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Cutaneous vasoconstriction as a measure of incipient autonomic
dysreflexia during penile vibratory stimulation in spinal cord injury

R Brown1,3, G Stolzenhein2, S Engel2 and VG Macefield1,3

1Spinal Injuries Research Centre, Prince of Wales Medical Research Institute, Sydney, New South Wales, Australia; 2Spinal Unit,
Prince of Wales Hospital, Sydney, New South Wales, Australia and 3School of Medicine, University of Western Sydney, Sydney,
New South Wales, Australia

Study design: Measurement of haemodynamic responses, cutaneous blood flow and sweat release
during penile vibratory stimulation (PVS) in spinal cord-injured men.
Objective: To assess the validity of using markers of sympathetic activity (cutaneous blood flow and
sweat release) as a measure of incipient autonomic dysreflexia during PVS in spinal cord-injured men.
Setting: Prince of Wales Medical Research Institute, Australia.
Subjects: Ten spinal cord-injured men with injuries ranging from C3 to T6.
Methods: Continuous arterial pressure, intermittent auscultation, heart rate (HR), respiration,
cutaneous blood flow and sweat release from both finger and toe were recorded during PVS.
Results: Vibration of the penis caused immediate cutaneous vasoconstriction, but negligible sweat
release, in the hands and feet of the quadriplegics and the feet of the paraplegics. Systolic blood
pressure (BP) increased by up to 90mmHg, and a compensatory vagal bradycardia was observed in five
of the six quadriplegics and two of the four paraplegic subjects.
Conclusion: Given that there wasFin generalFan inverse relationship between BP and skin blood
flow, we conclude that continuous measurements of skin blood flow above and below the lesion can
provide important information on the state of the sympathetic nervous system and early identification
of reflexly evoked increases in sympathetic vasoconstrictor drive, below a spinal lesion. Coupled with a
decrease in HR, this cutaneous vasoconstriction infers an increased BP.
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Introduction

Although spinal cord injury (SCI) can cause devastating

changes in the somatic nervous system, relatively little is

known about changes to the sympathetic nervous system. As

the sympathetic supply to the viscera and blood vessels is

derived from the thoracolumbar segments of the spinal cord,

interruption of descending sympathetic pathways can cause

partial or complete loss of sympathetic control below the

lesion. With high lesions, the loss of vasoconstrictor drive

results in a low resting blood pressure (BP) and orthostatic

hypotension;1 control of cutaneous blood flow and hence

thermoregulatory control are also compromised. However,

as segmental circuitry is intact, visceral or somatic stimuli

originating below the lesion can cause reflex activation of

vasoconstrictor neurones and a consequent increase in BP.2,3

This condition, known as autonomic dysreflexia, is consid-

ered a medical emergency, as arterial pressure can rise so

suddenly and remain at dangerously elevated levels that life-

threatening complications can occur.1,4 It is common for

midthoracic lesions and above,5 that is above the level of

sympathetic outflow to the splanchnic circulation, where

many vascular beds may have lost central control. The only

means available to offset the hypertension is through vagal

slowing of the heart. Although autonomic dysreflexia has been

reported in low thoracic (T8–T10) lesions,6 usually enough

vascular beds are under supraspinal control that adequate

vasodilatation can be brought about through the normal

baroreceptor-mediated withdrawal of vasoconstrictor drive.1

Autonomic dysreflexia is defined as an increase in systolic

BP greater than 20mmHg above baseline, combined with

one or more subjective or objective symptoms.2 The

symptoms of autonomic dysreflexia including a throbbing

headache, tingling in the head, nasal congestion, sweating

and flushing above the lesion, and pupillary dilation,

prompt medical staff to measure BP and locate the source

of sensory irritation. However, there is no correlation
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between the magnitude of the hypertensive response and

