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Salt loading of patients with orthostatic-related syncope has 
been shown to increase plasmavolume and orthostatic tolerance 
and to decrease baroreceptor sensitivity. This study aims to 
define the time course of these changes and reveal indications 
as to the likely mechanisms involved. We measured plasma 
volume by Evans blue dilution, orthostatic tolerance by time 
to presyncope in a test of combined head-up tilt and lower 
body suction, and baroreceptor sensitivity as the cardiac interval 
prolongation to neck suction. Tests were carried out in patients 
with poor orthostatic tolerance and low initial urinary salt 
excretion, before and after 7 or 3 days of salt loading (120 
retool/d). In both groups after salt loading plasma volume 
and orthostatic tolerance increased and baroreceptor sensitivity 
decreased. These results confirm the beneficial effects of salt in 
some patients and show that all these changes occur within 
3 days. 
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Introduction 

Syncope due to hypotension resulting from orthostatic intol- 
erance is a relatively common clinical problem [1]. Diagnosis 
is usually made by attempting to provoke attacks by head- 
up tilt. However, despite histories strongly suggestive of 
orthostatic intolerance, head-up tilting often fails to repro- 
duce the attacks and in our laboratory, using entirely non- 
invasive methods, presyncope was provoked by head-up tilt- 
ing in only 2 of 67 consecutive patients studied [2]. Subse- 
quently, we introduced a test involving the combination of 
head-up tilting and application of graded subatmospheric 
pressures to the body below the lilac crests [3]. This was not 
only very successful in distinguishing patients from control 
subjects, but was also highly reproducible [4]. Development 
of this test has allowed us to make quantitative assessments 
of the effects of various forms of interventions on or- 
thostatic tolerance. 

One example of the use of this test was to demonstrate 
the lack of effect from cardiac pacemakers [5]. Another 
example was to assess the effects, using a double-blind study, 
of salt-loading of patients with poor orthostatic tolerance 
[6]. In that study we reported that administration of 120 
mmol sodium chloride per day for two months usually 
increased plasma and blood volumes, increased orthostatic 
tolerance, and decreased baroreceptor-heart rate sensitivity. 
Not all patients, however, responded to salt and, in such a 
limited study, it appeared that only those in whom the 24- 
hour urinary sodium excretion was less than 170 mmol 
showed significant effects of salt loading. 

Our earlier study, although suggesting a method of salt 
treatment for some patients, did raise some further questions. 

All patients were assessed after 2 months of treatment; we 
do not know the time course of the changes. At the second 
assessment all three variables that were assessed (plasma vol- 
ume, orthostatic tolerance, and baroreceptor sensitivity) had 
changed. We do not know whether all changed simultane- 
ously or whether changes in one or two of the variables 
preceded changes in the other(s). If this were the case it 
might give a clue as to the mechanisms involved. In the 
present study, therefore, we selected patients who showed 
poor orthostatic tolerance and who had urinary sodium 
excretion below 170 mmol/d and assessed the effects of salt 
loading after 7 or 3 days. 

Methods 

S /,jects 
Twelve patients (5 men) aged 16 to 24 (mean 43 years) 
entered the study. All had been shown to have orthostatic 
tolerance below the relevant age and sex predicted range [4]. 
The frequency of attacks ranged from several per week to 
one every few months; median interval was 3 months. All 
patients had had normal resting ECG, 24 or 48-hour Holter 
tapes, exercise ECG, and echocardiography. The study was 
approved by the United Leeds Teaching Hospitals Research 
Ethics Committee and all patients were informed of the 
procedures and gave written consent. 

Plasma volume estimation 
We used the Evans blue dye dilution technique. This has 
been described in detail by El-Sayed et al. [7]. Patients were 
studied at 9:00 A.M. after fasting from the previous midnight. 
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They rested supine for 30 minutes before injection of dye 
into a catheter inserted into an antecubital vein. Plasma 
volume estimates were determined from the dilution of the 
dye derived from blood samples taken at 5 minute intervals 
between 10 and 35 minutes after injection. The reproduc- 
ibility of this method is + 39 ml (2 standard deviations of 
repeated estimates). 

Baroreceptor sensitivigy 
A standard lead 2 ECG recording was made and pressures 
of 0, -20 ,  and - 4 0  mm Hg were applied twice to a neck 
chamber, fitted over the anterior and lateral aspects of the 
neck, during held expiration. Baroreceptor sensitivity was 
calculated as the slope of the regression line relating pulse 
interval to applied neck chamber pressure. The repeatability 
of this estimate (-+2SD) was + 0.45 ms/ram Hg. 

