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Head-up sleeping improves orthostatic
tolerance in patients with syncope

Abstract Objectives This study
was designed to examine the effect
of head-up sleeping as a treatment
for vasovagal syncope in otherwise
healthy patients. Treatment for
syncope is difficult. Pharmacolog-
ical treatments have potential side
effects and, although other non-
pharmacological treatments such
as salt and fluid loading often
help, in some cases they may be
ineffective or unsuitable. Head-up
sleeping may provide an alterna-
tive treatment. Methods Twelve
patients had a diagnosis of vaso-
vagal syncope based both on the
history and on early pre-syncope
during a test of head-up tilting and
graded lower body suction. They
then underwent a period of 3-

4 months of sleeping with the
head-end of their bed raised by
10°, after which orthostatic toler-
ance (time to pre-syncope during
tilt test) was reassessed. Results

Eleven patients (92%) showed a
significant improvement in ortho-
static tolerance (time to pre-syn-
cope increased by 2 minutes or
more). Plasma volume was as-
sessed in eight patients and was
found to show a significant in-
crease (P < 0.05, Wilcoxon
signed-rank test). There was no
significant change in either resting
or tilted heart rate or blood
pressure after head-up sleeping.
Interpretation Head-up sleeping is
a simple, non-pharmacological
treatment which is effective in the
majority of patients. However, it
may not be tolerated by patients
or bed-partners long term and
whether the effects continue after
cessation of treatment remains to
be determined.
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Introduction

Vasovagal syncope is the most frequent cause of tran-
sient loss of consciousness [1, 16] and is responsible for
0.9-1.2% of hospital admissions in Europe [7]. Phar-
macological interventions have usually been disap-
pointing and often associated with unwanted effects
[22]. We have found that in the majority of patients,
both symptoms and measured orthostatic tolerance
improve following simple advice about not standing

still for long periods, increasing water and salt intake,
and keeping physically active [8]. Most of the remaining
patients respond well to procedures including salt
loading [10, 13] and exercise training [18]. However,
there remain some who either do not respond to these
interventions or for whom salt is contra-indicated, for
example due to pre-existing hypertension, and for
whom exercise is also not appropriate. Sleeping with
the head-end of the bed raised would maintain a con-
tinuous low level of orthostatic stress and may be of
value to some of the syncopal patients. The principal



aim of this study, therefore, was to test the effects of
head-up sleeping in patients with syncopal attacks and
who had an abnormally low measured orthostatic tol-
erance, both in terms of any symptomatic changes and
by use of an objective and reproducible test of ortho-
static tolerance [11].

In our previous studies of the effects of salt loading
and exercise training we observed that any improve-
ment in orthostatic tolerance, however it was produced,
was associated with an increase in plasma and blood
volumes [13, 20]. A further aim of this study, therefore,
was to examine whether head-up sleeping increased
plasma volume and further to examine the hypothesis
that orthostatic tolerance is related to plasma volume.

Methods

Subjects

Patients were recruited to the study if they had failed to show
improvement after simple advice and salt loading. Salt was discon-
tinued at least 2 weeks before the baseline study. All patients had
poor orthostatic tolerance as assessed by the Leeds test of combined
head-up tilt and lower body negative pressure (see below). On this
basis we recruited 12 patients (6 males) aged 16-60 years (mean *
SE, 42 £ 5 years). None had any significant cardiovascular or neu-
rological disease or was taking any medication with a cardiovascular
action. All subjects gave informed consent. The study was approved
by the Research Ethics Committee of the Leeds Teaching Hospitals
and was performed in accordance to the Declaration of Helsinki
(1989) of the World Medical Association.

Orthostatic stress test

The orthostatic stress test consisted of the combination of head-up tilt
and graded lower body negative pressure and has been described
previously [11]. Subjects lay supine on the tilt table and a chamber was
fitted to the table to cover the region of the body below the iliac crests.
An appropriately shaped and sized plate completed the air-tight seal
to the table. Patients were fitted with ECG leads and an auto-inflating
sphygmomanometer (Hewlett Packard 78325C; Boebringen, Ger-
many). A photoplethysmograph device (Finapres, Ohmeda, Wis) was
fitted to the middle finger of the right hand for continuous blood
pressure monitoring. The test protocol was as follows: patients rested
supine for 20 minutes before being tilted by 60° for a further
20 minutes. Then, whilst still tilted, lower body negative pressure was
applied until pre-syncope. Suction was at —20 mmHg for up to
10 minutes then, if no pre-syncope, at —40 mmHg. The test was dis-
continued when the subject developed signs and symptoms of
impending syncope such as dizziness or nausea, and had a systolic
pressure below 80 mmHg. The lower body negative pressure was
stopped and the patient returned to the supine position. Orthostatic
tolerance was taken as the time in minutes to pre-syncope from the
start of head-up tilt. We have previously shown that the reproduc-
ibility of the test both in healthy volunteers and patients with syncope
is = 2 minutes (2 SD of differences of repeated studies [11, 13].

