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The present study compared epidural tramadol with epidural 
morphine for postoperative analgesia in 20 patients undergoing 
major abdominal surgery. Intraoperatively, the patients were 

anaesthetized by a balanced technique of  general anaesthesia 
combined with lumbar epidural lidocaine. In ten o f  the patients 
100 mg tramadol diluted in 10 ml normal saline was also in- 

jected epidurally, while 4 mg epidural morphine was used in 
the other ten patients. In all patients, the visual analogue pain 
score, PaO 2, PaC02 and respiratory rate were monitored every 
hour for the first 24 hr postoperatively. In both the trarnadol 
and morphine groups, the mean hourly pain scores ranged from 
0.2 + 0.6 to 1.4 5:2.5 throughout the period of  observations, 
However, the mean Pa02 was decreased postoperatively in the 
epidural morphine group, while no change was observed in 
the epidural tramadol group. The maximal decrease o f  Pa02 
in the epidural morphine group was observed at the tenth hour 
postoperatively, when it decreased to 72.8 q- 10.3 mmHg. This 
was not associated with any increase in PaCO 2 or a decrease 
of  respiratory rate, suggesting that hypoxaemia rather than hy- 
percarbia or decreased respiratory rate may be an earlier in- 
dicator of  respiratory depression in patients breathing room air 
without oxygen supplementation. The absence of  clinically rel- 
evant respiratory depression following epidural tramadol com- 
pared with epidural morphine may be attributed to the different 
mechanisms of  their analgesic action. The results suggest that 
epidural tramadol can be used to provide prolonged postop- 
erative analgesia without serious side effects. 
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Cette ~tude compare le tramadol ?t la morphine donn~e par 
voie ~pidurale pour l'analgdsie postopdratoire de 20 patients 
subissant une chirurgie abdominale majeure. Les patients sont 

anesthesias par une technique balanc~e, combin~e h une ~pi- 
durale lombaire d la lidoca~ne. Chez dix des patients, tramadol 
100 mg dilu~ de 10 ml de liquide physiologique est ~galement 
injectd par voie ~pidurale, tandis que morphine ~pidurale 4 
mgest inject~e aux autres patients. Chez tousles patients, une 
~chelle visuelle analogue de la douleur, la Pa02, la PaC02 et 
la fr~quence respiratoire sont mesurdes chaque heure pendant les 
24 premibres heures postopkratoires. Autant dans le groupe tra- 
madol que dans le groupe morphine, la valeur moyenne de 
l'dvaluation de la douleur se situ~ de 0,2 + 0,6 d 1,4 + 2,5 
pendant toute la pdriode dbbservation. La PaO 2 moyenne est 
cependant diminu~e en postop~ratoire clans le groupe dpidurale 
,~ la morphine tandis qu'aucun changement n'est observ~ dans 
le groupe ~pidurale au tramadol. La diminution maximum 
de la PaO2 dans le groupe ~pidurale h la morphine se situe 

la dixibme heure postop~ratoire, et atteint une valeur de 72,8 
-I- 10,3 mmHg. Elle n'est associ~e ~t aucune augmentation de 
PaCO 2 ni ?tune diminution de fr~quence respiratoire, sugg~rant 
que lhypox~mie plutdt que l'hypercapnie vu la diminution de 
fr~quence respiratoire peut ~tre un indice pr~coce de la d~pres- 
sion. respiratoire chez des patients respirant l'air ambiant sans 
suppl~ment dbxygbne. L'absence de d~pression respiratoire cli- 
niquement significative aprbs une ~pidurale au tramadol par 
rapport ?t une ~pidurale h la morphine peut ~tre attribute h 
un mdcanisme d'action analgdsique diffdrent. Ces r~sultats sug- 
gbrent qu'une ~pidurale au tramadol tfeut ~tre utilis~e pour 
procurer une analg~sie post-op~ratoire prolongde sans effets se- 
condaires s~rieux. 

Epidural morphine has been used for postoperative anal- 
gesia. However, many side effects such as nausea, vom- 
iting, pruritus, urinary retention, and delayed respiratory 
depression have been reported. 1-6 Although rare, delayed 
resporatory depression is the most serious complication 
and may occur several hours after the administration of 
epidural morphine. 

