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Hypothesis: The unique toxic and adverse effects of me-
peridine hydrochloride have prompted a number of ex-
pert panels convened by national health care policy or-
ganizations to recommend that meperidine not be used
in older patients. We hypothesized that the prescription
of meperidine was less likely to reflect these recommen-
dations in older surgical patients than in older medical
patients. The current study examined the use of meperi-
dine in 2 urban hospitals as 1 quality indicator of the care
of older adults, measuring the prevalence of its use and
characteristics of the patients to whom it is adminis-
tered.

Design: Retrospective analysis.

Setting: Two urban hospitals: a large private tertiary care
teaching hospital and a smaller academically affiliated Vet-
erans Affairs medical center.

Patients: Patients 65 years or older and hospitalized on
medical and surgical services between February 19, 2001,
and February 14, 2003.

MainOutcomeMeasures: Patient demographics, medi-
cation administration, and department of admitting phy-
sician.

Results: Meperidine was administered to approximately
1 in 8 older surgical patients at both institutions. Surgical
patients were more likely than medical patients to receive
a dose of meperidine (hospital A, 12.2% vs 4.3%, P�.001;
hospitalB,12.9%vs1.9%, P�.001).Of thoseadministered
meperidine,surgicalpatientswerealsomorelikelythanmedi-
cal patients to receive multiple doses (hospital A, 86.0% vs
65.5%, P=.045; hospital B, 73.8% vs 48.4%, P=.02).

Conclusions:Contrary tonational recommendations,me-
peridinecontinues tobeadministered tomanyhospitalized
olderadults,particularly thoseonsurgical services. Several
alternatives to meperidine exist that provide equal or bet-
terpainreliefwith fewer toxiceffects.Hospitals and, inpar-
ticular, departments of surgery should address this cause
of preventable morbidity in this vulnerable population.
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T HE UNIQUE TOXIC AND AD-
verse effects of meperidine
hydrochlor ide 1 have
prompted a number of ex-
pert panels convened by na-

tional health care policy organizations to
declare meperidine an inappropriate medi-
cation in the elderly population.2-5 Among
the opioids, meperidine has uniquely been
shown to be less likely to achieve pain con-
trol and more likely to produce delirium
(Table1). Additionally, its major metabo-
lite, normeperidine, is associated in a dose-
dependent manner with twitches, myoc-
lonus, and seizures.13,20 Normeperidine is
renally excreted and accumulates in those
with renal insufficiency, including many
older adults who have a normal serum cre-
atinine level. In contrast to other opioid ad-
verse effects, the neurologic excitation from
normeperidine is not reversible and may be
enhanced with naloxone hydrochloride.21

For more than a decade now, the Beers
criteria, a consensus-based list of drugs to
avoid in the elderly, has designated me-

peridine an inappropriate medication in
patients 65 years and older.5,22 The Ameri-
can College of Surgeons23 describes me-
peridine as a suboptimal analgesic and spe-
cifically cautions against its use in the
elderly. Major national health care orga-
nizations such as the Centers for Medi-
care and Medicaid Services,5 Joint Com-
mission on Accreditation of Healthcare
Organizations,3 and Agency for Health

Care Policy and Research (now the Agency
for Health Care Research and Quality)2 dis-
courage the use of meperidine in older pa-
tients. Use of meperidine in persons 75
years or older requiring analgesia is con-
sidered an indicator of poor care by the As-
sessing Care of Vulnerable Elderly project,
a RAND initiative that developed an evi-
dence-based set of 236 quality-of-care pro-
cess indicators to evaluate the care pro-
vided to vulnerable elders.4 The Joint
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Commission on Accreditation of Healthcare Organiza-
tions recently adopted this indicator and extended it to
postoperative patients 65 years or older who meet the cri-
teria for “vulnerable elderly.”3

This study examines the current use of meperidine in
2 urban hospitals as 1 quality indicator of the care of older
adults, measuring the prevalence of its use and charac-
teristics of the patients to whom it is administered.

