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Abstract

Necrotizing fasciitis (NF) is a life-threatening infection of soft tissues spreading along the fasciae to the surrounding musculature,
subcutaneous fat and overlying skin areas that can rapidly lead to septic shock and death. Due to the pandemic increase of medical
malpractice lawsuits, above all in Western countries, the forensic pathologist is frequently asked to investigate post-mortem cases
of NF in order to determine the cause of death and to identify any related negligence and/or medical error. Herein, we review the
medical literature dealing with cases of NF in a post-mortem setting, present a case series of seven NF fatalities and discuss the
main ante-mortem and post-mortem diagnostic challenges of both clinical and forensic interests. In particular, we address the
following issues: (1) origin of soft tissue infections, (2) micro-organisms involved, (3) time of progression of the infection to NF,
(4) clinical and histological staging of NF and (5) pros and cons of clinical and laboratory scores, specific forensic issues related
to the reconstruction of the ideal medical conduct and the evaluation of the causal value/link of any eventual medical error.
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Introduction

Necrotizing fasciitis (NF) is a rare but severe infection of soft
tissues, usually related to bacterial invasion of the fascia,
quickly spreading to muscles, subcutaneous fat and overlying
skin areas, often leading to rapid death by multi-organ failure
[1]. The first description of NF was reported by Hippocrates
during the fifth century BC: “... many were attacked by the
erysipelas all over the body when the exciting cause was a
trivial accident or a very small wound” [2].

Although NF is a well-known disease since many centuries,
and despite the obvious medical progress, it nowadays remains a
considerable concern for practitioners in terms of diagnosis, prog-
nosis and therapy. Indeed, NF is highly lethal (20-25% of cases),
with an early diagnosis being the basis for a timely therapy and
better outcome [3]. However, the non-specificity of symptoms at
the time of presentation/admission together with the rapid devel-
opment of septic shock and multi-organ failure (MOF) make a
prompt clinical diagnosis usually very difficult [4]. Basing on the
incidence, aetiology and micro-organisms involved, NF can be
classified in four categories (Table 1). Various scoring systems
basing on the combination of blood and clinical tests have been
proposed for anticipating the diagnosis [5—7] among which the
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Table 1 Classification of NF

Actiology

Micro-organism(s)

based on microbiology Incidence
Type 1 70-80%
Typell  20-30%
Type Il Common in Asia
Type IV -

Polymicrobial or synergistic

Often monomicrobial

Gram-negative bacteria

Fungi

Often bowel flora-derived, mixed
anaerobes and aerobes

E. Coli

Pseudomonas spp.

Bacterioides spp

Skin- or throat-derived bacteria

Group A [3-haemolytic streptococcus (GAS)
Occasionally with Staphylococcus aureus
Often marine-related organisms

Vibrio spp. Mainly

Pasteurella multocida

Haemophilus influenzae

Klebsiella spp.

Aeromonas spp.

Candida spp. in immunocompromised patients

Zygomycetes in immunocompetent patients

most used one is the Laboratory Risk Indicator for Necrotizing
Fasciitis (LRINEC) [6].

Due to the fact that NF can lead to rapid death of also
young and apparently healthy people, and that, above all in
the Western countries, there has been a dramatic increase of
denunciations and/or litigations (judicial and extra-judicial)
for cases of presumed “malpractice or bad healthcare” [8],
many cases of fatal NF have become of forensic interest.
The forensic pathologist who performs the autopsy in these
cases is asked to answer a number of cumbersome questions
related to the time of onset of NF, the promptness of diagnosis,
the correctness of therapy and the general life expectancy of
the victim. Hence, knowledge and expertise of the post-
mortem features of NF, including macroscopic and histologi-
cal characteristics of soft tissue lesions, and of the clinical and
instrumental tools utilized for the diagnosis, therapy and prog-
nosis are of utmost importance when managing cases of al-
leged medical malpractice in a post-mortem scenario.

In the light of the above, the aims of our study were to
review the recent scientific literature dealing with cases of NF
in a post-mortem setting, to present a case series of seven NF
fatalities and to discuss the main ante-mortem and post-mortem
diagnostic challenges of this complex infectious disease.

