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Abstract

Ellerton, John, Mario Milani, Marc Blancher, Gregoire Zen-Ruffinen, Sven Christjar Skaiaa, Bruce Brink,
Ashish Lohani, and Peter Paal. Managing moderate and severe pain in mountain rescue. High Alt Med Biol.
15:8–14, 2014.—Aims: We aimed to describe evidence-based options for prehospital analgesia, and to offer
practical advice to physicians and nonphysicians working in mountain rescue. Methods: A literature search was
performed; the results and recommendations were discussed among the authors. Four authors considered a
scenario. The final article was discussed and approved by the International Commission for Mountain Emergency Medicine (ICAR MEDCOM) in October 2013. Results and Recommendations: Many health care
providers fail to recognize, assess, and treat pain adequately. Assessment scales and treatment protocols should
be implemented in mountain rescue services to encourage better management of pain. Specific training in
assessing and managing pain is essential for all mountain rescuers. Persons administrating analgesics should
receive appropriate detailed training. There is no ideal analgesic that will accomplish all that is expected in
every situation. A range of drugs and delivery methods will be needed. Thus, an ‘analgesic module’ reflecting
its users and the environment should be developed. The number of drugs carried should be reduced to a
minimum by careful selection and, where possible, utilizing drugs with multiple delivery options. A strong
opioid is recommended as the core drug for managing moderate or severe pain; a multimodal approach may
provide additional benefits.
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PAIN MANAGEMENT IN MOUNTAIN RESCUE
Introduction

T

he provision of effective and safe analgesia is a
core principle of prehospital care (Thomas and Shewakramani, 2008). Recognizing its importance, the International Commission of Mountain Emergency Medicine (ICAR
MEDCOM) published a recommendation for the treatment of
pain in 2001 (Thomas et al., 2001). Since then, there has been
an expansion in facilities that provide mountain emergency
medicine, such as the medical posts at Everest Base Camp,
and in the sophistication of organized mountain rescue
(Brugger et al., 2005; Elsensohn et al., 2009; Tomazin et al.,
2011). There has also been recognition that pain is frequently
poorly treated as a result of logistical factors, poor assessment, operator-dependant fears, and environmental factors,
including constraints on IV access. In many mountain areas,
nonphysicians provide the emergency care, monitoring is
rudimentary, and time scales are protracted. These factors
encourage a wider range of less well-known therapies that are
often taken from other austere environments (Ellerton et al.,
2013).
We aim to review current knowledge of prehospital analgesia and suggest evidence-based options that are applicable
in the mountains. By using a scenario, we wish to stimulate
diverse thinking. We believe a didactic approach will not
overcome the practical difficulties rescuers encounter.

