0%) each
from Germany, Belgium, Netherlands, Canada, Colombia, Argentina, China,

Nepal, New Guinea, Morocco, Oman, Yemen, Kuwait, Egypt, and Israel.

2.3. Inclusion Criteria

The six study inclusion criteria for accepting a case as NF or NSTI have been the
following variables: 1) patient age; 2) gender; 3) surgery or other; 4) tissue “ne-
crosis or gangrene;” 5) presence or absence of fascial disease; and 6) mortality.
For the diagnosis of necrotizing fasciitis, documentation of fascial involvement
either through the surgical procedure, operative report, or histopathologic ex-
amination was required. Reports with incomplete or no reference to fascial in-
volvement (that the fascia of muscles or chest wall were affected) were placed
into the NSTI group. Figure 2 depicts the different articles titles in case reports
that described either NF or NSTT of the breast and are part of this literature re-
view. The article titles did not always reflect the appropriate disease state re-
ported.

2.4. Statistical Analysis

Statistical analysis was performed with Statistica® (StatSoft, Tulsa, OK) descrip-
tive statistics, one-way ANOVA, in post hoc comparisons, the Tukey test for
unequal numbers was used. The nonparametric Mann Whitney U test was used
for numeric results. Maximum Likelihood chi-squared was used for categorical
variables. Patient demographics included: age, gender, primary or secondary in-
volvement, NF, NSTI, location, presentation, admission sepsis, chest wall and
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Percent of all breast NF and NSTI cases by article titles

1924-2021
50
45
40
35
30
25
20
15
: He ™ s
; EHE = e e
NSTI Gangrene Necrosis Infection
PERCENT

BNF cases HNSTI cases

Figure 2. The abcissa identifies the article title and the ordinate reflects the percentage of
cases that were actually reported as NF or NSTI. Most of the NF cases were titled as NF.
NSTI cases were seen most frequently when the title contained “gangrene” or “infection.”

muscle involvement, source and location of initial injury, laterality, surgery,
mastectomy, debridement, initial white blood count, C-reactive protein, sodium
chloride, creatinine, glucose, hemoglobin, platelets, microorganism (Type I po-
lymicrobial and Type II monomicrobial), admission values for blood pressure,
tachycardia, temperature, microorganisms, antibiotics, symptom duration prior
to admission, length of stay (LOS), days in the intensive care unit (ICU), days
ventilated, operations, reconstructive procedures, death, negative pressure
wound therapy (NPWT), and hyperbaric oxygen therapy. Included were comor-
bidities such as diabetes, obesity, renal failure, hypertension and cardiovascular
issues. Due to the small numbers, only the basic statistical analyses were per-
formed. Primary breast NF was defined as the presenting disease process. Sec-
ondary breast NF was defined as breast tissue involvement, due to proximity of
the spreading necrotic tissue, muscle, and fascia spread from an adjacent ana-
tomical region. Comparisons were made between the NF and NSTI groups in
terms of patient demographics, treatment, Type I and Type II infections, chest
wall and muscle involvement, microorganisms and antibiotic use. The study was

approved by the Institutional Review Board.

3. Results

There were 123 cases of which 70 (56.9%) were classified as NF and 53 (43.1%)
as NSTI. Table 2 shows the demographic characteristics of 123 patients with NF
and NSTT in the literature. Although NF and NSTI presentations for medical
treatment were similar and required emergent diagnosis and treatment, patients
with NF were more likely to have breast erythema, tissue crepitus, sepsis on ad-
mission, with more ICU days and operations. Of the twelve mortalities, 10
(8.2%) patients who had sepsis on admission had a higher mortality than those
without sepsis on admission 2 (1.6%). For etiology, the distribution for NF and
NSTI combined was: unknown 31 (25.2%); lactation mastitis 27 (22.0%); sur-
gery/biopsy 26 (21.1%); abscess 18 (14.6%); ulcer 8 (6.5%); other 13 (10.6%). The
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Table 2. Demographic characteristics of patients with breast NF and NSTI.

