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The Use of Laser Doppler Imaging in Nitric Acid Burns: A
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Laser Doppler imaging (LDI) technology has been validated to assess thermal burn depth by predicting wound
healing potential. However, there is no clear evidence for its use in chemical burns. We present a case of an

8% total burn surface area (TBSA) nitric acid burn following an industrial accident, in an otherwise healthy
36-year-old man. LDI assessment was suggestive of poor healing potential of >21 days, warranting surgical
management. However, conservative management was opted for based on clinical assessment as the wound
eschar appeared thin and more consistent with epithelial staining. Patient follow-up confirmed a total burn
healing time of two months, suggesting that the LDI assessment was accurate. A comprehensive literature
review was performed using the MEDLINE (PubMed) database to identify animal or clinical studies evaluating
the efficacy of LDI in chemical burns. A qualitative synthesis of our findings is presented. We identified two
experimental studies in porcine models with sulfur mustard burns, each confirming the accuracy of LDI
assessment when compared to the histopathology findings. Limited experimental animal studies on the use

of LDI suggest similar validity in chemical burns, and this correlates with the clinical outcome in this case.
However, this alone is insufficient to prove its validity and define its role in the assessment of chemical burns.
Clinical trials are required to further assess and define the parameters of LDI use and efficacy in this context.

INTRODUCTION

Chemical burns are a growing industrial and domestic con-
cern.! Nitric acid is commonly used in agricultural and metal
industries.? Accidental exposure has the potential to cause life-
threatening injuries, including the propensity for severe chem-
ical burns. However, nitric acid burns make up only 2% of
reported chemical burns.? This is reflected in the very limited
medical reporting of nitric acid burns, and lack of published
guidance or a widely accepted approach for the assessment
and management of nitric acid burns.

Early determination of burn depth is key to estimating
the wound’s healing potential and influences management
choices, ultimately playing a major role in clinical, func-
tional and aesthetic outcomes for burns patients.* There is a
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wealth of evidence supporting the efficacy of Laser Doppler
Imaging (LDI) in accurately determining burn depth in
thermal burns, with clear and standardized guidance on its
use in the management of thermal burns.> However, there is
limited evidence regarding the use of LDI in chemical burns.

We present a case report of the assessment, management
and outcome of an acute nitric acid burn, and our experience
of using LDI to assess burn depth in this case, supported by
a literature review.

CASE PRESENTATION

A 36-year-old male, with no significant past medical or sur-
gical history, sustained a bilateral leg chemical burn, sec-
ondary to an industrial accident with nitric acid. His overlying
clothes (Denim jeans) were immediately removed and first aid
completed with cool running water for a total of 10 minutes.
An ambulance was called and he was admitted to a Regional
Burns Centre in a University Teaching Hospital. Clinical ex-
amination identified an 8% total body surface area (TBSA)
burn; approximately 5.5% on the posterior left leg and 2.5%
on the posterior right leg, presenting as a well demarcated
patch of brown discolouration to the proximal two-thirds of
the posteromedial surface of both legs (Figure 1). There was
no epidermolysis or exudate and the skin texture was con-
gruent with the surrounding non-injured skin.

Initial management involved further irrigation with water
and application of Diphoterine® spray (Prevor, Valmondois,
France) two hours post-injury. Formal pain scoring was not
performed but the wound pH remained at seven both pre- and
post-Diphoterine® application. Diphoterine® was re-applied
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Figure 1. Appearance of nitric acid burns on day 2 of injury: (a) pos-
terior aspect of bilateral legs; (b) lateral aspect of left leg.

48 hours following the injury due to ongoing pain. Laser dop-
pler imaging (LDI), undertaken on the third day of admission,
suggested a poor wound healing potential of more than 21 days
(Figure 2a), with the exception of a small area of the wound on
the lateral aspect of the left calf (Figure 2b). The LDI results
did not appear to correlate with the clinical examination which
suggested a more superficial injury. The thin eschar appeared
as staining of the epithelium rather than a true eschar. Daily
dressings of Flaminol Hydro® (Flen Health, Kontich, Belgium)
and Jelonet (Smith & Nephew, Tuttlingen, Germany) were
applied. The patient remained systemically well, although his
significant pain burden required optimization with opioid an-
algesia. By day 6, his wounds demonstrated some clinical signs
of healing, with scattered pink islands appearing between the
brown patches. By day 11, the brown patches had largely lifted
to reveal underlying pink sensate re-epithelializing tissue, with
a capillary refill time of less than two seconds. This was dressed
with Urgotel Ag® (URGO Medical, Chenove, France) and
Flaminol Hydro®. Wound review five days later illustrated that
more than 50% of the eschar had lifted and the underlying skin
appearing to be mostly healed (Figure 3). Multidisciplinary
team (MDT) review confirmed good healing potential and
a decision was made to continue with dressings rather than
surgical management. He was discharged on day 22, with the
prolonged inpatient stay primarily due to issues with pain man-
agement. He did not receive any antibiotic therapy throughout
his admission as there was no clinical evidence of infection and
his wound microbiology was negative.

