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ORIGINAL ARTICLE

The Role of Burn Centers in the Treatment of Necrotizing
Soft-Tissue Infections: A Nationwide Dutch Study

Jaco Suijker MD “1bIb® Lisca Wurfbain MD *1%:° Anouk MLH Emmen MD %11 Anouk Pijpe PhD Tt

Kelly AA Kwa PhD *° Cornelis H van der Vlies PhD %"* Marianne K Nieuwenhuis PhD TH#5llll
Paul PM van Zuijlen PhD “5l3%° and Annebeth Meij-de Vries PhD"%$3

Patients with extensive and complex wounds due to Necrotizing Soft-Tissue Infections (NSTI) may be referred
to a burn center. This study describes the characteristics, outcomes, as well as diagnostic challenges of these
patients. Patients admitted to three hospitals with a burn center for the treatment of NSTT in a 5-year period
were included. Eighty patients (median age 54 years, 60% male) were identified, of whom 30 (38%) were referred
by other centers, usually after survival of the initial septic phase. Those referred from other centers, compared

to those primarily admitted to the study hospitals, were more likely to have group A streptococcal involvement
(62% vs 35%, p = .02), larger wounds (median 7% vs 2% total body surface area, p < .001), and a longer length of
stay (median 49 vs 22 days, p < .001). Despite a high incidence of septic shock (50%), the mortality rate was low

(12%) for those primarily admitted. Approximately half (53%) of the patients were initially misdiagnosed upon
presentation, which was associated with delay to first surgery (16 hours vs 4 hours, p < .001). Those initially
misdiagnosed had more (severe) comorbidities, and less frequently reported pain or blue livid discoloration of
the skin. This study underlines the burn centers’ function as referral centers for extensively affected patients
with NSTI. Besides the unique wound and reconstructive expertise, the low mortality rate indicates these
centers provide adequate acute care as well. A major remaining challenge remains recognition of the disease
upon presentation. Future studies in which factors associated with misdiagnosis are explored are needed.
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INTRODUCTION

Necrotizing Soft-Tissue Infections (NSTI) are severe
infections characterized by progressive soft-tissue destruction,
and often systemic toxicity that may progress to septic shock.
It may be monomicrobial (type 2 NSTI), most frequently due
to a Group A Streptococcus (GAS), or polymicrobial (type 1
NSTI) in origin.! While it may affect all body areas, it most
often affects the legs, followed by the anogenital and abdom-
inal area.? When NSTI is suspected, emergency surgical in-
spection is indicated, followed by surgical debridement when
the diagnosis is conformed.® Adjacently, broad-spectrum
intravenous antibiotics must be started, and most will be
admitted to the Intensive Care Unit (ICU) as part of multi-
modal treatment. Mortality has historically been around 30%,
though advances in treatment seem to indicate decreasing
mortality,* ranging from 10 to 18% in recent studies.?>8
NSTT and its management bear many similarities with those
of patients with severe burns, including extensive wounds, re-
constructive challenges, sometimes amputation, generalized
weakness, and post-traumatic stress symptoms. This is why
patients with NSTT in The Netherlands may be referred to
a burn center for multidisciplinary treatment by a team that
includes general surgeons, burn surgeons, plastic surgeons,
intensivists, medical microbiologists, general and burn spe-
cialized nurses, occupational therapists, psychologists, reha-
bilitation physicians and aftercare nurses. The national Dutch
guideline on NSTT recommends considering referral to a spe-
cialized center (burn center) in case of wounds in a complex
area (head/neck, genital, hands, feet) or in case of >10% TBSA
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wound size.” These patients can be classified as secondary re-
ferred, in contrast to those admitted after presentation to the
Emergency Department of the community hospitals these
burn centers are located in (primary referred). Hence, there
is a focus of the multidisciplinary teams involved these centers
on both acute, lifesaving care, as well as reconstructive and re-
habilitative care to improve long-term quality-of-life.

Due to the experience with NSTT in these centers, as well
as burn expertise, the question arises whether this results in
differences in regards to the patient population, treatment
characteristics, and outcomes, when compared to existing
literature. Furthermore, it is interesting to explore whether
the focus on NSTT care may decrease the rate of misdiag-
nosis, which has been reported to range from 41 to 96%
in other studies.!® These questions formed the basis of this
study.

