Cardiac Arrhythmias at High Altitude
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Abstract

Palpitations at high altitude have been experienced, but seldom recorded, for centuries. The hypoxia, sympathetic activation
and alkalosis of altitude predispose to cardiac ischaemia and arrhythmia. Indeed, sudden cardiac death is responsible for
30% of all deaths during mountain sports at altitude. This article reviews the literature to date on the evidence for cardiac

arrhythmias at altitude.

Introduction

As discussed elsewhere in this edition of the journal, and briefly
summarized here, a number of key physiological changes occur
with increasing altitude. Hypoxia is the key physiological
challenge at high altitude (HA). At around 3500m the resting
oxygen saturation (SpO,) may be 85% and at Everest base camp
(5300m) the partial pressure of oxygen is half that at sea level.
During exercise at altitude significant reductions in SpO, are
observed due to limitations in maximal pulmonary diffusing
capability. High pulmonary artery pressure is a feature of high
altitude exposure, which is a direct result of alveolar hypoxia on
the pulmonary circulation [1], with resultant arterial hypoxaemia.
In addition, resting and exercise-induced arterial adrenaline levels
are higher than at sea-level [2].This, in addition to the respiratory
alkalosis that occurs, may further predispose to palpitations,
arrhythmias and ischaemia [3], especially in those with pre-existing
cardiac disease. This review will therefore examine whether these
physiological demands translate into cardiac arrhythmias at HA.

Historical perspective

Historically, the effect of HA as a cardiac stressor was utilized
in the “Levy test” of the 1940s which simulated the hypoxic
environment of 5500m as a diagnostic tool for coronary artery
disease [4].
centuries. The explorer D’Orbigny, on the crest of the Peruvian
Cordilleras between 1826 and 1834, is quoted as saying: “at the
least movement, I felt violent palpitations” [5]. Despite this history
the logistical challenges of recording a clear ECG at HA limited
early investigators. Early pioneers attempted to record ECG
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changes at rest but were dogged by interference from the static
electricity generated by flapping nylon tents in the high winds
on Makalu [6]. Other obstacles include extreme altitude, extreme
temperature and attempting to get a recording during exercise
when myopotential interference is likely to be maximal.

In 1957 the resting ECGs of 10 subjects at sea level and after
12 months residency at 1,540m demonstrated an increased
heart rate, sinus arrhythmia, right axis deviation and ventricular
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repolarization changes [7]. Similar changes were described
by Jackson and Davies [8] in a group of climbers and sherpas
ascending to around 6800m in the Himalayas in 1960. In 1962
Milledge [6] also described similar ECG changes in 15 subjects
examined monthly over nine months at an altitude of around
5800m. Exercise was noted to produce a number of ventricular
extrasystoles in one subject. Most early ECG recordings were
done at rest, or soon after exercise, which at HA may be more
than several minutes before an effective ECG can be recorded.

Ambulatory monitoring

In 1966 a method of recording a dynamic ECG at altitude,
using a 3.5 Ib tape recorder, was reported [9]. These investigators
did identify an increase in heart rate during exercise and sinus
arrhythmia during sleep at altitude but few others replicated this
work and a relative paucity of data regarding ambulatory ECG
monitoring at altitude persisted for many years. Over 30 years later
ambulatory ECG monitoring in healthy elderly males recorded an
increase in both supraventricular and ventricular extrasystoles at
moderate altitude [10]. One case report documented the presence
of frequent ventricular ectopy and ventricular bigeminy in a
65 year old with the subsequent development of non-sustained
ventricular tachycardia (VT) and a single 14 beat run of VT while
climbing the same mountain (Kilimanjaro) with ambulatory
recording at 75 years of age [11, 12]. A very recent investigation
of heart rate variability and microvolt T-wave alternans (MTWA)
as a predictor of malignant ventricular arrhythmias on eight
subjects climbing Gasembrum II (8150m) found no evidence to
suggest an increased risk [13].

