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Spinal cord stimulation (SCS) may be helpful in treating pain and vascular in-
sufficiency associated with inoperable peripheral vascular disease (PVD). Of-
ten decision-making regarding progression from trial to implantation is based
on subjective measures. Transcutaneous oxygen pressure, a measure of mi-
crocirculation and tissue perfusion, provides information on changes that
may occur in PVD patients that undergo SCS trials and may provide predic-
tive information for patient outcomes. This article reports on 2 patients with
severe PVD in which transcutaneous oxygen pressures were measured during
the trial phase, guided progression to implantation, and were followed in the
postoperative period. Transcutaneous oxygen pressure values continued to
improve following permanent implantation. We provide a review on transcu-
taneous oxygen pressure monitoring, along with emphasis on the technical
aspects of transcutaneous oxygen pressure monitoring and its incorporation
into practice. The decision to implant a SCS should be based on not only sub-
jective measures of improvement, but also objective measures of improve-
ment in transcutaneous oxygen pressure. Additional research is warranted to
develop transcutaneous oxygen pressure predictive indices to assist in the se-
lection of patients for progression to permanent implantation.

Key words: Spinal cord stimulation, peripheral vascular disease, transcuta-
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(SCS) is extensively used in Europe for inoperable
PVD for both its ability to improve pain control

million individuals, with more than 60,000
amputations performed yearly in the United States
(1,2). Ischemic pain with PVD can be difficult to
treat with medication. Spinal cord stimulation

and microcirculation; yet, it has not been widely
used in United States (3). Transcutaneous oxygen
pressure, a measure of microcirculation and tissue
perfusion, may be useful in predicting success with
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permanent implantation. We report 2 cases in which
transcutaneous oxygen pressure monitoring was
used to guide decision-making for SCS implantation
for inoperable PVD. Also, we provide a description
of the technical aspects of transcutaneous oxygen
pressure monitoring and how to incorporate it into
practice.

Case REPORTS

Case 1

An 81-year-old male with bilateral (left more
symptomatic than right) lower extremity inoperable
PVD, Fontaine Class 3 (Table 1), was referred for SCS.

Table 1. The original Fontaine classification.

Stage Symptoms

I Asymptomatic

I Intermittent claudication

II-A Pain-free, claudication with walking >200 m
1I-B Pain-free, claudication with walking <200 m
111 Rest and/or nocturnal pain

v Necrosis and/or gangrene

Past medical history included severe coronary artery
disease (CAD) and multivessel PVD. Past surgical his-
tory included 2 left leg PVD surgeries (femoral-femo-
ral graft and femoral-popliteal graft). The patient re-
ported severe left leg and vascular claudication pain
unresponsive to medication. A magnetic resonance
angiogram demonstrated severe PVD with occlusion
of the proximal left common iliac artery and attenu-
ated flow in the left thigh with no major vessel runoff
to the left foot. Prior to the SCS trial, transcutaneous
oxygen pressures were measured in mmHg with the
TCM400 (Radiometer, Copenhagen, Denmark) in the
supine position (left 40, right 36) with the electrode at
a constant temperature of 44°C on the dorsum of the
respective foot. Readings were made at a room tem-
perature of 21°C. The transcutaneous oxygen pressure
monitor is shown in Fig. 1. During the trial, a percuta-
neous octad lead was inserted via the left paramedian
approach at L1-L2 with the tip at the T9-T10 interspace
to the left of midline. Transcutaneous oxygen pressure
measurements (Fig. 2) were repeated after a 5-day
trial with 30% and 36% improvements in the left and
right leg, respectively. The patient reported greater
than 75% pain relief and increased ambulation dis-
tance. Based on the improvements in transcutaneous
oxygen pressure and in pain scores, a decision was

Transcutaneous Oxygen Pressure Monitor

#

contact solution.