Orthostatic tolerance 
The method used has also previously been described in detail 
[3]. Briefly, subjects rested on a tilt table and were fitted 
with standard ECG leads, a finger blood pressure monitor 
(Finapres, Ohmeda, WI, USA) and an automatic sphygmo- 
manometer (Infrasonde, Puritan Bennett, CA, USA). After 
resting supine for 20 minutes, they were tilted head-up by 
60 ~ for 20 minutes, then while still tilted a subatmospheric 
pressure was applied to a chamber fitted to the body below 
the iliac crests at - 2 0  mm Hg for 10 minutes and - 4 0  
mm Hg for 10 minutes. The measure oforthostatic tolerance 
and the end of the test was the time at which systolic blood 
pressure fell to below 80 mm Hg accompanied by symp- 
toms of presyncope. The reproducibility of this test from 
repeated estimates in normal subjects was -+ 2.5 minutes 
(2 SD). 

Procedure 
All tests were carried out in the same order: plasma volume, 
baroreceptor sensitivity, and orthostatic tolerance. After 
completion of the plasma volume estimates, the venous cath- 
eter was removed and at least 1 hour was allowed to elapse 
before carrying out the remaining tests, to avoid the effects 
of venous cannulation on orthostatic tolerance [8]. 

After completion of the initial tests, patients were supplied 
with sodium chloride tablets (10 mmol, Slow Sodium, Ciba) 
and instructed to take 12 per day with meals and plenty of 
water. Six of the patients were restudied after 7 days; six 
were restudied after 3 days. 

Results 

Effects of salt treatment for 7 days 
In all six patients after 7 days of salt treatment, there were 
increases in plasma volume and blood volume, decreases in 
baroreceptor sensitivity, and increases in the time to presyn- 
cope. All patients showed changes outside the 95% tolerance 

limits of all the measurements. The average data are summa- 
rized in Table 1. 

Salt treatment did not change the resting supine values 
of heart rate and blood pressure. The averages of the values 
(taken after 16, 18, and 20 minutes in the supine position, 
before and after salt treatment) were: heart rate, 65 + 11 
and 64 -+ 9 beats/rain; systolic pressure, 112 + 1l and 
113 + 10 mm Hg, diastolic pressure 63 + 10 and 64 + 
9 mm Hg. 

After the salt treatment, however, the values of blood 
pressures during head-up tilting and lower body suction 
were higher. These values are compared in Figure 1, which 
also shows the later fall to hypotensive levels after patients 
had taken salt. 

Effects of salt treatment for 3 days 
In five of the six patients, after 3 days of salt treatment there 
were increases in plasma volume, blood volume, and time 
to onset ofpresyncope, and a decrease in baroreceptor sensi- 
tivity. In one patient none of these variables changed outside 
95% tolerance limits. The average data from all the patients 
are summarized in Table 2. 

As for the 1 week treatment, there was no significant 
change in supine heart rate or blood pressure after 3 days 
of salt treatment. However, values of systolic and diastolic 
blood pressures, averaged between 2 and 6 minutes after 
head-up tilting, were higher by 4.6 + 0.8 and 5.6 + 0.6 
mm Hg (p< 0.001 and 0.0001, respectively). 

Relationships between changes in variables 
Salt loading for 3 days and 7 days caused similar changes 
in plasma and blood volumes, time to presyncope, and baro- 
receptor sensitivity. These data were further analyzed by 
plotting the changes in orthostatic tolerance (Fig. 2) and in 
baroreceptor sensitivity (Fig. 3) against the changes in plasma 
volume. The most striking observation is the linearity be- 
tween the plasma volume expansion and the increase in the 
time to presyncope. There was also a significant inverse 
relationship between the decrease in the sensitivity of the 
baroreceptor reflex and the increase in plasma volume. As for 
the change in orthostatic tolerance, there was no significant 
difference in the relationship between change in baroreceptor 
sensitivity and change in plasma volume between values 
obtained after 3 and 7 days of salt loading. 

Discussion 

These results have confirmed our earlier report [6] that salt 
loading of patients with poor orthostatic tolerance results 
in increases in plasma and blood volumes, increases in or- 
thostatic tolerance, and decreases in baroreceptor sensitivity, 
measured as the relationship between carotid transmural 
pressure and pulse interval prolongation. In the earlier study 
[6], salt was given to patients for 8 weeks before they were 
reassessed. In this study we show that changes were observed 
after only 7 or even 3 days of treatment. 
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Table 1. Values of body weight, plasma and blood volumes, baroreceptor sensitivity, and orthostatic tolerance (time to presyncope) 
before and after 7 days of salt treatment.* 

Before salt After salt Change p 

Body weight (kg) 59.1 _+ 2.9 59.7 -+ 3.1 +0.65 - 0.3 NS 
Plasma volume (ml) 2735 +_ 185 2911 _+ 175 +177 + 22 0.0005 
Blood volume (ml) 4211 - 295 4413 _+ 280 +201 +_ 27 0.001 
Baroreceptor sensitivity (ms/mmHg) 6.9 -+ 0.8 3.4 - 0.4 -3 .5  -+ 0.4 0.0005 
Time to presyncope (min) 22.7 _+ 2.7 27.3 + 2.2 +4.7 _+ 0.7 0.001 