# of entries NF + NSTI

Parameters NE/NSTI Total NF NSTI Pvalue
Total number -- 123 70 53 --
Age (years) 70/53 43 (27, 55) 443 (27, 54) 43 (28, 55) 0.81
Gender (male/female) 70/53 12/111 11/59 1/52 0.005
Length of stay (days) 50/31 21 (12, 42) 21 (10, 42) 21(14,42)  0.92
Intensive care unit (days) 25/5 13 (4, 38) 17 (6, 38) 4(2,7) 0.03
# Operations 68/47 2 (1, 3) 2 (1, 3) 1(1,2) 0.001

Vital Signs Median (IQRT)
Systolic pressure (mmHg) 31/13 91 (81-103) 91(80.5,101.5) 95(88,120)  0.39
Diastolic pressure (mmHg) 29/11 60 (50, 64) 58 (50,60)  62.5(46,72.5) 0.30

Tachycardia (bpm) 39/19 116 (111) 114 (102, 133) 110(100,130) 0.59
Temperature °C 35/19 39 (37.5,39) 38.5(38,40) 39 (38.5,39) 0.42
Symptoms (days) 51/50 4(2,7) 4(2,7) 5(2,7) 0.34
Neutrophilia # (%) 50/23 56/23 36 (66.0) 20 (27.4) 0.14
Body Mass Index (m?/kg) 21/2 23 (36.2) 33.3(27,36)  29.0 (27,30)  0.45
Signs & Symptoms # (%)
Pain 68/53 117 (96.7) 67 (55.4) 50 (41.3) 0.20
Erythema 69/51 102 (85.0) 65 (54.2) 37 (30.8) 0.001
Bullae/blisters 66/49 26 (22.6) 15 (13.0) 11 (9.6)) 0.97
Peau d’Orange 66/49 5(4.4) 1(0.9) 4(3.5) 0.08
Crepitus or tissue gas 66/49 32 (27.8) 28 (24.4) 4 (3.5) 0.0001
Gangrene 70/53 50 (40.7) 22 (17.9) 28 (22.8) 0.02
Admit sepsis # (%) 69/53 59 (48.4) 44 (36.1) 15(12.3) 0.0001
*Type 1 63/42 46 (43.8) 27 (25.7) 20 (19.1) -
"Type IT 63/42 57 (54.3) 35 (33.3) 22 (21.0) -
NWPT (days) 9/7 16 (11-24) 22 (17, 24) 11 (6, 15) 0.06
Lactational mastitis 70/53 26 (21.1) 7 (5.7) 19 (15.4) 0.001

Comorbidities # (%)

Diabetes 22 22 (18.0) 13 (10.6) 9(7.3) 0.82
Hypertension 21 21 (17.1) 16 (13.0)) 5(4.1) 0.04
Obesity 19 19 (15.5) 14 (11.4) 5(4.1) 0.10
*Renal 13 13 (10.6) 13 (100.0) 0 0.001
Breast cancer 10 10 (8.2) 7 (5.7) 3(2.5) 0.39
Cardiac 9 9(7.3) 6 (4.9) 3(2.4) 0.53
Mortality # (%) 70/53 12 (9.76) 11 (8.9) 1(0.8) 0.005

Median (IQRT) = (lower 25% interquartile range, upper 75% interquartile range); # (%) = number (per-
cent); # of entries NF/NSTI = cases reporting the data in each group; NF = necrotizing fasciitis; NSTI = ne-
crotizing soft tissue infections; tachycardia (range beats/min 60 - 90); Systolic blood pressure (range 120 -
90 mmHg); Diastolic blood pressure (range 60 - 80 mmHg); bpm = beats/minutes; temperature ‘Centigrade
(range 36.1 - 37.2); OR= operation; LOS = Length of stay; ICU= Intensive care unit; NPWT= negative
pressure wound therapy; HTN= hypertension; *Type I infection(polymicrobial with aerobic and anaerobic
organisms); "Type II infection (monomicrobial, Streptococcus Group A is most common; Staphylococcus
aureus also; Type III (marine infection); *Renal issues developed during hospitalization. By Bonferroni cor-
rection, significance between the two groups had to be a P value < 0.0017. NF patients had significantly
more operations, erythema, crepitus or tissue gas, sepsis on admission and renal involvement than patients
with NSTI. The NSTI group had significantly more patients with lactational mastitis than the NF group.
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“other” cohort consisted of trauma, boils, insect bites, injections, ulcers, intra-
venous drug abuse (IVDA), and contusions. The surgeries and biopsies con-
sisted of the following: core biopsies, mammoplasty, breast implant and fat
augmentation, arteriovenous fistula, lacerations, and cyst aspiration). Figure 3
illustrates the NF and NSTI cases in each group.