Scenario

A fit, healthy 40-year-old man (80 kg) with no allergies or
past medical history falls on a 50 snow and rock slope, and
clinically has a closed fracture of the shaft of the femur. His
pain score is 9 out of 10 and he is ‘‘begging for pain relief.’’
There is no other apparent injury.
In all settings, scene safety, an assessment and management of life-threatening conditions (primary survey), and
basic history (including allergy) are essential (Lee and Porter,
2005). Consideration of environmental protection (prevention of hypothermia), and early planning and communication
of an evacuation plan may also be required. Nonpharmacological methods of providing pain relief, including timely
splinting of the injury and packaging of the casualty, will be
needed (Ellerton et al., 2009b). Early pharmacological interventions should be considered to facilitate these procedures if conditions permit. The casualty is frequently not in a
horizontal supine position; correcting this may or may not be
achievable. This should be considered before a drug that may
induce altered consciousness or hypotension is given. Oxygen is recommended if hypoxemia is present or to be expected. The preferred analgesia strategy and any alternatives
will depend on the health professional’s training and skills.
Techniques new to the provider should be experienced in
controlled situations first. The strategy should become simpler as the conditions become more difficult, the casualty
more severely injured, and the equipment less sophisticated.
We asked four co-authors with very different geographical
and professional backgrounds to describe how they might
achieve analgesia in their particular environment:
GZR, Switzerland: ‘‘With the infrastructure of a dedicated
Helicopter Emergency Medical Service and short flight times,
there is the opportunity to manage the casualty in a way similar
to the Emergency Department (Tomazin et al., 2012). Ideally,
the team disembarks some 50 m away from the casualty to
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reduce cooling of the unprotected casualty from the helicopter
downwash. If at all possible, an intravenous (IV) cannula is
inserted and fentanyl given in 50 mcg boluses every 2–4 min
until pain relief (as assessed on a verbal pain score) is achieved
(Kanowitz et al., 2009). Using this titrated approach, an adult
normally will have 200–300 mcg of fentanyl (approximately
3 mcg/kg). If analgesia is inadequate, racemic ketamine is
added (20–40 mg boluses every 2 min) expecting that 80 mg
(approximately 1 mg/kg) will be given. Half the dose is required if S-ketamine is used (Marland et al., 2013). The aim is
to maintain verbal contact throughout. The casualty is also
monitored by pulse oximetry, electrocardiography, and noninvasive blood pressure measurement. Routinely, a small titrated dose of midazolam (1–2 mg total dose) is also given, as
an agitated casualty is not suitable for transporting in a helicopter (Bredmose et al., 2009).’’
BB, Canada: ‘‘In the mountains of British Columbia and
Alberta, Advanced and Critical Care Paramedics are likely to
be members of the mountain rescue teams and professional
ski patrols. Their first choice analgesic is a parenteral opioid.
In the rare occasions where the IV route is time consuming or
disruptive, 100 mcg of intranasal (IN) fentanyl (approximately 1.4 mcg/kg) via an atomizer is considered as an alternative (Borland et al., 2007). Though it works well, there is
minimal evidence of its use in adults, and none on the effects
that a cold environment may have on its bioavailability.
Properly applied traction and splinting must not be overlooked as an effective way of providing pain relief, and may
lead to a reduced opioid requirement. When opioids are relatively contraindicated (for example, when shivering may be
impaired) or supplementary analgesia is required, 30 mg of
IV ketorolac is considered, noting its effect on coagulation,
reports of acute renal and gastrointestinal damage and its
restricted prehospital use in some countries (MHRA, 2007;
Wedmore et al., 2005).’’
SCS, Norway: ‘‘In an austere cold environment, the onscene time has to balance with need to start an evacuation to a
less hostile environment. The goals are to optimize patient’s
safety and comfort, and reduce disruptions during the evacuation. On scene time should not exceed 30 min, if at all
possible. ‘Rendezvous systems’ have been described in the
use of helicopters in mountain rescue; a similar approach
during a prolonged terrestrial rescue may be helpful if a
staging shelter was readily available en route (Tomazin et al.,
2011). Co-morbidities such as hypothermia, hypovolemia,
and head and chest injury are often present but ill-defined in
the field. Nevertheless, they must still be taken into account.
Analgesics have increased clearance times in hypothermia
and will accumulate if standard doses are given. A loading
dose of oral paracetamol (acetaminophen) 1.5–2 g followed,
if necessary, by titrated IV opioid or ketamine is recommended
to allow proper splinting and packaging. If this scenario encompasses an evacuation time of many hours, there is a
strong indication for a regional anesthesia, as this may provide many hours of good quality analgesia and thus avoid
repeated doses of opioid or ketamine. With suitable experience, a femoral nerve block or a fascia iliaca compartment
block with 20–30 mL of lidocaine (10 mg/mL) can performed
very successfully and safely (Lopez et al., 2003; Gros et al.,
2012).’’
AL, Nepal: ‘‘As a doctor working at ‘Everest ER’ and
administering strong analgesics at altitude, the potential of
strong opioids to worsen the casualty’s oxygen desaturation
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concerns me. Monitoring will be effectively restricted to
clinical parameters. An incident occurring above base camp
will involve long transport times and objective dangers.
Usually splinting and packaging to transfer the casualty to a
safer location is a priority. Analgesics with a quick onset of
action and noninvasive route of administration are preferable.
Ketamine, by one of its routes of administration, and methoxyflurane are appealing in this scenario (Grindlay and
Babl, 2009; Windsor et al., 2009). IV tramadol, which is
available at pharmacies in Nepal and not regulated as severely as morphine and fentanyl, could be judiciously used.
In the context of postoperative pain, respiratory depression
due to tramadol is said to be less than morphine; whether that
translates into a clinical significant advantage at altitude is
not known (Houmes et al., 1992). A multimodal approach
using nonpharmacological techniques, such as local cooling,
and a combination of drugs to limit opioid side effects would
be preferred.’’
General Considerations