*Comparisons were assessed using a paired t test. p values > 0.05 were considered insignificant. 
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Figure 1. Values of heart rate (Top) and blood pressure (Bottom), estimated by Infrasonde, from six patients 
before and after taking 120 mmol/d sodium chloride tablets for 7 days. After salt, tilted values of btood pressure 
were greater, and tolerance to orthostatic stress was prolonged. HUT, head-up tilt. 
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Table 2. Values of body weight, plasma and blood volumes, baroreceptor sensitivity, and orthostatic tolerance (time to presyncope) 
before and after 3 days of salt treatment.* 

Before salt After salt Change p 

Body weight (kg) 73.4 _+ 6.3 73.8 _+ 6.3 0.4 _+ 0.1 0.01 
Plasma volume (ml) 3339 _+ 283 3548 _+ 276 210 + 34 0.01 
Blood volume (ml) 5272 _+ 481 5512 _+ 468 239 _+ 38 0.005 
Baroreceptor sensitivity (ms/mmHg) 5.6 _+ 0.4 2.7 _+ 0.4 -3 .0  -+ 0.4 0.005 
Time to presyncope (min) 24.4 _+ 0.5 30.4 _+ 1.2 6.0 _+ 1.2 0.01 

*Comparisons were assessed as in Table 1. 

The relationship between salt intake and plasma volume 
is well established, having been seen in several controlled 
studies in animals [9-11] as well as in previous human 
studies [12-14]. Work from our laboratory has established 
that orthostatic tolerance, measured in the same way as in 
the present study, was correlated with plasma volume I15]. 
Treatment of orthostatic intolerance by loading the patient 
with salt is therefore a logical approach to management. 
Because of the short time required for any benefit to be 
seen, it should be possible to make an early assessment 
whether salt is beneficial. 

We found in our patients that there were no adverse 
effects associated with the salt loading. We are aware that 
there is an epidemiological association between salt intake 
and blood pressure [16]. However, in the present study as 
in our previous report [6] there was no significant effect on 
supine blood pressure. Blood pressure following head-up 
tilt was increased, but this of  course was the objective of  
the treatment. 

The secondary objective of the present study was to ex- 
plore the relationship between baroreceptor sensitivity and 
orthostatic tolerance following plasma volume expansion 
with salt. In animal studies it had been shown that plasma 
volume expansion decreased baroreceptor sensitivity [17,18]. 

We considered it to be unlikely that the improvement in 
orthostatic tolerance would have been caused by a reduction 
in baroreceptor sensitivity. We felt that it was much more 
likely that the effect on orthostatic tolerance was directly 
related to the expansion of plasma volume, and that the 
effect on the baroreceptors was secondary either to the salt 
loading or to the volume expansion. We were interested to 
find out whether after a short period of salt loading (7 days, 
then 3 days) we might obtain a temporal separation of 
the changes in plasma volume, orthostatic tolerance, and 
baroreceptor sensitivity. We found that the changes in or- 
thostatic tolerance and plasma volume seemed to occur si- 
multaneously. At least there was no difference between the 
relationships at 3 and 7 days. There was also no obvious 
difference in the relationship between change in baroreceptor 
sensitivity and change in plasma volume from values ob- 
tained after the two periods of  salt loading. 

We consider it unlikely that the change in baroreceptor 
sensitivity is the direct cause of the change in orthostatic 
tolerance, because the changes are in the direction opposite 
to what would be expected. However, the baroreceptor re- 
sponse that we are examining, the change in cardiac interval 
to an increase in baroreceptor stimulation, is not the most 
relevant part of  the baroreceptor reflex in guarding against 
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Figure 2. The relationship between the changes in orthostatic tolerance and changes in plasma volume 
in patients after salt treatment. Open circles denote changes in patients after 7 days and closed circles 
are after 3 days of treatment. 
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Figure 3. The relationship between the changes in baroreceptor sensitivity and changes in 
plasma volume in patients after 7 days (open circles) or 3 days (closed circles) treatment with salt. 

orthostatic hypotension. The relevant response, which was 
not examined in this investigation, is the change in vascular 
resistance in response to a decrease in baroreceptor stimu- 
lation. 

The main conclusions that we draw from this study are 
firstly that we have confirmed that salt administration may be 
of benefit to patients with unexplained attacks of orthostatic 
hypotension and syncope. Secondly, it is not necessary to 
wait for more than a week to assess the effects of  the salt. 
We were, however, unable to obtain a temporal separation 
of the responses of plasma volume, orthostatic tolerance, 
and baroreceptor sensitivity. 
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