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Nocturnal hypoxia and arrhythmias in patients
with impaired left ventricular function

Abstract
Objectives-To
document
the
incidence of hypoxic episodes in a series
of patients with impaired left ventricular function, and to correlate the
occurrence of hypoxia with severity of
arrhythmia.
Patients-34 patients with breathlessness and clinical evidence of left
ventricular dysfunction.
Main outcome measures-Simultaneous overnight finger oximetry and electrocardiographic monitoring.
Results-High grade arrhythmias
(Lown grade > III) occurred in 20/34
(59%) of patients, and frequent dips in
oxygen saturation were noticed (mean
dip frequency 4-8/h, range 0 1-20-0). 20/34
(59%) of patients had episodic hypoxaemia, including 13/34 (38%) with a classical Cheyne Stokes pattern. There was a
correlation between dip frequency and
the presence of high grade arrhythmias
(those with high grade arrhythmia had
mean (SD) 6-7 (5 5) dips/h v 2-2 (3-4) in
those without, p < 0-01); there was also a
correlation between the presence of arrhythmias and episodic hypoxaemia
(episodic hypoxaemia in those with high
grade arrhythmias occurred in 17/20
(85%) v 3/14 (21%) of those without
arrhythmias, p < 0-002). There was no
correlation between the presence of high
grade arrhythmias or dip frequency and
the extent of left ventricular impairment, which was present in all patients
(mean (SD) ejection fraction 26%

(13%)).
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Conclusion-Noticeable abnormalities
of nocturnal oxygen saturation occur in
patients with impaired left ventricular
function, and these are associated with
high grade arrhythmias. Interventions
that limit desaturation may have
valuable anti-arrhythmic effects.
(Br Heart J 1992;68:382-6)

Nocturnal hypoxia due to disordered breathing is described in patients with chronic
obstructive pulmonary disease'2 and may be
associated with cardiac arrhythmias." The
greatest expression of the arrhythmogenic
effect of hypoxia might, however, be expected
in those with intrinsic myocardial disease,
particularly in patients with impaired left

ventricular function, in whom ventricular
arrhythmias are frequent and easily
precipitated.56 The purpose of this study was
to examine fluctuations in nocturnal oxygen
saturation in a group of patients with impaired
left ventricular function, and to correlate these
fluctuations with the occurrence of ventricular
arrhythmias and the severity of left
ventricular impairment.

Patients and methods
PATIENTS

Patients were selected from those admitted to
hospital for elective cardiac catheterisation, or
for treatment of refractory chronic heart
failure. Those considered to have impaired left
ventricular function were identified clinically
on the basis of a history of dyspnoea, a cardiothoracic ratio >50% on a chest radiograph,
and clinical signs suggestive of left ventricular
impairment. All had New York Heart Association (NYHA) grade II-IV dyspnoea. Patients
were excluded if they gave a history suggestive
of chronic bronchitis, asthma, chronic airways
obstruction, or other intrinsic pulmonary
disease, but formal lung function tests were not
performed. None of the patients had symptoms
suggestive of obstructive sleep apnoea, and
none were grossly obese ( > 115% of ideal body
weight). Each patient gave informed consent;
the study was approved by the hospital ethics
committee.
OXIMETRY

Overnight oximetry was performed at the bedside with an Ohmeda Biox 3700 pulse oximeter
(version J) and a flexible finger probe.7 The
device's internal memory stores a two digit
value at the end of each 12 seconds, which
represents the lowest oxygen saturation during
those 12 seconds. Thus dips in saturation are
not missed but recovery between dips may be
underestimated. The 2400 values for oxygen
saturation generated over an eight hour period
were subsequently downloaded to an IBM
compatible personal computer and analysed for
mean saturation and dips in excess of 4%. Dips
were counted when the saturation fell more
than 4% below the previous updated high. No
further dip was recorded unless the saturation
rose by more than 3%. The probe was applied
to the forefinger of either hand late in
the evening as the patient was preparing to
retire and was removed the next morning. We
performed the study on the second or later
night in hospital, so that the patient was
accustomed to his surroundings, but formal
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conditioning was not carried out, and sleep
stage and chest wall movements were not
assessed. In no case was oxygen treatment
required during the recording period.
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ment with an angiotensin converting enzyme
inhibitor. No patients were taking anti-

arrhythmic agents.

