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Analgesia and Ventilatory Response to CO, Following Epidural
Sufentanil in Children

Malik Benlabed, M.D.,* Claude Ecoffey, M.D.,} Jean-Claude Levron, Ph.D., 1
Benedicte Flaisler, M.D.,t Jeffrey B. Gross, M.D.§

The authors studied the effects of epidural sufentanil (0.75
ng+kg™") after urologic surgery in 15 children ranging in age from 4
to 12 yr, and in weight from 14 to 47 kg. The onsct and duration of
analgesia were 3.0 = 0.3 and 198 * 19 min, respectively (mean
+ SEM). Side effects included pruritus (3/15), nausea and vomiting
(5/15), drowsiness (10/15), and urinary retention (1/11). No apnea
was observed. Periosteal analgesia and ventilation were studied in
eight of the children (mean age 8.6 + 0.8 yr). There was significant
periosteal analgesia of the tibia (30, 60, 90, and 120 min after injec-
tion) and of the radius (60, 90, and 120 min after injection). Resting
respiratory rate and tidal volume did not change during the study.
Resting minute-ventilation decreased from 6.3 + 0.5 1+ min™' pre-
operatively to 5.6 + 0.6 1 -min~! (P < 0.05) postoperatively, before
epidural sufentanil injection; it did not decrease further after epidu-
ral sufentanil. Similarly, end-tidal CO; tension increased signifi-
cantly from 37.2 £ 0.7 mmHg preoperatively to 39.9 + 1.2 mmHg (P
< 0.05) postoperatively, before epidural sufentanil; epidural sufen-
tanil did not cause a further significant increase in end-tidal CO,
tension, The slope of the CO; ventilatory response curve decreased
significantly from 1.68  0.12 1-min™' -mmHg"' preoperatively to
1.10 £ 0.13 1 min™' ‘mmHg™" (P < 0.01) postoperatively, There
were further significant decreases to 0.68 + 0.10 and 0.89 =+ 0.16
1-min™' - mmHg™! 30 and 60 min after cpidural sufentanil. By 240
min after sufentanil, the slope had increased to 1.42 + 0.08
1-min~'» mmHg™!, which was significantly greater than the imme-
diate postoperative value. The authors conclude that epidural su-
fentanil provides rapid and effective analgesia in children; how-
ever, the clinical usefulness may be limited because of the relatively
short duration of analgesia. Additionally, the significant carly re-
spiratory depression following epidural sufentanil mandates close
monitoring of these patients for more than 1 h. (Key words: Anal-
gesia: postoperative. Analgesics, narcotic: sufentanil, Anesthesia:
pediatric. Anesthetic techniques: epidural. Ventilation: carbon
dioxide response.)

EPIDURAL MORPHINE is effective for treatment of post-
operative pain in children after major surgical proce-
dures."? However a major side effect of epidural mor-
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phine is delayed and prolonged depression of the venti-
latory control,® which may be attributed to rostral
spread of this water soluble opioid.* Epidural adminis-
tration of sufentanil, a new highly lipophilic opioid, has
been proposed for postoperative pain relief in adults.*”’
No information is available on the efficacy and the pos-
sible side effects of epidural sufentanil administration,
The aim of this study was to evaluate the efficacy of
epidural sufentanil for the relief of postoperative pain
in children and to determine its effects on the ventila-
tory response to COs.

Methods

PATIENTS

Fifteen ASA physical status I or II children, aged 7.7
%+ 0.9 yr (mean % SEM) (range 4-12 yr), weighing 27.7
+ 3.0 (range 14-47 kg), were studied. No patient had
pain or received narcotics before surgery. This investi-
gation was approved by the Human Investigation Com-
mittee, and parental consent was obtained. The chil-
dren were scheduled to undergo lower urinary tract
surgery (e.g., orchidopexy, hypospadias, or ureteral
reimplantation). '