One week following discharge, the burn wound was
reviewed in the outpatient nurse-led plastic surgery dressing’s
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clinic. On examination, the central aspect of burn wound
remained unhealed, accounting for approximately 50% of
the initial burn wound (Figure 4). The patient was briefly
re-admitted due to ongoing issues with pain management and
was subsequently discharged to the care of the community-
based Burns & Plastic Surgery Outreach team for conservative
wound management and regular follow-up. His most recent
appointment confirmed that 90% of his wounds had healed,
two months following the initial incident.

LITERATURE REVIEW AND DISCUSSION

Accurate determination of burn depth directly influences ther-
apeutic outcomes as there is significant evidence to suggest
that deeper burns, which require more than 21 days to heal,
have better functional and aesthetic outcomes when managed
surgically with excision and soft tissue coverage.’ Burn depth
is routinely assessed using physical parameters such as skin sen-
sation, capillary refill and appearance, all of which rely heavily
on clinical judgement.® While experienced Burns and Plastic
surgeons can accurately differentiate between superficial and
full-thickness burns, clinical assessment of intermediate depth
burns is more challenging.”8

LDI uses microvascular dermal perfusion to assess burn
depth and predict wound healing potential and thus is a useful
adjunct to guide clinical decisions. The LDI scanner (Moor
Instruments, Devon, UK) produces a red laser beam which
penetrates the dermis and is reflected by moving red blood
cells in the skin, causing it to undergo doppler frequency
changes. The amplitude of laser doppler signal is proportional
to the average speed and concentration of moving red blood
cells in the tissue (flux). This flux is detected by a photo de-
tector and processed to provide a measure of skin perfusion
which is presented as colored pixels on a six-colur scale. This
can be interpreted to provide three categories of healing po-
tential: <14 days, 14-21 days, and >21 days.?

LDI is more than 90% accurate at predicting wound healing
potential in thermal burns when used between 2 and 5 days
following the initial burn injury.-!! This is greater than that
of clinical assessment alone, estimated to be between 64 and
76%.7# Hence, LDI is an important tool in burn care and
has been recommended by the National Institute for Health
and Care Excellence (NICE), for adjunctive use in clinical
practice, in providing early and accurate depth assessment of
thermal burns; owing to its accuracy, ease of use and non-
invasive technique.!?

There is a relative scarcity of data on the use of LDI in
the assessment of chemical burns. A literature search of the
Medline database (Figure 5, Table 1) found only two rele-
vant studies, both of which were experimental animal studies
investigating the use of LDI in the analysis of chemical burn
depth in pig models.!3:1*

Brown et al. exposed eight anesthetized pigs to a fixed con-
centration of Sulphur Mustard and Lewsite Mustard for six
hours each. Glass fiber filter paper saturated with sulfur mus-
tard or lewisite solution was applied to a shaved area of the
dorsal skin. At specified time intervals post-exposure (2 hours,
4 hours, 6 hours, 24 hours, 3 days, and 7 days), histopath-
ological biopsies and LDI images were obtained simultane-
ously. In both sulfur mustard and lewsite burns, LDI images
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Figure 2. Laser Doppler images on the third day of the patient’s hospital admission: (a) posterior aspect of bilateral legs showing poor healing
potential of greater than 21 days; (b) lateral aspect of left leg illustrating moderate healing potential of 14-21 days.

initially demonstrated high flux at the burn wound site in the
first 24 h post injury. The LDI images from day three and
seven showed low flux values, corresponding to a result of
low healing potential (> 21 days). These results correlated
with the histopathological assessment of burn depth from the
biopsies taken at these times.!3

Similarly, Braue and colleagues exposed six anesthetized
pigs to a fixed concentrations of sulfur mustard using satu-
rated filter paper secured to various patches of shaved expo-
sure sites on the dorsal skin, for different lengths of exposure
time (2, 8, 30, and 60 minutes). At 24, 48, and 72 hours, his-
topathological biopsy samples were obtained and the burned
sites were assessed with LDI and indocyanine green fluores-
cence (ICGF) imaging. Histological analysis demonstrated a
positive correlation between the length of exposure to sul-
phur mustard and the depth of the resultant burn, which was
corroborated by the findings of both LDI and ICGF imaging
at 24, 48, and 72 hours post exposure. Histological samples
from the 2 and 8 minutes exposure burns demonstrated

evidence of a superficial and intermediate burn, respectively.
LDIimaging for these areas across the three observation times
showed levels of high flux, indicating a good healing potential
of <21 days. Meanwhile, histological assessment of the 30 and
60 minute exposure burns demonstrated a deep dermal and
tull thickness burn, respectively. At all observation times, LDI
images for both the 30 and 60 minute exposure burns showed
low flux, indicative of poor healing potential >21 days.!*

