Comparison of Sufentanil and Fentanyl for Surgical
Repair of Congenital Cardiac Defects

-

UNGKAB PRAKANRATTANA, M.D.*,

SIRILAK SUKSOMPONG, M.D.*

Abstract

In the present study, the authors compared sufentanil to fentanyl in pediatric patients under-
going congenital cardiac repair. The purpose of the study was to evaluate the hemodynamic variables,
time of awakening and successful extubation of the two groups.

A prospective, randomized study of 60 children scheduled for elective surgery of congenital
cardiac defects was made. Patients were randomly divided into two groups:- Group I; sufentanil and
Group II; fentanyl (mean body weight, 16.02 + 6.67 kg; range 4 to 35 kg; mean age, 5.22 + 3.55
years; range 4 months to 1 year). All were premedicated with oral chloralhydrate 50 mg/kg, one hour
preoperatively. Anesthesia was induced with sufentanil 1 pg/kg (Group I) or fentanyl 2 pg/kg (Group
IT) and thiopenthal 2 mg/kg, followed by atracurium 0.6 mg/kg. All patients were intubated with
atracurium 0.6 mg/kg. Anesthesia was maintained using isoflurane in oxygen, nitrous oxide (in non-
cyanotic patients). In Group I, sufentanil 0.5 pg/kg was administered intravenously prior to skin
incision, median sternotomy, cardiopulmonary bypass (CPB) and after coming off CPB. In Group II,
fentanyl 1 mg/kg was administered at the same time periods. Hemodynamic parameters, heart rate
(HR), systolic (SBP), diastolic (DBP) and mean arterial blood pressure (MAP), central venous pres-
sure (CVP) were recorded. The administration of pain therapy was determined postoperatively.

There was no- statistical difference in the demographic data between the patients in the two
groups. Following induction of anesthesia, the systolic, diastolic and mean arterial pressures and heart
rate decreased. Following tracheal intubation, all hemodynamic parameters in the sufentanil group
remained below the baseline values, while the fentanyl group showed an increase above baseline
values. An increase above control values of all hemodynamic variables was detected in both groups
following skin incision and sternotomy, except that the mean systolic blood pressure and heart rate
in the sufentanil group was less than the baseline values. No differences in hemodynamic variables
were detected between the two groups following median sternotomy and skin closure. There were
significant differences in mean arterial pressure at the time of intubation and skin incision between
the two groups. No significant changes in CVP occurred. There were no significant differences in
the average time of awakening from anesthesia. The average time before postoperative tracheal
extubation was 171.38 + 112.74 and 113.72 + 67.83 minutes in the sufentanil group and fentanyl group
respectively, which was statistically significant. There was no difference in the requirements for
morphine (pain relief) and sedation with chlolorahydrate between the groups. Bradycardia was found
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in 7 and 3 patients receiving sufentanil and fentanyl respectively which was not statistically signifi-
cantly different. The bradycardia recovered in a few minutes, following intravenous injection of
atropine. Slow injection of the anesthetic drugs can protect patients against serious bradycardia.

In conclusion, the safety and efficacy of sufentanil in patients undergoing repair of complex
congenital heart defects was the same as fentanyl. There were no significant differences in times of
awakening in the two groups. The patients in sufentanyl group had a longer time to extubate than
the fentanyl group. The need of postoperative sedation and analgesia was the same in both groups.
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Anesthetic management for the correction
of congenital cardiac defects should id: ..ly provide
rapid and potent analgesia, maximal hemodynamic
stability, maintenance of the balance between pulmo-
nary and systemic vascular resistance, and attenua-
tion of the stress response.

Sufentanil is a thienyl analogue of fentanyl
which is extremely lipophilic and is rapidly and exten-
sively distributed to all body tissues. It is five to ten
times as potent as fentanyl(1). Compared to fentany!,
sufentanil has a more rapid onset and a more shorter
duration of action(}). But it has a higher threshold
for producing convulsions(2). Sufentanil has been
shown to produce hemodynamic stability(3:4) and
its” pharmacokinetics are like fentanyl(3). High doses
of sufentanil can be used safely as a primary anes-
thetic agent for infants and children undergoing
corrective cardiac surgery(()). Kay, et al have shown
that sufentanil 1 pg/kg was effective in supressing
the hemodynamic response to tracheal intubation(7),
The purpose of this study was to compare low-dose
sufentanil with fentanyl anesthesia for infants and
children undergoing elective surgical repair for con-
genital cardiac defects.