PROCEDURE FOR ALL CHILDREN STUDIED

All children had fasted 6 h before anesthesia. They
were premedicated orally with diazepam (0.33
mg- kg™ up to 10 mg) 1 h before induction. A cardio-
tachometer triggered by the ECG continuously re-
corded heart rate, and an automated blood pressure
cuff allowed continuous monitoring of arterial pres-
sure. Anesthesia was induced with thiopental (5
mg- kg™') and maintained with 60% NyO in Os, and
isoflurane (1-1.5%) administered by face mask. No
muscle relaxants or narcotics were used. After the in-
duction of anesthesia, a 20-gauge epidural catheter was
inserted via L3-L4 interspace using an 18-gauge Tuohy
needle and a loss of resistance technique. After aspira-
tion, a test dose 0.075 ml-kg™! of 2% lidocaine with
epinephrine 1:200,000 was injected to identify an acci-
dental vascular or dural puncture. At the end of surgery
(mean duration 72 = 19 min), inhalation anesthesia was
discontinued. When grade 2 pain (as defined in table 1)
occurred (mean time for the onset of pain was 50 + 3
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min, range 30-90 min), 0.75 pg-kg™! of preservative-
free sufentanil in 2 ml of isotonic saline solution was
injected through the epidural catheter. The children
remained in a 30° head-up position and were kept in
the recovery room for 12 h. At the end of the study
period, the children received conventional supplement-
ory analgesics as necessary.

CLINICAL EF¥FECTS

In each child, the following data were collected: 1)
quality, onset, and duration of analgesia (table 1); and 2)
presence of non-respiratory side effects, such as nausea,
pruritus, urinary retention, and drowsiness. In addi-
tion, analgesia assessed by maximum tolerance to peri-
osteal pressure was studied in eight of the 15 children,
aged 8.6 x 0.8 yr, weighing 31.6 & 2.7 kg. The maxi-
mum. tolerance to periosteal pressure was assessed over
the distal end of the tibia and of the radius as deter-
mined by the average of three readings made with a
calibrated spring-loaded rod.® Assessment of maximum
tolerance to periosteal pressure was recorded immedi-
ately before and 30, 60, 90, 120, and 240 min after
epidural sufentanil injection. These same eight children
also underwent the following study of ventilatory con-
trol.

VENTILATORY MEASUREMENTS

Tidal volume (VT), respiratory rate (RR), and min-
ute-ventilation (VE) were recorded when subjects were
breathing room air and during CO, rebreathing with
either a mouth piece and nose clip or a face-mask, a
pneumotachograph (Fleisch no. 1 for children younger
than 8 yr, Fleisch no. 2 for children equal to or older
than 8 yr), and a Rudolph nonrebreathing valve. In-
strument dead space was 45 ml in the children younger
than 8 yr and 70 ml in the children older than 8 yr.
Ventilatory response to CO; was assessed by rebreath-
ing for 4-5 min from a 3-5-1 spirometer filled with a
mixture of CO; (7%) in oxygen. Volume was measured
by electronically integrating the flow signal obtained
from a Godart 17212 differential pressure transducer
(Bilthoven, Holland) connected to the pneumotacho-
graph, which was previously calibrated with a I-1 sy-
ringe of air. End-tidal CO; tension (PETgo,) was mea-
sured with a Godart capnograph (Bilthoven, Holland)
calibrated before and after each measurement with 5%
and 7% COg in Og. Calibration gases were verified to be
within 1% using Scholander microanalysis. Pneumo-
tachograph and capnograph outputs were interfaced to
a CBM SX64 computer with an analog-to-digital con-
verter.? After converting ventilatory variables to BTPS,
linear regression equations were computed from VE
and PETco, for each challenge curve. All responses
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TABLE 1. Criteria for Analgesia

Assessment of pain
Grade 0: calm, no pain expressed verbally
Grade 1: pain expressed if questioned, but appeared to be
comfortable
Grade 2: pain expressed verbally spontaneously, with crying or
restlessness

Onset of analgesia
Time from epidural sufentanil to no pain

Duration of analgesia
Time from onset of analgesia to moderate pain requiring an
analgesic.

were linear, with correlation coefficients ranging from
0.94 to 0.98. We performed COq response curve mea-
surements preoperatively (/2 h before induction of anes-
thesia), postoperatively (just before the injection of su-
fentanil), and 30, 60, 120, and 240 min after the injec-
tion of sufentanil.