Simulated Ascent

One way around some of the difficulties of recording the ECG in
the field at HA is to carry out investigation in a hypobaric chamber.
Until recently the most exhaustive evaluation to date of the effects
of altitude on the ECG comes from “Operation Everest II7-a
simulated ascent in a barometric chamber. This concluded that
exercise at 8848m was not associated with significant arrhythmias
or ischaemia [14]. However, these conclusions were based on
relatively sparse data. Two of the eight subjects were removed after
acute hypoxic episodes without simultaneous ECG data despite
the presence of altered consciousness or acute confusional state;
resting ECGs were only recorded at five altitudes above sea level;
exercise ECGs only recorded at two altitudes over eight minutes
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and only three of the subjects exercised at the simulated peak
altitude. Occasional ventricular ectopics were observed during
exercise and non-sustained runs of ventricular bigeminy were seen
in two.

In a recent novel study 12 military pilots were exposed to
an acute hypoxic protocol by supplementation with increasing
oxygen concentrations during a simulated accent to 8230m
in a hypobaric chamber [15]. Hypoxia was associated with a
significant alteration in heart rate variability in pattern similar to
that noted in subjects undergoing heavy exercise or with ischemic
heart disease at high risk for ventricular fibrillation [16].

Population perspective

These data seem a little incongruous with reported data: 10% of
fatalities while trekking in Nepal are due to “heart attacks” [17];
642 sudden cardiac deaths (SCDs) over an eight year period in
the Austrian Alps [18] and the registry demonstrating 30% of all
deaths during mountain sports at altitude are attributable to SCD
[19], which from prospective studies at SL is due to arrhythmia in
over 80% of cases [20]. In addition, syncope of unknown cause
is a significant problem at altitude, accounting for 98% of all
syncopal cases in lowlanders arriving at altitude in one series [21].
Finally, although other factors such as accessibility to emergency
services may be involved, death rates have been noted to increase
in line with altitude [18]: 2.3 deaths per 10° days of exposure for
hill-walking in England and Wales [22]; 5.7 for Austria [18], and
10.6 for Nepal [17, 23].

Implantable loop recorders

Inview of the physiological stressors of HA and the epidemiological
evidence regarding SCD at HA it is surprising that few arrhythmias
have been recorded. It was this relative paucity of data that
prompted the novel application of a relatively recent technology
to both clarify the nature of frequently occurring palpitations at
HA and to document if any arrhythmia occurred in a military HA
expedition. The full experimental protocol has been published
previously but is discussed briefly below [24].

Nine healthy male volunteers from the Army Training Regiment
Lichfield, who had a normal cardiovascular examination, 12-
lead ECG, 2-D cardiac echo and maximal exercise test had an
implantable loop recorders (ILR, Reveal, Model 9525) inserted
subcutaneously in the left pectoral region (Figure 1). Subjects
flew to Kathmandu (1250m) and then Lukla (2800m) before
immediately commencing an identical ascent and descent profile.
All subjects reached intermediate camp at 5600m (Day 15), six
members attained 5700m, four 6070m and two 6325m. The
ILR has the great advantage over resting ECG in that it can be
activated remotely using an electromagnetic induction unit that
“freezes” the loop of ECG recording, which is then stored in the
memory “bins” of the unit. Data can then be downloaded to
diskette daily using a pacemaker programmer (Figure 2).

Two hundred and sixty three ECG recordings were made
during the expedition, equating to just over 29 per subject.
Analysis of R-R intervals at increasing altitudes demonstrated a
progressive increase in mean heart rate both during exercise and
rest and also mean maximum achieved heart rate during exercise
(Table 1). All subjects experienced palpitations during exercise
above 5000m with 2 symptomatic episodes at rest (5,600m and
6300m). Analysis of all symptomatic recordings was found to
correlate with sinus tachycardia. The additional cardiac workload
generated by hypoxic pulmonary vasoconstriction combined with
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Figure 1: Insertion of the ILR under local anaesthetic in the left pre
pectoral area
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Figure 2: Downloading the recorded ECG data using a pacemaker
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programmer powered by an altitude-adapted domestic Honda

generator.

neurohormonal mechanisms such as sympathetic stimulation
resulting from hypoxia and exertion may well have produced the
sensation of palpitations experienced by the subjects of this study
during exercise and in two subjects at rest.

