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Can iloprost be used for treatment of cold weather injury at the point of
wounding in a forward operating environment? A literature review
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ABSTRACT

Introduction: Cold Weather Injury (CWI) represents a spectrum of pathology, the two main
divisions being Freezing Cold Injury (FCl) and Non-Freezing Cold Injury (NFCI). Both are
disabling conditions associated with microvascular and nerve injury often treated hours
after initial insult when presenting to a healthcarestablishment. Given that iloprost is used
for the treatment of FCl, could it be used in a forward operating environment to mitigate
treatment delay? Is there a role for its use in the forward treatment of NFCI? This review
sought to evaluate the strength of evidence for the potential use of iloprost in a forward
operating environment.

Methods: Literature searches were undertaken using the following question for both FCl and
NFCI: in [patients with FCI/NFCI] does [the use of iloprost] compared to [standard care] reduce
the incidence of [long-term complications]. Medline, CINAHL and EMBASE databases were
searched using the above question and relevant alternative terminology. Abstracts were
reviewed before full articles were requested.

Results: The FCl search yielded 17 articles that were found to refer to the use of iloprost and
FCl. Of the 17, one referred to pre-hospital treatment of frostbite at K2 base camp; however,
this was utilising tPA. No articles referred to pre-hospital use in either FCl or NFCI.
Discussion: Although evidence exists to support the use of iloprost in the treatment of FCl,
its use to date has been in hospital. A common theme is delayed treatment due to the
challenges of evacuating casualties from a remote location. There may be a role for iloprost
in the treatment of FCl; however, further study is required to better understand the risk of
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its use.

Cold weather injury

Frostbite or freezing cold injury (FCl) has impacted
those operating at reach since the heroic age of
Antarctic exploration and reference to it can be
found in some of the earliest military medical jour-
nals [1]. It has also been described in several cam-
paign histories through modern case series relating
to those who work or operate in sub-zero tempera-
tures [2-4].

Non-freezing cold injury (NFCI) is similarly not a new
condition, having been documented during the
Napoleonic Wars, throughout the First World War and
Falklands Conflict [5]. “Trench foot”, as it was known,
was debilitating for those deployed to cold, damp con-
ditions where prolonged exposure was unavoidable. It
has also been described as “immersion foot” for those
rescued from shipwrecks having spent protracted peri-
ods in cold water [6].

Freezing cold injury

FCl is a freezing cold thermal injury that occurs
when tissues are exposed to a temperature of less
than —0.55°C. At this point, intracellular fluid freezes
beginning the cascade of what can be an extensive
injury [7]. FCI that fully resolves within 30 min of re-
warming is classified as “frostnip” and regarded as
a superficial FCI. Injuries that do not recover within
this time are regarding as a deeper injury or “frost-
bite”. For the purposes of this paper, FCI will refer to
“frostbite” rather than the more superficial “frostnip”.

The pathophysiology behind FCl is often regarded as
two different injury patterns or phases of injury [4,7].
The first phase describes the formation of ice crystals
leading to cellular death. The second phase results in
reperfusion injury and progressive dermal ischaemia. If
tissues are exposed to repeated cycles of these pro-
cesses, regarded as freeze-thaw cycles, the injury can
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be far greater and level of destruction extensive [6,7].
The more extensive the injury, the greater the risk of
amputation as outlined in Table 1.

Basic field care

The basics of field care are to ensure adequate hydration
and nutrition, protection from the elements and, if appro-
priate, re-warming [4,7]. The decision to re-warm will be
guided by the level of exposure and proximity to
a treatment facility. If there is any risk of re-freezing, re-
warming should not be undertaken due to compounding
effect of recurrent ice crystal formation and further tissue
destruction [4]. Any potential treatments should be given
as part of a re-warming phase [4]. If possible, the affected
limb should be immobilised but if there is no choice to
mobilise the casualty, this may be preferable to the limb
freezing further during a period of immobility [7,9].

Freezing cold injury-specific treatment

Once the FCl casualty is transferred to a treatment
facility, further assessment and management of the
injury can be undertaken. Present FCl treatment
requires significant infrastructure which cannot be
delivered in austere conditions.

Re-warming should occur for an initial period of 30—
60min at a temperature of 37-39°C and patients
offered ibuprofen 12 mg/kg/day up to a maximum
dose of 2.4 g [6,7,9-11]. Analgesia should be offered in
addition to this, and choice of agent may depend on
local protocol or treatment directive.