Conventional long-term electrocardiographic
tape recording techniques were performed
with an Oxford Medilog 4000-II recording and
analysis system. Recordings were analysed for
frequency of extrasystoles and modified Lown
grade. Frequency of extrasystoles was divided
into three bands: 10, >10 <30, and >30
extrasystoles in any hour. The Lown grade was
dichotomised between those with Lown grade
III or more (multiform, couplets, or nonsustained ventricular tachycardia) and those
with Lown grade I or II (uniform and nonrepetitive forms). In all cases, the electrocardiographic recording period and the
oximetry recording period were the same.
MEASUREMENT OF EJECTION FRACTION

Ejection fraction was estimated by
conventional techniques, with either cineventriculography (Dodge RAO method) in
patients undergoing cardiac catheterisation
(n = 21), and gated blood pool scanning
(n = 10), or cross sectional echocardiography
(n = 3) in those not undergoing catheterisation.
CLINICAL ASSESSMENT

All patients underwent a full clinical assessment, including a full history and physical
examination, 12 lead electrocardiography and
chest radiography. Drug treatment was
continued unchanged; the treatment at the time
of study was recorded. No patients were taking
anti-arrhythmic agents.

The mean (SD) saturation during the recording period was 93 (3)%, median 94%, range
84-97%; four patients (12%) had a mean
saturation below 90%.
Oximetry tracings were classified into three
types: a recording without episodic hypoxia,
when there was little fluctuation in oxygen
saturation, with no dips below 90%; sinusoidal
fluctuations in oxygen saturation confirmed
visually to correspond to Cheyne-Stokes
respiration, with dips below 90% saturation;
and other patterns where dips in oxygen saturation below 90% occurred (fig 1). A total of 14/34
(41%) showed no abnormality of oxygen
saturation profile; 13/34 (38%) showed the
Cheyne-Stokes pattern, and 7/34 (21%) had
other patterns. The dip frequency ranged from
0-1 dips/h to 20/h; 6/34 (18%) had a dip
frequency of > 10/h. The mean dip frequency
was 4-8 (median 2 7) dips/h. Dip frequency was
7.3 (6 6) dips/h in those with NHYA class IV
dyspnoea, compared with 5-1 (5 8) dips/h in
those with class III dyspnoea (NS).
ELECTROCARDIOGRAPHIC MONITORING

A total of 20/34 (59%) of patients had a
frequency of extrasystoles of <10/h; 10/34
(29%) > 10 and < 30/h; four had > 30/h. Lown
grade IVB arrhythmias (non-sustained
ventricular tachycardia) were seen in 11/34
(32%); IVA arrhythmias (couplets) were seen
in 8/34 (23%) and Lown grade < III
arrhythmias in 14/34 (41%). One patient had
grade III arrhythmias (multifocal extrasystoles
alone).

STATISTICS

Continuous variables are expressed as mean
(SD) and were compared by two tailed t test.
Discrete variables were compared by the x2 test
with Yates's continuity correction.

90j

A

I.....................................................................................

80 ..................................

70 ......

Results

B

90 .....................................................................................

