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Abstract

Purpose We tested the hypothesis that the development
of sympathectomy-mediated vasodilatation is dependent on
the concentration rather than the dose of epidural local
anesthetic administered.

Methods Sixty subjects receiving lumbar epidural bupiv-
acaine were randomised to one of three groups: A: 10 ml
0.5% (50 mg); B: 10 ml 0.25% (25 mg); and C: 40 ml
0.0625% (25 mg). Groups A and B had equal volume but a
twofold difference in drug dose, while groups B and C had
equal drug dose, but a fourfold difference in drug volume. At
baseline and 5, 10, and 20 min following epidural bupiva-
caine administration, we assessed the following indices of
sympathectomy: pulse oximeter perfusion index in the toe
and finger, skin temperature in the toe and finger, and mean
arterial pressure. We also assessed sensory level (pinprick,
cold, and light touch) and motor block.

Results There was an increase in the pulse oximeter
perfusion index by 20 min of 280%, 303%, and 59% in
groups A, B, and, C, respectively. There was a significant
sympathectomy-mediated vasodilatation in the toe for both
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groups A (P =0.002) and B (P < 0.001) but not C
(P = 0.22). Vasoconstriction in the finger was observed in
group A only (P = 0.015) but not in group B (P = 0.09) or
group C (P = 0.20). There were similar blood pressure
changes and similar sensory changes in all groups. The
intensity of motor block increased with increasing drug
concentration.

Conclusions Our observations suggest that drug con-
centration is more important than drug dose in determining
the degree of sympathectomy following lumbar epidural
local anesthesia.

Résumé

Objectif Nous avons teste’ I’hypothese selon laquelle
Uapparition d’une vasodilatation mediee par sympathect-
omie etait lice a la concentration plutot qu’a la dose
d’anesthesique local peridural administre.

Méthode Soixante patients recevant de la bupivacaine
peridurale lombaire ont ete’ randomises en trois groupes :
A:10ml05 % (50 mg); B : 10 ml 0,25 % (25 mg); et C :
40 ml 0,0625 % (25 mg). Les groupes A et B ont recu un
volume equivalent mais la dose de medicament etait dou-
blee pour le groupe A, alors que les groupes B et C ont
recu une dose egale, mais le volume de medicament a ete
quadruplée pour le groupe C. Nous avons evalue’ les indices
de sympathectomie suivants aux niveaux de base ainsi qu’a
5, 10 et 20 minutes apres l’administration de la bupi-
vacaine peridurale : indice de perfusion de I’oxymetre de
pouls a Uorteil et au doigt, temperature cutanee a l’orteil
et au doigt, et tension arterielle moyenne. Nous avons
egalement evalue’ le niveau sensoriel (piqure a 'aiguille,
froid et toucher leger) et le bloc moteur.

Résultats Sur la base de l'indice de perfusion de I’oxy-
meétre de pouls, nous avons observe une vasodilatation
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mediee par sympathectomie significative dans [’orteil pour
les groupes A (P = 0,002) et B (P < 0,001) mais pas dans
le groupe C (P = 0,22). La vasoconstriction au doigt a ete’
observee uniquement dans le groupe A (P = 0,015), et non
dans les groupes B (P = 0,09) ou C (P = 0,20). Des
changements semblables au niveau de la pression arterielle
et des changements sensitifs semblables ont ete” observes
dans tous les groupes. L’intensite’ du bloc moteur a aug-
mente avec [’augmentation de la concentration de
medicament.

Conclusion Nos observations suggerent que la concen-
tration de medicament joue un role plus important que la
dose de medicament pour determiner le niveau de sym-
pathectomie d la suite d’une anesthesie locale peridurale
lombaire.

Introduction

The factors that determine the distribution of local anes-
thetic effects in the epidural space and the intensity and
extent of their action are still the subject of scientific
debate. The predominant factors studied have been the
inter-related triad of drug dose, volume, and
concentration.