MATERIAL AND METHOD

Following protocol approval by the Ethical
Review of Research Committee, the Ministry of Public
Health, and the Institutional Human Rights Com-
mittee, informed consent was obtained from each

parent of 60 pediatric patients scheduled for elective
repair of congenital heart defects. The children were
randomly allocated to one of the study groups. All
patients were premedicated with oral chloralhydrate
50 mg/kg one hour before anesthesia.

Arriving at the operating theater, electro-
cardiogram (ECG), digital pulse oximeter and non-
invasive blood pressure were monitored. Under local
anesthesia, an intravenous catheter was inserted.
Anesthetic induction was achieved using thiopental
2-3 mg/kg and sufentanil 1 pg/kg (Group 1) or fen-
tany! 2 pg/kg (Group 2). In both groups atracurium
was used to facilitate tracheal intubation and to pro-
vide neuromuscular relaxation. Anesthesia was main-
taned with isoflurane, oxygen, nitrous oxide (except
for those with cyanotic heart disease), sufentanil 0.5
pg/kg (Group 1) or fentanyl 1 pg/kg (Group 2) intra-
venously prior to skin incision, median sternotomy,
during cardiopulmonary bypass (CPB) and after wean-
ing from bypass. The heart rate (HR), systolic (SBP),
diastolic (DBP), mean (MBP) arterial blood pressure
and central venous pressure (CVP) were obtained at
the following times: prior to anesthetic induction
(baseline values), 60 seconds after induction, tracheal
intubation, skin incision, sternotomy, cardiopulmo-
nary bypass, and skin closure. Heparin 300 units/kg
was given to achieve an activated clotting time
(ACT)>400 seconds prior to and during cardiopulmo-
nary bypass. A standard cardiopulmonary bypass com-
posed of roller pump and membrane oxygenator
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was used. At the termination of CPB, nitroglycerin
and inotropic agents were administered if necessary.
All patients were sent to continue ventilatory support
in the surgical cardiac care unit. The time taken for the
patient to respond to voice and verbal command along
with the time of tracheal extubation were recorded.
Perioperative complications were observed. Post-
operative analgesic and sedative administration were
recorded.

Statistical analysis was carried out using the
SPSS software package, version 10.0. Values were
presented as mean + standard deviation (SD). Demo-
graphic and operative data were compared between
the groups by independent sample r-test. Heart rate,
systolic, diastolic, mean arterial blood pressure and
central venous pressure were tested by repeat-mea-
sures ANOVA test with intergroup differences and
with grouping effect. Differences in narcotic require-
ments in the postoperative period were tested by a
Chi-square test. A p-value of less than 0.05 was con-
sidered significant.

RESULTS
Sixty patients with various types of con-
genital cardiac diseases were included in the study
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(Table 1). The demographic and operative charac-
teristics are shown in Table 2 (all results mean *
SD). The two groups did not differ with respect to
age, body weight, surgical course and duration of
anesthesia. Perioperative hemodynamic data are
shown in Table 3. Following induction of anesthesia,
systolic, diastolic and mean arterial pressures as well
as heart rate decreased compared with baseline values
(Table 3). Following tracheal intubation, all hemo-
dynamic parameters in the sufentanil group remained
below baseline values, while those in the fentanyl
group increased above baseline values. Response of
the hemodynamic variables above baseline values
was detected in both groups following skin incision
and sternotomy, except that the systolic pressure and
heart rate 1n the sufentanil group was lower than the
baseline value. No differences were detected between
the two groups in the hemodynamic variables follow-
ing median sterotomy and skin closure. There were
significant differences in mean arterial pressure at
the time of intubation and skin incision between the
two groups (Fig. 1). The central venous pressure did
not change significantly at any time during the study.

