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We hope that these suggestions may contribute to a methodo-
logically sound approach to study the similarities and differences
between pain and dyspnea,
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Reply to the letter to the editor

We appreciate the comments and suggestions made by Dr. De
Peuter and colleagues. Since they expressed several concerns about

the methodology used by us, we would like to comment upon sev-
eral points related to their concerns.

First, they are concerned about the validity of using the sub-
jectively rated sensation of pain and dyspnea. They suggested
the possibility that the cold-pressor test might have evoked cold
sensations that are uncomfortable before they get painful.
Although there might be different types of sensory thresholds
during cold stimulation, pain induced by the cold-pressor test
is not an ambiguous sensation and it is unlikely that the partic-
ipants are unable to distinguish the painful sensation from other
uncomfortable sensations. In our study, the subjects were given a
short training period to accustom them to the use of the VAS
both for pain and dyspnea so that the subjects were able to rate
accurately the sensations of pain and dyspnea. In addition, the
short training period can contribute to an attenuation of anxiety.
We believe that such training period is quite useful and impor-
tant in conducting the experiments that produce uncomfortable
sensations such as pain and dyspnea. Our assumption that the
threshold of dyspnea is closely associated with the sensory-dis-
criminative dimension while the tolerance of dyspnea is closely
associated with affective dimension is based on the results of
our previous study [2] in which it has been shown that psycho-
logical factors mainly influence tolerance rather than threshold of
dyspnea.

Second, a simple comparison of our results [4] with the results
of Schon et al. [6] may not be valid since the methods of inducing
dyspnea are different in these two studies. Obviously, the quality
and quantity of dyspnea produced by an end-expiratory breath-
hold used in our study [4] are quite different from those produced
by a 1-min inspiratory resistive loading in the study of Schén et al.
[6]. In addition, the effect of psychological factors on different
types of dyspnea induced in the two studies may be different. As
suggested by Dr. De Peuter et al., using challenges of similar dura-
tion for the induction of pain and dyspnea may be important for
comparison of pain and dyspnea. Another important point related
to the given duration of pain and dyspnea is that the variability in
individual differences for pain and dyspnea responsiveness should
be small. In this context, the cold-pressor test used in our study
may not be a suitable test since many participants reach the cut-
off limits before reaching the tolerance point. In future studies dif-
ferent pain stimulation modalities other than the cold-pressor test .
should be tested.

Finally, Dr. De Peuter et al. suggested the use of rebreathing test
as a substitute for breath-holding test. We agree that the rebreath-
ing test has the advantage of causing a gradual increase in respira-
tory discomfort, But we should keep in mind that it has also
disadvantages. One major disadvantage is that the rebreathing test
without constrained rate and tidal volume (free breathing) causes
a very slow and weak increase in air hunger sensation, probably
due to dyspnea-relieving effects of pulmonary and chest wall
mechanoreceptors [1]. Thus, it is rather difficult to obtain the tol-
erance value by using the rebreathing test. The effect of increasing
CO, on the central nervous system is another confounding factor
that may affect the subjective evaluation of dyspnea. Another dis-
advantage of using the rebreathing test is that rebreathing may
attenuate the activities of upper airway receptors including the
cold receptors [5], causing an increase in dyspneic sensation. There
is some evidence that the intensity of dyspnea can be altered in re-
sponse to stimulation and inhibition of the upper airway receptors
[3,7,8].
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Measurement of Shift of the Cauda Equina in the
Subarachnoid Space by Changing Position

Tetsuo Takiguchi, MD, PhD, Shigeki Yamaguchi, MD, PhD, Masatomo Tezuka, MD, PhD,
and Toshimitsu Kitajima, MD, PhD

Background and Objectives: To perform spinal anesthesia,
patients are usually placed in the lateral decubitus position with the
knees drawn up to the stomach, the legs fully flexed, and the neck flexed
to curve the back outward. Because the nerve roots of the cauda equina
have considerable mobility in the subarachnoid space, the position of
the cauda equina in the lateral decubitus position may be different from
that in the supine position. However, the anatomic position of the cauda
equina in the lateral decubitus positien with fully flexed legs has not been
carefully studied. In the present study, we geometrically measured the
movement of the cauda equina in the subarachnoid space by changing
positions, using magnetic resonance imaging (MRI).

Methods: After obtaining the approval of the hospital ethics commit-
tee and written informed consent, 12 healthy volunteers (age, 34 years
[SD, 10 years]; height, 169 cm [SD, 9 cm]; weight, 65 kg [SD, 10 kg])
were studied with MR, and their positions were changed as follows: the
supine position, lateral decubitus position without fully flexed legs, and
lateral decubitus position with fully flexed legs. The movement of the
central point of the spinal cord and cauda equina by changing position
was evaluated.

