
PPuurrppoossee::  To examine dose and lockout intervals for effective fen-
tanyl patient-controlled analgesia (PCA) in second trimester genet-
ic termination of pregnancy, and compare three different fentanyl
PCA regimes with morphine PCA.
MMeetthhooddss::  In a double-blind randomized study, 60 ASA physical sta-
tus I–II patients received one of three fentanyl PCAs or morphine
PCA. Labour was induced with prostaglandins and PCA use contin-
ued until delivery. Within two hours following delivery, four visual
analogue scales (VAS) were administered measuring anticipated pain,
pain relief in labour and delivery, and overall satisfaction. The drug
delivery/demand ratio for two hours preceding delivery was obtained
from the PCA pump. The outcome variables were analyzed using
the Chi square test and analysis of variance as appropriate.
RReessuullttss::  The delivery/demand ratio was 0.71 ± 0.27 (mean ±
standard deviation) for morphine; 0.67 ± 0.21 for fentanyl 50 µg,
lockout six-minute; 0.63 ± 0.21 for fentanyl 25 µg, lockout three-
minute; and 0.81 ± 0.17 for fentanyl 50 µg, lockout three-minute
groups. We found no significant differences among the four groups
with respect to using delivery/demand ratio as a measure of pain
relief. Morphine had the highest rate of side effects compared to
fentanyl. There was strong evidence of differences among groups
with regard to patient satisfaction and expected pain, and moderate
evidence of differences in the delivery and labour pain scores. 
CCoonncclluussiioonn::  This study found PCA fentanyl 50 µg with a lockout
period of six minutes provided satisfactory analgesia for second
trimester labour.

Objectif : Déterminer la dose et les périodes réfractaires d’une anal-
gésie auto-contrôlée (AAC) efficace utilisée en cas d’interruption de
grossesse génétique, et comparer trois régimes d’AAC avec fentanyl à
la morphine en AAC.

Méthode : Pendant l’étude randomisée et à double insu, 60 patientes
d’état physique ASA I-II ont reçu l’un des trois régimes de fentanyl en
AAC ou de la morphine en AAC. Le travail a été induit avec des
prostaglandines et l’AAC continue a été utilisée jusqu’à l’accouche-
ment. Pendant les deux premières heures après l’accouchement, la
douleur attendue, le soulagement de la douleur du travail et de l’ac-
couchement et la satisfaction générale ont été évalués grâce à quatre
échelles visuelles analogiques (EVA). Pendant les deux heures précé-
dant l’accouchement, le ratio offre/demande de médicaments a été
révélé par les données de la pompe à AAC. Les variables des résultats
ont été analysées par le test du Khi carré et l’analyse de la variance
selon les besoins. 

Résultats : Le ratio offre/demande de morphine a été de 0,71 ± 0,27
(moyenne ± écart type);  de 0,67 ± 0,21 pour la dose de 50 µg de
fentanyl et une période réfractaire de six minutes ; de 0,63 ± 0,21 pour
25 µg de fentanyl et trois minutes réfractaires et de 0,81 ± 0,17 pour
50 µg de fentanyl et trois minutes réfractaires. Ce n’est donc pas une
mesure idéale de résultat. La morphine, comparée au fentanyl, avait le
taux le plus élevé d’effets secondaires. Une forte évidence de différence
intergroupe a été notée quant à la satisfaction des patientes et à la
douleur prévue, et une évidence modérée de différences de scores de
douleur pendant le travail et l’accouchement. 

Conclusion : L’étude montre que 50 µg de fentanyl et une période
réfractaire de six minutes offrent une analgésie satisfaisante pendant
le travail du second trimestre.
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ECOND trimester (14–24 weeks) termina-
tions of pregnancy are frequently performed
for fetal anomalies incompatible with life.
Traditionally, labour has been induced by

intra-amniotic injection of prostaglandin F2α.
Recently, other prostaglandins, such as misoprostol,
have been administered via the vaginal route, with
favourable effects.1

Although there is extensive literature regarding the
mechanism of prostaglandin termination of pregnan-
cy, there is a paucity of data on pain relief in this group
of patients. Before the use of patient-controlled anal-
gesia (PCA), parenteral narcotics via the im or sc route
were commonly used for pain management. More
invasive methods of pain control, such as epidural or
intrathecal analgesia, are usually reserved for patients
who have inadequate pain control with the above reg-
imen, or for those who require surgical intervention. 

