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Abstract Chronic low blood pressure is typically

accompanied by symptoms such as fatigue, reduced drive,

dizziness, headaches and cold limbs. Reduced cognitive

performance, diminished cerebral blood flow and auto-

nomic dysregulation have been furthermore documented in

this condition. The present contribution reports two studies

exploring systemic hemodynamics in chronic hypotension

and their modification through vasopressor application. In

study I, effects of the alpha-sympathomimetic midodrine

were examined in 54 hypotensive individuals using a pla-

cebo-controlled double-blind design. Hemodynamic

parameters were assessed at rest and during mental stress.

They were derived from continuous blood pressure

recordings using Modelflow analysis. The drug led to

marked increases in blood pressure, total peripheral resis-

tance and stroke volume. However, due to strong heart rate

deceleration, cardiac output remained virtually unchanged.

In study II, 40 hypotensive and 40 normotensive control

persons were compared with respect to hemodynamics.

While groups did not differ in total peripheral resistance,

hypotensives exhibited markedly diminished stroke volume

and heart rate, resulting in a reduction in cardiac output of

25% at rest and of 33% during mental stress. The data

provide relevant knowledge about the hemodynamic

mediation of chronic hypotension. In contrast to elevated

blood pressure, which is mainly determined by increased

peripheral resistance, reduced cardiac output may be the

cardinal hemodynamic aberration in chronic hypotension.

Midodrine proved to be effective in elevating blood pres-

sure. However, given the cardiac origin of chronic

hypotension and the lack of drug effect on cardiac output,

alpha-sympathomimetic treatment may be suboptimal.
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Introduction

Hypotension has been defined by the World Health Orga-

nization (WHO) [1] as low blood pressure with a systolic

reading below 110 mmHg in males and below 100 mmHg

in females. The concept of chronic (‘‘essential’’) hypoten-

sion refers to a condition of inappropriately reduced blood

pressure independent of the presence of further pathologi-

cal conditions. It has to be distinguished from secondary

hypotension (e.g., due to blood loss or medication) as well

as from the orthostatic form consisting of circulatory

problems when assuming an upright position [2, 3].

Chronic low blood pressure is typically accompanied by

symptoms such as fatigue, reduced drive, dizziness, head-

aches and cold limbs [2]. Even though it is usually not

regarded as a severe medical condition, a considerable

impact of chronic hypotension on subjective well-being

and quality of life has been documented in a number of

large population-based studies [4–6]. Furthermore, reduced

cognitive performance, diminished cerebral blood flow and

cortical activation have been found in chronic hypotension

[2]. As etiological factors, low body weight, reduced liquid

intake and autonomic dysregulations in terms of habitually

S. Duschek (&) � H. Heiss � B. Buechner � N. Werner �
R. Schandry

Department Psychologie, Ludwig-Maximilians-Universität

München, Leopoldstr. 13, 80802 Munich, Germany

e-mail: duschek@psy.uni-muenchen.de

G. A. Reyes del Paso

Departamento de Psicologı́a, Facultad de Humanidades y

CC.EE, Universidad de Jaén, 23071 Jaén, Spain

123

J Physiol Sci (2009) 59:105–112

DOI 10.1007/s12576-008-0015-5



reduced sympathetic and increased parasympathetic out-

flow, as well as aberrations in baroreflex function, were

considered [2, 7].

The present contribution deals with alterations in sys-

temic hemodynamics in chronic hypotension and their

modification through pharmacological blood pressure ele-

vation. The major hemodynamic factors determining

systemic blood pressure are cardiac output and peripheral

resistance [8]. Increased total peripheral resistance is the

most relevant hemodynamic aberrance in chronically ele-

vated blood pressure [9, 10]. Augmented cardiac output

may furthermore contribute to this condition, at least dur-

ing its early phase [10–12]. In contrast, knowledge about

hemodynamic peculiarities in chronic hypotension remains

sparse. Hypotheses may be derived from the findings on

autonomic origins of this condition. Increased parasym-

pathetic tone and reduced sympathetic outflow are thought

to be accompanied by diminished heart rate and cardiac

contractility resulting in reduced cardiac output [13]. In

addition, diminished vascular tone due to reduced alpha-

adrenergic activity cannot be ruled out [8].

