Patient-controlled analgesia (PCA):
Additions or Alternatives to Morphine

FraNcoIs FuGERe MD, FRCPC

Intravenous patient-controlled analgesia (PCA) is frequently used as a means of
easing postoperative pain. Morphine is the most commonly used opiate, but some
patients have allergies or experience side effects, requiring the use of alternatives.
Meperidine is not the best choice. It is associated with normeperidine intoxication
and, if used, both the dosages and duration of administration should be limited.
Hydromorphone, fentanyl and sufentanil have all been used successfully. It is rec-
ommended that alfentanil be administered by continuous infusion because it is
short-acting. In comparison, none of the opiates proved to be significantly supe-
rior to the others. Morphine has been combined with ketamine, clonidine, and
droperidol with mixed results, but the optimal dose of each combination is still
unknown. The alfentanil-propofol combination looks promising for sedation
during certain procedures.

INTRODUCTION

Since introduced in the late 1960s, patient-controlled analgesia (PCA) has become
more widely used, particularly to ease postoperative pain. PCA is a technique allowing
patients to give themselves a preprogrammed dose of analgesics. This method enables
patients to obtain the dose they need, and thereby achieve optimal pain management.
Compared to conventional analgesia, the advantages include better management of
pain and greater patient satisfaction.! PCA primarily takes the form of intravenous
administration, but it can also be done subcutaneously, epidurally, intranasally, trans-
dermally, or with continuous nerve blocks. This article is limited to a discussion of
intravenous administration.

When selecting which opiate to use for postoperative pain (including PCA), clini-
cians usually rely on their personal preferences and experience. Morphine remains the
most widely used opiate” despite its delayed action, gradual sedation, and the release of
histamine it triggers.® Some patients, however, may have an allergic reaction or experi-
ence significant side effects with morphine, forcing the use of another opiate. Meperi-
dine is prescribed less and less because of the side effects associated with its use, yet, it
remains an alternative to morphine. Fentanyl, alfentanil, and hydromorphone, as well
as, morphine-ketamine and morphine-droperidol combinations have also been used as
postoperative analgesics for intravenous administration with a PCA pump. This article
reviews the prescriptions for postoperative analgesia and the studies comparing the
various solutions, from the standpoint of both analgesia and side effects.
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THE DIFFERENT OPIATES
Meperidine

Meperidine is a p-receptor agonist, a member of
the phenylpiperidine family. It is 7 to 10 times less
powerful than morphine when administered par-
enterally. Meperidine is characterized by the produc-
tion of an active, potentially neurotoxic metabolite
with a half-life of 15 to 40 hours.* Used frequently in
some places, routine administration of meperidine
was called into question when cases of normeperidine
intoxication in healthy patients® or in those with pre-
existing neurological problems® began to be reported.
In addition, the use of intravenous meperidine with a
PCA pump was associated with a decline in neonatal
neurobehavioural indicators when this analgesic was
used on nursing mothers after a cesarean.”

Simopoulos et al® carried out a retrospective eval-
uation of the relationship between dose and the
occurrence of side-effects on the central nervous sys-
tem in 355 patients receiving meperidine by PCA.
The patients were divided into 4 groups based on
their daily dosage and 600 mg was considered a high
dose. Among the participants receiving higher doses,
those with the highest doses (16.9 mg/kg, 95% confi-
dence interval (CI), 14.7-19.2 mg/kg) showed more
symptoms than those with lower doses (13.3 mg/kg,
95% CI, 12.1-14.4 mg/kg). The authors therefore sug-
gested that 10 mg/kg a day was the maximum safe
dose of meperidine for a maximum of 3 days when
administered intravenously with a PCA pump. Daily
evaluation, however, is necessary and patients with
kidney failure should be excluded.

Plummer et al’ prospectively compared meperi-
dine with morphine administering both analgesics
intravenously with a PCA pump to relieve pain
following major abdominal surgery. The pain when
sitting, but not when resting, was significantly less in
the morphine group. Meperidine was associated with
poorer results in concentration tests and more
mouth dryness. In conclusion, meperidine is not the
first option for patients with morphine intolerance.
When used, the dosage and duration of administra-
tion should be limited to avoid the side effects
related to normeperidine.

