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Abstract

POTS (postural tachycardia syndrome) is associated with low blood volume and reduced renin and 

aldosterone; however, the role of Ang (angiotensin) II has not been investigated. Previous studies 

have suggested that a subset of POTS patients with increased vasoconstriction related to decreased 

bioavailable NO (nitric oxide) have decreased blood volume. Ang II reduces bioavailable NO and 

is integral to the renin–Ang system. Thus, in the present study, we investigated the relationship 

between blood volume, Ang II, renin, aldosterone and peripheral blood flow in POTS patients. 

POTS was diagnosed by 70° upright tilt, and supine calf blood flow, measured by venous 

occlusion plethysmography, was used to subgroup POTS patients. A total of 23 POTS patients 

were partitioned; ten with low blood flow, eight with normal flow and five with high flow. There 

were ten healthy volunteers. Blood volume was measured by dye dilution. All biochemical 

measurements were performed whilst supine. Blood volume was decreased in low-flow POTS 

(2.14 ± 0.12 litres/m2) compared with controls (2.76 ± 0.20 litres/m2), but not in the other 

subgroups. PRA (plasma renin activity) was decreased in low-flow POTS compared with controls 

(0.49 ± 0.12 compared with 0.90 ± 0.18 ng of Ang I · ml−1 · h−1 respectively), whereas plasma 

Ang II was increased (89 ± 20 compared with 32 ± 4 ng/l), but not in the other subgroups. PRA 

correlated with aldosterone (r = +0.71) in all subjects. PRA correlated negatively with blood 

volume (r = −0.72) in normal- and high-flow POTS, but positively (r = +0.65) in low-flow POTS. 

PRA correlated positively with Ang II (r = +0.76) in normal- and high-flow POTS, but negatively 

(r = −0.83) in low-flow POTS. Blood volume was negatively correlated with Ang II (r = −0.66) in 

normal- and high-flow POTS and in five low-flow POTS patients. The remaining five low-flow 

POTS patients had reduced blood volume and increased Ang II which was not correlated with 

blood volume. The data suggest that plasma Ang II is increased in low-flow POTS patients with 

hypovolaemia, which may contribute to local blood flow dysregulation and reduced NO 

bioavailability.
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INTRODUCTION

Chronic orthostatic intolerance is highly associated with POTS(postural tachycardia 

syndrome) and afflicts a large number of patients [1]. Many of its clinical features (e.g. 

upright tachycardia, postural lightheadedness, increased plasma catecholamines, 

neurocognitive deficits and nausea) resemble findings in states of hypovolaemia [2–4]. 

Acute volume loading can provide symptomatic improvement in POTS patients [5], 

although the benefits are usually short lived. In addition, medical therapy intended to 

chronically increase blood volume has been a mainstay of therapy [6]. Thus the hypothesis 

that absolute hypovolaemia could contribute to the pathophysiology of POTS makes 

physiological sense.

POTS, however, is probably not a single disease, but rather has heterogeneous 

pathophysiology leading to upright thoracic hypovolaemia [7]. Thus not all patients have 

absolute hypovolaemia [8,9]. Recent work from our laboratory [10] proposed the 

measurement of peripheral blood flow to subgroup patients into low-flow, normal-flow and 

high-flow groups with increased, normal and decreased peripheral resistance respectively, 

compared with healthy volunteers. Using this scheme, we found absolute hypovolaemia in 

the low-flow group, but not in the other two groups [10].

Jacob and co-workers [11], studying POTS, noted a strong positive correlation between 

blood volume and PRA (plasma renin activity), and between PRA and plasma aldosterone. 

Thus hypovolaemic POTS patients had low plasma renin and aldosterone concentrations. 

This result is most interesting in that it seems to counter the physiological expectation for 

hypovolaemic states in which renin and aldosterone concentrations are commonly increased 

[12–14]. This observation and similar observations concerning abnormalities in the ratio of 

renin to aldosterone in POTS patients has been termed ‘the renin–aldosterone paradox’ in a 

recent study by Raj et al. [15] in which absolute hypovolaemia has been confirmed 

prospectively in POTS patients.