headache.1 For scientific purposes, the definition of auto-

nomic dysreflexia includes a BP increase combined with a

visualized vasoconstriction below the lesion.2 Autonomic

dysreflexia is a potentially dangerous side effect of penile

vibratory stimulation (PVS), which is the preferred method

of obtaining sperm for fertility assessment and fertilization

purposes in SCI men.7–9 As ejaculation during sexual

intercourse cannot be achieved by 90% of men with SCI,10

PVS is a medically necessary procedure to facilitate ejacula-

tion in these men.9 Typically, BP and heart rate (HR) are

monitored intermittently during the procedure, with the

patient being monitored for signs of autonomic dysreflexia

and asked to report the onset of headache. However, as

clinical indicators do not always correlate with the magni-

tude of BP rise, we wanted to investigate whether cutaneous

vasoconstriction and sweat release were a more robust

measure of incipient dysreflexia. We recorded BP using radial

arterial tonometry and intermittent auscultation, and two

markers of cutaneous sympathetic activityFskin blood flow

and sweat releaseFin men who had suffered a defined SCI.

Methods

Ten male volunteers, who had sustained SCIs between 4

months and 5 years previously, were studied. Six subjects

were quadriplegic (C3–C7) and four were paraplegic (T3–T6).

Injuries were classified as complete or incomplete according

to the American Spinal Injury Association (ASIA) Impair-

ment Scale (AIS),11 with injuries ranging from AIS A to D.

Subjects with unstable BP at rest, or those taking antihy-

pertensive medications or with ongoing infection or other

comorbidity, were excluded. No subject suffered from

diabetes or any other neuropathies that may have affected

the vasomotor and sudomotor responses.

Procedure

Subjects were studied in a semirecumbent position at a

comfortable ambient temperature. Care was taken to ensure a

calm and quiet environment to minimize spontaneous arousal

responses. BP was recorded continuously using radial arterial

tonometry (CBM-7000; Colin Corp., Komaki, Japan) and

intermittently with manual sphygmomanometry. Increases in

cutaneous sympathetic nerve activity were recorded indirectly

as reductions in relative skin blood volumeFmeasured from

photoelectric plethysmographs on the pads of the index finger

and big toe (Pulse Plethysmograph; ADInstruments, Sydney,

Australia)Fand sweat release, measured from changes in

electrical conductance across the skin of the hand and foot

(GSR Amplifier; ADInstruments). Respiration was recorded

using a strain gauge transducer wrapped around the chest

(Pneumotrace; Morro Bay, CA, USA).

After resting BP had been monitored for 10min, a 100-Hz,

2.5-mm amplitude vibration was applied to the penis for

2–5min (Ferticare Personal Vibrator, Albertslund, Denmark).

The number of vibration trials varied between individuals.

Vibration was interrupted if the subject ejaculated or

autonomic dysreflexia occurred.

Vibration was monitored using a piezoelectric transducer

applied to the vibrator. All parameters including intermittent

manual sphygmomanometry measurements were stored

on computer using a computer-based data acquisition

and analysis system (PowerLab 16SP, Chart 5 software;

ADInstruments).

Analysis

Relative changes in skin blood volume were measured from

the pulse amplitude, which was taken from the raw

plethysmography trace that had been high-pass filtered

(1Hz). HR was calculated from this derived channel. For

each subject, an average baseline was calculated from a 10 s

period before the vibration and the peak response measured

as the greatest fall in amplitude. The paired t-test was used to

show statistical significance between baseline values and

peak responses. A probability level less than 5% (one-tailed)

was regarded as significant.

Statement of ethics. We certify that all applicable institu-

tional and governmental regulations concerning the ethical

use of human volunteers were followed during the course of

this research, with the study receiving ethical approval from

the Human Research Ethics Committees of The University of

New South Wales and Prince of Wales Hospital. All subjects

provided written or verbal (witnessed) informed consent to

the procedures.

Results

Vibration of the penis evoked increases in BP in 9 of 10

subjects, though in one of these subjects diastolic pressure

increased by only 5mmHg. As spontaneous and evoked

movements of the subject often caused artefacts in the

continuous (tonometric) BP record, we shall report data

obtained from intermittent sphygmomanometric readings

acquired at rest and during vibration. The mean duration of

the vibration was 208±27 s.