One(m-methylphenyl)-2-(dimethylaminoethyl)-cyclo- 
hexan-l-01(tramadol; Tramal*) 7 is a new synthetic opioid 
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drug and has been advocated as an analgesic without 
respiratory depression when used parenterally. 8,9 Re- 
cently, tramadol has been reported to depress the spinal 
nociceptive receptors in the rat, r0 indicating that, like mor- 
phine, 't it acts at the spinal level. In man, preliminary 
reports have shown that epidural tramadol can provide 
postoperative analgesia safely without any serious side 
effects. ~2 

The present study compared epidural tramadol with 
epidural morphine for postoperative analgesia in patients 
undergoing major abdominal surgery. The report also 
compared the incidence of side effects such as itching, 
nausea and vomiting, as well as the changes of arterial 
blood gases during the first 24 hr postoperatively. 

Methods 
The investigation was approved by the Institution Re- 
search Committee, and an informed consent was ob- 
tained from all patients. 

Twenty patients, ASA physical status II and III, were 
scheduled for elective major abdominal surgery. The pa- 
tients were randomly divided into two groups A and B. 
Group A consisted of ten patients receiving epidural tra- 
madol, while Group B consisted of ten patients receiving 
epidural morphine. The type of surgery and the demo- 
graphic data of the two groups were simUar (Table I). 

On the evening of the operation, the patients were in- 
formed about the purpose of the study, and were in- 
troduced to the visual analogue pain scale. 12 All patients 
received premedication with 0.4 mg scopolamine im 45 
min before surgery. In the operating room, an epidural 
catheter was inserted, in the lateral decubitus position, 
at the I.o-L 3 or L3-L 4 level. An initial dose of 5 ml li- 
docaine 2% was injected via the epidural catheter, to be 
followed by an additional 10 ml. Patients in Group A 
also received via the epidural catheter 100 mg tramadol 
diluted in 10 ml normal saline, while those in Group 
B received 4 mg morphine in 10 ml normal saline. 

A catheter was inserted into the radial artery of all 
patients. Anaesthesia was induced with thiopentone 5 
mg. kg -t, and tracheal intubation was facilitated with 
succinylcholine 1.5 mg. kg -I. Anaesthesia was main- 
mined with N20:O2 (2:1), with vecuronium as a muscle 
relaxant. No parenteral analgesic drugs were given intra- 
operatively. Intermittent positive-pressure ventilation was 
continued throughout the surgical procedure. At the end 
of the operation, neuromuscular blockade was reversed 
with a mixture of atropine (0.02 mg. kg -l) and neo- 
stigmine (0.05 mg. kg-l), and the trachea was extubated. 

All patients were monitored for 24 hr postoperatively 
in the postoperative care unit. Patients received oxygen 
by face mask during the first 30-45 min following surgery, 
which was followed by spontaneous breathing of room 

TABLE I Demographic data and type of surgery in the epidural 
tramadol and epidural morphine groups 

Group A (10) Group B (10) 
tramadol morphine 

Age (yr) 59.8 Jr 12.3 58.4 + 8.8 
Male/female 9:1 6:4 
Weight (kg) 62.2 4- 9.8 70 + 12.6 
Surgery time (hr) 4 + 1.0 5 4- 2.4 
Type of surgery: 
- Repair of infrarenal aortic 

aneurysm 3 3 
- Aorto-femoral grafting 4 4 
- Radical Cysteetomy 3 3 

air with no oxygen supplementation. The following var- 
iables were assessed by a chief resident who was blind 
to the epidural narcotic used. 

Pain score 
Intensity of postoperative pain during the first 24 hr post- 
operatively was assessed every hour using the linear an- 
alogue pain score. 13 0 denotes "no pain," while 10 denotes 
"worst pain imaginableY 

Respiration 
The depressant effects of epidural morphine or epidural 
tramadol on respiration were assessed by monitoring the 
arterial PO2 and PCO2, as well as the respiratory rate 
every hour during the fast 24 hr postoperatively. The 
mean hourly values of PaO2, PaCO2 and respiratory rate 
were compared in each group with the corresponding 
control values monitored prior to induction of anaesthe- 
sia. 

Other side effects 
The incidence of itching, nausea and vomiting during 
the first 24 hr postoperatively was compared in the two 
groups. Although urinary retention is a recognized side 
effect of epidural narcotics, it was not possible to assess 
its incidence in our patients who had an indwelling 
bladder catheter during the first 24 hr. 

All data are presented as mean values + SD. Analysis 
of variance (ANOVA) for repeated measurements using 
SPSS programme was conducted to compare the hourly 
pain scores, PaO2, PaCO2, and respiratory rate values. 
P < 0.05 was considered significant. 