Sympathomimetic drugs are commonly used for anti-

hypotensive treatment. The majority of clinical trials

evaluating the therapeutic effects of these substances were

conducted with patients suffering from, mostly neurogenic,

orthostatic hypotension [14–16]. In mixed samples of

persons with chronic and orthostatic hypotension, reduc-

tions of subjective symptoms under the sympathomimetic

etilefrine were reported [17, 18]. Studies aiming specifi-

cally at pharmacological treatment of chronic hypotension

have focused exclusively on reduction of cognitive deficits

[19, 20]. Hemodynamic effects of sympathomimetic agents

have not been investigated so far in this population. The

alpha-adrenergic agonist midodrine, which was applied in

the present study, is highly effective in inducing arterial

and venous vasoconstriction [21]. The substance has been

shown to significantly increase blood pressure in healthy

subjects, as well as patients with neurogenic orthostatic

hypotension [14, 16, 22, 23].

The present report includes two studies. Study I inves-

tigated hemodynamic effects of the sympathomimetic

midodrine in a placebo-controlled double-blind design. In

study II, individuals with chronic hypotension were com-

pared to a normotensive control sample with respect to

hemodynamics. In order to get a more comprehensive

picture, in both studies cardiovascular parameters were

obtained during resting conditions as well as under mental

stress. For the latter purpose, a mental arithmetic task was

applied.

Methods

Study I

Participants

The study sample was comprised of 54 chronic hypotensive

individuals according to the WHO definition [1]. None of

them suffered from a relevant physical disease or mental

disorder. Health status was assessed by means of an

anamnestic interview and a questionnaire covering diseases

of the cardiovascular, respiratory, gastro-intestinal and uro-

genital systems, the thyroid, the liver, as well as metabolic

diseases and psychiatric disorders. None of the participants

used any kind of medication affecting the cardiovascular or

central/peripheral nervous system. In addition, individuals

using medication with known interactions with midodrine

were excluded from participation.

Subjects were randomly assigned to one of two study

groups administered with either midodrine or placebo.

The midodrine group included 22 women and 5 men; the

placebo group 20 women and 7 men. Information

regarding blood pressure and heart rate at the beginning

of the experimental session, as well as age, body height

and BMI are given in Table 1. Nine women of the

midodrine and seven of the placebo group were using oral

contraceptives.

Table 1 Sample characteristics: systolic blood pressure, diastolic blood pressure, heart rate, age, body height and body mass index

Midodrine Placebo

M SD Min Max M SD Min Max

Systolic blood pressure (mmHg) 94.5 6.1 81.0 108.0 96.7 7.4 84.0 108.0

Diastolic blood pressure (mmHg) 60.4 4.5 50.7 69.0 60.7 6.3 44.7 73.0

Heart rate (beats/min) 69.7 7.4 55.3 97.0 68.7 10.6 44.0 88.0

Age (years) 26.1 4.8 19 39 26.9 5.5 20 41

Body height (cm) 167.5 7.4 157 186 168.1 8.5 155 186

Body mass index (kg/m2) 20.9 2.1 17.9 26.6 20.7 2.0 17.0 25.3

M, means; SD, standard deviations; min, minimal; max, maximal values
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Recording of hemodynamic data

Blood pressure was monitored continuously (Finometer

Model-2, Finapres Medical Systems, The Netherlands).

The cuff of the device was applied to the mid-phalanx of

the second finger of the right hand. In order to control

for the influence of hydrostatic level errors, the height

correction unit integrated in the device was used. For

periodic recalibration, the device’s Physiocal feature [24]

was in operation. The signal was digitized at a sample rate

of 200 Hz.

Substance administration

Dosage of midodrine (trade name in Germany: Gutron�)

was 0.4 mg per kg body weight. The placebo consisted of

4.8 mg of alcohol per kg body weight, equivalent to the

alcohol content of Gutron�. Both the drug and the placebo

were dispensed in a glass of water. The group assignment

and substance administration were carried out by an

assistant who was not otherwise involved in the experi-

ment. Both the subjects and the experimenter were blind to

the respective conditions.

Procedure

The study was approved by a local ethics commission, and

subjects gave informed consent prior to the experiment. In

order to determine hypotension, blood pressure was taken

during screening sessions, which were conducted at least 1

week prior to the main experiment, and once more at the

beginning of the experimental session. For this purpose,

after a resting period of 10 min, three blood pressure

measurements were taken with 5-min rest intervals in

between. Sphygmomanometrical measurements were per-

formed in a seated position using an automatic inflation

monitor (MIT, TYP M CR15; Omron, USA). Women with

a mean systolic blood pressure below 100 mmHg and men

with a mean value below 110 mmHg were included. The

criteria had to be fulfilled at both the screening and

experimental sessions.

