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ABSTRACT

Cold injury is a condition that causes reversible and irreversible damage when tissues are exposed to cold.This injury occurs due to
various etiologies, and the most commonly observed ones include contact with liquefied petroleum gas (LPG) used in households, ve-
hicles, and industry. LPG is a type of gas stored in liquid state under high pressure within cylinders. LPG contains a mixture of propane

and butane gases. Direct contact of these gases with the tissues has the potential to cause metabolic, toxic, and respiratory damage. In

this study, we present the cases of four patients with cold injury in the face and upper extremity caused by a pressurized jet stream of

liquid gas that escaped out of the valves of the LPG cylinders.The patients had bullous lesions in the upper extremities and the face and

second- and third-degree cold injuries with fibrotic and necrotic areas.The superficial defects secondarily healed with minimal scarring,

while the necrotic finger had to be amputated. Cold injury on the skin caused by high-pressure jet streams of liquid gas as in our study

is a rare occurrence. Our patients are important cases due to the rare etiology of cold injury.
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INTRODUCTION

Liquefied petroleum gas (LPG) is a substance obtained by
condensing flammable liquid petroleum gas at high pressure,
and every gas cylinder contains a mixture of cold liquid and
gaseous forms.I'l Although the pressurized substance is in a
liquid state, it transforms into a gaseous form under nor-
mal atmospheric pressure.) The gas is extensively used in
the household and industry.'¥ While it has been used for
domestic heating purposes for a long time, it is also widely
used as a vehicle fuel and a commercial fuel.l'?**! The number
of vehicles equipped with LPG cylinders is estimated to be
more than 8 million worldwide. Due to its lower cost and
environmentally friendlier nature in comparison to other pe-
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troleum products, LPG has been becoming more popular in
recent years.[*”] LPG contains 60% butane and 40% propane.
[ These gases are colorless, odorless, and heavier than air.
Although the boiling point of propane and butane varies ac-
cording to the hydrocarbon content, it is between —42°C
and 6°C.28 The tissue-damaging potential of volatile liquid
propane gas is well known.”!

When LPG stored at a low boiling point and high pressure
within the cylinder comes in direct contact with the skin at
room temperature, a type of frostbite injury known as cold
injury occurs.l"'? This type of trauma is rarely observed.*?]
Contact with the eyes can also lead to irritations.I'! Contact
with LPG usually occurs due to leakages from the LPG cyl-
inder or from the gas that squirts when the cover is opened
during refueling of the vehicle.®!'! The morbidity of the tis-
sue damage depends on the severity of the damage and the
extent of the affected tissue.®'>'*] |n this study, we present
the clinical progression of four patients with tissue damage
on the face and upper extremities due to direct contact with
LPG and the measures to be taken to prevent such damage.

MATERIALS AND METHODS

Four male patients presented to our clinic with cold injury
on the face and upper extremities due to direct contact with
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LPG. The mean age of the patients was 32.4 years (range:
26—44 years). Two of them were injured when they were re-
placing the LPG cylinder at home; one patient was exposed
to gas when he was trying to close the cover of the LPG tank
in the vehicle, and the other patient was injured when he
came in direct contact with the gas leaking through the valve
of the LPG tank during refueling at the gas station. These
patients reportedly attempted to apply pressure on the valve
of the LPG cylinder with their hands to stop the leakage but
could not prevent the contact of the jet stream of the gas
with the upper extremities and the face, which led to the
tissue damage. They stated that they felt pain and coldness in
the affected area immediately after the injury, which subsided
after a few hours. Two patients did not even seek medical
help after the injury.

