Annals of Burns and Fire Disasters - vol. XXXIV - n. 1 - March 2021

INFLUENCE OF PRE-EXISTING NEUROLOGICAL ILL-
NESSES ON THE OUTCOME OF SEVERE BURN INJURIES

INFLUENCE DES COMORBIDITES NEUROLOGIQUES SUR L’EVOLUTION
DES BRULES GRAVES

Daniels M.," Becker M.," Lefering R.,2 Fuchs P.C.," Demir E.,' Schulz A.,' Perbix W.," Grigutsch
D.,% Schiefer J.L."™

1Clinic of Plastic, Reconstructive, Hand and Burn Surgery, Hospital Cologne Merheim, University of Witten-Herdecke, Germany
2Institute for Research in Operative Medicine (IFOM), University of Witten/Herdecke, Cologne, Germany
3Clinic of Anesthesiology, University Hospital Bonn, Germany

SUMMARY. It is known that patients suffering from neurological illnesses have an increased risk of burn injuries.
These burns are often very severe and lead to poor outcomes. To date, only a few studies have evaluated the impact
of pre-existing neurological illnesses on the outcome of burn injuries. None of them performed a regression analysis
regarding specific influence on mortality. Between 1996 and 2016, 1475 patients were admitted to the BICU of a
specialized German burn center: 26 had less than 1% TBSA burned and were excluded; 177 had pre-existing neuro-
logical disorders (group N). 87 patients with psychological disorders were excluded. 1185 patients without neuro-
logical or psychological disorders formed the control group. Length of hospital stay, TBSA and number of operations
were analyzed using the chi-squared test and Mann—Whitney U-test. Additionally, mortality was evaluated using the
logistic regression analysis adjusted for known outcome predictors. Mean age of the patients in the control group
was 41.53 years with a BICU stay of 18 days, TBSA of 18.25% and mortality rate of 12.4%; 23.7% had inhalation
injuries. Patients in group N had a mean age of 54.63 years, a BICU stay of 27 days, mean TBSA of 20.97%; 31.1%
had inhalation injuries and mortality was 20.3%. Patients with neurological disorders were older and showed higher
affected TBSA, higher rates of inhalation injury, mortality and affected TBSA, and a longer stay in the BICU com-
pared to the control group. Nevertheless, pre-existing neurological disorders alone had no significant influence on
mortality.
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RESUME. Il est avéré que les patients souffrant de pathologie neurologique ont un risque plus élevé de brilure.
Elles sont souvent particulierement graves et d’évolution défavorable mais la littérature a ce sujet reste pauvre et
aucune étude n’a utilisé de régression logistique pour évaluer la corrélation pathologie neurologigque- évolution
d’une brdlure. Entre 1996 et 2016, 1 475 patients ont été hospitalisés en réanimation spécifique dans un CTB alle-
mand. Vingt- six d’entre eux, brlés sur moins de 1% SCT, n’ont pas été inclus dans I’étude, pas plus 87 patients
psychiatriques si bien que 177 patients souffrant de pathologie neurologique (N) ont été comparés a 1 185 n’en souf-
frant pas (C). Les durées d’hospitalisation, la surface brilée et le nombre d’interventions chirurgicales ont été ana-
lysee en utilisant C2 ou Mann-Whitney. En outre, nous avons effectué une régression logistique étudiant la mortalité,
en utilisant les facteurs connus de mortalité. Le groupe C avait 41,53 ans, souffrait de brllures sur 18,25% SCT,
avait inhalé des fumées dans 23,7% des cas, avait un taux de mortalité de 12,4% et restait 18 j en réanimation. Dans
le groupe N, ces chiffres étaient respectivement de 54,63 ans, 20,97% SCT, 31,1% de fumées, 20,3% de mortalité et
27 jours en réa. Tous les chiffres étudiés étaient plus élevés dans N que dans C. Toutefois, I’existence de comorbidité
neurologique n’apparaissait pas un critére indépendant de mortalité.
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Introduction