Hydromorphone

Hydromorphone is approximately 7 to 8 times
more powerful than morphine when administered

parenterally and its pharmacological profile
resembles that of morphine.'’ For almost a decade
now, hydromorphone has been used for intravenous
administration with a PCA pump. In 1994, Searle et
al'' demonstrated that PCA with hydromorphone
could be superior to conventional analgesics admin-
istered after a coronary bypass. In this study, the PCA
group received a continuous infusion of hydromor-
phone (0.1 mg/hr) with 0.2 mg bolus every 5 minutes,
while the conventional analgesic group received
2.5 mg of morphine every 30 minutes as needed
until the endotracheal tube was removed, followed
by 1 mg/ kg dose of meperidine every 4 hours. The
intensity of the pain at extubation and on the third
day following surgery proved to be significantly less
in patients receiving hydromorphone by PCA.

Hydromorphone has also proven to be a good
alternative to morphine for the relief of pain after
lower abdominal surgery.'> With a 5:1 morphine-
hydromorphone dosage ratio, the analgesia was
identical throughout the study. Morphine had less
effect on cognitive performance, while hydromor-
phone resulted in a better mood.

Dunbar et al'®

compared hydromorphone to
morphine with PCA in patients who had received a
bone-marrow transplant and required opiates to con-
trol severe oral mucositis. Contrary to what has been
reported in the past, the equivalence ratio between
morphine and hydromorphone could be 3:1 instead

of 7:1 when PCA is used for an extended period.
Fentanyl

Fentanyl is a synthetic opiate in the phenyl-
piperidine family. It is 75 to 125 times more potent
than morphine."* Compared to morphine, it exhibits
high liposolubility that explains its quick onset and
brief duration of action. PCA was used for both intra-
venous and epidural administration'® to ease the

1618 or following surgery." Camu et

pain during labour
al?° compared different doses of fentanyl adminis-
tered intravenously with a PCA pump for postopera-
tive pain after major abdominal surgery. The reported
optimal dose was 40 pg, with 20 pg associated with
less relief from pain and 60 ng associated with more
side effects, including respiratory depression.
Ginsberg et al* compared PCA with fentanyl (0.2-
0.3 pg/kg) and morphine (0.02-0.03 mg/kg) using
different lockout intervals, namely 5 and 8 minutes



for fentanyl and 7 and 11 minutes for morphine. The
pain relief was identical and few side effects were
reported with either drug. Yet, the selection of opiate
influenced the use of the PCA because initially a
lower ratio between the number of demands and
bolus administered was observed with fentanyl. The
lockout interval chosen had no influence on pain or
anxiety levels. Therefore, the results with PCA can be
influenced by the dosage chosen, as well as, by the
accumulation of active metabolites such as mor-
phine-6-glucuronide.

Sufentanil

Sufentanil is a relative of fentanyl in the
phenylpiperidine family. It is 5 to 10 times more
powerful than fentanyl due to a greater affinity for
p-receptors.” Tt is a narcotic with high liposolubility,
a latency period of 1 to 2 minutes, and a quick redis-
tribution that makes it shorter-acting than mor-
phine.?” Sufentanil is rarely used for intravenous
PCA. Lehmann et al,* using sufentanil for intra-
venous administration with a PCA pump, found
good analgesia in 40 patients who had undergone
major gynecological surgery. Following an average
loading dose of 19.1 + 35.7 ng, a continuous infusion
of 1.15 pg/hr and bolus doses of 6 pg with a refrac-
tory period of 1 minute were used.

Ved et al*> compared sufentanil and alfentanil to
morphine with intravenous PCA. No continuous infu-
sion was used and, for morphine, sufentanil, and
alfentanil, the bolus doses used were 1 mg, 2 pg and
100 pg respectively, with refractory periods of 8, 8,
and 5 minutes. The number of boluses administered
with sufentanil and alfentanil was 2 to 2.5 times
higher than with morphine, reflecting a shorter dura-
tion of action. No significant difference was found in
terms of analgesia and the occurrence of side effects.

Equivalent analgesia was reported when intra-
venous morphine by PCA was compared to sufen-
tanil administered by PCA, either epidurally or
intravenously.”* Continuous infusion was used in
both groups, specifically 8 pg/hr for sufentanil in
addition to a 4 pg bolus every 6 minutes, whether
administered epidurally or intravenously, and 0.5
mg/hr plus a 1 mg bolus every 6 minutes for intra-
venous morphine. The sufentanil, however, was
faster-acting than the morphine.