METHODS

A retrospective cohort study was conducted in all three
Dutch Burn Centers and the community hospitals they
are part of (Red Cross Hospital, Maasstad Hospital and
Martini Hospital). In Table 1, the unique characteristics
of care in these centers are displayed. The Medical Ethical
Committee of the Amsterdam University Medical Centers
agreed this study is not subject to the Medical Research
Involving Human Subjects Act (WMO) and that the na-
ture of the study does not require written informed consent.
Institutional Review Board (IRB) approval was obtained in
all three hospitals.

Patient Identification

All patients diagnosed with, and treated for acute NSTI be-
tween January 1, 2013 until December 31, 2017, were el-
igible for inclusion. Patients were identified according to
local possibilities, with up to four strategies; (1) ICD-10 di-
agnosis codes necrotizing fasciitis (M72.6), inflammatory
discases of the scrotum (N49.2) and gas gangrene (A48.0)
from the Dutch version of the ICD-10 codebook,!! (2) Dutch
Hospital Data (DHD) registration,'? (3) The Dutch Burn
Centres Registry!® (R3), and (4) free text terms. Only those
who had NSTT according to the involved surgeon(s) based on
perioperative findings or unequivocal clinical signs, or based
on the judgment of the pathologist in case of frozen section
biopsy, were included.
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Data Collection

Data were collected from electronic patient records by three
researchers (JS, LFW, and AE) and registered in an online
Clinical Report Form (e-CRF), using Castor EDC (www.
castoredc.com). Relevant data concerning patient-, dis-
case-, presentation-, and treatment characteristics, various
local outcomes (skin defect size, amputations) and general
outcomes (mortality, length of stay (LOS)) were collected. To
facilitate comparison regarding overall comorbidity severity,
the Charlson Comorbidity Index (CCI) was calculated for each
patient, including age variables.!* Different comorbidities can
contribute one up to six points, depending on the severity, up
to a maximum of 29 points. For age, one point is attributed
for each decade over 50 years old, with a maximum of four
points for patients of 80 years and older. The Laboratory Risk
Indicator for Necrotizing Fasciitis (LRINEC) score, devel-
oped to differentiate diagnostically between low risk (<5) and
high risk (28) of NSTI, was calculated based on the relevant
laboratory values at presentation (C-reactive protein, leuko-
cyte count, hemoglobin, sodium, glucose and creatinine).!

Definitions

Regarding recognition, patients were classified as correctly
diagnosed when the diagnosis of NSTI was considered upon
presentation, and diagnostic surgical inspection and sys-
temic treatment for NSTI was initiated. When NSTI was not
considered, they were labelled as “misdiagnosed.” NSTI was
classified as in-hospital developed when patients were admitted
clectively (e.g., planned surgery), when admitted acutely for an-
other diagnosis (e.g., cellulitis) that initially improved without
surgery, or when surgery was performed for a soft tissue infec-
tion (e.g., drainage of an abscess) with no signs of NSTT during
that surgery. Time of presentation was defined as the moment
the patient presented to the ER before being admitted, based
on the first note made or measurement (vital parameters or
lab) performed. Alternatively, in case of in-hospital developed
NSTI, as the moment the patient needed unplanned assessment
due to the onset of symptoms consistent with NSTT (increasing
pain, expanding redness, signs of sepsis). The Sepsis-3 defini-
tion was used for septic shock.'® Mortality was defined as death
due to any cause within 30 days from admission.

Analysis
For analysis, IBM Statistical Package for the Social Sciences
(SPSS) statistics version 27.0 was used. Descriptive statistics

Table 1. Overview of characteristics of care in burn centers contributing to its unique properties to care for patients affected by

NSTI.

e One department combining wound-, reconstructive-, and ICU care

e Complete infrastructure designed to treat patients with complex and extensive wounds, including its own operating theatre and planning
e Nurses specialized in the daily care of complex wounds with increased attention fort he patient (1 nurse per 2 patients)
e Specialized pain management team able to deal with pain due to extensive wounds

e Specialized early reconstructive care for complex and/or extensive wounds

* Multidisciplinary teams to meet all physical, psychological, rehabilitative, and social needs of patiénts with complex and /or large wounds with

multi-disciplinary evaluations three times a week

e Specialized aftercare nurse and the availability of peer support groups

e Multi-disciplinary outpatient follow-up for long-term reconstructive, rehabilitative and psychosocial care
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were used to describe the cohort. Since the vast majority of data
was not normally distributed, continuous data were described
by the median and interquartile range (IQR), and discrete data
were expressed as number and percentage. For each variable
the number and proportion of missing data was reported in the
study tables. Differences between the subgroups (primary vs
referred and correctly diagnosed vs misdiagnosed) were tested
by means of complete case analysis according to data type by
the Mann-Whitney U test and the Chi-squared test. Statistical
significance was set at alpha <0.05. In addition, independent
predictors of misdiagnosis were investigated by a complete case
multivariable logistic regression analysis with backward elimi-
nation, with P criteria = 0.10.