Bradycardia occurred in 23.33 per cent and
10 per cent in the sufentanil and fentanyl groups

Table 1. Cardiac diagnoses of the patients.
Diagnosis Sufentani! Fentanyl
Ventricular septal defect 11 8
Atrial septal defect 2 S
Tetralogy of Fallot 15 10
Atrioventricular canal - 2
Transposition of the great arteries - 1
Situs ambiguus - 1
Ebstein’s anomaly - 2
Total anomalous pulmonary venous return 1 -
Pulmonary atresia, intact ventricular septum, PDA 1 -
Right atrial fibroma, PFO -
PDA = patent ductus arteriosus, PFO = patent foramen ovale.
Table 2. Patient characteristics and clinical data.
Sufentamil Fentany!
Age (yr) 5.46 +3.62 4991352
Body weight (kg) 1631 +7.31 15.73 + 6.08
Duration of anesthesia (min) 208.47 + 50.33 205.17 +57.42
Duration of surgery (min) 175.60 + 49.89 169.57 + 52.90
Cardiopulmonary bypass (min) 92.63 +35.92 100.67 + 58.21
Aortic cross clamp time (min) 64.24 + 27.37 56.41 +27.96
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Hemodynamic changes during induction, intubation and surgery in patients undergoing cardiac surgery. received sufentanil and

fentanyl. Values expressed as mean + SD.

Table 3.

After After After After Skin closure
intubation skin incision sternotomy

induction

Baseline

Variable

Sufentanil
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58.50 + 9.96

106.37 + 13.37
76.96 + 19.17

108.43 + 2.23*
69.40 + 1.81*

97.67 + 16.738 100.60 + 13.15*8

88.80 + 5.52*
4340+ 11.27*
58.74 + 1.27*

105.10 + 16.37
5430 + 12.08
7343 +£12.77

108.31 £ 26.33

SAP

86.96 + 9.86*

63.50 4 3.27*8

50.87 + 13.108

DAP
MAP
HR

CVP

Fentany!

136.17 + 3.88*

87.79 + 26.34*

77.83 + 10.50*8
8.69+2.18

65.26 + 12.60%
99.34 + 8.95*
8.27 +2.51

100.48 + 26.21

9.62 +2.69

92.34 + 28.21*
823+1.83

102.89 + 15.08
58.43 +10.21
74.38 +7.85

139.33 + 19.00*

119.79 + 13.63*
73.39 + 14.44*
92.21 + 13.60*

7679 + 17.97+8
94.08 + 18.08*§

123.21 + 17.90%§
107.41 +27.25*%

115.07 + 16.738
65.25 + 17.64%
82.83 + 16.348

67.96 + 14.80*
100.67 + 24.10*

95.21 + 17.83*
48.64 + 14.31*

58.04 + 15.87
74.96 + 15.52
102.67 £ 25.27

106.43 + 18.04

SAP
DAP
MAP

105.33 + 29.00*

109.48 + 23.61*

+ 10.30 +3.20 9.51+1.58

10.20 £+ 3.31

10.10 +3.31

Cvp

mean blood pressure (mmHg),

diastolic blood pressure, MAP

SAP = systolic blood pressure, DAP

central venous pressure (mmHg)

heart rate (beats/minute), CVP =
* p<0.01 within group compared with baseline, § p<0.01 between groups.

HR=
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respectively, but the difference was not significant.
All of them responded to atropine administration.
Two patients who received sufentanil had hypoten-
sion along with bradycardia. There was no evidence
of any other serious complications (Table 4). Ana-
lysis of variance showed no significant difference in
the complication rate between the two groups.

Recovery from anesthesia was uneventful.
No significant difference in the mean time of awake-
fulness between the two groups was detected (Table
5). The time taken for response to verbal command
was 93.28 + 47.98 min in the sufentanil group vs
67.00 + 43.02 min in the fentanyl group. The mean
time interval from the end of anesthesia to tracheal
extubation in the sufentanil group was longer than in
the fentanyl group (Table 5).

There was no significant difference in the
requirement of morphine for postoperative analgesia
or chloralhydrate for postoperative sedation between
the two groups.