In both experimental studies, the LDI findings corresponded
with histological findings, which is an accurate measure of
burn depth. This supports the validity of LDI in determination
of burn depth in chemical burns. This is in accordance with the
experiential findings from this case report. In this case, LDI
suggested poor healing potential of >21 days but clinical assess-
ment was in favor of a good healing potential; therefore con-
servative management was implemented. However, the burn
wounds remained 50% unhealed at one month post-injury.

In this case, clinical judgment was affected by the unu-
sual presentation of the burn. The brown patch appearance,
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Figure 3. Appearance of nitric acid burns on day 17: (a) right leg;
(b) left leg.

which is unique to nitric acid burns,? made it difficult to assess
burn depth clinically. It was felt that the relatively thin es-
char, initially thought to be stained epithelium, was affecting
the results. A significant proportion of the underlying wound
bed was only visible on the eleventh day after the injury. By
day 17, the underlying wound bed appeared to be islands
of re-epithelializing tissue, which re-enforced the decision
to continue with conservative management. However, con-
trary to clinical expectation, the healing process was longer
than anticipated. The disparity between clinical assessment
and clinical outcome could have been due to various external
factors including individual genetics and general healing po-
tential or poor compliance with dressings. This could also
have been the result of intrinsic pathophysiology of nitric acid
burns; however, further work is necessary to provide more in-
sight into this mechanistic process.

While the results of this case and the two experimental
studies support a potential role of LDI use in chem-
ical burns, these alone are not sufficient to validate rou-
tine clinical use in this setting. The presence of only two
relevant studies in the literature, both with small sample
sizes, demonstrates the limited evidence in the literature.
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Figure 4. Appecarance of nitric acid burns on day 30: (a) right leg;
(b) left leg.
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Figure 5. Flow diagram summary of literature search.

Moreover, questions regarding the ecological validity of
these experiments provides uncertainties about whether
the results can be reliably extrapolated to human cohorts
in the clinical setting. In both studies, chemical exposure
was clinically controlled by exposing a small, precise sec-
tion of shaved and cleaned skin to the vesicant chemicals.
It is difficult to know if this level of controlled exposure in
pig models can accurately mimic the accidental or deliberate
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Subject Sample  Acid/ Control/ Outcome
Study Year species size alkali Chemical comparator measure Outcome
Brown etal. 1998  White Pigs 8 Vesicant  Sulfur mustard Histopathological ~ Correlation with LDI correlates with his-
or Lewisite Analysis histopa- tological assessment
vapor thology of burn depth
Braue etal. 2007  Female 6 Vesicant  Sulfur mustard Histopathological ~ Correlation with LDI and ICGF both
Swine analysis/ histopa- provided good
indocyanine thology estimates of le-
green sion depth when

fluorescence im-
aging (ICGF)

compared to histo-
logical analysis

exposure to chemicals that we observe in clinical practice.
In addition, both studies were using vesicant chemicals as
the inoculating chemical. Vesicant chemicals are an area of
interest in research as they have been historically used as
chemical warfare, usually in vapor form, during World War
1.1% Exposure to such chemicals is highly unlikely in western
domestic or industrial settings. Hence, it is difficult to know
if the pathophysiology of injury and healing are the same in
vesicant burns compared to the usual chemical burns gener-
ally encountered in civilian populations.

Further studies are required to confirm the validity of LDI
use in chemical burns. This should be clinical and prospective
in nature, assessing LDI in the context of a variety of chem-
ical agents in order to verify the robustness of its capabilities.
Additionally, there must be clarification regarding the extent
of its use and limitations in this context, with regards to var-
ious factors such as: technique for LDI use, time frame of use
and interpretation of results. This is as all of the current prac-
tice regarding LDI is based on thermal burns and may not be
optimized for assessing chemical burns.

CONCLUSIONS

Early and accurate burn depth assessment is key for de-
ciding on appropriate clinical management and significantly
influences therapeutic outcomes. The use of LDI is clini-
cally validated and endorsed by NICE guidance in thermal
burns, between two and five days post-injury, to accurately
assess burn depth and healing potential. Limited exper-
imental animal studies suggest similar validity in chemical
burns, and this correlates with the clinical outcome in this
case. However this alone is insufficient to prove the validity
of LDI and define its role in the assessment of chemical
burns. Clinical trials are needed to assess the validity of LDI

in chemical burns and define the parameters of its use and
efficacy in this context.
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