R ~  

Linear analogue pain score 
The mean hourly pain scores in the epidural tramadol 
and the epidural morphine groups during the fast 24 hr 
postoperatively are shown in Figure 1. Comparison of 
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FIGURE I The mean pain scores in the epidural tramadol and the 
epidural morphine groups during the first 24 hr after surgery. 

FIGURE 3 The mean PaCO 2 in the epidural tramadol and the 
epidural morphine groups during the first 24 hr after surgery. 

FIGURE 2 The mean PaO 2 in the epidural tramadol and the 
epidural morphine groups during the first 24 hr after surgery. 

FIGURE 4 The mean respiratory rate per minute in the epidural 
tmmadol and the epidural morphine groups during the first 24 hr after 
surgery. 

the hourly pain scores demonstrated good pain relief in 
both groups with mean pain scores ranging from 0.2 -t- 
0.6 to 1.4 + 2.5 in both groups (NS). 

Arterial blood gases 
During the first 24 hr postoperatively, compared with 
preoperative control values, the mean PaOz did not 
change in the epidural tramadol group, while it decreased 
in the morphine group from the sixth hour postopera- 
tively. The maximal decease of PaO2 in the morphine 
group was observed at the tenth hour postoperatively, 
when the mean PaO2 was 72.8 + 10.3 mmHg (Figure 
2). The mean hourly PaCO2 values and the mean res- 

piratory rates did not change in either group. (Figures 
3 and 4). 

Side effects 
One patient in the tramadol group had itching versus 
two patients in the morphine group. Two patients in the 
tramadol group had nausea and vomiting versus four pa- 
tients in the morphine group. No differences were noted 
between the two groups (Table II). 

Discussion 
The present report shows that epidural tramadol, like mor- 
phine, can provide adequate and prolonged postoperative 
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TABLE II Side effects during the first 24 hr after surgery in the 
epidural tramadol and the epidural morphine groups 

Group A (10) Group B (It)) 
tramadol morphine 

Itching 1 2 
Nausea/vomiting 2 4 

analgesia in patients undergoing major abdominal 
surgery. Also, the incidence of itching, nausea and vom- 
iting was similar in the two groups. However, epidural 
tramadol, despite the relatively high dose used, was not 
followed by delayed respiratory depression. Patients in 
this group showed no changes of PaO2 or PaCO2 during 
the first 24 hr postoperatively whereas, in the epidural 
morphine group, the PaO2 was decreased from the sixth 
hour postoperatively, but without decrease of respiratory 
rate or increase of PaCO2. The maximal decrease of 
mean PaO2 in the morphine group was observed at the 
tenth hour postoperatively, when the PaO2 was 72.8 +_ 
10.3 mmHg. 

Many studies of epidural morphine have failed to detect 
clinically important respiratory depression. I Altered 
chemosensitivity, in particular depression of the CO2 re- 
sponse curve, is considered a sensitive index of respiratory 
depression. However, calculation of the CO2 response 
curve is time-consuming and requires patient cooperation. 
Also, it has not been determined Whether an altered CO2 
response curve is a reliable prediction of transient apnoea 
or hypoventilation. 1 Monitoring respiratory rate is the 
simplest form of monitoring. However, as shown by the 
present and previous reports, patients may be hypoxaemic 
and/or hypercarbic, yet have a normal respiratory rate. 6 
Also, PaCO2 has been considered the essential index of 
alveolar ventilation. However, the body oxygen stores are 
limited compared with the very large carbon dioxide 
stores. Therefore, acute alveolar hypoventilation can rap- 
idly decrease the arterial PO2, while the PaCO2 may still 
be within the normal range. 14 This may cause an er- 
roneous diagnosis of shunting rather than hypoventila- 
tion. 13 Also, hypoxaemia may trigger the hypoxic drive 
via the peripheral chemoreceptors, 15 and can partially 
counteract the decrease of respiratory rate and/or tidal 
volume. The limited body oxygen stores as well as ac- 
tivation of the hypoxic drive may explain our findings 
which suggest that hypoxaemia rather than elevation of 
PaCO2 or a decrease of respiratory rate may be an early 
signal of respiratory depression following epidural mor- 
phine in patients breathing room air without oxygen sup- 
plementation. On the other hand, breathing oxygen 
causes a substantial increase in the alveolar oxygen con- 
centration, and hence respiratory depression can manifest 

by an increased PaCO2, without compromising the 
PaO2.14 

Pulse oximetry may be useful as a simple noninvasive 
technique for continuous and long-term monitoring of 
oxygenation during the postoperative period in patients 
receiving epidural narcotics. In the presence of supple- 
mental oxygen, however, saturation may be well main- 
tained despite hypoventilation or apnoeic episodes, i 