Within the age subsets, most of the patients were in the 15 - 55 age subset,
Figure 4. The pediatric patients were mainly neonates with either omphalitis,
necrotizing enterocolitis, urachal anomalies or chest wall involvement [33]. Ta-
ble 3 shows the reported descriptions of the breast NF and NSTIL. There were
more bilateral mastectomies in patients with NF and no secondary involvement
of the breast in the NSTI group. There were significantly more primary than
secondary breast etiologies in both the NF and NSTT groups. Of interest, patients
with NF were more likely to have chest wall involvement than patients with
NSTI. Of the 45 cases with chest wall affected, 28 (26.7%) were in the 105 (85.4%)

Breast NF and NSTI by etiology

PERCENT 1924-2021
18
16 17
14
12
10
8
6 I I
4
2
o [ 2 |
Unknown Surgery/biopsy Abscess/ulcer Mastitis Other

BNF cases BNSTI cases

Figure 3. Thirty-two percent of NF breast cases occurred either within thirty days after a
biopsy or surgical procedure or the etiology was unknown. Most of the lactational masti-
tis cases were NSTT.

Age subsets: 1924-2021

Breast NF and NSTI

80
70 75.4
60 68.6
50
40
30
20 214 208
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0 -  —
PERCENT Necrotizing fasciitis Necrotizing soft tissue infections

m.01-14 years mw15-55 years 56-80 years

Figure 4. Most of the NF and NSTT cases described adult patients. NF and NSTT breast
cases were described mainly in neonates.
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Table 3. Characteristics and treatment of breast NF and NSTI.

# of entries NF + NSTI
F TI P
Group NE/NSTI  Total N N§ value

Number 123 70 53 ---
Breast laterality # (%) 0.01
Left 69/53 48 (383)  31(25.4) 17(13.9)
Right 69/53 56(45.9) 24 (19.7) 32 (26.2)
Bilateral 69/53 18 (14.8) 14 (77.8) 5(22.2)
Treatment # (%) 0.0001
Unilateral mastectomy 69/53 45 (37.0) 34 (28.0) 11 (9.0)
Bilateral mastectomy 69/53 11 (9.0) 10 (8.2) 1(0.82)
Partial mastectomy 69/53 17 (13.9) 11 (9.0) 6(4.9)
Debridement 69/73 49 (40.2) 14 (11.5) 35 (28.7)
Location # (%) 0.0001
Primary breast 70/53 105 (85.4) 52 (42.3) 53 (43.1)
Secondary breast 70/53 18 (14.6) 18 (14.6) 0
Chest wall 70/53 45 (36.6) 44 (35.8) 1(0.8)
Pectoral muscle 70/53 37 (30.1) 34 (27.6) 3(2.4)
*Upper extremity 70/50 15 (12.5) 12 (10.0) 3(2.5) 0.06
*Axilla 70/53 15 (12.2) 12 (9.8) 3(2.4) 0.045
Admission to surgery hrs # (%) 0.0002
<12 70/53 19 (15.5) 18 (14.6) 1(0.8)
<24 70/53 41 (33.3) 27 (22.0) 14 (11.4)
<48 70/53 9(7.3) 5(4.1) 4(3.3)
>48 70/53 10 (8.1) 5(4.1) 5(4.1)
Unknown 70/53 44 (35.8) 15 (12.2) 29 (23.6)
Reconstruction # (%) 57/32 17 (19.1) 12 (13.5) 5 (5.6) 0.53
STSG # (%) 66/48 47 (41.0) 25 (22) 22 (19) 0.39
LRINEC score median (IQRT) 11/5 7.5 (5, 8) 5(4,8) 8(8,9) 0.06