RESULTS

Eighty patients were identified, of which 50 (62%) were
primary referred (i.e., admitted upon first presentation,
prediagnosis), and 30 (38%) secondary referred (i.c., referred
after initial presentation in another center). As follows from
Figure 1, the vast majority (94%) of patients referred to a burn
center had undergone at least one surgery in the referring hos-
pital, and most (71%) were past the acute disease phase.

Patient and Disease Characteristics

As displayed in Table 2, the cohort comprised patients with
median age of 54 (IQR 44-69) of whom 51 (64%) were
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Figure 1. The distribution of different phases in which (% = 30) patients
were referred to the burn centers. Five different phases were discerned.
Pre-work diagnosis (patient referred before NSTT was suspected), Pre-
operative (NSTT suspected, but not yet confirmed surgically), Acute post-
operative (Phase from first surgery until detubation, stop of vasopression
and CRP <100), Stabilization phase (detubated, no vasopression needed,
CRP <100 mg/L until fist reconstructive surgery) and Reconstructive
phase (from first reconstructive surgery until discharge).

Table 2. Baseline and disease characteristics of the complete cohort (7 = 80), as well as for primary referred (7 = 50), and sec-

ondary referred (7 = 30) patients.

Total (80) Primary referred (50) Secondary referred (30) P-value

Age, (years) median (IQR) 54 (44 - 69) 57 (46 - 73) 50 (39 - 68) .08
Male, 7 (%) 51 (64%) 31 (62%) 20 (67%) .67
BMI, (kg/m?) median (IQR) 26 (23-30) (m=5) 27 (24-31) (m=2) 25 (23-29) (m=3) d1
ASA status, 7 (%)

1 1 (14%) 7 (14%) 4 (13%) 20

11 7 (46%) 19 (38%) 18 (60%)

111 0 (38%) 23 (46%) 7 (23%)

v 2 (3%) 1(2%) 1 (3%)
Comorbidities, n (%)

Any comorbidity 1 (64%) 33 (66%) 18 (60%) 59

Cardiac 2 (40%) 22 (44%) 10 (33%) .35

Diabetes mellitus 5 (19%) 13 (26%) 2 (7%) .03

Pulmonary 10 (13%) 9 (18%) 1 (3%) .06

Active malignancy 5 (6%) 3 (6%) 2 (7%) 91

Immunodeficiency 10 (13%) 6 (12%) 4 (13%) .86
CCI score, median (IQR) 3.0(1.0-5.0) 3.0(1.0-6.0) 3.0 (1.0-4.0) 16
NSTI in history, 7 (%) 0 (0%) 0 (0%) 0 (0%) 1.00
Actively smoking, 7 (%) 29 (36%) (m=13) 19 (38%) (m=9) 10 (33%) (m=4) .70
Location start NSTI, » (%)

Head /neck 1 (1%) 0 (0%) 1 (3%) .61

Arm/chest 16 (20%) 10 (20%) 6 (20%)

Anogenital /abdominal 31 (39%) 19 (38%) 12 (40%)

Leg 32 (40%) 21 (42%) 11 (37%)
Type of NSTI, » (%) m=4 m=1 m=

Monomicrobial 42 (55%) 25 (51%) 17 (63%) .60

Polymicrobial 31 (41%) 22 (45%) 9 (33%)

No growth 3 (4%) 2 (4%) 1 (4%)
GAS cultured, 7 (%) 35 (45%) (m=2) 17 (35%) (m=1) 18 (62%) (m=1) .02

Note: m, missing; ASA, American Society of Anesthesiologists; BMI, Body Mass Index; CCI, Charlson Comorbidity Index; NSTI, Necrotizing Soft-Tissue Infection;