PATIENTS STUDIED

A total of 37 patients were studied; in three
cases, data were incomplete, leaving a study
group with complete data comprising 34
patients. Of the incomplete cases, in two the
Holter recording was destroyed due to a fault
with the tape transport mechanism; one patient
was excluded because of an inadequate
oximetry recording. Good oximetry recordings
proved feasible in patients with poor left
ventricular function. The mean age ofthe study
group was 60-5 (median 62, range 27-80) years
and 2/34 (6%) were women. In most (29/34,
85%) the aetiology of the left ventricular
disease was ischaemic; three (9%) had dilated
cardiomyopathy, one had valvar heart disease,
and one had both valve and coronary disease.
All were in NYHA classification grades II-IV
for.dyspnoea; nine grade IV, 12 grade III and
13 grade II. All were receiving treatment with
diuretics and most were also receiving treat-
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Figure I Patterns of oxygen saturation dips. (A) little
fluctuation in saturation level, no dips below 90%;
(C) sinusoidal pattern due to Cheyne-Stokes respiration;
(B, D) other patterns.
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Relation between arrhythmias and results of oximetry
Lown <III

p Value

25 (12)
6-7 (5 5)
92 3 (3 2)
17/20 (85%)

27 (14)
2-2 (3 4)
95 (1I8)
3/14 (21%)

NS
< 0 01
< 0-02
< 0-002

Dip frequency was significantly higher in
those with frequent extrasystoles (> 10/h)
compared with those with infrequent extrasystoles (dip frequency 7-1 (6 0) in those with
> 10 compared with 3 0 (4 0) dips/h in those
with < 10 extrasystoles, p </ 002).
EJECTION FRACTION

In most cases, objective a ssessment showed
poor left ventricular systolic-function, with 28/
34 (82%) having an ejectioni fraction of < 45%
and 16/34 (47%) with an e-jection fraction of
< 30%. The mean (SD) ej ection fraction was
26 (13)% (median 25%, rarage 10%-56%). In
three cases, ejection fraction was >50%,
although all had been admitited to hospital with
dyspnoea requiring diuretic treatment, had an
increased cardiothoracic iratio on a chest
radiograph, and had eviden4ce of abnormalities
of left ventricular wall motiion. None of these
three patients had hypoxic ejpisodes. There was
no difference between the rnean ejection fraction in those with grade > III arrhythmias
compared with those v tith grade <III
arrhythmias (25 (12)% c ompared with 27

(14)%).
CORRELATION BETWEEN ARRBIYTHMIAS
OXIMETRY RESULTS

Figure 2 Scatter plot of
ejection frequency

(LVEF) and dip
frequency. There is no
correlation between the two
variables.
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Discussion
Cardiac arrhythmias have been described
during hypoxic episodes in patients with
chronic airways obstruction and sleep
apnoea,'2 but few studies have investigated the
relation between nocturnal hypoxia and
arrhythmias in those with intrinsic myocardial
disease. Otsuka et al correlated arrhythmias
with oximetry in 81 patients with various
cardiac disorders, but patients with left
ventricular impairment were not specifically
included.8 Dark et al showed an improvement
in oxygen saturation after treatment of heart
failure in six patients with left ventricular
dysfunction, but no analysis of arrhythmia was
undertaken.9 Hanly et al carried out oximetry
in 10 outpatients with chronic heart failure and
showed poor quality of sleep with frequent dips
and arousals, but again arrhythmias were not
analysed.'0 Takasaki et al showed that
continuous positive airway pressure treatment
improved saturation and left ventricular
function in patients with heart failure but again
information concerning arrhythmias was not
provided." Recently, Davies et al published a
study of oximetry in 10 patients with heart
failure: only one had non-sustained ventricular
tachycardia, although this arrhythmia did
appear to be temporally associated with a

The table shows the relatio: n between severity
of arrhythmia (Lown gra(de > III v Lown
grades I or II) and dip frequ ency, mean saturation, and ejection fraction1. Saturation dips
were more frequent in thc)se with the more
severe arrhythmias, wherea s the ejection fraction was not significantly different between
those with severe and thos,e with less severe
arrhythmias. Figure 2 illiustrates the poor
correlation between ejectioin fraction and dip
frequency, showing that sattaration dips are not
merely a direct indicatioin of severity of hypoxic episode.'2
We have carried out arrhythmia and
left ventricular dysfunctioon. A dissociation
between clinical severity of disease and oximetry analysis in 34 patients with impaired
oximetry profile was also shc)wn by the fact that left ventricular function. High grade
arrhythmias (Lown grade III and above) were
common, occurring in 59%. Oximetry showed
abnormal patterns in 50% of cases, the mean
30
dip frequency being 4-8 dips/h. A strong
correlation was found between the occurrence
[n = 34 |
of high grade arrhythmias and the presence of
20