To date, burn injuries have been frequently ob-
served in Germany and worldwide, and prevention
strategies are not always successful.! It is challeng-
ing to prognosticate burn outcomes, especially for
patients with neurological comorbidities, because of
the unclear impact of these comorbidities.? In par-
ticular, neurological disorders and psychiatric dis-
eases can be a major reason for burns and can lead
to treatment difficulties.®** Neurological illnesses
such as paraplegia or polyneuropathy can lead to a
decreased sensation of pain. Patients are unaware of
heat contact, which may result in severe burns.>® In
the case of diabetes mellitus, burn injuries are often
aggravated by impaired wound healing.® Further-
more, other neurological diseases like Morbus
Parkinson, Multiple Sclerosis, and Morbus
Alzheimer have often been reported to have compli-
cated and prolonged treatment.® Patients suffering
from epilepsy are known to have a three-fold higher
risk of burn accidents than healthy individuals due
to the loss of protective reflexes.”®

Nevertheless, to the best of our knowledge, to
date only one study has compared the length of hos-
pital stay and mortality of patients with pre-existing
neurological illnesses to other burn patients.® A few
other studies concentrated either on mortality or on
length of hospital stay.®2 These studies are rather
old and the impact of pre-existing neurological co-
morbidities is still poorly understood.

The aim of this study was to evaluate whether the
duration of treatment of burn patients with neuro-
logical diseases is prolonged compared to a control
group and if their outcomes differ. This is a very im-
portant topic because these impairments can have a
large impact on morbidity with prolonged periods of
rehabilitation.

Methods

A retrospective data analysis was performed for
all patients admitted to the burn intensive care unit
(BICU) at Cologne-Merheim Medical Center, Uni-
versity of Witten/Herdecke, between 1996 and 2016.
With 10 BICU beds, the burn center of Cologne-
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Merheim is one of the biggest burn centers in Ger-
many. According to the treatment guidelines of the
German Society for Burn Treatment, the following
burn categories should be treated at specialized cen-
ters: deep partial thickness burns of more than 10%
TBSA,; partial thickness burns of >20% TBSA; full
thickness burns; burns of the hands, face and geni-
tals; burns caused by electricity (including those due
to lightning); chemical burns; inhalation injuries;
burns combined with other injuries, which increase
the severity of the burns.®

Clinical data of all patients admitted to the BICU
were acquired, including preexisting illnesses, depth
and extent of burns, inhalation injuries (diagnosed
by bronchoscopy), number of operations, mortality,
duration of stay in the burn intensive care unit, and
length of total hospital stay (without rehabilitation).
Severe burn was defined as burn trauma that needs
to be treated in the BICU.

Preexisting neurological disorders were collected
with the help of medical history, regardless of their
extent. Patients who developed burn-related neuro-
logical disorders were not included.

Data collection was performed using the hospital
electronic medical record database and evaluated
retrospectively. Before patients were discharged
from hospital, all data were checked by a senior burn
surgeon who was managing the database.

In total, 1475 patients were admitted to the
BICU during the study period. Patients with burns
of less than 1% TBSA (n=26) were excluded. Ad-
ditionally, all patients with self-inflicted burns
(Group S, 87 patients) were not included in the
control group since many studies have shown in
the past that this patient cohort is very specific
and generally has a poor outcome.+18

All statistical analyses were performed using
Microsoft Excel and IBM SPSS Statistics 22.0
software (IBM, New York, USA). The chi-
squared test and Mann-Whitney U-test were used
to compare categorical and quantitative data. A
p-value <0.05 was considered to be statistically
significant.

Previously the study had been reviewed and
approved by the Ethical Review Committee of the
University of Witten/Herdecke, Germany, accord-
ing to the declaration of Helsinki.
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Results

In total, between 1996 and 2016, 177 patients were
identified with pre-existing neurological illnesses
(Group N); the patient characteristics are listed in Table I.