Fig. 1. The transcutaneous oxygen pressure monitor, TCM400 (Radiometer, Copenhagen, Denmark), with electrode and
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Transcutaneous Oxgen Pressures

60+

50

4017
TcPO, (mmHg) 30 @ L Supine

20- m L 45° Elevated

104 O R Supine

04 O R 45° Elevated
Pre-Trial ~ Trial 3 12
Months Months
Time Point

Fig. 2. Supine position transcutaneous oxygen pressure values for the right and lefi lower extremity at different time points for
Case 1. Forty-five degree elevated data were not measured at 3 months.

made to progress to permanent implantation with an
octad lead and a rechargeable generator (Medtronic
Inc., Minneapolis, MN). At 12 weeks postoperatively,
the transcutaneous oxygen pressures demonstrated a
43% and 56% improvement from baseline in the left
and right leg, respectively. During the trial and per-
manent implant stage, he was instructed to keep the
stimulator on continuously. The pain numerical rating
scale (NRS) score for his left leg decreased from a 10/10
pre-insertion to a 0/10 post insertion. At 12 months
postoperatively the improvement in left leg transcuta-
neous oxygen pressure persisted. Mechanical and cold
allodynia resolved in his left leg. His claudication dis-
tance increased 6 fold. At 19 months postoperatively
the patient continues to have greater than 50% to
75% reported pain relief (NRS 3-5/10).

Case 2

A 77-year-old female with Fontaine Class 4 se-
vere, unilateral, inoperable PVD of the right leg, was
referred for SCS. Past medical history was significant
for CAD. Past surgical history included multiple PVD
interventions for the right lower extremity including
1) right femoral-tibial bypass, 2) transluminal stent
placement, and 3) right tibial and popliteal artery
thrombectomy/arthrectomy/angioplasty. The patient’s
blood supply continued to become jeopardized, and

an angiogram demonstrated total occlusion of the
superficial femoral artery, popliteal artery, common
tibial peroneal trunk, and proximal peroneal and pos-
terior tibial arteries. The anterior tibial artery reconsti-
tuted above the ankle, but the peroneal and posterior
tibial arteries did not reconstitute. Rest pain was 10/10
on a zero to 10 NRS. She had difficulty with ambula-
tion secondary to pain that was resistant to medica-
tion. Her leg was pigmented and had a nonhealing
ulcer measuring 1 cm wide, 1 cm long, and 1 mm deep
above the right medial malleolus. This existed for ap-
proximately 12 months. She had undergone multiple
debridements in an effort to encourage healing.

Prior to the SCS trial, transcutaneous oxygen pres-
sures were measured in mmHg, in both the supine (left
72, right 34) and 45° elevated (left 58, right 18) positions
with the electrode at 44° C on the dorsum of the re-
spective foot at a room temperature of 21° C. Her right
leg was classified with severe hypoxic syndrome with
transcutaneous oxygen pressure marginal for wound
healing and too low for hyperbaric oxygen treatment.
Although the patient’s Ankle Brachial Index was 0.71
in her left leg, she did not report pain or claudication.
An Ankle Brachial Index could not be obtained for the
right leg due to the severity of her disease. A percuta-
neous octad lead was inserted with a right paramedian
approach at L2-L3 and placed with the tip at the inferi-
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Fig. 3. Supine and 45° elevated position transcutaneous oxygen pressure values for the right lower extremity at different time
points for Case 2. A 16 mmHg decrease existed between the baseline (pre-trial) 45° elevated and the supine value positions.

or border of the T10 vertebral body to the right of mid-
line. The supine position transcutaneous oxygen pres-
sures (Fig. 3) were repeated after a 5 day trial with a 6%
improvement for the right leg. Notably, 45° elevated
position transcutaneous oxygen pressure demonstrat-
ed a 72% improvement for the right leg from baseline.
During the trial the patient reported greater than 50%
pain relief with the NRS improving to 5/10 and increased
ambulation distance. Based on her subjective improve-
ment in pain and improvement in transcutaneous oxy-
gen pressure in the elevated position, a decision was
made to progress to permanent implantation with an
octad lead with a rechargeable generator (Medtronic
Inc., Minneapolis, MN). At 4 weeks postoperatively, the
transcutaneous oxygen pressure in the right leg dem-
onstrated an improvement from baseline of 41% in the
supine position and 106% in the elevated position. The
ulcer size had decreased to 3 mm wide, 4 mm long, and
1 mm deep. At 3 months the ulcer above her malleolus
had healed. At 6 months, transcutaneous oxygen pres-
sure continued to improve in the right lower extremity
in the supine (47%) and elevated (133%) positions. The
Ankle Brachial Index values did not change post im-
plantation. At 11 months postoperatively, the patient
reports greater than 70% pain reduction (current NRS
3/10), and a 55% reduction in her opioid usage. She is
able to perform her activities of daily living including
driving and walking.

