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Analgesia after intracranial surgery: a double-blind, prospective
comparison of codeine and tramadol
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We have compared codeine and tramadol in a prospective, double-blind study of postoperative
analgesia in 75 patients after elective intracranial surgery. Twenty-five patients received codeine
60 mg, tramadol 50 mg or tramadol 75 mg i.m. Patients receiving codeine had significantly
lower pain scores over the first 48 h after operation (P<<0.0001). Although there was no
difference in visual analogue scale (VAS) scores between the three groups at 24 h, the codeine
group had significantly lower scores at 48 h (P<<0.0001). The tramadol 75 mg group had
significantly higher scores for both sedation and nausea and vomiting (P<<0.0001 for both
scores). We conclude that codeine 60 mg i.m. provided better postoperative analgesia than
tramadol after craniotomy and that tramadol 75 mg should be avoided because of its side
effects of increased sedation and nausea and vomiting.

Br J Anaesth 1999; 83: 245-9

Keywords: pain, postoperative; surgery, neurosurgical; analgesics non-opioid, codeine;
analgesics opioid, tramadol

Accepted for publication: March 2, 1999

Codeine phosphate is traditionally the agent most frequenblg approximately equipotent with pethidifieand is not
used for pain relief after craniotomy, which is thought tassociated with clinically significant respiratory depres-
require mild analgesia because of the involvement of skaionl® 11 This, in addition to lack of sedatiéfhor meiosis,
and dura only. Codeine, with approximately only onemake it potentially useful in neurosurgical analgesia,
twelfth the potency of morphingis thought to be a suitable although it has not been studied in this field. It shares with
agent and it has been compared with morphine afteodeine the ability to cause nausea and vomitthghere
craniotomy? Despite having several advantages, morphing also a rarely encountered but potentially serious risk of
is used rarely for fears of excessive sedation, meiosis agpileptic fits but these have been reported only after large,
respiratory depressioh? and therefore the use of codeineapidly administered i.v. bolus doss.
continues. The aim of this study was to compare postoperative pain
However, codeine phosphate has several disadvantagelef with codeine and two doses of tramadol, given i.m.
It must be given by the oral or i.m. route as i.v. injection magfter cranial surgery. This was achieved by assessing pain
be followed by cardiovascular collap3#.is metabolized by scores, visual analogue scale scores, number of analgesic
O-demethylation to morphine, which is believed to be itfjections required and use of additional ‘escape’ analgesia.
mode of action, but the variable rate of morphine producti®ide effects of the analgesics, in particular sedation,
means its effect is variable in magnitutle. respiratory and cardiovascular depression, and nausea and
Tramadol is an analgesic introduced relatively recentlyomiting, were also assessed.
into the UK/ although it has been used in Europe for 20 yr.
It may be given orally, i.m. and i.v. in the same dos .
and it is not a controlled drug. The analgesic effects atients and methods
tramadol are mediated by at least three mechanisms: it i&\#ier obtaining approval from the Ethics Committee and
weak mu opioid receptor agonist; it inhibits the reuptaki@formed consent, we studied 75 patients undergoing
of the neurotransmitters 5-hydroxytryptamine (5-HT) anelective intracranial surgery. Only patients with a Glasgow
norepinephrine in the descending inhibitory pain pathWaysoma score (GCS) of 15/15 and who were anticipated to
and it facilitates 5-HT release. be fully conscious after surgery were included. Age limits
Much work has been carried out to assess the potenufy18-75 yr were set and exclusion criteria included body
and side effects of tramadol. It has been demonstratedweight less than 50 kg or more than 100 kg. Each patient
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Table 1 Postoperative scoring systeffis

Pain score Sedation score Nausea and vomiting score

0 No pain at rest or on movement 1 Awake and co-operative 0 No nausea or vomiting

1 No pain at rest but slight with coughing or movement 2 Agitated/anxious/restless 1 Nausea but no vomiting
3 Intermittently awake 2 Retching but no vomiting

2 Intermittent pain at rest or moderate pain on coughing or movement 4 Roused by voice 3 Vomiting
5 Roused by pain

3 Continuous pain at rest or severe pain on coughing or movement 6 Unrousable

was instructed on the use of a standard 100-mm visuhe number of i.m. injections received, any complications,
analogue scale (VAS) before operation to enable assessni#abd loss into the drains and use of additional ‘escape’
of pain in the postoperative period. analgesics or antiemetics for each 24-h period.

