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To characterize the threshold behavior of the blood shunting response in non-
stressed tissues, vasoconstrictor fiber activity to nonworking muscles was 
analyzed in healthy human volunteers. Multifiber sympathetic vasoconstrictor 
activity in fascicles of the peroneal nerves supplying the muscles was recorded 
using micrographic techniques during rhythmic and sustained handgrip exercise 
of low to maximum intensity. The results indicate a low threshold of exercise 
intensity during rhythmic exercise below which the blood shunting response in 
nonstressed tissues is not activated. Increased sympathetic fiber activity occurs 
first as recruitment of additional fibers and later as increased frequency of 
response to pulsatile blood pressure fluctuations. Analysis of vasoconstrictor 
fiber behavior at the time of initiation and cessation of exercise indicates that 
changes in activity are caused by reflex responses to exercise rather than by 
coactivation with skeletal muscle contraction. 
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During exercise, the changes in the metabolic re
quirements of working muscle bring about a greatly 
increased flow of blood to this tissue, provided by an 
increase in cardiac output proportional to the exercise 
stress. Part of the increase in cardiac output is pro
vided by decreases in relative and absolute blood flow 
to certain nonstressed tissues, primarily those of the 
gut and liver, the kidneys, and nonworking muscle.1-4 

Difficulties in measuring isolated muscle blood flow 
in man with plethysmography and clearance tech
niques have limited the amount and accuracy of the 
data available on flow to nonworking muscles. Mea
surement of blood flow alone does not permit analysis 
of the extent or characteristics of neural regulation 
and cannot provide information about the relation
ship between neural and local regulatory factors. 

The microneurographic technique developed by 
Hagbarth and Vallbo and their associates permits 
direct single or multifiber recording from peripheral 
nerves in awake, cooperating humans.5-7 This tech
nique has been used to describe in detail the charac
teristic activity of sympathetic fibers to limb mus
cles6, 8-12 and skin,11-15 with the subject at rest and 

performing various maneuvers. These studies indicate 
that the sympathetic outflow to muscles in man con
sists only of vasoconstrictor signals and is reflexly 
linked to pulsatile decreases in central arterial blood 
pressure. The latency between a decrease in blood 
pressure and a burst of sympathetic fiber activity is 
fixed for any one recording location. Resting subjects 
show a wide variation in the frequency of activity in 
sympathetic vasoconstrictor fibers to muscle, ranging 
from a burst incidence of 100 percent (one burst of 
sympathetic activity to each heart beat) to as low as 
10 percent or less.11 However, for any one individual, 
the mean resting burst incidence remains consistent 
on repeated tests. 

In the present study, microneurography was used 
to record the sympathetic vasoconstrictor activity to 
leg muscles during several types of hand exercise in 
an effort to determine threshold levels for the blood 
shunting phenomenon, and to record the behavior of 
these fibers at the initiation and cessation of exercise. 

METHOD 

Subjects 

Sympathetic activity in nerves to muscle was re
corded from 11 healthy men and women. Sympa
thetic activity in nerves to skin was recorded from 2 
additional subjects and from 1 of the 11 subjects in 
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Fig. 1. Electroneurography electrode. The epoxy-resin-
coated tungsten wire is soldered to a flexible, insulated 
copper wire. The solder joint is insulated with heat-sen
sitive plastic tubing. Insert shows an enlarged view of the 
tip of the electrode prior to insertion. 

whom sympathetic activity in nerves to muscle was 
recorded. Ages ranged from 23 to 55 years (median 
age, 33 years). The level of habitual physical activity 
of the subjects ranged from very high (active mara
thon runner) to sedentary. All neurographic record
ings were from the common peroneal nerve, a mixed 
peripheral nerve. 

Recording Equipment 

The recording electrode was a 0.2 mm diameter 
tungsten wire electrolytically etched to a tip diameter 
of approximately 1 μ, and insulated with epoxy resin* 

* Epoxylite #600a-M electrode insulator. The Epoxylite Corpo
ration, 1265 N Kraemer Blvd, Anaheim, CA 92806. 

Fig. 2. Microneurography recording system. The stimu
lator-recorder junction permits switching between stimu
lating and recording modes without changing electrode 
connections. 

