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Introduction

Dilatation and curettage (D&C) is a short-lasting proce-
dure that generally causes considerable pain due to cervi-
cal dilatation performed usually by Hegar dilators and tis-
sue extraction. Prevention of movement responses to pain
during D&C is important. The use of propofol with an
analgesic agent is probably the principal technique for
induction of anesthesia for D&C at the present time.
Alfentanil is a synthetic opioid with a rapid onset and
short elimination half-life used for short-time procedures
[1, 2]. Theoretically, alfentanil may increase the inci-
dence and duration of apnea due to respiratory depressant
effects, and may enhance the depressant effects of propo-
fol on blood pressure and heart rate [3].

Ketamine has intrinsic analgesic and amnestic proper-
ties, and thus may be a suitable choice for short-lasting
procedures [4-6]. However, it has the potential for unde-
sirable side-effects that include unpleasant emergence
hallucinations and emesis [7, 8]. To our knowledge, no
anesthesia studies have been done in which alfentanil or
ketamine are added to propofol for D&C. We designed a
randomized, double-blind study to compare the clinical
efficacy of ketamine versus alfentanil when combined
with propofol for short-lasting anesthesia during D&C.

Patients and Method

The study was approved by the ethics committee of our insti-
tution, and each patient included provided informed written
consent. The study included 60 patients between the ages of 18

and 60 who were scheduled for D&C procedures for evaluation
of abnormal uterine bleeding. Their physical status, as rated by
the American Society of Anesthesiologists (ASA) criteria,
ranged from I to II. Patients with pulmonary, hepatorenal, neu-
romuscular, and neuropsychiatric disease, body mass index over
30 kg/m2, regular use of sedative medication or substance abuse,
and patients undergoing emergency curettage for massive
bleeding or hemodynamic instability were excluded from the
study. Patients unable or refusing to give informed consent were
also excluded. 

Before anesthetic induction, standard monitoring was applied
(electrocardiogram, pulse oximetry, and noninvasive blood
pressure monitoring) to all patients in the operating room. Lac-
tated Ringer’s solution was infused at a rate of 5 ml/kg. Each
patient included was then randomly assigned to receive either a
combination of propofol/alfentanil (Group A) or propofol/keta-
mine (Group K) for anesthesia. Patients were preoxygenated
with 100% oxygen for 3 min, just before anesthesia induction.

Alfentanil (Rapifen, Janssen-Cilag, Germany) 10 µg/kg-1 IV
was given to each patient in Group A, and ketamine (Ketalar
500 mg flc, Phizer, Luleburgaz, Turkey) 0.5 mg/kg-1 IV to each
patient in Group K, followed 60 sec later in both groups for
anesthesia induction applied with propofol (propofol 1% Frese-
nius, Fresenius Kabi, Australia) 0.7 mg/kg IV. If the eyelid
reflex failed to disappear with this medication, an additional
half of the induction dose of propofol was administered. After
loss of consciousness, ventilation was assisted manually via a
face mask as necessary with a fresh gas flow of 6 l/min (3 l/min
N20, 3 l/min oxygen). N20 was discontinued when the gynecol-
ogist declared the D&C procedure completed.

During the D&C, an additional propofol bolus of half the
induction dose was given if any of the following signs were
detected: heart rate (HR) > 15% above preoperative baseline or
> 90 beats/min; systolic arterial pressure (SAP) > 15% above
preoperative baseline; extremity or body movement. Adminis-
tration was repeated after 1 min if necessary. Blood pressure,
HR, and oxygen saturation were recorded at 2 min intervals.
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Adverse events such as hypotension (mean arterial pressure <
30% pre-induction baseline value, SAP < 80 mmHg), or brady-
cardia (HR < 50 beats/min-1) were also registered and were
treated with IV ephedrine 5-10 mg or atropine 0.5 mg, respec-
tively.

A modified Aldrete scoring system was used to evaluate
recovery of patients [9] and a verbal pain scale (VPS) used to
evaluate pain intensity, with scores of 0-3 (0: no pain; 1: light
pain; 2: moderate pain; 3: severe pain) at 5 and 10 min postop-
eratively. Tramadol 1 mg/kg IV was administered to patients
with a score > 1. Two hours later, all patients were questioned
about the occurrence of nausea or vomiting.