Individual increases in systolic and diastolic pressures are

given in Table 1. Systolic pressure increased by 18–90mmHg

(15–113%) in the six quadriplegics and, in two of the four

paraplegics, by 15–25mmHg (13–23%). With the exception

of one quadriplegic, who developed tachycardia during the

vibration (HR increased by 24b.p.m., a 36% increase), a

compensatory bradycardia occurred in all quadriplegics and

in two of the paraplegics. One paraplegic subject who

showed no overt increase in BP during the vibration did

develop bradycardia. BP had returned to baseline levels

within 6–22min. The peak increases in systolic and diastolic

pressure were significantly different from baseline

(P¼0.0003 and P¼0.002, respectively). Cutaneous vasocon-

striction in the toes was apparent for all subjects; the mean

fall in cutaneous perfusion was 70±3% (Po0.0001) and the

mean duration 226±37 s. Cutaneous vasoconstriction was

measured in the hand in four quadriplegics: the mean fall in

perfusion and duration of the vasoconstriction were 81±2%

(P¼0.001) and 218±55 s, respectively.
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Blood pressure responses from continuous (tonometric) BP

recording could only be obtained in four subjects due to

spontaneous and evoked movements causing artefacts and

loss of signal. Peak systolic pressure in these four subjects

increased by 13–85mmHg (9–72%), whereas diastolic pres-

sure increased by 18–51mmHg (18–98%).

Characteristic features of impending ejaculation, such as

abdominal spasms and tightness, occurred in all subjects, but

emission occurred only in four. For the successful vibration

trials, it took 67–344 s for the emission to occur.

Experimental records from one subject, who sustained a

complete C5 injury 4 months previously, are illustrated in

Figure 1. This represents the second of four unsuccessful

attempts to induce ejaculation and is chosen because the BP

records (radial arterial tonometry) are largely free from

movement artefacts. The subject had no sensation below

nipple line but knew when the vibrator was going to be

applied. It can be seen that as soon as the vibrator made

contact with the penis a decrease in blood volume in the

fingers, and to some extent in the toes, occurred. Although

this was associated with a deep breath, the reduction in

pulsatile blood volume reflects a sympathetically mediated

vasoconstriction of cutaneous blood vessels; sweat release-

Fanother marker of cutaneous sympathetic nerve activity-

Falso occurred concurrently. Vibration of the penis caused

an immediate increase in arterial pressureFsystolic pressure

increasing by 26–146mmHg and diastolic pressure by 15–

86mmHg. This increase in arterial pressure, which was

maintained for the 5min of vibration, evoked a sustained

baroreflex-mediated bradycardia; HR fell by 23–49b.p.m.

The reduction in cutaneous blood volume waned towards

the end of the stimulation but a pronounced vasocon-

striction in the finger occurred on terminating the vibration.

This was associated with a transient increase in arterial

pressure. The subject reported no signs of dysreflexia.

Records from four consecutive periods of stimulation in

the same subject as illustrated in Figure 1 are shown in

Figure 2. It can be seen that the magnitude of the

haemodynamic responses was greater with subsequent

stimuli. Vibration was applied for only 50 s in the fourth

period of stimulation, but systolic pressure increased by 40 to

B150mmHg and did not return to control levels for some

4min following termination of the vibration. This build-up

effect has been seen in our earlier study;12 however, the

interval between each stimulus in that study was approxi-

mately 30 s to 1min. Despite the continued hypertension,

the subject reported only ‘tingling in the head.’

Peak BP responses and averaged data from HR and

cutaneous vasoconstriction for all subjects are shown in

Table 1.

Discussion

We have shown that PVS causes a robust cutaneous

vasoconstriction below the lesion: in the majority of

subjects, this reflected the increase in BP and compensatory

reduction in HR. Cutaneous vasoconstriction below the

lesion was seen in all subjects and occurred irrespective of

whether the vibration caused ejaculation or not. However,

sweat release was inconsistent, with 5 of 10 subjects having

sudomotor responses in either the finger or the toe but not

for all their individual trials of vibration. Therefore, com-

pared with sudomotor responses, vasomotor responses were

more reliable in detecting cutaneous sympathetic activity.