Pain is ‘‘An unpleasant sensory and emotional experience
associated with actual or potential tissue injury’’ (International Association for the Study of Pain, 2013). It is not easily
measured, and may vary with the age, condition, ethnicity,
and gender of the patient (Post et al., 1996). Time and comorbidities also affect pain. These differences have important effects in the way pain is expressed and how pain relief is
requested. Furthermore, the provision of prehospital analgesia by health care providers is determined by their
knowledge and beliefs, as well as the pervading culture of the
work environment. These factors contribute to the described
inadequacies in pain relief. Using a pain score, such as a
verbal numerical rating, can be helpful ( Jennings et al., 2009;
Berben et al., 2012). Quality improvement programs can
optimize pain management and should incorporate nonpharmacological techniques. When conditions are extreme,
the health care provider must remember that a great deal of
pain relief can be provided by distraction, confidence, and
reassurance, and a cold compress and splinting of injuries
(McManus and Sallee, 2005; Ellerton et al., 2009b).
Does Prehospital Analgesia Influence Outcome?

Pain increases the stress response leading to tachycardia,
hypertension, increased oxygen consumption, and endocrine
and immunological effects. Linking these physiological
changes to a poor outcome has been elusive. However, recent
research has linked acute pain following trauma with psychological distress (Keene et al., 2011). For example, early
use of IV morphine was associated with a reduction in the
development of posttraumatic stress disorder (PTSD) in a
military setting (Holbrook et al., 2010). Whether this finding
can be generalized to all analgesics and other environments is
unknown, though there is supportive evidence that higher
pain levels are associated with higher rates of acute stress
disorder and PTSD (Norman et al., 2008).
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morphine) or ketamine (with midazolam) given in a titrated
manner are safe and effective in managing severe pain (Smith
et al., 2009; Smith et al., 2012). Other IV candidates (e.g.,
weaker opioids such as tramadol, acetaminophen/paracetamol,
and nonsteroidal anti-inflammatory drugs) may have a role in
moderate pain (Cepeda et al., 2005; Craig et al., 2012).
Inhalational agents, such as 50% nitrous oxide/50% oxygen and methoxyflurane, are appealing as a simple way of
rapidly achieving analgesia in moderate pain (Babl et al.,
2008; Ducassé et al., 2013; Ellerton et al., 2013). However,
pain relief is inferior to IV morphine or IN fentanyl ( Johnston
et al., 2011; Middleton et al., 2011). When peripheral IV
access is difficult, other parenteral routes including intraosseous (IO) and intramuscular (IM) can be utilized. The less
invasive IN and buccal routes can be recommended, though
facial injury may preclude their use and the bioavailability in
a cold environment may not match that of the published literature. Fentanyl IN is effective and comparable to IV morphine (Rickard et al., 2007; Hansen et al., 2012). High
concentration formulations are necessary and have recently
been introduced. Sufentanil and diamorphine are alternatives
(Kendall et al., 2001; Steenblik et al., 2012). A shorter time
from the decision to give IN analgesia to its administration
would be expected, though this has not always been demonstrated (Regan et al., 2013). Buccal administration of
fentanyl citrate provides another effective method, though its
onset time may be inferior to IV administration (Mahar et al.,
2007; Wedmore et al., 2012).
Loco-regional anesthesia, which can offer excellent analgesia, is another technique to consider. It also may permit
patient contribution during difficult or long evacuations that
occur in cave and high altitude rescue. Femoral nerve blocks
have been performed in the prehospital environment (Gros
et al., 2012). Simple procedures like wrist blocks and digital
blocks may be considered (Pasquier et al., 2012; Simpson et al.,
2012). More complex nerve blocks including interscalene, intercostal, sciatic, and ankle blocks may be possible if the health
care provider has suitable skills (Wedmore et al., 2005).
Is a Multimodal Drug Approach Supported
by Literature?

