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Abstract

- The authors evaluated the relationship between sympathetic nerve activity
and transcutaneous oxygen tension (TcpQO,) in normal and ischemic lower ex-
tremities. Dorsal foot TcpO, was measured by using dxygen—sensing electrodes
with surface temperatures of 42°C and 45°C; in theory, changes in sympathetic
activity should affect vasomotor tone and TcpO, in skin beneath an electrode at
42°C (submaximal vasodilation), but not at 45°C (maximal vasodilation). The
vasodilation index (TcpO, at 42°C/TcpO, at 45°C) was created as an index of
vasomotor tone (vasodilation index increases as tone decreases). In normal
limbs (n=24) averages for TcpO, at 42°C, TcpO, at 45°C, and vasodilation
index were 30.3 mmHg, 62.1 mmHg, and 0.47, respectively. In subjects (n=5)
with quadriplegia and reduced sympathetic tone secondary to cervical cord
trauma, TcpO, at 42°C and vasodilation index were increased (45.0 mmHg and
0.61); TcpO, at 45°C did not change. When normal subjects (n=7) were chilled
for twenty minutes with a cooling blanket at 5°C (to increase sympathetic tone)
average vasodilation index dropped from 0.50 to 0.29. Among ischemic limbs
(n=34) vasodilation index was highly variable (range: 0-0.77); in general, vaso-
dilation index fell as the ischemia worsened. In a subset of patients with ische-
mic limbs, the vasodilation index increased after the limb was wrapped in a
warm dressing (average vasodilation index=0.25 without dressing, 0.37 with
dressing). The authors conclude: (1) TepO, can be used to assess the degree of
vasomotor tone (and sympathetic activity) in skin; (2) tone generally increases
as ischemia worsens; and (3) local warmth can improve cutaneous circulation in
ischemic limbs.

From the Mayo Clinic and Mayo Foundation, *Division of Cardiovascular Diseases, **Head, Section of Vascular Sur-
gery, Rochester, Minnesota
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Introduction

Transcutaneous oxygen tension (TcpO,) measurements are becoming increasingly useful in
the noninvasive study of skin blood flow. " In theory, TcpO, depends upon a number of factors
that can affect the diffusion of oxygen through skin, including the arterial pO, and the rate of
cutaneous blood flow. When blood flow in skin is high, TcpO, approaches arterial pO,; at low
flow rates it primarily reflects the balance between cutaneous oxygen delivery and consump-
tion.”* It follows that in situations where blood flow is less than maximal, changes in perfusion
will produce subsequent changes in TcpO,. This principle underlies the use of TcpO, as an
index of cutaneous blood flow. :

Because skin temperature is an important determinant of cutaneous blood flow, most ox-
imeters employ an oxygen-sensing (Clark-type) electrode that can be maintained at a constant,
desired temperature. An electrode surface temperature of 43°-45°C usually provides suffic-
ient heat to eliminate vasomotor tone and cause maximum vasodilation of the underlying
skin.>*"" In contrast, vasomotor tone may be present when lower electrode temperatures are
used; under these conditions vasoactive stimuli will affect blood flow and TcpO,."™”

The fact that TcpO, measurements can be used to assess both maximum blood flow and
vasoreactivity (depending upon the electrode temperature chosen) in skin makes this a poten-
tially valuable tool for studying the effects of sympathetic nerves on cutaneous blood flow. The
following describes a two-part preliminary study in which TcpO, measurements (taken at both
higher and lower electrode temperatures) were used to evaluate the role of sympathetic nerves
in the control of lower extremity skin blood flow. In the first part, the response of TcpO, to
events known to change cutaneous sympathetic activity was determined in individuals with no
evident circulatory disease. This information was used in the second part of the study to
evaluate the influence of sympathetic activity on vasomotor tone and TcpO, in ischemic limbs.

Methods

Electrode Calibration

Transcutaneous oximeters were calibrated by using the two-point method recommended by
the manufacturer. Daily adjustments were made as needed to accommodate changes in baro-
metric pressure and room temperature. Accuracy was verified on several occasions by placing
the electrode in a chamber containing a gas of known composition (10.1% oxygen with bal-
ance nitrogen and water vapor) and demonstrating that the measured and predicted pO,’s were
equal. The relationship between real and measured pO, was linear for the three points studied
(zero oxygen, 10.1% oxygen, and room air).