(Fig. 1). The nerve signal was amplified, then filtered 
with a bandpass of 500 to 1600 Hz using a standard 
electromyograph amplifier.† The filtered signal then 
passed through an amplitude discriminator to remove 
low amplitude background noise. Visual and auditory 
output of the discriminator were monitored through
out the recording session. Bursts were identified by 
their audible characteristics and were marked on the 
paper recording either during the recording session or 
at playback. In addition, the signal was processed by 
an integration unit to rectify and smooth the signal 
(time constant either 0.2 or 0.5 second). The filtered, 
discriminated, and integrated signals were recorded. 
Electrodes and the discriminator and integrator units 
were made according to specifications supplied by 
Hagbarth and associates (personal communication, 
October 1979), with modifications to match available 
recording equipment. 

An electrocardiogram was recorded using a stan
dard clinical electrocardiograph‡ with leads placed 
over the sternum and the apex of the heart. Respira
tion was recorded using impedance pneumography.§ 
The electrodes were positioned laterally about the 
level of the tenth rib. Handgrip force was monitored 
using a noncompliant dynamometer attached to a 
strain gauge. || 

All measurements were recorded simultaneously 
on a 14-channel tape recorder and an ink recorder 
with a maximum frequency response of 60 Hz# (Fig. 
2). 

Sympathetic Fiber Location and Verification 

A 2 cm length of the common peroneal nerve was 
located/?/and marked between the popliteal fossa and 
the head of the fibula using transcutaneous electrical 
stimulation** (stimulator setting: 0.2 msec duration, 
1 pps, and 100 to 125 V). The skin was cleaned with 
70 percent isopropyl alcohol and a reference electrode 
was inserted subcutaneously so that the tip of the 
electrode rested 1 to 2 cm anterior to the line marked 
for the nerve. A ground electrode (base of stimulator-
recorder junction) was positioned just lateral to the 
proximal edge of the patella. The recording electrode 
was inserted into the nerve along the line marked on 
the skin (Fig. 3). Small exploratory movements of the 

†TECA TE 4 Electromyograph, AC Amplifier, AA6 MkIII, 
TECA Corp, 226 Ferris Ave, White Plains, NY 10603. 

‡ Cardio-Sentinel, Mennen-Greatbatch Electronics, Inc, 10123 
Main St, Clarence, NY 14031. 

§ Impedance Pneumograph Type 322, Physiograph, Narco Bio-
Systems, Inc, Houston, TX 77017. 

|| Statham Universal Transducer Model UR5, Honeywell, Inc, PO 
Box 5227, 4800 E Dry Creek Rd, Denver, CO 80217. 

/?/ Ampex RF 1300, Ampex Corp, 401 Broadway, Redwood City, 
CA 94063. 

# Brush Mark 200, Gould Instruments, Cleveland, OH 44114. 
** TECA TE 4 Electromyography, NS6, Stimulator, TECA Corp, 

226 Ferris Ave, White Plains, NY 10603. 
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Fig. 3. Electroneurography electrodes in position for recording from the peroneal nerve. Path of the nerve has been 
marked on the skin. 

recording electrode were made while passing a stim-
ulusft (stimulator setting: 0.2 msec duration, 1 pps, 
and 3-7 V) through the tip. The subject could hear 
each stimulus over the audio amplifier of the electro-
myograph. A switch inserted between the electrodes 
and the amplifier permitted changing from stimula
tion to recording modes without disconnecting the 
electrodes. 

When the peroneal nerve was located, placement 
of the tip of the recording electrode in a fascicle of 
fibers supplying muscle was verified by the presence 
of a clear muscle twitch in response to low intensity 
stimulation (less than 4 V), presence of sensory fiber 
activity in response to muscle taps or quick stretches, 
and absence of sensory fiber activity in response to 
stimulus. The tip of the recording electrode was 
moved without stimulation until the regular firing of 
a bundle of muscle nerve sympathetic fibers was 
clearly audible. Amplifier gain and discriminator am
plitude were then adjusted to provide maximum clar
ity of the signal. A precise amplitude calibration 
signal could not be entered into the system once the 
recording system was operating, necessitating mea
suring amplitude by height (mm) rather than the 

†† Grass S 88 Stimulator with isolation unit, Grass Instruments, 
Quincy, MA 02169. 

more standard voltage (mV). Independent tests of the 
system indicated that the voltage of sympathetic sig
nals varied from 20 to 100 mV among subjects. 