In the present study, we reaffirm our observation that low-flow POTS is specifically related 

to hypovolaemia and demonstrate increased plasma Ang (angiotensin) II associated with 

decreased PRA in low-flow POTS. We propose that excessive plasma Ang II production 

suppresses renin production and is a primary abnormality in a subset of POTS patients.

METHODS

Subjects

We studied 23 consecutive POTS patients aged 16–22 years (median, 18.3 years; seven male 

and 16 female) and ten healthy volunteers aged 16–21 years (median, 17.8 years; three male 

and seven female).

POTS patients were found among consecutive patients referred to our centre for symptoms 

of chronic orthostatic intolerance. All patients had symptoms of orthostatic intolerance 

lasting longer than 6 months. Orthostatic intolerance was defined by the presence of 

lightheadedness, migraine-like headache, chronic fatigue, neurocognitive deficits, 
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palpitations, nausea, blurred vision, abnormal sweating and dyspnoea or sensation of heat 

while upright. POTS was defined by signs and symptoms of orthostatic intolerance in 

association with an increased in HR(heart rate) by more than 30 beats/min or to a HR 

exceeding 120 beats/min within 10 min of orthostasis.

The healthy control subjects comprised friends of the POTS patients of similar age to the 

patients. They were free from all systemic illness and had normal ECGs, echo-cardiograms 

and physical examinations. We excluded control subjects with a history of syncope or 

orthostatic intolerance.

There were no trained competitive athletes or bed-ridden subjects. No subjects were taking 

any medication for a minimum of 2 weeks preceding testing. Subjects were maintained on 

3.5 g of NaCl for at least 3 days prior to experiments. Sodium intake, potassium intake and 

sympathetic activation exert important effects on measured renin, Ang and aldosterone.

Informed consent was obtained from all subjects, and all protocols were approved by the 

Committee for the Protection of Human Subjects (IRB) of New York Medical College.

Protocol

Tests began in a temperature-controlled room (24–26 °C) after an overnight fast. An 

intravenous catheter was placed in the right antecubital fossa. Following a 30 min supine 

acclimatization period, blood samples were removed for PRA, Ang II and aldosterone 

assays in the supine position only. Blood volume was then measured by the Indocyanine 

Green dye-dilution technique. Supine calf blood flow and Pv (venous pressure) 

measurements were also made. Subjects were tilted upright to 70° for a maximum of 10 min 

to confirm the diagnosis of POTS. BP(blood pressure)was measured continuously by finger 

plethysmography and HR by ECG throughout the entire experimental course.

Strain gauge measurements to determine peripheral blood flow, peripheral calf Pv and 
peripheral arterial resistance

Mercury in-silastic strain gauge plethysmography was used to measure calf blood flow. 

With the leg slightly elevated off the examination table, an occlusion cuff was placed around 

the lower limb 10 cm above a strain gauge attached to a Whitney-type strain gauge 

plethysmograph (Hokanson). Blood flow was estimated by standard venous occlusion 

methods [16] using rapid cuff inflation to a pressure below diastolic pressure to prevent 

venous outflow. Leg blood flow measurements used to subset POTS patients were measured 

only while supine in the resting condition. Arterial inflow in units of ml · min−1 · (100 ml of 

tissue)−1 was estimated as the rate of change of the rapid increase in limb cross-sectional 

area. We partitioned POTS patients into subgroups after the tilt test on the basis of calf 

blood flow. For normative purposes, we have collected calf blood flow data from over 50 

control subjects spanning a number of prior research protocols [17–20]. For purposes of the 

present study, decreased calf blood flow was defined as <1.2 ml · min−1 · (100 ml of 

tissue)−1, which was the smallest calf blood flow that we have measured in control subjects. 