Dual Electrode Method

In some experiments, separate oximeters were calibrated and maintained at either 42°C or
45°C. The electrodes were attached to the dorsum of the foot (1-2 cm apart) and allowed to
equilibrate (usually ten to twenty minutes). Although the sampling sites differed slightly be-
tween the electrodes, the TcpO, at 42°C and 45°C could be measured simultaneously by using
the dual-electrode technique.

Single-Electrode Method
The calibration of the transcutaneous oximeter is affected by the temperature of the elec-



May 1987 Angiology—The Journal of Vascular Diseases 402

trode, and recalibration is normally required each time surface temperature is to be changed. It
is, however, possible to correct for changes in pO, caused by differences in electrode tempera-
ture without recalibrating. For example, if an oximeter exposed to room air has been properly
calibrated at 45°C to read 154 mmHg, a change in electrode temperature to 42°C will reduce
the reading to approximately 140 mmHg. The true room air pO, can be calculated by multiply-
ing 140 by a correction factor of 154/140 (or 1.1), yielding the corrected room air pO, of 154
mmHg. Similarly, for any measurement of TcpO, made with the electrode surface at 42°C (but
with the oximeter previously calibrated at an electrode temperature of 45°C) the true TcpO,
will exceed the measured value by a factor of 1.1. The appropriate correction factor can
likewise be determined for any electrode temperature.

In certain experiments to be described the single-electrode technique was used to measure
TcpO, at various temperatures without removing and recalibrating the electrode between each
temperature change. Before attachment, the electrode was calibrated in room air at a surface
temperature of 45°C; room air readings were subsequently determined at different tempera-
tures as needed. These values were used to make the appropriate correction factors. After
attachment, TcpO, measurements were made at the lowest temperatures first and then ad-
vanced to progressively higher temperatures. The TcpO, values obtained in this way (after
correction for changes in electrode temperature) showed excellent agreement with measure-
ments made using the-dual-electrode method. In some studies, both the single- and dual-
electrode methods were used, and the results were pooled. A

Vasodilation Index

Cutaneous vasodilation (and a subsequent rise in TcpO,) occurs as the electrode surface
temperature is increased. In skin where vasomotor tone is low prior to the application of the
electrode, the TcpO, should be relatively high even at low electrode temperatures, and little
increase should be produced by additional heating. Conversely, in vasoconstricted skin the
TcpO, at lower temperatures should be relatively low, and with heating the TcpO, should rise
until the vasomotor tone in the region underlying the electrode reaches a minimum. To better
compare and assess vasomotor tone, the vasodilation index (VI) was created. This index is
defined as the TcpO, at a particular temperature divided by the TcpO, at 45°C.

TepO, in Normal and Spinal-Cord-Damaged Subjects

Initial studies were performed on a single lower extremity from normal Volunteers (no
signs, symptoms, or history of circulatory disorder; n=8) and on otherwise healthy patients
(n=7) admitted to the Saint Marys Hospital Rehabilitation Unit with total quadriplegia second-
ary to traumatic cervical spinal cord disruption (in 5 of these patients the interval since cord
injury was six months or less). Measurements were usually made with the subject wearing a
hospital gown; extremes in ambient temperature were avoided, but some room-to-room varia-
tion in temperature occurred. During the study the subject remained in the supine position and
the limb was kept still. TcpO, electrodes were calibrated at 45°C prior to each use, coated with
oxygen electrode contact gel, and attached to the dorsum of one of the subject’s feet by means
of rings of self-adhesive tape. Equilibration at 37°C was allowed to occur (defined as an
oximeter reading that remained stable for at least sixty seconds; this typically required ten to
twenty minutes). Temperature was then increased to 42°, 43°, 44°, and 45°C, with equilibra-
tion at each temperature occurring before the next increase was made. The electrode was
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detached and calibration was rechecked; if the room air value at 45°C had changed by more
than 5% from its prestudy value, the data were discarded and the measurements repeated.
Measurements were corrected for temperature-induced changes in calibration as described for
the single-electrode method.

In later studies it was decided to measure TcpO, at 42° and 45°C only, and the protocol for
the single-electrode method was adjusted accordingly. These studies (n= 16 for normals; n=4
for cord-damaged patients) were similar to those described above, except that the initial equili-
bration (usually requiring ten to fifteen minutes) was made at 42°C. Electrode temperature
was then increased to 45°C until TcpO, equilibration was reestablished. TcpO, measurements
were also made in 8 normal and 1 cord-damaged subject by using the dual-electrode method;
the data were pooled with those obtained with the single-electrode method to form larger
groups (n=24 for normals; n=>5 for cord-damaged subjects).