Discrimination between sympathetic fibers supply
ing muscle and those supplying skin was based on the 
absence of a response to arousal stimuli in sympa
thetic nerve fibers to muscle and the existence of a 
regular relationship between bursts of nerve activity 
and heart beat, as described by Sundlöf and Wallin.10 

All recordings were made with the subject supine. 
The examined lower extremity was in a position of 
slight hip internal rotation and flexion and slight knee 
flexion to facilitate access to the peroneal nerve. 
Positioning was maintained with foam rubber pad
ding to permit relaxation of all lower extremity mus
cles. The subjects were instructed not to move either 
lower extremity once the sympathetic fibers had been 
located and the recording was begun. 

Experimental Protocol 

Following sympathetic fiber location, the subject 
was instructed to relax for 10 to 15 minutes. Subjects 
could hear the discriminated nerve signal during this 
time. After the initial relaxation period, the subjects 
performed the following procedures: 
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Fig. 4. Sample of sympathetic vasoconstrictor fiber ac
tivity during rhythmic handgrip. In this 40-second sample, 
heart rate is 75, burst incidence is 16, and the maximum 
burst amplitude is 25 mm. 

1. Maximum handgrip sustained to fatigue (as deter
mined by the subject). 

2. Rest for five minutes or until nerve activity had 
returned to relaxation levels, whichever came first. 

3. Rhythmic handgrip at 30 to 60 percent maximum 
effort over a period of five minutes or to fatigue. 
The subjects established their own regular rate of 
contraction, ranging from 10 to 15 contractions a 
minute. 

4. Sustained 30 to 60 percent maximum handgrip to 
fatigue. The level of grip was the same as that 
during rhythmic contraction. 

5. Rest for five minutes or until nerve activity had 
returned to relaxation levels, whichever came first. 

6. Valsalva's maneuver. 
7. Rest for five minutes or until nerve activity had 

returned to relaxation levels, whichever came first. 

8. Repetition of rhythmic and sustained handgrip at 
either increased or decreased levels of effort, de
pending on the level used in the first bout of 
exercise and the sympathetic nerve response to the 
first bout. 

9. Rest for five minutes or until nerve activity had 
returned to relaxation levels, whichever came first. 
In some cases, the procedural order was changed 

(eg, performing Valsalva's maneuver earlier as an aid 
in checking electrode location, repeating maximum 
handgrip). Certain portions of the protocol were omit
ted for five subjects because they were unable to 
maintain adequate relaxation of the leg while per
forming certain procedures. 

Electrode location was verified during and at the 
end of the recording session if there was any indica
tion that the electrode position had altered. If the 
position of the electrode tip had shifted so that a clear 
sympathetic fiber signal was no longer present, the 
electrode was repositioned and questionable portions 
of the protocol were repeated. Sessions lasted two to 
three hours, including subject preparation time. 

Method of Analysis 

Both burst incidence (ratio of bursts/heart beats 
per unit time, in percent) and maximum burst ampli
tude (mm) in a unit of time were used as indexes of 
sympathetic fiber activity (Fig. 4). In order to analyze 
the changes in sympathetic fiber activity, the burst 
incidence was averaged over one-minute intervals 
(less if the maneuver was brief) before, during, and 
after each exercise or maneuver. Maximum burst 
amplitude was recorded for each time unit analyzed. 
Values for the unit of time immediately preceding a 
change (initiation or cessation of exercise, change in 
exercise character, or initiation or cessation of Val
salva's maneuver) were taken as the baseline for each 
subject. The changes in burst incidence and maxi-

TABLE 1 
Resting Characteristics: Subjects from whom Muscle Sympathetic Vasoconstrictor Activity Was Recorded 

Subject H e a r t R a t e ( b p m ) 
» Age 

X s 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 a 

28 
33 
54 
49 
24 
45 
55 
23 
24 
35 
32 

41.8 
43.8 
53.0 
57.4 
59.0 
64.2 
67.0 
68.6 
73.0 
74.5 
75.0 

1.0 
2.1 
0 
2.7 
1.9 
3.1 
1.3 
1.0 
1.3 
1.7 
1.2 

Burst Incidence (%) Max. Burst Amplitude (mm) 

X s /?/ s 

14.7 
25.5 
15.0 

9.7 
8.0 

39.7 
13.0 
18.5 

8.4 
100.0 
100.0 

5.3 
4.6 
0 
4.7 
3.5 
8.2 
3.9 
4.6 
5.3 
0 
0 

9.8 
14.3 
18.0 

5.0 
4.9 

14.7 
6.5 

18.5 
14.6 
13.9 
10.1 

1.9 
4.5 
0 
0.9 
3.2 
2.1 
1.9 
2.9 
9.6 
3.5 
1.8 

a Subject 11 was pregnant at the time of testing. 
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mum burst amplitude from this baseline value were 
averaged for all subjects. A single-tailed t test with at 
least a .05 level of significance was used to determine 
significance of changes from the baseline value. In 
addition, onset and offset responses to changes were 
analyzed in greater detail by measuring specific 
changes in burst incidence and amplitude within 
±10-20 seconds of the change. 