A standard anaesthetic technique was used, consisting oStatistical analysis was performed using the Statistical
premedication with temazepam 20 mg orally, 1 h befofeackage for the Social Services for Windows (SPSS,
surgery, followed by induction of anaesthesia with i.wersion 6.1). Analysis of variance (ANOVA), chi-square
infusions of propofol (target-controlled infusion to aand Kruskal-Wallis tests were used where appropriate.
plasma concentration of 348 mi%) and alfentanil P<0.05 was considered statistically significant.
0.5-1.0pug kgt min~%, maintained throughout surgery and
titrated to clinical response. After administration Ohesults
atracurium 0.5 mg kg and tracheal intubation, the
lungs were ventilated with 30% oxygen in air without arPreoperative data

inhalation agent and :nfuzllonkof:tracungr? was ulsed Bf the 75 patients recruited, 65 completed the study. Those
maintain neuromuscular Jlock. AN artena_ cannuia a%t completing included five patients who were admitted
central venous pressure line were inserted in each case Aftensive care after operation, one of whom died. Two

IS o?tr routine practlce: ined in th were withdrawn for being too confused to take part in
After operation, patients remained in the recovery argg, postoperative assessments, two had inadequate data

for at Iegst 1 h and were not dischargeq to the ward unl Smpiled and one withdrew herself from the study after
their pain score was 0 or 1. The scoring system useddc°insu|ting with family members. Thus 18 patients in group
showr_1 in Table 1 . 1, 22 in group 2 and 25 in group 3 were studied.

Patients were numbered _sequentially _and allocat_edPatient characteristics for the three groups were similar
randgmly using the closed envelope technique to rece't"ﬁable 2). There was no significant difference in group size
codeine phosphate 60 mg (group 1,)’ tramadol 50 mg (groUp type of operation performed (supra- or infratentorial).
2) or tramadol 75 mg (group 3) i.m. after surgery. TW?—|owever, group 2 (tramadol 50 mg) was slightly older

doses of tramadol were StUdiE.:d because of the wide dQ?’e:OOOl) than the two other groups and there were more
range recommended in the literatdfeThe drugs were females in group 3 (tramadol 75 mg)+0.0278)
prepared on a named patient basis in identical volumes by ' '

the pharmacy and the identity of the drug was unknown postoperative recovery data

both the nursing and medical staff managing the patients disch h ) .
after operation, On discharge from the recovery area, patients were in a

A prepared syringe of the study drug was available iﬂ'milar condition with respect to pain, nausea and vomiting,
the controlled drug cupboard of the recovery area f&nd sedation. There were no significant differences in the
each named patient should they require pain relief befdfdMPper of analgesic injections required in recovery, or in

discharge to the ward. Analgesia was offered to patientsHfin: nausea and vomiting, and sedation scores between

their pain score was 2 or more and an antiemetic if naust¥, thrée groups on discharge. The majority (90.8%) of

and vomiting score was 1 or more, although patients codpdtients had pain and nausea and vomiting scores of 0 or

refuse treatment. 1 (Table 3). Unfortunately, despite the specified discharge

In additon to standard postoperative neurosurgicﬁfiteria' five patient.s returned'to the ward Wi.'[h pain scores
monitoring of heart rate, arterial pressure, ventilato reater than 1: two in the codeine group, two in the tramadol

frequency and pupil size, patients were also assessed fgrM3 group and one in the tramadol 50 mg group.

pain score, sedation score, and nausea and vomiting scqre .

