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REGIONAL ANESTHESIA AND PAIN

Intranasal sufentanil is effective for postoperative

analgesia in adults

[L’administration intranasale de sufentanil est efficace pour Panalyésie posto-

pératoire chez les adultes]

Nathalie Mathieu MD, Nathalie Cnudde MD, Edgard Engelman MD, Luc Barvais MD PhD

Purposes: The aim of this prospective, randomized, double-
blind study was to compare two doses of intranasal sufentanil
for postoperative analgesia, titrated according to individual
requirements based upon a numeric rating scale (NRS) from 0
to 10 for pain.

Methods: Forty patients, American Society of Anesthesiologists
physical status |-, scheduled for herniorrhaphy or hemorrhoid-
ectomy under general anesthesia, were included when postop-
erative NRS was > 3. Nurses used a nasal puff device delivering
a constant volume. Patients were randomized into two groups:
Group A patients received a dose of 0.025 ug-kg™' /puff, Group
B patients a dose of 0.05 ug-kg™' /puff. Puffs were administered
as often as needed to obtain NRS =< 3, with an interval time of
five minutes. Hemodynamic, respiratory measures and sedation
were recorded every five minutes.

Results: The probability of persistence of pain in Group B was
consistently lower than in Group A. After 20 min, 20% of the
patients had a NRS score > 3 in Group B, as opposed to 60%
in Group A. At 60 min, no patient had a NRS > 3 in Group B,
whereas there was a probability of 20% to record a NRS > 3
for Group A. Hemodynamic, respiratory parameters and seda-
tion remained stable with no intergroup differences.
Conclusions: Nasal administration of 0.050 ug-kg™' /puff suf-
entanil allowed a NRS < 4 to be attained within one hour in
all patients, with efficacy achieved after 20 min. These findings
suggest that the intranasal route is an effective mode of sufen-
tanil administration for immediate postoperative analgesia in
adult patients.

Objectif : Notre étude prospective, randomisée et a double insu
visait a comparer deux doses intranasales de sufentanil comme
analgésie postopératoire, ajustées selon les besoins individuels
calculés au moyen d’une échelle d’évaluation numérique (EEN) de
la douleur de 0 a 10.

Méthode : Quarante patients, d'état physique ASA I-Il, devant
subir une herniorraphie ou une hémorroidectomie sous anesthésie
générale, ont été inclus quand I'EEN était > 3. Les infirmiéres ont
utilisé un instrument nasal a jet fournissant un volume constant.
Les patients ont été répartis en deux groupes : ceux du groupe A
ont recu une dose de 0,025 ug-kg'!/jet et ceux du groupe B, 0,05
Ug'kg'/jet. Le médicament a été administré aussi souvent que
nécessaire pour obtenir une EEN < 3, selon un intervalle de cinq
minutes. Les mesures hémodynamiques et respiratoires et la séda-
tion ont été notées toutes les cing minutes.

Résultats : La probabilité d’une douleur persistante chez les
patients du groupe B a été constamment plus basse que chez ceux
du groupe A. Aprés 20 min, 20 % avaient un score d’EEN > 3
dans le groupe B, mais 60 % dans le groupe A. A 60 min, aucun
patient n’avait une EEN > 3 dans le groupe B, mais il y avait une
probabilité de 20 % d’un score d’EEN > 3 dans le groupe A. Les
paramétres hémodynamiques et respiratoires et la sédation sont
demeurés stables sans différence intergroupe.

Conclusion : Ladministration nasale de 0,050 ug-kg'ljet de
sufentanil a permis qu'une EEN < 4 soit obtenue en moins d’une
heure chez tous les patients et I'efficacité atteinte apres 20 min.
On peut penser que I'administration intranasale de sufentanil est
un mode efficace pour I'analgésie postopératoire immédiate chez
des adultes.
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HE intranasal (IN) route is an attractive,

low cost, noninvasive mode for the adminis-

tration of opioid medications. Transmucosal

absorption may offer advantages such as
case of administration, rapid onset, and patient con-
trol. Intranasal administration bypasses gastrointesti-
nal and hepatic pre-systemic elimination, and the drug
is absorbed directly into the general circulation.!

Pharmacokinetic and clinical studies have dem-
onstrated that IN butorphanol?> and fentanyl®* can
provide effective pain relief, but only IN fentanyl has
been studied for postoperative pain management.
Patient-controlled intranasal analgesia with fentanyl is
an effective alternative to v patient-controlled analge-
sia in postoperative patients.>®

Helmers ez al” have shown that sufentanil, which is
two times more lipid soluble than fentanyl, is rapidly and
effectively absorbed from the human nasal mucosa, with
a bioavailability of 78%. However, most studies have
evaluated its use for premedication or sedation using the
IN route, and not for postoperative analgesia.” !