METHODS

Meperidine use in medical and/or surgical inpatients was mea-
sured at 2 hospitals, one a large private tertiary care teaching
hospital (hospital A), the other a smaller academically affili-
ated Veterans Affairs medical center (hospital B). The attend-
ing staffs of the 2 hospitals have little overlap in medicine, but
all hospital B attending surgeons also attend at hospital A. Medi-

Table 1. Trials Comparing Meperidine With Other Analgesic Medications

Source Study Design Drugs Compared Study Population No. Outcome

Efficacy: Pain Control
Plummer et al6 DB, RCT Meperidine

hydrochloride,
morphine sulfate

Postoperative patients with
major abdominal surgery

102 Patients using meperidine PCA had more
pain on sitting and experienced more
confusion, hallucination, and dry
mouth

Tarradell et al7 DB, RCT Meperidine, tramadol
hydrochloride

Postoperative patients with
total hip or knee
replacement

48 Patients receiving meperidine had more
sedation and respiratory depression

Jasani et al8 DB, RCT Meperidine,
hydromorphone
hydrochloride

Patients with ureteral colic
in emergency department

73 Patients receiving meperidine achieved
less pain relief, required more rescue
medication, and were admitted to
hospital more frequently

Pellegrini et al9 Chart review Meperidine Nonobstetric inpatients 157 Many patients primarily prescribed
meperidine for analgesia had
inadequate pain control and there
was increased incidence of confusion
in elderly

Adverse Events: Delirium/CNS
Adunsky et al10 Retrospective cohort Meperidine, morphine Consecutive orthogeriatric

ward patients with
hip fracture

181 Exposure to meperidine was significantly
and independently associated with
delirium

Marcantonio et al11 Nested case-control
within prospective
cohort study

Meperidine, other
opioids,
benzodiazepines,
anticholinergics

Postoperative general,
orthopedic, and
gynecologic patients

245 Delirium was significantly associated with
administration of meperidine

Morrison et al12 Prospective cohort Meperidine, morphine Patients with hip fracture 541 Patients receiving meperidine were at
increased risk of developing delirium

Adverse Events: Seizure/Myoclonus
Kaiko et al13 2 Prospective cohort

studies
Meperidine Postoperative patients

with cancer
143 Excitatory effects from twitching to

seizures were correlated with
accumulation of normeperidine;
repeated administration of meperidine
was associated with adverse changes
in mood

Adverse Events: Biliary Colic*
Radnay et al14 RCT Meperidine, morphine Postoperative patients with

cholecystectomy
40 Meperidine raised common bile duct

pressure more than morphine
Thune et al15 RCT Meperidine, morphine Patients undergoing elective

cholecystectomy
36 Intraoperative manometry showed no

statistically significant change in SO
basal pressure or amplitude between
meperidine and morphine; phasic wave
frequency increased with morphine
and decreased with meperidine

Adverse Events: Nausea/Vomiting
Ezri et al16 DB, RCT Meperidine, morphine Postoperative patients with

elective gynecologic
surgery

200 Patients receiving meperidine had
significantly higher rates of vomiting

Cepeda et al17 Retrospective cohort Meperidine, fentanyl
citrate, morphine

Inpatients with normal renal
function at 35
Philadelphia-area hospitals

8855 During short-term use (�48 h),
meperidine caused less nausea and
vomiting than fentanyl or morphine

Abbreviations: CNS, central nervous system; DB, double-blind; PCA, patient-controlled analgesia; RCT, randomized controlled trial; SO, sphincter of Oddi.
*Using endoscopic retrograde cholangiopancreatography, 2 more recent studies evaluated meperidine alone (Elta and Barnett,18 N = 18; Sherman et al,19 N = 47).

Both studies documented significant increases in SO phasic wave frequency and no change in basal pressure with meperidine. The study by Sherman et al did show a
small but significant decrease in duration of contraction.
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cal and surgical house staff from hospital A rotate through hos-
pital B, but hospital B also has its own internal medicine resi-
dency program.

At hospital A we took advantage of data that had already
been collected for a prospective study evaluating pain manage-
ment interventions. Subjects were selected on the basis of a 25%
random sample of patients admitted between February 19, 2001,
and February 14, 2003, to 9 medical and/or surgical units that
were considered representative of the institution as a whole.
Patients were excluded if they had evidence of significant cog-
nitive impairment (determined by either the screening inter-
view or the medical record), or if they met the Confusion As-
sessment Method criteria for delirium.24 At hospital B, all medical
and surgical patients admitted for acute care during the fore-
going dates were included in the data analysis, regardless of cog-
nitive function. In addition, International Classification of Dis-
eases, Ninth Revision (ICD-9) codes were accessed from this
database to determine whether the patient had a diagnosis that
indicated memory-related problems. At both sites, all patients
were 65 years or older and hospitalized between February 19,
2001, and February 14, 2003.