PLASMA SUFENTANIL ANALYSIS

Plasma sufentanil levels were assayed from venous
blood samples taken 30, 60, 120, and 240 min after the
injection of sufentanil, just before each COq rebreath-
ing test. Plasma was separated by centrifugation at —4°
G, stored at —20° C, and was assayed in duplicate by
radioimmunoassay which measured sufentanil with a
minimum detectable level of 0.03 ng/ml and a coeffi-
cient of variation of less than 5% from 0.07 to 1.6
ng/ml.'?

STATISTICAL ANALYSIS

Differences in analgesia and respiratory variables
were tested using ANOVA followed by the use of the ¢
test for paired data. Differences were considered signifi-
cant when P < 0.05. All values are expressed as mean
+ SEM.

Results

ANALGESIA AND SIDE EFFECTS

The onset of analgesia (defined as the absence of
pain) occurred 3.0 £ 0.3 min (range 1-5 min) after
epidural sufentanil injection; its duration was 198 & 19
min (range 90-240 min). In addition, we observed sig-
nificant periosteal analgesia of the tibia at 30, 60, 90,
and 120 min, and of the radius at 60, 90, and 120 min
(fig. 1). Pruritus occurred in three of the 15 children at
30 min after injection. Nausea and vomiting beginning
60—120 min after injection occurred in five of the 15
children. Drowsiness occurred in ten of the 15 children,
beginning 30-60 min after injection and lasting from
30-60 min. One child of the 11 without a bladder cath-
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FIG. 1. Percent change in maximum tolerance to periosteal pressure
following epidural sufentanil injection. Mean values + SEM. *p
< 0.05; **P < 0.01 from control value.
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eter had urinary retention; however, he did not require
catheterization of the bladder, No child had apnea, cya-
nosis, or an abnormally slow respiratory rate. No com-
plications resulted from the placement of the epidural
catheter,

VENTILATORY CONTROL AND PLASMA
SUFENTANIL CONCENTRATION

The results are summarized in table 2. Resting RR
and VT did not change significantly during the stucly.
Postoperatively, resting VE decreased and PET¢q, in-
creased significantly from preoperatively values both
before and after epidural sufentanil. However, epidural
sufentanil did not cause a further significant change in
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these variables. The slope VE/ PET o, decreased signifi-
cantly from the pre- to postoperative periods. Com-
pared with postoperative preepidural values, the slope
VE/PETco, decreased significantly 30 and 60 min after
epidural sufentanil, and increased significantly at 240
min after epidural sufentanil. Plasma sufentanil con-
centrations are also summarized in table 2. The maxi-
mum plasma levels were observed in the first sample
obtained at 30 min after epidural sufentanil.

Discussion

Epidural sufentanil provided rapid and effective an-
algesia in children following urologic surgery. The
short latency of onset and the individual variability of
the duration of analgesia is similar to that previously
reported in adult patients.® Because of the short dura-
tion of action, when analgesia from epidural sufentanil
decreased, we use stanclard analgesia therapy. The fre-
quency of non respiratory side effects was similar to that
previously reported in adults.>” The main side effect
was drowsiness, which was observed in 70% of our pa-
tients, and has been previously reported following the
use in adults. The frequency of other side effects, such
as pruritus, nausea, and urinary retention, was low, and
similar to that observed following epidural morphine.®

We did not observe apnea after epidural sufentanil in
the 15 children studied. However, a major finding of
this study is that, despite its high lipid solubility and
opiate receptor affinity,'! epidural sufentanil causes re-
spiratory depression for 1 h after administration. The
control resting RR, VT, and VE values of the children
studied were higher than the normal values for their
age.'® This was probably related to their anxiety, as