RESULTS 

The results are summarized in Tables 1 through 4. 
For purposes of reporting, a p value of .05 or less was 
chosen to be significant. 

Resting Activity 

The mean resting burst incidence value in sympa
thetic fibers to muscle ranged from 8.0 to 100 percent, 
as shown in Table 1. During the initial rest period, 
those subjects with less than 100 percent burst inci
dence showed some intrasubject variability with time 
in burst incidence, with a trend toward decreased 
incidence through the rest period. The maximum 
burst amplitude showed similar intrasubject variabil
ity and no decreasing trend during this period. There 
was no correlation between either measure of nerve 
activity and subject's age or resting heart rate. 

Sustained Maximum Voluntary Handgrip 

During sustained maximum voluntary handgrip 
contraction, both burst incidence and maximum burst 
amplitude increased significantly for five of the nine 
subjects (Group 1) with less than 100 percent resting 
burst incidence. The remaining four subjects (Group 
2) showed a minimal and varied response. Upon 
release of the contraction, both values decreased sig
nificantly, to approximately the pre-exercise levels. A 
rebound of burst incidence and maximum amplitude 
occurred within two to three minutes following exer
cise. Burst incidence recovered more rapidly than 
maximum amplitude. The changes in sympathetic 
fiber activity within ±10 seconds of the initiation and 
cessation of this exercise, as summarized in Table 2, 
were generally nonexistent or, if present, were vari
able among subjects. 

Rhythmic Contraction at Less Than One-half 
Maximal Voluntary Handgrip 

The performance of rhythmic handgrip contraction 
at less than one-half maximum force elicited variable 
responses in subjects with less than 100 percent resting 
burst incidence. Incidence tended to increase at var
ious times during the exercise, but each subject 
showed a randomly fluctuating pattern of changes in 
incidence throughout the exercise. The small and 
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TABLE 3 
Average Heart Rate and Burst Incidence During Exercise or Valsalva's Maneuver 

Subject 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9b 

Resting 

HR 
(bpm) 

42 
44 
53 
57 
59 
64 
67 
69 
73 

Bl 
(%) 

24 
31 
15 
24 
12 
49 
20 
26 
12 

<1/2 Sustained 
Contraction 

HR 
(bpm) 

50 
62 
59 
64 
61 

74 
74 
77 

Bl 
(%) 

44 
30a 

25a 

19 
23 

30 
16a 

28 

>1/2 Sustained 
Contraction 

HR 
(bpm) 

54 

60 
70 
89 
78 
80 
81 

Bl 
(%) 

51 

19 
18 
20a 

36a 

33a 

38a 

Sustained 
Maximum 

HR 
(bpm) 

60 
100 

57 
77 
67 
81 
71 
89 
87 

Bl 
(%) 

25a 

17 
20 

6 
19a 

53a 

25 
38a 

15a 

Valsalva's 
Maneuver 

HR 
(bpm) 
(peak) 

60 

79 
100 
95 
66 
65 
74 
98 

Bl 
(%) 

42a 

10a 

45a 

20a 

71 
32 
43a 

36a 

a Burst incidence reached 100 percent for more than 4 consecutive heart beats. 
b Subjects 10 and 11 with 100 percent resting burst incidence are not included in this table. 

variable changes in maximum burst amplitude indi
cate the lack of effect of this exercise on sympathetic 
vasoconstrictor activity. Again, there was no change 
in sympathetic fiber activity at the onset of the exer
cise. 

Sustained Less Than One-half Maximal 
Voluntary Handgrip 

Rhythmic handgrip contraction was followed im
mediately by sustained contraction without an inter
vening rest period. During sustained contraction at 
less than one-half maximal force, both burst incidence 
and maximal burst amplitude showed a significant 
upward trend. A significant decrease to resting levels 
in both measurements followed. Five of seven subjects 
performing this exercise showed no discrete "off 
response to cessation of exercise but had a gradual 
decrease of both measurements over time. Two sub
jects did show a definite brief pause in nerve fiber 
firing following cessation of this exercise. 