During the last 6 months of the study, physicians at hospi-
tal A had access to a passive clinical decision support system
consisting of “pain management help” and an “opiate titration
calculator” that was linked to the computerized medication or-
dering system. Whenever an opioid was selected, the next screen
presented the prescribing physician with specific opioid doses
as well as the option of using the decision support system. The
physician could choose to order a specific opioid dose with-
out triggering the decision support system, and the screen did
not prompt use of the system when meperidine was the opioid
ordered. A hospitalwide education effort encouraged nurses and
physicians to avoid meperidine use. No attempt was made to
change meperidine prescribing patterns at hospital B.

Medical records were abstracted for date of birth, sex, date
of admission, discharge date, and department of admitting
physician. Data on medications administered during the hos-
pitalization were obtained from the hospital pharmacy data-
base and included dose, route of administration, and date and
time administered. Medications administered in the emer-
gency department were not included in the database. If a pa-
tient had more than 1 inpatient admission during this period,
data from only the first hospitalization were included. The
number of times meperidine was administered was measured,
since the risk of normeperidine accumulation increases with
repeated dosing.

Data were analyzed with SPSS 11.0 statistical software (SPSS
Inc, Chicago, Ill), and logistic regression was used to investi-
gate the relationships among meperidine prescription and sex,
length of stay, age, and whether the admission was to a medi-
cal or surgical attending physician.

RESULTS

The median age of study patients was 74 years at hospital
A and 75 years at hospital B (Table2). As expected, most
patients at hospital B were male. Surgical admissions ac-
counted for 41.3% of study patients at hospital A and 22.4%
at hospital B. At hospital A, 4.9% of patients were found
to have a history of dementia by medical record review or
screening interview. At hospital B, 7.4% of patients car-
ried a diagnosis of dementia based on International Clas-
sification of Diseases, Ninth Revision codes.

Meperidine was prescribed to 7.6% and 4.3% of all
study patients at hospital A and hospital B, respectively
(Table 3). All doses were parenteral. The number of
doses administered was similar at both sites. Among the
elderly patients receiving meperidine, about half re-
ceived 1 or 2 doses and half received 3 or more. About
one third of patients (28.7% at hospital A and 38.0% at
hospital B) received 5 or more meperidine doses. There
was no significant difference in meperidine prescribing
at hospital A after implementation of the clinical sup-
port decision system in the computerized medicine or-
dering program (data not shown).

At both institutions, surgical patients were more likely
than medical patients to receive meperidine (hospital A,
12.2% vs 4.3%, P�.001; hospital B, 12.9% vs 1.9%,
P�.001). Of those administered meperidine, surgical pa-
tients were also more likely than medical patients to re-
ceive multiple doses (hospital A, 86.0% vs 65.5%, P=.045;
hospital B, 73.8% vs 48.4%, P=.02). Both general and spe-
cialist surgeons (mainly orthopedists, otolaryngolo-
gists, and urologists) used meperidine considerably more
often than nonsurgeons (ie, internists and neurologists)
(Figure). Of all patients who received 3 or more doses
of an opioid at hospital A (N=240), meperidine was twice
as likely to be the opioid prescribed if the patient was on
a surgical service rather than a medical service (18.8%
vs 8.9%; P=.03).

After adjusting for length of stay, age, and sex, surgi-
cal patients at both institutions were still more likely than
medical patients to receive meperidine (hospital A: odds
ratio, 3.58; 95% confidence interval, 2.12-6.02; hospital
B: odds ratio, 7.40; 95% confidence interval, 4.64-
11.80) as well as multiple doses of meperidine (Table4).

Table 2. Patient Characteristics

Hospital A Hospital B

No. of subjects 1144 2117
Median age, y (interquartile range) 74 (69-80) 75 (70-80)
Sex, % male 44.9 98.7
Length of stay, mean ± SD, d 7.37 ± 11.1 9.18 ± 13.6
Surgical admissions, % 41.3 22.4
Possible dementia, %* 4.9 7.4

*At hospital A, possible dementia was determined by self-reported
memory problems during the screening interview or based on medical
record abstraction. At hospital B, it was determined on the basis of
International Classification of Diseases, Ninth Revision coding.