The total dose of propofol was recorded, as well as duration
of surgical procedure, duration of anesthesia (from first propo-
fol injection to open eyes), and orientation time (from N20 dis-
continuation until able to recall name and date of birth). After
the operation, surgeons were questioned about their subjective
evaluation of surgical working conditions during the D&C, and
patients were questioned at discharge about their anesthetic
experience (0: not satisfied; 1: satisfied; 2: extremely satisfied).
Surgeon and patient satisfaction scores, Aldrete scores, VPS,
nausea, and vomiting were recorded by independent anesthesi-
ologists or nurse anesthetists blinded to the study groups. The
primary endpoint was defined as orientation time, and the sec-
ondary endpoint was defined as adverse events such as hypoten-
sion, bradycardia, nausea, and vomiting.

Statistical analysis

After the power analysis (priority analysis) according to ori-
entation time, we found the total sample size to be 58, power
0.95, and effect size 0.9 (alpha = 0.05, actual power = 0.95,
delta = 3.3). Results are expressed as the median (range), mean
± SD, and patient number. A normalization test was done using
the Kolmogorov-Smirnov Z-test for parametric data. The inde-
pendent Student’s t-test was used to compare parametric vari-
ables and the Mann-Whitney U test for non-parametric vari-
ables; a p value < 0.05 was considered statistically significant.
Statistical analysis was performed using the SPSS 10.0 Statisti-
cal Package Program for Windows (SPSS Inc., Chicago, IL,
USA).

Results

Data regarding demographics, duration of surgery, and
anesthesia of patients in the two groups are summarized
in Table 1. There were no statistically significant demo-
graphic differences between the two groups. Duration of
surgery and duration of anesthesia were also similar
between the two groups (Table 1).

Postoperative evaluation data are shown in Table 2.
Orientation time was significantly shorter in Group A
than Group K (4.6 ± 1.2 min vs 7.1 ± 1.1 min [p < 0.001],
respectively). In addition, propofol consumption was sig-
nificantly lower in Group A than Group K (86.7 ±
36.5 mg vs 142.6 ± 42.4 mg [p < 0.001], respectively).

There were no statistically significant differences
between groups regarding surgeon satisfaction, patient
satisfaction, VPS, and Aldrete score. Similarly, no statis-
tically significant differences were found between the
groups in terms of adverse events (hypotension, bradycar-
dia, nausea, and vomiting) (Table 3). 

Discussion

This study shows that both anesthesia protocols were
effective and reliable for D&C. There were significant
differences only in propofol consumption and orientation
time between groups. Propofol consumption was greater
in the ketamine group than in the alfentanil group,
depending on the vital signs and movement of patients in
this study. It may be that use of a low ketamine dose
caused patients in the ketamine group to feel more pain
compared with the alfentanil group [10]. In fact, ketamine
is known to have both analgesic and anesthetic properties.
The analgesic effect of ketamine is explained by its non-
competitive antagonism at the N-methyl-D-aspartate
(NMDA) receptor, which plays a significant role in the
pathogenesis of pain perception [11, 12]. Ketamine
administered intravenously or epidurally in a low-dose
manner has been shown to decrease pain scores and
reduce postoperative analgesic consumption by 35-40%
[13-16]. According to the results of this study, alfentanil
was a more effective analgesic than ketamine during the
intraoperative period. We believe that the propofol/alfen-
tanil combination provided more effective analgesia and
anesthesia than the propofol/ketamine combination.
Perhaps the need for propofol is associated with the syn-
ergistic effect between these two drugs and propofol. 

Both the propofol/ketamine combination [17, 18] and
the propofol/alfentanil combination [19-22] interact addi-
tively to produce hypnosis and immobility and suppress

Table 1. — Patient characteristics of the groups.

Group A Group K p value
(n = 30) (n = 30)

Age (years) 38.7 ± 11.5 43.2 ± 10.6 0.46
Weight (kg) 68.4 ± 9.8 74.3 ± 11.2 0.38
ASA physical status I/II 12/18 10/20 0.59
Duration of surgery (min) 5.9 ± 0.9 6.3 ±0.9 0.22
Duration of anesthesia (min) 7.7 ± 0.8 8.1 ± 0.9 0.32
Data are means ± SD, or number of patients.
There were no statistically significant differences between the groups.

Table 2. — Postoperative evaluation data.