Over the past two decades, facilitated by the co-
administration of epidural opioids, there has been a dra-
matic change in the use of epidural local anesthetics in
labor and postoperative pain management, with a reduc-
tion in total drug dose and a disproportionately far greater
reduction in drug concentration.! However, data from
clinical research are divided, with multiple studies
reporting that the dose of epidural local anesthetic is the
most important factor in determining the extent of dif-
ferential sensory block, irrespective of its volume of
dilution.” "

Accordingly, we designed a study to test the hypothesis
that the development of sympathectomy-mediated vasodi-
latation in the toe is dependent on the concentration of
epidural local anesthetic rather than on the total dose of
drug administered.

Methods

We designed a prospective randomized double-blind trial
of three different preparations of epidural bupivacaine;
group A: 10 ml 0.5% (50 mg), group B: 10 ml 0.25%
(25 mg), and group C: 40 ml 0.0625% (25 mg). Groups A
and B had equal volumes of dilution but a twofold differ-
ence in drug dose, while groups B and C had equal drug
dose with a fourfold difference in volume of dilution.
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Selection and description of participants

The Institutional Review Board of Hadassah Hebrew
University Medical Center approved this research study.
Sixty patients were enrolled for this study after signing
informed consent. All patients were scheduled for water-
immersed extracorporeal shock wave lithotripsy (Dornier
HM3, Dornier MedTech Europe, Munich, Germany) under
epidural anesthesia. Exclusion criteria included: ASA
physical status IIT or higher, age younger than 18 or older
than 70 years, peripheral vascular disease, diabetes, base-
line neurological deficit, or any contraindication for
regional anesthesia.

The patients were enrolled by a physician who was
blinded to the group allocation. Computer-generated ran-
dom numbers were used to allocate the subjects to their
study groups. The allocation, which was concealed by
using serial-numbered opaque envelopes, took place fol-
lowing placement of the epidural catheter. A nonblinded
anesthesiologist performed the drug preparation and
administration; however, the patients were blinded to their
treatment groups, as was the investigator who recorded the
clinical data.

Technical information

The study was conducted in the anesthesia holding area of
the lithotripsy suite where the ambient temperature was
controlled at 24°C. It should be noted that the study was
completed before the commencement of lithotripsy. Imme-
diately prior to epidural placement, the subjects received
1000 ml of intravenous lactated Ringer’s solution at room
temperature, and they were placed in the lateral decubitus
position for epidural placement. Using a midline approach, a
17-G Tuohy needle was inserted into the epidural space at
the L.2/3 or L3/4 interspace. The epidural space was iden-
tified by loss of resistance to air. An 18-G multi-orifice
epidural catheter was inserted approximately 4 cm into the
epidural space, and a negative pressure aspiration test was
performed. Following placement of the epidural and before
the anesthesiologist dosed the catheter, the subjects rested
for 20 min before baseline data were collected. The subjects
reclined throughout the study period without sedation. They
were covered with a thin cotton sheet, but their legs were
exposed above the knee level in order to allow them to
equilibrate with ambient temperature.

Epidural drugs were administered through the epidural
catheter as incremental doses over 5 min; time intervals
were reported from the completion of drug administration.
Data were measured for a 20-min period. Following com-
pletion of the study, the patients received additional
epidural local anesthetic medication as needed for the
lithotripsy procedure. The adequacy of the epidural
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analgesia for the subsequent ESWL procedure was noted;
there was no long-term follow-up.

The following measurements were
recorded at baseline and at 5, 10, and 20 min following
epidural drug administration: indices of sympathectomy,
sensory level (pinprick, cold, and light touch), and motor
power (modified Bromage score).

Measurements:

Indices of sympathectomy

Study endpoints were quantitative photoplethysmography
(PPG) waveform analysis, skin temperature recording, and
blood pressure monitoring.