Increased calf blood flow was defined as>4.0 ml · min−1 · (100 ml of tissue)−1, which was 

the largest calf blood flow we have measured in the group of 50 control subjects. We 
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defined low-flow POTS as POTS patients with calf blood flow <1.2 ml · min−1 · (100 ml of 

tissue)−1, high-flow POTS as POTS patients with calf blood flow >4.0 ml · min−1 · (100 ml 

of tissue)−1, and normal-flow POTS as POTS patients with calf blood flow ≥1.2 and ≤4.0 ml 

· min−1 · (100 ml of tissue)−1.

Systolic and diastolic BPs of the arm and leg were determined intermittently by oscillometry 

and on a beat-to- beat basis by finger plethysmography. Capacitance vessel pressure (Pv) 

was also assessed in the supine position after strain gauge dimension returned to baseline 

following blood flow measurement. Pv was measured by gradually increasing the occlusion 

cuff pressure until an increase in limb volume occurred. Pv so measured closely 

approximates invasive catheter-based measurements in humans [21]. Peripheral resistance 

was calculated using the formula (MAP−Pv)/resting flow, where MAP is the mean arterial 

pressure calculated as (systolic BP+2×diastolic BP)/3.

HR and BP monitoring

ECGs were monitored continuously. Right upper extremity BP was monitored continuously 

by finger plethysmography (Finometer; TMS) calibrated by brachial artery oscillometric 

pressure on the same arm. Leg BP was measured intermittently by oscillometry on the calf 

contralateral to the strain gauge and used to calculate the calf MAP. ECG and arterial 

pressure data were interfaced to a personal computer through an A/D converter (DataQ). 

These data were multiplexed with strain gauge data and were effectively synchronized.

Dye-dilution measurement of blood volume, cardiac output and total peripheral resistance

The Indocyanine Green dye-dilution technique [22], employing a non-invasive 

spectrophotometric finger photosensor (DDG; Nihon-Kohden), was used to estimate blood 

volume, cardiac output and total peripheral resistance. This technique has been verified 

during clinical studies [23,24]. First-pass kinetics were used to obtain cardiac output by the 

classical dye-dilution AUC (area under the curve) method [25]. The dye-decay curve is 

mono-exponential representing clearance by the liver. Once the haematocrit was measured, 

we extrapolated the dye-decay curve to the time of dye injection (t = 0), yielding estimated 

blood volume. Total peripheral resistance was estimated by dividing the MAP measured 

while supine in the right arm by the cardiac index.

Tilt-table testing

In all patients, POTS was confirmed by an upright tilt-table test at 70°. The diagnosis of 

POTS was made when there were symptoms of orthostatic intolerance coinciding with an 

increase in sinus HR by >30 beats/min or to a rate of >120 beats/min during the first 10 min 

of tilt [26,27]. For this purpose, an electrically driven tilt table (Cardiosystems 600) with a 

footboard was used. BP and HR were taken after a supine resting period. The subjects then 

underwent upright tilt to +70° for a maximum of 10 min. By design, subjects with 

intolerable symptoms, vasovagal faint or impending vasovagal faint defined by a decrease in 

BP of orthostatic intolerance would be returned to the supine position.
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PRA, Ang II and aldosterone assays

Following a 30 min equilibration period, venous blood for assay purposes was collected 

from the catheter in the antecubital vein with subjects supine. All assays were performed by 

Quest Diagnostics Laboratory (Nichols Institute, San Juan Capistrano, CA, U.S.A.).

For PRA, 3 ml of plasma was collected into a tube containing EDTA. Plasma was subjected 

to an enzyme kinetic RIA measuring Ang I production from a known quantity of 

angiotensinogen (renin substrate). This was measured in incubated plasma treated with 

EDTA and PMSF to prevent the degradation of the generated peptide. Ang I was quantified 

by RIA using a clinical human renin kit. The minimal detectable activity is 0.1 ng of Ang I · 

ml−1 · h−1. The precision for the assay was: intra-assay, 10.0% CV (coefficient of variation) 

for a mean of 1.6 ng of Ang I · ml−1 · h−1; inter-assay, 14.8% CV for a mean of 5.8 ng of 

Ang I · ml−1 · h−1.