GAS, Group A Streptococcus.
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male and about half was overweight (BMI >25). Most were
classified as either ASA II (46%) or ASA III (38%). The ma-
jority (z = 51, 64%) had one or more comorbidities, most
often cardiac (40%), followed by diabetes mellitus (19%),
pulmonary (13%), immunosuppression (13%), and active
malignancy (6%). The median CCI was 3.0 (IQR 1.0-5.0),
and the maximum CCI was 12.0. Of patients of whom the
smoking status was known, 36% were active smokers. The
location where NSTT most often started were legs (40%) and
the anogenital and abdominal area (39%). Culture results,
of which a detailed overview of different pathogens in rela-
tion to type of NSTT can be found in Supplementary Table
1, revealed that Monomicrobial NSTI was more common
(55%) compared to Polymicrobial NSTI (41%). The percent
of cases in which GAS was cultured was the only statisti-
cally significant difference between primary referred (35%)
and secondary referred (62%) patients (p = .02). Other char-
acteristics that differed between primary referred and sec-
ondary referred patients were respectively age (median 57 vs
50 years), ASA classification 23 (median 48% vs 26%), dia-
betes mellitus (26% vs 7%) and pulmonary comorbidity (18%
vs 3%). However, none of these differences was statistically
significant. As more in detail displayed in Table 2, the pro-
portion of missing data was small and varied somewhat for

Journal of Burn Care & Research
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patient characteristics (range 0-16%) and disease character-
istics (range 0-5%).

Presentation Characteristics

As displayed in Table 3, the majority of the patients (7 = 72,
90%) developed NSTT outside of the hospital setting. Pain was
the symptom most often described as being present (82%),
tollowed by swelling (76%) and erythema (72%). Pain was less
frequently reported in those with anogenital or abdominal
involvement (72%) compared to those with leg involvement
(87%), though not significantly (p = .17). No association with
type of NSTI (Monomicrobial 81% vs Polymicrobial 83%)
and or presence of GAS (present 79% vs absent 82%) was
found either. Late signs of NSTI (bullae, blue livid discolora-
tion, ecchymosis, skin necrosis), as well as fever, were absent
in the majority. The medical records of secondary referred
patients, compared to primary referred patients, more often
reported a blunt trauma (26% vs 4%) preceding the start of
symptoms, and less often (58% vs 80%) erythema. Since the
rates of missing data for fever, laboratory values and combined
LRINEC score were extensive (range 57-77%) for secondary
referred patients, this data is only reported for primary re-
ferred patients. Of those, most had a portal of entry (81%).

Table 3. Presentation characteristics of the complete cohort (7 = 80) of patients included, as well as for primary referred (7 =

50) and secondary referred (z = 30) patients.

Total (80) Primary referred (50) Secondary referred (30) P-value
Hospital acquired NSTI, » (%) 8 (10%) (m=1) 4 (8%) (m=1) 3 (10%) 72
Portal of entry present, 7 (%) 56 (81%) (m=11) 38 (79%) (m=2) 18 (86%) (m=9) .52
Blunt trauma, 7 (%) 9 (11%) (m=3) 2 (4%) 7 (26%) (m=3) .004
Localized symptom present at presentation, n (%) (m=4) (m=4)
Pain 62 (82%) 41 (82%) 21 (81%) 90
Erythema 5 (72%) 40 (80%) 15 (58%) .04
Swelling 8 (76%) 41 (82%) 17 (65%) 11
Bullae 1 (15%) 6 (12%) 5 (19%) 40
Blue livid discoloration 0 (13%) 6 (12%) 4 (15%) .68
Skin necrosis 1 (15%) 7 (14%) 4 (15%) .87
Ecchymosis 4 (5%) 3 (6%) 1 (4%) .69
Crepitations 4 (5%) 2 (4%) 2 (8%) 49
Any early localized symptom,* n (%) 73 (96%) (m=4) 48 (96%) 25 (96%) (m=4) 97
Any late localized symptom,** n (%) 26 (34%) (m=4) 16 (32%) 10 (39%) (m=4) 57

Only from primary veferred (n=50) ***
Fever (>38.5 degrees Celsius), n (%)
Leukocyte count (10°/litre) median (IQR)
CRP (milligram/litre) median (IQR),
Creatinine (pmoll/litre) median (IQR),
LRINEC score at presentation

Total score, median (IQR)

Low risk (score <5), 7 (%)

Intermediate risk (score 6-7), n (%)

High risk (score 28), 7 (%)

0 (21%) (m=2)

7 (13-24) (m=2)
305 (179-392) (m=2)
119 (88-211) (m=3)

(m=10)

8 (4.3-9.0)
2 (30%)
(18%)
1(53%)

Note: NSTI, Necrotizing soft-tissue infection; 2, missing; HR, Heart rate; IQR, Interquartile range; MAP, Mean arterial pressure; CRP, C-reactive protein; GAS,

Group A streptococcus; NA, = Not applicable.
*Early symptoms: pain, swelling, erythema.
**Late symptoms: blue livid discoloration, ecchymosis, blisters, necrosis.

