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INTRODUCTION

Mountains have always held a deep fascination for mankind 
but carry health risks and hazards. The main risks are those 
associated with climbing or ascending mountains to high altitude 
and these are collectively termed high altitude illness (HAI). Other 
hazards include trauma and medical or surgical coincidental 
illnesses arising during the ascent. With increasing global 
travel, mountain climbing or trekking has now become popular 
and feasible for people with no previous 50 mountaineering 
experience and thereby places a large number of people at risk of 
HAI and related disorders.

Mount Kilimanjaro (5895m) is the highest free-standing 
mountain in the world and it very aptly illustrates the health 
hazards of high altitude climbing or trekking because of the ease 
of ascent. Technically the climb is relatively simple, which may 
lead to uphill climbing rates exceeding 1,000 55 meters a day[1-
2]. Annually between 45000 and 500003 tourists attempt to 
climb Mount Kilimanjaro, and ascent can be done by untrained 
individuals over a period of 5-8 days with varying success rates 
of reaching the top ranging from 25 to 85% with the higher rates 
of success the longer the duration of the climb2.

The term high altitude illness (HAI) includes acute mountain 
sickness (AMS, prevalence 40-90% 60 depending on setting4 ), 
high altitude cerebral edema (HACE, 0.5-1%4) and high altitude 
pulmonary edema (HAPE, ref range 0.2-7%4). While AMS is 
a common and relatively benign disorder, HACE and HAPE 
though relatively uncommon are serious and can lead to death. 
These altitude related disorders affect trekkers and mountain 
climbers typically at altitudes typically starting at 2,500 meters 
or greater4 occurring with increasing frequency and severity in 
association with increasing 65 altitude. The reduction in inspired 
oxygen partial pressure that occurs with increasing altitude 
is responsible for the reduced oxygen level in blood and the 
consequent HAI [5]. The main risk factor for developing acute 
HAI is the rate of ascent and sleeping elevation in meters per day 
[2].

When ill climbers are admitted to hospital in a critical 
condition this is typically with the severe end of the spectrum 
of HAPE (respiratory difficulties) and HACE (altered level of 
consciousness), 70 or uncommonly seizures. Due to the increased 
local awareness of the likelihood of HAI such patients may already 
have a working diagnosis of HACE, HAPE or a combination of 
both. Very occasionally they turn out to have a non-HAI related 
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and combined features of HAPE as well as HACE (HAPE/HACE) 
(n=11; 20%). A comprehensive overview of the series of HAI 
patients was published elsewhere.6 One patient with known 
bipolar disease who presented with psychotic behaviour had 
cerebral oedema on neuroimaging suggesting HACE and was 
included in the HAI series.

Six patients (11%) had a disorder which did not correspond 
to HAI. One of the six had a HAPE mimic which was a clinical 
exacerbation of pre-existent bronchiectasis and recurring 
bronchitis without evidence of HAPE either on auscultation or on 
chest X-ray. The five remaining patients with non-HAI disorders 
all had neurological presentations [Table 1].

Three patients had first ever, new onset generalised tonic 
clonic seizures which occurred while climbing. The likely causes 
were hyponatremia in two patients and alcohol intake in one 
patient. One patient with hyponatremia had the recommended 
fluid intake for altitude climbing but had persistent hyponatremia 
during hospital admission. A chest X ray to rule out HAPE and lung 
malignancy was normal. The other patient with hyponatremia 
had intentional polydipsia, ingesting up to 6 litres of fluid per day 
upon the instruction to drink plenty of fluids. Fluid restriction 
caused a rapid normalisation of sodium levels. The patient also 
presented with a severe backache upon arriving in hospital and 
was discovered to have an L1 vertebral compression fracture 
incurred as a result of the seizure and presumed fall. All patients 
with a history of seizure had typical postictal symptoms which 
resolved fully within 24 hours.

A history of thunderclap headache was present in one 
patient who was found on CT-angiography examination of the 
head to have reversible cerebral vasoconstriction syndrome 
(RCVS) with minimal subarachnoid haemorrhage. There were no 
abnormalities on neurological examination and the patient made 
a full recovery. Repeat CT-angiography on day [3], of symptoms 
showed normalization of vessel calibre and reduction of blood 
in the subarachnoid space. The sixth patient had traumatic brain 
injury as a result of an accidental fall shortly after summiting, 
not preceded by HAI symptoms. He died shortly after hospital 
admission.