Results: The spinal cord and cauda equina were observed in the gravity-
dependent side of the subarachnoid space in each position. The movement
to the gravity-dependent side by changing position from the supine to
the lateral decubitus position was significant (mean [SD] in millimeters:
T11/12, 0.7 [0.4}; T12/L1, 1.5 [0.9]; L1/L2, 3.0 [1.0]; L2/L3, 3.4 [1.0};
L3/1L4, 2.7 [0.9]; L4/L5, 2.0 [0.9]; L5/S1, 1.2 [0.7}; S1/S2, 0.5 [0.2]).
The most obvious shift was observed at the L2/3 intervertebral space,
The fully flexed legs significantly moved the spinal cord and cauda equina
to the ventral side of the subarachnoid space and created a free space in the
dorsal side. The movement to the ventral side by the fully flexed legs was
significant (mean [SD] in millimeters: T11/12,2.2[1.0]; T12/L1, 4.1 {1.5};
L1/L2, 6.1 [0.5]; L2/L3, 54 [0.9]; L3/L4, 5.1 [1.9]; L4/L5, 4.4 [1.1};
L5/81, 5.0 [0.9); and S1/S2, 2.6 {0.9]). The most obvious shift was
observed at the L1/2 intervertebral space.

Conclusion: The present study using MRI showed dynamical move-
ment of the spinal cord and cauda equina due to changing position. The
most obvious movements by changing from supine to lateral decubitus
position and fully flexed legs were observed at the L2/3 and L1/2 levels,
respectively.

(Reg Anesth Pain Med 2009;34: 326-329)

pinal or lumbar epidural anesthesia is usually performed in
the lateral decubitus position. It is important to understand
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the anatomy of the spinal cord and cauda equina to prevent
spinal or needle-related nerve injury when neuraxial blocks are
performed. We have demonstrated that the cauda equina is dy-
namically shifted in the subarachnoid space by changing posi-
tion.' The cauda equina lies symmetrically at the dorsal side
of the subarachnoid space when a patient is in the supine po-
sition, and it moves to the left side of the subarachnoid space
when the patient is placed in the left lateral decubitus position
(gravity-dependent movement).?

To perform spinal or lumbar epidural anesthesia, however,
a patient is placed in the lateral decubitus position with the
knees drawn up to the stomach, the legs fully flexed, and the
neck flexed (fully flexed legs). In our previous study, the lateral
decubitus position with fully flexed legs moved the roots of the
cauda equina to the ventral side and created a free space in the
dorsal subarachnoid space.’

In the present study, we investigated positional shift of the
spinal cord and cauda equina in the subarachnoid space by
changing position using magnetic resonance imaging (MRI) in
healthy volunteers and examined the central point of the spinal
cord or cauda equina in each intervertebral level from T11-12 to
S1-2 using MRI slices to evaluate the movement of the spinal
cord and cauda equina.

METHODS

Afier obtaining the approval of the hospital ethics com-
mittee and written informed consent, 12 healthy male volun-
teers (mean [SD]: age, 34 years [10 years]; height, 169 cm [9 cm];
weight, 65 kg [10 kg]) were studied.

They were consecutively placed in the supine position
(n = 12), prone position (n = 12), left lateral decubitus position
without fully flexed legs (n = 12), and left lateral decubitus
position with fully flexed legs (n = 9) on an MRI table to
observe the movement of the spinal cord and cauda equina in
the subarachnoid space by changing position. A T2-weighted
midsagittal slice and axial slice images were obtained at the
intervertebral levels below the T11-12 interspace in each po-
sition using MRI (MRI; GE, Milwaukee, WI) system operating
at 1.5 T. A multiecho sequence with a repetition time of 4000 to
4560 milliseconds and echo time of 88 to 99 milliseconds was
used, with a 512 x 256 acquisition matrix.

To evaluate the position of the spinal cord or the cauda
equina in the subarachnoid space, a central point in each axial
MRI slice was obtained using a computer software (Advantage
Windows version 2; GE Medical Systems, Milwaukee, Wis).
Figures 1A and B show a schema of the spine and an MRI axial
slice of the spinal canal, respectively. As shown in Figure 1, the
x-axis and the y-axis lines were drawn in each slice. The x-axis
was lined through the center of the subarachnoid space (O) and
the center of the vertebral disk (P). The y-axis was a vertical line
to the x-axis with the ventral edge of the subarachnoid space
(Q). In Figure 1B, each nerve root was defined as the coordi-
nates of the point, (Xn, Yn). Xn or Yn was shown as the dis-
tance from y- or x-axis to each nerve root.

