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Changes in percutaneous oxygen tension induced by spinal anesthesia
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Abstract

Purpose. To check the level of spinal anesthesia is some-
times difficult in patients with dementia. In spinal anesthesia,
peripheral oxygen tension may increase in the anesthetized
area because of vasodilatation due to sympathetic block. The
purpose of this study was to determine whether changes in
percutaneous oxygen tension (tcPO,) were suitable for check-
ing the level of spinal anesthesia.

Methods. Thirty patients, aged 40 to 70 years, scheduled for
surgery of the lower extremities under spinal anesthesia, were
enrolled. Spinal anesthesia was performed at L4-5 with
hyperbaric 0.5% tetracaine 10 to 12mg, administered with the
patient in the lateral position; the patients were then immedi-
ately returned to the supine position. The anesthesia level was
checked by cold test 10min after the spinal anesthesia, and it
was confirmed that the upper level was between T3 and T11.
Then oxygen 61'‘min”' was administered by mask. Six elec-
trodes of a tcPO, monitor, (TCM 400) were attached before
anesthesia, three electrodes at the right, center, and left side
of the T3 level, and the other three at the right, center, and
left at the T11 level. TcpO, was measured before and 10min
after spinal anesthesia, and 5min after starting oxygen
inhalation.

Results.  TcPo, increased significantly after spinal anesthesia
only at T11, and was increased by oxygen administration at
both T3 and T11. The increase of tcPO, after oxygen admini-
stration was larger at T3 than T11, without any differences in
absolute values.

Conclusion. Measurement of TcPO, might be useful as one
of the objective methods to distinguish anesthetized and non-
anesthetized areas in spinal anesthesia.
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Introduction

The level of spinal anesthesia is usually checked with a
pain test (pin-prick test) or a cold-sensation test (cold
test). However, these subjective methods are not useful
for patients with dementia. In such patients, objective
methods to measure blood flow or skin temperature
changes induced by sympathetic blockade, using pulse
wave [1], laser Doppler flowmetry [2], thermography
[2], or various thermometers [3,4] have been investi-
gated. These methods were able to detect changes
in parameters induced by spinal anesthesia, but there
were no definite criteria to distinguish anesthetized and
nonanesthetized areas. We hypothesized that vasodila-
tation by sympathetic block in the spinally anesthetized
area might increase percutaneous oxygen tension (tcPO,)
and that this could be another objective method to dif-
ferentiate anesthetized and nonanesthetized areas in
spinal anesthesia. Therefore, in the present study, to
confirm this hypothesis, changes in tcPO, in anesthetized
and nonanesthetized areas were compared.

Patients, materials, and methods

After obtaining institutional approval and informed
consent, 30 patients, aged 40 to 70 years, scheduled for
orthopedic surgery of the lower extremities under spinal
anesthesia were enrolled in this study. Those who were
obese and those with diabetes mellitus and cardiovas-
cular or respiratory disease were excluded.

Midazolam 2-4 mg was intramuscularly administered
as a premedication 15 to 30min before the patient
entered the operating room. Six electrodes of a
tcPO, monitor (TCM 400; Radiometer, Copenhagen,
Denmark), heated at 44°C, were attached as follows:
three electrodes were placed on the right, center, and
left side of the upper chest (T3 level) where spinal anes-
thesia could not be effective, and the other three were
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placed on the right, center, and left under the navel
(T11 level), where anesthesia had to be effective. After
epidural catheter insertion at L1-2 or L2-3, to be used
for postoperative analgesia, spinal anesthesia was per-
formed at L4-5 with hyperbaric 0.5% tetracaine 10 to
12mg, with the patient in the lateral position. Then the
patient was immediately returned to the supine posi-
tion. Anesthesia level was checked by cold test 10 min
after spinal anesthesia, and it was confirmed that the
level was between T3 and T11. Then oxygen, at 61-min™",
was administered by mask. TcPO, was measured before
spinal anesthesia, 10 min after anesthesia (before oxygen
administration), and Smin after starting oxygen inhala-
tion. After the surgery, the anesthesia level was checked
again to confirm that the level was between T3 and T11.
Blood pressure and heart rate were also monitored.

Data values are shown as means = SD or with ranges.
Data values in the nonanesthetized area (mean values
for right, center, and left at T3) were compared with
those in the anesthetized area (mean values for right,
center, and left at T11) using two-way repeated mea-
sures analysis of variance, followed by the Student
Newman-Keuls test as a post-hoc test. A P value less
than 0.05 was considered statistically significant.

Results

Patients were aged 60 years (range, 40-69 years); 18
were male and 12, female and body weight was 59.3kg
(range, 42.5-70.6kg). Open reduction of fracture was
performed in 12 patients and total knee replacement
was performed in 18 patients. Duration of surgery was
119min (88-154min). Anesthesia level showed no dif-
ferences between the right side and left side in any
patient, and was T6 in 12 patients, T7 in 9 patients, T8
in 5 patients, and T9 in 4 patients. Blood pressure
decreased significantly 10min after spinal anesthesia,
but no treatment was necessary. Heart rate did not
change significantly.

