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Cheyne–Stokes respiration, periodic circulation, and pulsus alternans

in spinal cord injury patients
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Study design: Case reports.
Objectives: To describe Cheyne–Stokes respiration (CSR) and associated circulatory
abnormalities in three patients with spinal cord lesions.
Setting: Veterans Administration Hospital, USA.
Subjects: One paraplegic patient with coronary artery disease in congestive heart failure, one
tetraplegic patient with alcoholic cardiomyopathy and postural hypotension, and one
tetraplegic complete patient with cardiomegaly, severe aortic atherosclerosis, and postural
hypotension.
Methods: Breathing activity was measured with a nasal thermistor or abdominal stretch
transducer. Cardiac activity was estimated with a photoelectric sensor for cutaneous blood flow
placed on the forehead or a piezoelectric transducer for pressure positioned over an artery or
the cardiac apex. Tracings were drawn on a strip chart recorder. The subjects were at rest
in semireclining positions.
Results: Survey times were 17–21 min, and cycling periods were 41–72 s. Periodic changes in
the depth of breathing were accompanied by periodic changes in amplitude of forehead
cutaneous pulse, blood pressure, or apical cardiac impulse in all patients. Peak circulation
occurred at or following peak respiration. In addition, cyclical pulsus alternans occurred in two
patients.
Conclusion: Three spinal cord injury patients sustained CSR and circulatory periodicity
associated with cardiac disease and postural hypotension.
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Introduction

Cheyne–Stokes respiration (CSR) – crescendo–decres-
cendo breathing cycling with apnea – is usually asso-
ciated with congestive heart failure or cerebrovascular
disease.1–6 CSR has not been reported in patients with
spinal cord lesions, but the same predisposing factors can
exist. CSR can serve as a sign of underlying circulatory
abnormality. To alert practitioners that CSR can develop
in patients with spinal cord lesions and to describe factors
that might apply to CSR in these patients, three cases
from the spinal cord injury (SCI) service are discussed.

Methods

The subjects are described in Table 1.

Monitoring techniques were as follows. Periodicity of
breathing was assessed by nasal air flow, measured with
a thermistor (Astro-Med, Warwick, RI, USA) clipped to
one naris, or by diaphragm activity, measured with a
Pneumobelt, an elastic transducer stretched around the
abdomen at the level of the umbilicus (UFI, Morro
Bay, CA, USA). Cutaneous circulation was moni-
tored with an infrared transducer (Astro-Med, War-
wick, RI, USA) held against the forehead with an elastic
band. Alternately, circulation was monitored with a
piezoelectric pulse pressure transducer (UFI, Morro
Bay, CA, USA) held against a finger tip or the
precordium with an elastic band, measuring blood
pressure or tracing a cardiac impulse, respectively. Beat
to beat pulses were traced on a polygraph with a
strip chart recorder (Model 79E, Grass Instruments
Co., Quincy, MA, USA). Cycles of breathing and pulse
were measured by eye.
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Results

Patient 1 was monitored for 21 min at 30 degrees of head
elevation. A total of 17 cycles of periodic breathing were
observed, the duration of a cycle averaging 72 s.
Enhanced breathing, precordial activity, and cutaneous
blood flow were in phase and directly related in
amplitude, Figure 1. Pulse amplitude changes were
sometimes abrupt. Pulsus alternans occasionally devel-
oped as pulse amplitude increased. Pulse rate varied
little, 75–78 beats/s. The patient expired a year after the
survey with pulmonary edema.

Patient 2 was monitored for a total of 16 min in the
supine position during which time 15 cycles of hyper-
ventilation and apnea occurred, the average duration
being 68 s. An equal number of cutaneous blood flow
cycles occurred. Pulse amplitude increased after the
peak of hyperpnea phases, Figure 2. As pulse ampli-
tude increased, pulsus alternans sometimes appeared.
As pulse amplitudes decreased, pulse rates increased
– 60–96 beats/min. The patient expired 5 years later
of cardiac arrest.

Patient 3 was monitored in the semierect position.
There were two runs of CSR for a total of 17 min and 25

cycles. The average CSR cycle was 41 s. Periodic pulse
was not constant, but greater pulse amplitudes occurred
after the peak of respiration, Figure 3. The pulse
amplitude changes were sometimes abrupt. Pulse rates
were 72–78 beats/s. The patient expired 2 years later of
lung cancer.

Discussion

CSR is often associated with congestive heart failure,
the implication being that the automaticity or respon-
siveness of an intact respiratory center is impaired by
inadequate circulation. CSR being found with cerebro-
vascular disease suggests the same mechanism. Experi-
mentally, either hypoxia or medullary ischemia can
reproduce hyperpnea followed by apnea.7 Clinically
however, hypoxia occurs in a minority of cases, and

Table 1 Subjects with Cheyne–Stokes respiration and spinal cord injury

Patient Age Cause of paralysis
Level of
paralysis

Duration of
paralysis (years) Heart disease Complication

1a 74 Resection of aortic aneurysm T7 A 6 Myocardial infarction Pulmonary edema
2b 51 Surgery for Arnold–Chiari

malformation
C2 D 5 Alcoholic cardiomyopathy Postural hypotension

3c 69 Fall, ankylosing spondylitis C6 A 8 Cardiomegaly Postural hypotension

T, thoracic; C, cervical; A, motor and sensory complete; D, motor and sensory incomplete
aEjection fraction measured at 25–35% (normal 450%). Frequently diuresed
bSome cardiomegaly but no pulmonary edema on chest film. Iatrogenic postural hypotension due to large doses of clonidine for
spasticity
cNo pulmonary edema on chest film. Past history of a blood pressure of 72/40mmHg at 45 degrees head elevation. Ankylosing
spondylitis was severe and vital capacity was 1.3 l, 26% of predicted. Cardiomegaly, severe aortic atherosclerosis, and non-small
cell carcinoma of the lung were found at autopsy, 2 years after testing

