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A comparison of 
regularly dosed oral 
morphine and on- 
demand intramuscular 
morphine in the 
treatment of 
postsurgical pain 

A randomized, placebo-controlled, double-blind clinical trial 
was conducted to compare the use of  regularly dosed po mor- 
phine and on-demand im morphine in 47 patients undergoing 
total hip arthroplasty. Patients were randomized to receive either 
20 mg (initial dose) of  regularly dosed morphine (every four 
hours po) plus breakthrough pain medication on-demand con- 
sisting of  both I0 mg morphine po and placebo ira, or an 
equivalent regularly dosed oral placebo (every four hours) with 
breakthrough pain medication consisting of  oral placebo and 
5-10 mg morphine im. Subsequent to each request for break- 
through pain medication, the next regularly dosed oral solution 
was increased by 5 mg (or equivalent volume of  placebo) to 
a maximum of  40 mg po Q4H. Time-averaged pain scores 
were lower on both postoperative day 1 and 2 in the group 
receiving regularly dosed morphine po (P < 0.05). Fewer pa- 
tients requested breakthrough pain medication on both days 
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in the oral morphine group. The incidences o f  nausea and vom- 
iting, and of  decreased respiratory rates were similar in both 
groups. Regularly dosed oral morphine is inexpensive and 
should be compared to other methods o f  opioid delivery. 

Une $tude randomis$e, contr~l~e avec plac~bo et ~ double insu 
est r~alis~e dans le but de comparer I'utilisation de morphine 
po avec la morphine sur demande im chez 47 patients aprbs 
une arthroplastie totale de la hanche. La randomisation est 
effectudes de fafon ~ ce que les patient rer soit morphine 
20 mg po (dose initiale) r~p~tde r$gulibrement (aux quatre 
heures) avec l'addition, pour les perches douloureuses sur de- 
mande de morphine 10 mg po ou d'un placebo im; soit un 
placebo oral administr~ avec la m~me r~gularit~ (aux quatre 
heures) avec l'addition pour les perc~es douloureuses de plac~bo 
p o e t  morphine 5-10 mg On. Subs~quemment 3 chaque de- 
mande suppl~mentaires pour des perches douloureuses, la dose 
r~gulibre suivante est augment~e de 5 mg (ou d'un volume dqui- 
valent de placdbo) jusqu'd un maximum de 40 mg po aux 
quatres heures. Les scores d~valuation moyens sont plus has 
pour les deux premiers jours postop~ratoires pour le groupe 
qui refoit de la morphine rdgulibrement (P ~ 0,05). Moins 
de patients re~oivent de la morphine pour des perches dou- 
loureuses pendant ces deux jours darts le groupe morphine po. 
L~ncidence des naus~es et vomissements et de bradypn~e est 
la m~me dans les deux groupes. La morphine administr~e po 
r~gulibrement co~te peu et devrait ~tre compar~e aux autres 
m~thodes d'administration. 

Studies have shown that postsurgical pain (PSP) treat- 
ment is inadequate despite the availability of effective 
opioid analgesic agents. 1 One reason for inadequate pain 
control appears to be the use of on-demand dosing of 
opioids, i This common form of treatment requires the 
patient to experience pain before an analgesic is given 
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and thus sets up a cycle of pain relief followed by the 
return of pain which results in poor pain control. One 
reason for this on-demand or reactive approach is that 
the degree of PSP varies widely among patients, making 
it difficult to predict an individual patient's opioid re- 
quirements. For this reason, new methods of PSP pain 
treatment have been developed. Patient-controlled anal- 
gesia, continuous opioid infusions, and epidural admin- 
istration of opioids appear to be more effective than on- 
demand opioid administration via im injection; however, 
these methods are expensive, require a specially trained 
clinical staff and also have specific adverse effects as- 
sociated with their use. 2-6 Patient-controlled analgesia is 
also not available at many institutions, and in institutions 
with patient-controlled analgesia programmes there is 
often not enough equipment or staff to provide this serv- 
ice to all postsurgical patients. 