Group A Group K p value
(n = 30) (n = 30)

Orientation time (min) 4.6 ± 1.2 7.1 ± 1.1 0.001
Propofol consumption (mg) 86.7 ± 36.5 142.6 ± 42.4 0.001
Surgeon satisfaction (0/1/2) 0/16/14 0/19/11 0.60
Patient satisfaction (0/1/2) 0/15/15 1/18/11 0.30
VPS 5th min 0 (0-2) 0 (0-2)  0.94
VPS 10th min 0 (0-2) 0 (0-2) 0.56
Aldrete score 5th min 9 (7-10) 8 (7-10) 0.28
Aldrete score 10th min 10 (9-10) 9 (8-10) 0.07
Data are means ± SD, or median (range).

Table 3. — Incidence of adverse events.

Group A Group K p value
(n = 30) (n = 30)

Hypotension 5 1 0.08
Bradycardia 3 0 0.07
Nausea 1 4 0.17
Vomiting 0 2 0.15
Data are number of patients.
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responses to both noxious and non-noxious stimulation.
These reports show that the synergistic effect of the drug
combinations is more important than their individual
effects. We propose that the alfentanil/propofol combina-
tion provides more effective hypnosis and immobility
than the ketamine/propofol combination. 

In this study, although there was no statistically signif-
icant difference between groups in terms of Aldrete
recovery score, the orientation time was longer in the ket-
amine group than in the alfentanil group. This may seem
contradictory, but we suspect that the extended orienta-
tion time is associated with the stronger amnestic effect of
ketamine and the use of higher doses of propofol in the
ketamine group. St. Pierre et al. [23] reported an extend-
ed recovery time for propofol/ketamine compared with a
propofol/alfentanil combination. 

Ketamine produces sympathetic stimulation which
leads to increased SAP and HR [24]. When administered
with propofol to induce anesthesia, even in subanesthetic
doses, it may produce hemodynamic stability by neutral-
izing the sympatholytic activity of propofol [24-26]. This
study expected the finding that a ketamine/propofol com-
bination would provide a stable hemodynamic course
because of previous studies [21, 24, 27, 28]. Due to the
cardio-depressant activity of both propofol and alfentanil,
their combination caused more hemodynamic instability
than the ketamine/propofol combination. Similar results
were reported by Fruya et al. [25], and Salihoglu et al.
[29] who showed that SAP and HR were significantly
lower in an alfentanil group compared with a ketamine
group. With the alfentanil/propofol combination,
decreased SAP and HR do occur, but there was no statis-
tical difference between groups in bradycardia and
hypotension as defined in this study. In addition, alfen-
tanil was used in a low dose with propofol and the propo-
fol was administered gradually according to need. We
consider that this method of alfentanil use provided a reli-
able hemodynamic effect. 

Begec et al. [30] and Chiaretti et al. [31] investigated
these two drug combinations and found both protocols
effective to obtain good sedation and analgesia. However,
alfentanil caused respiratory depression in both studies.
These two studies used different methods and twice the
alfentanil dose compared with our study. We can infer
that both the type and dose of agent used is important for
safe anesthesia and analgesia during short procedures.

Besides the depressive cardiac and respiratory effects
of opioids, the most frequently mentioned adverse effect
related to ketamine is emergent delirium or hallucina-
tions. This occurs more commonly if ketamine is used as
the sole agent for sedation. In the present study, no
patients reported emergent delirium or hallucinations.
The combination of propofol/ketamine has been known to
eliminate the side-effects of ketamine [24]. The combina-
tion of either alfentanil [32] or ketamine [26] with propo-
fol reduces the levels of both the hypnotic and anesthetic
dose of propofol. 

Patient satisfaction, surgeon satisfaction and Aldrete
recovery scores indicated that comfortable and reliable

anesthesia was achieved in both groups. The VPS showed
that both study drugs provided effective and equal postop-
erative analgesia. 

We note several limitations of this study. First, we com-
pared the hemodynamic data between groups only in
terms of bradycardia and hypotension. Second, N2O is an
agent with analgesic properties, and we did not take its
use into account when evaluating data for either group.
Although the present study has clinical importance, our
findings could be considered preliminary data and our
results, especially the lower frequency of adverse effects,
should be confirmed by larger studies with more adequate
power. In addition, further studies should be designed to
determine the optimal drug and dose for D&C. 

In conclusion, the results of this study suggest that both
alfentanil and ketamine in combination with propofol
provide reliable and effective hypnosis and analgesia, but
that the ketamine/propofol combination results in higher
consumption of propofol and longer orientation time than
alfentanil/propofol.

References
[1] Antmen B., Sasmaz I., Birbicer H., Ozbek H., Burgut R., Isik G.

et al.: “Safe and effective sedation and analgesia for bone marrow
aspiration procedures in children with alfentanil, remifentanil and
combination with midazolam”. Paediatr. Anaesth., 2005, 15, 214.