Serum aldosterone was collected in a test tube without anticoagulant and then centrifuged 

under refrigeration; 2 ml of serum was used to analyse aldosterone by RIA following 

extraction by column chromatography. Aldosterone sensitivity was 1 ng/dl. The intra-assay 

CV was 5% at a mean of 25 ng/dl, and the inter-assay CV was 6.6%.

Blood for Ang II was collected in an EDTA tube containing protease inhibitors, including 

0.44 mmol/l 1,20 o-phenanthroline monohydrate, 0.12 mmol/l pepstatin and 1 mmol/l 

sodium p-hydroxymercuribenzoate. The sample was centrifuged and the plasma was 

removed. Plasma was extracted using Sep-Pak columns activated with 5 ml of sequential 

washes of a mixture of ethanol/water/4% acetic acid, methanol, distilled water and 4% acetic 

acid. After washing with acetone and water, the sample was eluted with washes of a mixture 

of ethanol/water/4% acetic acid. The eluted sample was reconstituted and measured by RIA 

(Nichols Institute, San Juan Capistrano, CA, U.S.A.). The minimum detectable level of the 

assay was 3.8 pg/ml (ng/l). Intra-assay CV was 4% at a mean value of 42 pg/ml; inter-assay 

CV was 9.3%at a mean value of 96 pg/ml. The antibody used in this kit had 100% cross-

reactivity with Ang II and 70% cross-reactivity with Ang III(2–8) and Ang(3–8), but no 

cross-reactivity with Ang I. Values that are reported therefore do not distinguish among Ang 

II, Ang III and Ang(3–8) and could be designated ‘immunoreactive Ang II’.

Statistics

Tabular data concerning patient dimensions and haemodynamics measured whilst supine 

were compared by one-way ANOVA. Thereafter unpaired Student t-tests, corrected for 

multiple small samples, were used for between-group comparisons. Linear correlations were 

calculated using the Pearson correlation statistic. All results are reported as means ± S.E.M. 

Significance was defined as a P value of <0.05.

RESULTS

Subjects

Ten patients aged 16–22 years (median, 18.4 years; one male and nine female) had low-flow 

POTS, eight patients aged 17–21 years (median, 19 years; three male and five female) had 
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normal-flow POTS, and five patients aged 16–20 years (median, 17.7 years; three male and 

two female) had high-flow POTS. We also studied ten healthy volunteers aged 16–21 years 

(median, 17.8 years; three male and seven female).

Supine dimensions and systemic haemodynamics

As shown in Table 1, weights, heights and computed body surface areas were not different 

among patients. Blood volume was decreased in low-flow POTS compared with control 

subjects (P<0.05). Blood volume was not different from control for normal-flow or high-

flow POTS patients. Supine HR was increased in low-flow POTS patients (P<0.025), but 

was not different from control in normal-flow and high-flow POTS patients. MAP and 

haematocrit were similar for all groups.

By definition, calf blood flow was decreased in low-flow POTS, increased in high-flow 

POTS and similar to control in normal-flow POTS. Calf Pv was increased in low-flow 

POTS compared with control (P<0.01). As expected, calf peripheral arterial resistance was 

increased in low-flow POTS (P<0.001), decreased in high-flow POTS (P<0.05) and similar 

to control in normal-flow POTS.

Effect of upright tilting

By definition, tilt-table studies demonstrated POTS in our POTS patients. No control 

subjects suffered orthostatic intolerance. HR during tilt was increased in all POTS patients 

(127 ± 5, 116 ± 5 and 119 ± 10 beats/min in low-, normal- and high-flow POTS 

respectively) compared with control subjects (93 ± 3 beats/min). MAP was not substantially 

changed in all subjects during upright tilting (82 ± 2 mmHg in control, and 80 ± 7, 78 ± 6 

and 72 ± 4 mmHg in low-, normal- and high-flow POTS respectively).

PRA, serum aldosterone and plasma Ang II

The data in their entirety for all subjects are shown in Figure 1.

