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Purpose: When using strong oral opioids for postoperative 
pain management, demand titration is desirable. A device for 

patient controlled oral analgesia (PCORA) and first results of 

its use for oral titration of morphine are presented. 

Methods: The PCORA-device is a modified Baxter-PCA-on- 

demand system (maximum bolus volume: 0.5 ml; flow rate for 

filling bolus volume: 0.5 ml. hr-l). The demand PCORA-vol- 

umes were measured at specific time intervals and PCORA 

was compared with customarily prescribed pain therapy 

(CPPT) for postoperative pain management. On the first post- 
operative day, 20 orthopaedic ASA I or H patients received, in 

a randomised, cross-over trial, either PCORA (300 rain)fol- 

lowed by CPPT (300 min) (Group 1) or vice versa (Group II). 

The PCORA-device permitted a maximum dose of 15 mg mor- 

phine per 60 rain and CPPT was performed by the ward doc- 
tor or nurse. Pain intensity (101-point numerical rating scale) 

and side effects were evaluated at 30 rain intervals. 
Results: The accuracy of the bolus volume delivered by the 

PCORA-device was 89.2 +_ 0.85% (mean +_ SEM), of manufac- 

turer's specifications. PCORA pain intensity decreased over 

time whereas CPPT pain intensity did not (P < 0.001). 
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PCORA-morphine requirements were 61.5 • 5.2 mg (Group I) 
and 52.5 • 8.5 mg (Group II) (NS; mean • SEM). The han- 

dling of the PCORA-device presented no problem to any 

patient. 

Conclusion: Patient controlled oral analgesia is an effective 

and non-invasive mode of postoperative pain management. 

The PCORA-device is reliable and easy to use. 

Objectif: Pour traiter la douleur postopdratoire avec des mor- 

phiniques puissants, il est ddsirable d'utiliser une posologie fi 
la demande. On prdsente ici un dispositif pour l'analgdsie 

orale contr61de,par le patient (PCORA ) ainsi que les premiers 

rdsultats obtenus avec une posologie de morphine orale. 

M~thodes: Le dispositif PCORA ~tait constitu~ d'un syst~me 

de PCA Baxter (bolus maximal en volume: 0,5 ml; vitesse du 
ddbit pour rdaliser le bolus: 0,5 ml-h4). Les volumes ~ la 

demande fournis par PCORA ~taient mesurds ?t intervalles 

spdcifiques et PCORA ~tait compard ~ la prescription 

antalgique habituelle (m~thode CPPT). La premikre journde 

postopdratoire, 20 patients orthopddiques ASA 1 et ll rece- 

vaient aldatoirement et en croisd soit PCORA (300 min) suivi 

par CPPT (300 rain) (groupe I) ou vice-versa (groupe II). Le 

dispositif PCORA permettait d' administrer une dose maximale 

de 15 mg de morphine sur 60 min et la CPPT dtait administrde 

par un mddecin ou une infirmi~re du service. L'intensit# de la 

douleur (sur une dchelle num#rique de I01 points) et les effets 
secondaires dtaient dvaluds aux 30 rain. 

Rdsultats: La prdcision des volumes en bolus ddlivrds par le 

dispositif PCORA dtait fi 89,2 • 0,85% (moyenne • SEM) des 
spdcifications fournies par le manufacturier. Sous PCORA, 

l'intensitd de la douleur diminuait avec le temps contrairement 

la CPPT (P < 0,001). Sous PCORA, les besoins en morphine 
6taient de 61,5 +_ 5,2 mg (groupe 1) et 52,5 • 8,5 (groupe II) 

(NS; moyenne +_ SEM). La manipulation du dispositif de 

PCORA n ' a pos~ de probldmes fi aucun patient. 

Conclusion: L'analg~sie orale autocontr~lde par le patient 

reprdsente une m~thode efficace et non effractive de gestion 

postopdratoire de la douleur. Le PCORA est fiable et facile fi 
utiliser. 
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For the management of severe postoperative pain, 
demand-adapted opioid titration using a device for intra- 
venous patient controlled analgesia (PCA) is often rec- 
ommended. In many countries, however, iv PCA is not 
used routinely and im opioid administrations still repre- 
sents the standard. L2 However, im opioid injections are 
invasive and do not allow titration. In several recent 
studies the use of intranasal fentanyl resulted in a rapid 
onset of action and satisfactory management of postop- 
erative pain. 3,r Striebel et al. presented a device for 
patient controlled intranasal analgesia (PCINA) s that 
proved to be reliable, easy to handle and safe. 6 Many 
patients are allowed to drink and eat on the evening fol- 
lowing the operation. Oral analgesia would be possible 
in these patients and is the most familiar form of drug 
administration. According to Moote, the oral route 
should be used more frequently. 7,8 The possibility of 
performing demand-adapted oral opioid titration would 
be ideal in these patients. 