TcPO, increased significantly after spinal anesthesia
only at T11, and was increased by oxygen administra-
tion at both T3 and T11 (Fig. 1). The increase of tcPO,
after oxygen administration was larger at T3 than at
T11, while the absolute tcPO, values were not different
between T3 and T11. No patients showed a decrease in
tcPO, at T3 after anesthesia and none showed large
changes at T11.

Discussion
TcpPO, was increased in the anesthetized area by spinal

anesthesia. After oxygen administration, the increase in
tcPO, was larger in the nonanesthetized area, although
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Fig. 1. Percutaneous oxygen tension (fcP0,) in anesthetized
(open circles; T11) and nonanesthetized (closed circles; T3)
areas Bars indicate SD

the absolute values were not different between the
anesthetized and nonanesthetized areas.

To judge the level of spinal anesthesia objectively,
changes in blood flow or skin temperature have been
used as an indicator of sympathetic block. During spinal
anesthesia, a significant reduction in skin blood flow was
obtained in the shoulder and chest, while an increase in
skin blood flow was seen in the lower part of the body
[S]- The most cephalad dermatome at which skin tem-
perature elevation occurred showed the upper limit of
diminished sympathetic activity in spinal anesthesia [6].
The sympathetic block might be far below the upper
level of analgesia, and the duration of the sympathetic
block was found to be far shorter than the duration of
analgesia and motor block [5,7,8]. Preganglionic sympa-
thetic B-fibers are more difficult to block by tetracaine
or bupivacaine than A-fibers [9]. Therefore, checking
the sympathetic block might be an alternative way to
check the analgesia level, because at least where the
sympathetic block is observed, there should be sensory
block.

However, the contrary has been reported, in that,
during spinal anesthesia, the level of sympathetic block
lies cephalad to that of sensory block [6,10]. It has been
shown that B-fibers are blocked at lower concentrations
of local anesthetics than A-, and C-fibers; therefore, the
level of sympathetic denervation during spinal anesthe-
sia extends further cephalad than the level of analgesia
or motor block [11]. Thus, it is still controversial whether
sympathetic block or sensory block is greater in spinal
anesthesia. The present study could not detect the
precise upper level of sympathetic block by changes in
tcPO, because of the limited number of electrodes. In
our 12 patients with an anesthesia level of T6, the sym-
pathetic block may have been as high as T3, and in the
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4 patients with a level of T9, the sympathetic block may
have been lower than T11, considered in the light of
the above controversial reports [5-8,10,11]. One of the
reasons that we could not obtain a clear line of tcPO,
values to distinguish anesthetized and nonanesthetized
areas, may have been the large SD. We could not find
any relation between the anesthesia level and absolute
values of tcPO,. Therefore, it may be impossible to draw
a line for the absolute value of tcPO, to judge the level
of spinal anesthesia. According to the results of the
present study, it seems that at least two measurements
should be performed simultaneously to distinguish
anesthetized and nonanesthetized areas; one electrode
should be attached at the upper limit to be anesthetized
and another electrode should be in an area fara way
from the anesthetized area. Then changes in tcPO, at the
two electrodes should be compared after spinal anes-
thesia, and, further, after O, administration.

Oxygen delivery, local metabolic conditions, and dif-
fusion across the skin all determine tcpPO, [12]. At the
standardized electrode temperature of 44°C, there is
important local vasodilatation [13]. Sympathetic tone is
well known to influence tcPO, [14]. Increased sympa-
thetic activity in surgery causes cutaneous vasoconstric-
tion, thereby decreasing skin blood flow and tcPO,.
Sympathectomy induced by brachial plexus block
increased tcPO,. It was reported that, during hyperbaric
oxygen exposure, tcPO, was substantially and signifi-
cantly higher after sympathectomy compared to the
control without sympathectomy [15]. However, that
report is different from the present results, in which
tcPO, increased significantly in the anesthetized area in
room air, and the administration of oxygen induced a
larger increase in tcPO, in the nonanesthetized area than
in the anesthetized area. However, after oxygen admin-
istration, the absolute tcPO, value was not different
between the anesthetized and the nonanesthetized
areas. Brachial plexus block cannot always fully block
sympathetic activity, while spinal block at a level higher
than T9 could completely block lumbar sympathetic
activity. Therefore, tcPO, increased significantly after
spinal block, while it did not increase after brachial
plexus block in room air. After oxygen administration,
tcPO, should be higher in an area with sympathectomy
than in an area without sympathectomy [15]. In the
study by Thomas et al. [15], hyperbaric oxygen appeared
to induce vasoconstriction, which was effectively inhib-
ited by brachial plexus block, while without any block,
vasoconstriction inhibited the increase in tcPO,. In the
anesthetized area in the present study, tcPO, was already

increased by sympathectomy in room air, which resulted
in a smaller further increase in tcPO, by oxygenation
compared with that in the nonanesthetized area.

In conclusion, tcPO, might be useful as one of the
objective methods to distinguish anesthetized and non-
anesthetized areas in spinal anesthesia.
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