NF = necrotizing fasciitis; NSTI = necrotizing soft tissue infections; LRINEC score = Laboratory risk indi-
cator for necrotizing fasciitis; # of entries NF/NSTI = cases reporting the data in each group; Median
(IQRT) = (lower 25% interquartile range, upper 75% interquartile range); hrs = hours; Number (Percent) =
# (%); * additional locations that required debridement of necrotic tissue. Primary = NF and NSTI originate
in the breast itself. Secondary = NF extends to the breast from the surrounding tissues. By Bonferroni cor-
rection, significance between the two groups had to be a value < 0.004. NF patients had significantly more
mastectomies, secondary breast NF, and muscle and chest wall involvement than patients with NSTI.

primary breast infections, and 17 (94.4%) in the 18 (14.6%) secondary breast
cases, P < 0.0001. Most of the patients with lactation mastitis had NSTIL. As can
be seen in the literature, a significant number of both NF and NSTI breast cases
were operated on within the first 24 hours of admission. There were also several

cases where the following modalities were used for debridement: two patients
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with hot boric acid packs; two with Eusol (a basic hypochlorous acid solution
used to heal wounds by secondary intention) and hydrogen peroxide; one each

with Dakin’s solution and flaxseed poultices.

3.1. Gender Differences

Although there were more female patients, both sexes presented with similar
sign and symptoms. In the NF group, male patients had longer LOS (median 44
versus 20 days, P = 0.002); ICU (median 45 versus 8 days, P < 0.0002); higher
number of operations (3.5 versus 2.0, P = 0.005); and lower BMI indices (median
27 versus 35, P = 0.03) than the female patients. In contrast, 9 of 12 men (75%)
were more likely to have secondary breast involvement than the women (9 of
111, 8%). There was no significant difference in mortality, which was lower than
that reported in other locations of NF and NSTT in the literature.

3.2. Microorganisms and Antibiotics

The microorganisms of breast NF and NSTI were the same as seen in other loca-
tions. Table 4 lists the most frequent microorganisms: £ hemolytic Group A
Streptococcus (GAS), Staphylococcus aureus and Pseudomonas aeruginosa.
Type I infections were polymicrobial and had the full gamut of aerobic and
anaerobic species seen (Streptococcus, Staphylococcus, Proteus, Candida, et ce-
tera). Type II infections were usually B hemolytic Group A Streptococcus, Sta-
phylococcus aureus, and methicillin resistant Staphylococcus aureus (MRSA).
Unusual microorganisms were frequently listed in the article titles. A virulent
deadly strain of Klebsiella species with a 40% mortality was seen in Asia and
other areas; it was not reported in patients with breast NF or NSTI, but rather in
other body locations [116] [117]. The preoperative antibiotics for breast cases
were documented in 50 (56.2%) NF and 39 (43.8%) NSTL; postoperative antibio-
tics were recorded in 59 (60.2%) NF and 39 (39.8%) NSTI cases, Table 5. There

Table 4. Microorganisms cultured in NF and NSTI breast cases.

115 cases # (%) NF + NSTI NF NSTI

GAS 31 (27.4) 23 (20.4) 8 (7.1)
Staphylococcus aureus 22 (19.5) 11 (9.7) 11 (9.7)
Staphylococcus species 23 (20.2) 16 (14.0) 7 (6.1)
Pseudomonas aeruginosa 12 (10.5) 6 (5.3) 6 (5.3)
Escherichia coli 11 (9.7) 4(3.5) 7 (6.1)
Streptococcus species 11 (9.7) 9 (8.0) 2(1.8)
Enterococcus faecalis 10 (8.8) 3(2.6) 7 (6.1)
Bacteroides 9 (7.8) 2(1.7) 7 (6.1)
Proteus vulgaris + mirabilis 8 (7.0) 1(0.9) 7 (6.1)
Miscellaneous + fungi 23 (20.2) 18 (15.8) 5 (4.4)

Number (percent) = # (%); GAS = S hemolytic Group A Streptococcus; NF = necrotizing fasciitis; NSTI =
necrotizing soft tissue infection.
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Table 5. Pre- and postoperative antibiotics used in NF and NSTI breast cases.