We now introduce a device for patient controlled oral 
analgesia (PCORA) and demonstrate the results of the 
first study to determine its effectiveness for postopera- 
tive pain management. 

Methods 
The basic elements of the device for patient controlled 
oral analgesia (PCORA) are supplied by the Baxter- 
PCA-on-demand system that is used for iv PCA. This 
system consists of a mechanically driven infusor (bal- 
loon reservoir), a flow restrictor and a patient control 
module with a medication demand button for bolus 
administration. With the aid of a syringe, the inflatable 
balloon reservoir of the infusor (Figure 1) is filled with 
morphine via a filling port. The flow restrictor (article 
No. C 1073) provides a flow rate of 0.5 ml-hr -1. The 
patient control module ("pain watch") (article No. C 
1079 Q) has a bolus capacity of 0.5 ml. The opioid 
flows from the infusor through a kink resistant tubing, a 
flow restrictor and a Luer lock into the 0.5 ml reservoir 
of the patient control module. By depressing the med- 
ication demand button, a bolus of 0.5 ml is adminis- 
tered. 

This device for iv drug titration has, with a small 
alteration, been adapted for patient-controlled oral anal- 
gesia. The patient control module is connected to one 
limb of a short plastic Y-system instead of to an iv can- 

nula. A one-way valve is attached to the other limb of 
the Y-system. The common end of the Y-system is 
attached to a shortened 24-gauge plastic cannula 
(Figure 1). The infusor and patient control module are 
connected to each other to ensure user-friendly handling 
of the PCORA-device. The PCORA-device has a weight 
of about 60 g. The total volume of the common end of 

reservoir ~UL~ ~ ~J~ 

flO~W restrictor ~ 

. ~  y-system /-;;"-7 - ~ ~  demand 
o; ,We  

FIGURE 1 Modification of the iv Baxter PCA-on-demand system 
for use as an oral PCA-on-demand system. 

the Y-system is slightly >0.5 ml so that after the 
demand button is depressed, the bolus volume fills this 
part of the system completely. 

The patient empties the common portion of the Y- 
system as if drinking from a straw. Then, air fills the 
system through the one-way valve to ensure emptying 
of the system (Figure 1). 

The 0.5 ml reservoir is filled at the rate of 0.5 ml. hr -1 
within 60 min. If the medication demand button is 
depressed before 60 min, a corresponding fraction of the 
bolus volume of 0.5 ml is delivered. 

To verify the exactness of the delivered volume, three 
PCORA-devices (flow rate 0.5 ml. hr -t) were examined 
at 10, 20, 30, 40, 50, 60, 80, 100, 200 and 600 min after 
the last emptying of the reservoir. Each determination 
was repeated three times. The PCORA-device was filled 
with distilled water and the demanded volume was 
washed out from the common end of the Y-system via 
the one-way valve with 30 ml air. The washed out vol- 
ume was immediately weighed by means of a high pre- 
cision scale (Sartorius analysis scale, Type 1712; 
Gtttingen, Germany). The exactness of this scale is 
given as _+ 0.05 mg. 

After ethics committee approval and written informed 
consent a prospective randomized cross-over pilot study 
was performed to determine the effectiveness of 
PCORA for postoperative pain management. Exclusion 
criteria included present or past addiction to opioids or 
other medication, alcohol abuse and an allergy to opi- 
oids. Twenty orthopaedic (ASA physical status I or II) 
patients, 18-70 yr, were examined over 10 hr on the day 
after surgery. Patients received either PCORA for five 
hours and then the customarily prescribed pain therapy 
(CPPT) for the next five hours (Group I; n = 10) or they 
were treated initially with CPPT followed by PCORA 
(Group II; n = 10). 

The CPPT was given by the ward nurse or doctor. 
Using the PCORA device patients could self-administer 



mL o.5 
a maximum of 0.5 ml (15 mg) morphine 3% po per 
hour. 