Altitude (m) 2-2999m 3-3999m 4-4999m 5-5999m
E/Ie’im HR - gg6 1067 1441 152
UING CXCICISE 1042 +/-27.8  +/-137  +/-23.8

(mean+/-sd)

Table 1: Analysis of R-R intervals at increasing altitudes demonstrated
a progressive increase in mean maximum achieved heart rate during

exercise.

Sleep recordings revealed sinus arrhythmia in all individuals
with non-conducted ectopic p waves in one. Another subject
demonstrated sinus arrhythmia during exercise (not previously
reported at altitude).

In one subject an episode of asymptomatic atrial flutter with 2:1
conduction was observed (Figure 3) for 8.5 minutes immediately
after a period of severe exertion at 4500 m (SpO, 76%). There was
the possibility of asymptomatic polymorphic ventricular ectopy
(5 beat duration) in a second subject during exercise at 4700m
(820, 86%) but this may well have been artifact.
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Figure 3: The onset and termination of an episode of atrial flutter (2:1

conduction) at a rate of 150 bpm at 4500m (SpO, 76%).

In general the quality of the electrocardiogram traces obtained
was excellent with clear morphological discrimination of all
components of the ECG. In two tracings from asymptomatic
individuals during exercise it was not possible to clearly identify
the underlying cardiac rhythm. In both cases analysis of the actual
QRS complexes on recorded electrograms identified a frequency
of 300 beats per minute consistent with a diagnosis of atrial flutter
with 1:1 conduction. It is probable that these tracings represent
artefact but extensive provocation during both rest and exercise
post-expedition failed to reproduce such a pattern.

Discussion

The physiological stressors of HA should hypothetically make
arrhythmias more likely. However the technical challenges
of recording the ECG at HA particularly during exercise or
symptomatic episodes has led to a paucity of data on which we
can base no sound conclusion in the face of epidemiological data
suggesting a significant increase in SCD at HA. While the study
using ILRs suggests that palpitations at HA may frequently be
associated with sinus tachycardia it also suggested that arrhythmias
do occur even in young extremely fit people. While no malignant
arrhythmias were seen it could be postulated that in subjects with
underlying cardiac disease, such as coronary artery disease, there
may be a significant risk of ventricular arrhythmias at altitude.
Indeed, there is a recognised association between ventricular
arrhythmias and sympathetic activation (known to be increased
at altitude [2] especially in patients with known coronary artery
disease [25]. In support of this, the risk factor profiles of 68 males
who died from SCD during downhill skiing at altitude revealed
prior myocardial infarction, hypertension and known coronary
heart disease (CHD) as significant risk factors compared to
controls [26].
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The cohort studied using ILRs was very small but quite
revealing. Although the all-cause mortality from HA exposure is
small (around 0.015% in Nepal in the late 1980s) [17] further
investigation is required particularly in the elderly who account
for 15% of the 100 million visitors to HA annually [27, 28].
These figures are of genuine concern when SCD is the major
cause of death in male hikers and downhill skiers over the age of
34 [29] and when up to 60% of elderly individuals in Western
societies have significant coronary lesions at autopsy [28]. When
counselling prospective visitors to HA we should be conversant
with these facts and also aware that in hikers and downbhill skiers
who die from SCD a previous MI is a major risk factor (17%
versus 0.9%) [29].

Conclusion

Thorough investigation of the effect of extreme environments
on the risk of cardiac arrhythmias requires the innovative use
of emerging technologies. In light of the epidemiological data
regarding SCD at HA further research is warranted, particularly
in an older population.
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