Regularly dosed po morphine (every four hours) has 
gained acceptance as the treatment of choice in patients 
with chronic cancer pain, but is almost never used to 
treat acute PSP. Oral morphine therapy is inexpensive, 
easy to titrate, and has high patient acceptance compared 
with im injection but there is reluctance to use this route 
immediately after surgery because of concerns about its 
absorption and effectiveness. In an unblinded study of 
paediatric orthopaedic patients, O'Hara et al. 7 evaluated 
oral liquid morphine given on a regularly dosed basis 
for the treatment of PSP and found that more patients 
were pain-free with regularly dosed po morphine than 
with on-demand im meperidine. A number of studies s-~3 
have shown that the use of regularly dosed sustained re- 
lease oral morphine (SRM) tablets is effective in patients 
with PSP. Unfortunately, some of these studies failed to 
give the oral preparation and/or to measure pain relief 
in the postsurgical period, which is the time when concern 
about the efficacy ofpo opioids exists. In addition, SRM 
preparations may not be appropriate for the treatment 
of acute PSP because they lack a rapid onset and ease 
of titration, which are key features required in a prep- 
aration being used for the treatment of acute pain lasting 
24-72 hr. 

In an unblinded pilot study, we recently observed ~4 
that regularly dosed po morphine appeared to be effective 
and well tolerated for the treatment of pain following 
total hip arthroplasty. In this pilot study, only three of 
13 patients required an increase in dose (from a starting 
dose of 20 mg po Q4H to 30 mg po Q4H) and this 
dose was well tolerated. This suggested to us that a dose 
of 20 mg po Q4H could be used as an initial dose in 
further trials. 

Despite the concerns raised about the effectiveness of 
on-demand im morphine it continues to be a very com- 
mon method for treating PSE If regularly dosed po mot- 

phine could be shown to be safe and effective in the treat- 
ment of PSP it could then be compared with more com- 
plicated and costly methods of PSP management. 

The trial reported here, following our pilot study of 
regularly dosed po morphine, was designed to compare, 
in a randomized controlled fashion, the efficacy and tol- 
erability of regularly dosed po morphine, and conven- 
tional on-demand im morphine for the treatment of pain 
following total hip arthroplasty. 

Methods 
This study was approved by the ethics review boards at 
St. Paul's Hospital, Vancouver, B.C. and the University 
of British Columbia and all subjects gave written, in- 
formed consent. Subjects were recruited by approaching 
all patients who were scheduled to undergo total hip ar- 
throplasty and receive general anaesthesia. The type of 
general anaesthesia was chosen by the attending anaes- 
thetist. Patients were excluded if any of the following was 
present: 
(a) marked COPD, asthma, congestive heart failure or 

unstable angina (>_ ASA III), 
(b) a history of allergy to morphine or morphine-like 

opioids, 
(c) an incomplete gastrointestinal tract or a gastrointes- 

final motility disorder. 
All patients had their pain initially controlled with mor- 

phine 1-4 mg/v as needed every five minutes while in 
the post-anaesthetic room (PAR) according to normal 
hospital procedure. 

Upon arrival on the surgical ward, patients were as- 
signed either to the experimental treatment group or to 
the control group, using a stratified randomization pro- 
tocol. Patients were stratified according to sex, age (< 60 
or > 60 yr) and arthritis status (presence or absence of 
rheumatoid arthritis). Within each of the eight strata, pa- 
tients were randomized in blocks of four. Most double- 
blind, randomized-control drug trials presume easy mask- 
ing or disguise of the experimental and control groups 
that are to be compared. Typically, the experimental and 
the control medication (or placebo) can both be admin- 
istered in tablets that are identical with respect to taste, 
appearance, etc. In the present trial, blinding patients and 
clinicians was more difficult since we wished to compare 
po morphine and im injection of morphine. To achieve 
blinding in this circumstance, our protocol required that 
all patients receive both regular po and on-demand im 

medications. For the experimental treatment group, the 
po medication, given regularly and on-demand, was mor- 
phine; and the im medication, given with the on-demand 
po medication, was placebo. The control group received 
po placebo and on-demand morphine injections. 

On postoperative day (POD) 0, each patient began to 
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receive a regularly dosed (Q4H at 0200, 0600, 1000, 1400, 
1800, 2200) oral solution containing either 20 mg (5 
mg. ml -I) of morphine (for patients in the experimental 
treatment group) or an equivalent volume of similar tast- 
ing solution (for controls) from the time they arrived on 
the surgical ward from the PAR. All patients were in- 
formed that they could request and receive medication 
for breakthrough pain on-demand at any time during the 
study. Patients randomized to the experimental (regularly 
dosed po  morphine) group were given morphine I0 mg 
po, plus im placebo when requested; while control pa- 
tients (receiving regularly dosed placebo) received po  

placebo plus morphine 5-10 mg On when requested, thus 
simulating on-demand im morphine. The dose of im mor- 
phine was determined by the surgeon involved in the case 
to allow us to mimic the practice at our hospital. 