The immediate postoperative period is a potentially 
high risk time for the occurence of hypoxaemia. ~6 The 
pathogenesis of postoperative hypoxaemia is multifactor- 
ial. 17 Hypoxaemia in the early postoperative period is 
likely to be caused partly by the reduction in functional 
residual capacity (FRC) secondary to anaesthesia and 
surgery, is The reduction of FRC and the consequent al- 
teration in the relationship of closing volume to FRC 19 
can result in ventilation-perfusion mismatching. Follow- 
ing upper abdominal surgery, diaphragmatic function is 
also impaired and additional splinting by abdominal dis- 
tension and pain may promote pulmonary atelectasis. 2~ 
The respiratory depressant effects of opioid analgesia also 
have an important role in the production of postoperative 
hypoxaemia. 17 

Previous clinical reports have also shown that paren- 
teral morphine results in greater, and clinically important, 
respiratory depression than equi-analgesic doses of par- 
enteral tramadol. 8.9 The absence of respiratory depression 
following epidural or parenteral tramadol compared with 
epidural or parenteral morphine may be attributed to the 
different mechanisms of their analgesic actions. 

Morphine acts selectively as an opiate agonist, which 
can produce analgesia as well as respiratory depression. 
Morphine is a mu and kappa agonist. 21 Mu receptors 
mediate analgesia and respiratory depression, while 
kappa receptors mediate analgesia and sedation. Whether 
kappa agonist activity contributes to respiratory depres- 
sion is uncertain. Also, because of the highly ionized and 
hydrophilic nature of morphine, egress of the drug trans- 
ferred to the spinal fluid following its epidural admin- 
istration will be slow, resulting in a high CSF concen- 
tration of morphine available to move cephalad to reach 
supra-spinal structures and produce delayed respiratory 
depression, 2 probably by its action on the central che- 
moreceptors which lie very superficially, 0.2 mm, beneath 
the antero-lateral surface of the medulla, bathed in the 
CSE 1,J5 

In contrast with morphine which acts selectively as an 
opiate agonist, the analgesic effects of tramadol are me- 
diated by an opioid, ~ as well as a non-opioid receptor 
mechanism of action. 22,23 Tramadol is a weak agonist at 
all types of opioid receptors with some selectivity for mu- 
receptors. ~ More recent work, however, suggests that 
non-opioid receptors mechanisms of action may contrib- 
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ute to the analgesic profde. Tramadol inhibits noradren- 
aline uptake and stimulates serotinin release; and these 
are transmitters in the descending pathways which en- 
hance analgesia. 23,24 The non-opioid mechanisms may 
potentiate the analgesia of epidural tramadol, without in- 
ducing respiratory depression. Previous reports have 
shown that the combination of an opioid and non-opioid 
such as an a2-adrenergic agonist may act synergistically 
for the analgesic response without potentiating respiratory 
depression. 25.26 

Finally, it is interesting to note that a single dose of 
epidural morphine or epidural tramadol as the sole an- 
algesic agent could provide in our population such pro- 
longed and low pain scores during the fast 24 hr after 
surgery. This observation confirms our previous study 
which showed that the requirement for postoperative an- 
algesics was lower in patients operated upon during and 
after the Lebanese war than in those patients operated 
upon before the war. 27 Also, elderly patients may requires 
less narcotics than young patients. 2s 

In conclusion, our report shows that epidural tramadol 
can provide adequate and prolonged postoperative anal- 
gesia, without early or delayed clinical respiratory de- 
pression. In contrast, epidural morphine may be followed 
by delayed respiratory depression as evidenced by the de- 
crease of PaO2; the maximal decrease of PaO2 was ob- 
served at the tenth hour postoperatively. This report sug- 
gests that in patients breathing room air without oxygen 
supplementation, a decrease of PaO2 rather than an in- 
crease of PaCO2 or a decrease in respiratory rate may 
be an early indicator of respiratory depression following 
epidural morphine. The absence of respiratory depression 
following epidural tramadol compared with morphine 
may be attributed to their different mechanisms of action. 
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