PRA—PRA was similar for control (0.90 ± 0.18 ng of Ang I · ml−1 · h−1) and normal-flow 

(1.02 ± 0.19 ng of Ang I · ml−1 · h−1) and high-flow (1.31 ± 0.18 ng of Ang I · ml−1 · h−1) 

POTS. However, PRA was significantly (P<0.05) decreased in low-flow POTS (0.49 ± 0.12 

ng of Ang I · ml−1 · h−1) compared with control and appeared to segregate into two groups, 

although this did not reach statistical significance in the present study (Figure 1).

Aldosterone—No significant difference in aldosterone was observed among the groups. 

Serum aldosterone was 4.2 ± 0.6 ng/dl in control subjects compared with 4.2 ± 0.0.6, 4.9 ± 

0.0.8 and 5.9 ± 0.0.9 ng/dl in low-, normal- and high-flow POTS respectively.

Ang II—Plasma Ang II was similar in control (32 ± 4 ng/l) and normal-flow (33 ± 4 ng/l) 

and high-flow (31 ± 5 ng/l) POTS. Ang II was significantly (P<0.01) increased in low-flow 

POTS (89 ± 20 ng/l) compared with control subjects and again appeared to segregate into 

two groups, one group with normal Ang II and the other group with markedly increased Ang 

II, although this did not reach statistical significance in the present study.
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Correlations between PRA, blood volume, serum aldosterone and plasma Ang II in POTS 
patients

Serum aldosterone and PRA—Figure 2 shows that there was a positive correlation 

between renin (as determined by PRA) and serum aldosterone across the groups (r = +0.71). 

Thus aldosterone increased with renin in all POTS patients.

Blood volume and PRA—Figure 3 shows that blood volume and PRA were negatively 

correlated (r = −0.72) in normal-flow and high-flow POTS patients, but positively correlated 

(r = +0.65) in the low-flow group.

Ang II and PRA—A significant positive correlation (r = +0.76) between PRA and Ang II 

in normal-flow and high-flow POTS patients was observed (Figure 4); however, a 

significant negative correlation (r = −0.83) was observed in the low-flow POTS group.

Blood volume and Ang II—Figure 5 shows that blood volume and plasma Ang II were 

negatively correlated (r = −0.66) in normal-flow and high-flow POTS patients. The low-

flow group fell into two subgroups. One subgroup, comprising half of the low-flow patients 

characterized by abnormally increased Ang II, had low blood volume. In these patients, 

blood volume was low, but was not correlated with the concentration of the peptide. The 

other half of the low-flow group had blood volume–Ang II correlations which were similar 

to those observed in normal- flow and high-flow POTS patients.

DISCUSSION

The results of the present study complement the work performed by Jacob et al. [28] and Raj 

et al. [29]. A subset of POTS patients are significantly hypovolaemic, and hypovolaemia is 

‘paradoxically’ associated with hyporeninaemia and hypoaldosteronaemia. In the present 

study, we link hyporeninaemia to a specific subset of low-flow POTS patients with 

increased plasma Ang II and reduced blood volume.

The RAAS (renin–Ang–aldosterone system) is a fundamental regulator of plasma volume. 

In the classic paradigm, hypovolaemia, through effects on renal blood flow, increases renin 

which enzymatically acts on its substrate angiotensinogen to produce Ang I. Ang I is 

converted via systemic or locally acting ACE (Ang-converting enzyme) into Ang II. Ang II 

binds to AT-1 (Ang II type 1) receptors within the adrenal cortex leading to increased 

secretion of aldosterone [30]. Ang II is part of a control loop with feedback inhibition of 

renin production [31,32]. Thus increased exogenous or endogenous plasma concentrations 

of Ang II suppress the release and expression of renin. This is suggested by the results 

shown in Figure 4 in which, for low-flow POTS patients only, an inverse relationship 

between Ang II and renin is depicted. However, typically renin drives Ang II production 

leading to positive correlation of plasma activity, as in normal-flow and high-flow POTS. 