PCA fentanyl has been used in our institution for
patients undergoing second trimester pregnancy termi-
nation. Individual practitioners have arbitrarily selected
the dose and lockout for any particular patient. In order
to identify which PCA regimen would be most effec-
tive, we decided to conduct a comparative study exam-
ining drug, dosage and timing.

Our study sought to compare the efficacy of three
regimens of PCA fentanyl to PCA morphine using
drug delivery/demand ratio as a measure of second
trimester labour analgesia. With an optimal bolus dose
and lockout interval, every PCA demand will result in
successful administration and the demand to delivery
ratio will be one. We hypothesized that fentanyl would
be a better analgesic than morphine because of its
faster onset and shorter duration of action. Secondary
outcome measures of the study were the incidence of
side effects and subjective reports of pain relief and
satisfaction among different dose regimens of PCA
fentanyl and PCA morphine. 

MMeetthhooddss
The Mount Sinai Hospital Ethics Committee
approved a prospective randomized study in ASA
physical status I–II women scheduled to have a second
trimester (14–24 weeks) termination of pregnancy as
a result of lethal fetal abnormalities. The sample size
for our study was based on work by Gambling et al.,2
where labour analgesia was measured with a
demand/delivery ratio. These authors demonstrated
that 15 patients per group yields an 80% power to
detect a difference of 0.3 in the demand ratio between
groups. As we studied four different groups, our sam-
ple size was therefore 60. After controlling for overall
Type 1 error, our study had an 80% power to detect a

difference of 0.22 in one of the four groups using
analysis of variance (ANOVA). 

Either intra-amniotic injection of prostaglandin
F2α or vaginal insertion of misoprostol was used to
terminate pregnancy. The exclusion criteria included
contraindication to narcotics, i.e., allergy; history of
narcotic drug abuse or chronic use; significant mater-
nal disease (e.g., severe asthma, cardiac, liver or kidney
disease); active bleeding or hypovolemia; moderate to
severe pregnancy-induced hypertension; and inability
to comprehend or comply with the PCA system of
pain management. 

Our research assistant explained the study to the
patient and obtained an informed consent. A pharma-
cist randomized the participants to receive either the
standard pump setting of morphine PCA or one of the
three pump settings of fentanyl PCA. Patients were
randomized in blocks using a random number table.
The acute pain service nurse or the research assistant
programmed the pump. The patient, the attending
nurse, and the data collector were blinded to the type
of narcotic and pump settings. To ensure blinding to
the lockout interval, the PCA pump was programmed
so that it beeped every time a demand button was
pressed. Fifteen patients were assigned to each group.
Programming of the PCA pump is shown in Table I.
In order to ensure blinding, the medication was pre-
pared by the hospital pharmacy. 

The pump setting for the bolus dose was in millil-
itres. Therefore, in Group I, 1 mL of solution had 2 mg
of morphine; in Group II, 1 mL of solution had 50 µg
of fentanyl; in Group III, 1 mL of solution had 25 µg
of fentanyl; and in Group IV, 1 mL of solution had 50
µg of fentanyl. The 2 mg dose of morphine was chosen
because it is the most commonly used dose in our insti-
tution for second trimester terminations and it is with-
in the PCA dose range recommended by previous
studies for postoperative pain control.3,4 The clinician
override was the same as the bolus dose. The nurse
looking after the patient gave the clinician overrides but
still was able to maintain blinding. 