***Since this data lacked for most secondary referred patients, only those directly admitted are described here.
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Table 4. Treatment characteristics and outcomes of the complete cohort (7 = 80), as well as for primary referred (7 = 50) and

secondary referred (7 = 30) patients.

Total (80) Primary referred (50) Secondary referred (30) P-value

ICU admission, n (%) 68 (85%) 40 (80%) 8 (93%) 11
ICU LOS* (days), median (IQR) 6.0 (3.0-15.0) (m=1) 4.0 (1.0-8.0) 12.0 (6.0-21.0) (m=1) <.001
Septic Shock, n (%) 44 (55%) 25 (50%) 9 (63%) .08
Total LOS (days), median (IQR) 33(16-52) 22 (11-42) 49 (30-57) <.001
30-day mortality, n (%) 8 (10%) 6 (12%) 2 (7%) 44
Debridement performed, n (%) 78** (98%) 48** (96%) 30 (100%) 27
Time until first debridement (hours), median (IQR) 6.1 (3.6-16.9) (m=18) 5.5(3.7-17.0) (m=2) 8.5 (3.3-17.4) (m=16) .87
Skin-sparing approach to debridement, n (%) 23 (30%) 19 (40%) 4 (13%) .01
Number of surgeries

Total (n = 78), median (IQR) 4.0 (2.0-7.0) (m=3) 3.0 (2.0-4.0) (m=2) 7.0 (4.5-10.5) (m=1) <.001

Debridement surgeries (7 = 78), median (IQR) (m=3) 2.5 (2.0-5.0) (m=3) 2.0 (1.0-3.0) (m=2) 5.0 (3.0-6.0) (m=2) <.001

Reconstructive surgeries (n=60), median (IQR) 1.0 (1.0-3.0) 1.00 (1.00-1.75) 2.00 (1.00-5.50) <.001
Amputation, n (%)

Total 13 (17%) 8 (16.7%) 5 (16.7%) 1.00

On lower extremity 7 (9%) 4 (8.3%) 3(10.0%) .80

On upper extremity 1 (1%) 1(2.1%) 0 (0.0%) 43

Genital (penis/testis) 3 (4%) 2 (4.2%) 1(3.3%) .85

Breast 2 (3%) 1(2.1%) 1(3.3%) 73
Size of fascial wound (TBSA), median (IQR) 8.0 (2.5-11.0) (m=21) 4.0 (1.6-8.0) (m=20) 9.0 (7.0-13.5) (m=1) <.001
Size of skin defect (TBSA), median (IQR) 6.0 (1.6-10.0) (m=18) 2.0 (0.1-7.0) (m=17) 7.0 (6.0-12.0) (m=1) <.001
Total delayed primary closure, n (%) 3 (16%) 12 (24%) 1(3%) .02
Area grafted* **(TBSA), median (IQR) 5(2.0-8.0) (m=12) 2.0 (0.0-5.0) (m=9) 7.0 (6.0-11.5) (m=3) <.001

Note: ICU, Intensive Care Unit; LOS, Length of Stay; IQR, Interquartile range; 72, missing; TBSA, Total Body Surface Area.

*Among 7 = 68 patients that were admitted to the ICU.

**In two patients debridement was not performed due to advanced, inoperable NSTT.

***Among 7 = 60 patients that did not die or did not undergo amputation.

Approximately half (53%) had a LRINEC score indicating a
high risk of NSTT (=8), while 30% had a score corresponding
with a low risk (<5). Imaging studies were performed (ultra-
sound, CT-scan, MRI-scan) in 18, 28, and 1% of patients,
respectively, with rate of findings consistent with NSTT being
57% for ultrasound (false negative rate 43%), and 86% for
CT-scans (false negative rate 14%).