Even among low-flow POTS patients, some patients have renin, aldosterone, Ang II and 

even blood volume which are not different from controls. It might be argued, however, that 

in many of these subjects normal renin–Ang–aldosterone concentrations could still be 

unexpected, given hypovolaemia.
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Increased circulating Ang II should increase serum aldosterone unless there is a specific 

problem with adrenal AT-1 receptors or sodium loading. Direct reduction of adrenal 

responsiveness may occur during chronically elevated Ang II [33] in which there can be 

down-regulation of Ang II receptors [34]. This could result in important sodium-

independent blunting of Ang II-mediated aldosterone secretion, but this remains speculative 

[35]. Nevertheless, there is evidence for differential regulation of adrenal glomerulosa AT-1 

receptors [36,37]. The findings observed in our patients may be consistent with down-

regulation of adrenal AT-1 receptors and up-regulation or no change in lower limb AT-1 

receptors. Further studies are required to evaluate the regulation of the AT-1 receptors in the 

adrenal and lower limb in POTS patients.

On the one hand, hypovolaemia would seem to be the consequence of the disturbance in the 

RAAS and is a result, rather than a cause, of pathophysiological disturbance. On the other 

hand, hypovolaemia may participate in overall reflex sympathetic activation and 

parasympathetic withdrawal observed in POTS [38].

Decreased peripheral blood flow and increased Ang II in low-flow POTS makes sense 

through the direct vasoconstrictive actions of Ang II by binding to AT-1 receptors on 

smooth muscle [39]. In addition, Ang II can exert potent indirect effects on vasoconstriction 

through its potentiating effects on the sympathetic nervous system [40]. Specifically, Ang II 

can increase the release of noradrenaline (norepinephrine) from ganglionic [41] and 

postganglionic [42] sympathetic nerves. Also, importantly, Ang II promotes oxidative stress 

[43–45] by causing the formation of superoxide radical through its effects on NADPH 

oxidase [43]. Superoxide binds NO (nitric oxide) forming peroxynitrite, which may exert 

important oxidative actions [46]. The interaction with superoxide reduces the bioavailable 

NO with important vasoconstrictive consequences [47] as well as effects on endothelial cell 

activation, which are beyond the scope of the present discussion. Preliminary data from our 

laboratory [48], using the local heating response method described by Kellogg [49] and 

Minson [50] as a stimulus for NO production, has demonstrated reduced bioavailable NO in 

low-flow POTS patients only.

Why are low-flow POTS patients not hypertensive? Like others with increased Ang II, they 

have increased peripheral resistance; however, unlike others, they have reduced cardiac 

output [7] perhaps related to absolute hypovolaemia and decreased cardiac preload. The 

reduction in cardiac output is sufficient to maintain normotension in younger low-flow 

POTS patients; sometimes postural hypotension occurs when venous return is reduced 

further during upright posture. Notably, as our experimental group has aged and as we have 

had the opportunity to observe several low-flow POTS patients longitudinally with time, we 

have observed the emergence of hypertension particularly when upright (J.M. Stewart, 

unpublished work). This is consistent with the observations of postural hypertension by 

other investigators in all adult study populations [51].

Limitations

An alternative to increased Ang II is increased Ang fragments or other Ang species. The 

RIA used in the present study has substantial cross-reactivity with Ang III, but no cross 

reactivity with Ang I. Although Ang II is the predominate peptide in the circulation in 
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humans under ordinary circumstances, we cannot at this time guarantee that this is true in 

POTS patients. Therefore, in the future, we will perform HPLC analyses of Ang II samples.

A primary limitation of the present study is the lack of research unit facilities to strictly 

control sodium and potassium intake prior to study. Our patients often live at a distance 

from the Medical Center and we have no such General Clinical Research Unit. Sodium can 

alter RAAS activation and also blood volume [52]. Although routine laboratory data for 

serum potassium and sodium were normal in all POTS patients, this does not obviate the 

need for controlled intake. However, control subjects had PRA and serum aldosterone and 

plasma Ang II concentrations that were consistent with laboratory standards. Also, it is 

known that Ang II stimulates thirst and sodium intake [53]. Thus it is likely that fluid 

volume is increased, not decreased, by increased Ang II, yet we still measured reduced 

blood volume consistent with other published results.