Hemodynamic indices were obtained at rest and during

mental stress induced by a serial subtraction task. During

the 5-min resting phase, participants were asked to sit still,

not to speak and to relax with their eyes open. The sub-

traction task consisted of a 3 min interval during which

subjects had to count down from 700, subtracting 17 each

time and saying the numbers out loud. They were asked to

perform the task as quickly and as accurately as possible.

Due to the fact that a maximal effect of orally applied

midodrine develops after approximately 1 h, the adminis-

tration was followed by a 60-min break. After this break,

three further measurements of blood pressure and heart rate

were taken in the described form. Thereafter, hemody-

namic assessment was repeated. Subjects were requested

not to smoke or drink either alcohol or beverages con-

taining caffeine for 3 h prior to the screening and

experimental sessions.

Data analysis

Hemodynamic parameters were determined based on the

Modelflow method [25] using the software Beatscope 1.1a.

(Finapres Medical Systems, The Netherlands). The Mod-

elflow technique makes it possible to model blood flow

from arterial pressure by computing a flow wave that is

integrated to obtain beat-to-beat stroke volume (in ml).

Heart rate (in beats/min), cardiac output (in l/min) and total

peripheral resistance [in mmHg/(l*min-1)] were also

included in the analysis.

All indices were averaged over the time intervals of the

resting and mental stress conditions. Possible drug effects

on sphygmomanometrically assessed blood pressure were

evaluated using ANOVA procedures with experimental

group (midodrine versus placebo) as a between subjects

factor and point of measurement (before versus after sub-

stance administration) as a within subjects factor. In the

ANOVA models for continuously assessed stroke volume,

heart rate, cardiac output and total peripheral resistance,

experimental condition (rest versus mental stress) was

applied as a further within subjects factor. In order to

control for differences between both experimental groups

at the pretest stage, t-tests were computed for each of the

dependent variables.

Study II

Participants

Forty subjects with chronic hypotension according to the

WHO [1] were compared to 40 normotensive control per-

sons (32 women and eight men in each group). Criteria for

exclusion, as well as the methods for their determination,

were identical with those used in study I. Fifteen of the

women in the hypotensive group and 20 in the control

group were using oral contraceptives. Both study groups

were matched according to age and gender. Table 2 pro-

vides information about blood pressure as recorded just

before the experimental procedure, age, body height and

body mass index (BMI).

Procedure

Participants gave informed consent prior to the experiment.

In order to assign subjects to the two study groups, blood

pressure was taken during screening sessions, which were
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conducted at least 1 week prior to the main experiment,

and once more at the beginning of the experimental ses-

sion. Just as in study I, after a resting period of 10 min,

three blood pressure measurements were taken with 5-min

rest intervals in between. Females with a mean systolic

blood pressure of \100 mmHg and males with a mean

value below 110 mmHg were assigned to the hypotensive

group. The inclusion criterion for the control group was

systolic blood pressure between 115 and 140 mmHg. The

criteria had to be fulfilled at both the screening and

experimental sessions.

Continuous hemodynamic recordings were made at rest

(5 min) and during mental stress induced by the arithmetic

task (3 min) described in study I. The same apparatus as in

study I was applied for this purpose. Subjects were

requested not to smoke, drink alcohol or beverages con-

taining caffeine for 3 h prior to both sessions.

Data analysis

The same hemodynamic parameters as in study I were

obtained by means of Modelflow [25] using the software

Beatscope 1.1a. (Finapres Medical Systems, The Nether-

lands). All indices were averaged over the time intervals of

the resting and mental stress conditions. The statistical

analyses included analysis of variance (ANOVA) proce-

dures for repeated measures. Blood pressure group

(hypotensive versus control group) served as a between-

subjects factor and experimental condition (rest versus

mental stress) as a within-subjects factor.

Results

Study I

The group receiving midodrine and the placebo group did

not differ with respect to any of the dependent variables at

the first point of measurement (systolic blood pressure:

P = 0.25, diastolic blood pressure: P = 0.86, heart rate:

P = 0.67, stroke volume at rest: P = 0.56, cardiac output

at rest: P = 0.84, total peripheral resistance at rest:

P = 0.94, stroke volume during stress: P = 0.80, cardiac

output during stress: P = 0.80 and total peripheral resis-

tance during stress: P = 0.53), nor did the two groups

differ in terms of age (P = 0.56), body height (P = 0.80)

and BMI (P = 0.78).

The changes in sphygmomanometrically assessed blood

pressure between both points of measurement are displayed

in Fig. 1. Systolic and diastolic values increased in the

midodrine group and slightly decreased under placebo.