Treatment and Outcomes

All patients received antibiotics according to local protocols,
first empiric, and subsequently tailored based on gram staining
and later definite culture results, as outlined in Supplementary
Table 2. All patients underwent diagnostic surgical inspec-
tion to confirm the diagnosis of NSTI, except for two (3%)
patients with unequivocal clinical signs of NSTT in which di-
rect amputation was performed without diagnostic surgical
inspection of affected tissues. In most patients the diagnosis
was made based on perioperative findings, in three (4%)
based on frozen section biopsy. As displayed in Table 4, most
patients (7 = 68, 85%) were admitted to the ICU. More than
half of the patients (55%) had septic shock, with secondary
referred patients having a higher rate (63%). Thirty-day
in-hospital mortality was 10% (» = 8) for the whole cohort,
and 12% (» = 6) within the subgroup of primary referred
patients. The two (7%) patients who died in the secondary
referred group, died due to the consequences of acute NSTT
(irreversible septic shock), and were transferred before the

diagnosis NSTT was made in one, and in the acute postopera-
tive phase in the other (Figure 1). Amputation was performed
in 13 (17%) patients. The median size of the skin defect re-
maining after the last debridement surgery was performed,
was 6.0% Total Body Surface Area (TBSA) (IQR 1.6-10.0%),
ranging from 0.0 to 44.0% TBSA. In 13 (17%) patients, com-
plete delayed primary closure was achieved, meaning no grafts
were needed. In others, either partial primary closure, skin
transpositions, or skin grafting was performed. The median
TBSA of transplanted skin was 5.5% (IQR 2.0-8.0%). Patients
referred to a burn center (secondary referred), compared to
primary referred patients, had more extensive disease progres-
sion in the fascial layer (median 9.0% vs 4.0% TBSA, p < .001)
and more extensive skin defects (median 7.0% vs 2.0% TBSA,
< .001). They also had a longer ICU LOS (median 12 vs 4
days, p < .001), total LOS (median 49 vs 22 days, p < .001),
underwent more surgeries (p < .001) and required more skin
transplants (median 7.0 vs 2.0 TBSA, p < .001). Missing data
varied for both treatment characteristics (range 0-18%) and
outcomes (0-27%) (Table 4).

Exploration of Misdiagnosis and Related Factors

Of all patients included in this study, half (z = 40, 53%) were
initially misdiagnosed upon first admission, and this rate was
similar for primary referred (7 = 26, 53%) and secondary
referred patients (7 = 14, 52%). Therefore, no distinction
between primary referred and secondary referred patient
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Figure 2. Prevalence of various relevant characteristics of patients presenting with NSTT, for those that were directly diagnosed correctly (7 = 36)
vs those initially misdiagnosed (7 = 40). Ditferences for those marked with one asterisk (*) are statistically significant with p < .05 when comparing
groups, while those marked with two asterisks (**) were also independent, significant predictors within the multivariable regression analysis.

was made for the analysis of misdiagnosis. In those initially
misdiagnosed, the alternative diagnosis was most often an-
other skin or soft tissue infection (7 = 29, 73%), usually er-
ysipelas, cellulitis, or an abscess. An infection with different
localization (i.e., gastro-enteritis, pneumonia, urinary tract
infection, or viral infection) was the alternative diagnosis in
cight (20%). Five (12%) patients were initially diagnosed with
a noninfectious disease, which were limb ischemia, soft tissue
tumor, acromioclavicular arthrosis, deep venous thrombosis,
and kidney failure.

Comparison of all variables described in Tables 2—4, be-
tween those correctly diagnosed upon admission (7 = 36)
and those initially misdiagnosed (7 = 40), revealed some sta-
tistically significant differences. Patients classified as initially
misdiagnosed had a longer interval to first debridement (16.0
vs 4.1 hours, p < .001), and more frequently developed NSTI
in-hospital. These patients had more frequently comorbidities
(73% vs 50%, p = .04), of increased severity (CCI score 3.0
vs 2.0, p < .01), and an especially large difference for immu-
nosuppression (23% vs 3%, p = .01). Pain (73% vs 92%, p =
.04) and blue livid skin discoloration (5% vs 22%, p = .04)
were less frequently reported in those initially misdiagnosed
compared to those correctly diagnosed (Figure 2). Although
not statistically significant, there were considerable differences
in the areas primarily affected between both groups. Those in-
itially misdiagnosed, compared to those correctly diagnosed,
had significantly more often NSTT of the leg (50% vs 28%),
and less often of the anogenital and abdominal area (33% vs
68%). In addition, no significant difference for mortality was
observed, although the total number of deaths was higher in
those initially misdiagnosed (7 = 5, 13%) compared to those
correctly diagnosed (7 = 2, 6%). A complete overview of the
comparison of all these characteristics and their p-values can
be found in Supplementary Table 3a-c.