We used quantitative PPG waveform analysis as our
primary assessment of sympathectomy in this study; the
methodology for PPG waveform analysis has been descri-
bed in detail in recent comprehensive reviews.'>"' Briefly,
PPG is an optical technique that measures the absorption of
light by biological tissue. The PPG waveform consists of a
pulsatile “AC” signal superimposed on a nonpulsatile
baseline “DC” signal (Fig. 1). The pulse oximeter perfu-
sion index (PI)'>"'° is the ratio of the amplitude of the “AC”
signal to the baseline “DC” signal. The PI has been cor-
related with changes in vascular sympathetic tone'”'® and
blood volume'*'* and has been validated with assessments
of perfusion made by near-infra-red spectroscopy.'® Previ-
ous reports from our group suggest that the PI is a more
reliable and a more sensitive marker of sympathectomy-
related vasodilatation than either blood pressure changes or
cutaneous temperature changes. 18.19

The PPG sensor in this study was a pulse oximetry sensor
probe (N-25 oxisensor II, Nelcor Puritan Bennett Inc.,

End diastole

A\
A\

Time

Fig. 1 The photoplethysmograph (PPG) waveform. AM represents
the amplitude of the pulsatile “AC” signal, and BL represents the
baseline or the nonpulsatile “DC” signal. The pulse oximeter
perfusion index (PI) is the AM/BL ratio. Note that the PPG waveform
in commercially available devices is typically inverted so as to make
the PPG waveform resemble the arterial pressure waveform

Pleasanton, CA, USA), wherein we only used the infrared
light source and the photo detector. The PPG waveform was
measured on the patient’s second toe and on the index fin-
ger. A 2-min section of PPG pulses at the toe and at the
finger was recorded at each observation time point, during
which time the patient was asked to refrain from any
movement. PPG waveforms from each of the 2-min
examinations were digitally analyzed by a blinded techni-
cian, and a section with 60 consecutive pulses displaying
low baseline artefact was chosen for subsequent quantita-
tive analysis. The technician was blinded to the following:
(1) clinical data, (2) the site of the data recording (toe or
finger), and (3) the time of data recording (baseline or 5, 10,
or 20 min following epidural anesthesia). As reported pre-
viously, the baseline (BL) and amplitude (AM) signal was
digitally identified, quantified, and averaged over succes-
sive pulsations for each individual pulse in the PPG
waveform tracing.’*~>* It should be noted that PPG wave-
form analysis was performed “off-line” after completion of
the study; thus, if baseline or movement artefact was noted,
it was not possible to improve data signal quality. In these
cases, the PPG waveform was not accepted for analysis. The
change in the PI from baseline, in both the toe and the
finger, was expressed at each time interval as incremental
change from baseline (dPI). With respect to baseline,
positive change represents vasodilatation; negative change
represents vasoconstriction.

Cutaneous temperature was measured with thermocou-
ples (AH2 Ellab Instruments, Copenhagen, Denmark)
applied to the big toe, thigh, upper arm, and thumb. The
thermocouples were connected to a multi-channel body
temperature monitoring and data acquisition system. Skin
temperature (T) was recorded in degrees centigrade (°C), as
were the gradients between the skin temperature of the leg
and the toe (Tjeg-t0e) and the arm and the finger (Tyrm-finger)-
The change in skin temperature at the toe and the finger and
the change in the leg-toe and arm-finger temperature gra-
dients were expressed as incremental changes from baseline
(thoes dTﬁngcrs dTleg—toes and dTarmfﬁnger’ respeCtiVCIY)~

The mean arterial pressure (MAP) was assessed using
noninvasive blood pressure measured in the forearm. The
change in MAP from baseline was expressed as incre-
mental change from baseline ({MAP).

The upper sensory levels to pinprick, cold, and light
touch were assessed by the blinded observer. To maximize
consistency, all data were recorded by the same observer,
and data were recorded with reference to a poster of the
skin dermatomes that was placed over the subject’s bed.
Pinprick was assessed using the light application of a 23G
needle; cold was tested using ethylglycol spray, and light
touch was tested using a blunt wooden applicator. We
arbitrarily designated a numerical code to the dermatomes
as numbers above the space of epidural insertion; thus,
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L4 = —1,L3 = 0, L2 = +1, etc. The lower sensory level
was not assessed.

Motor block was assessed using a modified Bromage
score (0 = no motor block, 1 = unable to straight leg
raise, 2 = unable to flex knee against resistance,
3 = unable to flex ankle).

