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Abstract

Cold-induced lesions, better known as frostbite lesions, are the result of prolonged exposure of the skin to a low temperature.
Various efforts have been made to stage these lesions and to provide early prognostic information, of which Cauchy’s classification,
using clinical information and technetium bone scanning at day 7, is widely accepted. Recently, Laser Doppler imaging (LDI) has
been proposed as a valuable method in the quantification of (micro) perfusion of tissues in burn victims and in the surveillance of
free flaps. LDI may also be a valuable prognostic tool in the treatment of frostbite lesions. In this case report, we present the use of
LDI in the treatment of a 42- year old patient suffering from frostbite injuries to both hands.

Introduction

Cold-induced lesions, better known as frostbite lesions, are
the result of prolonged exposure of the skin to a low temperature.
The severity of frostbite lesions depends on various factors, most
importantly to the length of exposure, the outside temperature
and the level of protection used. These types of injuries are mostly
found on the hands, feet, ears and nose, and may lead to necrosis of
the affected extremity [1-3]. The accepted classification was created
by Cauchy et al. in 2001, based on their experience as a referral
center in the French Alps. This classification, as depicted in Table
1, provides a clinical tool to aid the surgeon in the decision of the
type of surgical treatment needed, based on clinical examination

and technetium bone scanning at day 2 and 7. This tool may provide
a reliable prognostic value after day 7, necessitating treatment
delay until after this time period [4-6].Real-time laser Doppler
imaging (LDI), is known to be a viable monitoring tool for the
postoperative surveillance of microvascular anastomoses and free
flaps [7]. In a recent study on 15 burn patients, LDI significantly
improved accuracy of burn depth assessment compared to the
clinical judgement performed by experienced surgeons (93 % vs
80% of correctly assessed burn depth, p<0.05) [8]. LDI may also
be a valuable prognostic tool in the treatment of frostbite lesions.
In this case report, we present the use of LDI in the treatment of a
patient suffering from frostbite injuries to both hands.

Table 1: Cauchy classification scheme for severity of frostbite injuries (adapted from: Cauchy et al. Wilderness and Environmental

Medicine, 12, 248 255 [2].

Frostbite Injuries of the Extremities Grade 1 Grade 2 Grade 3 Grade 4
Extent of initial lesion at day 0 after Absence of Initial lesion on distal Initial lesion on intermediary i .
) . R . . Initial lesion on carpal/ tarsal
rapid rewarming initial lesion phalanx (and) proximal phalanx
. Hypo fixation of radiotracer | Absence of radiotracer up- Absence of radiotracer uptake
Bone scanning at day 2 Useless -
uptake area take area on the digit area on the carpal/tarsal
Blisters at day 2 Abs'ence of Clear blisters Hemorrhaglc.b.llsters on the Hemorrhagic blisters over
blisters digit carpal/tarsal
Prognosis at day 2 No amputa- Tissue amputation Bone amputation of digit Bone amputatlon of the hmb./
tion systemic involvement / sepsis
Sequelae No sequelae Fingernail sequelae Functional sequelae Functional sequelae
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Case Description

We report on a 42-year old right-handed, non-smoking, male
without any relevant patient history. The patient was exposed to
temperatures between -5 and -15°C during a half-day hike in the
Swiss Alps. Upon removal of his gloves both hands showed signs
of frostbite injury: a dark blue-gray color of the distal phalanges
of fingers 2 -5 on the right hand and fingers 3-5 on the left hand
(Figurel). Initially no dysesthesia or pain was noted. The patient
presented to a nearby general emergency department within 30
minutes after removal of the gloves, where 1g of Acetylsalicylic
acid and 1g of paracetamol were administered orally. The hands
were submerged in a 40°C water bath for 15 minutes, after which
the patient was transferred to our specialized center. Upon arrival
at our center, the patient reported a pain score of 10/10 on the
visual analog scale. Clinically, there was an anesthesia of the distal
phalanges without signs of infection or cutaneous defects. Initially,
the hands were submerged in a 40°C sterile Betadine-NaCL
solution for 30 minutes. Pain was controlled by tramadol. Based
on the abovementioned Cauchy [2] classification, the initial survey
concluded that the patient suffered from stage 2 and 3 frostbite
lesions on both hands. The patient was transferred to a continuous
care facility for further treatment, which consisted of an IV drip
with 25.2 pg of llomedine on day 0 and 50.42 pg in the days that
followed. Thrombosis prophylaxis, recommended with Ilomedine
use, was given in the form of 40 mg of Enoxaparine subcutaneously.
Oral antalgics and anti-aggregation by Acetylsalicylic acid were

Laser Doppler Imaging (LDI)

continued. Daily betadine baths (30 minutes, at 40° C) and
debridement of phlycten were performed, after which a silver-
sulfadiazine (Ialugen-plus©) creme was applied. On day 4, after
delimitation of finger necrosis, llomedine was stopped and the
patient transferred to a conventional surgical ward, where local
wound care and symptomatic therapy was continued until day 9.
Furthermore, ergotherapy, physical therapy and Vibradol treatment
was performed. Vascular surveillance of the affected digits was
carried out by laser Doppler flowmetry (LDI). Measurements
were taken at day 4, 5 and 7 during hospitalization (Figure 1),
and continued regularly in the outpatient clinic until 1-year
post-exposure, with a final measurement at 2 years. All fingers
eventually showed complete remission of clinical symptoms and
LDI endpoints, at various time points (Table 2).