Using a combination of analgesics to improve pain relief is
in vogue, particularly in view of low success rates to single
agents, and is frequently used (Ellerton et al., 2013; Moore
et al., 2013). However the literature is sparse and conflicting as
to its advantages. For example, in one study, IN fentanyl and
methoxyflurane were no better than IN fentanyl alone ( Johnston et al., 2011). In another study, morphine combined with
ketamine was advantageous in terms of morphine sparing, but
at the expense of more side effects (Galinski et al., 2007;
Jennings et al., 2012). Minimizing side effects, which may be
more common when multiple drugs are used, is important as
even minor problems such as nausea and vomiting can become
potentially hazardous during an evacuation. Prophylactic antiemetics such as ondansetron or a phenothiazine may be appropriate. Managing severe complications in an austere
environment could be very challenging.

Which Analgesics Have an Evidence Base
in the Prehospital Setting for Treating
Moderate or Severe Pain?

What Agents Are Recommended for Prehospital
Procedural Sedation?

No single drug is perfect for prehospital care but there is
ample support that strong IV opioids (particularly fentanyl and

When procedural sedation is required ketamine, midazolam, etomidate, and propofol are commonly used in
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emergency departments (Sacchetti et al., 2007). In this setting, the advantages of using a synergistic combination of
ketamine and propofol compared with either agent alone
have been discussed with no firm conclusion (Green et al.,
2011). In the prehospital environment, co-administration of
ketamine and midazolam is regarded by some as the standard
(Brednose et al., 2009; Ellerton et al., 2009a). The combination may reduce the incidence of emergence phenomena;

an important consideration during an evacuation (Moy and
Le Clerc, 2011; Sener et al., 2011).
What Monitoring Should Be Performed?

Prehospital analgesia for moderate or severe pain must be
given under continuous clinical observation supplemented
with appropriate noninvasive monitoring. A minimum set of

Table 1. Recommended Pharmacological Agents for Treating Moderate
or Severe Pain in Mountain Rescue
Technique/ agent
Opioids
Morphine1
IV

Adult starting dose
(Dose in children)

Adult subsequent
doses*

Comments
contraindication

5–10 mg* (100 mcg/kg,
max 10 mg)
10–20 mg* (200 mcg/kg,
max 10 mg)
5–10 mg* (100 mcg/kg,
max 10 mg)

5 mg

Avoid if renal failure

10 mg

As above

5 mg

As above

50–100 mcg* (1–3 mcg/kg,
max 100 mcg)

25 mcg

IN

180 mcg* (1.5 mcg/kg)

60 mcg x2
(15 mcg x2)

Avoid if on monoamine
oxidase inhibitors
(MAOI) drugs
As above

Buccal

OTFC 800 mcg*
(10–15 mcg/kg)

IM
IO
Fentanyl
IV

Tramadol
IV
NSAID
Ketorolac
IV

As above

50–100 mg (700 mcg/kg)
over 2–3 min

50 mg every 20 min;
max 600 mg/day

Avoid if on monoamine
oxidase inhibitors
(MAOI) drugs

15–30 mg (0.5 mg/kg,
max 15 mg)

none

Avoid if risk of GI bleeding
and if current or past
cardiovascular disease

Others
Paracetamol
IV

> 50 kg–1 g; < 50 kg–15 mg/kg
Repeat after
over 15 min
4–6 hours
Ketamine (for analgesia) halve dose if S-Ketamine used
IV
10–20 mg* (100 mcg/kg)
5–20 mg

IM
1 mg/kg*
IN
0.5 mg/kg*
Inhalational
Penthrox (Methoxyflurane)
Inhaled
Self-administered 3 mL
via inhaler
50% Nitrous oxide/50% Oxygen
Inhaled
Self-administered

100 mL infusion over 15 min
Larger doses for procedural
sedation. Midazolam may
be co-administered

–
0.5 mg/kg
3 mL (max 6 mL/day;
15 mL/week)

Avoid if renal impairment

-

Avoid after SCUBA diving
and when tension
pneumothorax suspected.
Maintain cylinder at
10C (50F)