Antibiotics NF + NSTI NF NSTI
Preoperative (89 cases) 50/39
Penicillin/amoxicillin-clavulanic acid 34 (38.2) 17 (19.1) 17 (19.1)
Vancomycin 24 (27.0) 15 (17.0) 9 (10.1)
Clindamycin 19 (21.4) 12 (13.5) 7 (8.0)
Imipenem + other “-nems” 14 (16.0) 5(5.7) 9 (10.2)
Metronidazole 13 (14.6) 8(9.0) 5 (5.6)
Amikacin/gentamycin 12 (13.5) 8(9.0) 4 (4.5)
Piperacillin/tazobactam 7(7.7) 5(5.5) 2(2.2)
Zyvox/zosyn 7 (8.1) 6 (7.0) 1(1.2)
Postoperative (98 cases) 59/39
Penicillin/amoxicillin-clavulanic acid 31 (31.6) 19 (19.4) 12 (12.2)
Vancomycin 26 (26.5) 14 (14.3) 12 (12.2)
Clindamycin 22 (22.5) 14 (14.2) 8(8.2)
Metronidazole 19 (19.4) 11(11.2) 8(8.2)
Amikacin/gentamycin 19 (19.4) 13 (13.3) 6(6.1)
Imipenem + other “-nems” 16 (16.5) 8 (8.3) 8(8.3)
Zyvox/zosyn 16 (16.5) 8(8.3) 8(8.3)
Piperacillin/Tazobactam 15 (15.5) 11 (11.3) 4(4.1)

Number (percent) = # (%); GAS = S hemolytic Group A Streptococcus; NF = necrotizing fasciitis; NSTI =
necrotizing soft tissue infection.

were multiple combinations of antibiotics used on admission: penicillin, pipera-
cillin, vancomycin, clindamycin, amoxicillin-clavulanic acid, metronidazole, and
gentamicin. The most frequent antibiotics administered after culture and sensi-
tivities were: clindamycin, metronidazole and vancomycin. There was also a va-
riety of other antibiotics and fungicides. Fungi were rare: there were only a few

cases of Candida albicans and Fusarium species.

3.3. Differential Diagnosis with Other NSTI

During this review, there were several other disease processes that had necrosed
breast tissue and gangrene: anticoagulant-induced gangrene of the breast, pyo-
derma gangrenosum, purpura fulminans, and Sweet syndrome. Flood et al. de-
scribed a 40-year-old female who developed gangrene of the right breast several
days after starting Dicumarol for thrombophlebitis of the right saphenous vein
in her right leg [118]. The patient required debridement of the necrotic breast
tissue; pathology revealed hemorrhage, thrombosed veins with many leukocytes
and fibroblasts [118]. This case was considered thrombophlebitis migrans dis-
semina because of the involvement of the lung and extremity [118]. Although

rare, a number of these cases with necrosis of the breast have been reported after
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treatment with warfarin (coumadin) [119].

Other conditions that presented as NSTI were pyoderma gangrenosum cases,
a “rapid spreading ulceration and necrosis similar to synergistic gangrene.” [120]
A patient presented four days after a breast reduction with fever, painful, swollen
breasts and erythema not affecting the suture lines; with no response to antibio-
tics, she responded quickly to immunosuppressive treatment with cyclosporin or
tacrolimus [120]. Pyoderma gangrenosum, a neutrophilic dermatosis, is a hall-
mark of pathergy and can occur spontaneously or after slight injury; since it can
present as ulceration after breast surgery, it must be distinguished from NF and
NSTI; the treatment is steroids or immunosuppressive therapy rather than de-
bridement or mastectomy [121] [122]. It usually occurs after bilateral mammop-
lasty or autologous reconstruction [121] [122].

Gesakis et al reported a 45-year-old woman who presented with a septic pic-
ture and an enlarged left breast with erythema, blisters, necrosis and tissue air on
ultrasound [123]. The LRINEC score was 8, and she underwent a mastectomy.
Histopathologic examination of the tissue revealed primary spindle cell sarcoma
of the breast [123]. Previous radiation treatment, especially for breast cancer and
non-Hodgkin’s lymphoma, is the main risk factor for developing breast sarco-
mas; this patient did not have radiation therapy previously [123].