Moreover, the information that can be obtained from

vasomotor responses is often more comprehensive than that

can be obtained from sudomotor responses.

It has been found that in able-bodied men, there is a

modest increase in BP and HR during genital stimulation,

reaching its peak at ejaculation and quickly returning to

baseline.13,14 However, it has been shown in our study and

many others that SCI men with lesions above T6 can suffer

from autonomic dysreflexia during genital stimulation. One

subject had tachycardia and a small increase in systolic

pressure during PVS: this subject was incomplete (C3/C4 AIS D),

so it may be that sympathetic pathways to his heart were

largely intact. Tachycardia during PVS has previously been

Table 1 Clinical characteristics of SCI subjects, baseline values for blood pressure and heart rate, peak blood pressure responses and averaged
responses for heart rate and cutaneous vasoconstriction in the toe to vibration of the penis

Subject characteristics Baseline Blood pressure m
Heart rate k

Cutaneous blood flow (toe)

Systolic Diastolic Heart rate Systolic Diastolic

Age Time since injury Level AIS (mmHg) (b.p.m.) mmHg (%) b.p.m. (%) % s

36 2 years 10 months C3/C4 D 120 90 62 18 (15) 0 +24 (+36) 82 52
21 3 years 11 months C4 B 80 60 92 90 (113) 40 (67) 29 (31) 57 179
35 4 months C5 A 100 70 83 50 (50) 20 (29) 28 (34) 51 133
19 1 year 10 months C5 B 100 70 67 50 (50) 30 (43) 23 (34) 87* 100*
31 9 months C7 B 105 80 88 75 (71) 30 (38) 30 (34) 56 79
26 1 year 5 months C7 B 120 85 54 42 (35) 5 (6) 8 (14) 82 353
23 6 months T3 A 120 80 64 15 (13) 0 20 (31) 76 248
30 5 years 9 months T5 A 110 75 71 25 (23) 10 (13) 21 (30) 72 230
44 9 months T5 A 110 70 73 0 5 (7) 0 (0) 76 430
36 2 years 11 months T6 A 110 80 71 0 0 31 (44) 74 309

Abbreviation: SCI, spinal cord injury.

For blood pressure (intermittent sphygmomanometric readings) and heart rate, absolute (and relative) changes are shown. For cutaneous blood flow, relative

amplitude reduction and duration in seconds are given. The asterisks indicate that the cutaneous blood flow responses were taken from the finger rather than from

the toe due to movement artefacts. For the C3/C4 AIS D subject, there was an increase in heart rate as opposed to the decrease experienced by all other subjects.
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Figure 1 Heart rate, blood pressure (radial artery tonometry), skin blood flow (IR plethysmography, finger and toe) and sweat release (finger and toe) responses during vibration of the
penis in a C5 AIS A spinal subject. The period of stimulation can be seen at the bottom of the figure, which was monitored using a piezoelectric transducer applied to the vibrator.
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Figure 2 Heart rate and blood pressure responses during four consecutive periods of penile vibration in the same C5 AIS A subject as illustrated in Figure 1. The first three periods of
stimulation include 20 s of baseline and the first 90 s of the vibration. The second period commenced 12min following the end of the first period, the third commenced 19min after the end
of the second period. The fourth period of stimulation, which followed the third period by 10min, lasted for only 50 s and includes the entire vibratory period with a 20 s baseline period. The
black bar represents the period of vibration; the asterisks indicate movement artefacts.
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reported in SCI men,15 with tachycardia in numerous

autonomic dysreflexia cases also being found.4

Recent times have shown considerable advances in

rehabilitation medicine16 as well as in assisted reproductive

techniques for individuals with sexual dysfunction.17 As the

majority of men who suffer from an SCI are in their

reproductive years, procreation is of major concern to them

and their partners. Therefore, techniques such as PVS and

electroejaculation offer a significant advantage to these

individuals. However, as an exaggerated increase in BP can

be an undesirable side effect of both PVS and electroejacula-

tion, the need to carefully monitor BP during these

techniques is paramount.

