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Background: Meperidine (pethidine) offers little to no therapeutic advantage over other opioids,
may be more prone to abuse, and produces a neurotoxic metabolite with a long half-life. The
Institute for Safe Medication Practices (ISMP) issued warnings in 2004 and 2005 suggesting
that meperidine be avoided, and when used, it should be in limited doses (<600 mg/24 h) and
for a limited duration (<48 hours). Hospitals have responded to these warnings, but much less is
known about meperidine prescribing in the community setting. This study examined the potential
impact of ISMP warnings on the prescribing of meperidine using time series analysis.
Methods: A population-based longitudinal cross-sectional study was conducted to examine oral
meperidine utilization among persons 16 years of age and older in Manitoba, Canada, between
April 1,2001 and March 31, 2014. Amounts of meperidine were expressed using defined daily
doses (DDDs), the equivalent of 400 mg of meperidine per day. The number of meperidine
prescriptions and users per quarter were determined and analyzed using regression analysis.
Results: There were 49,063 prescriptions for 442,641 DDDs of meperidine dispensed to
9,374 distinct users. The number of DDDs of meperidine per 1,000 persons peaked in the
second quarter of 2003 at 11.75, and then dropped to a low of 5.36 by 2014. This represented a
marked decline in the numbers of users and prescriptions over the study period. The piecewise
5.45=337.00,
P<0.0001). In contrast to these findings, among the remaining users, there was an increase in
the amount of meperidine per prescription (increase of 0.34 DDDs/prescription/year; F, ;, =434,
P<0.0001, R?>=0.89) and the amount of meperidine per user (increase of 1.17 DDDs/user/year;
F, 5=653.5, P<0.0001, R*=0.93).

Conclusion: Following the ISMP warnings, meperidine use dramatically declined. Unfortunately,

regression model revealed a significant breakpoint in the last quarter of 2004 (£,

the remaining users of meperidine are using more meperidine and receiving more meperidine
in each prescription. This pattern of results suggests that there may be limits to voluntary safety
warnings. Policy action such as removal of medication insurance coverage may represent a logical
next step to reverse or de-adopt meperidine and further enhance patient safety.
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Introduction

Meperidine (also known as pethidine) was first developed as an anticholinergic agent in
1939, but its analgesic properties were quickly discovered. Meperidine was promoted
as an opioid alternative to morphine that might avoid some of morphine’s adverse
effects including respiratory depression, constipation, urinary retention, abuse, and
addiction.! Meperidine became one of the most widely used opioids in North America.?
Despite the initial promise and widespread use, it has become clear that meperidine is
actually a more problematic drug than morphine. Meperidine’s rapid onset, initially

submit your manuscript
Dove

http:

Journal of Pain Research 2015:8 879-884 879
© 2015 Friesen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.

YA php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/JPR.S96625
mailto:shawn.bugden@umanitoba.ca

Friesen et al

Dove

suggested as an advantage, makes the drug prone to abuse. It is
considered one of the most intoxicating opioids and has often
been associated with addiction in health care professionals.>*
Meperidine has a relatively short duration of action with a
half-life of 2—5 hours, making repeated dosing necessary for
continuous pain management. Meperidine is metabolized to
normeperidine, a neurotoxic metabolite with a much longer
half-life (15-30 hours). Repeated dosing can lead to accumu-
lation of normeperidine and has been associated with seizures
and delirium.' Taken on balance, it is generally agreed that
meperidine offers few advantages and has considerable addi-
tional risks compared to other opioids.

This increased understanding of the limitations of meperi-
dine coupled with case reports of patient harm led safety and
quality organizations to begin placing restrictions on its use.’
In Canada, the Institute for Safe Medication Practices (ISMP)
issued warnings in 2004 and 2005 suggesting that meperidine
be avoided, and when used, it should be in limited doses
(<600 mg/24 h) and for a limited duration (<48 hours).*’
Many of these restrictions have been implemented in the rela-
tively controlled environment of the hospital.>*!° There has
been relatively limited assessment of the issue of meperidine
use in the less regulated community setting.!!