Young et al. reported on Sweet syndrome, which was a case of breast hidrade-
nitis with multiple breast abscesses and mislabeled as NF [124]. Necrotizing
Sweet syndrome (a variant of neutrophilic dermatosis) was described as an NSTI
in four patients; one case involved the pectoralis major muscle in a transsexual
male and three others had their disease manifest in the lower extremity [125].
[126]. This condition manifested pathergy, mimicked NF and was successfully

treated with corticosteroids and cyclosporin [125] [126].

3.4. Laboratory Parameters of Breast NF and NSTI

Table 6 indicates the laboratory values that were frequently reported. Most

Table 6. Laboratory characteristics of breast NF and NSTI in the literature.

(Number tested for each value) Expected ranges NF NSTI
Number (115) - 66 49
White blood count  (44/21) 4.2-10.2 10%/uL 14.5 (8, 23) 18 (14, 23)
Hemoglobin (22/11) 11.6 - 14.8 g/dl 9(8,12) 11 (9, 13)

C-reactive protein (23/9) <5.0 mg/L 150 (52, 316) 167 (41, 374)
Sodium chloride (19/2) 137 - 145 mmol/L 133 (128, 139) 134 (131, 137)

Blood urea nitrogen (18/3) 7 - 17 mg/dL 28 (20, 42) 74 (35, 116)

Creatinine (27/6) 0.52 - 1.04 mg/dL 2 (1, 3) 1.5 (0.9, 2)
Glucose (22/5) 74 - 106 mg/dL 143 (110, 300) 140 (108, 187)

Median (IQRT) = (lower 25% interquartile range, upper 75% interquartile range); statistics were based on
20 or more cases reporting laboratory results. NF = necrotizing fasciitis; NSTI = necrotizing soft tissue in-
fections.
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patients had a neutrophilia, C-reactive protein, BUN, and creatinine. Glucose
levels were reported mainly for the patients with diabetes; of the five HgAlc le-
vels reported (median 10.8%), four were in the NF group. The literature labora-
tory results were few with mainly the WBC count reported, 38% of the time for
NF and 18% for NSTI. With clinically painful, swollen, gangrenous, and disco-
lored breasts (with and without sepsis), most cases reported rapid diagnosis,
surgical intervention within 24 hours of presentation, and broad-spectrum anti-

biotics for adequate treatment and survival.

4. Discussion

This comprehensive literature review of NF and NSTT of the breast has docu-
mented and summarized literature case reports and series that have been pub-
lished between 1924 and 2021. More commonly diagnosed in women, 10.4% of
cases occurred in men. Patients with breast NF and NSTI presented with the
same signs and symptoms as patients with the more commonly seen extremity,
trunk, and neck areas. Fifty-nine (48.4%) patients presented with sepsis on ad-
mission. As noted by Wilson, deterioration and expansion of the necrosis or
gangrene in the presence of antibiotics was a prompt for surgical debridement
[17]. Streptococcus (GAS) and Staphylococcus species were the most common
organisms, although most of the known aerobes, anaerobes, and fungi were cul-
tured. There was an 8.9% mortality rate in patients who developed NF of the
breast.

Both patient groups required debridement of necrotic tissue but patients with
NF were more likely to have simple, radical, or partial mastectomies, while NSTI
patients had debridement mainly. Twenty-four (22.4%) of 107 reported patients
benefited from negative pressure wound therapy (NPWT) during the healing
process; hyperbaric oxygen therapy was rarely applied. Kostaras et al also had
success applying NPWT in the healing of breast wounds [127]. Since NF and
NSTI are mainly clinical diseases that require emergent treatment, occasional
pathology reports were histopathologic descriptions of either the mastectomy
specimens, or biopsies composed of resected edematous, necrotic, or inflamed
skin, fat, subcutaneous tissue, fascia and thrombosed blood vessels [128]. With
the urgency of making the diagnosis, physicians in most cases reported results
on tissue Gram stains from diseased tissue areas.