TABLE 1: Characteristics of the ideal analgesic for PCA

e Instant-acting and intermediate duration of action
 High potency with no ceiling effect at small doses

* Few side effects

Coda et al*® compared morphine, hydromor-
phone, and sufentanil administered intravenously
by PCA to treat oral mucositis following a bone-
marrow transplant. More patients complained of
insufficient analgesia with sufentanil than with mor-
phine or hydromorphone, but this could be due to the
dose (0.015 pg/kg) or lockout interval (10 min.) used.

Alfentanil

Alfentanil is also related to fentanyl, yet, 5 to 10
times less powerful. It begins acting in 1.3 to 3 min-
utes and lasts for 11 to 15 minutes.” Since alfentanil
is short-acting,? it is hardly surprising that a high-
failure rate is reported for the use of PCA with alfen-
tanil alone without infusion.”

Intravenous PCA with alfentanil has been proven
effective from an analgesic standpoint for the treat-
ment of urinary lithiasis by extracorporeal shock-
wave lithotripsy?” and dressing changes in burn
victims.”®

Benefits have been reported from combining
morphine with alfentanil.” In a randomized double-
blind study, Ngan Kee et al*’ compared intravenous
PCA with morphine (1.5 mg dose) to a morphine
(0.75 mg) — alfentanil (0.125 mg) combination to
relieve postcesarean pain under spinal anesthesia.
The patients receiving the combination reported an
earlier onset of action and greater effectiveness after
bolus administration.

DISCUSSION

In the quest for the ideal analgesic for PCA (Table
1),% it is difficult to see any significant benefits from
any one of the opiates used. The pharmacological
profile of hydromorphone resembles that of mor-
phine and, at equivalent doses, the analgesia is iden-
tical and the side-effects are similar.'"* Fentanyl,
sufentanil, and alfentanil have the advantage of
being fast-acting, but their limited duration is associ-
ated with a higher number of boluses administered.”



TABLE 2: Intravenous PCA recommendations for different opiates

Opiate Concentration Loading dose Bolus Lockout interval Continuous infusion
Morphine 1 mg/ml 3-10mg 0.5-1.5mg 6 - 8 min 0.5-1.5 mg/hr
Meperidine 10 mg/ml 25-50mg 5-15mg 6 - 8 min not recommanded
Hydromorphone 0.2 mg/ml 0.5-Tmg 0.1-0.3mg 6 - 8 min 0.1 - 0.3 mg/hr
Oxymorphone 0.1 mg/ml 03-Tmg 0.1-0.2mg 6 - 8 min 0.1 - 0.2 mg/hr
Fentanyl 20 mg/ml 30 - 100 pg 10-40 pug 5-6 min 10 - 20 pg/hr

This observation has led some experts to recom-
mend continuous infusion, at least for alfen-
tanil”® Further studies are necessary to determine
the optimal doses that should be used.

Another study compared different opiates
administered by intravenous PCA pump. Wood-

house et al®!

compared morphine, meperidine,
and fentanyl. In each of the 3 groups, most of
the patients were very satisfied with the post-
operative analgesia and the use of PCA. The
power ratios used were 1 mg morphine = 10 mg
meperidine = 0.01 mg fentanyl. There was no
significant difference in the incidence of side
effects with the exception of pruritus, which
was higher in the morphine group. Patients who
experienced vomiting and pruritus reported
these effects as more intense with morphine
and fentanyl than with meperidine. A consul-
tant was unable to determine precisely which
agents were used. These findings suggest that,
while there may be subtle differences in patient
response, no opiate proves to be significantly
superior to the others.

Since no opiate has been proven clearly supe-
rior, the most important thing to do, undoubt-
edly, is to become familiar with an opiate by
using it as often as possible as an alternative to
morphine. A summary of the recommended
doses of the various opiates for intravenous PCA
can be found in Table 2.