Table 3. Meperidine* Use

No. (%) of Patients

Hospital A
(n = 1144)

Hospital B
(n = 2117)

Overall prevalence 87 (7.6) 92 (4.3)†
Prevalence on surgical service 58/471 (12.2) 61/474 (12.9)
Prevalence on medical service 29/673 (4.3) 31/1643 (1.9)
No. of doses received

1-2 44 (51) 44 (48)
3-4 18 (21) 13 (14)
�5 25 (29) 35 (38)

*Given as meperidine hydrochloride.
†P�.001.
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There were no statistically significant relationships be-
tween administration of meperidine and age, dementia,
sex, or race.

COMMENT

This study found that, contrary to national recommenda-
tions, meperidine continues to be administered to hospi-
talized older adults. At both institutions, parenteral me-
peridine was administered to approximately 1 in 8 older
surgical patients. The difference in meperidine prescrib-
ing at the 2 hospitals (7.6% vs 4.3%) can be almost en-
tirely explained by the lower surgical admission rate at hos-
pital B. Surgical patients were more likely to receive the
drug in both single and multiple doses. At hospital A, the
odds were about 4 times greater, and at hospital B, almost
8 times greater that meperidine would be administered to
a surgical than to a medical patient. Of patients who re-
ceived 3 or more doses of an opioid, and were therefore
at greater risk of accumulating the toxic metabolite nor-
meperidine, meperidine was twice as likely to be the opi-
oid prescribed when patients were on a surgical service
than when on a medical service. Both admission to a sur-
gical attending physician and length of stay were inde-
pendent predictors of receiving meperidine at both insti-
tutions. From these data it is not possible to say whether
the increasing length of stay was secondary to meperi-
dine use. However, several other studies have found a sig-
nificant increase in length of stay associated with meperi-
dine-induced adverse drug reactions.25-27

The percentage of patients who received meperidine on
surgical services at both institutions was nearly identical
and quite considerable (12.2% and 12.9%). The lower over-
all prevalence of meperidine use at hospital B, 4.3%, is most
likely because of the fewer patients on a surgical service
at this hospital. If patients at hospital B were admitted to

surgical and nonsurgical units in proportions similar to
those at hospital A, the use of meperidine at hospital B
would climb to 6.5%, close to the 7.6% at hospital A.

The unique harms of meperidine are well docu-
mented, particularly in patients receiving large doses of
meperidine through patient-controlled analgesia,26,28,29 as
treatment for cancer pain,13 or in those with renal insuf-
ficiency.13,20 A recent case series26 examining outcomes
of meperidine hydrochloride use in 141 high-risk pa-
tients (defined as those with impaired renal function, re-
ceiving dosages exceeding 200 mg/d for multiple days,
or those receiving the medication by patient-controlled
analgesia) documented adverse drug reactions in 14%,
with older patients being particularly vulnerable. The ad-
verse drug reactions included confusion, anxiety, trem-
ors, and seizures.

On the basis of these data, several national health care
policy organizations have recommended that meperidine
not be used in older patients, and that its use in this popu-
lation be considered an indicator of poor-quality care. For
this reason, meperidine use was measured as a quality-of-
care process indicator in this study, and actual adverse out-
comes were not determined. Process quality indicators can
be used as a guide to monitor and improve services pro-
vided. They do not assume a tight correlation between the
indicator (here, use of meperidine) and poor patient out-
comes, but they also consider the relative risks and ben-
efits to patients, particularly when, as with meperidine,
there are feasible alternatives with equal or better efficacy
and fewer toxic effects. Recently, the use of such process
indicators has been advocated in the surgical setting be-
cause they are “generally actionable and link directly to
quality improvement activities.”30

The reason for the continuing popularity of meperi-
dine, particularly among surgeons, remains unclear. His-
torically, meperidine has been promoted as the “opioid
of choice” in patients with biliary and pancreatic pathol-
ogy because of the belief that it is the only opioid that
does not increase sphincter of Oddi pressures. Even if
this were true, however, biliary and pancreatic surgery
account for less than 4% of all surgical procedures per-
formed nationally on patients 65 years or older,31 mak-
ing it unlikely that this is the major indication for its high
use in surgical patients. Recent studies using both en-
doscopic retrograde cholangiopancreatography and

Table 4. Logistic Regression Analysis of Variables
Related to Meperidine* Administration

Hospital A Hospital B

Odds Ratio
(95% CI)

P
Value

Odds Ratio
(95% CI)