Tetanus prophylaxis should be administered and
depending on the extent of the injury and antibiotics
considered [9,10], there remains significant discussion
regarding the role of amputation, local nerve blockade
and sympathectomy for affected limbs or digits [9,10].

Non-freezing cold injury

NFCI forms part of the spectrum of cold weather injury
(CWI) that includes FCl and frostnip [10,12]. Deployed
populations are at risk when operating in areas below

Table 1. Classification of Frostbite (Cauchy et al.) [8].

Grade of
Frostbite Appearance after Rewarming Amputation Risk
Grade 1 Absence of cyanosis No amputation of
bone
Grade 2 Cyanosis on distal phalanx Moderate risk of
amputation
Grade 3 Cyanosis up to middle phalanx  High risk of
joint amputation
Grade 4 Cyanosis proximal to middle Risk of amputation
phalanx joint 100%

15°C or with periods of immersion in wet conditions
where prolonged exposure can trigger maximal vaso-
constriction and limb ischaemia [10,13].

The diagnosis of NFCl in the field can be challenging
due to a lack of external evidence plus a protracted
timeline for symptom development [6,10]. The disease
process is thought to have three phases - pre-
hyperaemic, hyperaemic and post-hyperaemic. These
phases start as cold, numb and swollen digits develop-
ing over hours with progressive vascular, sensory and
motor disturbances lasting several weeks. The post-
hyperaemic phase appears as cold-sensitive digits with
signs of muscle atrophy after a period of months [14].
Signs and symptoms can overlap between phases but
are underpinned by having been exposed to sub 15°C
temperatures without history or evidence of tissues
freezing [6,14].

Treating non-freezing cold injury

Treatment for NFCl is somewhat more challenging com-
pared to that of FCl given the difficulties in its diagnosis
[10,11]. Prevention of NFCl remains paramount as is the
case with FCl, ensuring adequate hydration, nutrition
and mitigation of risk for exposure to temperatures
below 15°C [11]. Where this is unavoidable, measures
should be taken to ensure that activity undertaken is
appropriate to continue in the conditions [11].

Initial field care for NFCI is like that of FCl but re-
warming should be slow through exposure to warm,
dry air alone and not through warm water immersion
[10]. Initial care should also ensure adequate hydration
and nutrition as well as preventing further exposure to
the affected limb [6,10,11].

Rather than aspirin or anti-inflammatory agents,
initial analgesic treatment of NFCI should be amitripty-
line 10 mg at night, increasing to a maximum of 75 mg
[11,14]. Escalation beyond these doses should be with
specialist input as part of CWI services [14].

Care should also be provided to protect the affected
limb, preventing progression to tissue freezing or
further exacerbation of the NFCI as this can precipitate
digital ischaemia and conversion to tissue death [11,14].

lloprost

lloprost is a prostacyclin analogue with vasodilatory
properties that are similar to the effects of sympathect-
omy. It also reduces platelet aggregation and capillary
permeability whilst activating fibrinolysis, all of which
can reduce the incidence of microvascular occlusion
[4,9,10].



The role of iloprost in FCI

Given its properties, iloprost has been utilised for the
treatment of FCl with early case series suggesting
a promising effect with none of the casualties studied
requiring amputation [15]. This low amputation rate has
been replicated in a smaller trial, further demonstrating
the potential role of iloprost in the treatment of FCI [16].

lloprost is administered as an intravenous (IV) infu-
sion at an initial rate of 0.5 ng/kg/min increasing by 0.5
ng/kg/min every 30 min to a maximum dose of 2 ng/
kg/min or until the patient develops side effects such as
headache or flushing [4,9,10]. The infusion is then con-
tinued for 6 h per day for five to eight days at the
previously determined maximal dose [9]. The infusion
can be commenced up to 24 h after the injury and may
also be utilised in the context of trauma [4,8-10]. As
outlined in Table 2, “major trauma” is listed as a contra-
indication for iloprost use. To determine the extent of
concurrent traumatic injury in which iloprost may be
suitable for use requires further investigation [17]. For
the context of this paper, traumatic injury has been
considered as minor trauma without significant injury
causing haemodynamic instability or catastrophic
haemorrhage.