Nasal administration of drugs must be done using
small volumes to avoid irritation of nasal mucosal
membranes. The maximum volume to avoid run-off
into the pharynx by a single administration in one
nostril in adults is 150 pL.! Individual doses can be
adapted by changing the drug concentration, not the
volume given, as can be achieved casily when using
sufentanil which has a concentration of 50 pg.mL™.

The aim of this prospective, randomized, double-
bind study was to evaluate two doses of IN sufentanil
for postoperative analgesia in the postanesthesia care
unit (PACU), when titrated according to individual
requirements based upon an intensity pain scale. The
overall goal was to establish the optimal dose of IN
sufentanil for the management of moderate pain in the
PACU environment.

Methods

In a preliminary study, we used an IN sufentanil
(Janssen-Cilag, Berchem, Belgium) bolus of 0.025
pg-kg™? and an interval time of 15 min to control
postoperative pain measured by a visual analogue scale
(VAS). We concluded that IN sufentanil is a well toler-
ated postoperative analgesic technique, but the time
to obtain adequate analgesia (VAS < 4) was more than
three hours.

In the present study, we reduced the minimum
time between doses to five minutes, taking into con-
sideration the pharmacokinetic profile of IN sufent-
anil, and the data from our preliminary study.

The study was approved by the local Human
Investigation Committee and informed written con-

sent was obtained from the patients the day before
surgery. We investigated 45 American Society of
Anesthesiologists physical status I or II patients aged
between 18 and 75 yr, scheduled for inguinal hernia
repair or hemorrhoidectomy under general anesthesia.
Patients with chronic obstructive pulmonary disease,
sufentanil allergy, previous nasal surgery, acute or
chronic nasal problems, or a history of analgesic abuse
were excluded.

A standardized anesthetic was administered consist-
ing of propofol target controlled infusion using dipri-
fusor (Fresinus Vial, Brezins, France), cisatracurium
0.15 mg-kg™ #v and sufentanil or fentanyl, as preferred
by the attending anesthesiologist. The efficacy of two
doses of IN sufentanil postoperatively was evaluated,
independently of the opioid used during surgery. All
patients received propacetamol 2 g v and diclofenac
75 mg v after the induction of anesthesia. This pre-
emptive analgesia regimen is the usual postoperative
pain management technique in our institution.

The patients were investigated during the PACU
stay until discharge.

Postoperative pain intensity was evaluated using an
11-point numerical rating scale (NRS; 0 = no pain and 10
= worst pain possible). In the PACU, the patients were
included when the postoperative NRS score was > 3.

Forty-five patients were investigated. The patients
were randomly assigned to one of two groups: Group
A: the IN dose 0.025 pg.kg! and Group B: the IN
dose 0.050 pg-kg™.

The volume delivered by the delivery device (Gaasch
Packaging, Mollem, Belgium) was constant (0.109 =
0.003 mL), and the stability of delivering volume was
assured in all positions of the receptacle during 48
hr at ambient temperature. The accuracy of the puft
volumes were studied by our pharmacy. Four delivery
devices (numbered 1, 2, 3, 4) with respectively 30,
20, 10 and 5 mL were prepared. These devices were
stocked at ambient temperature, vertically or horizon-
tally. The resulting volumes of each puft] frequently
measured between zero and 48 hr are given in Table
I. These results are presented with their mean and
standard deviation.

The solution for the delivery device (Figure 1) was
prepared by an anesthesiologist who was independent
to this protocol. The preparation consisted of the
receptacle volume = 10 mL; sufentanil = 50 pg-ml™:

Group A:

[Weight of patient x 5] / 100 = X mL of sufentanil
added to the receptacle with (10 — X) mL of sterile
water
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TABLE I Volume delivered by the device

Time (hr) Spray 1 (mL) Spray 2 (mL) Spray 3 (mL) Spray 4 (mL) Mean Standard deviation
0.25 0.118 0.104 0.111 0.107 0.110 0.006
0.50 0.118 0.117 0.096 0.112 0.111 0.010
1 0.119 0.119 0.088 0.096 0.106 0.016
1 0.115 0.100 0.113 0.110 0.110 0.007
2 0.121 0.117 0.116 0.106 0.115 0.006
21 0.108 0.104 0.102 0.109 0.106 0.003
24 0.114 0.110 0.096 0.109 0.107 0.008
25 0.110 0.111 0.101 0.113 0.109 0.005
44 0.104 0.105 0.110 0.113 0.108 0.004

Four delivery devices (numbered 1, 2, 3, 4) with respectively 30, 20, 10 and 5 mL were prepared. These devices were stocked at ambi-

ent temperature, vertically or horizontally. The resulting volumes of each puft, frequently measured between 0 and 48 hr are given. These
results are presented as mean and standard deviation. The volume delivered was constant (0.109 + 0.003 mL), and the stability of deliver-
ing volume is assured in all positions of the receptacle during 48 hr.