Using multivariable logistic regression analysis the robust-
ness of identified factors associated with misdiagnosis was
assessed. Complete case (7 = 71, 89%) multivariable logistic
regression analysis including data on whether NSTT developed
in-hospital or not, CCI comorbidity score, presence of pain,
presence of late signs of NSTT, anatomical location of onset of
the disease, and GAS involvement, revealed that the absence
of reported pain (1.7, p = .04) and a higher CCI comorbidity
score (0.19, p = .05) remained independently associated with
initial misdiagnosis.

DISCUSSION

This retrospective multicenter cohort study of patients treated
in the three Dutch hospitals with a dedicated Burn Centre in
which patients with NSTT are regularly treated, confirms that
NSTT is a severe disease that affects a heterogeneous popula-
tion and causes extensive morbidity due to often prolonged
ICU admissions, amputations and considerable wounds. Based
on the recently estimated yearly number of patients diagnosed
with NSTT in the Netherlands (193-238 patients per year),
approximately 6.7-8.3% are treated in a burn centre.'” Those
referred to a burn center for treatment, are a subgroup of
patients who in most cases survived the initial septic shock,
and have above average sizes of skin defects for which special-
ized treatment in a burn center is requested. This selection of
survivors may explain the even lower incidence of mortality
(7%) in those secondary referred, compared to those primary
referred (12%). However, 12% mortality is still low compared
to the estimated national Dutch average of 23-29% in the
study period,!” as well compared to international literature.>#-8

Interestingly, although the study centers do have increased
exposure to NSTI due to their referral function, misdiagnosis
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was considerable, although in line (and on the lower end)
of reported rates in previous studies of 41-96%.10 Although
patients are usually diagnosed before transfer to a burn
center, one could have expected misdiagnosis to be lower in
the hospitals where these centers are located since the sur-
gical teams working on the ER and ward the same as those
involved at the burn centers. Since there was no difference in
the rate of misdiagnosis between these centers and referring
centers, the findings of this study indicate the diagnosis of
NSTT remains a challenging diagnosis despite increased ex-
perience. Recognition of NSTT is especially difficult since pa-
thognomonic signs (blue livid skin discoloration, hemorrhagic
bullae, skin necrosis) become evident later in the disease
process.'® According to a survey among clinicians, misdiag-
nosis was named as a main modifiable prognostic factor, since
it may result in a delay to the first surgery.!® Although mis-
diagnosis was indeed associated with delay to first surgery in
this study, misdiagnosis was not found to be statistically sig-
nificantly associated with outcomes (mortality or morbidity),
although the absolute number of deaths was higher in those
initially misdiagnosed. This lack of a statistically different dif-
ference is unlikely an indication that delaying the interval to
first debridement does not affect outcomes.®!” It is more
likely these lack of differences in outcomes are due to insuffi-
cient power of this study do detect these differences, or due
to differences in characteristics of those correctly diagnosed vs
those misdiagnosed. One such difference in characteristics was
patients comorbidity status, with those being misdiagnosed
having more often, more severe comorbidity, with the biggest
difference observed for immunosuppression. Although one
would expect increased comorbidity to be associated with
higher mortality, something clse may be at play here. Those
who are healthy and are infected, may be infected with very
virulent pathogens, often Monomicrobial infections such as
due to group A streptococcus. Similarly, those with decreased
immunity may be infected with less virulent bacteria or bac-
terial stems, and more often Polymicrobial infections. The
finding that legs, associated with Monomicrobial infection,
were more often, and anogenital and abdominal area, asso-
ciated with Polymicrobial infection, less often the anatom-
ical region of onset in those initially misdiagnosed, further
supports this.

Besides comorbidity status being independently associ-
ated with misdiagnosis, pain was less frequently reported as
presenting symptom in charts of patients who were initially
misdiagnosed. Although pain is often present, and extreme
pain requiring analgesics is accepted as indicative for the
presence of NSTI, pain is not always severe and may even
be absent. This is supported by findings of a recent study, in
which severe pain requiring analgesics upon presentation was
noted in less than half of the patients (42%) with NSTI.? In
our study, pain (of any intensity) was reported in 82% of the
patients, indicating not all patients with NSTT experience (ex-
treme) pain.