Given its vasodilatory properties, a recognised side
effect of its use is hypotension. Whilst working in
remote conditions or indeed, needing to provide
treatment in the field, countering these effects
could be challenging. Although the administration
of the drug is straightforward when using a syringe
driver, countering drug-induced hypotension may be
less so [4]. Other side effects can include cardiac
dysrhythmia and pulmonary oedema which could be
an introduction of unnecessary risk in the manage-
ment of the FCl casualty [8].

If, however, a deployed clinician or clinical team had
the training and capability to manage potential adverse
side effects of the drug, then theoretically it could be
pushed further forward.

lloprost is not the only treatment considered a novel
pharmacological treatment for FCl. Other treatments
have been suggested in the literature as possible
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therapies for FCl patients attending larger installations
for treatment immediately after rescue.

Alternative pharmacological treatments for
freezing cold injury

When considering treatments for the FCl patient, the
benefit of treatment in a hospital setting is the expanse
of resources that are available when compared to the
remote or forward operating setting. It is in these set-
tings that several case series have suggested the use of
therapies other than iloprost have offered improvement
in the outcomes for FCl patients.

Hyperbaric oxygen

The use of hyperbaric oxygen (HBO) has been consid-
ered as a possible treatment for FCI [8-10]. Given its
association with increased capillary formation and
white cell function, the saturation of tissues with HBO
may yield benefits in the treatment of FCI. However, the
evidence base is at present very limited and although
hyperbaric therapy can be provided in portable cham-
bers, evacuating a casualty to a centre for sustained
therapy would likely prove challenging [10].

Tissue plasminogen activator
Similar to iloprost, tissue plasminogen activator (tPA)
has often been regarding as a novel therapy for the
treatment of FClI [16]. tPA is a thrombolytic agent uti-
lised in the breakdown of clots within the microvascular
circulation. It is occasionally utilised in conjunction with
intravenous vasodilators such as nitroglycerine or papa-
verine to counter any vasospasm that occurs due to the
injury process [9].

tPA is administered within 24 h of injury, after rapid
re-warming and used in conjunction with heparin to
reduce the recurrence of microvascular thrombosis
[6,8]. There are also recommendations for angiography
prior to administration (particularly prior to intra-arterial
administration) as well as repeated staging angiogra-
phy at 12 to 24-h intervals to monitor effect [8-10].
Additionally, its use is contra-indicated in trauma

Table 2. Treatment protocol for hospital use of iloprost (Cauchy et al.) [8].

Administration and
Monitoring
weight<75 kg or 5 mL/h for weight>75 kg

Dilute 1 vial 0.5 mL iloprost in 24.5 mL NaCl 9%
Syringe pump: 25 mL — speed: 1 mL/h for 30 min, then 2 mL/h for 30 min, then 3 mL/h for 30 min, then 4 mL/h for

Continue until 25 mL is delivered; all patients receive 1 vial

Monitor HR and BP every 30 min
Complications and their
Management
Contraindications
on pregnancy
Precautions

In case of side effects decrease to previous step
If systolic BP <90 mmHg, decrease to lower step
Hypotension, hypersensitivity, pulmonary oedema, cardiac arrhythmia, active ulcer disease, major trauma; unknown effects

Anticipate nausea and vomiting, pain and hypotension, keep patient supine
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which may restrict its use in those casualties who sus-
tain FCl as part of remote operations [9].

When considering tPA and iloprost, both have the
potential to support the treatment of FCl casualties when
received in the hospital setting. The use of both agents
forms part of the Helsinki Protocol, utilised in the treatment
of a number of FCl patients [18]. When considering this
treatment protocol, both therapies are administered in
a hospital setting and iloprost is used in cases with contra-
indications to tPA. In the use of iloprost, angiography is not
required, and it can be utilised in the context of minor
trauma. Considering the population at risk as part of mili-
tary deployments to remote, austere, cold locations, could
iloprost be utilised at the point of wounding? It should also
be considered how long it takes for FCl patients to arrive at
a centre that can provide treatment and therefore could
the use of pre-hospital iloprost reduce delay to treatment?

The use of iloprost in the remote setting

Given the role of iloprost in FCl, and potential overlap in
the pathophysiology of NFCI, literatures search was
performed to review if there was evidence to support
the forward use of iloprost [6,10,14].