[2] Bailey P.L., Stanley T.H.: In: Stoelting R.K. & Miller R.D. (eds.),
“Basics of Anesthesia, Intravenous Opioid Anesthetics”. 4th

edition, New York, USA, Churchill Livingstone, 1994, 291.
[3] Ang S., Cheong K.F., Ng T.I.: “Alfentanil co-induction for laryn-

geal mask insertion”. Anaesth. Intens. Care, 1999, 27, 175.
[4] Green S., Clark R., Hostetler M.A., Cohen M., Carlson D., Roth-

rock S.G.: “Inadvertent ketamine overdose in children: clinical
manifestations and outcome”. Ann. Emerg. Med., 1999, 34, 492.

[5] Green S., Rothrock S.G., Harris T., Hopkins G.A., Garrett W.,
Sherwin T.: “Intravenous ketamine for pediatric sedation in the
emergency department: safety profile with 156 cases”. Acad.
Emerg. Med., 1998, 5, 971.

[6] Kennedy R.M., Porter F.L., Miller J.P., Jaffe D.M.: “Comparison
of fentanyl/midazolam with ketamine/midazolam for pediatric ort-
hopedic emergencies”. Pediatrics, 1998, 102, 956.

[7] Sherwin T., Green S.M., Khan A., Chapman D.S., Dannenberg B.:
“Does adjunctive midazolam reduce recovery agitation after keta-
mine sedation for pediatric procedures? A randomized, ouble-
blind, placebocontrolled trial”. Ann. Emerg. Med., 2000, 35, 229.

[8] Slonim A.D., Ognibene F.P.: “Sedation for pediatric procedures,
using ketamine and midazolam, in a primarily adult intensive care
unit: a retrospective evaluation [see comments]”. Crit. Care Med.,
1998, 26, 1900.

[9] Aldrete J.A.: “The post-anesthesia recovery score visited”. J. Clin.
Anesth., 1995, 7, 89.

[10] Becke K., Albrecht S., Schmitz B., Rech D., Koppert W., Schüt-
tler J. et al.: “Intraoperative low-dose S-ketamine has no preven-
tive effects on postoperative pain and morphine consumption after
major urological surgery in children”. Paediatr. Anaesth., 2005,
15, 484.

[11] Woolf C.J., Chong M.S.: “Preemptive analgesia-treating postope-
rative pain by preventing the establishment of central sensitiza-
tion”. Anesth. Analg., 1993, 77, 362.

[12] Stubhaug A., Breivik H., Eide P.K., Kreunen M., Foss A.:
“Mapping of punctuate hyperalgesia around a surgical incision
demonstrates that ketamine is a powerful suppressor of central
sensitization to pain following surgery”. Acta Anaesth. Scand.,
1997, 41, 1124.

[13] Fu E.S., Miguel R., Scharf J.E.: “Preemptive ketamine decreases
postoperative narcotic requirements in patients undergoing abdo-
minal surgery”. Anesth. Analg., 1997, 84, 1086.

19 1206-31 - Comparison of Propofol:1648_29 Incidence of multiple  21/02/12  13:00  Pagina 74



Comparison of propofol/ketamine versus propofol/alfentanil for dilatation and curettage  75

[14] Schmid R.L., Sandler A.N., Katz J.: “Use and efficacy of low-dose
Ketamine in the management of acute postoperative pain. A
review of current techniques and outcomes”. Pain, 1999, 82, 111.

[15] Murdoch C.J., Crooks B.A., Miller C.D.: “Effect of the addition
of ketamine to morphine in patient-controlled analgesia”.
Anaesth., 2002, 57, 484.

[16] Menigaux C., Fletcher D., Dupont X. Guignard B., Guirimand F.,
Chauvin M.: “The benefits of intraoperative small-dose ketamine
on postoperative pain after anterior cruciate ligament repair”.
Anesth. Analg., 2000, 90, 129.

[17] Hui T.W., Short T.G., Hong W., Suen T., Gin T., Plummer J.:
“Additive interactions between propofol and ketamine when used
for anesthesia induction in female patients”. Anesthesiology, 1995,
82, 641.

[18] Hendrickx J.F., Eger E.I. 2nd, Sonner J.M., Shafer S.L.: “Is
synergy the rule? A review of anesthetic interactions producing
hypnosis and immobility”. Anesth. Analg., 2008, 107, 494.
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