*Consider halving in the elderly, frail and hemodynamically compromised.
1
Diamorphine, where available, is an alternative with the advantage that intranasal administration can be used.
OTFC = oral transmucosal fentanyl citrate.
Data from: Thomas, 2008; Rickard, 2007; Moy and Le Clerc, 2011; Ellerton, 2013; Royal Pharmaceutical Society of Great Britain and
British Medical Association, 2013; Finn and Harris, 2010; Borland et al., 2007; BOC Healthcare, 2011.
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observations would be: level of consciousness including
verbal responses to questions; respiratory rate and pattern;
skin color and heart rate. As the potency of drug(s) given
increases to include strong opioids, noninvasive monitoring
of blood pressure and oxygen saturation is recommended
though does not replace clinical observations. When procedural sedation is contemplated, exhaled carbon dioxide
concentration and electrocardiogram monitoring should also
be considered (Goodwin et al., 2005). In the mountains,
electronic monitoring maybe unreliable or impractical; sensor placement, battery performance, and the normal range of
readings at altitude are a few of the factors that disrupt reliability (Luks and Swenson, 2011). In the same situations,
managing adverse responses to analgesics and drug combinations can also be challenging. The clinician must anticipate
these factors and their consequences, when deciding on their
analgesic strategy particularly in circumstances where continuous monitoring is impossible and reversal agents (such as
naloxone) are less available. As the highest risk of serious
adverse events occurs within 25 min of receiving the last dose
of IV analgesics, starting the evacuation 25–30 min after
administration may be an appropriate compromise in a nontime critical scenario (Newman et al., 2003).
Which Analgesics Are Recommended for Non-Health
Care Professionals?

In some countries, such as the United Kingdom, trained
and certified mountain rescue team members are able to give
analgesia according to protocols. Oral, inhalational, nasal,
and buccal routes are preferred (Ellerton et al., 2013). It is
particularly important to emphasize the benefits of nonpharmacological therapies in training, as the drug protocols
will be inherently conservative to reflect the experience of the
team members and their ability to manage adverse events.
Rescue organizations where health care professionals do not
routinely attend the incident site should consider developing
an analgesia strategy though frequently options are constrained by national laws.
Do Patient Factors Influence Which Analgesia
Can Be Used?

Individualizing analgesia to each casualty is becoming
more important as the rescue population becomes older and
co-morbidities commoner. However, in a fit adult with no
pre-existing drug use, initial doses can be standardized in
many cases. Table 1 outlines dose information and specific
contraindications.
Concurrent hypothermia alters the pharmacokinetics and
pharmacodynamics of widely used drugs, including fentanyl,
morphine, ketamine, and midazolam (van den Broek et al.,
2010). The effects are complex but caution is urged particularly when additional doses are given. The sympathomimetic
effects of ketamine on an irritable hypothermic heart have the
potential for serious side effects (Marland et al., 2013).
In casualties with traumatic injury, the case for giving any of
the classes of drugs mentioned in the scenario can be made.
The consensus view is that opioids remain the gold standard
for managing pain in acute trauma (Thomas et al., 2001).
Unmasking significant blood loss, resulting in hypotension, is
a concern; when there is doubt, the initial dose is often reduced
and given over a longer period of time. Chest and head injury
have, in the past, been regarded as contraindications to opioids.
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This absolute has been revised to a caution with an emphasis
being placed on actively avoiding hypotensive or hypoxic
episodes. In facial injury, absorption via the buccal and nasal
routes may be impaired; other routes would be preferred.
Pain relief for medical and surgical conditions, such as acute
coronary syndrome and an acute abdomen, will mimic as far as
possible the healthcare professional’s usual management.
Recommendations











Many health care providers fail to adequately recognize, assess, and treat pain. Hence, assessment scales
and treatment protocols should be implemented in
mountain rescue services.
Specific training in assessing and managing pain is
essential for all mountain rescuers. The importance of
nonpharmacological methods should not be neglected.
Persons administrating analgesics, whether a healthcare professional or not, should receive appropriate detailed training.
There is no ideal analgesic that will accomplish all that
is expected in every situation. A range of drugs and
delivery methods will be needed. Thus an ‘analgesic
module’, reflecting its users and the environment
should be developed either by the organization or the
individual (Elsensohn et al., 2011).
The number of drugs carried should be reduced to a
minimum by careful selection and, where possible,
utilizing drugs with multiple delivery options.
A strong opioid is recommended as the core drug for
managing moderate or severe pain; a multimodal drug
approach may provide additional benefits.

Limitations

Prehospital data on analgesia are limited. The mountain
environment can impose extreme conditions that could have
significant clinical effects on the efficacy of a drug and its side
effects. The techniques described have all been used in
mountain rescue, but many are in their infancy with much is
still to be learnt. Using them outside an organized rescue
structure has not been assessed thoroughly. Persons administrating analgesics must accept responsibility for their actions.
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