Search methods

Two literature searches were undertaken on
22 January 2022 using the same question for each of
the specific pathologies (FCl or NFCI): in [patients with
FCI] or [in patients with NFCI] does [the use of iloprost]
compared to [standard care] reduce the incidence of
[long-term complications]. Medline, CINAHL and
EMBASE databases were searched using the above ques-
tion and relevant alternative terminology (NFCI, FCI, CWI,
Trench Foot, Frostnip, Frostbite, immersion injury and
cold injury). There was no restriction of search for lan-
guage or date. Abstracts were then reviewed for rele-
vance to the use of iloprost in the management of FCl
before full articles were requested for further analysis.

Search results

The original search yielded 17 articles that referred to the
use of iloprost and FCl, and 22 articles that referred to the
use of iloprost and NFCI. Review of articles references,
BestBETs and Cochrane database did not yield any further
relevant articles. Following review of the abstracts, full-
text articles were subsequently reviewed. Paper review
methodology is contained in Figures 1 and 2. The articles
were then categorised into three broader categories,
those being: technical papers discussing the utilisation
of therapies and historic treatments; case series and case

reports of FCl and NFCI casualties treated with iloprost;
and systematic reviews.

The remote use of lloprost in Freezing Cold
Injury

The assessment and management of FCI

Kuht et al. discuss the use of iloprost in the manage-
ment of FCl but share the concerns raised in previous
papers about the potential side effects and risk to the
patient outside of a hospital setting [6,8]. Its use is again
compared to tPA accepting that both have a risk profile
that may exceed the capabilities of a deployed health-
care setting if utilised outside of a hospital [6]. A similar
reference is made by Imray and Oakley in their sum-
mary paper on the treatment of military patients with
FCl but its use remains as a potential topic for research
in further animal studies [19].

Handford et al. also discuss the use of iloprost as
novel therapy for the treatment of FCI [4]. It is described
as an agent for utilisation during the hospital phase of
treatment of FCl due to the risk profile and potential
adverse effect if administered in the pre-hospital envir-
onment. Handford recognises the administration of ilo-
prost in the remote or pre-hospital setting as step
forward in the management of an FCl patient, but the
risks of its use must be acknowledged. The additional
benefits of the ability to potentially use iloprost in those
causalities with traumatic injuries and without angio-
graphy is regarded as an advantage when compared
with tPA [4].

Case reports and case series

Looking first at the UK Armed Forces, Heil et al. present
a 13-year review of FCl cases from multiple theatres
[20]. Over the 13-year period, 149 cases have
a diagnosis of FCl. However, of those patients, none
received iloprost and the immediate care given in the
field is not discussed. Of the 149 cases, 10 had surgical
intervention ranging from blister aspiration to amputa-
tion. There is no discussion of the time between sus-
pected onset of injury and reception at a facility able to
provide care for the patients. The paper acknowledges
a role for iloprost; however, at the time of publication, it
was not available as a treatment within the context of
military medical doctrine.

The SOS-frostbite study was a cross-border colla-
boration between several hyperbaric chambers in
Geneva, Lyon and Mont Blanc comparing outcomes
between a retrospective control group treated with
iloprost versus a prospective intervention cohort
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Figure 1. Methodology Flow Diagram (Fci).

receiving both iloprost and HBO [21]. Due to the
nature of the study, all administration of iloprost
was in the hospital or hyperbaric centre setting,
with a statistically significant reduction in the rate
of amputation in those in the intervention group. Of
note, Magnan et al. captured the data on delays to
treatment from point of injury. 10% of the 100
patients (control and intervention group) received
treatment within 6h of injury but the remaining
90% had delays of 6-72h before receiving ilo-
prost [21].

The Kathmandu lloprost experienced by Pandey
et al. offers valuable insight into the use of iloprost
with protracted evacuation timelines and in an area
with limited capabilities [22]. Although not utilised in
the pre-hospital environment, Pandey describes the use
of iloprost in five patients with different severity of
injuries and times to presentation, which ranged from
an estimated 32 h to 72 h. The evacuation from Mount

Everest Camp 2 can be undertaken by helicopter but
due to weather and distance from the camp, evacua-
tion times can vary. Pandey describes few adverse
events besides a single episode of a drop in systolic
blood pressure of 20mm Hg. Pandey’s case series
demonstrates that iloprost can be utilised more than
24 h after injury, with few side effects and minimal need
for monitoring. It is also acknowledged that there may
be a role for iloprost further forward towards the point
of injury [22].