DISCUSSION

HAPE and HACE are the most serious and life threatening 
medical disorders encountered in high altitude climbers, affecting 
>1% of climbers, depending on altitude.4,9 Central nervous 
system involvement is the main symptom complex involved in 
the various mechanisms of hypoxic organ dysfunction. HACE 
encephalopathy and HAPE-induced hypoxic encephalopathy are 
therefore correctly the first diagnosis considered in climbers 
presenting with neurological disorders [10]. However not all 
neurological disorders that present in high altitude climbers 
are HAI related. Neurological disorders that occur at altitude, 
independently of HAI11 need to be correctly identified as their 
management differs from HAI which typically involves oxygen 
and descent. This category includes a wide range of neurological 
disorders, including strokes [12-15], cerebral venous 

disorder. Such neurological disorders may have either occurred 
on their own or may have been triggered by the physiological and 
climatological variables occurring at high altitude. Neurological 
disorders are the most common disorder and the rationale of this 
short patient series is to address the non-HAI related neurological 
disorders in a cohort of Kilimanjaro climbers [5], who attended 
or were admitted to the local referral hospital.

MATERIALS AND METHODS

We reviewed the medical records of climbers presenting to 
KCMC for a two year period (from January 2016 to December 
2017). An overview of HAI related morbidity and mortality 
during this time period has been recently published [6]. Ethical 
clearance for this study was received from the Kilimanjaro 
Christian Medical University College. We obtained hospital files 
of those attending the emergency department (ED) or admitted 
to the medical unit and medical intensive care unit of KCMC 
with a diagnosis of high altitude related disorders. We recorded 
demographic, clinical, and altitude related data, and reviewed 
laboratory results, X-rays, and head computed tomography (CT) 
images. An magnetic resonance imaging (MRI) scanner was 
unavailable during the period of our study. For the diagnosis of 
AMS [7,8]. we used the recent Lake Louise 2018 criteria including 
headache with a score of 3 or greater being diagnostic [8]. HAPE 
and HACE were defined using the 1992 Lake Louise criteria [7]. 
Progression from AMS to HACE is there when there is confusion 
or altered level of consciousness or ataxia. Without preceding 
AMS both symptoms are required to diagnose HACE. HAPE is 
constituted by any combination of at least two signs (crackling 
or wheezing on auscultation, central cyanosis and increased 
respiratory or heart rate) and at least two symptoms (shortness 
of breath at rest, cough, impaired exercise tolerance and chest 
tightness) [7]. The following diagnostic criteria were used to 
define the stages of HAI. AMS: The 2018 Lake Louise Acute 
Mountain Sickness Score8: An AMS total score of 3 or greater 
from the following 4 related symptoms was diagnostic of AMS. 
Headache (0-3), Gastrointestinal (0-3), Fatigue/weakness (O-3), 
Dizziness/light headedness (0-3) [8]. HACE: The presence of a 
change in mental status and/or ataxia in a person with AMS, or 
the presence of both mental status change and ataxia in a person 
without AMS.7 HAPE: The presence of the following: Symptoms: 
at least two of: dyspnoea at rest, cough, weakness or decreased 
exercise performance, chest tightness or congestion. Signs: at 
least two of: rales or wheezing in at least one lung field, central 
cyanosis, tachypnoea, tachycardia [7]. The neurological disorders 
were diagnosed according to following criteria. Seizure was 
defined as a a paroxysmal event characterized by stereotypical 
signs and symptoms resulting from abnormal electrical activity. 
The two authors independently reviewed the clinical diagnosis 
and additional investigations in each case.

RESULTS

In total 62 patients with HAI were analysed, 47 inpatients 
and 15 outpatients of whom 56 presented with HAI, which 
included AMS (n=8; 14%), HAPE (n=30; 54%), HACE (n=7; 12%), 
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thrombosis16 seizures [17-21], visual disturbances [22], and 
headaches [23]. Very rarely an underlying neurological disorder 
unrelated to altitude may present for the first time in climbers at 
altitude [24,25]. 

The distribution of HAI subtypes and risk factors reported 
on Mount Kilimanjaro is largely comparable with that reported 
in other high altitude climber populations at similar altitudes.6 
The number of cases of HAI mimics in this study 6/62 (10%) 
was relatively small compared to the total number of cases of 
HAI 56/62 (90%). Four of the six cases of HAI mimics presented 
with new onset neurological disorders, three of which were 
generalised seizures, two were attributed to hyponatremia, one 
of which was caused by polydipsia. One case was attributed to 
alcohol consumption during climbing. Seizures can occur in 
people with well-controlled epilepsy and in people with no 
history of epilepsy. Possible mechanisms at altitude include 
hypoxia, respiratory alkalosis, hypocapnia and lack of sleep. 
Hyponatremia causing new onset seizures has been previously 
reported in climbers [26]. One climber presented with 
thunderclap headache with reversible cerebral vasoconstriction 
syndrome (RCVS) and minimal subarachnoid haemorrhage. 
RCVS has also been described at high altitude [27].

Contributory reasons for the low numbers of HAI mimics 
reported in this study include a high level of awareness among 
mountaineering guides and porters for the classic forms of 
HAI and the existence of only one regional referral hospital for 
the more serious cases of HAI in the catchment area of Mount 
Kilimanjaro.6 Climbers presenting with mild and transient 
neurological signs and symptoms of AMS typically improve 
on descent and are not referred to hospital. Our small sample 
therefore was not representative of some of the commonly seen 
neurological conditions associated with high altitude4 including 
high altitude headaches and high altitude retinopathy.

