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Summary

Background: To determine efficacy and safety of postoperative titrated morphine in elderly
patients when intravenous boluses of morphine were adapted to age.

Methods: In the Post Anaesthesia Care Unit (PACU), patients complaining of pain received
morphine until adequate pain relief. Intravenous morphine was titrated as 3 mg boluses for
young (age < 65 yrs) and 2 mg for elderly patients (> 65 yrs) respectively, every 5 min.
Results: Three hundred fifty young and 68 elderly patients were included. No significant
difference between the two groups was detected in Numerical Rating Scale (NRS, 0 = no
pain;10 = worst imaginable pain) at the onset of titration: 7.4 £ 1.7 vs 7.5 £ 1.7, the area under
the curves of NRS versus morphine boluses: 97.7 + 59.6 vs 98.2 + 62, the number of boluses
required to obtain pain relief: 3 £ 1.3 vs 3 £ 1.3, the percentage of titration failure: 10% vs 9%
and the incidence of excessive sedation: 18% vs 21%. On the other hand, renal clearance was
significantly reduced in elderly patients compared to the young: 55 + 21 vs 85 + 15 ml/min; p
< 0.0001.

Conclusion: With a lower dose of morphine, elderly patients beneficiated comparable
efficient and safe pain relief as younger. The decrease in renal clearance of morphine, support
the reduction of intravenous bolus doses of morphine in patients aged > 65 yrs in the

immediate postoperative period.
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Introduction

Elderly patients represent a large and rapidly increasing proportion of surgical patients .
Proper assessment and management of postoperative pain in these patients is of importance
because inadequate analgesia is likely to increase postoperative confusion, cardiovascular
morbidity and delayed rehabilitation **. Nonetheless, pain is still poorly treated in older
postoperative patients ~. Intravenous administration of morphine is generally used for the
treatment of postoperative pain in the post-anaesthesia care unit (PACU). The use of small
intravenous boluses of morphine provides efficient and rapid onset of analgesia °. Boluses of
2- or 3-mg every 5 min are most frequently used "'°. Parameters according to which the bolus

dose must be adjusted, either weight or age, are still debated. Based on the assumption that

titration is performed over a short period in which age-related changes in pharmacokinetics
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and pharmacodynamics might be less important than for prolonged postoperative periods
the same protocol of intravenous morphine titration based on weight has been proposed in

both young and elderly patients °. However, several teams "

take into account the patient’s
age rather than weight to adapt the bolus dose because of age-related changes in the
metabolism and clearance of morphine even over a short period .

The aim of this observational prospective study was to compare the quality and safety of
postoperative analgesia in younger and older surgical patients when intravenous boluses of

morphine were adapted to age. We hypothesized that with a lower dose of morphine, the older

patients will beneficiate the same quality of postoperative analgesia as younger ones.



Methods

We prospectively collected data on unselected patients who required intravenous morphine
titration. The patients were included consecutively as they presented over an eight months
period. During the study period, the anaesthetic and postoperative pain management did not
differ from routine practice; hence, ethics committee approval and informed consent were not

required.

Setting

This prospective study was carried out in a university hospital. This hospital has 402 surgical
beds and admits on average 12 000 surgical patients each year. All surgical procedures
performed in our institution (i.e. orthopaedic, general, urological and gynaecological) were

included in the study.

Patients

All in-patients undergoing surgery under general anaesthesia, were included in the study.
Patients having at least one of the following criteria were not included: regional block,
epidural or spinal anaesthesia, inability to read or speak French, the likelihood of delayed

postoperative tracheal extubation in the PACU, ASA physical status over 3.

Treatment and measurements

We prospectively collected the demographic characteristics, surgical, intraoperative
analgesics, and postoperative pain management data of each patient. Operations were
classified as major, intermediate, and minor procedures according to the expected level of

postoperative pain as previously proposed ’ (table 1).



In the PACU after surgery, patients complaining of pain were given intravenous bolus doses
of morphine that were repeated until the patient felt comfortable. In the standardised protocol
currently used in our hospital, the bolus dose was adjusted to age, 3 mg (< 65 yrs) or 2 mg (>
65 yrs) and pain intensity level was assessed using a Numerical Rating Scale (NRS, 0 = no
pain;10 = worst imaginable pain) (figure 1). The protocol set no limit for the total dose that
could be given in the absence of excessive sedation (SS > 1). Titration failure was defined as
an unchanged NRS after five boluses.

For patients who did not require morphine titration because of low pain intensity (NRS < 4),
postoperative analgesia was achieved with intravenous paracetamol, ketoprofen, nefopam or
tramadol. Patients were not discharged from the recovery room until they were comfortable

with a NRS <4.

End Points

Patients were divided into a young (< 65 yrs) and old (> 65 yrs) group. The primary end point
was the log of area under the curves (AUC) of NRS during titration versus morphine boluses.
This endpoint reflects the cumulative pain of the patients. The secondary end points were the
number of morphine boluses needed to achieve a NRS < 4, the percentage of patients with
titration failure and the percentage of patients with excessive sedation in each group. Also,
renal function was evaluated in a subset of 30 patients in each group to characterise age-
related pharmacokinetic changes. No additional blood samples were performed in these
patients because we used tests which were available in the preoperative assessment. Estimated

clearance was determined using the Cockroft-Gault formula.