Poole, Gautier and MaclLennan have produced
a number of case series based on the experiences of
managing FCl in northern Canada [23-25]. The initial
case series in 2016 described two patients given iloprost
by the same protocol as described by Cauchy with com-
plete healing but with persisting hypersensitivity [8,23].
Both patients were seen more than 24 h after cold expo-
sure with the second patient attending more than 48 h
after initially noting symptoms with no adverse outcomes
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described following iloprost administration. The Yukon
case series describes a retrospective analysis of 22
patients treated for grade 2-4 FCl at the Whitehorse
General Hospital in the Yukon Territory [24]. Of those
patients with grade 2-3 FCl, all digits were salvaged as
were 50% of those affected with grade 4 FCI. Poole out-
lines a cold exposure time of 20+ 18 h and two patients
experiencing a freeze-thaw-refreeze cycle. Although the
treatment outcomes were positive, adverse events such
as headache and flushing were described in 73% of
patients. Two patients were described as having signifi-
cant adverse events. One event was facial bleeding.
However, this was felt to be related to recent physical
altercation. Another was of a perforated duodenal ulcer in
a patient who was also taking ibuprofen without gastric
protection. A further case report describes the use of
fluorescence to visualise response to iloprost treatment
[25]. The patient presented 8 h after initial injury with

grade 2 frostbite. There were no adverse outcomes
noted and the patient made a full recovery.

Lindford et al. described a retrospective case ser-
ies of 20 patients seen between 2013 and 2016
presenting to the Helsinki Burns Centre for treat-
ment according to the Helsinki Frostbite
Management Protocol [18]. The protocol utilises ilo-
prost for those patients who present after more than
48 h since injury or if there are contraindications to
fibrinolysis with tPA. Those treated with iloprost had
an average longer times from point of injury (greater
than 48 h) and lower salvage rate compared to the
tPA group (81.1% vs 78.0%). It should be noted that
of those patients who received iloprost, no compli-
cations were noted compared to those who received
tPA, with the most significant complications being
catheter site pseudoaneurysm and soft tissue
haematoma.



Previously discussed for its reference of the use of
iloprost and widely adopted treatment protocol,
Cauchy et al. described a case series of two patients
who received tPA at base camp of K24. The tPA treat-
ment protocol utilised differed from the more com-
monly utilised doses but no adverse effects of the
administration were described. Although not describing
the use of iloprost in the pre-hospital environment,
Cauchy does outline the role for these agents at the
point of injury to potentially increase salvage rates for
patients with FCl, particular in those patients with
trauma and protracted times from point of injury [8].

Perhaps, the most significant case report yielded as
part of the search is that of a single case described by
Irarrazaval et al [26]. After a challenging evacuation,
a patient was treated with iloprost 75h after initial
symptoms. The patient had multiple contacts with
medical professionals prior to evacuation to
Kathmandu; however, no additional treatment could
be administered until arrival at hospital due to a lack
of iloprost in the pre-hospital environment. It was felt
by the authors that administration if iloprost prior to
evacuation may have reduced the extent of the
patient’s injury.

Systematic Reviews

A short cut review undertaken by Kaller describes four
studies utilising iloprost for the treatment of FCI [27]. It
is acknowledged that population sizes of any study or
case series are low, but the number of amputations
were low in those presenting early for treatment. No
adverse outcomes were described or time from point of
injury to treatment initiation recorded. All four studies
occurred in the hospital setting but again support the
use of iloprost in the management of FCI [27].

Handford et al. reviewed literature on the treatment
of frostbite from January 1969 to July 2013 [9]. Two
studies were reviewed with respect to the in-hospital
use of iloprost describing good outcomes with low
amputation rates for those receiving treatment.
Handford also acknowledges the benefits of iloprost
when compared to tPA due to its ability to be used in
the context of trauma and in those patients with expo-
sure times greater than 24 h.

Heil et al. undertook a comprehensive literature
search to review all articles published in English in peer-
reviewed journals reporting information on FCI [10].
A single study described a reduction in amputation
rates from 40% to 3% but there was no discussion on
the pre-hospital utilisation of iloprost. Heil also outlines
the benefit of iloprost when compared to tPA given its
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use in trauma and administration beyond 24 h from
initial injury.