Discussion

Treatment options for inoperable PVD with criti-
cal leg ischemia are limited. Often individuals progress
to amputations that can result in increased energy
expenditure (amputations increase oxygen consump-
tion), reduction in life expectancy, psychological side
effects, and inability to ambulate. Many amputations
performed for patients with severe PVD are associated
with poor wound healing secondary to depressed vas-
cular inflow, nutrition, and immune status. Patients
may develop phantom limb sensations. SCS is prom-
ising in some patients with non-reconstructable PVD
shown by improved claudication distance, ulcer heal-
ing in ulcers < 3 cm diameter (3,4) and possible limb
salvage. The mechanism of efficacy for SCS in PVD is
unknown, but several theories have been postulated
including 1) modulation of the autonomic nervous sys-
tem, 2) activation of the descending inhibitory system,
3) antidromic activation of sensory nerves (A-delta & C
fibers) and subsequent release of vasodilator media-
tors (5,6).

Often the decision to implant a SCS for many pain
conditions, after medical and behavioral assessments,
is based on subjective scales of improvement. Subjec-
tive scales can be plagued by the health-care provider’s
and patient’s expectations and by the placebo effect.
Recently an N of 1 trial has been proposed as an aid
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to decision-making prior to permanent SCS implanta-
tion for chronic pain states (7). We report 2 cases that
highlight the effectiveness of using transcutaneous
oxygen pressure. In PVD patients, monitoring and col-
lecting transcutaneous oxygen pressure both pre-trial
and post-trial may provide objective data on micro-
circulatory reserve to guide the decision to progress
to implantation. Serial measurements in the follow-up
period can provide additional information on the sta-
tus of microcirculatory flow.

Transcutaneous oxygen pressure measurement
was introduced for clinical use in the 1970s by Huch et
al (8) in neonatal care units because of its correlation
with arterial oxygen pressure. Transcutaneous oxygen
pressure has been utilized in vascular and orthopedic
settings because of its noninvasive characteristics and
functional and physiologic assessment of skin and dis-
tal microcirculatory oxygen perfusion reserve. Trans-
cutaneous oxygen pressure has been used to estimate
healing potential of wounds, to diagnose level and
degree of ischemia, to screen diabetic patients for
feet at risk for ulcerations, to select amputation levels,
to follow the results of revascularization procedures,
and to assess the severity and progression of PVD (9).
Misuri et al (10) demonstrated that amputations had
an 85% failure rate when transcutaneous oxygen
pressure values were less than 20 mmHg in the su-
pine position at the selected level; thus, amputations
should be performed at a more proximal level where
blood flow is better. Patients for hyperbaric oxygen
therapy for wound healing have been selected based
on transcutaneous oxygen pressure (11,12). Decisions
for hyperbaric oxygen therapy are based on both the
absolute value and the relative change in value with
certain provocative tests. Hyperbaric oxygen has been
shown to be successful when values are greater than
40 mmHg in the supine position or when transcuta-
neous oxygen pressure increases by greater than 10
mmHg breathing 100% oxygen at 1 atm (13). Values
less than 40 mmHg indicate significant vascular insuf-
ficiency that do not allow for wound healing with
hyperbaric oxygen. Traditional measures of macrocir-
culation such as Ankle Brachial Indices and toe pres-
sures are not sensitive to the changes in microcirucal-
tion and are not helpful in documenting changes in
reserve that may occur with therapeutic interventions
such as SCS (14).

The ability of transcutaneous oxygen pressure
to assess microcirculation and therapeutic vascular
reserve is defined by the relationship between the

Table 2. Transcutaneous oxygen pressure measurement
algorithm.

Select site appropriately (area of interest & reference site)