TepO, During Chilling

With normal subjects (n=7 limbs), two electrodes were attached to the dorsum of the foot
and allowed to equilibrate for fifteen to twenty minutes, one at 42°C and the other at 45°C.
Dorsal foot temperature was measured with a digital thermometer. After measurements of
TcpO, were recorded, a cooling blanket at 5°C was placed over the trunk and thighs. Follow-
ing fifteen to twenty minutes of chilling, the new values for dorsal foot temperature and TcpO,
at 42° and 45°C were recorded.

Studies on Ischemic Lower Extremities

Dorsal foot TcpO, was determined in limbs (n=34) with known atherosclerotic peripheral
vascular disease. Measurements were made by using both the single- (28 limbs from 22 sub-
jects) and dual- (6 limbs from 6 subjects) electrode methods as described earlier.

Effects of Vascular Boots on TcpO,

Physicians at the Mayo Clinic frequently protect and warm the ischemic lower extremities
of hospitalized patients by wrapping the limb with a thick cotton pad from the knee down. The
padding is covered and held in place by a cloth wrap. Circumferential ties are placed snugly
around the leg and foot at several levels to secure the wrap. These protective and heat-conserv-
ing dressings are referred to as “vascular boots.”"* Hospitalized patients (n=13) upon whom
vascular boots had been placed by their physicians were identified. These patients were either
severely ischemic (with rest pain or ulcers) or had recently undergone arterial reconstructive
surgery. Two dorsal foot electrodes (42° and 45°C) were attached and allowed to equilibrate
for fifteen to twenty minutes. After the TcpO, was recorded, the boots were removed and left
off for approximately twenty minutes. Dorsal foot temperature was also measured (at least 2-3
cm from any attached electrode) by using a digital thermometer. In some experiments the
initial measurements were made without boots; the boots were subsequently put on for about
twenty minutes and the measurements (with boots) were repeated.

Statistics

Data are expressed as the mean + the standard error of the mean. Paired or unpaired t-tests
were performed as indicated, and p values less than 0.05 were considered to be significant
(two-tailed test). Unless otherwise specified, only significant values are discussed.
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TABLE I
TcpO, versus electrode surface temperature at 42°C and 45°C in normal and spinal-cord-damaged subjects
(modified protocol)
Normal Cord-Damaged
n (limbs/subjects) 24/22 5/5
‘Mean Range Mean Range
Age (years) 37.04+3.1 (17-72) 34.04+8.9 (17-77)
TcpO, at 42°C
(mmHg) 30.34+2.2 (8-49) *45.04+3.7 (36-56)
TcpO, at 45°C
(mmHg) 62.1+2.1 (48-87) 73.24+5.5 (58-83)
Vasodilation index
(TcpO, at 42°C/ :
TepO, at 45°C) 0.4740.03 (0.15-0.72) * 0.61+0.03 (0.58-0.67)
*=djfferent from normals, p < 0.05 (group t-test). '
Results

TcpO, Versus Electrode Temperature in Normal Subjects and in Patients with Cervical
Cord Disruption

Dorsal foot TcpO, was measured at temperatures between 37° and 45°C in 8 normal
subjects (ages nineteen to forty-six years) by using the single-electrode method. Seven totally
quadriplegic subjects (ages seventeen to sixty-six years) with documented cervical cord dis-
ruption were likewise examined. Although all quadriplegic patients had varying degrees of
mild postural hypotension, none were currently requiring medication to support their blood
pressure. By using the appropriate TcpO, values, the vasodilation index was calculated at each
temperature for every subject. A comparison between the two groups revealed no difference in
either TcpO, or vasodilation index at 37°, 43°, 44°, or 45°C. A significant difference in both
TcpO, (33.3+3.2 mmHg in normal subjects vs 43.4+4.6 mmHg in cord-damaged subjects)
and vasodilation index (0.51+0.04 in normal subjects vs 0.68+0.04 in cord-damaged sub-
jects) did occur at 42°C.

Based upon this preliminary study the protocol was shortened so that TcpO, was deter-
mined at 42° and 45°C only. By using the shorter protocol, both normal (n=22 subjects, ages
seventeen to seventy-two years) and cord-damaged (n=>35 subjects, ages seventeen to seventy-
seven years) individuals were examined (Table I). The previously noted differences in TcpO,
and vasoédilation index were again present (TcpO, at 42°C was 30.3 mmHg in normal subjects
and 45.0 mmHg in cord-damaged subjects; vasodilation index was 0.47 and 0.61, respec-

tively).