Though not found to be significantly different between
those correctly diagnosed and misdiagnosed, some findings
are relevant to discuss. First, fever (>38.5 °C) is often ab-
sent in NSTI. Although NSTT are severe bacterial infections,
which may lead clinicians to expect fever, only 21% of the
patients in this study had fever upon presentation. This is in
line with previous reports in which only 40% of patients with
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NSTI had a temperature of >37.5 °C.1% Therefore, clinicians
should realize the absence of fever cannot rule out the diag-
nosis NSTI. This is also true for the presence of a portal of
entry; in approximately one in five patients in this study, no
portal of entry was observed. This is in concordance with the
up to half of the patients with GAS NSTT in which no portal
of entry is present. In these patients, NSTI may be associated
with blunt trauma, which was present in 11% in this study,
or follow sport-related muscle injuries, or without clear local
trauma or injury.! The LRINEC score, which is intended as a
tool to help differentiating between patients with a high risk
and low risk of NSTI,'5 was found to have a considerable false
negative rate in this current study of 30%. Therefore, when
using this score in practice, clinicians should be aware that it
cannot be used to rule out NSTL.2922 The same is true for
ultrasound,?® which had a false negative rate of >40% in our
study. CT scans and MRI scans do perform better, which was
also true in this study. These imaging modalities may there-
fore be valuable in case of low suspicion in stable patients,
as well as for operative planning in anatomically challenging
areas (pelvic area, neck). However, these imaging studies are
time-consuming, and should not lead to delay of emergency
surgical treatment, which also remains the golden standard for
the diagnosis of NSTL.72425

Strengths of this study are its multicenter character, the in-
clusion of primary and secondary referred patients, and the
amount of relevant data collected, especially regarding pres-
entation and diagnostic characteristics. Furthermore, the
extensive identification strategy performed, which makes it
likely that a representative sample was identified, adds to the
strength of this study.

A limitation of this study is it’s retrospective nature,
leading to missingness of varying degrees, which may influ-
ence this studies’ findings. For example, it could be true that
skin defect size and size of the wound in the fascial plane are
more often described in those with bigger defects, leading
to an overestimation of the severity of this outcome param-
eter in NSTI patients. Similarly, the estimations made of
the fascial /subcutaneous wounds and skin defects when the
exact TBSA was not described, could lead to either under- or
overestimation. Furthermore, data based on written reports
by clinicians remains partly subjective, since not describing
a symptom or operative finding, does not mean it was not
present. Therefore, the findings of this study, especially the
observed differences between those correctly diagnosed and
misdiagnosed, should not be regarded as definite proof, and
confirmation in future studies is needed. In addition, it re-
mains difficult to be completely sure that those classified as
“misdiagnosed” did have NSTI upon presentation, and did
not develop shortly after.

Despite the limitations, we believe this study presents a val-
uable contribution in improving knowledge on NSTT. Several
studies regarding NSTT in the burn center setting have been
published, but were often smaller,?0-3! or had a different focus
as this current study.32-3* Therefore, despite not yet providing
definite answers, our study is of added value and underlines
the relevance of burn centers in the treatment of NSTI. We be-
lieve burn centers could have a central role in the care for, and
improvement of care and knowledge on NSTT internation-
ally. We believe the findings from this current study indicates
the need for the description of larger samples, in which more
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routinely and systematically collected data regarding presenta-
tion and early treatment characteristics are included. In those
studies, the relation between various outcomes and patient-,
disease-, presentation- and treatment characteristics should be
studied. Since RCTs are impractical, or even unethical in case
of rare diseases like NSTI, this may initially be done by larger
cohort studies. In this light, nationwide prospective registries
would be preferable, in which a core set of data are collected,
and outcomes (including patient related outcomes) are sys-
tematically collected.

CONCLUSIONS

In conclusion, NSTT remains a severe potentially lethal dis-
ease that causes extensive morbidity. Burn centers have an
important role in the management of patients with extensive
wounds due to NSTI, and also provide adequate acute care.
Improved outcomes may be achieved by improving recogni-
tion, which is currently poor, with half of the patients with
NSTT being initially misdiagnosed. We believe the findings
from this study indicate the need for future, bigger, preferably
prospective studies in which burn centers play a central role.
In those studies, the relation between presentation character-
istics, recognition and outcomes should further explored.

SUPPLEMENTARY DATA

Supplementary data is available at Jowrnal of Burn Care &
Research online.
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