Table I - Overview of included
neurological diseases

All the remaining patients comprised the control
group C (n=1185). The mean age of all included pa-
tients was 43.17 years, the average extent of burn in-
juries (TBSA) was 19.95% with an average of 1.5
operations. The length of stay in the burn intensive
care unit (BICU) was 20.39 days, with an additional
10.65 days in the peripheral ward. Most patients
were male (72.7%) and 26.3% patients had accom-
panying inhalation injuries. Overall, 215 patients
(14.8%) died during hospitalization (Table II).

Patients in group N had a significantly higher mean
age (54.63 years) than those in group C, where the mean
age was 41.53 years (p<0.001).

Patients in group N showed larger TBSA than those
in group C, with an average of 20.97% compared to
18.25% (p = 0.044), respectively (Table I1, Fig. 1). Ad-
ditionally, patients in group N showed more scalding
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Table 11 - Overview of included patients, sex, age, TBSA, number of
operations, days of hospital and BICU stay and mortality

Fig. 1 - Overview of mortality, inhalation injury and mean TBSA in
% of the two groups in direct comparison

injuries than patients in the control group (27.1% vs.
17.5%; p < 0.001). No patient had an injury caused by
electricity or chemicals. The women’s share in group N



(40.1%) was significantly higher than in group C
(25.3%) (p < 0.001). Number of operations in group C
was significantly lower than in group N (Mean 1.32 vs.
1.84 operations, p < 0.001) (Table II). Furthermore, pa-
tients in group N had a longer duration of hospital stay
(38.6 days) compared to group C (29.9 days) (p <
0.001). Inhalation trauma was noted in 23.7% of the pa-
tients in group C and in 31.1% of the patients in group
N (p = 0.034). Altogether, 20.3% of group N patients
died, whereas 12.4% of patients in the control group
died (Table Il, Fig. 1). Full thickness burns were noted
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in 31.1% of group C patients and 42.9% of group N pa-
tients (p = 0.002). Additionally, the Abbreviated Burn
Severity Index (ABSI) score was 5.68 for group C and
6.90 for group N (p < 0.001).

Multivariate regression analysis revealed that
TBSA as well as age were significantly associated
with mortality (Table I11). Pre-existing neurological
disorders had no significant influence on mortality.
Instead, the fact that these patients are either very
old and have large affected TBSA results in the high
mortality rate (Table IlI).

Table 111 - Multi-variant analysis regarding the influence on mortality; pre-existing neurological illnesses had no significant influence in mortality (p<0.05)
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Discussion

The aim of this study was to determine
whether treatment of patients with neurological
diseases is prolonged compared to the control
group and if their mortality rates differ.

The mean age of all patients and mean stay at
the BICU for all patients was 43.17 years and 8
days, respectively, which is in concordance with
other studies.1%-22

The average age of the patients with neurolog-
ical illnesses was 54.63 years in this study, which
was significantly higher than that of patients in
the control group. This phenomenon is underlined
by a Japanese study wherein patients with neuro-
logical disturbances had a higher average age
than those of the control group.? Overall, 65.1%
of these patients were male. Different diseases
show different distributions of age and sex. Stud-
ies which analyzed burn injuries of patients suf-
fering from epilepsy had in mean younger and a
higher number of female patients?*-2¢ compared
to studies which describe burn injuries of patients
with dementia (79.9 years).?’

Patients with neurological diseases showed a
slightly higher TBSA of 20.97% compared to that
of the control group with a TBSA of 18.25%
(p=0.044). This phenomenon was also observed
in other studies. Bozkurt et al. described patients
with dementia, Morbus Parkinson and paralysis
with a median TBSA of 16.3%.2% Aust et al. de-
scribed epilepsy patients with burn injuries with
a median TBSA of 16%.%° Similar findings were
reported by Ramirez et al.. Interestingly they
found no differences in the TBSA of patients with
neurological disorders and the control group,*® al-
though missing defensive reflexes in the former
rendered them susceptible to deep burn injuries.?