Plasma volume

Plasma volume was assessed in eight subjects using the Evans blue
dye dilution method which has also been described previously [12].
Patients rested for at least 30 minutes to allow for stabilization of
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plasma volume and brachial venous hematocrit. The arm to be
catheterized was supported at heart level, and room temperature
was controlled at 20-22°C. A sterile catheter (20 G Venflon) to
which a sterile plastic tap was attached was inserted into an ante-
cubital vein. After 5 minutes, 18 ml of blood was withdrawn via the
catheter to provide plasma for construction of a standard Evans
blue calibration curve. Approximately 3 ml of Evans Blue dye (The
New World Trading Corporation, Debarry, FL, USA) was injected
through the catheter and thoroughly washed into the vein using
sterile saline. Care was taken to ensure that all traces of dye were
cleared from the tap. The precise amount injected was determined
by weighing the syringe before and after injection. Blood samples
(3 ml) were taken 10, 15, 20 and 25 minutes after injection. Care
was taken to minimize the risk of hemolysis by withdrawing blood
samples very slowly. Each blood sample was introduced into a
sterile tube containing heparinized glass beads to prevent clotting,
and then centrifuged and the plasma extracted. The tap was flushed
with saline after each sample.

Standard curves were constructed for each study, using the
subject’s own plasma and Evans blue dye from the same ampoule as
used in the study, to make concentrations of 2.5, 5 and 10 pg/l. The
absorbencies of these samples were determined and the absorbency
of the subject’s plasma subtracted. These absorbencies were plotted
against the known concentrations to give the standard curve. Using
the standard curve, the concentration of the samples taken after dye
injection were calculated and were plotted as log. concentration
against time following injection to construct a decay curve. Re-
verse-extrapolated linear regression analysis was then used to cal-
culate the theoretical concentration of dye at time zero (the point of
injection). This concentration was used to determine the dilution of
the known quantity of injected Evans blue, and hence plasma
volume. Previous work has shown the repeatability of this tech-
nique to be £45 ml (95% tolerance with 95% confidence; [12]).

Procedure

After the baseline tests, an engineer went to the patient’s home and
modified their bed so that the head-end was raised at an angle of 10°.
Patients were contacted after a period of 3 months to arrange restudy.
The time between the two studies ranged between 3 and 4 months.
Patients did not receive any other treatment during this period.

Statistical analysis

All values are reported as means + SE. Data were tested for nor-
mality and either parametric or non-parametric testing was per-
formed as appropriate. Values before and after treatment were
assessed using a paired Student ¢ test for parametric data, or for non-
parametric data the Wilcoxon signed-rank test. Correlations between
variables were examined using the Spearman rank correlation coef-
ficient. Values were considered significantly different if P < 0.05.

Results
Symptomatic improvement

Prior to the trial all patients were experiencing fre-
quent attacks of light headedness. They had all
experienced at least one episode of syncope in the
month preceding recruitment. After head-up sleeping
all but one reported improvement in their symptoms.
Some still experienced episodes of light headedness
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Fig. 1 Effect of head-up sleeping
on orthostatic tolerance. Time 0— 121 -0-0-O~
20 minutes was head-up tilt alone, . —-O-— baseline —e— head-up sleep
20-30 minutes tilt and lower body i
suction at —20 mmHg, and time 104
30-40 minutes tilt and lower body _
suction at —40 mmHg. Orthostatic S 94
tolerance expressed as time to pre- S
syncope (minutes) was significantly f>,~ 81
increased after head-up sleeping. 2 5
. S [=H
Before head-up sleeping all subjects @
became pre-syncopal by the end of o 61 ©-0-0-0-0-C
the first level of lower body suction = /
(30 minutes) whereas after head-up "E 51 /!
§Ieep five were able to tolerate this; 5 4- 0004
i.e., had normal results -g /
3 31 /o—oo-d
24 P-0-0-0
/
1{ d
/
/
0e6oo0000006 T T T 1
0 5 10 15 20 25 30 35 40

but none had actually fainted. The patient who did
not report an improvement in symptoms also had no
improvement in his measured orthostatic tolerance.