(Table 1). Rescue analgesia comprising paracetamol ngstoperaﬂve ward data

diclofenac was also available and any usage was noted. Pain

the ward, this monitoring was continued hourly for the firsbn the ward, significant differences in pain scores were

24 h and 4-hourly for the next 24 h. observed between the three groups over the first 48 h after
VAS scores were assessed daily by the investigators whperation. Group 1 (codeine 60 mg) had significantly lower

were unaware of the study drug used and who also notedin scores than groups 2 and 3 (tramadol 50 mg and

246



Analgesia after intracranial surgery

Table 2 Patient characteristics. **Group 2 (tramadol 50 mg) was slightly oldRe+@.001) than the two other groups and *group 3 (tramadol 75 mg) had a
higher female to male ratid?&0.0278)

Age (yr) Sex Operation

mean (95% ClI) (M:F) (supra: infratentorial)
Group 1 6=18), codeine 60 mg 51.0 (49.9-52.1) 8:10 16:2
Group 2 6=22), tramadol 50 mg 54.1 (53.1-55.1)*** 11:11 18:4
Group 3 6=25), tramadol 75 mg 52.2 (51.4-53.0) 7:18* 24:1

Table 3 Recovery room data. No significant differences between the three groups

No. (%) requiring analgesic Pain score of Nausea and vomiting
injection in recovery Oorl (%) score of 0 or 1 (%)
Group 1 6=18), codeine 60 mg 10 (55.6) 16 (88.9) 16 (88.9)
Group 2 6=22), tramadol 50 mg 9 (40.9) 21 (95.5) 20 (90.9)
Group 3 6=25), tramadol 75 mg 13 (52.0) 22 (88.0) 23 (92.0)

Table 4 Postoperative pain scores and visual analogue scale (VAS) scores (median (range)). ***Group 1 had significantly lower pain scores and VAS scores at
48 h (P<0.0001 for both)

Pain scores VAS 24 h VAS 48 h
Group 1 6=18), codeine 60 mg 0 (0-2)*** 30.5 (10-85) 10.5 (0-40)***
Group 2 (=22), tramadol 50 mg 1.0 (0-2) 35.0 (0-72) 17.0 (0-50)
Group 3 = 25), tramadol 75 mg 1.0 (0-3) 34.0 (0-90) 15.5 (0-50)

Table 5 Number of analgesic injections received by patients after operation on the ward. Values are median (range) per 24-h period. **Group 1 had/significantl
fewer injections in both the first and second 24-h perid®s@.01 for both)

Median No. of analgesic Median No. of analgesic
injections during 1st 24 h injections during 2nd 24 h
Group 1 6=18), codeine 60 mg 2 (0-4)** 0.5 (0-5)**
Group 2 =22), tramadol 50 mg 2.5 (1-6) 1 (0-4)
Group 3 6=25), tramadol 75 mg 3 (1-6) 1 (0-11)

75 mg, respectively) R<0.0001) (Table 4). Further 6). Again, this difference was seen in both mal&s=(
analysis confirmed that these significant differencés0029) and femalesP&0.0001). However, females had
occurred in both males and femaldd<(0.0001 for both). significantly higher scores than mald3=0.019). Patients
Multiple regression analysis confirmed a negative relatioreceiving tramadol 75 mg were given significantly more
ship between age and pain. That is, older patients had loveelditional ‘escape’ antiemetics than the other groups
pain scoresF<0.0001). There was no significant differenc¢P<0.0001).
in pain scores between those patients who underwent supta-, ..
. . . . . . ._Sedation
or infratentorial craniotomy. No patient in the mfratenton% - . .
. here was a significantly greater number of patients in
group recorded pain scores of 2 or 3 (moderate or severe ' . .
pain). group 3 (tramadol 75 mg) with a high sedation score _of 5
There was no significant difference in VAS scores é‘tompared with the two other groups, and fewer patients

who were awake (score of 1)P£0.0001) (Table 7).
24 h between the three groufi3%0.096). However, group This was seen in g)oth malesf’){g.OOOl) )an(d female)zs

1 (codeine 60 mg) had significantly lower VAS scores . : i
48 h (median 10.5 compared with 17.0 and 15.5 for tramai‘)bl<o'0(.)01)' Females had significantly higher sedation
scores in all groupsR<0.0001).