P
Value

Increased age 0.97 (0.93-1.01) .09 0.96 (0.93-1.00) .03
Sex† 0.99 (0.62-1.59) .98 0.94 (0.13-7.08) .95
Length of stay 1.05 (1.03-1.07) �.001 1.04 (1.03-1.05) �.001
Surgical admission‡ 3.58 (2.12-6.02) �.001 7.40 (4.64-11.80) �.001

Abbreviation: CI, confidence interval.
*Given as meperidine hydrochloride.
†Excluded category is female.
‡Excluded category is admission to medical service.
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sphincter of Oddi manometry have demonstrated that all
opioids, including meperidine, interfere with peristalsis
and increase sphincter of Oddi pressure.32 No studies have
directly compared clinical outcomes with meperidine and
other opioids in patients with biliary colic or pancreati-
tis. For this reason, a recent review32 suggests that it is
time for a randomized controlled trial to compare me-
peridine and morphine sulfate in this population. De-
spite the lack of evidence supporting the use of meperi-
dine for biliary and pancreatic disease, many of the most
popular student teaching texts continue to teach the next
generation of physicians and surgeons that meperidine
is the preferred agent in such circumstances.33,34

There are scant current published data about the na-
tional use of meperidine in older hospitalized patients.
In 1995 and 1997, 11% and 12%, respectively, of all pa-
tients admitted to the University of Wisconsin Hospital,
Madison, were prescribed meperidine.35 Titler and col-
leagues36 found that in 709 patients hospitalized for hip
fracture in 1999 (mean age, 83.3 years) in 12 hospitals,
meperidine accounted for almost one third of the opi-
oids administered within the first 72 hours of hospital-
ization and that more than 56.8% received at least 1 dose
of meperidine during that time. Data from a 2003 study
of inpatients at 35 hospitals in the Philadelphia, Pa, area
showed that meperidine was prescribed to nearly 3 times
as many patients as morphine and nearly 12 times as many
as fentanyl citrate.17

Meperidine has unique interactions, toxic effects, and
adverse drug effects that set it apart as an especially un-
safe medication in older patients (Table 1). Its major me-
tabolite, normeperidine, is a cerebral irritant that can cause
effects ranging from dysphoria and irritable mood to con-
vulsions.13,20 Normeperidine is produced by cytochrome
P-450 IID6 in the liver and is half as potent as the parent
drug as an analgesic but 2 to 3 times more potent as a pro-
convulsant.37,38 Its long active half-life, more than 3 times
that of meperidine itself, and the fact that it is renally ex-
creted results in a greater than expected steady-state con-
centration of normeperidine in many older patients,39 par-
ticularly those who receive multiple doses or have renal
insufficiency, which is present in more than half of older
adults.40 Serum creatinine level has been shown to be a
very inadequate marker of glomerular filtration rate in this
population.39 Also potentially at high risk are patients tak-
ing substances that induce hepatic microsomal enzymes,
such as phenytoin, phenobarbital, and chlorpropamide,
creating higher levels of normeperidine.40-44 Normeperi-
dine toxic effects have been observed even in young, oth-
erwise healthy patients given sufficiently high doses of me-
peridine postoperatively.45 The Agency for Health Care
Policy and Research guidelines recommend that, regard-
less of age, meperidine be used only for very brief courses
in otherwise healthy patients who have demonstrated an
unusual reaction (eg, local histamine release at the infu-
sion site) or an allergic response during treatment with
other opioids such as morphine or hydromorphone hy-
drochloride.2 However, as this study and others show, en-
thusiasm for the widespread use of meperidine continues
in the inpatient setting.

Strengths of this study include the large number (3261)
of older patients, the recency of the data, and the collec-

tion of data on medications actually administered, not
just ordered. A weakness is that the staff at the 2 insti-
tutions studied were not mutually exclusive. Some of the
medical house staff and many of the surgical staff over-
lapped, although there was no overlap of medicine at-
tending physicians. In addition, the methods of data col-
lection differed between the 2 sites. Specifically, subjects
with significant cognitive impairment were excluded from
the sample in hospital A. Nevertheless, the overall rate
of dementia in the 2 populations appeared quite similar.