After the patient was admitted to the unit, labour
was induced either by ultrasound-guided intra-amni-
otic injection of prostaglandin F2α 40 mg or vaginal
insertion of 400 µg of misoprostol every four hours,
for a total of six doses, until delivery occurred.
Intravenous access was established and the PCA pump
was attached to the system. The PCA device (Graseby
3000, Watford, UK) consisted of a syringe pump acti-
vated by a handheld switch. The nurse gave detailed
instructions for PCA use and monitored the heart
rate, blood pressure, respiratory rate and sedation
every second hour until the patient began use of the
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PCA pump. After the patient had begun to use the
pump, assessment of respiratory rate and sedation was
increased to every hour. The nurse also recorded any
evidence of inadequate analgesia, side effects and
treatment. For inadequate analgesia, clinician over-
rides, to a maximum of three doses every five minutes,
were given by the attending nurse. 

If significant pain persisted despite the overrides,
the bolus was increased or the lockout period was
shortened by the acute pain service staff. Epidural
anesthesia was offered to those who had significant
pain despite these measures. Treatment of side effects
was standardized. The following medications were
used: ondansetron 4 mg iv was administered every six
hours prn for nausea and vomiting, and nalbuphine
5–10 mg iv every six hours prn for pruritus.
Nalbuphine was used because it works better than
antihistamines for pruritus and it does not have potent
sedating properties at low doses. Intermittent
catheterizations, to a maximum of two times, were
ordered for urinary retention. Sedation was rated by
using the Fisher scale, developed in our department: 
S- normal sleep, 0- alert, 1- mild sedation, drowsy,
opens eyes to name, 2- moderate sedation, opens eyes
to touch, 3- severe sedation, somnolent, difficult to
rouse. For respiratory depression (a respiratory rate of
less than 8·min–1) or a sedation score of 3 on the
Fisher scale, naloxone 0.2 mg iv stat was ordered. For
failed induction, iv oxytocin at 10 U·hr–1 was admin-
istered until delivery. 

Data collection
Demographic information and details of each patient’s
pregnancy history were obtained from the clinical
record. These included maternal age, gravity, parity,
prior abortions, any maternal health problems and
indication for termination. All interventions for inad-
equate analgesia, side effects and treatments were
obtained from the patient’s clinical record. 

A pilot study we conducted in a sample of eight
women undergoing second trimester terminations of
pregnancy indicated that the duration of labour was

variable in women after induction and that peak pain
was experienced in the one or two hours before deliv-
ery and at delivery. Therefore, we began collecting
data two hours preceding delivery, during which time
the number of demands might be expected to exceed
the number of doses delivered, and reflect the efficacy
of the analgesic regimen.

In order to minimize the effect of delay on recall,
all patients were seen by an independent observer
within two hours of delivery. As soon as the patient’s
grief reaction allowed, within this two-hour period,
she was provided with four visual analogue scales
(VAS; 10 cm vertical) to assess the overall experience
related to pain during labour and delivery (Figure 1).
Each patient had the opportunity to provide addition-
al comments on an exit questionnaire.

When the PCA pump was discontinued, the infor-
mation was downloaded to a printer. Data from two
hours before delivery were assessed for the total dose
of the study medication received, number of demands
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FIGURE 1 Visual analogue scales (VAS) used in the study.

TABLE I Patient controlled analgesia pump programming

Group I Group II Group III Group IV
Morphine Fentanyl Fentanyl Fentanyl

Bolus dose 2 mg 50 mg 25 µg 50 µg
Lockout time 6 6 3 3
(min.)
Four-hour limit 40 mg 1200 µg 1200 µg 1200 µg



made and number of demands delivered. The progress
of labour and complications were also collected from
the patient chart after delivery.

Statistical analysis
Means and percentages of demographic and outcome
variables were compared among different treatment
regimes using the exact Chi square test for discrete
variables, Poisson regression for count data (number
of clinical overrides) and ANOVA for continuous vari-
ables. ANOVA residuals were examined visually to
ensure that their distribution was approximately nor-
mal. A P value of less than 0.01 was considered as
strong evidence of differences between or among the
groups, 0.01< P < 0.05 as moderate evidence, 0.05 <
P < 0.10 as weak evidence, and P > 0.10 signified no
evidence of differences between or among groups.
Pairwise comparisons were made between all groups
(Groups II, III, and IV for total fentanyl dose) using
the step down bootstrap approach,5 to adjust P-values
for multiple comparisons. Adjusted P-values < 0.05
were deemed to indicate a significant difference
between two groups.