ANOVA revealed a significant interaction between point of

measurement and experimental group for both parameters

(both P \ 0.01).

Figure 2 displays the continuously assessed hemody-

namic parameters. Stroke volume, measured both at rest and

during mental stress, increased under midodrine and

remained almost constant under placebo. The drug effect is

confirmed by a significant interaction between point of

measurement and experimental group (P \ 0.01). Overall,

stroke volume was somewhat higher during stress; the factor

condition, however, reached only the 10% significance level

Table 2 Means (M) and standard deviations (SD) of systolic blood

pressure, diastolic blood pressure, age, body height and body mass

index in both samples

Chronic

hypotension

Control

group

M SD M SD

Systolic blood pressure (mmHg) 96.5 4.8 121.8 5.3

Diastolic blood pressure (mmHg) 57.7 4.5 77.2 5.9

Age (years) 27.7 5.7 27.8 5.4

Body height (cm) 168.3 9.1 171.0 8.2

Body mass index (kg/m2) 20.2 2.0 22.5 3.4

Systolic blood pressure

90

95

100

105

110

115

Pre-drug Post-drug

S
ys

to
lic

 b
lo

o
d

 p
re

ss
u

re
 (

m
m

H
g

)

Midodrine

Placebo

Diastolic blood pressure

55

60

65

70

75

Pre-drug Post-drug

D
ia

st
o

lic
 b

lo
o

d
 p

re
ss

u
re

 (
m

m
H

g
)

Midodrine

Placebo

Fig. 1 Blood pressure before and after substance application (bars
denote standard errors of the means)

108 J Physiol Sci (2009) 59:105–112

123



(P = 0.06). Heart rate decreased markedly in the midodrine

group and remained unchanged in the placebo group under

both conditions (interaction point of measurement by group:

P \ 0.01). In both experimental groups heart rate was higher

during stress, which is corroborated by a significant effect of

condition (P \ 0.01). Regarding cardiac output, only a

slight increase at rest was observed under midodrine, the

interaction between point of measurement and group not

being significant (P = 0.55). In both groups cardiac output

was significantly higher during stress than at rest (condition:

P \ 0.01). A significant drug-induced increase in total

peripheral resistance was furthermore obtained (interaction

point of measurement by group: P = 0.02). Total peripheral

resistance was overall somewhat higher under stress than at

rest (condition: P = 0.06).

Study II

Stroke volume, heart rate and cardiac output were mark-

edly lower in chronic hypotension than in the normotensive

control group, whereas total peripheral resistance was

slightly higher in hypotensives (see Fig. 3). The values of

all parameters were higher during mental stress than at rest.

The ANOVA revealed a significant main effect of group
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for stroke volume (P \ 0.01), heart rate (P \ 0.01) and

cardiac output (P \ 0.01), as well as a main effect of

condition on each of the hemodynamic variables (stroke

volume: P = 0.04, heart rate: P \ 0.01, cardiac output:

P \ 0.01, total peripheral resistance: P \ 0.01). In the case

of cardiac output, a significant interaction between group

and condition was also found (P \ 0.01), indicating a

stronger increase under stress in the control group.

Discussion

The present report includes two studies on systemic

hemodynamics in chronic low blood pressure. Study I

investigated hemodynamic effects of the vasopressor agent

midodrine. The drug caused increases in blood pressure,

stroke volume and total peripheral resistance, as well as a

reduction in heart rate. Cardiac output was not significantly

affected. In study II, individuals with chronic hypotension

were compared to a normotensive control sample. Hypo-

tensives showed markedly reduced stroke volume, heart

rate and cardiac output. In both studies, comparable effects

were found for resting as well as mental stress conditions.

Information concerning the treatment of chronic hypo-

tension remains sparse [2]. In study I, sympathomimetic

treatment led to a rise in both systolic and diastolic blood

pressure into the normotensive range. This is in line with

previously reported blood pressure enhancement through

this substance in healthy volunteers and patients with

neurogenic orthostatic hypotension [16, 22, 23]. As a

selective alpha-receptor agonist, midodrine induces arterial

and venous vasoconstriction, leading to increased periph-

eral resistance and arterial pressure [21]. In contrast,

midodrine does not directly affect cardiac contractility.