Decreasing meperidine use could reduce preventable
morbidity and possibly length of stay in older hospital-
ized adults.25 To achieve this goal, education is clearly
needed; however, education alone rarely changes the be-
havior of medical providers.46 The best method to im-
prove physician compliance with evidence-based best prac-
tices is still unknown.47 However, a meta-analysis of
intervention studies suggests that the most effective method
is the use of active reminders to clinicians at the point of
patient care delivery.48 There is also some role for con-
tinuing education to change prescription practices. One
controlled study found that individual and group educa-
tion was both practical and effective in reducing the use
of potentially dangerous medications in the elderly.49

System-based measures or active decision support sys-
tems are also likely to be successful at changing prescrib-
ing practices. Some hospitals, for instance, have re-
stricted the use of meperidine to specific indications such
as prevention of amphotericin B or postoperative rig-
ors.35,50,51 Meperidine prescription to older inpatients could
also be reduced by making this the target of a depart-
mental quality improvement project. The clinical deci-
sion support system that hospital A implemented, de-
scribed in the “Methods” section, was likely too passive
an intervention to be effective at changing physician be-
havior, as orders for meperidine could be entered with-
out reviewing the content of the educational screens. How-
ever, a novel quality-improvement initiative at the
University of Wisconsin, Madison, was able to success-
fully reduce the use of meperidine 5-fold, from 11% to
2%.35 Implementing such a project within a department
of surgery could also be used to demonstrate that resi-
dents are participating in system-based learning, one of
the new required competencies of the Accreditation Coun-
cil for Graduate Medical Education.52

There are many hazards of hospitalization for older
adults that are hard to prevent.53 Meperidine-induced mor-
bidity does not need to be one of them. Several alterna-
tives to meperidine exist that provide equal or better pain
relief with fewer toxic effects. Hospitals and, in particu-
lar, departments of surgery should address this cause of
preventable morbidity to improve the quality of care for
this vulnerable population.

Accepted for Publication: April 20, 2005.
Correspondence: Rosanne M. Leipzig, MD, PhD, De-
partment of Geriatrics, Mount Sinai School of Medi-
cine, 1 Gustave L. Levy Pl, Box 1070, New York, NY 10029
(rosanne.leipzig@mssm.edu).
Author Contributions: Dr Leipzig had full access to all of
the data in the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data analysis.

(REPRINTED) ARCH SURG/ VOL 141, JAN 2006 WWW.ARCHSURG.COM
80

©2006 American Medical Association. All rights reserved.
 on November 22, 2008 www.archsurg.comDownloaded from 

http://www.archsurg.com


Funding/Support: Dr Kornitzer was supported by a Clini-
cal Research Fellowship from the Doris Duke Chari-
table Foundation, New York, NY, during the year that
he did this work.
Acknowledgment: We thank Cornelia Dellenbaugh, MPH,
for major statistical support.

REFERENCES

1. Latta KS, Ginsberg B, Barkin RL. Meperidine: a critical review. Am J Ther. 2002;
9:53-68.

2. Clinical Practice Guideline Number 1: Acute Pain Management: Operative or Medi-
cal Procedures and Trauma. Clinical Practice Guideline. Rockville, Md: Agency
for Health Care Policy and Research, US Dept of Health and Human Services;
1992. AHCPR publication 92-0032.

3. Joint Commission on Accreditation of Healthcare Organizations. Improving the
Quality of Pain Management Through Measurement and Action. Oakbrook Ter-
race, Ill: Joint Commission Resources; 2003.

4. Chodosh J, Ferrell BA, Shekelle PG, Wenger NS. Quality indicators for pain man-
agement in vulnerable elders. Ann Intern Med. 2001;135:731-735.

5. Fick DM, Cooper JW, Wade WE, Waller JL, Maclean JR, Beers MH. Updating the
Beers criteria for potentially inappropriate medication use in older adults: re-
sults of a US consensus panel of experts. Arch Intern Med. 2003;163:2716-
2724.

6. Plummer JL, Owen H, Ilsley AH, Inglis S. Morphine patient-controlled analgesia
is superior to meperidine patient-controlled analgesia for postoperative pain. Anesth
Analg. 1997;84:794-799.

7. Tarradell R, Pol O, Farre M, Barrera E, Puig MM. Respiratory and analgesic ef-
fects of meperidine and tramadol in patients undergoing orthopedic surgery. Meth-
ods Find Exp Clin Pharmacol. 1996;18:211-218.

8. Jasani NB, O’Conner RE, Bouzoukis JK. Comparison of hydromorphone and me-
peridine for ureteral colic. Acad Emerg Med. 1994;1:539-543.

9. Pellegrini JE, Paice J, Faut-Callahan M. Meperidine utilization and compliance
with agency for health care policy and research guidelines in a tertiary care hospital.
CRNA. 1999;10:174-180.