DISCUSSION

Narcotic agents have been long used in car-
diac anesthesia because in high doses they provide
hemodynamic stability and attenuate stress responses
to surgical stimuli(8-12), But high-doses of narcotic
agents do not allow early extubation in the postopera-
tive period, which has become popular nowadays,
even in pediatric cardiac surgery(13-15). Therefore
the use of low-doses narcotic agents in combination
with an inhalational agent may promote early extuba-
tion(16), Isoflurane and sevoflurane have been shown
to produce less myocardial depression than halo-
thane(17). So they can be safely used for cardiac
anesthesia. In our practice, we give intermittent low-
dose fentanyl in combination with isoflurane during
anesthesia for infants and children undergoing car-
diac surgery. Administration of high-dose fentanyl
before surgery may require fluid resuscitation to main-
tain adequate blood pressure(18). Otherwise high-
dose fentanyl cannot produce enough depth of
anesthesia to suppress the hemodynamic responses to
surgery(19:20). In this study, we demonstrated that
fentanyl 2 ug/kg and sufentanil 1 pg/kg significantly
decreased blood pressure after induction without an
intergroup difference. However, only sufentanil could
successfully attenuate the hemodynamic responses
to intubation. The results of using sufentanil for intuba-
tion were the same as in the study of Kay B and
colleagues(7). After skin incision and sternotomy,
the mean arterial pressure increased significantly in
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Fig. 1.

tracheal intubation and skin incision.
Table 4. Number of patients who experienced side

effects and complications.
Sufentanil Fentanyl

Bradycardia 7 3
Hypertension - 1
Hypotension 2 -
Coughing 2 .
Nausea 1 1
Vomiting 1 1

both groups. Patients in the fentanyl group showed
a significantly higher increase in mean arterial pres-
sure than the others. This might be due to the fact
that there was a difference in dosage of the two
drugs that were not equipotential in effect. In this
study, the total dose of fentanyl was 6 ug/kg, while
sufentanil was 3 pg/kg. Duncan HP and colleagues
showed that fentanyl 2 pg/kg did not provide hemo-
dynamic stability during cardiac anesthesia in infants
and small children(19). Their recommended doses
were between 25-50 pg/kg. Besides cardiovascular
stability, the neurohormonal response to cardiac sur-
gery should also be attenuated. This may cause

Differences in mean arterial pressure (MAP) (mm Hg) between sufentanil and fentanyl groups during

significant myocardial dysfunction in the postopera-
tive period(21). Sufentanil has been demonstrated to
produce a non-significant increase in catecholamine
levels during surgery(19). Fentanyl 2 ug/kg could not
obtund the stress responses to the pre-bypass phase
of cardiac surgery either(18),

In our study, we extubated the patients in
the fentanyl group significantly earlier than the
sufentanil group, even though sufentanil has a shorter
half-life than fentanyl(1). A larger equipotent dose
of sufentanil may be the cause of a longer period
of intubation compared to the fentanyl group. This
can be supported by results from the study of Moore
RA, et al in which patients who received sufantanil
5 ug/kg could be extubated earlier when compared
to those who received 10 and 20 pg/kg(19). Using
an anesthetic technique that combines short acting
narcotics together with new inhalational agents, earlier
extubation can be achieved as in our study(15.22),
We did not extubate our patients in the operating
theater in order to save time. However 82.2 per cent
and 96.6 per cent of our patients in the sufentanil
and fentanyl groups respectively could be extubated
within the first four hours. Vricella LA, et al reported
that they could extubate 87.1 per cent of their patients
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Table 5. Postoperative data.

Sufentanil Fentanyl
Awakening time (min) 50.00 + 30.97 44.83 + 32.87
Time of response to verbal command (min) 93.28 +47.98 67.00 + 43.02*

Time to extubation (min)

171.38 £ 112.74 113.72 + 67.83*

* p<0.05

in the operating theater and another 6.5 per cent in
the first four hours(13). While Marianeschi SM, et al
could extubate 58 per cent of their patients in the
theater, and 22 per cent in the first two hours(13),
There were no incidences of reintubation in our study
or the other studies. The main benefits of early extuba-
tion include patient comfort, cost saving and reduc-
tion in the workload of nursing staff. This study
demonstrates adequate and safe anesthesia can be
obtained with a low dose of sufentanil in children
undergoing surgical repair of complex congenital
heart defects.

We concluded that anesthesia with low-
dose sufentanil or fentanyl provided satisfactory
anesthesia and a reasonable time to extubation for
children undergoing surgical repair of congenital heart
defects. Even though the patients in the sufentanil

group had a statistically significant longer time to
extubation than the fentanyl group, it was not clini-
cally significant. However, the requirements for post-
operative pain and sedative medication were not
significantly different between the two groups. No
serious complications occurred in this study.
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