Nonetheless, under the drug, stroke volume increased by

41% at rest and by 30% during mental load. This may be

regarded as an indirect effect resulting from elevated vas-

cular resistance. It can be ascribed to the Frank-Starling

mechanism, according to which the force of myocardial

contraction rises as a consequence of increased diastolic

filling pressure [8]. Only a small non-significant drug-

induced increase in cardiac output was observed. The

enhancement of stroke volume appeared not to be sufficient

to compensate for the marked heart rate reduction. The

heart deceleration is the result of a compensatory response

to blood pressure increase mediated by the arterial baro-

reflex [8]. Its relatively large extent may be attributed to

peculiarities in baroreflex function related to chronic

hypotension. Baroreflex sensitivity, expressed as change in

heart rate per unit of blood pressure change, is habitually

increased in hypotension [2, 7]. Recent research has sug-

gested that the baroreflex is involved not only in the

buffering of transient changes in arterial pressure, but also

in the long-term setting of blood pressure, and thus may

contribute to the origin of chronic hypotension [2, 26, 27].

The group comparison in study II revealed a reduction in

cardiac output in chronic hypotension by 25% at rest and

by 33% during mental stress. This remarkable reduction
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was due to lowered heart rate and stroke volume. However,

hypotensive and normotensive individuals did not differ in

terms of total peripheral resistance. This pattern of results

may provide relevant information about the hemodynamic

origin of chronic hypotension. There is broad evidence of

increased peripheral resistance in chronically elevated

blood pressure, indicating that this condition is mainly

determined by vascular factors [9, 10]. In contrast, the

present data suggest that in the causation of chronic

hypotension, cardiac factors such as reduced heart rate,

stroke volume and cardiac output play a dominant role.

One may hypothesize that lowered cardiac output results in

reduced organ perfusion in chronic hypotension. This is in

accordance, for instance, with the assumption of dimin-

ished perfusion of the skin vessels that causes lowered skin

temperatures and the frequent experience of cold limbs [2].

Cerebral blood flow was also shown to be affected by

chronic low blood pressure. Even though the brain is

generally well protected against hypo-perfusion [28], sub-

stantially reduced cerebral resting perfusion and deficient

blood flow adjustment to situational requirements occur in

hypotension [29]. Alterations in cerebral blood flow regu-

lation have been shown to be of crucial importance to the

cognitive deficits that accompany chronic hypotension [2,

19, 29]. A permanent reduction in brain perfusion may

furthermore be relevant to the connection between low

blood pressure and the occurrence of geriatric cognitive

disorders that has been documented in a number of longi-

tudinal studies [30–32].

Both of the present studies revealed a slight increase in

stroke volume and more pronounced increases in heart rate,

cardiac output and total peripheral resistance during mental

stress as compared to resting conditions. This can be

attributed to stress-related elevation of general cardiac

arousal, mediated by autonomic nervous system and hor-

monal pathways [33]. The reduced increase of cardiac

output in hypotension observed in study II is consistent

with a number of previous findings on reduced cardiovas-

cular reactivity to mental and physical stress in chronic low

blood pressure [34–36].

One limitation of a part of the present results pertains to

the estimation of stroke volume using the Modelflow

technique [25]. While this method allows assessing intra-

individual hemodynamic changes with high precision, its

accuracy in estimating absolute values of stroke volume

and thus in quantifying inter-individual differences is under

debate [37]. However, some data support the utility of

Modelflow also for inter-individual comparisons at least at

group level. For instance, Wesseling et al. [25] showed

reasonable consistence between absolute measures of car-

diac output derived from Modelflow and thermodilution

(7% mean difference between estimates obtained with both

methods). The validity of the method in quantifying

changes in stroke volume under defined conditions has

been well established [37, 38]. Nonetheless, possible dis-

tortion of the observed effects of midodrine on stroke

volume due to drug-induced changes in arterial vascular

properties cannot be completely ruled out.

To sum up, the present studies extend our knowledge

about the mediation of chronically reduced blood pressure

by hemodynamic factors. In contrast to essential hyper-

tension, which is predominantly determined by vascular

factors, chronic hypotension would appear to be caused by

cardiac factors, such as reduced heart rate, stroke volume

and cardiac output. The sympathomimetic midodrine led to

marked increases in blood pressure, stroke volume and total

peripheral resistance, but, because of pronounced heart

deceleration, not in cardiac output. Therefore, the drug’s

efficiency in improving organ perfusion is possibly subop-

timal. Future research may focus on drugs that also display

beta-sympathetic properties and thus have a direct impact

on heart activity, i.e., positive inotrope and chronotrope

effects. This seems of particular importance considering the

assumed cardiac origin of chronic hypotension.
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