TcpO, and Cooling _
Lower extremities from 7 normal subjects were examined before and after fifteen to twenty

minutes of body cooling with a cooling blanket (5°C). During exposure to ambient room
temperature the TcpO, (mmHg) at42° and 45°C was 30.7 and 59.9, respectively (vasodilation
index=0.50). Cooling decreased the TcpO, to 17.0 at 42°C and 58.0 at 45°C (vasodilation
index=0.29). Dorsal foot temperature fell from 31.2° to 30.8°C with body cooling (Table II).
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TABLE II
Effect of body chilling on Tcp02

n=7
age (years)=30.045.3 (16-58)
Without Cooling Blanket With Cooling Blanket

Dorsal foot temperature

() 31.240.04 *30.84.0.04
TcpO, at 42°C (mmHg) 30.74+4.9 *#17.044.3
TcpO, at 45°C (mmHg) 59.5+2.8 58.0+3.9
Vasodilation index (TcpO,

at 42°C/TcpO, at 45°C) 0.504-0.06 *%().294+0.07

*=different from control (p <0.05) (paired t-test).
**=different from control (p < 0.01) (paired -test).

TABLE 0T
TcpO, in ischemic limbs (n=34 limbs, 28 subjects)

Ulceration or

Claudication Only Tissue Loss

Average Range Average Range
N (limbs/subjects) 19/15 15/13
Age (years) 68.9 (48-78) 67.8 (46.81)
SEM +4.8 +4.7
TcpO, at 42°C (mmHg) 18.5 (1-51) *9.4 (0-42)
SEM +2.7 +2.7
TcpO, at 45°C (mmHg) 45.1 (16-65) **33.1 (14-65)
SEM +4.2 +3.7

.- Vasodilation index 0.37 (0.03-0.82) *0.23 (0-0.65)

SEM +0.05 +0.04

SEM =standard error of the mean.
*=different from value for clandication only (p <0.05) (group t-test).
**=different from value for claudication only (p < 0.01). .

TcpO, in Limbs with Vascular Disease

Dorsal foot TcpO, was measured in 34 ischemic limbs from 28 patients w1th atherosclerotic
peripheral vascular disease. As a group, the mean TcpO, was 14.5 mmHg at 42°C and 40.8
mmHg at 45°C; the vasodilation index was 0.31. Because of the extréme variation in the
severity of ischemia within this group (TcpO,’s at 45°C ranged from 14 mmHg to 65 mmHg),
the patients were divided into those with claudication (19 limbs from 15 patients) and those
with ulcerations or tissue loss (15 limbs from 13 patients). All patients with claudication had
either angiographic confirmation of severe disease or an ankle-brachial index of less than 0.60.

The vasodilation indices were calculated for each group. The index was 0.37 in those with
claudication and fell to 0.23 in those with tissue damage (Table III).

Effect of Warming with Vascular Boots on TcpO,

Dorsal foot TcpO, (dual-electrode method at 42° and 45°C) was determined in a group of
patients upon whom vascular boots had been placed for the warmth and protection of their
ischemic limbs. Indications for vascular boots included severe ischemia (n=8) or recent aortic
surgery (n=>5). Results are shown i in Table IV. The application of vascular boots increased

s i)
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TABLE IV
Effect of local warming on the TcpO, of ischemic lower extremities (n=13
limbs, 12 subjects) age (years)=61.2+4.5

Without Vascular Boots With Vascular Boots

Dorsal foot temperature (°C) 30.44+0.05 *31.840.05
TcpO, at 42°C (mmHg) 12.54+2.5 *17.84+3.5
TcpO, at 45°C (mmHg) 44.84-6.9 45.3+7.0

Vasodilation index 0.24+0.04 *%0,3710.06

*=different from control (p < 0.01) (paired t-test).
**=different from control (p <0.05).

dorsal foot temperature by 1.4°C; no change in TcpO, at 45°C occurred as a result of this, but
TcpO, at 42°C increased by 5.3 mmHg. The vasodilation index increased from 0.25 to 0.37.