10. Adunsky A, Levy R, Heim M, Mizrahi E, Arad M. Meperidine analgesia and de-
lirium in aged hip fracture patients. Arch Gerontol Geriatr. 2002;35:253-259.

11. Marcantonio ER, Juarez G, Goldman L, et al. The relationship of postoperative
delirium with psychoactive medications. JAMA. 1994;272:1518-1522.

12. Morrison RS, Magaziner J, Gilbert M, et al. Relationship between pain and opi-
oid analgesics on the development of delirium following hip fracture. J Gerontol
A Biol Sci Med Sci. 2003;58:76-81.

13. Kaiko RF, Foley KM, Grabinski PY, et al. Central nervous system excitatory ef-
fects of meperidine in cancer patients. Ann Neurol. 1983;13:180-185.

14. Radnay PA, Brodman E, Mankikar D, Duncalf D. The effect of equi-analgesic doses
of fentanyl, morphine, meperidine and pentazocine on common bile duct pressure.
Anaesthesist. 1980;29:26-29.

15. Thune A, Baker RA, Saccone GT, Owen H, Toouli J. Differing effects of pethidine
and morphine on human sphincter of Oddi motility. Br J Surg. 1990;77:992-
995.

16. Ezri T, Lurie S, Stein A, Evron S, Geva D. Postoperative nausea and vomiting:
comparison of the effect of postoperative meperidine or morphine in gyneco-
logic surgery patients. J Clin Anesth. 2002;14:262-266.

17. Cepeda MS, Farrar JT, Baumgarten M, Boston R, Carr DB, Strom BL. Side ef-
fects of opioids during short-term administration: effect of age, gender, and race.
Clin Pharmacol Ther. 2003;74:102-112.

18. Elta GH, Barnett JL. Meperidine need not be proscribed during sphincter of Oddi
manometry. Gastrointest Endosc. 1994;40:7-9.

19. Sherman S, Gottlieb K, Uzer MF, et al. Effects of meperidine on the pancreatic
and biliary sphincter. Gastrointest Endosc. 1996;44:239-242.

20. Szeto HH, Inturrisi CE, Houde R, Saal S, Cheigh J, Reidenberg MM. Accumula-
tion of normeperidine, an active metabolite of meperidine, in patients with renal
failure of cancer. Ann Intern Med. 1977;86:738-741.

21. Umans JG, Inturrisi CE. Antinociceptive activity and toxicity of meperidine and
normeperidine in mice. J Pharmacol Exp Ther. 1982;223:203-206.

22. Beers MH, Ouslander JG, Rollingher I, Reuben DB, Brooks J, Beck JC. Explicit
criteria for determining inappropriate medication use in nursing home resi-
dents: UCLA Division of Geriatric Medicine. Arch Intern Med. 1991;151:1825-
1832.

23. Wilmore DW, Cheung LY, Harken AH, Holcroft JW, Meakins JL, Soper NJ, eds.
ACS Surgery: Principles and Practice. New York, NY: WebMD Corp; 2002.

24. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying
confusion: the Confusion Assessment Method: a new method for detection of
delirium. Ann Intern Med. 1990;113:941-948.

25. Vargas E, Terleira A, Hernando F, et al. Effect of adverse drug reactions on length
of stay in surgical intensive care units. Crit Care Med. 2003;31:694-698.

26. Seifert CF, Kennedy S. Meperidine is alive and well in the new millennium: evalu-
ation of meperidine usage patterns and frequency of adverse drug reactions.
Pharmacotherapy. 2004;24:776-783.

27. Lazarus HM, Fox J, Evans RS, et al. Adverse drug events in trauma patients.
J Trauma. 2003;54:337-343.

28. Hagmeyer KO, Mauro LS, Mauro VF. Meperidine-related seizures associated with
patient-controlled analgesia pumps. Ann Pharmacother. 1993;27:29-32.

29. Stone PA, Macintyre PE, Jarvis DA. Norpethidine toxicity and patient controlled
analgesia. Br J Anaesth. 1993;71:738-740.

30. Birkmeyer JD, Dimick JB, Birkmeyer NJ. Measuring the quality of surgical care:
structure, process, or outcomes? J Am Coll Surg. 2004;198:626-632.