Earlier studies7,9,18,19 have shown that there is a significant

elevation of BP in SCI men undergoing PVS. However, there

appear to be no studies that have correlated cutaneous

vasoconstriction with BP during this procedure. Given the

associated risks that accompany these large increases in BP

and as continuous BP monitoring is not always feasible

during the procedure, continuous monitoring of skin blood

flow below the lesion may be a more suitable parameter to

indirectly monitor sympathetic nerve activity. Using elec-

trical stimuli applied to the abdominal wall in SCI subjects,

we recently demonstrated the utility of using skin perfusion

as an indicator of the state of cutaneous vasoconstrictor

drive, and indirectly, of muscle (and splanchnic) vasocon-

strictor drive.12

Limitations

By recording continuous BP, through radial arterial tonome-

try, we believed at the outset that we would have a robust

measure of the BP increase induced by PVS. However,

because radial arterial tonometry is sensitive to movement

of the wrist, which often occurred during spasms or overt

body movements during the vibration, we usually lost our

continuous BP signal. Therefore, the majority of BP measure-

ments reported in this study were obtained by intermittent

manual sphygmomanometry. This has its own limitations:

the time taken for inflation and deflation means that the

peak pressure response may have occurred before the manual

measurement is obtained. However, the continuous mea-

surement of BP does allow us to examine the initial time

course before loss of the continuous BP signal.

We propose that cutaneous vasoconstriction below the

lesion can be used as an indicator of sympathetic vasocon-

strictor activity and infer what is happening in other

vascular beds, that is muscle and splanchnic. We do not

propose that there is a linear relationship between the

magnitude of the cutaneous vasoconstriction and the

magnitude of the BP increase. Moreover, there may be

differences in the vascular responsiveness to noradrenaline

in the cutaneous, skeletal muscle and splanchnic beds.

Nevertheless, we postulate that cutaneous vasoconstriction

below lesion indicates general vasoconstriction as the result

of a viscerosympathetic or (in the present case) somatosym-

pathetic reflex, which then leads to a pressor response. The

magnitude of the increase in BP is dependent on the volume

of blood vessels constricted, which we cannot determine

simply from the measurement of blood flow in a single toe.

Importantly, as we are measuring only cutaneous vaso-

constriction from one toe, this does not represent the entire

vasculature below the lesion. However, we do know from

microneurographic studies that there is coactivation of

cutaneous and muscle vasoconstrictor neurones following

stimulation below lesion in subjects with SCI.3 Although

constriction of cutaneous (capacitance) vessels will result in

the displacement of blood to active circulation, there is no

doubt that the increase in BP is due to the activation of

muscle vasoconstrictor neurones and, most likely, splanch-

nic vasoconstrictor neurones, through a spinal viscerosym-

pathetic reflex. Indeed, the magnitude of the pressor

response implies the constriction of many arterioles and,

given that the splanchnic outflow originates below T6, it is

highly likely that constriction within the splanchnic vascu-

lar bed contributes to the increase in BP.2

Conclusion

As a patient’s subjective reports may not provide an adequate

measure of incipient autonomic dysreflexia, we need a more

sensitive indicator of the increases in BP. Given that there

wasFin generalFan inverse relationship between BP and

skin blood flow, we conclude that continuous measurements

of skin blood flow above and below the lesion can provide

important information on the state of the sympathetic

nervous system and early identification of reflexly evoked

increases in sympathetic vasoconstrictor drive below a spinal

lesion. Coupled with a decrease in HR, this cutaneous

vasoconstriction infers an increased BP. However, at this

stage, we have simply provided the physiological substrate

for the utility of measuring cutaneous perfusion below a

spinal lesion; until such a device has been developed and

validated clinically, our suggestion remains conjecture.

Nevertheless, we do believe that a fall in cutaneous blood

flow, coupled with a fall in HR, does infer an increase in

BPFbrought about by reflexly evoked increases in vasocon-

strictor (muscle, splanchnic and cutaneous) drive.
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