Discussion

Sympathetic nerves are clearly important in the control of cutaneous blood flow.'*

Changes in body temperature appear to be one of the main physiological factors determining
sympathetic vasomotor tone in the skin; ie, as temperature falls, there is an increase in sympa-
thetic tone, resulting in cutaneous vasoconstriction and decreased heat loss. Several mechan-
isms are responsible for this effect, including an increase in the release of norepinephrine from
sympathetic nerve endings” and a cold-induced increase in the affinity of vascular smooth
muscle alpha-receptors for norepinephrine.”" In certain situations (such as in response to
extreme cold or in Raynaud’s phenomenon) cold-induced cutaneous vasoconstriction may be
so severe that ischemia results. :

Measuring the influence of sympathetic nerve activity on cutaneous blood flow has always
been difficult, and the techniques available to do this are limited. HoweVer, the observation
that TcpO, is affected by various stimuli that alter vascular reactivity™*"” suggested that
changes in sympathetic tone might be reflected as changes in TcpO,. If so, transcutaneous
oxygen measurements could prove useful in studying the influence of sympathetic nerves on
skin blood flow. The present study (limited to the lower limbs) was undertaken to evaluate this
possibility. The goals were twofold: (1) to determine whether changes in sympathetic tone
affected dorsal foot TcpO, in normal individuals and (2) if so, to determine whether TcpO,
measurements can be used to evaluate the influence of sympathetic nerves on vasomotor tone
and cutaneous blood flow in limbs affected by vascular occlusive disease.

The dorsum of the foot has proven to be a practical and somewhat standard site for studying
limb TcpO,.”**" In our first series, dorsal foot TcpO, was determined at a variety of electrode
surface temperatures. As anticipated, heat produced vasodilation in the skin beneath the elec-
trode, which resulted in a higher cutaneous blood flow (and therefore higher TcpO,) as the
electrode temperature rose. In keeping with the practice of others™ we assumed that an elec-
trode surface temperature of 45°C produced maximal vasodilation in the underlying skin,
although this could not be confirmed with the equipment used in this study because 45°C was
the highest available temperature setting. At lower electrode temperatures, vasomotor tone
(and the ability of cutaneous blood vessels to respond to vasoactive stimuli) was partially
maintained. The vasodilation index (TcpO, at a given temperature divided by TcpO, at 45°C)
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was created as an index of vasomotor tone. Subjects with high tone (reﬂecting vasoconstric-
tion) should have a low index, while those with lower tone should have a higher index.

The observed relationship between TcpO, and electrode surface temperature suggested that
some degree of vascular tone was normally present in the skin of most supine individuals at
room temperature. If sympathetic nerves contributed to the production of this tone, then the
elimination of their influence should increase blood flow and TcpO, (for any given electrode
temperature). As a first test of this hypothesis, the relationship between TcpO, and electrode
temperature was evaluated in otherwise normal subjects with complete cervical cord disrup-
tion. Because of their injuries, it was anticipated that sympathetic innervation to the lower
extremities would be reduced. We observed that TcpO, at 45°C was similar to that in normal
subjects; however, at all other temperatures the trend was toward higher TcpO,’s in the cord-
damaged group. This difference was significant at 42°C. On the basis of these findings it was
decided to adopt a shorter protocol in which dorsal foot TcpO, was measured at 42°C and
45°C only. The values obtained by use of this protocol agreed well with the previously ob-
tained values for both normal and cord-damaged subjects.

The hypothesis that blood flow (and TcpO,) at 42°C is affected by changes in sympathetic
tone was further tested by taking normal subjects and covering them with a cooling blanket.
The predicted response to this challenge would be an increase in cutaneous sympathetic tone
and a subsequent decrease in skin blood flow. As expected, TcpO, at 42°C dropped markedly
in response to chilling, while TcpO, at 45°C showed no significant change. The vasodilation
index likewise declined with chilling.

These data suggest that changes in TcpO, at 42°C parallel the predicted vasomotor re-
sponses to decreased (cord-damaged) or increased (chilling) sympathetic nerve activity. Ex-
pression of the results as a vasodilation index helped to correct for patient-to-patient variation
in several factors, including arterial oxygen content and blood pressure (this same reasoning
has led to the use by others of the regional perfusion index for the assessment of limb blood
flow®). The vasodilation index varied considerably among members of the normal group.
Factors that might have contributed to the variability include: inherent neurological differ-
ences between individuals; environmental factors, such as room temperature, the amount of
clothing worn by the subject during the study, etc.; drug effects (although none of these sub-
jects admitted to taking antihypertensive medications or other drugs known to exert a primary
effect on vascular tone, the possibility that unrecognized substances, such as aspirin, oral
contraceptives, nicotine, caffeine, alcohol, over-the-counter cold remedies, or other medica-
tions, may have affected vasomotor tone exists); and nonspecific constitutional factors, includ-
ing stress, exercise conditioning, or seasonal acclimatization.