326 Regional Anesthesia and Pain Medicine ¢ Volume 34, Number 4, July-August 2009

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Regional Anesthesia and Pain Medicine * Volume 34, Number 4, july-August 2009
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FIGURE 1. A schema of the spine (A) and an MRI axial slice (B) of
the spinal canal for the evaluation of the central point of the spinal
cord and cauda equina. As shown in A, x-axis and y-axis lines were
drawn in each slice. The x-axis was lined through the center of
subarachnoid space (O) and the center of the vertebral disk (P).
The y-axis was a vertical line to the x-axis with the ventral edge of
the subarachnoid space (Q). B shows the subarachnoid space in an
actual MRI axial slice of A. In B, each nerve root was defined as the
coordinates of the point, (Xn, Yn). Xn or Yn was shown as the
distance from y- or x-axis to each nerve root.

The average of the distance (in millimeters) from y- or x-
axis line to each nerve root was calculated according to the
following formula and defined as the central point (Xcp, Ycp).
The central point of the cauda equina in each intervertebral level
was examined.

A central point{ Xcp, Ycp)

_ (Xi+ X0+ X3+ ernnn. + Xn)
= - ,
(Y1+ Yo+ Yz+ oooonn. -+ Yn)}

n

Above the conus, the central point was defined as the
central point of spinal cord.

Because the nerve roots in the MRI slice were indistinct by
respiratory movement in the prone position, we could not
measure the central point of cauda equina in the prone position.

© 2009 American Society of Regional Anesthesia and Pain Medicine

All data were expressed as mean (SD). Kruskal-Wallis test
was used to evaluate the significance, compared with the supine
position. Differences were considered to be statistically signif-
icant when P < 0.05.

RESULTS

Shift of the Spinal Cord and Cauda Equina in
the Subarachnoid Space During the Lateral
Decubitus Position

The spinal cord and cauda equina were symmetrically
placed at the dorsal side of the subarachnoid space in the supine
position (Fig. 2A). In the prone position, they were shifted to
the ventral side of the subarachnoid space (Fig. 2B). They
were dynamically shifted to the left side of the subarachnoid
space when subjects were in the left lateral decubitus position
(Fig. 2C). This phenomenon was observed in all subjects.

Free Space in the Subarachnoid Space Created
by the Fully Flexed Legs

Figures 2C and D show the axial magnetic resonance im-
ages of the cauda equina without and with the fully flexed legs
position in the left lateral decubitus position, respectively. The
nerve roots of the cauda equina moved to the ventral side of the
subarachnoid space by the fully flexed legs position, resulting
in the increased free space at the dorsal side of the subarachnoid
space (Fig. 2D). This phenomenon was observed in all subjects
who could maintain fully flexed legs.

Evaluation of the Movement of the Central
Point in the Spinal Cord and Cauda Equina by
Changing Position

Figure 3 shows the distance from the x-axis line to the cen-
tral point of the spinal cord or cauda equina in each interverte-
bral level. In the supine position, the central point of the spinal
cord or cauda equina was close to the x-axis line in each level, In
the left lateral decubitus position without fully flexed legs, the
central point of the cauda equina significantly shifted to the left’
side (gravity-dependent) from the x-axis at all levels (P < 0.01 vs
the supine position). We calculated the distance of the move-
ment of the central point after changing from the supine position
to the lateral decubitus position without fully flexed legs in each
intervertebral level (Table 1). The maximum movement was ob-
served at the L2-3 interspace. Although the central point signifi-
cantly shifted to the left side in the left lateral decubitus position
with fully flexed legs at T11-12, L1-2, L2-3, L3-4, and L4-5
(P < 0.05 vs the supine position), the distance from the x-axis
line to the central point in the left lateral decubitus position with
fully flexed legs was shorter than that without fully flexed legs.

Figure 4 shows the distance from the y-axis line to the cen-
tral point of the spinal cord or cauda equina in each interverte-
bral level. In the supine position, the central point of the spinal
cord or cauda equina was farthest away from the y-axis line at
each level. The central point of the cauda equina significantly
shifted to the ventral side in the left lateral decubitus position
without fully flexed legs at all levels (P < 0.05 vs the supine
position), except S1-2. Furthermore, the fully flexed leg position
moved the spinal cord and the cauda equina to the ventral side
between L1-2 and 1.4-5 (P < 0.05 vs the lateral decubitus posi-
tion without fully flexed legs). We calculated the distance of the
movement of the central point after changing from the supine
position to the lateral decubitus position with fully flexed legs in

327

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Takiguchi et al

Regional Anesthesia and Pain Medicine * Volume 34, Number 4, July-August 2009

FIGURE 2. Movement of the spinal cord and cauda equina in the subarachnoid space by changing pasition. Al figures are shown as
MRI axial slices at the 13-4 intervertebral space. The nerve roots of the cauda equina lay symmetrically at the dorsal side and the

ventral side of the subarachnoid space during the supine position (A) and the prone position (B), respectively. They shifted downward
with gravity in the lateral decubitus position without fully flexed legs (C). In the lateral decubitus position with fully flexed legs, the

nerve roots of the cauda equina moved to the ventral side (D).

each intervertebral level (Table 2). The maximum movement
was observed at the L1-2 level.