Document site for standardization of future measurements

Place patient in the supine position

Standardize clinical conditions

Select electrode temperature

Prepare site

Calibrate and attach electrode

Initiate monitoring & allow values to stabilize

Record measurements

Perform provocative tests to further evaluate circulatory reserve

Analyze delta and absolute transcutaneous oxygen pressure
values

transcutaneous measurement of oxygen pressure and
arterial oxygen pressure. The technical principle of
transcutaneous oxygen pressure is based on the oxy-
gen diffusion from red cells of cutaneous capillaries to
the surrounding skin cells. A Clark electrode measures
oxygen tension. A small amount of the oxygen that
diffuses from the red cell will be utilized by the epider-
mal cells for metabolism. Therefore, the transcutane-
ous measurement of oxygen pressure will be slightly
lower than values in the arteries. In healthy individu-
als transcutaneous oxygen pressure is approximately
0.8 times the arterial oxygen pressure (9). Based on
multiple studies normal transcutaneous oxygen pres-
sures have been estimated to be between 53 to 92
mmHg depending on measurement technique (15,16).
Values of 40 mmHg clearly indicate suboptimal oxy-
gen delivery and inadequately perfused tissue. Critical
foot ischemia has been defined as less than 30 mmHg
(17). Factors that can influence transcutaneous oxygen
pressure values include 1) arterial oxygen pressure, in-
fluenced by cardiac and respiratory system function,
2) skin blood flow, 3) skin composition (i.e. thickness,
edema, and capillarity), and 4) capillary temperature
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Table 3. Systemic and local factors that influence transcutaneous oxygen pressure measurements.

Systemic

Local

Cardiac and pulmonary function

Skin thickness and bony prominences

Oxygen content

Edema

Vasoactive pharmacological substances

Tissue damage

Environment

Skin preparation

Central and peripheral vascular perfusion

Obesity

under the sensor. Major factors that influence transcu-
taneous oxygen pressure are arterial oxygen pressure
and peripheral blood flow (9). A low transcutaneous
oxygen pressure value mainly can be interpreted as a
reduced arterial oxygen pressure either from cardio-
pulmonary disease or secondary to reduced central
and regional blood flow.

Specific steps must be followed to optimize trans-
cutaneous oxygen pressure measurements (Table 2). It
is important to stabilize clinical conditions which can
influence readings including setting ambient room
temperature to 21-23° C (70 - 73°F) and avoiding
smoking and caffeine use for at least 2 hours. Systemic
and local factors also influence measurements (Table
3). A reference site is chosen, usually the second in-
tercostal space, which represents tissue oxygen levels
near the heart where little disturbance in blood flow
is expected. In leg measurements, the dorsum of the
foot is utilized. The skin on the plantar aspect of the
foot is thicker and blood vessels are not as close to
the skin. The electrode should be placed on an area
of intact skin after removal of hair and dry epidermal
cells. Areas of edema, large veins, and bone should be
avoided. Subsequent measurements should be made
at the same location. The electrode is heated to 44°
C in order to change the structure of the stratum cor-
neum and to shift the oxygen dissociation curve to the
right, enhancing the diffusion of oxygen and increas-
ing skin permeability allowing tissue oxygen to close-
ly reflect arterial supply (11). Measurements are not
collected until after 15-20 minutes when values have
stabilized. Additional provocative maneuvers can be
performed, such as leg elevation between 30° to 45°
for 3 minutes, and transcutaneous oxygen pressure
measurement repeated. These tests can be helpful in
further assessing macro and micro circulatory capac-
ity, especially in patients with ambiguous values in the
supine position. Transcutaneous oxygen pressure val-

ues decrease with leg elevation. Bacharach et al (18)
demonstrated that when the decrease is greater than
10 mm Hg in the elevated position for patients with
baseline supine values between 20 to 40 mmHg, 80%
of wounds will not heal. The total test takes approxi-
mately 40 minutes.

The interpretation of transcutaneous oxygen
pressure values to guide SCS implantation has been
suggested in European studies (14,19-21). Based on
a randomized controlled trial, Claeys and Horsch
(21) suggested Fontaine 4 individuals with baseline
transcutaneous oxygen pressure values of less than
10 mmHg had a lower likelihood of responding to
SCS for ulcer healing at 12 months and had higher
amputation rates. If the absolute value rose to 26.0
+8.6mmHg after SCS treatment, patients were typi-
cally able to heal ulcers. Horsch et al (20) in a retro-
spective study suggested that baseline transcutaneous
oxygen pressure may be a useful predictor of treat-
ment outcome with SCS regarding limb survival and
prediction of future major amputation. Patients with
baseline transcutaneous oxygen pressure measure-
ments of less than 10 mmHg had lower levels of limb
survival and higher rates of major amputation than
patients with baseline values of 10-30 mmHg. Further-
more, in both groups successful treatment was seen
in patients whose transcutaneous oxygen pressure val-
ues were greater than 30 mmHg post implantation.
In patients with low baseline values, transcutaneous
oxygen pressure increased gradually over the treat-
ment duration (even at 18 months), whereas those
with medium transcutaneous oxygen pressure values
(10-30 mmHg) increased mainly in the first month. In
the Dutch multicenter randomized control trial (22)
there is a suggestion for reduced amputation rates in
patients with transcutaneous oxygen pressure values
that reach 10-30 mmHg. Amann et al (19) suggested
those patients with transcutaneous oxygen pressure
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values from 10 to 30 mmHg or those with transcu-
taneous oxygen pressure of less than 10 mmHg that
increased during at least a 72 hour trial to 20 mmHg
showed an increase in cumulative limb survival when
treated with SCS.