The final series of studies were performed on patients with atherosclerotic peripheral vas-
cular disease. The group was divided into those with either claudication or ischemic ulcera-
tion. As was the case with normal subjects the vasodilation index varied widely, but in general
it decreased as the ischemia worsened. This phenomenon may have been due to the fall in limb
skin surface temperature that typically accompanies occlusive disease.” Although surface skin
temperature was not measured in this group of patients, it seems likely that the temperature
was lower in patients with more severe occlusive disease. The lower skin temperature would,
among other things, increase cutaneous blood vessel sensitivity to norepinephrine and thus
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augment sympathetic tone. Support for this possibility was found by studying a select group of
subjects upon whose limbs vascular boots had been placed to provide temporary warmth and
protection. These dressings increased average skin temperature from 30.4° to 31.8°C and
produced a subsequent increase in both TcpO, and vasodilation index at 42°C, without chang-
ing TcpO, at 45°C.

Our findings support the possibility that sympathetic activity and vasomotor tone may be
increased in the skin of patients with occlusive vascular disease, paticularly as the ischemia
becomes more severe. It is possible that the resulting vasoconstriction may further compro-
mise an already insufficient cutaneous circulation; if so, the elimination of this tone might
decrease cutaneous vascular resistance and improve blood flow. Keeping the ischemic limb
warm may therefore be a practical way to attenuate sympathetic tone and improve local cuta-
neous blood flow and TcpO,.

Many questions remain unanswered regarding the relationship between sympathetic activ-
ity and cutaneous blood flow, especially in the setting of ischemia. For example, how is blood
flow in ischemic limbs affected by lumbar sympathectomy? Although surgical sympathectomy
antedates vascular reconstruction as a method of improving cutaneous perfusion, it remains
uncertain to what extent the increase in blood flow produced by this operation favorably
influences the clinical outcome. Advocates of the procedure have provided considerable anec-
dotal evidence to support the use of lumbar sympathectomy in selected situations,”” but no
controlled study has ever demonstrated this operation to be an effective treatment for cutane-
ous ischemia caused by atherosclerosis (either as an isolated procedure or as an adjunct to
revascularization). Some authorities have even argued that sympathectomy can cause “steal
or that it increases arteriovenous shunting as opposed to nutritional flow.”* Although we did
not address these questions directly, our findings showed that changes in sympathetic activity
caused subsequent changes in TcpO,, which indicates that sympathetic nerves must influence
nutritional blood flow. While it remains possible that cutaneous arteriovenous shunting is also
affected by sympathetic activity, changes in shunting alone could not (by definition) have
produced the changes in TcpO, observed in this study. Further work into the role of TcpO,
measurements as a tool for the investigation of sympathetic nerve activity in ischemic limbs is
clearly indicated.

Future studies may require more accurate and detailed assessments of TcpQO,. If so, several
possibilities exist for improving upon the measurement process used in these studies. These
include: (1) better control of variables, such as room temperature, skin exposure, and duration
of electrode equilibration; (2) use of multiple sites for determination of TcpO, (blood flow in
some sites might behave differently from blood flow in nearby regions); (3) optimizing the
electrode surface temperatures for each subject (eg, 42°C may produce too much cutaneous
vasodilation to detect vasomotor changes in one patient and too little vasodilation in another);
(4) use of various maneuvers (such as standing or limb elevation) that may augment or attenu-
ate blood flow; and, (5) determination of TcpO, on more than one occasion.

In summary, when measured at an electrode surface temperature of 42°C, dorsal foot
TcpO, changes in response to events known to influence sympathetic tone. The vasodilation
index (in this case, TcpO, at 42°C divided by TcpO, at 45°C) theoretically provides an indica-
tor of cutaneous vasomotor tone. In normal subjects this index is increased by disruption of the
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cervical spinal cord (reduced sympathetic nerve activity) and decreased by body chilling (in-
creased sympathetic nerve activity). In ischemic limbs the vasodilation index decreases as the
ischemia worsens; this may be due to a drop in skin temperature, but other factors cannot be
ruled out. The TcpO, and vasodilation index in these patients can be improved by keeping the
ischemic limb warm, but additional studies will be required to determine whether this im-
proves the clinical outcome. ’
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