Materials and methods
Review of the literature
Search 1—literature data from post-mortem investigations

A literature search in the electronic databases Pubmed, Scopus
and Web of Science was conducted using a combination of
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free text protocols, as follows: “necrotizing fasciitis” AND
(“post-mortem examination” OR “autopsy” OR “forensic
pathology” OR “death” OR “fatal”). At the same time, filters
such as full-text, “Article title, Abstract, Keywords™ (Scopus
database only), “Topic” (Web of Science database only), pub-
lication date from January 2000 to November 2017, humans
and English language were activated resulting in more than
400 articles, which were submitted to the following criteria of
inclusion:

—  Presentation of post-mortem cases investigated through
(at least) an autopsy with or without histology and/or
microbiology analyses.

—  Critical discussion on ante- and/or post-mortem issues
related to the diagnosis and/or prognosis and/or therapy
of NF.

The selected papers were analysed in full-text and the fol-
lowing data were extracted and included in an electronic da-
tabase: first author’s name, Journal, year of publication, type
of paper, number of cases presented, histopathology and mi-
crobiology findings, time delay between hospital admission
and death.

Search 2—literature data on the LRINEC score

A second literature search was conducted in the electronic
databases Pubmed, Scopus and Web of Science using the fol-
lowing free-text protocols: “necrotizing fasciitis” AND (score
OR scale) AND (sensitivity OR specificity OR “diagnostic
accuracy”). Similarly, to search 1, filters such as “Article title,
Abstract, Keywords” (Scopus database only), “Topic” (Web
of Science database only), full-text, publication date from
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January 2000 to November 2017, humans and English lan-
guage were activated resulting in more than 30 articles. Only
manuscripts discussing the diagnostic efficiency of the
LRINEC or modified LRINEC scores were included. The
following data were extracted from each article and registered
in an electronic database: first author’s name, number of in-
vestigated cases, applied score cut-off and diagnostic efficien-
cy of the score (i.e. sensitivity, specificity, positive predictive
value, negative predictive value and area under the curve).

Case series

Cases were selected among forensic casework of the Institutes
of Legal Medicine of the Universities of Padova and Verona
(Italy) in the time frame 2006-2016, searching the reports for
a diagnosis of “necrotizing fasciitis”. For each of the included
cases, forensic autopsy was performed within 48 h after death.
Multiple specimens were collected from internal organs and
from the necrotizing fasciae and the surrounding tissues for
histopathology and microbiology investigations. Samples of
skin and subcutaneous tissues were stained with haematoxylin
and eosin, periodic acid—Schiff (PAS), Giemsa and Gram.

A comprehensive analysis of ante-mortem data, including
clinical records and anamnestic data collected from the rela-
tives of the deceased, was performed focusing on the diagnos-
tic and prognostic key elements. The medical conduct of each
case was analysed following the logical steps provided by the
Guidelines of the International Academy of Legal Medicine
(IALM) [9].

The following key points were highlighted and synthetized
in a synoptic table, including the clinical picture of the patient;
time intervals between first medical consult and death, appear-
ance of local NF skin lesions and death, and septic shock and
death; main therapeutic maneuvers; timing in which the
LRINEC or modified LRINEC scores turned positive (retro-
spective calculation), and post-mortem data.

Results
Review of the literature
Search 1

Thirty-eight (38) papers dealing with NF in a post-mortem
setting fulfilled the inclusion criteria and thus were included
in the investigation [10—47]. Among these, 32 (84.2%) were
case reports, 3 (7.9%) case series, 2 (5.3%) original articles,
and 1 (2.6%) was a review. The extracted data are summarized
in Table A (Online Resource 2). In summary, a total of 183
post-mortem NF cases were investigated, with histology in-
vestigation (at least haematoxylin and eosin) described in
92.1% of the selected papers. Special stains, such as Gram

stain and Van Gieson, were performed in 23.7% of the includ-
ed investigations. Post-mortem microbiology was described in
81.6% of the selected papers, with group A (-haemolytic
streptococcus (GAS) identified in 36.8%, followed by
Clostridium species (15.8%), E. Coli (10.5%) and Vibrio
vulnificus (10.5%).