In this study, the objective was to assess the potential
impact of ISMP warnings on prescribing in the community
and to determine the current level of usage using time series
analysis for the population in Manitoba, Canada (1.3 million

people).

Methods

A longitudinal cross-sectional study using administrative
health care data was conducted to examine oral meperidine
utilization among persons 16 years of age and older in
Manitoba, Canada, between April 1 2001, and March 31,
2014. Prescription data were obtained from the Manitoba
Drug Program Information Network database through the
Manitoba Centre for Health Policy at the University of
Manitoba. Drug Program Information Network is a centralized
system used to process outpatient prescriptions in Manitoba.
It allows for real-time drug utilization review, and is used to
submit claims to the province’s universal medication insurance
plan (Pharmacare) and to third-party insurers.

Amounts of meperidine are expressed using the World
Health Organization method of defined daily doses (DDDs).
The DDD value for meperidine is 400 mg, the equivalent of
a 50 mg tablet taken every 3 hours for a day. The number
of meperidine prescriptions, unique users, and total DDDs
dispensed overall, and per fiscal quarter of our study period

were determined. The numbers of prescriptions and users
were expressed per 10,000 persons in the province. We
expressed the DDD rate as the total number of DDDs per
1,000 persons, as well as DDDs per prescription, and per user
per quarter. All population numbers were calculated using
the Manitoba Health Registry data counting only individuals
16 years of age and older.

The mean numbers of DDDs per prescription and per user
with their 95% confidence intervals (CIs) were calculated
by fiscal quarter, and a linear regression analysis on these
aggregate measures was used to examine the trend over
time. The rate of DDDs per 1,000 persons was summarized
by fiscal quarter, and the quarterly rates were subject to a
piecewise regression analysis to determine if a statistical
significant breakpoint was present in the data. This was done
by initially using a locally weighted scatter-plot smoother plot
to visually determine an estimate of the possible breakpoint.
Linear regression was applied to the data before and after
this breakpoint separately. The regression results were used
to generate initial parameters (y-intercept, slopes for each
regression segment, and approximate breakpoint) to enter
into our nonlinear regression procedure using the Marquardt
method. Autocorrelation was assessed using the Durbin—
Watson statistic. Data analysis was done using SAS 9.4%
(SAS Institute Inc., Cary, NC, USA).

Approval for this study was obtained from the University
of Manitoba’s Health Research Ethics Board and Manitoba
Health’s Health Information Privacy Committee.

Results

Between April 1,2001 and March 31, 2014, there were 49,063
prescriptions for 442,641 DDDs of oral meperidine dispensed
to 9,374 distinct users. The numbers of users and prescrip-
tions changed over time, slightly increasing or plateauing
over the first several years before beginning a marked and
steady descent starting around 2005 at the time of the ISMP
warnings (Figure 1).

The number of DDDs of meperidine dispensed per 1,000
persons in the population closely followed these trends, peak-
ing in the second quarter of 2003 at 11.75 DDDs/1,000 per-
sons, and then dropping to a low of 5.36 DDDs/1,000 persons
near the end of the study period (Figure 2). Before using
piecewise regression, we first examined the data of DDD per
1,000 persons using simple linear regression. The model fit
the data reasonably well, with a Pearson R? value of 0.85 and
150=288.7, P<0.001). A visual
examination of a preliminary locally weighted scatter-plot

was statistically significant (F

smoother plot revealed an apparent breakpoint in the overall
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Figure | Meperidine utilization per quarter year in Manitoba.

trend, with a change from a gradual increase or constant  for the first segment was <0.31 (0.3087, P=0.011), lower
value to a steady downward slope. Using an initial breakpoint  than the single-line model, while the second segment was a
estimate of January 2005, we applied linear regressionto our  better fit, with R>=0.9961 (P<<0.0001).

data in the pre- and post-breakpoint intervals independently. The piecewise regression model revealed a significant
Both regression models were statistically significant; the R>  breakpoint in the last quarter of 2004. The piecewise model
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Figure 2 Piecewise regression on DDDs per 1,000 persons per quarter.
Abbreviations: DDDs, defined daily doses; Cl, confidence interval.
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was a better fit to the data than our initial single linear regres-
N 48)=337.00, P<0.0001 compared to F(h 50)=288.7,
P<0.001). The slope of the initial segment was positive,
increasing at 0.28 DDDs/1,000/year, and switched to a
negative (decreasing) slope at a rate of —0.71 DDDs/1,000/

sion (F

year (Figure 2).