This paper reports a death resulting from an accidental fall 
occurring at high altitude. Trauma has previously been reported 

as a cause of death in climbers on Mount Kilimanjaro28 but is 
considered to be relatively uncommon as technically it is not a 
difficult mountain to ascend. One of the six patients had a HAPE 
mimic with an exacerbation of pre-existent bronchiectasis and 
recurring bronchitis without evidence of HAPE which resolved 
with treatment. Pneumonia has been reported as a cause of death 
in climbers on Mount Kilimanjaro.[28]

Although a degree of co-occurrence of AMS or HACE with 
these disorders cannot be excluded most patients had onset of 
symptoms at a lower altitude than would be expected in climbers 
presenting with HAPE and HACE. This was particularly the case 
with seizure patients with onsets at altitudes of 3500 and 3600 
m [Table 1]. One case of seizure which occurred at 5600m was 
considered to be alcohol induced. In contrast in the same series, 
the altitude of onset of HACE was at 4300±570 m (3500-4700) 
and of HAPE/HACE at 5000±430 m (4600-5700).

The likelihood of neurological disorders independent of 
HAI patients increases with the growing numbers of tourist 
climbers.3,6 This may be particularly the case on Mount 
Kilimanjaro where in any one year 40000-50000 climbers 
attempt the climb, usually with over 70% success rate depending 
on the route taken and days spent.3,6 In 40 years of clinical 
practice at the main referral hospital at the foot of Mount 
Kilimanjaro we have encountered other neurological disorders 
in climbers including stroke, cerebral venous sinus thrombosis, 
a first manifestation of manic psychosis and recently a cerebral 
malaria with renal failure, possibly precipitated by high altitude 
hypoxia in an expatriate tourist climber coming from a malaria 
endemic area. The easy accessibility of Mount Kilimanjaro to 
unusual climber categories, frequently with disabilities adds 
to the variety of neurological conditions encountered among 
climbers. Medical queries arising in climbers from outside the 
hospital continue to bring neurological disorders to our attention. 
Typical examples are exacerbations in migraines, and pre-existing 
seizure disorders worsened by hypoxia, climatological factors 
and sleep deprivation. Advice and queries and about the use of 
medications whilst climbing is frequently sought, for example the 

Age Altitude of onset (m) Clinical features Typical HACE symptoms (headache, 
nausea vomiting, confusion, ataxia)

CT
Outcome

scan/laboratory results

55 3600

First ever generalised seizure 
with polydipsia of 6l/day, 

new backache on arrival in 
hospital.

Mild headache Normal CT brain, vertebral 
fracture L1 on thoracolumbar CT

Discharged after 72h. 
Underwent spinal 
stabilisation and 

decompression of L1

58 3500 First ever generalised seizure 
with persistent hyponatremia -

Normal CT brain results, Na 113 
(111-116)

Clinical recovery after 
24h. Medical evacuation to 

Kenya after 48hmmol/l

23 5600

First ever generalised 
seizure with alcohol intake 
on mountain and history of 

alcohol use

- Normal CT brain Discharged within 24h, on 
own request

52 4700

Two episodes of thunderclap 
headache on 4700m and upon 

return to 1800m, no loss of 
consciousness

No HACE symptoms prior to sudden 
headache

Minimal subarachnoidal 
haemorrhage and calibre changes 

on CT angiography. of brain

Medical evacuation to 
Kenya after 24h. At 72 h 

good clinical recovery and 
normalisation vessel calibre 

on CT brain

18 5700
Severe traumatic brain 

injury after fall on rock with 
Glasgow Coma Score of 3.

No HACE symptoms prior to fall
CT brain: extensive haemorrhagic 
contusion and skull fracture right 

frontal

Clinical brain death on 
admission

Table 1: Characteristics of non-HAI neurological conditions in tourist climbers from Mount Kilimanjaro
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use of a baclofen pump in cerebral palsy and immunomodulatory 
drugs in multiple sclerosis. With the increasing age of climbers, 
recent additions to this are a worsening of Parkinson’s disease 
due to interrupted medication; obstructive sleep apnoea due to 
interrupted use of continuous positive pressure airway machines 
and the continuing use of cholinesterase inhibitors for climbers 
with dementia, leading to dizziness and falls. Guidelines and 
recommendations for travellers to altitude with pre-existing 
neurological and psychiatric disorders have been recently 
published [29,30].

CONCLUSIONS

The paper reports a small number of medical HACE mimics 
including new onset seizures and a reversible vascular event, all 
of which had a favourable outcome. Hopefully this will lead to 
an increasing sense of awareness of the importance of coincident 
neurological disorders amongst clinicians working in similar 
high altitude regions of the world.
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