Figure 1 Patient 1. Cutaneous blood flow of the forehead
(bottom) versus apical cardiac pulse (middle) versus diaphrag-
matic activity (top panel). Changes in blood flow and apical
cardiac pulse occurred abruptly and correlated with changes in
diaphragmatic activity. Pulsus alternans occurred during the
enhanced blood flow phase. The duration of the tracing shown
is 140 s

Figure 2 Patient 2. Cutaneous blood flow of the forehead
(top) versus nasal air flow (bottom panel). As pulse amplitude
and depth of breathing crescendoed in concert, pulsus
alternans appeared abruptly at the peak of the hyperpnea
and diminished at the end of the cycle. The duration of the
tracing shown is 62 s
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administration of oxygen to correct any hypoxia does
not affect the breathing pattern.8,9 On the other hand,
hypocarbia with respiratory alkalosis is consistently
present, even during the apneic periods.8 Respiratory
alkalosis can lower blood pressure and may itself restrict
cerebral and medullary blood flow, exacerbating inade-
quate circulation and perpetuating CSR.9,10 Adminis-
tration of carbon dioxide can correct the hypotension of
respiratory alkalosis, restore cerebral blood flow, and
reverse the periodic apnea and CSR.10–12 These mechan-
isms are independent of SCI.

Other circulatory abnormalities can be induced by
CSR. Increased pulse amplitude, due to increased
venous return of the respiratory pump, has been
demonstrated.13,14 Heart block has developed in asso-
ciation with the respiratory alkalosis of CSR.15,16

Abrupt changes in pulse amplitude and pulsus alternans
as reported here appear as a result of CSR. The rapid
switching of cardiac activity may be related to the
myocardial sensitization of respiratory alkalosis.17

These features of CSR are not likely due to SCI.
Patient 1 suffered heart disease and was being treated

for congestive failure at the time of the study. An
independent assessment of cardiac compensation such
as a chest film or echocardiogram was not available at
monitoring. Periodic circulatory effects of CSR were
observed. The pulse amplitude was enhanced as
respiration increased, in keeping with a mechanism by
increasing venous return to the chest. Pulsus alternans
followed the same pattern but possibly was due to
respiratory alkalosis, although blood gasses were not
obtained. More vigorous treatment of heart failure
followed this monitoring session, but its effect on CSR
was not determined.

Patient 2 sustained CSR in association with alcohol
abuse and cardiomegaly. However, three extracardiac
factors may have been operative. First, damage to the
medullary center might have accompanied the patient’s
Arnold–Chiari malformation. Breathing disorders have
been noted with this condition.18 Second, the toxicity of
clonidine, given for its antispastic properties, might have
induced CSR by its sedative effect.19 Third, the
hypotensive side effects of this drug might be compared
with the CSR associated with the hypotension of
autonomic failure.20 The periodic pulse amplitude and
pulsus alternans were similar in timing to those of
Patient 1. Thus, this patient, having a less severe form of
SCI, and a nonfailing heart disease, had complications
of treatment of SCI that may have been factors in the
observed CSR. Nevertheless, follow-up monitoring 3
months after clonidine had been discontinued revealed
persistence for CSR and of postural hypotension.

Patient 3 also had heart disease without heart failure
associated with CSR. As a patient with tetraplegia,
motor and sensory complete, and ankylosing spondyli-
tis, however, he had sustained marked reduction in
breathing capacity due to loss of chest and abdominal
muscles of respiration21 and impaired spine flexibility
and chest expansion.22 Reduction in breathing capacity
may translate to reduction in venous return in general23

and low cardiac output in tetraplegic patients in
particular,24,25 threatening medullary perfusion. A
reduced blood volume occurs in some tetraplegic
patients, indicated by hyponatremia, and can further
reduce cardiac output and blood pressure,26,27 compro-
mising central circulation. Although this patient had a
history of hyponatremia, serum sodium concentration
was not determined at the time of monitoring. Thus,
Patient 3 had extracardiac-related complications that
might have been causative for CSR.

Prognosis is said to be poor in patients with CSR, and
our patients died 1–5 years after CSR was discovered.
This prognosis may represent that of the underlying
disease. Recognition of CSR in SCI patients may serve
as an indicator of cardiopulmonary status and lead to a
search for treatable factors, such as heart failure, drug
toxicity, or volume depletion.

This study is limited in its lack of follow-up
monitoring after therapeutic intervention. It is also
limited by the absence of circulation times, blood gases,
blood pressure, and serum sodium determinations at the
time of monitoring for CSR.

Conclusion

Cheyne–Stokes respiration, periodic pulse, and pulsus
alternans developed in three patients with spinal cord
lesions. Cardiac disease was present in each of these
cases. However, in addition to the cardiac factor, SCI
complications may have played a role. Hypotension due
medication side effect, volume depletion, or the reduced
cardiac output of tetraplegia can be suggested as factors.
The suggested mechanism of CSR is inadequate perfu-
sion of the medullary respiratory center resulting in

Figure 3 Patient 3. Cutaneous blood flow of the forehead left
side (top) and right side (middle) versus breathing by
diaphragm movement (bottom tracing). Pulse amplitude and
depth of breathing are cyclical and in phase; the change is
pulse amplitude is abrupt. The duration of the tracing shown is
90 s
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hyperventilation and respiratory alkalosis resulting, in
turn, in apnea, which partially restores carbon dioxide
levels and the cycle of CSR. Variation in venous return
might explain the periodic pulse, and respiratory
alkalosis, via sensitivity of cardiac contractility, the
periodic abruptness of pulse amplitude changes and of
pulsus alternans.
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