DISCUSSION
The spinal cord and cauda equina dynamically move in the
subarachnoid space by changing positions. Spinal puncture is
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FIGURE 3. The distance from the x-axis line (0 mm) to the central
point of the spinal cord or cauda equina in each intervertebral
level. There was a significant difference in the position of the
central point between the supine position and the lateral
decubitus position at all intervertebral levels, which were observed
in this study. There was a significant difference between the supine
position and the lateral decubitus position with fully flexed legs at
T11-12, L1-2, L2-3, and L4-5 intervertebral levels, *£ < 0.01 vs the
supine position, **P < 0,05 vs the supine position.
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usually performed in the lateral decubitus position with the fully
flexed legs. In the present study, to obtain detailed information
related to subarachnoid puncture, we evaluated the shift of the
spinal cord and cauda equina at each level in the different posi-
tions, geometrically.

The spinal cord and cauda equina significantly shifted to
the gravity-dependent side of the subarachnoid space in the lat-
eral decubitus position, The shift was observed throughout. This
may lead us to pay attention to the influence of local anesthetic
baricity for the spinal anesthesia. There are some reports con-
cerning influence of baricity on the effect of local anesthetics
during spinal anesthesia. The dynamic shift of both spinal cord
and cauda equina during the lateral decubitus position may offer
the possibility of a different blockade by local anesthetic baricity.

TABLE 1. Distance of the Movement of the Central Point
(Ycp) After Changing From the Supine Position to the
Lateral Decubitus Position Without Fully Flexed Legs in Each
Intervertebral Level

Intervertebral Level Distance, mm

T11-12 0.7 (0.4)
TII-L1 1.5 (0.09)
L1-L2 3.0 (1.0)
L2-L3 3.4 (1.0)
L3-L4 2.7 (0.9)
L4-LS 2.0 (0.9)
Ls-S1 12 (0.7)
S1-52 0.5 (0.2)

Values are presented as mean (SD).
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Movement of the Cauda Equina

The most obvious movement into. the gravity-dependent side
was observed at L2/3, and its distance was 3.4 mm (SD, 1.0 mm).
On the other hand, at the lower thoracic and sacral levels, the
distances of movement were less than 1.0 mm. The shift looked
like electric wires between poles, which we have described in
previous reports.' ™ The reason may be that the movement of
the spinal cord in the subarachnoid space is limited by itself in
the thoracic level, and the nerve roots of the cauda equina are
tethered by each sacral foramen in the sacral level.

The fully flexed legs shift the spinal cord and cauda equina
into the ventral side of the subarachnoid space. The shift due to
fully flexed legs in the present study was greater than what we
expected and observed from lower thoracic to sacral level. Al-
though the most obvious movement was obtained at L1/2, and
its distance was 6.1 mm (SD, 0.5 mm), the distance of the move-
ment was more than 5.0 mm between T12/L1 and LS/S1. There
are some reports that the nerve roots are distally pulled by the
flexed legs.*7 This may contribute to the tension of the nerve
roots of the cauda equina, resulting in the shift of the nerve roots
to the ventral side of the subarachnoid space. In textbooks for
spinal anesthesia, it has been only described that the fully flexed
legs spread the spinous process apart. Our result provides us ad-
ditional important information that the fully flexed legs create a
free space at the dorsal side of the subarachnoid space, The correct
position with the fully flexed legs may reduce paresthesia.
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FIGURE 4. The distance from the y-axis line (0 mm) to the central
point of the spinal cord or cauda equina in each intervertebral
level. There was a significant difference in the position of the
central point between the supine position and the lateral
decubitus position at all intervertebral levels, which were observed
in this study. There was a significant difference between the supine
position and the lateral decubitus position with fully flexed legs
at all intervertebral levels. *P < 0.01 vs the supine position,

*+P < (.05 vs the supine position.
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TABLE 2. The Distance of the Movement of the Central
Point (Xcp) After Changing From the Supine Position to the
Lateral Decubitus Position With Fully Flexed Legs in Each
Intervertebral Level

Intervertebral Level Distance, mm

T11-12 2.2 (1.0)
TI1-L1 4.0 (1.5)
Li-L2 6.1 (0.5)
L2-L3 5.4 (0.9)
L3-L4 5.1(1.9)
LA-LS 44 (1.1)
L5-S1 5.0 (0.9)
S1-82 2.6 (0.9)

Values are presented as mean (SD).

In conclusion, we showed that changing positions and fully
flexed legs influenced the location of the spinal cord and cauda
equina in the subarachnoid space, especially at the lumbar level.
The results in the present study may influence our understanding
regarding subarachnoid puncture.
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