The literature search also yielded a single systema-
tic review from the Cochrane Library by Lorentzen
et al [28]. The review describes the 2011 randomised
control trial (RCT) by Cauchy et al. involving 47 peo-
ple who were randomised to one of three treatment
arms after the confirmation of FCl and initial manage-
ment with aspirin and buflomedil [16]. Of the three
treatment arms, group 1 received further buflomedil,
group 2 iloprost, and group 3 iloprost and tPA. Those
in the iloprost and iloprost-tPA groups reported
fewer amputations but no difference between the
two groups. Adverse effects were recorded but they
were not felt to be caused by the drug administra-
tion. These groups were again treated in hospital
establishments with no pre-hospital administration
of iloprost.

Evidence of field use

The initial literature search did not yield any recorded
instances of the use of iloprost in the pre-hospital
environment or at significant reach aligned to the
point of injury. Given the potential risk of adverse
effects from the use of iloprost outside a hospital
environment, the risks in providing treatment in the
remote, austere environment are significant, and
further research is required to confirm the safety of
its use in the first instance. Some agents, such as tPA,
have been used infrequently and at reduced doses to
mitigate for side effects.

If, however, we consider a team deployed at sig-
nificant reach; the risk for both FClI and traumatic
injury is high. In this instance, iloprost may be both
safe to use and may offer significant benefit in the
reduction of requirement for amputation in those
with grades 2 to 4 FCl. Its use would require minimal
monitoring and equipment when compared to tPA
and, if within the skill set of a deployed physician,
any adverse effects could be managed effectively
even if operating at significant reach. A deployed
Emergency Physician in support of a Role 1 or Role
2 would be expected to have both the skillset and
resources to counter the adverse effects of iloprost
thus minimising the risks of its use [29]. lloprost,
having fewer contraindications and a broader ther-
apeutic window, could be considered safe in the
forward setting so long as its use was supported
by the appropriately resourced and trained clinical
team.
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The remote iloprost use in non-freezing cold
injury
The assessment and management of NFCI

A significant challenge in the assessment of NFCl is
associated with the time to presentation [6]. Multiple
NFCl patients present late with established disease
which can impact the assessment undertaken and
options for immediate treatment [6]. Kuht and Imray
both note the same challenges in the diagnosis of NFCI;
however, neither suggest the use of iloprost nor field
treatments besides that of re-warming and analgesia
[6,19,301.

Glennie and Whitaker have reviewed the significance
of NFCI within military populations and the issues asso-
ciated with its long-term impact [14,31]. From
a historical perspective, iloprost had not been consid-
ered as a potential treatment. Mistry et al. refer the
potential role of iloprost as a treatment for NFCI but
this is not considered for administration in the pre-
hospital environment [32]. Ingram et al. suggest
a similarity between NFCI and other vascular phenom-
ena of the peripheral limb such as Raynaud'’s Disease,
but they do not discuss the potential overlap between
the role of iloprost in the two disease processes [33].
Zafren also discusses the previous role of sympathect-
omy in the treatment of NFCI but does not make any
reference to iloprost [34].

Case series and case reports

Irwin presents a single case of a patient presenting after
three weeks’ duration of sleeping on the streets of an
urban centre [35]. This presentation has a duration of
injury phase beyond any of the FCl cases previously
reviewed and no reference is made to iloprost in the
treatment of this patient. In a case series described by
Longman et al. in long-distance polar rowers, they dis-
cuss patients who presented several days after injury
but again with no reference to iloprost [36]. These
series highlight the fact that NFCI cases with irreversible
damage and lasting disability have presented consider-
ably later after point of injury when compared to FCl
cases.

Jorum et al. and Tek et al. present similar case series
in military populations with NFCI [37,38]. Neither popu-
lation received treatment with iloprost, but these series
highlight the significant incidence of NFCI within mili-
tary populations. Similarly, Williamson and Kuht et al.
present case series from the UK Armed Forces [39-41].
Although there is no reference to iloprost, the papers
do highlight the lasting chronic effects of NFCI

including significant pain which can be challenging to
manage. To that end, Anand et al. have considered the
use of novel topical therapies such as capsaicin in the
NFCl population to good effect [42]. These patients
showed good response to single treatment topical
application but were all known to have established
disease and had not received treatment at the point
of wounding.

Arguably of most significance to this review is the
case report by lonescu et al. discussing the use of
iloprost in the treatment of an established NFCI patient
for the management of chronic pain [13]. The patient
received iloprost treatment for chronic pain secondary
to NFCI following initial injury 20 years prior to presen-
tation. Initial response to therapy was good, reporting
reduced pain. However, subsequent treatment exacer-
bated symptoms requiring additional analgesia to miti-
gate the increased pain until baseline pain levels were
reached.