TABLE 2. Respiratory Variables and Plasma Sufentanil Concentrations Before and After Epidural Sufentanil

Postoperative Period
After Epidural Sufentanil
Preoperative Before Epidural
Values Sufentanil 30 min 60 min 120 min 240 min

Resting

RR (breaths/min) 23.7+ 1.6 235 + 1.3 20.2 + 1.7 204 +2.1 20.7 £ 2.0 24,0 £ 2.1
Resting VT

(ml) 257 + 7 227 £ 16 192 + 27 206 + 12 221 + 15 221 11
Resting VE

(1 +min™") 6.3 0.5 5.6* + 0.6 4.2* £ 0.6 4.2% £ 0.5 4.6* 0.6 54+ 05
Resting PET¢q,

{(mmHg) 37.2x 0.7 39.9% £ 1.2 42,5% + 1.2 41.1* = 1.3 39.8 + 1.7 392+ 1.3
Slope VE/PET¢o,

(1 *min™' mmHg™) 1.68 +0.12 1.10* = 0.13 0.68} = 0.10% 0.89 = 0.163: 1.07§ + 0.07 1.424 + 0.08
Plasma sufentanil

concentrations

(ng* ml™) — — 0.10 = 0.01 0.09. %+ 0.01 0.08 £0.01 0.08 £0.01

. Values are mean = SEM. RR = respiratory rate; VT = tidal volume; value.

VE = minute ventilation; PET¢q, = end-tidal CO, tension.
*P < 0.05; +P < 0.01 statistical significance from preoperative

} P < 0.05 statistical significance from postoperative value before
epidural sufentanil.
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suggested by the low PETco,. Thus, the changes in
these variables observed after surgery, but before epi-
dural sufentanil, may be partially explained by a de-
crease in this psychological variable. Another mecha-
nism which could explain these changes is the residual
effect of anesthetic drugs, such as diazepam'? or isoflu-
rane.'* However there was a further significant de-
crease of the slope VE/PETcq,, after epidural sufen-
tanil, suggesting further respiratory depression induced
by the epidural sufentanil per se. Epidural sufentanil
induces a respiratory depression which may be due to
one or more of the following mechanisms: 1) a systemic
effect, 2) a rostral spread in the CSF, and 3) a rostral
spread via a direct perimedullary vascular channel.'
The low plasma sufentanil concentrations as compared
to the levels considered necessary for systemic analgesia
in children scheduled for surgery'® suggests that sys-
temic absorption is not the main cause of respiratory
depression following epidural sufentanil. Furthermore,
the spread of periosteal analgesia in a rostral direction
suggests a rostral spread of sufentanil in the neuraxis,
either in the CSF or via direct perimedullary vascular
channel. Indeed, our result confirms the respiratory
depression observed with fentanyl, a lipid-soluble
opioid, following epidural administration in adults.'?
However, we cannot establish the precise mechanism of
the respiratory depression following epidural sufentanil
injection.

In conclusion, epidural sufentanil rapidly induces ef-
fective analgesia after urologic surgery in children;
however, the clinical usefulness of a single epidural in-
jection of sufentanil for postoperative analgesia is ques-
tionable because of its short duration of action. In this
regard, it may be more appropriate to use a continuous
epidural sufentanil infusion, as previously reported with
fentanyl.'® In addition, depression of ventilatory con-
trol occurs during the first hour after epidural sufen-
tanil administration; it is, therefore, necessary to closely
monitor children receiving epidural sufentanil for more
than 1 h. Finally, we studied only the effect of 0.75
ug/kg sufentanil on analgesia and ventilatory control.
Additional studies are needed to determine if adequate
analgesia and less respiratory depression can be ob-
tained with a lower dose of epidural sufentanil.

The authors thank Janssen Laboratory for sufentanil plasma levels
measurements, and Miss Guylaine Rosine for secretarial assistance.
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