Search 2

Twenty-three (23) papers [6, 48—70] fulfilled the inclusion
criteria of the second literature search specifically dealing with
the diagnostic efficiency of the LRINEC score for diagnosing
NF (Table B - Online Resource 3). Among these 21 (91.3%)
were original articles (20 retrospective studies and 1 prospec-
tive study), 1 was a review (4.3%) and 2 (8.7%) were com-
mentaries. In all the included investigations, the LRINEC
score was calculated at hospital admission with the cut-off
for positivity generally set at 6 (range between 2 and 9).
Sensitivity ranged between 22 and 94%, specificity between
36 and 94%, positive predictive between 20 and 93%, and
negative predictive between 83 and 99%.

Case series

The circumstantial, clinical and post-mortem data (autopsy,
histology and microbiology) of the seven (7) analysed
cases are summarized in Table 2. Sex was fairly equally
distributed (57% females; 43% male) with age ranging be-
tween 25 and 50 years. At first medical consultation, in the
majority of cases (case 1, 3, 4, 6 and 7; 71.4%), the patient
complained of traumatic pain, while in the remaining cases
(case 2 and 5; 28.6%), only pain, without any recent trau-
ma, was reported. A tentative diagnosis was achieved in
85% of cases, with NF never included among these, not
even as an alternative hypothesis (i.e. differential diagno-
sis). After hospital admittance, all patients received antibi-
otics associated in 57.1% with non-steroidal anti-inflam-
matory drugs (NSAIDs) and surgical debridement in the
remaining cases (42.9%). After the appearance of skin in-
juries or septic shock, NF was diagnosed in two cases (case
5 and 7; 28.6%). The retrospective calculation of the
LRINEC score performed by the authors evidenced posi-
tivity only a few hours before sepsis (Table 2). The cause
of death was always multi-organ failure (MOF) confirmed
at histology. Basing on microbiology, five cases (case 1, 3,
4,5 and 6) were classified as type Il (71.4%), among which
four sustained by group A (-haemolytic streptococcus
(GAS) and one by Staphylococcus aureus, and two NFs
were classified as type I (case 2 with E. Coli and
Staphylococcus haemolyticus and case 7 with mixed bowel
flora-derived bacteria). Type Il cases with the presence of
GAS displayed a fulminant progression to MOF and death
occurred at less than 12 h from septic shock with MOF.
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In all cases, histology showed interstitial oedema (Fig.
1—Online Resource 1), necrosis (Fig. 1B—
Online Resource 1) and haemorrhagic infiltration (Fig.
1C—Online Resource 1) along the subcutaneous fasciae,
with areas characterized by predominant neutrophil in-
flammation alternating with bacterial colonies (Fig. 1C-
D—Online Resource 1), which can be better revealed
through the use of special stains, such as Giemsa (Fig.
1E—Online Resource 1) or PAS. The surrounding vessels
were filled with neutrophil granulocytes and bacteria,
while the inflammatory reaction was minimal or absent
in the epidermis, subcutancous adipose tissue (Fig. 1F—
Online Resource 1) and underlying muscles. The thoracic
and abdominal organs were characterized by non-specific
signs of sepsis and shock.

Discussion

Although the incidence of NF is quite limited (about 0.40
cases per 100,000 population), the pandemic increase of liti-
gations due to medical malpractice implicated a rise in NF
cases of virtual forensic interest [9]. In the vast majority of
these cases, the forensic pathologist is asked to answer a num-
ber of cumbersome questions, including the reconstruction of
the pathological features of the disease, the identification of
any medical errors and their eventual causal value in causing
the death. To this end, it is crucial to reconstruct also the
prognosis quoad vitam of each case using objective data.

Origin of soft tissue infection

Micro-organisms leading to NF infection usually reach the
fascia through a discontinuation of the skin (generally caused
by a trauma) producing a continuum between the external
environment and the subcutaneous tissue. Indeed, the origin
of NF has been attributed to a heterogeneous set of traumas
(even trivial in their entity), such as varicella skin lesions [20],
penetrating or blunt trauma, surgery, colonic perforation [37],
intestinal hernia [46], needle stick injuries [13, 14, 23], tattoos
[16, 43], childbirth [47], burns, toothpick injuries, insect bites,
injuries from stingrays [10] and/or rectal mucosal injuries re-
lated to temperature measurements [25].