31. Kozak LJ, Owings MF, Hall MJ. National Hospital Discharge Survey: 2001 an-
nual summary with detailed diagnosis and procedure data. Vital Health Stat 13.
2004;(156):1-198.

32. Thompson DR. Narcotic analgesic effects on the sphincter of Oddi: a review of
the data and therapeutic implications in treating pancreatitis. Am J Gastroenterol.
2001;96:1266-1272.

33. Blackbourne LH. Surgical Recall. 3rd ed. Philadelphia, Pa: Lippincott Williams &
Wilkins; 2002.

34. Tao L, Bhushan V, Amin C. First Aid for the Wards. 2nd ed. New York, NY:
McGraw-Hill; 2003.

35. Gordon DB, Jones HD, Goshman LM, Foley DK, Bland SE. A quality improve-
ment approach to reducing use of meperidine. Jt Comm J Qual Improv. 2000;
26:686-699.

36. Titler MG, Herr K, Schilling ML, et al. Acute pain treatment for older adults hos-
pitalized with hip fracture: current nursing practices and perceived barriers. Appl
Nurs Res. 2003;23:211-227.

37. Miller JW, Anderson HH. The effect of N-demethylation on certain pharmaco-
logic actions of morphine, codeine, and meperidine in the mouse. J Pharmacol
Exp Ther. 1954;112:191-196.

38. Deneau GA, Nakai K. Toxicity of meperidine in the monkey as influenced by its
rate of absorption. Bull Drug Addict Narc App. 1961;6:2460-2469.

39. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine.
Nephron. 1976;16:31-41.

40. Leipzig RM. Avoiding adverse drug effects in elderly patients. Cleve Clin J Med.
1998;65:470-478.

41. Pond SM, Kretschzmar KM. Effect of phenytoin on meperidine clearance and nor-
meperidine formation. Clin Pharmacol Ther. 1981;30:680-686.

42. Stambaugh JE, Hemphill DM, Wainer IW, Schwartz I. A potentially toxic drug
interaction between pethidine (meperidine) and phenobarbitone. Lancet. 1977;
1:398-399.

43. Stambaugh JE Jr, Wainer IW. Drug interaction: meperidine and chlorproma-
zine, a toxic combination. J Clin Pharmacol. 1981;21:140-146.

44. Danziger LH, Martin SJ, Blum RA. Central nervous system toxicity associated
with meperidine use in hepatic disease. Pharmacotherapy. 1994;14:235-238.

45. Goetting MG, Thirman MJ. Neurotoxicity of meperidine. Ann Emerg Med. 1985;
14:1007-1009.

46. Davis D, O’Brien MA, Freemantle N, Wolf FM, Mazmanian P, Taylor-Vaisey A.
Impact of formal continuing medical education: do conferences, workshops,
rounds, and other traditional continuing education activities change physician
behavior or health care outcomes? JAMA. 1999;282:867-874.

47. Davis D, Evans M, Jadad A, et al. The case for knowledge translation: shortening
the journey from evidence to effect. BMJ. 2003;327:33-35.

48. Solberg LI. Guideline implementation: what the literature doesn’t tell us. Jt Comm
J Qual Improv. 2000;26:525-537.

49. van Eijk ME, Avorn J, Porsius AJ, de Boer A. Reducing prescribing of highly an-
ticholinergic antidepressants for elderly people: randomised trial of group ver-
sus individual academic detailing. BMJ. 2001;322:654-657.

50. City of Hope/Beckman Research Institute. Meperidine-drug usage evaluation packet.
Available at: http://cityofhope.org/prc/pharm.asp. Accessed July 14, 2004.

51. Antonopolous J, Bollinger K, Goshman L. Guidelines for the use of meperidine.
University of Wisconsin Hospital and Clinics Center for Drug Policy and Clinical
Economics. Available at: http://www.aacpi.wisc.edu/wcpi/prof/mguide_03.htm.
Accessed July 14, 2004.

52. ACGME general competencies version 1.3. ACGME Outcome Project. Available
at: http://www.acgme.org/outcome/comp/compFull.asp. Accessed July 14, 2004.

53. Creditor MC. Hazards of hospitalization of the elderly. Ann Intern Med. 1993;118:
219-223.

(REPRINTED) ARCH SURG/ VOL 141, JAN 2006 WWW.ARCHSURG.COM
81

©2006 American Medical Association. All rights reserved.
 on November 22, 2008 www.archsurg.comDownloaded from 

http://www.archsurg.com