Statistical considerations

We examined the effect of drug volume, dose, and con-
centration on indices of sympathectomy, sensory level, and
motor block. The a priori primary end-point was the
incremental change in the pulse oximeter PI in the toe and
the finger at 20 min from drug administration.

Baseline data were compared between the three study
groups with the Krushkal Wallis test. Baseline and out-
come data were compared between the PPG accepted and
rejected subjects with the Mann—Whitney U-test.

Drug effect was assessed using repeated measures
analysis of variance (RM-ANOVA) with simple contrast
referencing baseline; the conservative Greenhouse—Geisser
modification was used if sphericity assumptions were not
met. The effects of dose and volume were assessed using
repeated measures ANOVA by selecting these variables as
independent between-subject factors for pooled data. Pair-
wise post hoc multiple comparisons were used with Bon-
feronni’s correction to test for differences between the
three group concentrations at 20 min. The effect of drug
concentration on motor block was assessed using the
Pearson chi-squared test.

Based on published variance in the pulse oximeter PI*'
(standard deviation of 0.87), the use of a two-tailed one-
way ANOVA with three groups, a power of 0.9, and an
alpha error of 0.05, we calculated that 20 patients were
needed in each group to detect a 40% difference between
groups in the dPI. at 20 min. Sample size calculations
were performed using Power and Precision (Biostat Inc,
Englewood, NJ, USA).

Statistical analysis was performed using SPSS version
10.0 or higher (SPSS Inc., Chicago, IL, USA). Statistical
significance was assumed at P < 0.05.

Results
Subjects and demographics

Sixty subjects were initially enrolled for this study (Table 1
shows demographic and baseline data between groups).

After completion of the study, it was found that 14
patients had PPG data that did not meet a priori criteria for
signal data quality (Fig. 2). Poor signal quality was not
identified at the time of the study, as the PPG signals were
analyzed “off-line.” All patients had full data recorded for
cutaneous temperature changes, blood pressure, and sen-
sory motor block. We compared the patients with adequate
PPG signals and those who were rejected because of
inadequate PPG signals. There were no clinically relevant
or statistically significant differences for either baseline
data (age; P = 0.84, sex; P = 0.29, baseline mean arterial
pressure; P = 0.36, baseline heart rate; P = (.58, baseline
toe temperature; P = 0.46, baseline finger temperature;
P = 0.27) or outcome data (20 min mean arterial pressure;
P = 0.92, 20 min toe temperature; P = 0.14, 20 min fin-
ger temperature; P = 0.28) (Table 2). Only those patients
for whom there were adequate PPG data had their PPG data
presented graphically and included in the primary statisti-
cal analysis.

Correct epidural catheter placement was verified in all
patients by the addition of further doses of epidural local
anesthetic sufficient to cause bilateral sensory block, which
allowed the subsequent lithotripsy procedure to be per-
formed without pain. There were no cases of epidural
catheter failure.

Sympathectomy

The dPlioe, dPlgnger, dTioe, dTfinger» and dMAP over time
are shown in Fig. 3. To summarize these changes, there
was a marked vasodilatation of the toe in group A (10 ml
0.5% bupivacaine) and group B (10 ml 0.25% bupiva-
caine), but not in group C (40 ml 0.0625% bupivacaine).
Group A experienced a significant compensatory vaso-
constriction in the finger but not in groups B or C. There

Table 1 Demographic and
baseline data showing overall
similarity among groups at
baseline

Group A Group B Group C
10 ml, 0.50% 10 ml, 0.25% 40 ml, 0.0625%
(n = 20) (n = 20) (n = 20)
Age (years) 49 + 14 47 £ 12 50 + 17
Sex (M:F) 14:6 15:5 16:4
Baseline MAP (mmHg) 106 + 14 103 + 14 105 + 16
Baseline heart rate (min~') 71 £ 11 77 £ 10 71 £ 12
Baseline toe temp (°C) 30.1 £ 1.1 297 £ 1.6 202+ 1.2
Baseline finger temp (°C) 31,0 £ 1.9 31.1 £ 2.1 29.7 + 2.1
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Fig. 2 Randomization flow
diagram. Patients for whom
PPG waveforms did not meet

5 raonths study period: 425 cases of
ESWL under epidural anesthesia

a priori criteria were rejected
from further analysis (see text)

Either exclusion criteria or logistic reasons
explain non-participation (the additional
tirne involved lirited the investigators to 2
studies per day).

v

60 cases enrolled into the study

Randoraizatization after
epidural placeraent

!