Due to the common problem of serial autocorrelation
with time series data, this was examined in our data, and
a significant correlation between adjacent error terms was
found (Durbin—Watson =0.338, P<<0.0001). However, after
adjusting for autocorrelation in the data, the means square
error of our model only changed marginally, from 0.220 to
0.219, a change of <0.8%. Therefore, it was concluded that
the effect of correlated errors was marginal.

Intensity of use was measured using the number of DDDs
per prescription, and per user, summarized by fiscal quarters
(Figure 3). Overall, the mean number of DDDs per prescrip-
tion was 9.02 (95% CI 8.94, 9.11). The number of DDDs
per prescription rose steadily over the study period, starting
at a mean of 7.41 DDDs/prescription (95% CI1 7.01, 7.81) in
the second quarter of 2001, rising to 11.98 (95% CI 10.74,
13.23) in the first quarter of 2014, an increase of 4.57 DDDs/
prescription. The results of linear regression on the quarterly
means revealed a strong linear trend, with an increase of 0.34

DDDs/prescription/year (F ( =434, P<0.0001, R*>=0.89).

1,50)

This increase in meperidine per prescription was also
reflected in an increase in the amount of meperidine used
per person. Overall mean intensity of meperidine use per
person was 18.17 DDDs/user/quarter (95% CI 17.80, 18.54).
Intensity changed significantly across the 13 years of our
data. The trend in DDDs per user closely followed the trend
of DDD per prescription. The rate of DDD per user started
at 13.31 DDDs/user/year (95% CI 11.59, 15.03) and rose to
28.07 DDDs/user/year (95% CI 22.15, 33.98). The results
of linear regression on quarterly mean values revealed a
strong linear trend, with an increase of 1.17 DDDs/user/year
(F, 5,=653.5, P<0.0001, R*=0.93) (Figure 3).
Discussion
Given the well-established limitations and safety concerns
associated with meperidine, it is reassuring that there has
been a dramatic decline in its use. Piecewise regression
analysis revealed a breakpoint in the last quarter of 2004.
This time corresponds well to the ISMP warnings released
in Canada in August 2004.¢ Likewise, the parallel decline in
the number of prescriptions for meperidine and the number
of users of meperidine is reassuring. It appears evident that
voluntary warnings have been heeded by prescribers and
the remaining use of meperidine is limited. These generally
downward trends in the overall amount of meperidine use

DDD per user per quarter

04

F12.5
~10.0
c
2
=
[}
F75 &
(%]
n
[
S
Qo
1
[
F5.0 <«
o
(=]
(=]
-2.5
0.0

T T T T T T T

DD D D Y D D DD D D D D 2
007 009 000 007 006‘ 00@ 00) 00(9 00@ 070 077 0’6’ O{P o,

T T T T T T T

7

Year

per user

per prescription |

Figure 3 Meperidine DDDs per user and per prescription by quarter year.
Abbreviation: DDDs, defined daily doses.
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are in sharp contrast to the changes in the intensity of use
per individual user.

DDDs per prescription and DDDs per user per quar-
ter increased linearly throughout the study period. This
is concerning and indicates that the remaining users
of meperidine are receiving it in high amounts. Safety
warnings make it clear that extended use of meperidine
is inappropriate and use should be limited to <48 hours.°
Both DDD per prescription and DDD per user per quarter
indicate that the remaining patients are receiving therapy
that exceeds the two to three DDDs that would be con-
sidered appropriate (Figure 3). The increasing DDDs per
prescription and per user represent aggregate average
values and may not necessarily reflect new or emerging
questionable practice. Rather, as responsive prescribers
heed the safety warnings, the remaining use may reveal
the patterns of prescribing among prescribers who do not
respond to safety warnings.