The first patient presented to the emergency room due to
increasing pain in the volar and dorsal surfaces of the first to
third fingers of the right hand and the loss of sensation and
formation of bullae and vesicles in these fingers on the 2™ day
following the injury that was caused when he was replacing
the LPG cylinder at home. In the emergency room, incisions
were made on the bullae and blisters. He presented to our
clinic on the 3 day. His physical examination revealed a cir-
cular edema at the metacarpal level, bullae, and vesicles in the
right hand, and widespread epidermolysis and macerations in
all the fingers (Figure 1). Examination of blood circulation
demonstrated that the distal circulation in the second and
third phalanges was disturbed up to the level of the proximal

Figure 1. View of the patient with vesicles and macerations due to
cold injury in the right hand.
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phalanges, while the circulation was weakened especially in
the dorsal region.

The second patient reported that the cold injury in his right
forearm and hand had occurred due to exposure to a spray
of liquid gas for about 20 s when he was trying to tighten the
cover of the LPG tank in his vehicle to prevent the gas leakage.
He had a skin defect with vesicular—bullous lesions at the level
of the elbow progressing distally primarily at the distal side of
the right upper extremity (Figure 2). There was a mild sen-
sory loss in the fingers due to the edema. The other patients
also had superficial erythematous, bullous, and fibrous defects
and blisters on the upper extremities and the face (Figure 3).
These defects were painful accompanied by leakage of fluid.

When the patients were questioned about LPG and its ef-
fects, it was understood that they did not have any knowl-
edge on the possibility of developing a cold injury due to
contact with LPG.

The defects received thermal damage treatment. Under local
anesthesia, the defects were debrided and the bullae and ves-
icles were excised. All the patients were started on a regimen
of nonsteroidal anti-inflammatory drugs and wide-spectrum
antibiotics, while the patient with circulation disturbances in
the fingers was also prescribed low-molecular dextran and
acetylsalicylic acid. The extremities with defects were elevat-
ed. The wounds were dressed daily with paraffin and moistur-
izing dressing materials.

Figure 2. View of the patient with skin macerations due to contact
with LPG in the right forearm and hand.

~ Figure 3. View of the erythema-
A j tous and epidermolytic areas due

~ to contact with liquid gas in the
" facial area.
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RESULTS

The first patient did not seek medical help because of not
feeling the pain on the Ist day of exposure to the trauma;
however, on the 2™ day, due to the obvious pain and edema,
he visited the emergency department. On the 2™ day, as he
was sent home from the emergency department after open-
ing the blisters, it caused a delay in adequate and appropriate
intervention. The epidermolytic areas on the first to fourth
metacarpals and the volar thenar regions of the volar and
dorsal surfaces of the hand healed secondarily. The superfi-
cial defects in the fifth phalanx and the bullous lesions on the
anterior surface of the first phalanx also healed secondarily.
On the 7 day after his visit, the demarcation lines in the
second to fourth phalanges started becoming visible (Figure
4a). The necrotic areas in a circular manner in the second and
third phalanges and the proximal dorsal region of the fourth
phalanx became apparent. Under general anesthesia, amputa-
tions were performed at the level of the proximal phalanx in
the second and third phalanges and at the level of the medial
phalanx in the fourth phalanx, and the defects were repaired.
The necrotic tissues in the other phalanges were debrided.
The patient was discharged on the 2™ postoperative day. No
wound healing problems were observed in the early phase
after the surgery, and all the defects healed completely in the
2" postoperative month (Figure 4b).

The second patient did not seek medical help assuming that
his wounds were mild.

In the other patients, the defects healed completely within
approximately 3 weeks after the injury leaving sporadic areas

Figure 4. (a) The patient with full-thickness necrosis in the phalan-
ges. (b) The patient at the 2" postoperative month following the
phalangeal amputation. (c) The patient with secondary healing in
the upper extremity defect 3 weeks after the injury.
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of hyperpigmentation. The functions of the extremities were
normal (Figure 4c). These patients were started on a hand
physiotherapy program.