! }

Group &: 20 patients

Group B: 20 patients Group C: 20 patients

10ral, 0.5% buprvacaine 10ral, 0.25% bupivacaine 40ral, 0.0625%, buprvacaine
| | | | | }

PPG PPG PPG PPG PPG PPG
analysis analysis analysis analysis analysis analysis
available rejected available rejected available rejected
13 cases 7 cases 16 cases 4 cases 17 cases 3 cases

gef‘sl::llfnze, glegl:lirc?lﬁlec’data for PPG accepted (n = 46) PPG rejected (n = 14) P value
PPQ accepted and PPG rejected Age (years) 49 + 14 47 + 12 0.84
patients Sex (M:F) 33:13 12:2 0.29
Baseline MAP (mmHg) 104 £+ 15 107 £ 12 0.36
Baseline heart rate (min~!) 73 £ 12 73+£7 0.58
Baseline toe temp (°C) 297 + 14 295 + 1.2 0.46
Baseline finger temp (°C) 303 £ 2.1 313 £22 0.27
dMAP 20 min (mmHg) —-83+24 —10.6 £ 0.3 0.92
Ty 20 min (°C) 04+ 1.4 17+25 0.14
There were no differences dTginger 20 min (°C) —05+ 14 —05+ 1.7 0.28

between groups

were similar blood pressure changes in all groups. The
degree of sympathectomy-mediated vasodilatation in the
foot was more pronounced after epidural administration of
high concentration low volume local anesthetics than after
low concentration high volume solutions of equal dose.
There was a significant increase in the pulse oximeter PI
over time in the toe for groups A and B (P = 0.002 and
P < 0.001, respectively) but not for group C (NS;
P = 0.22). The volume of dilution exerted a significant
effect on dPl,,. over time (P < 0.001); this is well illus-
trated by the marked difference between groups A and B
vs. group C in Fig. 3. While the effect of dose on dPI,.
over time was also statistically significant, (P = 0.04),
visual comparison between groups A and B suggest that
this was a modest effect. The dPl,, at 20 min for groups A,

B, and C was equivalent to a 280%, 303%, and 59% change
from baseline, respectively. Groups A and B were signifi-
cantly different from group C (P = 0.006 and P = 0.01,
respectively) but not significantly different from each other
(P =0.44).

There was a significant reduction in the pulse oximeter
PI over time in the finger for group A (P = 0.015) but not
for group B (NS; P = 0.09) or for group C (P = 0.20).
Dose exerted a significant effect on dPlg,g., over time
(P = 0.02); this is well illustrated by comparing groups A
vs. B and C in Fig. 3. Volume did not exert a significant
effect on dPlg,ee, Over time (P = 0.32). Pair-wise group
comparisons did not reach statistical significance (group A
vs. B; P = (.14, group A vs. C; P = 0.08, group B vs. C;
P =1.0).
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Group A Group B Group C
10ral, 0.5% 101, 0.25% 40ral, 0.0625%
buprracaine buprvacaine buprracaine
© Toe
O Finger

dP1 (umts)

AMAP (rarHg)

*

0 10 20 0 10 20 0 10 20
Tiree frora drmg adrairistration (ran)

Fig. 3 Indices of sympathetic-mediated vasodilatation following
lumbar epidural anesthesia with epidural bupivacaine. The upper
two graphs represent the incremental change from baseline in pulse
oximeter perfusion index (dPI) (Fig. 2a) and the skin temperature
(Fig. 2b), respectively. Gray circles represent measurements at the
toe; white circles represent measurements at the finger. Positive
change with respect to baseline represents vasodilatation; negative
change represents vasoconstriction. The lower graph represents
change in MAP (Fig. 2c). Data are presented against time from
epidural drug administration. Points marked with an asterisk (*)
represent statistically significant change from baseline (see text)
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There was a significant increase in the temperature of
the toe for groups A and B at 20 min (P = 0.05 and 0.04,
respectively) but not for group C (NS; P = 0.28). Volume
exerted a significant effect on dT, over time (P = 0.01),
but there was no significant effect for dose (P = 0.13).