Rhythmic Contraction at One-half to Two-thirds 
Maximal Voluntary Handgrip 

During rhythmic contraction at one-half to two-
thirds maximum force, the intra- and intersubject 
variability in burst incidence was even greater than 
that observed during minimal rhythmic contraction. 
Burst incidence tended to decrease; burst amplitude, 
however, showed a definite upward trend. Initial 
responses were generally nonexistent or, if present, 
variable. 

Sustained One-half to Two-thirds Maximal 
Voluntary Handgrip 

Sustained handgrip at one-half to two-thirds max
imum force immediately following rhythmic hand
grip provoked a significant rise in burst incidence. 

Maximum burst amplitude was widely variable and 
not significantly changed. Upon release of the hand
grip, both burst incidence and maximum amplitude 
declined toward resting levels, the burst incidence 
declining significantly. Changes in sympathetic fiber 
activity upon initiation and cessation of this exercise 
were variable. Three of the nine subjects fired a large 
burst within 10 seconds before beginning this exercise 
(while still performing rhythmic exercise). Two sub
jects showed a pause in firing before the onset of 
sustained contraction. Two subjects showed an im
mediate increase in burst incidence within 10 seconds 
after beginning the sustained contraction. At the ces
sation of exercise, three subjects had a pause in 
sympathetic vasoconstrictor activity starting within 1 
to 25 seconds postexercise and lasting for 30 seconds 
on the average. 

Valsalva's Maneuver 

The response to the Valsalva's maneuver for those 
subjects with less than 100 percent resting burst inci
dence was very similar to that described elsewhere.5 

Figure 5 shows a characteristic response. At the be
ginning of the maneuver, there is a pause in firing 
that may be interrupted by one or two large bursts. 
As the subject sustains the maneuver, a threshold of 
central arterial pressure is reached for maximally 
activating the sympathetic vasoconstrictors to mus
cle.5 The burst incidence then immediately rises to 
100 percent of resting level. Upon release of the 
maneuver, there is typically a prolonged pause in 
sympathetic fiber firing. The burst incidence averaged 
over the entire period of the maneuver increased 
significantly in this study. In five of the eight subjects 
performing the maneuver (Group 1), the burst inci
dence reached 100 percent for a short period, as 
described above. These subjects were the same as 
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TABLE 4 
Changes in Burst Incidence and Amplitude with Exercise 

Burst Incidence (A%) Maximum Burst Amplitude (/?/mm) 
Condition n 

s t p X s t p 

Initial rest 
1 min 
2 min 
3 min 
4 min 
5 min 
6 min 
7 min 
8 min 
9 min 

Sustained maximum 
contraction 

1 min 
Grp. 1 
Grp. 2 

<1/2 Maximum rhythmic 
contraction 

1 min 
2 min 
3 min 
4 min 
5 min 
6 min 
7 min 
8 min 

<1/2 Sustained 
contraction 

1 min 
2 min 
3 min 

>1/2 Maximum 
sustained 
contraction 

1 min 
2 min 
3 min 
4 min 
5 min 
6 min 
7 min 

>1/2 Maximum 
sustained 
contraction 

1 min 
Valsalva's maneuver 

1 min 
Grp. 1 
Grp. 2 

9 
9 
9 
9 
9 
8 
5 
3 
3 

5 
4 

9 
9 
7 
7 
7 
4 
3 
2 

8 
8 
5 

7 
7 
7 
6 
5 
4 
2 

7 

5 
3 

- 1 . 6 6 ± 6.26 
- 1 . 5 5 ± 3.91 
- 0 . 6 7 ± 5.61 
- 1 . 8 9 ± 6.47 
- 4 . 1 1 ± 7.91 
- 2 . 8 7 ± 8.15 
- 3 . 6 0 ± 7.77 
- 4 . 0 0 ± 7.00 
- 6 . 3 2 ± 3.51 

87.8 ± 8.87 
4.0 ± 4.00 

1.33 ± 7.35 
2.89 ± 8.56 
4.00 ± 3.74 
2.00 ± 4.69 

- 2 . 8 6 ± 10.42 
4.75 ± 3.86 
4.33 ± 4.04 
1.50 ± 9.19 

8.25 ± 6.52 
13.38 ± 6.98 
16.20 ± 7.03 

2.04 ± 10.75 
- 0 . 3 1 ± 10.95 

- 1 . 7 6 ± 8.12 
1.67 ± 12.01 
- 6 . 4 3 ± 8.32 

- 3 . 2 5 ± 13.25 
- 8 . 0 0 ± 15.60 

12.00 ± 5.94 

83.67 ± 16.43 
21.00 ± 16.46 

0.26 
0.40 
0.12 
0.29 
0.52 
0.35 
0.46 
0.57 
1.80 

9.89 
1.00 

0.18 
0.34 
1.07 
0.43 
0.27 
1.23 
1.07 
0.16 

1.27 
1.92 
2.30 

0.19 
0.03 
0.22 
0.14 
0.77 
0.25 
0.51 

2.02 

5.09 
1.28 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

<.001 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
<.05 
<.05 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