RReessuullttss  
Fifty-six women completed the study. Four patients
were included in the intent-to-treat analysis. Three

discontinued their assigned treatment: two patients in
Group I due to severe side effects and one patient in
Group III for inadequate pain relief. One patient in
Group I did not use the PCA pump. 

The demographic characteristics by group are
shown in Table II. There were no statistically signifi-
cant differences among groups for any of the variables
examined.

There were no statistically significant differences in
pain relief using delivery/demand ratio among the
four groups compared (Figure 2). There was strong
evidence of differences in patient satisfaction and
expected pain relief, and moderate evidence of differ-
ences for delivery and labour pain relief (Figure 3).
Whereas fentanyl 25 µg group (Group III) had a sig-
nificantly lower satisfaction score than any of the other
groups, there was no evidence that the satisfaction
scores for Groups I, II and IV were different from
each other. The expected pain score for Group III
(fentanyl 25 µg every three minutes) was significantly
higher than Group IV (fentanyl 50 µg every three
minutes). Expected pain was negatively correlated
with each of the other VAS scores. These results were
not changed when body weight and previous preg-
nancies were included as covariates in the analysis.

There was moderate evidence of a difference in the
overall occurrence of side effects among groups.
Vomiting and pruritus were the only two statistically
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FIGURE 2 Mean delivery/demand ratios (95% confidence inter-
val) by treatment group*.

FIGURE 3 Visual analogue scale (VAS) score means (95% confi-
dence interval) by treatment group with global p-value and signifi-
cant pairwise comparisons.



significant side effects. The morphine group experi-
enced the highest rate of side effects, while fentanyl
groups experienced the lowest (Figure 4). Patients in
Group II (fentanyl 50 µg every six minutes) had sig-
nificantly less vomiting than patients in Groups I and
III. There was no incidence of respiratory depression
and none of the patients required an epidural for inad-
equate pain relief. The large majority of the patients
(80%) from all groups was very satisfied with the PCA
method of pain relief. 

The number of clinician overrides was also analyzed
using Poisson regression. With a P-value of 0.049,
there is evidence that the number of overrides differs

among groups. However, this study does not have suf-
ficient power to distinguish between any two treat-
ment groups, so the ranking of groups should be
interpreted with caution. 

As this trial was analyzed on the basis of "intent-to-
treat", all four dropouts were included in the above
analysis. For the primary outcome and the VAS scores,
a supplemental analysis excluding dropouts was car-
ried out to determine their impact on the analysis. For
the delivery/demand ratio, the mean ratio for Group
I (2 mg morphine, six-minute lockout) decreased to
0.654 ± 0.259 (n = 11); however the P-value for the
overall difference among groups changed from 0.17
to 0.13, which does not change the conclusions about
the lack of a difference between groups with respect to
the delivery/demand ratio. Similarly, the P-values for
the global test of significance dropped for each of the
VAS scores (P < 0.0001, P = 0.002, 0.011, and 0.012,
respectively for satisfaction, expected pain, delivery
pain relief, and labour pain relief), strengthening the
conclusions of the "intent-to-treat" analysis that each
of these measures differed among groups.

There were no statistically significant differences in
the total use of medication two hours preceding deliv-
ery among the fentanyl groups. Use amounted to 454
µg in Group II, compared to 291 µg in Group III,
and 503 µg in Group IV.

DDiissccuussssiioonn  
We report a double blind randomized controlled
study of four different PCA regimens for second
trimester genetic termination of pregnancy. With
regard to the primary outcome measure of the study,
we found no significant difference between the effec-
tiveness of morphine and any of the three different
fentanyl regimens, using delivery/demand ratios as a
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TABLE II Comparison of demographic variables by treatment group

Group I Group II Group III Group IV P-value
2 mg morphine 50 µg fentanyl 25 µg fentanyl 50 µg fentanyl
six-minute six-minute three-minute three-minute 
lockout lockout lockout lockout

Maternal age mean (SD) 32.7 (7.4) 32.0 (5.8) 30.7 (3.6) 31.1 (6.7) 0.81
Gestational age (weeks) mean (SD) 20.1 (1.4) 19.7 (2.3) 20.7 (1.7) 20.9 (1.8) 0.26
Variable
Body mass index > 25 % 47% 29% 33% 7% 0.14
Nulliparous % 40% 33% 60% 53% 0.51
Previous pregnancy % 80% 73% 40% 67% 0.13
Past use of patient % 7% 0% 13% 7% 0.90
controlled analgesia

SD = standard deviation.