Fischer et al reviewed opioid analgesic in Canada from
2005 to 2010 using data from selected retail pharmacies.
They found meperidine use ranging for 9-81 DDDs/1,000
population/quarter. Use was declining in most but not all
provinces in Canada. Manitoba showed among the lowest
rate of meperidine use (8 DDDs/1,000 population/quarter) in
this cross-Canada survey. Opioid management policies vary
across Canada. Manitoba has an electronic networked system
that allows all pharmacies to review all prescriptions filled at
any pharmacy in the province. Meperidine is covered under
the province’s Multiple Prescription Program which requires
that prescriptions be written on a designated prescription with
a copy retained by the prescriber. These systems may be a
factor in the lower rate of opioid use generally and meperidine
specifically in Manitoba.

In 2010, the highest rates of use were in the provinces
of Newfoundland (87 DDDs/1,000 population/quarter) and
Nova Scotia (23 DDDs/1,000 population /quarter) or a rate
three to eleven times higher than in Manitoba.'* In 2007 in
Nova Scotia, an effort was made to reduce meperidine use
with audit and feedback techniques to educate the small
number of prescribers who prescribed the highest amounts
of meperidine.!" This study made use of Nova Scotia
Prescription Monitoring Data that records all prescriptions
for controlled drugs filled in community pharmacies from
2005 to 2010. While a decline was already evident, there
was some evidence that the decline of meperidine use was
enhanced by this low-cost medication intervention.

There are a number of strengths of this study. It makes use
of full population data and captures essentially all meperidine

use in the community instead of relying on extrapolation of
partial information as done in some past studies.'? The study
also considers the period of time before and after the 2005—
2010 period considered in other Canadian studies.''? This
allows examination of the period prior to the ISMP Canada
warnings, so the impact of the warnings can be examined,
as well as after 2010 to see if the decline in meperidine has
been sustained.

There are also limitations to the study. Information on
hospital meperidine was not available and has not been
considered in the study. It is however known that hospitals
have been very active in reducing meperidine use in the
institutional setting.®'® Our study only examined the filling
of meperidine prescriptions which is only a surrogate for
actual usage which cannot be assessed directly using admin-
istrative data.'® In the rare case of allergy to other opioids,
meperidine may be an appropriate medication choice for
short-term use, but no data on opioid allergy was available.
Lastly, this observational study provides evidence that the
ISMP warning coincides with the decline in meperidine use,
but we cannot rule out that other factors may have contributed
to this decline. The widespread reporting of meperidine’s
safety, the activity to restrict hospital meperidine use, and
the availability of numerous safer opioid products have all
likely contributed to the decline in meperidine use.

In conclusion, following the ISMP warnings, meperidine
use in Manitoba dramatically declined. Unfortunately, the
remaining users of meperidine are using more meperidine
and receiving more meperidine in each prescription. This
may be due to a form of depletion of susceptibles, where
those prescribers who respond to safety warnings stop using
meperidine. This leaves mainly prescribers who are unaware
or not concerned with meperidine’s safety, who continue to
prescribe at well above recommended levels. This pattern
of results suggests that voluntary safety warnings may have
an important impact on appropriate opioid prescribing but
may have limits in their effectiveness. Some prescribers and
users may not respond to these voluntary safety warnings.
A directed educational approach targeted at the remaining
prescribers may be effective,'' but consideration could also
be given to other policy levers. There are well-established
processes to add medications to insurance coverage, but in
many jurisdictions, the process to reverse or de-adopt prod-
ucts is much less established.!*!* As the safety problems of
meperidine have been well established, perhaps it is time
to de-adopt meperidine and remove it from coverage under
government and private medication insurance programs to
provide added incentive to make better mediation choices.
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