<.05 

<.005 
NS 

- 3 . 0 0 ± 4.38 
0.11 ± 2.97 

- 3 . 1 1 ± 4.70 
- 0 . 1 1 ± 5.09 
- 0 . 8 9 ± 5.13 
- 3 . 0 0 ± 8.07 

0.60 ± 3.13 
0.67 ± 1 . 1 5 
1.33 ± 3.21 

7.60 ± 2.51 
5.33 ± 3.08 

1.00 ± 3.84 
2.89 ± 4.86 
1.86 ± 4.30 
3.29 ± 5.74 
0.86 ± 7.36 
1.00 ± 2.71 

- 0 . 6 7 ± 5.13 
- 1 . 0 0 ± 2.83 

6.75 ± 5.01 
5.63 ± 4.52 

10.67 ± 4.98 

4.08 ± 6.22 
3.86 ± 4.15 
6.29 ± 4.22 
7.50 ± 3.50 
6.40 ± 3.52 
9.25 ± 3.67 
5.00 ± 2.83 

- 0 . 5 7 ± 9.37 

11.33 ± 2.94 
8.67 ± 5.51 

0.68 
0.37 
0.66 
0.22 
0.17 
0.37 
0.19 
0.58 
0.42 

3.02 
1.73 

0.26 
0.59 
0.43 
0.57 
0.12 
0.37 
0.13 
0.36 

1.25 
1.25 
2.14 

0.66 
0.93 
1.49 
2.46 
1.82 
2.52 
1.77 

0.06 

3.85 
1.57 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

< .02 
< .10 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 

<.05 

NS 
NS 

<.10 
< .02 
< .10 
< .05 

NS 

NS 

<.01 
NS 

those responding with significant increases in activity 
during maximal voluntary contraction. The remain
ing three subjects (Group 2) showed no significant 
increase in activity. In seven subjects there was a 
pause in firing ranging from 12 to 130 seconds in 
length following the maneuver. 
Subjects with 100 Percent Resting Burst 
Incidence 

Response to maximal sustained handgrip, rhythmic 
one-half to one-third handgrip, and the Valsalva's 

maneuver were examined in the two subjects who 
had a 100 percent burst incidence at rest. One of these 
subjects (#11) typically fired two small bursts in 
response to each heart beat. During an extended rest 
period (15 minutes), both the frequency and the 
amplitude of these bursts decreased noticeably. In 
neither subject was there a change in burst incidence 
or maximal amplitude in response to exercise or to 
the Valsalva's maneuver. Release of the latter maneu
ver did not elicit a pause in firing in these subjects. 
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Fig. 5. Example of a typical response to a Valsalva's 
maneuver indicated by black bar. The bursts occurring 
immediately following the release of the breath are related 
to the last few heart beats during the maneuver, given an 
average reflex latency of 1.3 seconds. 

Skin Nerve Sympathetic Fiber Activity 

Sympathetic fiber activity in nerve fascicles supply
ing the skin was recorded during exercise in two 
subjects. The type of fibers was identified by a typical 
rapid reflex response to arousal stimuli, such as un
expected touch or noise, and to large rapid changes 
in respiration such as coughing or quick breathing. 
The behavior of sympathetic fibers supplying the skin 
has been described in detail by Hagbarth and asso
ciates.13 In the two subjects examined in this study, 
exercise did not cause any change from resting activ
ity in the sympathetic fibers supplying the skin. 