FIGURE 4 Percentage experiencing side effects (95% confidence
interval) by treatment group, with global P-value and significant
pairwise comparisons.
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TABLE III Outcome measures by randomization group

Group I Group II Group III Group IV Global 
2 mg morphine 50 µg fentanyl 25 µg fentanyl 50 µg fentanyl P-value*
six-minute six-minute three-minute three-minute
lockout lockout lockout lockout

Primary outcome
Delivery/demand ratio

mean  0.707 A† 0.671 A 0.626 A 0.809 A 0.17
SD 0.269 0.209 0.214 0.173
n 13 14 13 14

Visual analogue scale scores
Satisfaction

mean 68.6 A 84.4 A 45.0 B 80.9 A 0.0002
SD 23.6 11.8 33.4 19.2
n 15 14 12 15

Expected pain
mean 59.7 AB 52.2 AB 72.0 A 38.7 B 0.004
SD 23.1 27.9 19.5 20.1
n 15 14 12 15

Delivery pain relief
mean 51.5 AB 65.8 AB 37.7 A 72.9 B 0.042
SD 33.0 35.3 31.5 27.9
n 14 13 11 14

Labour pain relief
mean 68.8 AB 72.6 A 49.0 B 73.5 A 0.029
SD 23.1 19.4 30.0 17.6
n 15 14 12 15

Side effects
One or more side effects

% 86.7% A 46.7% A 71.4% A 86.7% A 0.044
n 15 15 14 15

Nausea
% 73.3% A 33.3% A 64.3% A 73.3% A 0.09
n 15 15 14 15

Vomiting
% 53.3% A 6.7% B 50% A 40% AB 0.023
n 15 15 14 15

Pruritus
% 53.3% A 6.7% B 14.3% AB 20.0% AB 0.023
n 15 15 14 15

Sedation
% 40.0% A 13.3% A 14.3% A 13.3% A 0.24
n 15 15 14 15

Dizziness
% 26.7% A 0.0% A 14.3% A 26.7% A 0.13
n 15 15 14 15

Additional outcomes
Clinician overrides # 11 A 7 A 15 A 2 A 0.049

n 15 15 14 15
Total dose in last two hours mean 13.6 mg 454 µg A 291 µg A 503 µg A 0.076‡

SD 10.0 200 180 340
n 15 14 14 15

SD = standard deviation. *P-value for the global test of significance, against the null hypothesis that there are no differences among the
four groups. †Letters (A, B,…) indicate pairwise comparisons of groups, i.e., two groups denoted by the same letter are not significantly
different from each other using an alpha of 0.05. ‡Comparing fentanyl groups II, III and IV only. 



measure of analgesic efficacy. As morphine is a late-
onset analgesic compared to fentanyl, we had hypoth-
esized a priori that patients receiving morphine would
make more demands than could be delivered.
However, the study results did not support this
hypothesis. There was no evidence of an association
between the delivery/demand ratio and any of the
VAS scores, although there was significant (P < 0.05)
correlation within the different VAS scores. 

With regard to secondary outcomes, the morphine
group had more side effects than the fentanyl groups.
Fentanyl 50 µg with a six-minute lockout had the low-
est incidence of side effects and better patient satisfac-
tion than the other groups. In this study, the dose of
25 µg fentanyl appeared to be inadequate for pain
relief, having significantly lower satisfaction scores
than any other group, as well as the largest number of
overrides. The satisfaction scores among the other
three groups did not differ significantly.