NF may also develop following a trauma without any ev-
idence of skin discontinuation (e.g. a bruise) or in the absence
of any trauma at all, especially in subjects displaying pre-
existing favouring conditions [29], such as advanced age
[41], diabetes mellitus [19], rheumatoid arthritis [24, 34],
chronic renal failure, peripheral vascular disease, alcoholic
liver cirrhosis [29], liver disease [22], malignancy [12, 15],
myelotoxic chemotherapy and/or malnutrition. In such cases,
it was hypothesized that the responsible micro-organisms col-
onize an extra-cutaneous body district, spread through the

blood to a site of dermatic inflammation (such as an hemato-
ma or bruise) and cause the NF infection.

In the presented cases, a previous trauma was
anamnestically reported in five out of seven cases (71.4%).
Among these, in only one occasion (case 7, motorcycle crash),
a discontinuation of the skin was medically ascertained. There
are two plausible explanations for this finding: (a) the skin
lesions were truly absent in four out of five cases of NF and
(b) the clinicians failed to describe the skin discontinuations
because they were trivial and/or clinically insignificant. Even
in this latter hypothesis, the autopsy might not be conclusive
because of the overlaying NF necrosis and/or because of their
healing (in our case series, skin discontinuations at autopsy
were evident only in case 7).

In case 2, the infection was probably related to gut micro-
biota spreading to the surrounding soft tissues through a
myelodysplastic lesion of the intestinal wall [27].

From a medico-legal point of view, it is crucial to examine
the entire body (including inner organs) without restricting the
search to soft tissues, in order to identify the most probable
origin of the infection. Indeed, if the primary cause of the
infection is a trauma related to a human action (e.g. physical
assault, car accident, etc.), the legal subject of that action could
face the juridical consequences of the NF-related death (e.g.
manslaughter or unintentional killing). Nonetheless, the foren-
sic pathologist should also be aware of the fact that, regardless
of the thoroughness of the search, not always might the origin
of the infection be identified with strong forensic evidence.

Micro-organisms responsible of the infection

As widely reported in the literature, NF can be classified into
different types basing on the results of the ante- and/or post-
mortem cultures (Table 1) [4].

For a proper identification of the micro-organism(s) in-
volved, the forensic pathologist should examine any clinical
microbiology data and collect peripheral blood and necrotiz-
ing tissues during autopsy, which should be performed as soon
as possible after the exitus in order to limit the invasion of
tissues by saprophytic bacterial flora. The identification of
the micro-organisms involved in the necrosis can be crucial
for determining the prognosis of the disease, and for evaluat-
ing the correctness of the medical interventions (e.g. antibiotic
therapy, surgical debridement). It is well-known, indeed, that
type II NFs, especially in the presence of group A (-
haemolytic streptococcus (GAS), exhibit a rapid clinical pro-
gression to septic shock and death (about 70% of cases) de-
spite any medical/surgical treatment or intensive supportive
care [21].

In our case series, 5 (five) cases were classified as type 11
(71.4%), among which four sustained by group A (-
haemolytic streptococcus (GAS) and one by Staphylococcus
aureus, and two NFs were classified as type I (one with
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E. Coli and Staphylococcus haemolyticus and the other with
mixed bowel flora-derived bacteria). Type 11 cases with the
presence of GAS displayed a fulminant progression to MOF
and death occurred at less than 12 h from septic shock with
MOF.

Diagnosis, time of onset and progression
of the infection to NF

In sporadic cases, with a still unclear etiopathogenesis, soft
tissue infections can evolve to NF [71]. The identification of
the moment in which a generally benign soft tissue infection
progresses to NF is a cumbersome task.

Clinical diagnosis and staging
Generally, NF is divided into three clinical phases:

a) During the first 24 h (i.e. early phase, progression of the
infection to NF), pain out of proportion is generally re-
ported in the site of a minor trauma or local skin infection.
Possible adjunctive findings are erythema and/or indura-
tion of the skin.

b) During the next 2—4 days (i.e. intermediate phase), signs
of clinical toxicity, such as fever, dehydration confusion,
dizziness, diarrhea, nausea, vomiting, weakness and mal-
aise, might appear. The painful area displays “hard signs”
of NF, such as swelling, purplish rash or blisters with
“dish-wash” purulent or hemorrhagic fluid, local emphy-
sema and gas formation under the skin. Pain grows and is
clearly disproportionate with respect to the skin lesion/s.

c) After 4-6 days, septic shock and multiple organ dysfunc-
tion syndrome (i.e. late phase) appear and are accompa-
nied by cardiac shock, tachycardia, hypotension, rise of
the white blood cell count, acidosis, coagulopathy, chang-
es of mental status and weakness [3].