DISCUSSION 

The primary purpose of this study was to determine 
the characteristics of the threshold for the neurally 
regulated blood shunting response to exercise in non-
working muscles. Blair and his associates in 1961 
demonstrated that during dynamic leg exercise blood 
flow to the forearm decreased following an initial 
increase lasting from one to one-and-a-half minutes.16 

This response pattern was evident at all levels of 
exercise stress from light to heavy. Blocking adren
ergic transmission by various pharmacological means 
changed the pattern of blood flow in the forearm to 
sustained increased flow throughout exercise. Beve-
gard and Shepherd presented essentially identical 
information in 1966.17 They demonstrated that sur
gical sympathectomy also changed blood flow pat

terns in the resting forearm. In 1974, Eklund and 
associates studied the total blood flow in nonworking 
forearm and calf during sustained handgrip exercise 
and again found similar changes.18 They emphasized 
that changes in the calf were less pronounced but 
similar to blood flow changes in the forearm. The 
plethysmographic and clearance methods of measur
ing blood flow used in these studies did not permit 
differentiation between hemodynamic and neuro
genic regulation of muscle vascular resistance, but the 
absence of increased resistance following pharmaco
logical or surgical sympathectomy clearly suggested 
the involvement of the sympathetic system in devel
oping the response pattern. Questions were left open 
concerning a threshold for this response and the 
behavior of the sympathetic fibers immediately at the 
onset of exercise. 

In 1972, Delius and associates reported that strong 
isometric contraction of distant muscle groups elicited 
increased activity in fibers identified as sympathetic 
vasoconstrictors to nonworking muscle.9 In this and 
other studies on sympathetic fiber activity in humans, 
no nerve activity correlated with vasodilatation could 
be observed.12 These findings support the more indi
rect evidence from the other studies cited that sym
pathetic vasoconstrictors are a major regulatory agent 
of blood flow in nonworking muscle during exercise. 

In the present study, exercise mode and intensity 
were graded by using both rhythmic and sustained 
handgrip contractions and by varying the force of the 
contractions. Isometric or sustained contractions elicit 
cardiovascular adjustments more rapidly than do dy
namic exercises.19 The results presented here indicate 
that there is a threshold of exercise stress below which 
the vasoconstrictors to nonworking muscles do not 
increase their activity. Sympathetic fiber activity did 
not significantly increase during rhythmic handgrip 
contractions at less than one-half maximal force for 
periods up to eight minutes. By contrast, during 
rhythmic exercise at greater than one-half maximal 
force, there was a definite trend towards an increase 
in sympathetic fiber activity, as shown in the in
creased maximal burst amplitude, indicating an in
crease in the number of fibers activated. The lack of 
a significant change, or even a trend, in burst inci
dence at this greater level of exercise stress indicates 
that the threshold for increasing this measure of 
activity has not yet been reached. The question of 
whether rhythmic exercise is an adequate stimulus 
affecting the burst incidence is partially answered by 
the presence of some large, but not sustained, in
creases in burst incidence in individual subjects at 
various times during this exercise. 

During sustained handgrip contractions at all three 
force levels, both measures of sympathetic fiber activ
ity increased significantly, with the exception of burst 
amplitude during the greater than one-half maximal 
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force contraction. Thus, even at the lowest levels of 
sustained contraction examined in this study, the 
stimulus activates the neural blood shunting response 
in nonworking muscles. The absence of a threshold 
with this mode of exercise suggests that the response 
is related to a sustained contraction rather than to 
some specific intensity level. The greater ability of 
sustained contraction to elicit increases in sympathetic 
vasoconstrictor activity parallels the greater response 
of other segments of the sympathetic nervous system 
during this type of exercise, as compared to dynamic 
exercise. For contractions of less than one-half max
imal force, which could be maintained for a period of 
several minutes, burst incidence increased continu
ously in all subjects. Also, higher levels of initial 
exercise intensity caused more rapid rises in the sym
pathetic vasoconstrictor activity and greater peak 
burst incidence. 

As summarized in Table 3, at the end of the 
sustained contraction a peak burst incidence of 100 
percent was present in three of the eight subjects 
(37%) who performed less than one-half maximal 
contraction, in four of the seven subjects (57%) who 
performed one-half to two-thirds maximal contrac
tion, and in five of the nine subjects (56%) who 
performed maximal contraction. This pattern is sim
ilar to that observed for peripheral resistance changes 
in the nonstressed tissues of the kidney and gut as 
described by Hohimer and Smith,3 Bishop and asso
ciates,1 and Rowell and associates.4 Gradually in
creasing vasoconstrictor fiber activity, coupled with 
the absence of specific changes within 10 to 20 sec
onds before and after beginning exercise, indicates 
that the initial rise in blood flowing to nonworking 
muscle referred to above is not due to withdrawal of 
sympathetic activity at the onset of exercise. Rather, 
increased sympathetic vasoconstrictor activity lags 
behind increased cardiac output. This finding sup
ports the view that changes in vasoconstrictor activity 
to nonstressed tissues are reflex in nature rather than 
being coactivated with voluntary skeletal muscle con
traction. 