-c
._

a

10*

a

n

0

10

saturation abnormalities. A total of 17/20
(85%) of those with episodic hypoxia had
Lown grade III or higher arrhythmias,
whereas only 3/14 (21%) of those without
episodic hypoxia had such arrhythmias. Of
.
those 20 patients with Lown grade III or
.
a
higher arrhythmias, all but three (85%) also
* *
had episodic hypoxia. The mean dip frequency
a*
*
,
w v ^*
was significantly higher in those with high grade
6o arrhythmias than in those without such
50
40
20
30
arrhythmias (6 7 v 2 2, p < 0-01).
LVEF (c% )
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Ejection fraction (mean (SD)%)
Dip frequency (mean (SD)/h
Mean (SD) saturation (%)
Episodic hypoxia present

Lown >III

the mean dip frequency was no different
between the clinically most severe cases (those
with class IV NYHA dyspnoea) and those with
class III dyspnoea.
The occurrence of episodic hypoxia was,
however, correlated with severity of
arrhythmia. The table shows Lown grade > III
arrhythmias were only seen in 3/14 (21 %) cases
where episodic hypoxia was absent but high
grade arrhythmias were present in 17/20 (85%)
of those with episodic hypoxia.
Figure 3 shows that there was an inconsistent
temporal correlation between episodic hypoxia
and arrhythmias. In some cases, arrhythmias
occurred during or just after hypoxic episodes,
whereas in others, considerable episodic
hypoxia did not result in arrhythmias. In other
cases, arrhythmias occurred without hypoxia.
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have ejection fractions > 50% despite a clinical
record suggestive of poor left ventricular function. Reversible ischaemia or diastolic dysfunc0-I
&Am
Co4 90
tion may have been predominant mechanisms
0
in these cases. These three cases were included
.......
cn80
in the analysis despite the evidence of good
systolic function although none had hypoxic
444.A
1U.J.. 1 IU4,4.ll 4.L1.1.. 4 1.1. i4,
I. 1. I l.l,J.1. II.I.I,.'.! 1.Il . 4), 14..VIA.l, l 1A
.
episodes and their inclusion does not materially
1.14U. 1. affect the results.
A1411A.1
We have not found a causal relation between
0:22 I1 lI.. .I J . 1.1.1. 1.1. 1.1J 1,1 1.-. 11. I.- l. 1.A . 1.4,.1.14.1.I.l| I lt1A 4A.4 4 1A 11.1 ,1.,t11%
nocturnal desaturation and cardiac arrhyth0:2 J Il 11 1LL.UjII1]Jl . . , eJUl lliliitum .$tL UAUi-lmias. High grade arrhythmic activity may
ldi. occur during or just after a period of episodic
1.4LI
hypoxia, but arrhythmias and desaturation
1..1.4.1. I.14.44. 14.14. 1444,1i;44.,.1.,l ll,l l.4.1tki.44,&.14.tU,14.444.i4.41,14l.1]
~1i1iAt episodes may be independent (fig 3). More
detailed polysomnographic studies are
indicated to elucidate the temporal relations
B
0320 between arrhythmias and episodic hypoxaemia, which probably includes an interaction
I-O
with
other variables, such as the prevailing
....
sympathovagal balance, myocardial ischaemia,
and other factors. Nor have we tested the effect
of interventions (for example, oxygen treatment) designed to reduce hypoxia on the relations
between arrhythmias and oximetric
3:10 4 al 14-41 -4 -4A41ltl14.rJ144.1o t
1
4.1A4..1.4,44AL1..44. .141.A,4
.w.a.J. abnormalities. It has been shown that medical
4-w-., treatment of heart failure,9 administration of
4.44-A
14-lA - L
L-4..
oxygen,10 and nasal continuous positive airway
t-4t pressure1' reduce nocturnal desaturation in
4AAA44A444,LW _tAfl
4.
3:13 -4,-A4-4.4