Previous studies have concentrated on the postsurgi-
cal population and have demonstrated that PCA is a well-
tolerated and effective form of pain control when
compared to traditional im narcotics.3,6,7 In the obstetri-
cal population, PCA was first introduced in the 1990s,8,9

however the popularity of epidural analgesia has meant
that this method of pain control has been used only
when epidural analgesia is contraindicated, or epidural
service is not available. Rosenblatt et al. have presented
the only research to date of PCA in this population. This
group studied adjuncts to PCA for pain control in
patients undergoing prostaglandin-induced pregnancy
termination.10,11 These authors examined metoclo-
pramide as an analgesic adjunct to PCA morphine and
reported significantly reduced VAS pain scores in the
metoclopramide groups. Although PCA is used in many
centres in the management of pain during second
trimester pregnancy termination, we were unable to find
any published studies comparing different PCA drugs
and dosages in order to determine the optimal regimen. 

As termination of pregnancy for genetic indications
in the second trimester is often both emotionally and
physically arduous, any information that might opti-
mize analgesia is valuable. It is important to determine
the most appropriate PCA regimen because dosage
studies have demonstrated that success of PCA (effi-
cacy and absence of side effects) depends on the size
of the demand dose.12 Too small a dose may result in
failure to achieve adequate analgesia in the majority of
patients, whereas too large a dose may result in
adverse side effects. Similarly, the lockout interval
influences success of the technique. 

A variety of narcotics have been used for labour
analgesia, including fentanyl, alfentanil and, most

recently, remifentanil.14–23 Fentanyl has an onset of
action within 30 sec, a peak effect in five to 15 min
and a duration of action of 30 to 60 min.4,14 In addi-
tion, fentanyl has no adverse effects on uterine tone or
blood flow and is rapidly removed from the plasma
with more than 80% removal within five minutes and
more than 98% within an hour. Fentanyl has no active
metabolites to cause respiratory depression in the
neonate.24,25 The published reports of PCA fentanyl
for labour analgesia have used bolus doses varying
from 20 to 60 µg, with and without continuous infu-
sion, higher doses being associated with maternal res-
piratory depression. With our study population, the
choice of narcotic was not limited by consideration of
fetal effects. The shorter onset time and rapidity to
achieve peak effect made fentanyl a suitable agent in
our study.15,16

The main limitation of this study is the relatively
small number of patients involved. Although random-
ization and blinding protocols were not violated,
thereby avoiding most biases, there were four study
arms in this trial of 60 patients and the study therefore
has limited power to rule out a Type 2 error. Similarly,
generalizability of our results to patients with different
demographic profiles, such as parity, is limited by the
size of the study. The clinical scenario for these
patients, termination of a previously wanted pregnan-
cy, presents many challenges to research in this area.
In particular, single centre recruitment of a sufficient-
ly large number of patients for adequate study power
is unlikely, even in large centres. Therefore, additional
studies are needed to expand upon our findings.
Another limitation of the present study is the relative
inadequacy of the tools used to measure our primary
outcome measure. Pain scale score and side effects are
somewhat limited evaluations of this little studied life
experience, which for many women is both traumatiz-
ing and complex. A patient preferences global scoring
system similar to those used for delivery at full term
would evaluate broader factors, such as clouding of
consciousness, and would be a more accurate tool for
evaluating these analgesia regimens. Unfortunately,
such a tool does not exist for genetic termination of
pregnancy, although our group is developing and val-
idating such a tool at present. 

In conclusion, although limited by its size, this study
is the first published research attempting to identify an
optimal PCA regimen for second trimester termination
of pregnancy. Employing the delivery/demand ratio as
a measure of analgesia, PCA fentanyl was not more
effective than PCA morphine for pain relief during ter-
mination. However, PCA morphine had the highest
rate of side effects (pruritus and vomiting), while fen-
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tanyl 50 µg (with a six-minute lockout) had the lowest
rate of side effects. Based on these results, we recom-
mend consideration of fentanyl 50 µg with a six-minute
lockout interval as the PCA regimen of choice for
patients undergoing the ordeal of second trimester ter-
mination of pregnancy. 
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