Statistics

The primary outcome measure was the log AUC of NRS during titration and the objective
was to demonstrate the equivalence of the log AUC in both groups (young and elderly). The
difference of means (young minus elderly) was supposed to be within the interval (-0.3, 0.3)
(in the log scale). When the number of patients in each group is 70, an equivalence test will
have 80% power to reject the null hypothesis that young patients and elderly patients are not
equivalent (i.e., the difference in means is 0.3 or more from O in the same direction) in favor
of the alternative hypothesis that the means of the two groups are equivalent, assuming that
the expected difference is 0, the common standard deviation is 0.6 and that alpha is equal to
5%.

For other comparisons between young and elderly patients, superiority tests were used as
appropriate (i.e., chi square tests for qualitative outcomes and t test for continuous
outcomes). All statistical superiority tests were 2-sided at the 0.05 level of significance. All

statistical analyses were performed using SAS 9.2.



Results

Four hundred eighteen patients were included in the study. Mean patient age was 47.8 = 16
yrs, 166 (40%) patients were men and 252 (60%) were women. They were admitted after
orthopaedic surgery in 213 (51%) patients, abdominal surgery in 127 (30.5%) patients,
urologic surgery in 36 (8.5%) patients and thoracic surgery in 11 (2.5%) patients. Three
hundred fifty patients (84%) were 65 yr old or younger and 68 (16%) were older than 65 yr of
age. The main characteristics of these two populations are shown in table 2. Type of surgery
in regards of the expected level of postoperative pain (major, intermediate, minor) was
comparable between groups. Percentage of patients receiving intraoperative analgesics or
analgesics in association with morphine titration in the PACU was not significantly different
between groups.

The mean AUC for the elderly patients was equal to 98.19 + 61.95 and to 97.75 % 59.64 for
the young patients. The mean log AUC difference was equal to -0.03 with a 90% confidence
interval equal to (-0.17,0.10). The confidence interval fit within the equivalence
range showing equivalence between young and elderly people.

No difference was found on initial NRS score at the onset of morphine titration, the number of
boluses to achieve pain relief and the percentage of titration failure (table 3). In the same
manner, the number of patients with excessive sedation was not significantly different. In
contrast, the creatinine clearance was altered in the older group and significantly reduced

compared to the young group (table 1; p < 0.0001).



Discussion

The current study suggests that when intravenous morphine boluses (2- or 3-mg) are adjusted
to age, postoperative analgesia characteristics are the same in young and elderly patients.
Most importantly, for the older patients, the protocol used permits to achieve rapid and
efficient analgesia equivalent as in young patients with no significant increased sedation in the
elderly.

In accordance with several previous reports, elderly required less morphine for comparable

11,12,16

levels of analgesia . This pattern is consistent with works that found in elderly patients

1720 In addition to these

an increased brain sensitivity to the effects of opioids
pharmacodynamic changes, even for short-term period, age related opioid pharmacokinetics
changes must play an important role. Owen and colleagues have reported after a single
intravenous dose of 10 mg / 70 kg morphine a higher drug concentration in the peripheral
compartment in older subjects for 1.5 hr after dosing °. This observation could be explained
by the progressive reduction in the functional capabilities of the kidney with age that leads to
a significant decrease in the renal clearance of opioids and their metabolites *'. The decrease
of renal clearance in elderly patients reported in the current study is supposed to be associated

22,23 .
“° with a

with an accumulation of morphine metabolites such as morphine-6-glucuronide
longer duration of analgesia ' and increased risk of morphine-related adverse effects. On the
other hand, it could be argued that a protocol based on weight (bolus of 2 mg morphine every
5 min for body weight < 60 kg or 3 mg for body weight > 60 kg) has been safely administered
to elderly patients °. However, in this study, only the short postoperative period in the PACU
was evaluated and it can not be ruled out that for the later period in the surgical ward, older
patients would exhibited more sedation and periods of hypoxemia.

Since several studies have suggested that elderly patients report lower pain intensity than

24,25

younger surgical patients , it could also be argued that a protocol based on weight would



better prevent the risk of undertreatment in elderly patients. Nevertheless, it has been
demonstrated that age differences in postoperative pain are scale dependent *°. The NRS
seems to be the most appropriate to evaluate postoperative pain in patients more than 65 years
of age *”. Using this scale, we found no significant difference between the two groups for pain
intensity score at the onset of titration (7.5 = 1.7 vs 7.4 £ 1.7, respectively for elderly and
young patients).

The results of the present study suggest that older patients and younger have equivalent pain
management. For comparable surgical procedures, there was no difference between the
groups for the analgesics (paracetamol, ketoprofen, nefopam or tramadol) administered
intraoperatively or in the PACU. Furthermore, the same rate of titration failure in the two
groups also suggested that elderly patients were not undertreated with the protocol used.