DISCUSSION

LPG is a commonly used fuel worldwide. In recent years, it
has become increasingly more commonly used in households,
offices, camping places, vehicles, and industry.”! This fuel is
extremely flammable and may therefore cause serious flame
burns.l' On the other hand, due to its chemical characteris-
tics, LPG may also cause cold injuries when it comes into di-
rect contact with the skin. Although burn injuries due to LPG
are commonly reported worldwide, the literature reports on
cold injuries due to direct contact are limited in number.”!
In this context, the patients described in our study are very
interesting. No studies investigating the correlation between
gender and LPG-related cold injury have been found in the
literature. However, a predominance of male gender among
patients has been observed. Similarly, all the patients in our
study were males, which is related to the fact that occupa-
tions on LPG tanks are frequently done by men. Therefore,
males can be considered to be at an increased risk compared
with females.

Cold injuries may present with several clinical findings accord-
ing to the degree of the cold and the length of exposure.!'!l
The injury may involve a partial- or full-thickness cutaneous
damage of unknown depth.l'*'® Nevertheless, deep injuries
are more frequently observed.l'l The damage on the skin is
usually in the form of epidermolysis, bullag, and vesicles as in
flame burns. Tissue necroses may also occur depending on
the damage in the deeper tissues.['”"'"l The clinical spectrum
ranging from superficial defects to necrosis and amputations
indicates that the findings are highly variable. The exposure
time of the liquid gas is quite a determining factor in the vari-
ety of clinical findings. Hicks et al. have demonstrated in their
animal studies that direct exposure of the skin to propane for
12 s leads to epidermal necrosis, whereas an exposure for 30
s causes dermal necrosis at the end of 24 h and damage in
the superficial muscles after 5 days.['”? In our study also, the
exposure time in patients with necrosis was about 15-20 s.
Short-term liquid gas exposure in our patients was similar to
experimental results.

The intense damage despite the short exposure time of LPG
is related to the skin contact of the cold liquid gas, which is
compressed under high pressure in the tank and leaks out
with a high acceleration from the tank lid. This damage oc-
curs due to the loss of heat from the skin and the underlying
tissues within a few seconds as the LPG is transformed from
the liquid form into the volatile gas form without combustion.
(12171 This rapid transformation shows its effect quickly and
causes tissue damage in a short period of time extending into
the deep tissue. Therefore, a cold injury could be more se-
vere than other injuries caused due to flame burns. However,
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comparative clinical trials should be done on this issue.

Although the cold injury appears to be superficial during the
first few days after the exposure, it may cause greater dam-
age than initially expected.?®"! Therefore, an evaluation of
the tissues based on the appearance of the uppermost lay-
ers may not be reliable in the early period.?? Indeed, in one
of the patients in our study, the apparently mild skin dam-
age immediately after the exposure to LPG led the health-
care providers to assess the damage as superficial. After the
discharge, the patient did not seek further treatment as his
pain diminished. When his clinical status deteriorated in the
subsequent period, he returned to the emergency room to
continue his treatment, but this misdiagnosis delayed healing.
Therefore, in cold injuries caused due to LPG, degenerative
tissue necroses that may develop in later phases should not
be overlooked. It should also be considered that the findings
may become clearer in later phases, and the patients should
be kept under close monitoring from the first day onward.

In case of a cold injury, the recommended first aid methods
are washing the skin area that came into contact with the
liquid gas with soap and water and warming up the skin in
water close to the body temperature.>?-21 Wrapping the
injured area immediately with a warm compress may help to
warm up the area gradually. After the warm-up, the area with
bullae, vesicles, and epidermolysis should be debrided. In pa-
tients at risk of compartment syndrome, an escharotomy and
fasciotomy should be performed on the injured extremity,
followed by sterile application of topical antibacterial agents
chosen according to the nature of the defect.l>?! Prophylactic
treatment against infection and thrombosis, systemic antibio-
therapy, anti-inflammatory agents, elevation of the extrem-
ity, hyperbaric oxygen therapy (HBO), and treatment with
circulation-enhancing agents (dextran 40-500 ml/24 h, low-
molecular-weight heparin 6.000 1U/0.6 ml, acetylsalicylic acid
80-100 mg/24 h, vasodilatatory agent, and pentoxifylline) are
among the methods for preventing deterioration of the tis-
sue damage. Distal circulation should be monitored by pulse
oximetry.[?’]