Pain intensity was evaluated using a 101-point nu- 
merical rating scale (0 = no pain, 100 = the worst pain 
possible) at 30 min intervals. In addition, patients were 
questioned about possible side effects. At the end of the 
investigation period patients were questioned about the 
advantages and disadvantages of the pain therapy-expe- 
rienced and about their overall 'satisfaction with the two 
modes of pain management using a six poin t scale (very 
good, good, satisfactory, bad, very bad, not acceptable). 

To analyse the intergroup differences and to compare 
the groups for demographic characteristics, the Mann- 
Whitney U-test was used. Differences evaluated with 
the verbal rating scale were analysed using the-chi- 
square test. Time dependent changes !n pain intensity 
were assessed by ANOVA using a two-pe.riod repeated 
measurements crossover design. 9 The results are given 
as mean _+ SEM. P < 0.05 was considered statistically 
significant. 

Results . . . .  
From the 90 measurements made from the three 
PCORA-devices the volume delivered was 89.2 % +_. 
0.85% (mean + SEM) of the manufacturers specified 
value (Figure 2). 

There were no intergroup differences with respect to 
the mean age (40.0 vs 47.9 yr), height (171.3 vs 169.5 
cm), weight (71.6 vs 75.3 kg) or initial pain intensity 
(56.5 vs 5(}.0 on the 101-point numerical rating scale) 
(Group I vs Group II). The morphine dose demanded 
and the customarily prescribed pain therapy are shown 
in Table I. There were no differences between the'two 
groups regarding the PCORA-morphine requirements. 

No patient complained of nausea or vomiting. No 
patient experienced problems using the PCORA-device 
and no technical problems 'with the PCORA system 
arose. 

The subjective pain intensities estimated with the 
101-point numerical rating scale are demonstrated in 
Figure 3. "['here was no intergroup difference in initial 
pain intensity. Pain intensity with CORA decreased over 
time whereas with CPPT it did not (P < 0.001). 

The PCORA was rated by patients to be superior to 
the CPPT (P < 0.0005) (Table, II).At the end of the study 
the following advantages of PCORA were named: inde- 
pendence fi'om a doctor 'or nurse (17/20 patients), con- 
tinuous availability of  analgesic (9/20), good analgesia 
(11/20), oral, painless and convenient mode of adminis- 
tration (4/20). Two patients complained of the bitter 
taste of morphine. The four patients, who received a 
subcutaneous injection during the period of CPPT 
described the painful injection as a disadvantage. 
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FIGURE 2 The volumes delivered at differing t ime intervals from 
the three PCORA-devices  (device 1 = O,  2 = O,  3 = I-q). 

Discussion 
The PCORA-device is a modification of the Baxter- 
PCA-on-demand system, which has been found to be 
reliable for iv PCA. 1~ The volumes delivered by the 
PCORA-device and measured at specific time inter- 
vals are approximately 10% lower than the manufactur- 
ers specifications for flow rate and bolus volume. This 
may be because a small portion of the delivered 0.5 ml 
bolus remains in the Y-system when it is washed out 
with 30 ml air. The same problem may occur when the 
patient sips the analgesic out of the system. 

As the flow rate of this device (0.5 ml. hr -~) is very 
low, the flow restrictor incorporates a very fine capil- 
lary, that may easily be occluded by small particles, so 
that it is necessary t o  use a filter when filling the 
PCORA-device. 

In this pilot study the clinical use of the PCORA 
device was investigated for the first time. The results 
demonstrate that patient-controlled oral morphine pro- 
vides convenient and effective control of postoperative 
pain and is more acceptable to patients than the custom- 
arily performed pain management on this particular 
ward. Patients using PCORA received more medication 
and had lower pain scores. 

The use of this device posed no problems to  any of 
the 20 patients. The high patient acceptance experienced 
with iv patient-controlled analgesia seems also to be true 
for PCORA. At  the end of the study period the patients 
graded PCORA as better than the customarily pre- 
scribed pain therapy. As a conclusive advantage of 
PCORA 85% of the patients listed their independence 
from a doctor or nurse. These results are in agreement 
with a pilot study on patient controlled intranasal anal- 
gesia with fentanyl. In this  stud), patient controlled 
intranasal analgesia (PCINA) was rated better 
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TABLE I Drugs and dosages administered for patient controlled oral analgesia (PCORA) (mean • SEM) and for customarily prescribed pain ther- 
apy in both study groups. Drugs were administered subcutaneously (sc) or orally. 