The differences in response pattern between burst 
incidence and maximal burst amplitude indicate that 
two methods of response to exercise stress are used 
by the sympathetic vasoconstrictor system. The pres
ence of increased burst amplitude without increased 
incidence during rhythmic contraction suggests that 
the initial response to stress is activation of additional 
fibers. The absence of an increase in burst amplitude 
when a series of two-thirds maximal contraction is 
performed suggests that the recruitment of additional 
fibers reaches a plateau by the end of the rhythmic 
exercise period. 

Without information on blood pressure changes in 
this study, no distinction could be made between the 
possible causes of increased burst incidence (eg, in

creased pulse pressure or increased sensitivity of the 
baroreflex centers regulating sympathetic vasocon
strictor outflow to muscle). The extreme variability in 
the responses to low level exercise stress seen in this 
study may be due to several factors either not con
trolled or not measured. The fluctuations in burst 
incidence and amplitude during rhythmic contrac
tions could be related to blood pressure fluctuations, 
although other studies have documented a fairly lin
ear increase in blood pressure during rhythmic exer
cise.1 Studies by Vallbo and his associates have not 
shown a correlation between blood pressure fluctua
tions and sympathetic fiber activity in subjects at 
rest.7 The variability among subjects for each exercise 
could be due to a number of factors, including the 
different cardiovascular fitness of the individuals and 
the difficulty in maintaining strictly comparable levels 
of exercise. No correlation was apparent between the 
level of cardiovascular fitness of subjects as expressed 
by resting heart rate and the degree of sympathetic 
vasoconstrictor response to exercise (Tab. 3). No sub
jects were specifically trained in performing the ex
ercises required in this study. Heart rate tended to 
increase with increased exercise intensity for all sub
jects (Tab. 3). The heart rate increase for each exercise 
was quite variable among subjects indicating that the 
relative intensity of a given exercise was not neces
sarily the same for all subjects. The resting burst 
incidence and the change produced by exercise 
showed no correlation, indicating that resting burst 
incidence is not a predictor of an individual's respon
siveness to exercise stress. 

The responses to exercise and to the Valsalva's 
maneuver highlight the differences in activation pat
terns caused by the two very different stimuli. The 
stimulus for increased sympathetic vasoconstrictor 
activity during the Valsalva's maneuver apparently is 
decreased mean central arterial pressure activating 
the baroreflex.8 During sustained upper extremity 
exercise, arterial pressure either remains constant or 
rises.18,20 Handgrip does not activate a sufficiently 
large mass of muscle to cause an initial decrease in 
pressure due to working muscle vasodilatation.17'20 

Examination of the burst incidence and amplitude 
within the initial 10 seconds of exercise gives no 
evidence of a baroreflex response with either rhythmic 
or sustained exercise. The Valsalva's maneuver was 
generally a more effective stimulus for increases in 
both burst incidence and amplitude than even a 
maximal sustained contraction. 

CONCLUSIONS 

The evidence presented in this article indicates that 
a threshold for activation of the neural blood shunting 
response to exercise does exist, but that it is low, and 
may vary depending on the type of exercise being 

Volume 61 / Number 11, November 1981 1583 



performed. The evidence also indicates that the in
creases in activity of the sympathetic vasoconstrictor 
fibers to nonworking muscle which do occur are the 
result of peripheral stimuli rather than of concurrent 
cortical activation of the sympathetic system and 
skeletal muscles. The increase in activity of sympa
thetic vasoconstrictor fibers to nonworking muscle 
with increasing exercise intensity may explain the 
maintenance of nonworking muscle blood flow at a 
steady level during exercise. 

Physical therapists need to be aware that disruption 
of neural regulation of blood flow to the body's main 
reservoirs of blood, including nonworking muscle, 
may limit a person's ability to sustain exercise. The 
impairment or absence of exercise induced vasocon
striction can limit the volume of blood available to 

support the increased cardiac output required during 
exercise. Other treatments, such as local application 
of heat, which cause local changes in blood flow, 
should also be used with caution with patients having 
impaired innervation of peripheral vasculature. 

Further study is needed in two areas: 1) the nature 
of neural regulation of blood vessels supplying work
ing muscles and 2) the patterns of sympathetic vaso
constrictor activity seen following injury or disease of 
the central nervous system. Research on the second 
question is currently being conducted (Hagbarth, per
sonal communication, 1975). Information on these 
topics will improve the physical therapist's ability to 
adjust treatment so that it will benefit rather than 
stress the patient. 
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