50 mg and 75 mg, respectivelyip€<0.0001) (Table 4).
Group 1 had significantly fewer injections of codeinéeurological observations

than the two other groups had of their respective dosesmiipil size was significantly smaller in the codeine group

tramadol at both 24 and 48 F<0.01) (Table 5). Very few and larger in the tramadol 75 mg group<{0.0001). Group

patients required additional ‘escape’ analgesia: three in the(tramadol 50 mg) had significantly higher ventilatory

tramadol 75 mg group and two in each of the other groupfsequencies than the two other grous=0.0001).

Nausea and vomiting Cardiovascular observations
Postoperative nausea and vomiting were significantly mo®gnificant differences were observed in cardiovascular
common in group 3 (tramadol 75 mglp<0.0001) (Table variables of the three groups. Higher heart rates, and
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Table 6 Nausea and vomiting scores. Values are percentage of each group in each scoring category. ***Group 3 (tramadol 75 mg) had significantly higher scores
over the 48-h periodR<0.0001)

0 None (%) 1 Nausea (%) 2 Retching (%) 3 Vomiting (%)
Group 1 6=18), codeine 60 mg 88.3 9.4 0.7 1.5
Group 2 6=22), tramadol 50 mg 92.6 5.4 15 0.5
Group 3 6=25), tramadol 75 mg 82.7 10.8 2.5%*x 4.0%**

Table 7 Sedation scores. Values are percentage of each group in each scoring category. **Group 3 (tramadol 75 mg) had significantly fewer patients with the
lowest sedation score and significantly more with a high sedation sPer6.0001)

1 Awake (%) 2 Agitated (%) 3 Intermittently awake (%) 4 Roused by voice (%) 5 Roused by pain (%) 6 Unrousable (%)

Group 1 (=18), codeine 60 mg 62.4 3.0 18.3 16.3 0 0
Group 2 6=22), tramadol 50 mg 74.1 3.9 8.0 13.9 0 0
Group 3 6=25), tramadol 75 mg 57.5*** 7.3 19.1 14.3 2.7%x* 0

Table 8 Postoperative cardiovascular observations over 48 h (mean (95% CI)). **Group 2 (tramadol 50 mg) had significantly higher mean heart rates (HR),
systolic (SAP) and diastolic (DAP) arterial pressures than the two other grésp3.Q001 for all)

HR (beat min™) SAP (mm Hg) DAP (mm Hg)
Group 1 6=18), codeine 60 mg 75.2 (74.1-76.3) 137.1 (135.6-138.6) 73.2 (72.4-74.0)
Group 2 f=22), tramadol 50 mg 80.5 (79.3-81.7)*** 141.3 (139.8-142.8)*** 77.9 (77.0-78.8)%*
Group 3 f=25), tramadol 75 mg 76.6 (75.6-77.6) 136.2 (134.9-137.5) 74.4 (73.6-75.2)

Table 9 Postoperative blood loss into the drains (mean (95% CI)). ***Gfoulbroducing analgesia by multiple pathwéy%tramadol has
2 (tramadol 50 mg) had significantly less blood loss into the dr&trd)(0001) been shown in several studies to provide good postoperative

Blood loss in drain (ml) analgesia after other types of procedure such as laparétomy
: and laparoscop¥f Therefore, it would be expected to be a
Group 1 6=18), codeine 60 mg 179 (164-193) itabl | ic aft ial T d f
Group 2 (=22). tramadol 50 mg 96 (86-105)** suitable analgesic after cranial surgery. Two doses of trama-
Group 3 (=25), tramadol 75 mg 171 (160-181) dol were used because of the lack of a definitive dose