Considering a typical clinical course, symptoms and hard
signs of NF should develop several days before multi-organ
failure, allowing to rise the suspect of NF. However, in the
acute and fulminant forms, the infection spreads systemically
very quickly with premature signs and symptoms of severe
septic shock. As a matter of fact, in all of the seven cases
herein presented, NF developed with a fulminant course with
hard signs appearing only contextually to septic shock,
followed by rapid death, occurring within 24 h from sepsis.
Therefore, the forensic pathologist examining fatal cases of
NF in an ex-post condition must be very cautious while clin-
ically staging NF.

Even if NF is a clinical diagnosis, radiological imaging can
contribute to its assessment especially regarding the extension
of the disease and the occurrence of complications [72].
Ultrasound, demonstrating fascial thickening and fluid
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collection, is mainly useful in paediatric patients [73, 74].
Plain radiographs play a marginal role since findings like
soft-tissue thickening and opacity may mimic those of cellu-
litis. Furthermore, gas in the soft tissue, which is considered a
characteristic feature, is rarely shown [73]. Soft-tissue air and
fluid in the deep fascia, even if inconstant, are well identified
at computed tomography (CT) [72, 74]. CT can also reveal
thickening and enhancement of the fascia, lymphadenopathy
and severe complications such as vascular rupture [73].
Magnetic resonance imaging (MRI) because of its intrinsic
high soft tissue contrast is especially suitable for diagnos-
ing NF. Indeed, high signal intensity in the fluid sensitive
sequences along the deep fascia, in particular the deep
intermuscular fascia, is an easily detected key diagnostic
finding [74, 75].

Potential utility of LRINEC for an early diagnosis and clinical
staging of NF

Numerous scoring systems based on the combination of blood
tests and clinical data have been proposed aiming at anticipat-
ing the clinical diagnosis of NF. Among these, the LRINEC
score, recently improved to the modified LRINEC, which
considers also clinical variables, is the most widely used one.

The Laboratory Risk Indicator for Necrotizing Fascitis
(LRINEC) is a robust scoring system driven from six routinely
performed laboratory tests, including C-Reactive Protein, total
white cell count per cubic millimetre, haemoglobin, sodium,
creatinine and glucose, which is used to early distinguishing
NF from the other severe soft tissue infections [6]. Different
cut-offs have been used to stratify the patients into different
risk categories for NF, which corresponded to a probability of
developing NF and to related statistical parameters such as
sensitivity, specificity, positive and negative predictive values,
reported in Table B (Online Resource 3).

The performance of the LRINEC for anticipating the diag-
nosis of NF has been widely discussed in the literature. Our
review showed meaningfully different values of sensitivity
and specificity of the LRINEC score for diagnosing NF, main-
ly depending on the characteristics of the analysed population
[6,48-51, 53-70]. The common denominator of these studies
was a pre-selection of the included cases, which, at least in our
opinion, caused an increase of the reported diagnostic efficien-
cy of the score.

In our case series, the LRINEC score was only retrospec-
tively calculated, since the clinicians never used it. In the
majority of cases, the score turned positive only a few hours
before septic shock (Table 2). The only exception was case 7,
where the score tested positive 9 h before the appearance of
skin lesions and about 2 days before septic shock.
Notwithstanding, in about 70% of cases (1, 2, 4, 6 and 7),
the score turned positive some hours before the appearance
of any visible skin lesions. On that point, however, it must be
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kept in mind that the applicability of the score is strictly related
to the presence of any detectable signs of soft tissue infection
(i.e. local lesions) [6]. Therefore, in a forensic setting, the
LRINEC score should be used with extreme caution for the
evaluation of the correctness of the medical conduct and al-
ways interpreted in relation to the presence of any visible signs
of local infection.