There was no significant change in the temperature of
the finger over time for any group, and there was no sig-
nificant change in the thigh-toe and the arm-finger
temperature gradients over time for any group.

There was a significant change in the MAP over time for
all groups (group A; P = 0.016, group B; P = 0.035, and
group C; P = 0.011). The dMAP at 20 min was equivalent
to a —12%, —6%, and a —7% change from baseline,
respectively. There was no significant difference between
groups.

Sensory and motor block

The level of sensory anesthesia to cold, touch, and pinprick
increased over time in all groups. While there was a ten-
dency for group A to exhibit slightly higher anesthetic
levels in all sensory modalities tested, this was not sig-
nificant (A vs. B; P = 0.22, A vs. C; P = 0.071, Fig. 4).
There was no significant effect of the dose, volume, or
concentration on the height of sensory block.

The number and percentage of patients in each group
with intense motor block (Bromage 2 or 3) was higher in
group A (n = 7, 54%) and group B (n = 7, 44%) than in
group C (n = 2, 12%) and was affected by the volume of
drug dilution (P < 0.001) rather than by absolute dose of
drug (NS; P = 0.15) (Fig. 5).

Discussion

Bromage wrote that the spread, intensity, and analgesic
effectiveness of epidural local anesthetics are dependent on
the total dose administered, irrespective of its concentra-
tion or volume of dilution.”> Several studies have
subsequently demonstrated identical sensory and motor
blockade when using local anesthetic solutions of widely
different concentrations but of equal drug dose.””'***2°
Some studies even demonstrated improved postoperative
analgesia with concentrated epidural local anesthetic
infusions’ and more profound motor block™* and hypo-
tension®* when using dilute solutions. Conversely, other
studies have been published that support the superiority of
dilute epidural local anesthetics for diffuse low intensity
analgesia, particularly in labor analgesia.''****” While the
cause for this division in the literature is not yet clear, it is
likely that the clinical models chosen, the sensory modal-
ities assessed, and the methods of assessment may impact
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Egt Fig. 5 Motor block following lumbar epidural. Percentage of
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4| 61 with Bromage scores 2 and 3
&
E 4 0.0625% bupivacaine, despite the presence of sensory
£ levels to pinprick, cold, and light touch in almost all
A 24 patients tested; and despite the typically excellent analgesia
seen when using these doses in clinical practice. This
0 T T T \ suggests, at least in the doses and dilutions used in this
study, that sensory neural function was more susceptible
10 9 Cold than sympathetic neural function to local anesthetic
blockade. This is contrary to the classic teaching by Greene
M 8 7 et al.>®%*° 50 years ago, who demonstrated differential
E sensory block following epidural anesthesia. Subsequently,
'?_ 6 the sympathetic level (assessed by thermography) was
E reported to be higher than the sensory level for pinprick by
E L 6-7 dermatomes,’® and sympathectomy-mediated changes
2 in skin blood flow were reported to occur earlier than
2 1 sensory anesthesia to cold, pin-prick, and light touch by 4,
10, and 12 min, respectively.3 ! These studies contrast with
0 T T y 1 a study (using both laser Doppler flowmetry and infrared
0 3 10 15 2 thermography) which noted that the distribution of sym
Time from epidural { rain) graphy Y

Fig. 4 Differential sensory anesthesia to touch, cold, and pinprick
following lumbar epidural. Dermatomes were assigned arbitrary
numbers from L3 (the typical site of epidural inserion); thus, L4 = —
1,L3 =0, and L2 = 1 (see text for details)

on the relative effects of concentrated and dilute epidural
local anesthetic solutions in these studies.