Orthostatic tolerance

Orthostatic tolerance increased in all but one subject.
Orthostatic tolerance changed by —1 to +17 minutes
with a mean increase of 7.8 + 1.6 minutes. A signifi-
cant improvement was considered to be 2 minutes or
more, based on the reproducibility of the test [11]. On
this basis, 11 subjects were considered to have a sig-
nificant improvement. All patients showing an
objective improvement claimed also to have improved
symptomatically. The subject who showed the de-
crease in orthostatic tolerance did not improve
symptomatically. On the basis of previously published

Time (minutes)

data [15], the mean orthostatic tolerance after head-
up sleeping increased to within the normal range in
five subjects compared with clearly poor tolerance in
all subjects before treatment. Group data of ortho-
static tolerance before and after treatment are shown
in Figure 1. Prior to treatment six patients became
pre-syncopal before the end of the tilt alone phase and
none tolerated the test into the final phase of lower
body negative pressure. After treatment only four
patients became pre-syncopal during the tilt alone
phase and five patients tolerated the test to the final
phase of lower body negative pressure.

Heart rate and blood pressure

Figure 2 shows the resting supine values of heart rate
and systolic and diastolic blood pressures before and

|0 baseline  m head-up sleep|

Fig. 2 Supine values of heart rate 140 -
(HR), systolic (SAP), diastolic (DAP)
and mean (MAP) arterial pressure
before (baseline) and after head-up 120
sleeping. Head-up sleeping did not
significantly affect heart rate or Y 1004
arterial pressure 2
g
S 80
[=]
o
=]
3 60
®
S 40-
T
20
0
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after head-up sleeping. There were no significant
changes. Resting supine heart rates before and after
head-up sleeping were 66.6 £ 1.7 and 66.1 +
2.1 beats/minute (P > 0.05). Resting mean arterial
pressures before and after head-up-sleeping were
85.3 + 3.2 and 85.9 = 2.4 mmHg (P > 0.05).

The values of heart rate and blood pressure during
the tilt test, before and after the period of head-up
sleep, are shown in Figure 3. Head-up tilt resulted in
increases in heart rate, systolic and diastolic pressures
in both conditions. Head-up sleep had no significant
effect on heart rate. Systolic and mean arterial pres-
sures were higher after head-up sleep, but only sig-
nificantly at minute 22 (P < 0.05). Diastolic pressure
was significantly higher after head-up sleep at minute
2 only.

Plasma volume

Individual and mean changes in plasma volume are
shown in Figure 4. Of the eight patients tested, plasma
volume increased after head-up sleeping in six. The
average values before and after were 3.18 I/kg (range
2.21-4.39), and 3.40 I/kg (2.44-4.66). Overall the
change was statistically significant (P < 0.05, Wilco-
xon signed-rank test). All patients who showed
improvement in their orthostatic tolerance by more
than 2 minutes also showed increases in plasma vol-
ume (+0.34 + 0.14 1).

Discussion

In this study we examined the effects of sleeping with
the head-end of the bed raised by 10°. In all but one of
our patients, orthostatic tolerance, determined by
repeat tilt testing, was improved. If the limit of normal
orthostatic tolerance was taken as 30 minutes, that is
20 minutes of head-up tilt alone and 10 minutes of
combined head-up tilt and lower body negative
pressure at —20 mmHg, then prior to treatment all 12
patients had low-orthostatic tolerance. However, after
treatment only seven of them would be considered to
have low-orthostatic tolerance. Of the patients who
improved there was a significant negative correlation
between baseline orthostatic tolerance and improve-
ment. That is, those with the worst orthostatic toler-
ance to begin with improved the most. We assessed
whether there was a symptomatic improvement fol-
lowing head-up sleep and most patients claimed to be
better. We have to interpret this with some caution,
however, as incidence of syncope tends to be very
irregular and, in some patients, infrequent. For this
reason, therefore, we place more reliance on our
objective assessment.
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Plasma volume was measured in eight of the pa-
tients and, in all the patients in whom orthostatic
tolerance increased by more than 2 minutes (the level
of reproducibility of the test [11, 13]), plasma volume
always increased.

The reason that some individuals show early syn-
cope during orthostatic stress is still unclear and can
probably be attributed to various causes. Ultimately,
the reason for loss of consciousness is inadequate
cerebral perfusion and the reasons for this are likely
to differ in different patients. In most asymptomatic
subjects, the loss of effective plasma volume due to
venous pooling and transudation through dependent
capillaries does not even result in a decrease in arte-
rial blood pressure due to effective reflex compensa-
tion [14, 21]. Even if blood pressure does fall the
cerebral circulation is protected by efficient autoreg-
ulation [17]. In fainting subjects the stress may be
greater or the compensation less effective than in
non-fainters. For example the reflex vasoconstriction
has been shown to be less in subjects with poor tol-
erance to orthostatic stress [2]. Some asymptomatic
subjects also have small reflex responses but they,
unlike the fainters, compensate by increased postural
movements and this would minimize venous pooling
[5, 6]. Another factor which may predispose to syn-
cope is that the autoregulation of the cerebral blood
flow has been shown not to be as effective in fainters
[20].