Subsequent to each request for breakthrough pain 
medication, the next regularly dosed oral solution was 
increased by 5 mg (or an equivalent volume of placebo) 
to a maximum of 40 mg Q4H (dose escalation). If pain 
control was still unsatisfactory, the investigators were to 
be contacted and further dosage adjustments would be 
made as deemed appropriate. The regularly dosed po  so- 
lution was administered until 0200 on POD 3. 

We recorded data on pain, medication, and adverse 
effects for each patient from the time of arrival on the 
surgical ward through two full POD's. The POD 1 in- 
cluded observations from 0200 of the morning after the 
operation through to 2200; and POD 2 observations cor- 
responded to the next 0200-2200 period. 

Pain intensity was evaluated by the patient at four- 
hour intervals prior to each oral dose. At each assessment 
time patients were given a sheet of paper which contained 
a visual analogue scale (VAS) consisting of a vertical 
10 cm line with the top of the line labelled "unbearable 
pain" and the bottom labelled "no pain." The patient 
was instructed to place a mark on the line which indicated 
the level of pain experienced at that time. 

The level of sedation was assessed by the nurse before 
each dose using a four-point scale on which 1 indicated 
awake, 2 easily arousable, 3 difficult to arouse, and 4 
unarousable. Respiratory rate (RR) was also recorded 
prior to each dose. If the patient scored either 3 or 4 
on the sedation scale, or the respiratory rate was < 10, 
then the dose was omitted. Any occurrences of nausea 
and vomiting were also recorded during the study period. 
Antinauseants were used at the discretion of the inves- 
tigators. All patients received a stool softener (docusate 
100 mg po BID) and a stimulant laxative (bisacodyl 10 
mg po  every morning) during the study to help prevent 
any constipation that might occur either from the 
opioids or decreased ambulation during the postsurgical 
period. 

TABLE 1 Patient Demographics 

Regularly dosed 
po morphine 

On-demand 
im morphine 

Male 6 6 
Female 17 18 
Number of patients 23 24 
Mean age (yr) 64 65 

Data analysis 

Since patients completed surgery and returned to the sur- 
gical ward at different times during the day of surgery 
(POD 0), their oral medication was initiated at different 
times during the day. Therefore, before initiation of the 
study, it was decided to compare pain control only in 
the two groups on POD 1 and POD 2. Patients' level 
of pain may vary at different times during the day so 
we determined pain intensity every four hours. Group 
mean pain scores (sum of pain scores divided by the 
number of patients) at each time were calculated for both 
groups to assess visually the level of pain throughout 
the study. Since there is no simple nonparametric an- 
alogue to a repeated measures analysis of variance it was 
decided, before the study, that pain control in the two 
groups would be compared using a time-averaged pain 
score (TAPS) for each patient. Each patient's TAPS was 
calculated as the mean of the six VAS scores obtained 
on each POD 1 and 2. These values were used to com- 
pare treatment and control groups via a Wilcoxon rank- 
sum test (Mann-Whitney test) with significance set at 
P < 0.05 (one-sided). Also, the proportions of patients 
requesting breakthrough (on-demand) pain medication in 
the two groups were compared using Pearson's chi-square 
for a 2 • 2 table, with significance set at P < 0.05. 
The proportions of patients experiencing particular ad- 
verse effects were similarly compared using Pearson's chi- 
square. 

Results 
A total of 47 patients were enrolled in the study and 
patient demographics are outlined in Table I. There were 
six withdrawals in the regularly dosed oral morphine 
group and seven in the on-demand intramuscular mor- 
phine group. The reasons for withdrawal are outlined in 
Table II. The data for these patients, up to the time of 
withdrawal, were included in the analysis (intention-to- 
treat). The group mean pain scores, beginning at 1400 
on POD 0 are plotted at four hour intervals in Figure 
1 (due to variation in time to arrival on ward, the results 
at the 1400 time were for only 9 and 12 patients in the 
po  morphine and On groups respectively). Group mean 
pain scores upon arrival on the ward were 6.2 and 4.6 
for the morphine p o  and im groups respectively. The 
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FIGURE 1 Group mean pain scores during postoperative day (POD) 
0, I, and 2. Time = time of day. 