Systematic reviews

Systematic reviews published by Heil, Imray and
Melamed did not discuss the use of iloprost for the
treatment of NFCI or for utilisation for treatment of
the disease in the pre-hospital environment
[10,43,44].

Considering iloprost at the point of wounding

To first consider the use of iloprost in NFCI, current
literature regarding its use is limited and available
case reports are in established cases rather than at the
point of injury or immediately following diagnosis [13].

To then consider FCI, iloprost has an established
history of use with success in the reduction of need
for amputation and increase in limb salvage [9]. When
considering the future treatment of FCl and the projec-
tion of operational capability further forward, early
diagnosis and treatment administration can play an
important role in ensuring good outcomes for patients
and minimal disability.

Suitability for the deployed setting

lloprost requires the least healthcare infrastructure
given no requirement for angiography, technetium
scanning or concurrent administration of intravenous
heparin. As a stand-alone agent, besides basic phy-
siological monitoring, it can be administered at
greater intervals from the point of wounding com-
pared to other novel agents such as tPA and may be



suitable for use in patients with concurrent traumatic
injury [4,6,10,29].

Considering the infrastructure of a deployed Role 1
or Role 2 setting, these requirements are easily met,
and its administration facilitated by those operational
staff supporting these establishments [29]. All case
reports suggest treatment was administered at win-
dows from the point of wounding between 6 and 72
h timelines that could be greatly reduced if treatment
was available further forward.

Management of side effects in the deployed
environment

The greatest concern when discussing the adminis-
tration of intravenous iloprost in the pre-hospital
environment or at reach is that of managing adverse
events or drug side effects [8,16,19]. From the case
series reviewed (accepting that all patients received
treatment within a hospital setting), those adverse
events that were recorded were headache, flushing
and a single recorded drop in systolic blood pres-
sure [22].

A number of these side effects were mitigated by
reducing the rate of the iloprost infusion however,
the concern for significant adverse events persisted
throughout all case series. It was also accepted that
the administration of iloprost may have reduced the
extent of tissue loss had it been given closer to the
point of wounding [26].

Knowing this, the skills required to manage such
adverse outcomes or indeed, to support patients
with more adverse effects from treatment, should
sit well within the skill set of the deployed emer-
gency physician and that of the Role 1e or Role 2
establishment [29]. If appropriate medical assets are
deployed further forward with those operating at
reach, there should be capability to mitigate those
risks outlined in previous papers if iloprost was
carried for use at the point of wounding.

Further research

Although there are multiple cases of CWI and treat-
ment described, all the reviewed literature acknowl-
edges that fact that there are limited case series for
review, without any prolonged observational study
or pre-hospital randomised control trial. The single
randomised control trial by Cauchy et al. is based
on hospital treatment. It is a small open-label study
in a single centre over a prolonged period [16].
Although the outcomes in this trial are positive, it
stands in isolation- suggesting once again that
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further research is required to truly understand the
effect of iloprost and if there is a greater role for it
as part of field care, closer to the point of
wounding.

Although it is beyond the scope of this paper,
there needs to be consideration for the incidence of
adverse events in the use of iloprost for other con-
ditions. This would be to assist with modelling and
prediction of the extent and impact of any potential
side effects that may occur in the treatment of CWI.
This would assist in the planning and preparation of
mitigations to support CWI casualties who may have
adverse events following its administration.

The focus of this paper was not to demonstrate
or determine the role of iloprost in the manage-
ment of FCl or NFCl - the focus was to explore if
there were a role to push iloprost further forward to
enhance the care of patients operating at the great-
est reach. The concerns of all authors are valid, that
the use of vaso-active agents or drugs with the
potential to cause changes in patient physiology
are of greatest risk when operating in a remote
environment. As we continue to enhance forward
capabilities and increase the skillset of those
deploying at reach, the ability to counter physiolo-
gical side effects increases and the risk of adverse
event decreases. This is in keeping with the modern
medical concept of forward deployment of critical
care capability, out of hospital settings, with the
ability to deliver advanced interventions at the
point and time of patient need.

Although more research is required to define any
adverse effect and indeed, if earlier administration of
iloprost improves patient outcomes, it may have a role
as a future forward capability.
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