There were a significantly greater percentage of women in elderly patients. Sex-related
differences in the perception of pain and susceptibility to opioids remain a matter of debate.
Aubrun and colleagues have recently reported in a study comparing pain scores and
postoperative morphine consumption in the PACU that women had a higher initial VAS and
required a greater dose of intravenous morphine titrated. However, they observed the
disappearance of sex-related differences in elderly patients (> 75 yr) **. In our study, since the
mean age for elderly was 74 yr, it could be suggested that the sex ratio difference observed

had no impact on morphine requirements in these subjects.

In conclusion, as the proportion of elderly people in the population increases, the need for
appropriate management of postoperative pain in this group also grows. The results of the
current study suggest that a protocol of intravenous morphine titration adapted to age is
efficient and safe in elderly patients. We observed that lower doses of morphine in elderly

patients are required to obtain comparable pain relief during the immediate postoperative



period. The amount of morphine spared in older patients could reduce the risk of delayed

opioid undesirable side effects.
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Legends to Tables and Figures

Table 1: Types of operation classified as major, intermediate, and minor procedures
according to the expected level of postoperative pain

Table 2: Main characteristics of young and elderly patients.

Data are means = SD or number (percentages).

NS = not significant; BMI = Body mass index; Analgesics = paracetamol, nefopam, tramadol

or ketoprofen; PACU = postanaesthesia care unit.

Table 3: Comparison of morphine titration characteristics

Data are means = SD or number (percentages).

NRS = Numerical rating scale; Titration failure was defined as an unchanged NRS after five

boluses; Excessive sedation = SS > 1.

Figure 1: Standard protocol for morphine titration in PACU.

Pain assessment with the Numerical Rating Scale (NRS): ask the patient to rate his pain, 0 =

no pain to 10 = worst imaginable pain. Sedation Score (SS): look at the patient and decide

which of the following apply : awake = 0 ; dozing intermittently = 1 ; mostly sleeping =2 ;
only awakens when aroused = 3.
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Table 1 Types of operation classified as major, intermediate, and minor procedures according

to the expected level of postoperative pain ’

Major Intermediate Minor
Gastrectomy Appendicectomy Minor urological procedures
Splenectomy Laparoscopic procedures (transurethral prostatectomy,

Liver/pancreatic surgery
Oesophageal surgery
Laparotomy/bowel resection
Laparotomy/cholecystectomy
Laparotomy /hysterectomy
Haemorrhoidectomy
Thoracic surgery

Spine fusion

Renal surgery

Total knee replacement or
arthrolysis

Adenoidectomy

Mastectomy

Inguinal hernia
Vaginal/hysterectomy
Thyroidectomy

Total hip replacement

testicular surgery)
Circumcision
Superficial surgery

Examination under
anesthesia/anal fissure
repair/anal stetch

Varicose veins
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Figure 1 Standard protocol for morphine titration in PACU.

Pain assessment with the Numerical Rating Scale (NRS): ask the patient to rate his pain, 0 =
no pain to 10 = worst imaginable pain. Sedation Score (SS): look at the patient and decide
which of the following apply : awake = 0 ; dozing intermittently = 1 ; mostly sleeping =2 ;

only awakens when aroused = 3.

NRS <4 > NRS >4

No titration SS=0orl

Morphine
titration

< 65 years
3 mg/5 min

> 65 years
2 mg/5 min

< Discharge from the PACU >
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Table 2: Main characteristics of young and elderly patients.

Elderly patients | Young patients | P Value
(n=68) (n=350)
Age (yr) 74+ 6 43 + 12 _
Male sex 19 (28) 147 (42) 0.03
Height (cm) 164 £8 168 £ 10 0.0006
Weight (kg) 68 + 14 77 £ 25 <0.0001
BMI 25+£5 28+ 16 <0.01
Type of surge
ype of surgery 24 (35) 99 (28)
Major 42 (62) 238 (68) NS
Intermediate 2 (3%) 13 (4)
Minor
62 (91) 313 (89) NS
Intraoperative analgesics administration
24 (35) 98 (28) NS
Analgesics administration in PACU
55+21 85+ 15 <0.0001
Creatinine clearance (ml/min)

Data are means + SD or number (percentages).

NS = not significant; BMI = Body mass index; Analgesics = paracetamol, nefopam, tramadol

or ketoprofen; PACU = postanesthesia care unit.
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Table 3: Comparison of morphine titration characteristics.

Elderly patients | Young patients | P Value
(n=68) (n=350)
Initial NRS 75+1.7 74+16 NS
Number of morphine boluses 30£15 30+13 NS
Titration failure 6 (9) 35 (10) NS
Excessive sedation 14 (21) 64 (18) NS
Titration failure or excessive sedation 20 (29) 99 (28) NS

Data are means + SD or number (percentages).

NRS = Numerical rating scale; Titration failure was defined as an unchanged NRS after five

boluses; Excessive sedation = SS > 1
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