Histological diagnosis and staging

Histology must be mandatory for a definitive post-mortem
diagnosis of NF, through the detection of dermal inflammation
or necrosis associated to the presence of bacterial colonies. In
the early stages of the disease, only dermal oedema and poly-
morphonuclear infiltration into the dermis are observed.
During the intermediate stages, haemorrhages and
angiothrombosis of the penetrating fascial vasculature are ev-
ident. Finally, in the later stages, all tissue layers can show
various degrees of necrosis [3]. Differential diagnosis with
more frequent soft tissue infections is usually requested. The
depth of involvement, as well as the degree of connective
tissue degeneration and necrosis, is much greater in NF than
in other forms of cellulitis [76]. In our case series, we observed
that the epidermis was moderately affected, notwithstanding
the advanced stage of the disease; this could be connected to
the fact that the infective and inflammatory process spreads
horizontally along the subcutaneous fasciae, only later invad-
ing the surrounding adipose tissue, which is well represented
in the hypodermis, thereby acting as an initial barrier to the
infective process.

Along the subcutaneous fascia, the inflammation process is
often modest and localized, while the bacterial colonies may
not be very apparent when utilizing the H&E stain; conse-
quently, it is necessary to search for the presence of bacteria
using special stains, such as Giemsa or PAS, in order to diag-
nose NF and identify the cause of death.

Based on the above described microscopic features, as con-
firmed by our case series (see Figure 1, Online Resource 1 for
details), only an approximate dating of the chronological stage
of NF is possible. On the other hand, it is well-known that the
precise estimation of the time of onset of the inflammatory
reaction is based on the progressive appearance of inflamma-
tory cells and capillary proliferation (granulation tissue).
Unfortunately, the inflammatory reaction is poor in the early
and middle stages of NF. Therefore, any attempt at dating
based on histopathological data, including immuno-
histochemical markers, would seem questionable.

Specific medico-legal issues of the reported cases
As stated by the recent international IALM Guidelines on the

methods of ascertainment and criteria of evaluation of cases of
suspected medical malpractice, the very first step of the

medico-legal evaluation process foresees the identification of
the clinical features and the reconstruction of the pathological
pathways that connect the initial, intermediate and final stages
of the investigated disease [9]. As previously discussed, the
uncertainties related to the identification of the origin of the
soft tissue infection, the micro-organisms involved, the timing
of progression to NF, the staging of the disease, the rapidity of
its evolution to systemic infection and multi-organ failure
make a trustworthy reconstruction of the chain of events often
problematic.

In order to determine if a specific disorder was clinically
recognizable at a given time, firstly, it is fundamental to iden-
tify the exact moment in which the disease commenced. As
observed in our case series, in the majority of cases (5 cases;
71.4%), neither in an ex-ante (i.e. only with circumstantial and
clinical data) nor in an ex-post perspective (i.e. integrating
clinical and post-mortem data) was it possible to identify the
exact timing of progression of the soft tissue infection to NF.
In four out of the seven reported cases (57.1%), patients re-
ferred to the emergency room complaining of post-traumatic
pain (car, motorcycle or bicycle crash), whereas in the remain-
ing three cases, pain was attributed by the physician to a gas-
trointestinal (case 2) or neuronal (cases 5 and 6) disorder. Was
it correct? To answer this question, the medico-legal expert
should be able to reconstruct the signs and symptoms truly
exhibited by the patient in that specific moment and evaluate if
those signs were clearly attributable to NF. As can be seen in
Table 2, local lesions generally appeared at less than 24 h from
septic shock and death. Integrating clinical data, laboratory
and post-mortem data, in an ex-post perspective, the absence
of a clinical diagnosis of NF or a slight diagnostic and/or
therapeutic delay would be identifiable in five out of seven
cases. A timely diagnosis followed by surgical debridement
was indeed possible only for the two cases not related to GAS
infection (cases 5 and 7).

As well-known, in order to entail any criminal and/or civil
responsibility, a medical error must be causally related to the
death or personal injury/damage suffered by the patient [9,
77]. In cases of NF, in order to evaluate the causal value and
link between a supposed diagnostic/therapeutic error and the
loss (e.g. death, personal injury, etc.), it is essential to define
the prognosis of the disease. In general, NF mortality rate is
around 20-25%. In forensic medicine, however, the probabil-
ity of death (and more extensively the prognosis) must be
reconstructed for each specific case under investigation.

As a general trend, when unequivocal cutaneous signs of
NF become evident, mortality estimates are very high due to
the presence of concurrent signs of septic shock, which may
be considered the “point of no return” for NF infections.
Regarding our case series, although in five cases the diagnosis
and surgical therapy could have been anticipated of a few
yours, those diagnostic and therapeutic delays were not caus-
ally related to the subsequent death.
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