COMBINATIONS
Morphine-ketamine

Administered in combination with mor-
phine, ketamine produced conflicting results
that appear related to the dose used. Javery et
al*? found benefits from combining morphine
and ketamine administered intravenously in a

PCA pump to ease pain following a discectomy.
In comparing a morphine solution (1 mg/ml)
with a morphine (1 mg/ml) — ketamine (1 mg/ml)
solution, the authors observed better analgesia, a
reduction in the dose of morphine used, and
fewer side effects with the morphine-ketamine

combination. Subsequently, Burstal et al*

com-
pared the intravenous administration by PCA
pump of morphine (1 mg/ml) to the morphine
(1 mg/ml) — ketamine (2 mg/ml) combination
for relieving pain after an abdominal hysterec-
tomy. The authors were unable to demonstrate a
decline in the use of morphine when ketamine
was added and a large number of patients given
the morphine-ketamine combination were
removed from the study due to side effects.
Murdoch et al** studied the same population
with PCA using intravenous morphine (1 mg/ml)
or a morphine (1 mg/ml)-ketamine (0.75 mg/ml)
combination as analgesic. Here too, the authors
were unable to prove better relief from pain or
lower morphine consumption.

Morphine-clonidine

Clonidine is an adrenergic alpha-2 agonist
with analgesic properties that offer the potential
of reducing the required doses of morphine.***
Using PCA, Jeffs et al’’ compared a bolus of mor-
phine (1 mg) - clonidine (20 ng) to a bolus of
morphine (1 mg) alone for relieving pain after
lower abdominal or gynecological surgery. The
quantity of morphine used was identical in both
groups, but the pain was less intense during the
first 12 hours with the morphine-clonidine com-
bination. The incidence of nausea and vomiting
was less during the first 24 hours and there was
greater satisfaction among patients in the mor-
phine-clonidine group.




Morphine-droperidol

Studies combining antiemetics with opiates
have produced contradictory results. Munro et
al*® studied the incidence of nausea and vomit-
ing in children following an appendectomy.
They were unable to show any benefits from
combining odansetron or droperidol with mor-
phine (20 pg/kg) in a PCA pump compared to
just morphine. This might be due to an insuffi-
cient dose for that population. Gan et al* stud-
ied the addition of droperidol (0.16 mg) to a
dose of morphine (1 mg) for intravenous admin-
istration through a PCA pump to ease the pain
after major orthopedic surgery. The combination
was compared to morphine alone or associated
with an initial 1.25 mg dose of droperidol. The
morphine-droperidol combination significantly
reduced the postoperative incidence of nausea/
vomiting. It made no difference, however,
whether the droperidol was administered after
the surgery in a single dose or mixed with
morphine in the PCA pump. Moreover, the
morphine-droperidol PCA combination was
associated with more sedation, which led the
authors to advise against its use.

Alfentanil-propofol

Alfentanil has been successfully combined
with propofol for intravenous administration
with a PCA pump as a sedative during colonos-
copy* or extracorporeal shockwave lithotripsy.*'
The bolus doses used for the combinations were
propofol (5 mg) — alfentanil (125 ng) for the
colonoscopies and propofol (0.25 — 0.8 mg/kg) —
alfentanil (5-8 ng/kg) for the lithotripsies.

OTHER COMBINATIONS

Aside from ketamine, magnesium sulfate has
been used in combination with analgesics to
improve pain relief. It has been assessed for easing
pain after major abdominal surgery. Adding mag-
nesium or ketamine to tramadol for intravenous
administration with a PCA pump significantly
improves analgesia over a PCA pump with only
tramadol.”? Tramadol is not yet available in Canada,
but these combinations could eventually prove
to be interesting options for treating acute pain.

CONCLUSION

When used for intravenous PCA, it is diffi-
cult to determine, generally speaking, the superi-
ority of one opiate over another. Individual
pharmacological and pharmacodynamic differ-
ences, however, may make one opiate more
attractive than another one for a particular
patient. Hydromorphone, fentanyl, and sufen-
tanil are valuable alternatives to morphine and
familiarity of the clinicians with each of these
alternatives remains one of the most important
factors to consider. Meperidine is the last choice,
due to the risk of normeperidine intoxication
and the need to limit doses. Alfentanil should
be administered by continuous infusion because
of its brief action and the combination with
propofol looks promising as a sedative for cer-
tain procedures. There does not seem to be any
obvious advantage to combining, in the same
syringe, an antiemetic and morphine to prevent
nausea. For patients with greater needs, such as
those suffering from a chronic pain syndrome or
drug addiction, it might be better to combine
morphine with ketamine or clonidine. The opti-
mal doses, however, remain to be determined.
In the future, other drugs such as magnesium
sulfate could be combined with morphine to
provide, potentially, better pain-relief.

Frangois Fugére MD, FRCPC is an anesthesiolo-
gist and a specialist in the treatment of pain at the
Centre Hospitalier Universitaire de Montréal.
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