Patients with neurological diseases had a
higher number of operations than patients in the
control group. This is in accordance with an
American study wherein patients with neurolog-
ical diseases also needed more operations than
patients in the control group (1.71 vs. 1.08).%!
Other studies only describe the total number of
operations and show no data on the number of op-
erations per patient.?
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Patients with neurological disabilities showed
longer lengths of hospital stay, especially in the
BICU. In 2004, Alden et al. described similar re-
sults.®2 Although the affected TBSA was not sig-
nificantly higher in their study, the patients with
neurological disorders had significantly longer
lengths of stay in the ICU than the patients in the
control group.® It can be concluded that neuro-
logical impairments can complicate the treatment
of burn injuries and can elongate the duration of
hospital stay.3®2% This is underlined by Thombs
et al., who showed that length of hospital stay is
directly linked to the number of comorbidities.*?
For patients with neurological diseases, longer
hospital stays also were reported.*?

Interestingly inhalation injury was signifi-
cantly more frequent in patients with neurologi-
cal impairments than in the control group (p =
0.034), although a high number of patients with
neurological disorders suffered from scalding
(37.2%). Consequently, from the remaining
62.8% of all neurological patients, approximately
every second patient suffered from an inhalation
injury. Other publications dealing with neurolog-
ical patients have not evaluated this aspect.”%%’
Therefore, further investigations could lead to
better understanding of this specific patient
group.

Mortality rates associated with burns differ
worldwide. Our study showed an overall mortal-
ity rate of 14.8%; in literature, we found differ-
ences even in industrial countries where a Dutch
study (2015) talked about a mortality rate of 6%
compared to a Chinese study (2012) which re-
ported a mortality rate of 28%.%%4! Interestingly,
patients with neurological impairments showed
higher but not significantly higher mortality rates
than those of the control group, which is sup-
ported by previous studies wherein patients with
neurological disorders presented significantly
higher mortality rates.3*2

There is only one study by Larson et al. from
1988 which focused solely on the impact of neu-
rological comorbidities on burn injuries without
performing a regression analysis.® Larson et al.
reported in their study that five out of 37 patients
(13.5%) died. Compared to the mortality rate in



group N of our study (20.3%) this is notably
lower. Different studies analyzed various pre-ill-
nesses. Germann et al. described a higher mortal-
ity (48%) in the group with neurological
disorders vs. 30% in the “no neurology” group
without logistic regression analysis.'* Barret et al.
showed that 13% of their patients suffered from
neurological disorders but could not show after
separate analysis a significantly increased mor-
tality.’® Thombs et al. described longer lengths of
stay for patients with paralysis and dementia but
without significantly elevated mortality.*? In sum-
mary these studies are 13 years old and more.

The presence of neurological illnesses did not
result in higher mortality. Nevertheless, neuro-
logical illnesses may lead to a slower reaction
time, which then again might result in a longer
heat exposition, and in turn, larger and deeper
burn injuries. In this context, age and TBSA had
a significant influence on mortality. Our patients
in group N were older and had larger TBSA than
patients in the control group. Therefore, preven-
tive strategies and educational efforts for patients
with neurological illnesses are very important,
particularly with regard to the greater difficulty
in caring for them.

Annals of Burns and Fire Disasters - vol. XXXIV - n. 1 - March 2021

Limitations

The main limitation of this study is the retro-
spective, single center study design. The severity
of the underlying neurological disorders is not
recorded in the database.

Conclusion

Compared to the control group, patients with
neurological disorders were older, had a higher
rate of inhalation injury, higher mortality rate,
higher affected TBSA and a longer stay in the
BICU. However, the logistic regression analysis
shows that pre-existing neurological disorders had
no significant influence on mortality.

Nevertheless, the implication of this study is
that patients with neurological illnesses could ben-
efit from environmental improvements like re-
duced water temperature in the bathroom and
designed prevention programs to prevent the oc-
currence of severe burns or any burn at all, espe-
cially since mortality rates did not decrease in the
course of time. This could not only reduce per-
sonal risk, but also the social and economic costs.
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