Since the main stress of orthostasis is the reduction
in effective circulatory volume, it might be expected
that individuals with relatively large plasma volumes
would have good orthostatic tolerances. Also if we are
able to increase plasma volume this should also in-
crease orthostatic tolerance. Work from our labora-
tory in recent years has largely upheld this hypothesis.
There was found to be a good correlation between
orthostatic tolerance and normalized plasma volume
[20]. Procedures which were effective in increasing
plasma volume usually also increased orthostatic
tolerance. These included salt loading [10, 13, 19] and
exercise training [20]. We speculated that spending
the night in a head-up position might also increase
plasma volume. The mechanisms for this are un-
known but might include a reduction of central blood
volume during the night leading to compensatory
mechanisms which increase actual plasma volume. In
the event we found that plasma volume did increase
in six of the eight patients in whom it was measured
and that orthostatic tolerance also increased in those
six patients. In the two patients who failed to increase
plasma volume, orthostatic tolerance changed by only
+2 and —1 minute.

One limitation of this study is that it was not
possible to be certain that all our patients did actually
sleep head-up all the time, so failure to respond may
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Fig. 3 Values of heart rate, systolic,
diastolic and mean pressure during
orthostatic stress testing at baseline
and after head-up sleep (HUS). HUS
had no effect on resting variables.
Diastolic pressure was higher a
minute 2 post tilt only and systolic
and mean pressures were only
different at minute 22 post tilt

(*P > 0.05)
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Fig. 4 Effect of head-up sleeping on plasma volume. Overall there was a
significant increase in plasma volume (*P < 0.05, Wilcoxon signed-rank test).
The six patients in whom plasma volume increased had increases in time to
pre-syncope of more than 2 minutes; the two in whom plasma volume failed
to increase had changes in time to pre-syncope of +2 and —1 minute

have been due to failure to comply. This would imply
that the true effect of head-up sleeping could be even
greater than we actually observed. Another major
limitation is that it was not possible to have a “blin-
ded” control group and so a “placebo” effect cannot
be excluded. This criticism cannot entirely be refuted
as all subjects were clearly aware that a procedure
designed to be of help was being undertaken. We do
not, however, believe that it was simply a random
change. This belief is based on our earlier study of the
repeatability of the test in normal subjects [11] and
the study of the effects of salt, where those on placebo
who did not change plasma volume did not change
orthostatic tolerance [13]. Another limitation is the
small number of subjects in which plasma volume was
assessed. This was in part due to the limited avail-
ability of Evan’s Blue Dye. However, even with this
small number of subjects a statistically significant
difference was found.
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One particularly interesting observation was that,
although numbers are small, there was an association
between the change in orthostatic tolerance and the
change in plasma volume. Figure 5 shows the relation
between change in orthostatic tolerance and change in
plasma volume induced by three different methods:
salt loading, exercise training and head-up sleeping.
All interventions usually resulted in increases in both
and it seems reasonable to speculate that the in-
creased plasma volume is implicated in causing the
improved tolerance. However, the effectiveness of the
increase in plasma volume in increasing orthostatic
tolerance may not be identical for all interventions.
Salt loading, in patients in whom it was effective,
seems to result in larger changes in orthostatic tol-
erance for a given change in plasma volume and this
may be explained by it also causing an enhancement
of the reflex vascular responses [4, 9]. Assessment of
salt excretion may therefore be useful to help dissect
the contribution of any change in salt intake from any
other intervention on change in plasma volume.

When episodes of syncope occur frequently it can
be a severely debilitating condition impacting
employment and social opportunities. Medical ther-
apy for syncope is generally unsatisfactory with many
medications having the potential side effect of raising
supine blood pressure [22]. Therefore a non-phar-
macological approach would be advantageous. Simple
advice of increasing salt and water intake as well as
physical counter maneuvres is often effective [8].
However, there are still a few patients for whom this is
inappropriate or unsuccessful. We would suggest that
head-up sleeping is a relatively simple and safe
intervention to use in such patients. Most of our pa-
tients soon became accustomed to sleeping head-up,
although we only used an angle of 10° after a pre-
liminary study indicated that greater angles were not
acceptable and we felt that compliance might be a
problem. Furthermore, we only recruited patients
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who we considered to be well motivated. We also do
not know yet whether the effects of head-up sleeping
persist beyond the 3- to 4-month period studied or
whether it is necessary to continue indefinitely with
head-up sleeping.

normalized orthostatic tolerance in over 40%. It is a
simple, non-pharmacological treatment. However, it
may not be tolerated by all patients and whether the
effects persist in the long term or continue after ces-
sation of treatment remains to be determined.

Conflict of interest statement There are no conflicts of interest.

Conclusion

Head-up sleeping appeared to be an effective treat-
ment in over 80% of the patients treated and fully
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