TABLE II Patient characteristics

Group A Group B P value
Gender*
female 9 13
male 11 17 0.082
Age (mean = SD) 51 +13.3 45.8 + 18.6 0.16
Weight (mean = SD) 72 +12.5 715 +11.2 0.64
Surgery*
inguinal hernia 5 7 0.73
hemorroidectomy 15 13
Duration of surgery (min)
(mean = SD) 875 +45.1 82 +38.3 0.72
Peroperative opioid
Fentanyl* 3 5 0.88
Quantity (pg; mean = SD) 200 = 50 260 + 147.5 0.53
Sufentanil* 17 15 0.19
Quantity (pg; mean + SD) 31.2+17.9 243 £ 16 0.273
NRS Pain (mean + SD)
At arrival PACU 2.8 +35 3725 0.4
At beginning protocol 55+17 53+12 0.7

*Number of patients. SD = standard deviation. Demographic data, type of surgery, duration of surgery, type of opioid and the quantity
received during surgery, NRS (numerical rating scale) of pain at arrival at PACU (postanesthesia care unit) and at the beginning of proto-

col data.

Group B:

Systolic blood pressure, diastolic blood pressure,

[Weight of patient x 10] / 100 = X mL of sufentanil
added to the receptacle with (10 — X) mL of sterile
water

A PACU nurse, blinded to the drug, used the deliv-
ering device for IN sufentanil administration according
to the patient’s request. After asking the patient to rate
his/her pain intensity on the NRS score, we adminis-
tered one puff every five minutes to obtain a NRS < 3
within the first postoperative hour. No maximal dose
was provided in the protocol. If the NRS remained > 3
after the first hour, a rescue therapy using morphine 2
mg v boluses with a lockout time of five minutes was
given to obtain a pain NRS score < 3.

heart rate, pulse oximetry, and respiratory rate were
recorded every five minutes. Evaluation of pain
intensity (and analgesic effect), using a NRS, was also
recorded every five minutes. Sedation score using the
Ramsay sedation scale was recorded every five min-
utes: (1 = anxious and agitated; 2 = cooperative, tran-
quil, oriented; 3 = responds only to verbal commands;
4 = asleep with brisk response to light stimulation; 5 =
asleep without response to light stimulation; 6 = non
responsive). The intensity of nausea was evaluated on
an 11-point nausea rating scale, where: 0 = no nausea
and 10 = unbearable nausea. Evaluation of the seda-
tion level by the Ramsay sedation scale, the comfort
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FIGURE 1 Delivery device used for the study.

1 -
| N?_ p=0.015
o 0.8 group
% e i high
. 5 .
t 86 " low
; \ L om
% 04 -
2 \
Eoaf 2 k\\wmhmaﬂ
2. S

T T L 1 L} L} 1} 1 1
= xlaigialic gl e
Minutes after arrival in PACU

FIGURE 2 The probability of persistence of numerical
rating scale > 3 is shown: graphic using the Kaplan-Meier
method.
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FIGURE 3 Numerical rating scale scores for pain, showing
the mean value and 95% confidence interval (CI95), allow-
ing determination of whether the CI95 for a group at any
given time lies entirely within the zone defined as analgesic
success (0-3). The abscissa line represents five-minute time
intervals for Groups A and B.
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FIGURE 4 The cumulative amount of sufentanil delivered
as a function of time for the two groups: **P < 0.01 high
dose vs low dose, *P < 0.05 high dose rs low dose.

scale and the nausea scale were recorded every five
minutes. Side effects, including nausea, vomiting,
pruritus or dysphoria were also documented. The pro-
tocol ended when the patient left the PACU.

Data were compared using the Fisher’s exact test,
the Mann-Whitney U test or the Student’s t test as
appropriate. Heart rate, respiratory rate, systolic and
diastolic blood pressures were compared using a two-
way analysis of variance for repeated measures. The
evolution of the NRS score for pain in the two groups
was analyzed using the Log-Rank test, and graphically
depicted using the Kaplan-Meier method.

The NRS score for pain is also presented graphi-
cally, showing the mean value and 95% confidence
interval (CI95), allowing to evaluate whether the
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FIGURE 5 Mean values of respiratory rate, oxygen saturation, systolic blood pressure and heart rate are shown. Values
remained stable throughout the observation period, with no intergroup differences.

CI95 for a group at a given time lies entirely within
the zone defined as analgesic success (NRS pain score
0-3).12 All values are presented as mean = standard
deviation, or as number of patients. For all tests, P <
0.05 was considered statistically significant.

Results

Forty-five patients were included in the study. Forty
patients were randomized and five patients were not
included because they did not reach a pain NRS score
> 3.