TABLE II Withdrawals (some patients counted twice if withdrew for 
more than one reason) 

Regularly dosed On-demand 
Reasons pc morphine im morphine 

Total number of patients 6 7 
Nausea and vomiting 2 4 
Poor pain control 1 3 
Sedation 3 I 
Apnoeic episodes 0 1 

group mean pain scores show a continual reduction in 
the level of pain over the three-day period in each group. 
However, the mean pain scores in the experimental group 
were consistently lower than those in the control group. 
The time-averaged pain scores for POD 1 and POD 2 
were lower in the pc  morphine group than in the group 
receiving on-demand im morphine (P < 0.05) using a 
two-sample rank-sum test. The proportion of patients re- 
questing medication for breakthrough pain was also lower 
on both POD 1 and POD 2 in the oral morphine group 
(Figure 2). The mean number of requests for medication 
for breakthrough pain during the entire study period was 
0.9 (Range 0-3) and 2.3 (Range 0-10) in the regularly 
dosed p c  morphine and the on-demand im morphine 
group respectively. In addition, 12 of 23 patients had no 
requests for breakthrough morphine in the p c  morphine 
group whereas only six of 24 patients in the on-demand 
irn group had no requests during the whole study period 
(P < 0.02). 

There was no difference in the incidences of adverse 
effects between groups (Table III). 

Discussion 
The results indicate that regularly dosed oral morphine 
was more effective than on-demand intramuscular mor- 

FIGURE 2 Patient requests for pain medications during postopera- 
tive day (POD) 0, 1, and 2. 

TABLE III Frequency of adverse effects 

Regularly dosed On-demand 
pc morphine im morphine 

Number of patients reporting 
at least one episode of 
nausea 13 16 

Total episodes of nausea 31 28 
Number of patients reporting 

at least one episode of 
vomiting 9 9 

Total episodes of vomiting 16 18 
Sedation (difficult to arouse) 5 1 
Episodes of respiratory rate 

< 10 bpm 0 2 

phine in treating patients' pain on POD's 1 and 2. The 
TAPS, which provides an indication of each patient's 
amount of daily pain was lower in the p c  morphine 
group. This result does not necessarily mean that there 
was a clinically important difference in the pain scores 
between the two groups. However, a clinical difference 
can be inferred from the difference in the frequency of 
on-demand requests for pain medications. The frequency 
of on-demand requests was lower in the pc  morphine 
group. However, in spite of the presence of PSP, as in- 
dicated by the decline in mean pain scores by the end 
of POD 3 and the effect of p c  morphine on the TAPS, 
there were relatively few on-demand requests in the pc  
placebo group (mean 2.3). In our previous experience, 
patients undergoing total hip arthroplasty request an av- 
erage of six intramuscular injections of opioid analgesics 
during the early postsurgical period. It is possible that 
the placebo effect reduced patients' perceived needs for 
on-demand therapy. This would not be surprising since it 
is known that placebo can provide good to excellent anal- 
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gesia in 30-40% of patients with moderate to severe acute 
pain. ~5 

The incidences of adverse effects were similar in both 
groups, although sedation may be more frequent in 
patients treated with po  morphine and a larger study 
population might have detected such an effect to be sig- 
nificant. 

One area of concern regarding the use o fpo  medication 
after surgery is that nausea and vomiting will preclude 
or reduce their effectiveness. In the present study, nausea 
and vomiting rarely, if ever, occurred around the time 
of po  opioid administration and did not preclude the 
use of po  medication. The majority of postsurgical pa- 
tients can tolerate sips of fluids and ice chips; and im- 
mediately after surgery clinicians routinely give most 
medications po, with the exception of analgesics and anti- 
biotics. Most patients, except those with nasogastric tubes, 
can use the p o  route for delivery of analgesics in the 
immediate postsurgical period. Despite this, however, 
many clinicians have concerns about the use of the po  
route immediately after surgery. J6 While 10-37% of pa- 
tients may exhibit episodes of nausea and vomiting after 
surgery it is usually transient and associated with am- 
bulation or the ingestion of excessive amounts of fluid 
or food too soon after surgery and rarely prevents the 
patient from receiving po  medications. Cohen et al., ]7 
in a retrospective review of 112,721 patients after anaes- 
thesia, found that while nausea and vomiting were the 
most common postsurgical complications, such episodes 
were greater than expected or required treatment in only 
5% of patients. 