described in the British National Formulary and the fact
. . . . that other studies using tramadol describe a dose range of
systolic and diastolic arterial pressureB<(0.0001 for ]5]0—100 mg.
all) were seen in group 2. (tr.a_madoI.SO mg) over 48. In this study, there was little difference in patient charac-
(Table 8). There were no significant d|ﬁerences o Card'(?éristics in each group and patients were comparable before
vascular variables between groups 1 (codeine 60 mg) a&\gcharge from the post-anaesthetic care unit (i.e. relatively
3 (tramadol 75 mg). ) . ain free with little nausea and vomiting). This provided
.Standard postoperative observations revealed furt el ilar groups on which to compare the efficacy of post-
differences betV\_/ee_n_ the three groups: group.2 (tramg cHerative analgesics. On the ward, there were significant
(5F?<6ngg)og‘)"‘d(T§E|]2'fg;antly less blood loss into dralnaifferences between the three groups. Codeine provided
: ' superior pain relief: postoperative pain scores of patients
. . receiving codeine were consistently lower than in those
Discussion patients receiving either of the doses of tramadol. The
Postoperative pain after craniotomy is often considered todeine group also required fewer i.m. injections. In fact,
be moderate, not requiring large doses of opioid analgediae larger dose of tramadol appeared to have an antanalgesic
This study confirmed that, although most patients sufferedfect not previously described and could be a result of its
some pain, pain scores were in the range 0-2 (no pajgrtial agonist effect or possibly increased sedation in
mild or moderate) in the majority of patients (92.8%) anthis group, making pain assessment and/or interpretation
in only 7.2% of cases were scores of 4 (severe paidifficult. The poor results with tramadol 75 mg are surprising
recorded. The quality of analgesia provided by codeine hesnsidering that this dose is said to have a potency compar-
been questioned because of the indirect effects of able with pethidine 100 m¢
metabolites. Other more potent opioids, such as morphine, There were no sex differences in pain scores but older
have also been avoided because of their side effeqgigtients reported less pain, a finding which is consistent
specifically sedation, respiratory and cardiovascular depregith the reduction in analgesic requirements reported
sion, and nausea and vomiting. Tramadol offers potentjadeviously in elderly patients. Our study demonstrated no
advantages over all opioids by having weak opioid effectfference in pain scores for patients undergoing infra- or
and thus avoiding most of these side efféd€td? In supratentorial operations. No pain scores of 2 or 3 (moderate
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or severe pain) were recorded by patients undergoicgused more sedation and nausea and vomiting, and cannot
infratentorial operations, contrary to the view that infraterbe recommended after this type of surgery.
torial procedures are usually more painful. However, the
number of patients who underwent infratentorial operatiofdeferences
was small (seven in total; two in group 1, four in group 21 Foley KM. The treatment of cancer pain. N Engl | Med 1985; 313:
and one in group 3) and these patients were nursed in a84-95
high dependency unit, with a smaller nurse to patient ratio? Go'dsack C, Scuplack SM, Smith M. A double blind comparison
of codeine and morphine for postoperative analgesia following

and hence may have received more prompt analgesia Whenmtracranial surgery. Anaesthesia 1996; 51: 1029-32