patients with heart failure, and it might be
1l4A.444 44A.4. . HA4.,J 4
.414.4Al 4.- .1.144.- 1A-4-. LJ.4.44-4..1.t44
expected that frequency of arrhythmia would
3:16 1 4.41.44ll-ALl{UA|t4-t-44.44L4444t4-44.41-t<14t..A.14, a>444.be reduced in patients susceptible to
arrhythmias
by such measures.
C
None
of
the
patients we studied had sus2140
100 2040
tained, life threatening arrhythmias during the
monitoring period and it is not certain that the
_
.0.
90
non-sustained arrhythmias we found were of
C 0.
prognostic significance. Several studies
suggest, however, that such arrhythmias are
.u,u,t.
associated
with an adverse prognosis in patients
.,.I444.
14.llU
.114 AI AlllU.11
4.I lJ,l .J.4.14,1
14jl. t.1.
.ll.J. with impaired left ventricular function""5 and
IU4
141J4lJ
:1
441 4.1,1
J l 1.11JL 1 1.Jl
1111J
it might be that correction of noctumal
..I.1.U44A14.4..U4.4.4.ll.llJ.-,,.4l.14J.J.llSll,..4.l1..flyfl
111
J
desaturation would be a more effective way of
wI preventing the development of life threatening
1.
1,
) lJlII1.1 U llllOA .1l U4..1 1.1,11,.1AI
21l15
141 1., arrhythmias than the use of potentially harmful
1
llJ J. ..
I
I ll
1, 1. 44J
antiarrhythmic agents. Sleep apnoea has been
,;1
l11I I
41 4.1 1.
.JI4 141.11.
1111I .1 I1 1.s11 1l' 1.J1IJ141.11.I1 A1,441 4.
.11l.1444 4lIJll14 4,1 14.1.44 associated with increased mortality in unl l l il l l l
l
J
l
l l ..1 l. 1.
:1
1I l1l jl .l lll
.L
1.
selected patients after myocardial infarction.'6
In conclusion, it appears that nocturnal
oxygen desaturation is common in patients
Figure 3 Inconstant temporal correlation between episodic desaturation and
with severely impaired left ventricular function
arrhythmias. (A) Non-sustained ventricular tachycardia (arrow) occurs between 0023
and that such desaturation is associated
rerent
and 0024 towards the end of an 1 I minute period of episodic hypoxia, (B) in a dif7
with high grade non-sustained ventricular
patient, there is no arrhythmia despite considerable episodic hypoxia between 0310 and
0316; (C) there is non-sustained ventricular tachycardia just before 2113 (arrow)
arrhythmias. This association does not,
without corresponding hypoxia. Upper trace, oxygen saturation (SAO2); lower trrace,
however,
seem to be a reflection solely of
pulse rate.
severity of disease, reflected by left ventricular
ejection fraction or NYHA class. Further study
is required to find the mechanism of this effect
and the result of interventions that limit
This correlation was, however, not me rely a desaturation upon arrhythmias and prognosis.
reflection ofleft ventricular function. The mean
ejection fraction was no different between those
with and without high grade arrhythmiaEs, and
there was also no significant difference bettween 1 Trask CH, Cree EM. Oximeter studies on patients with
chronic
emphysema, awake and during sleep.
the mean dip frequency in those with gra de IV
Med 1962;266:639-42.
N
Engl Jobstructive
NYHA dyspnoea and those with gradle III 2 Phillipson EA, Goldstein RS. Breathing during sleep in
patients
with chronic obstructive pulmonary disease.
dyspnoea, confirming the clinical findinl that
Chest 1984;85:24-30.
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the severest cases were not exclu sively
was
associated with episodic hypoxia. It Was
surprising that three patients were fou nd to
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