The most effective strategy for avoiding cold injury due to
LPG exposure is prevention. Individuals should be warned
against the danger of direct contact. Care must be taken dur-
ing replacement of the LPG cylinders in households or of-
fices, and professional assistance should be sought when nec-
essary. The valves of the tanks should be regularly checked.
Especially the tank nozzles and pumps in gas stations should
be regularly checked and closely monitored. Vehicle users and
gas station employees should be aware of the risks of lig-
uid gas exposure during refueling. We believe that this issue
should be emphasized during the in-service training of the
fuel station staff.

Although the necessary measures against the risk of explosion
of LPG tanks and cylinders are well known among the general
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population, there is only inadequate awareness regarding the
risk of cold injuries due to direct contact with LPG among
both the general population and healthcare professionals in
emergency rooms.!'”l Therefore, the first aid measures to be
taken in case of such injuries are usually neglected, although
they are simple and easy to apply. Although rare, since this
type of injury has the potential to cause functional losses in
the extremities and permanent malformations on the face,
it may have an impact on the social life of the patient. It has
been observed that the subject does not draw adequate at-
tention in the mass media, and not enough public education is
given.P! Since none of our patients had information regarding
cold injury, it is clear that this issue needs adequate attention.
Furthermore, we believe that healthcare workers should be
trained especially on first aid attempts, and regarding the so-
ciety, the work of the public spotlight should be expanded.

Conclusion

Direct contact with the gases present in LPG may cause vary-
ing degrees of cold injuries and tissue necroses, especially in
the extremities. The greatest problem associated with this
type of trauma is the limited clinical experience of health-
care professionals on the diagnosis and treatment, the tissue
damage that manifests itself in later phases after the injury,
and the delayed medical care due to the late referral of the
patient to the healthcare facility. Therefore, to reduce mor-
bidity in cold injuries caused due to LPG or similar etiologies,
it is important that the patients refer a medical facility at an
early stage and the healthcare providers be aware of the grad-
ing of cold injuries.

Conflict of interest: None declared.
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Donuk hasari, soguga dogrudan ya da dolayli yoldan maruz kalinmasi sonucunda etkilenen dokuda geri doniistimli ya da donlslimstiz harabiyete
neden olan bir durumdur. Donuk hasari olusumuna yol agan farkli etiyolojik nedenler bulunmaktadir. Bunlar arasinda en sik karsilagilan nedenler; ev,
arag ya da endustriyel alanlarda kullanilan LPG (liquefied-petroleum gases) temasina bagl hasarlardir. LPG, yiiksek basing altinda tanklar igerisinde
sivi halde depolanan bir yakit tiiriidiir. iceriginde propan ve biitan gazlari karisim halinde bulunur. Bu gazlarin, dokularla direkt temas halinde me-
tabolik, toksik ve solunumsal hasar olusturma potansiyeli bulunmaktadir. Bu galismada, LPG tankinin kapakgiklarindan likid formdaki gazin yiiksek
basingla fiskirmasi sonucunda olusan jet akima bagli olarak Ust ekstremite ve yiizde donuk hasari olusmasina neden olan dort olgu degerlendirildi.
Olgularda Ust ekstremite ve yiizde bulloz lezyonlar, fibrotik ve nekrotik alanlar iceren ikinci ve Uglincii derece donuk hasarlari meveuttu. Yiizeyel
defektler sekonder olarak yer yer minimal skar alanlari birakarak iyilesti, parmaklarda nekroz gelisen olguya amputasyon uygulandi. Calismamizdaki
olgularda oldugu gibi, likit nitrojen igeriginin yiiksek basingla fiskirmasi ve deride donuk hasari olusturmasi sik rastlanan bir durum degildir. Olgulari-
miz farkli bir donuk etiyolojisine sahip olmasi nedeniyle oldukga ilgi gekicidir.

Anahtar sézciikler: Amputasyon; LPG; soguk hasari.
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