Demographic data are presented in Table IT. No sta-
tistical difference was observed between both groups
with respect to gender, age, weight, type of surgery
(hemorrhoidectomy or herniorrhaphy), duration of
surgery and the selected opioid (fentanyl or sufentanil)
used during surgery. The total dose of sufentanil or
fentanyl given during surgery and the NRS values upon
arrival in the PACU were similar in both groups.

Figure 2 illustrates the probability of persistence
of NRS > 3. This was consistently lower in Group B
compared to Group A (P = 0.015), with the great-
est difference observed after 20 min. At 60 min, no
patient had a NRS pain score > 3 in Group B, whereas
there was still a probability of 20% of patients having
a NRS > 3 in Group A.

Figure 3 shows the CI95 intervals during the stay
in the PACU. The CI95 lies entirely within the zone
defined as analgesic success (NRS between 0-3) at 40
min. This situation was never obtained after 60 min
in Group A. The number of boluses or pufts given
during the first hour was 7.2 + 3.8 and 4.7 + 2.2 in
Groups A and B, respectively (P = 0.017).

Figure 4 shows the cumulated quantity of sufen-
tanil expressed as a function of time in both groups.
The dose of sufentanil was significantly less in Group
A than in Group B before t = 55 min.
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Two patients in Group A required rescue therapy,
but none in Group B. One patient required three
boluses of 2 mg morphine 7r, and the other patient
required seven boluses of 2 mg of morphine v as res-
cue therapy. Oxygen saturation, respiratory rate, blood
pressure and heart rate remained stable throughout
the observation period, with no intergroup difterences
(Figure 5). No patient vomited, and the NRS for nau-
sea was similar in both groups. During their stay in the
PACU, all patients were evaluated as having a value of
2 on the Ramsay sedation scale.

Finally, given the probability of persistence of NRS
> 3 of 0% in Group B and 20% in Group A, a sample
size of 20 from each group gives a probability of
0.339 of rejecting the null hypothesis of equal propor-
tions if the alternative holds.

Discussion

The results of this study show that a dose of 0.05
pg-kg™! of IN sufentanil, with a minimum time of five
minutes between doses, was more rapidly effective and
required fewer doses to achieve adequate postoperative
pain management compared to a dose of 0.025 png-kg!
sufentanil IN. After 60 min, the cumulated doses were
similar in both groups, but an NRS pain score < 4 was
more rapidly attained with a dose of 0.050 pg-kg™.
Moreover, the safety profile of the higher dose is similar
to that of the lower dose in the PACU, as reflected by
the stability of the hemodynamic, respiratory parame-
ters and Ramsay sedation scores throughout the obser-
vation period, in both groups. Vomiting episodes and
NRS for nausea were also similar in both groups.

Our results correlate with those of the study of
Helmers ez al. published in 1989.7 In their study, the
absorption and sedation following an IN dose of 15
pg of sufentanil were evaluated and compared with the
same dose given intravenously. Following IN adminis-
tration, sufentanil blood concentrations after five and
ten minutes were 36 and 56% of those attained after
iy injection, respectively. After 30, 60 and 120 min,
there were no significant differences between the suf-
entanil blood concentrations, and sedation associated
with either dosing route.

In our study, four puffs of 0.05 pg.kg! of sufen-
tanil IN could be delivered within an interval of 20
min, which corresponds to a cumulative dose of 0.2
pg-kg™!. For a patient weighing 70 kg, this IN dose
of 14 pg of sufentanil could be comparable to the
15 pg IN sufentanil puff dose given in the study of
Helmers.” However, this remains hypothetical, as the
pharmacokinetics of our delivery system and drug bio-
availability were not studied.

Another important aspect of our study is the use of
a potent opioid with a high concentration (sufentanil
50 pg-mL™). Indeed, the maximum volume for an
adult to avoid run-off into the pharynx by a single
puff administration in one nostril is considered as
being 150 pL.! For this reason, available puff devices
allow delivery of constant low volumes such as the
109 + 3 pL measured in the puft device used in this
study. Using a fixed volume spray delivery device, the
concentration of IN sufentanil administered was dif-
ferent, and casily adapted for the weight of the patient
with a simple formula.

The delivering device used in this study does not
allow for a change of delivered volume. Moreover, it
is not possible to lock this device to limit the number
of doses per unit time. The limitation of this form of
administration is the inter-individual variation in phar-
macokinetics of intranasally administered opioids. In
addition, long-term use can be associated with nasal
congestion, epistaxis, nasal irritation or infection.!

In conclusion, repeated administration of IN suf-
entanil 0.05 pg.kg! to adult patients was more effec-
tive than 0.025 pg-kg™!. All patients given the higher
dose had satisfactory analgesia within one hour after
admission to the PACU, without adverse respiratory
or hemodynamic effects.
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