Cai et al and Konik et al. presented cases, all of which have been included in
the statistical analysis of this literature review [21] [22]. Abur et al reported on
the only large series of 39 women with breast NF, 28 (74.4%) of whom were
<31-years-old and presented with poorly treated lactation mastitis and breast
abscesses [129]. The patients had serial wound debridement, skin grafts or
wound cleansing; the mortality rate for the 39 women was 10.4%, which was like
that of the current study [129]. Marchesi et al. found 18 of 3782 papers related to
NF after an aesthetic procedure and two cases of NF after augmentation mam-

moplasty [130]. One of these patients had debridement and delayed implant re-
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construction 12 weeks later [130]. The other patient (reported by Sharma) had
NF of the abdominal wall after liposuction for augmentation mammoplasty but
no breast complications [131]. In preparation for bilateral breast augmentation
with fat injection, another patient developed NF of the bilateral thighs and waist
where liposuction was performed [132]. These last two cases demonstrated that
liposuction to obtain body fat for breast augmentation can be complicated by
either NF or NSTL

LRINEC Score

To distinguish NF from NSTI, the laboratory risk indicator for necrotizing fas-
ciitis (LRINEC) score was introduced by Wong et al. in 2004 [133]. This scoring
system consisted of numerical values assigned for the following laboratory tests:
white blood count, hemoglobin, C-reactive protein, sodium chloride, BUN, se-
rum creatinine at the time of initial patient assessment. Scores at >6 were consi-
dered to be strongly suspicious for necrotizing fasciitis [133]. Several authors
have analyzed these results with variable ranges of specificity and sensitivity
[134] [135] [136] [137]. Abdullah classified NF case reports, expert articles, re-
views and retrospective observational studies by levels of clinical evidence [137].
Sixteen (13%) of 123 patients received LRINEC scores in the breast case reports
or series. Final diagnosis was more frequently made on clinical presentation, ul-
trasound, chest X-ray, CT scan or MRI, or surgical consult. Due to the need for
emergent surgical debridement, laboratory assessment to produce an LRINEC
score was often inadequate. In all cases and reports, the clinical conclusions were
that this was a time-sensitive condition that required a swift, accurate clinical
assessment (radiologic diagnostic modalities if time allowed), definitive surgical
interventions, and broad-spectrum antibiotics for patient survival in both the NF
and NSTI cases.

5. Limitations

The major limitations of this review were related to the availability of data from
the case reports analyzed. One difficulty in assessing the actual diagnoses was the
incomplete surgical documentation of fascial involvement in some of the NF and
NSTI cases reports and series.

Operative and histopathologic reports did not always determine whether the
extension of the disease process involved necrosis or inflammation of the fascia
of the pectoralis muscle or chest wall. Occasional single breast cases reported in
NF or NSTI group publications did not have adequate details for inclusion in
this review. The categorization into NF and NSTI groups was based on the data
supplied in the case reports. If data was incomplete about the involvement of the

fascia, the cases were assigned to the NSTI group.

6. Conclusions

This was a comprehensive review and categorization of the NF and NSTI of
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breast cases and series reported in the literature from 1924 through 2021. Pa-
tients with breast NF and NSTI presented with the same signs and symptoms
and required the same treatment as provided in NF and NSTT cases of the more
common sites. Although the disease was mainly reported in females, males were
also at risk and had NF predominantly. Besides diabetes, hypertension, kidney
failure, immunosuppression and obesity as comorbidity risk factors, women
with lactational mastitis, abscesses and breast cancer were at risk, especially for
NSTI. Patients with secondary breast involvement were more likely to have NF
and local fascia, muscle and/or chest wall disease. The major organisms were
GAS and Staphylococcal species like aureus, coagulase negative and MRSA;
many other organisms were also reported.

The physician has no control as to when patients present for medical care.
Although NF and NSTI are rare diseases, patients who present with very painful,
swollen, discolored breasts with necrosis, gangrene, trauma, cellulitis, abscesses,
surgical soft tissue infections (SSTI) or sepsis require immediate attention, and
diagnoses to rule out these conditions. Once diagnosed, surgical intervention
within 12 hours of presentation, and broad-spectrum antibiotics are paramount
for adequate treatment and survival. A high index of suspicion, early diagnosis,
aggressive surgical treatment and antibiotics continue to be the gold standard,
with optimal timing of initial debridement for both NF and NSTT within the first
12 hours of admission [138] [139].
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