Group 1 

PCORA (0-300 min) CPPT (301-600 min) 

Morphine requirement 61.5 • 5.2 mg 
Minimal: 30 mg 
Maximal: 75 mg 

�9 50 mg meperidine sc, 100 mg tramadol, 50 mg diclofenac, 30 mg 
codeine, 500 mg acetaminophen 

�9 50 mg meperidine sc, 50 mg diclofenac 
�9 150 mg tramadol, 50 mg diclofenac 
�9 500 mg acetaminophen, 30 mg codeine, 50 mg diclofenac 
�9 1000 mg acetaminophen, 60 mg codeine 
�9 50 mg diclofenac 
�9 5 pts no medication 

Group 2 

CPPT (0-300 min) PCORA (301 --600 rain) 

�9 500 mg acetaminophen, 30 mg codeine, 50 mg diclofenac 
�9 2 pts 50 mg meperidine sc, 50 mg diclofenac 
�9 50 mg diclofenac, 500 mg acetaminophen, 30 mg codeine 
�9 50 mg tramadol, 500 mg acetaminophen, 30 mg codeine, 50 mg diclofenac 
�9 500 mg acetaminophen, 30 mg codeine, 50 mg diclofenac 
�9 50 mg tramadol 
�9 3 pts no medication 

Morphine requirement 52.5 • 8.5 mg 
Minimum: 0 mg 
Maximum: 75 mg 
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FIGURE 3 Pain intensity evaluated with the 101-point numerical 
rating scale in Group I (O) and Group II (I--1); (mean + SEM). 

(P < 0.0005) than customarily prescribed pain therapy 
and 15 of 20 patients (75%) listed their independence 
from a doctor or nurse and the instant availability of 
pain medication as a major advantage of this PCINA. 6 

The onset of pain relief after PCORA is much slower 
than after iv or intranasal opioid administration. 6,11 The 
slower onset after PCORA is not surprising. It would 
therefore be ideal to start postoperative pain therapy in 
the recovery room with iv opioid titration, to allow a 
rapid onset of action. Following this, PCORA could be 
commenced by the patient. A bolus of 15 mg morphine 
was used po because, with oral administration, the high 

TABLE II Patients assessment of patient controlled oral analgesia 
(PCORA) and the customarily prescribed pain therapy rated at the end 
of the study period. 

Satisfaction After PCORA After CPPT 

Very good 4 0 
Good 14 3 
Satisfactory 2 9 
Bad 0 5 
Very bad 0 3 
Unacceptable 0 0 

hepatic first pass effect must be considered. As the 
bioavailability of oral to intramuscular morphine is 1:3, 
an oral dose of 15 mg corresponds to 5 mg morphine 
im. T h i s  s i n g l e  d o s e  is  l o w  e n o u g h  f o r  t i t r a t i ng  to  e f f e c t  

without the risk of overdosing and respiratory depres- 
sion. The dose of morphine delivered by the 0.5 ml 
bolus volume of the PCORA-device can be modified by 
changing the concentration of morphine. In Group II, 
PCORA-pain intensity between the 300 and 600 min 
measurement points slowly decreased from approxi- 
mately 50 to approximately 25. When using PCORA 
for a longer time or when using a higher bolus dose a 
more pronounced decrease in pain intensity may be ex- 
pected. 

None of the patients demonstrated signs of respiratory 
depression during the PCORA period suggesting that 
PCORA may be as safe as iv PCA. Further studies com- 
paring PCORA with intravenous PCA are warranted. 
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We conclude that the PCORA-device is reliable, light 
and easy to handle and it fulfills the iv PCA-device safe- 
ty requirements. The bolus volume delivered is about 
10% below the manufacturer's specifications for flow 
rate and bolus volume. The use of PCORA is an 
assessed and patient-convenient method of pain rel ief  
that is judged by patients to be better than the customar- 
ily prescribed pain therapy. New perspectives in the 
management of postoperative pain may be opened with 
PCORA. 

Appendix 
Since recently, a reliable PCORA-device is available 
from Go Medical Industries Pty Ltd, 200 Churchill Ave, 
Subiaco, Western Australia 6008. 
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