Petrakis and Sciacca (14) utilized transcutaneous
oxygen pressure measurements in the SCS testing pe-
riod for diabetic patients with critical limb ischemia.
Diabetic patients were selected because peripheral
autonomic neuropathy may limit microcirculatory
reserve response to SCS. A 20% increase in baseline
transcutaneous oxygen pressure values during a 2-
week trial served as a positive predictive index for suc-
cessful therapy. SCS treatment failed in patients that
did not show an increase in transcutaneous oxygen
pressure values during the test period even if high
pre-implantation baseline transcutaneous oxygen
pressure values existed. It was suggested that most of
the improvement in transcutaneous oxygen pressure
values occurred in the first 2 weeks with limited subse-
quent improvement.

The cases reported here both had improvements
in transcutaneous oxygen pressure values during a 5-
day trial. In the Case 2 the improvement was small in
the supine position (only 6%) because of the severity
of the ischemia, but in the 45° elevated position the
improvement was larger (77%). Here, the provoca-
tive maneuver provided additional information be-
sides improvement in pain relief to base the decision
to progress to permanent implantation. Based on her
pretrial transcutaneous oxygen pressure she was not a
candidate for hyperbaric oxygen treatment for a non-
healing wound. Based on her greater than 10 mmHg
decrease in transcutaneous oxygen pressure with pro-
vocative testing pre-trial and the work of Bacharach
et al (18), her likelihood of wound failure with am-
putation would be greater than 80%. Seen in Case 2,
a nonhealing wound that was treated multiple times
previously healed with 3 months of SCS treatment. Al-
though the first patient (Case 1) had bilateral lower
extremity PVD, only one lead was implanted because
the right leg had adequate macrocirculation and was
asymptomatic. Transcutaneous oxygen pressure im-

proved in the right leg even with a left paramedian
lead. Transcutaneous oxygen pressure demonstrated
improvement that persisted at 12 months in Case 1
and at 6 months postoperatively in Case 2. Our data
is in agreement with Amann et al (19) and Claeys and
Horsch (21), but not Petrakis and Sciacca (14) who sug-
gested significant improvement does not continue
to occur after the trial period. Currently, the use of
SCS for the treatment of inoperable PVD is not FDA
approved.

ConcLusION

SCS maybe an effective treatment for patients
with inoperable PVD and should be considered in
the treatment algorithm. Besides improvement in
analgesia, transcutaneous oxygen pressure measure-
ments may be useful in the trial and postoperative
phase to objectively measure changes in microcircu-
lation with emphasis on the absolute and delta val-
ues. Traditional measures of macrocirculation cannot
be used to quantify the vascular effects (e.g. ABI).
Here, we demonstrate 2 cases where improvements
occurred in transcutaneous oxygen pressure during
a 5-day trial which persisted and continued in the
postoperative period. In patients with severe PVD,
provocative maneuvers with transcutaneous oxygen
pressure measurement may help to identify a micro-
circulatory reserve. Due to the expense and risks as-
sociated with SCS in a vulnerable patient population
with multiple medical comorbidities, objective data
of improvement during the trial stage is helpful to
select patients. If notable increases in transcutane-
ous oxygen pressure are not seen, then perhaps one
should question improvements that will occur with
permanent implantation, especially in diabetic pa-
tients with autonomic neuropathy. Transcutaneous
oxygen pressure monitoring may assist in evidence-
based approach for patient selection for SCS implan-
tation for inoperable PVD. Research is warranted to
define and refine transcutaneous oxygen pressure
indices to guide decisions for progression to perma-
nent implantation of SCS therapy with emphasis on
oxygen tension cut off and delta values.
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