requested. N o ] 3 Smith M. Postoperative neurosurgical care. Curr Anaesth Crit Care
Nausea and vomiting scores were significantly higher in 1994; 5: 29-35
those patients receiving the larger dose of tramadol (75 mg}. Jewkes DA. The postoperative period—some important
postoperative nausea and vomiting of up to 30-35% il'? Parke ’TJ, Nandl PR, Bird KJ, Jewkes DA. Profound .hypoten5|on
. . following intravenous codeine phosphate. Anaesthesia 1992; 47:
previous studiéd€ and the larger dose would be expected 8524
to cause more side effects. Females suffered more nausgachen zR, Somogyi AA, Bochner F. Polymorphic-O-demethylation
and vomiting than men in all groups, which is a consistent of codeine. Lancet 1988; ii: 914-15
finding in many studies on postoperative vomitifidn the 7 Eggers KA, Power I. Tramadol. Br J Anaesth 1995; 74: 247-9
tramadol 75 mg group, significantly more patients had & Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE, Vaught
. . . |L. Opioid and non-opioid components independently contribute
high sedation score and fewer were assessed as bein . . R
. ) . o the mechanism of action of tramadol, an ‘atypical’ opioid
awake g glthough the range of scores in all groups W8S analgesic. | Pharmacol Exp Ther 1992; 260: 275-85
wide. Clinically, those patients assessed as being rousabjeDriessen B, Reimann W. Interaction of the central analgesic,
only by pain had received tramadol 75 mg. This is not tramadol, with the uptake and release of 5-hydroxytryptamine in
consistent with the conclusion of Lehmann, Horrichs and f/hekr“ brr/lag‘ ‘"Oj’FiItr: Brfshasrm‘l’(“’l’ ':;2?;05; :‘:IW_YSI .
Hoecklé? that tramadol was unsuitable for peroperativd? Yickers MD. O'Flaherty D, Szekely SM, Read M, Yoshizomi J.
. . . _ Tramadol: pain relief by an opioid without depression of
analgesa because its lack of sedatlye effects coulld INCrease, cqpiration. Anaesthesia 1992; 47: 2916
the risk of awarenesg. However, this was later disputedi| Houmes RJM, Voets MA, Verkaack A, Erdmann W, Lachmann B.
by Coetzee, Maritz and Du Téftand our findings support  Efficacy and safety of tramadol versus morphine for moderate
the latter group’s conclusions. and severe postoperative pain with special regard to respiratory
Although statistically significant differences were found _ depression. Anesth Analg 1992; 74: 510-14
. . . . . 12 Lehmann KA, Horrichs G, Hoeckle W. Tramadol as an
in ventilatory frequencies and cardiovascular variable$ . . . . . ;
7~ intraoperative analgesic. A randomized, double-blind study with
between the three groups, the tramadol 50 mg group having pjacebo. Anaesthetist 1985; 34: 11-19
higher rates and pressures throughout, these were n®tkahn LH, Alderfer R], Graham D). Seizures reported with

clinically significant. Importantly, no patient experienced tramadol. JAMA 1997; 278: 1661
respiratory depression. 14 British National Formulary Number 35. London: British Medical

There is no obvious explanation for the significantly gsasrc:;laltggeand Royal Pharmaceutical Society of Great Britain,

lower bloo_d |O.SS 'II’ItO 'the dral'ns in the tramadol Sq MPs Vickers MD, Paravicini D. Comparison of tramadol with morphine
group. This finding is surprising because the higher for postoperative pain following abdominal surgery. Eur |
arterial pressures in this group would be expected to be Anaesthesiol 1995; 12: 265-71

associated with greater blood loss. Both the higher ventlié Crighton 1M, Hobbs GJ, Wrench 1]. Analgesia after day case
atory frequencies and greater blood loss in the tramadol laparoscopic sterilisation. A comparison of tramadol with
50 m roup could have been caused b reater pain or paracetamol/dextropropoxyphene and  paracetamol/codeine

99 p y 9 p combinations. Anaesthesia 1997; 52: 649-52
purely by chance. 17 Kaikon RF. Age and morphine analgesia in cancer patients with
8 P 3 P
In summary, although it may have been expected that postoperative pain. Clin Pharmacol Ther 1980; vol 28: 823-6

tramadol would have potential benefits for postoperativié Kenny GNC. Risk factors for postoperative nausea and vomiting.
analgesia after intracranial surgery, we have demonstrateg/Anaesthesia 1994 49 (Suppl.): 6-10

: . . . 19 Coetzee JF, Maritz ]S, Du Toit JC. Effect of tramadol on depth of
that it conferred no benefit over codeine phosphate in suc% anaesthesia. Br | Anaesth 1996; 76: 415-18

paFiemS: Codeine provided significgntly better postoperatiyg Ramsey MA, Savege TM, Simpson BR, Goodwin R. Controlled
pain relief than tramadol. The higher dose of tramadol sedation with alphaxolone—alphadolone. BMJ 1994; 2: 656-9
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