In addition, there are extensive interactions of the RAAS with the sympathetic nervous 

system with other neurohumoral modulators, such as ANP (atrial natriuretic peptide) and 

vasopressin, as well as central nervous system functions that are beyond the scope of present 

investigation.

Finally, most of our conclusions regarding Ang in low-flow POTS are based on findings in 

five subjects with increased Ang II and low blood volume. The other five low-flow POTS 

subjects behaved much like normal-flow POTS patients. The five patients tended to be more 

tachycardic (P = 0.08). We speculate that other low-flow patients represent one end of the 

normal distribution in terms of peripheral blood flow and may be substantially the same in 

terms of physiology as the normal-flow group. There is indeed a grey area in the use of 

peripheral blood flow as a sole means for distinguishing physiology among POTS patients. 

One might argue that it makes better sense to subdivide patients on the basis of high and low 

Ang.
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Abbreviations

Ang angiotensin

AT-1 Ang II type 1

BP blood pressure

CV coefficient of variation

MAP mean arterial pressure

NO nitric oxide

POTS postural tachycardia syndrome
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PRA plasma renin activity

Pv venous pressure

RAAS renin–Ang–aldosterone system
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Figure 1. PRA and serum aldosterone and plasma Ang II concentrations in the subjects studied
PRA was significantly decreased and Ang was increased in low-flow POTS patients 

compared with control subjects. Ang II concentrations appeared to follow a bimodal 

distribution.
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Figure 2. Relationship between serum aldosterone and PRA
There was a positive correlation between renin and aldosterone across all groups.
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Figure 3. Relationship between blood volume and PRA
There was a positive correlation between blood volume and PRA for low-flow POTS 

(dotted/dashed line). There was a negative correlation between PRA for normal-flow and 

high-flow POTS (solid line).
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Figure 4. Relationship between Ang II concentration determined by RIA and PRA
There was a significant negative correlation between plasma Ang II concentration and PRA 

for low-flow POTS (dotted/dashed line). There was a positive correlation between PRA and 

plasma Ang II concentration for normal-flow and high-flow POTS (solid line).
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Figure 5. Relationship between blood volume and Ang II concentration determined by RIA
There was a significant negative correlation between blood volume and plasma Ang II 

concentration for normal-flow and high-flow POTS (solid line). Low-flow POTS patients 

segregated into two subgroups: those with increased plasma Ang II concentration being at 

low blood volumes with little linear relationship between the variables, whereas those with 

Ang II within the usual normal range fall on the ‘normal-flow’ regression line.
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Table 1

Subject dimensions and haemodynamic data

POTS

Controls Low-flow Normal-flow High-flow

Body surface area (m2) 1.72 ± 0.04 1.73 ± 0.12 1.81 ± 0.07 1.69 ± 0.17

Weight (kg) 68 ± 2 62 ± 4 70 ± 4 63 ± 6

Height (cm) 166 ± 2 178 ± 9 172 ± 3 169 ± 7

Normalized blood volume (litres/m2) 2.76 ± 0.20 2.14 ± 0.12* 2.86 ± 0.26 3.18 ± 0.26

Haematocrit (%) 41 ± 1 41 ± 2 42 ± 1 41 ± 0.3

Supine HR (beats/min) 68 ± 3 84 ± 4* 76 ± 6 75 ± 11

MAP (mmHg) 78 ± 2 84 ± 4 79 ± 2 77 ± 2

Calf Pv (mmHg) 13 ± 1 18 ± 1* 12 ± 1 10 ± 2

Calf blood flow [ml · min−1 · (100 ml of tissue)−1] 3.0 ± 0.4 0.9 ± 0.07* 2.6 ± 0.2 4.9 ± 0.3*

Calf peripheral resistance [mmHg · ml−1 · min−1 · (100 ml of tissue)−1] 30 ± 4 61 ± 10* 26 ± 3 13 ± 2*

Values are means ± S.E.M.

*
P <0.05 compared with controls.
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