Table 2: Initial clinical staging and LDI results at day 4.

Finger Initizsai:::chy APU Day 4 reTritllIilsZitgn Skin color
Left hand

2,5 I 300% 3 days Dark Red

3 11 205% 2 months Red
Right hand

4 II 300% 3 weeks Dark Red
5 11 165% 4 months Light Red
2 11 140% 6 months Light Red
3 1 65% 1 year Black Purple

Figure 1: Clinical aspect of the hands at day 0 (Figure 4(A)), at day 4 (Figure 4(B), at day 9 (Figure 4(C)) and at 2 years (Figure

4(D)).
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The principle of LDI is based on the Doppler effect of a laser
beam that is used to calculate volumetric blood flow. The laser
beam is emitted towards a tissue surface, which penetrates the
skin at a mean depth of 2 mm. The speed of the erythrocytes
moving within the capillary scatters the laser beam and shifts the
wavelength. The extent of the shift correlates with the speed of the
moving erythrocytes, and the changes in wavelength represent the
number of erythrocytes in the sampled tissue. This data is then
used to calculate the volumetric blood flow, expressed as arbitrary
perfusion units (APU). The LDI system we used (FluxEXPLORER,
Aimago, Lausanne, CH) is a novel combined LDI technique, which
provided an increased measurement area and speed. It provided
microcirculatory blood flow cartography of an area of 9 x 9 cm
with a resolution of 256 x 256 pixels in 1 s. In the current case,
all measurements were done following the same measurement
protocol, inter-observer variability.
Measurements were taken at ambient temperature between 28- 32
degrees. The distance from the laser source to the skin was 15-20
cm and placed perpendicular to the hand (Figure 1). No protective
eyewear was needed for this type of laser emitting technology.

in order to minimize

Discussion

Frostbite lesions generally affect the extremities, mostly the
hands and feet. Their severity depends on the length of exposition,
the outside temperature and weather conditions and protective
gear used. Frostbite lesions lead to soft tissue damage by the
direct effect of freezing and thawing, as well as by vasospasm and
arterial thrombosis. Healing depends on the restoration of the local
microvascularisation and the capacity of vasodilatation, failure of
which leads to gangrene and eventually amputation [9]. Treatment
consists of re-heating the affected tissue in saline solution of 38-
40°C, increasing the core temperature by drinking heated fluids or
a heated iv-drip and protective clothing. After first-aid measures
are applied, inpatient treatment consists of regular surgical
debridement and medical treatment by Aspirin, Buflomedil,
Prostacyclin, Tissue plasminogen activator and Iloprost, which
increase vascular perfusion locally. Out of these treatments, none
have been validated scientifically, and various guidelines exist
depending on region and physician preference [10-13]. Early
prognosis of frostbite lesions is difficult as lesions tend to take
several weeks to delimit themselves, hence the well-known dogma
‘Frozen in January, amputated in June’ [14]. In fact, the initial clinical
presentation has been shown to account for only around 30% of the
final delimited soft tissue damage [3]. Several techniques have been
proposed as early staging exams. Thermography, Capillaroscopy
and angiography have not shown conclusive results. X-rays offer
little to no information in the acute stage, as bone lesions only tend
to become evident after several weeks [15]. Magnetic resonance
imaging (MRI) has been proposed as an early staging exam and
may provide information on tissue vitality and arterial occlusion,
however, has not been shown to correlate with clinical amputation
level [16]. Furthermore, the role of Technetium-99m scintigraphy
has been reported to be a valuable staging tool.

In Cauchy’s staging system, Te-99m scintigraphy is used
at day 2 and 7, providing a valuable prognostic tool, aiding in
choosing amputation level after Day 7 [3]. Despite its value, Te-
99m scintigraphy remains an expensive tool, necessitating the
use of radioactive material. Furthermore, the presence of phlycten
may disturb the measurements. Laser Doppler imaging (LDI) is a
non-invasive, low-cost technique, well-known in Plastic surgery
for the surveillance of free flaps and in burn victims [7-8]. A recent
randomized control trial including 202 patients from various
Dutch burn centers used LDI to aid in burn staging, optimizing
treatment timing. By identifying patients in need of surgery earlier
the authors reported an amelioration in patient outcomes and a
decrease in healthcare costs [17]. In another study, LDI was used to
evaluate 148 burns in 115 patients and was reported to be useful
in quantifying burn depth, showing a correlation between vascular
micro perfusion and burn depth [18]. In our case, LDI on day 4, 5
and 7 showed the evolution of APU results and variations in color
cartography, while clinical signs (i.e. aspect of the skin) remained
stable. APU results correlated directly to prognosis, in terms of time
to remission and final clinical aspect [19-22]. This finding may be
important, as Cauchy stage 2 or 3 frostbite lesions with acceptable
APU results may enable conservative treatment without early
amputation [23-28].

Conclusion

Laser Doppler Imaging is an easy to use, low-cost technique that
provides a real time image and staging of microvascular perfusion
without the risk of contamination or radioactivity [29-32]. This
technology may play an important part in the treatment protocol of
frostbite lesions, possibly reducing prognostic delay and optimizing
treatment strategies [33-41]. We call for further research on this

subject before definitive conclusions can be made.
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