In the current study, we observed only a modest dif-
ference in the degree of sympathectomy when comparing
epidural local anesthetics with different doses but with
equal volumes of dilution. A far greater difference in
sympathetic block was observed when comparing epidural
local anesthetics with equal doses but with different vol-
umes of dilution.

Interestingly, we observed no evidence for significant
sympathectomy following the administration of 40 ml of

pathetic-mediated vasodilatation was less extensive than
sensory deficit following spinal anesthesia.’® These studies
also contrast with a thermography study in patients with
inadvertent total spinal anesthesia which observed vaso-
constriction in the upper limb despite profound sensory and
motor block of both arms.™ Like these latter reports, our
observations are not consistent with the hypothesis that
epidural local anesthetic blockade preferentially blocks
sympathetic neural function more than sensory function.
Indeed, the current use of dilute epidural local anesthetics
to provide effective analgesia with minimal motor block or
sympathectomy-related hemodynamic compromise sug-
gests that epidural local anesthetics block sensation more
readily than they block sympathetic neural function.
There are several limitations to this study. Out of the 60
cases, 14 were excluded from analysis because the recorded
PPG waveforms did not meet a priori criteria for signal data
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quality. The typical mechanism for poor baseline PPG signal
is poor contact between the patient and the probe. This is a
common phenomenon occurring in 45% of intensive care
patients®* and accounting for 77% of alarms from pulse
oximeters in the post-anesthesia care unit.”> As algorithms
for “on-line” quantitative PPG waveform analysis have only
recently become available in new generation pulse oxime-
ters (Masimo SET, Masimo Corporation, Irvine, CA, USA),
waveforms were recorded without a real time waveform
display and were subsequently analyzed “off-line,” by
which time it was not possible to improve data signal quality.
Although vascular disease and shock states may increase the
likelihood of this phenomenon to some degree, both were
a priori exclusion criteria in this study. Furthermore, there
were no hemodynamic differences, age differences, or dis-
ease stratification differences between PPG accepted and
PPG rejected patients. In addition, despite the vasomotor
changes that were observed, no subject with acceptable
baseline PPG data was subsequently rejected for poor PPG
traces following the epidural. As a consequence, poor PPG
signal in this study fits the criteria for “missing completely at
random,”® and the missing values would be expected to
have the same distribution as the observed values. The
potential for dropout bias was limited further by the blinded
analysis of PPG waveforms and by a priori definitions of
acceptable PPG signal quality. While the impact of the
reduction in sample size may be relevant for comparisons
that approached but did not reach significance, it is unlikely
to have affected the primary outcome of this study which
was designed with an initial power of 0.9.

We stopped measurements at 20 min following epidural
analgesia to allow the ESWL procedure to proceed without
excessive delay. We aimed to identify the onset of differ-
ential sympathetic, sensory, and motor block, rather than to
determine the maximal changes. It is likely that we stopped
data collection at a point prior to maximal expression of
neural blockade.

We used both vasodilatation in the toe and compensa-
tory vasoconstriction in the finger as indices of the extent
and the intensity of sympathetic block. Compensatory
vasoconstriction in the upper limb has been reported**’
and reflects the effect of generalized sympathetic discharge
on unblocked cervical or high thoracic sympathetic affer-
ents and presumably contributes to the conservation of core
temperature and arterial pressure.

This was not an electrophysiological study, and we do
not make inferences regarding the susceptibilities of dif-
ferent sympathetic, sensory, and motor nerves to local
anesthetic blockade. We have deliberately confined dis-
cussion to the effect on sympathetic, sensory, and motor
function following epidural anesthesia.

In conclusion, within the range of doses tested and
within the limitations of this study, our observations
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support the hypothesis that the extent and intensity of
sympathectomy-mediated vasodilatation following lumbar
epidural local anesthesia is predominantly dependent on
the concentration of epidural local anesthetic rather than on
the absolute dose of drug.
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