Another common concern with the use of the po  route 
immediately after surgery is the possibility of decreased 
gastrointestinal motility and decreased absorption of med- 
ication. ~6 While there is reason for concern that post- 
surgical gastric stasis may delay oral morphine absorp- 
tion, only four studies have evaluated the effect of surgery 
on the absorption of oral morphine. 21-~3.~s In general, the 
authors of these studies concluded that the absorption 
of oral morphine is delayed in the postsurgical period. 
Unfortunately, all four studies evaluated absorption from 
sustained-release morphine (SRM) tablets, which exhibit 
very different absorption characteristics from liquid oral 
morphine. Also, these studies measured too few morphine 
concentrations in too few patients to obtain an accurate 
indication of the effect of surgery on oral morphine ab- 
sorption. The poor absorption characteristics of the SRM 
may be due to the type of dosage being used. Solid par- 
ticles leave the stomach more slowly than liquid prep- 
arations and the stomach usually retains particles that 
are larger than 1 mm. Interestingly, fluid may leave the 
stomach despite the lack of gastric activity, which may 
allow the use of liquid analgesic preparations despite gas- 

tric contractions being reduced after surgery. Park et al. ~9 

have demonstrated that, while a single im morphine in- 
jection inhibited gastric activity, a single dose of a SRM 
preparation caused only slight inhibition of gastric emp- 
tying. This suggests that morphine administered by the 
oral route may not increase gastric stasis. Even if gastric 
emptying is delayed somewhat, only the rate of absorp- 
tion, not the extent of absorption, would be affected. If 
so, regular dosing would still produce a clinically effective 
steady-state serum concentration. 

The final concern about the use of the oral route is 
that fast-pass metabolism after oral administration leads 
to low bioavailability of orally administered opioids, j6 
While it is true that most orally administered opioids 
undergo extensive first-pass metabolism, this should not 
preclude their use in the treatment of PSP any more 
than it does in the treatment of chronic pain as long 
as patient-driven dose escalation is allowed. It is possible 
that slow absorption could increase metabolism to 
morphine-6-glucuronide which is effective as an analgesic. 
At present, there is no evidence to suggest that opioids 
undergo any more or less fast-pass metabolism following 
surgery. 

Our data indicate that regularly dosed oral morphine 
is effective in the treatment of PSP following total hip 
replacement surgery. Regularly dosed oral morphine was 
compared to intermittent intramuscular injections of mor- 
phine because this approach to the treatment of post- 
surgical pain is still very commonly used. We could have 
included a regularly dosed intramuscular group to our 
study, and this may have provided similar results as our 
regularly dosed oral morphine group. However, we 
wished to compare regularly dosed oral morphine with 
a treatment modality that is still commonly used. Reg- 
ularly dosed irn morphine is not commonly used and 
has low patient acceptance due to the need for repeated 
needle sticks. While some clinicians suggest that patient- 
controlled analgesia is the gold standard for the treatment 
of PSP, many hospitals cannot afford to provide this serv- 
ice to any or all of their patients. For this reason in- 
termittent im morphine is still a very common method 
of PSP treatment. 

Oral morphine has many potential advantages over 
other methods of PSP treatment. It is easy to administer 
and titrate, has high patient acceptance, and is inexpen- 
sive. At present, the cost of administering regularly dosed 
oral morphine for 48 hr after surgery is $0.89 per patient 
($0.77 for 12 doses of oral morphine and $0.12 for twelve 
medication administration cups) plus nursing time. With 
morphine usually being a wardstock item little pharmacy 
time is needed. 

To ensure the safety of regularly dosed oral morphine 
for patients undergoing total hip arthroplasty, we recom- 
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mend that respiratory rate and level of sedation be mon- 
itored in patients before each regularly scheduled oral 
morphine dose, as should be done prior to the admin- 
istration of any opioid. If excess sedation or evidence of 
respiratory depression is observed, the regularly sched- 
uled dose should be withheld. The use of regularly dosed 
oral morphine in the treatment of PSP cannot yet be 
extrapolated to patients undergoing surgery involving 
manipulation of the gastrointestinal tract as this may lead 
to reduced or delayed morphine absorption. The absorp- 
tion pharmacokinetics of oral opioids, particularly in the 
first 24 hr after surgery, must be evaluated before whole- 
sale recommendations can be made about the use of the 
oral route for the treatment of PSR In view of its potential 
advantages, regularly dosed oral morphine should be 
compared to other forms of opioid administration in pa- 
tients with PSP secondary to orthopaedic procedures. 
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