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Abstract

Objective Thereis substantial evidence that the use of opioids
increases the risk of adverse outcomes such as delirium, but
whether this risk differs between the various opioids remains
controversial. In this systematic review, we evaluate and
discuss possible differences in the risk of delirium from the use
of various types of opioids in older patients.

Methods We performed a search in MEDLINE by com-
bining search terms on delirium and opioids. A specific
search filter for use in geriatric medicine was used. Quality
was scored according to the quality assessment for cohort
studies of the Dutch Cochrane Institute.

Results Six studies were included, all performed in surgi-
cal departments and all observational. No study was rated
high quality, one was rated moderate quality, and five were
rated low quality. Information about dose, route, and tim-
ing of administration of the opioid was frequently missing.
Pain and other important risk factors of delirium were often
not taken into account. Use of tramadol or meperidine was
associated with an increased risk of delirium, whereas the
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use of morphine, fentanyl, oxycodone, and codeine were
not, when compared with no opioid. Meperidine was also
associated with an increased risk of delirium compared
with other opioids, whereas tramadol was not. The risk of
delirium appeared to be lower with hydromorphone or
fentanyl, compared with other opioids. Numbers used for
comparisons were small.

Conclusion Some data suggest that meperidine may lead
to a higher perioperative risk for delirium; however, high-
quality studies that compare different opioids are lacking.
Further comparative research is needed.

Key Points

Opioids increase the risk of delirium in elderly
patients.

Although there are some indications that meperidine
and tramadol increase the risk of delirium, there are
no convincing data that the risk of delirium in elderly
patients is different for the various types of opioids.

The quality of existing research is limited; further
comparative research is needed with accurate
documentation of the timing and dose of opioids,
valid daily measurements to diagnose delirium, and
consideration of potential confounding factors for
developing delirium.

1 Introduction
Delirium is an acute confusional state and a serious neu-

ropsychiatric complication. It occurs specifically among
hospitalized vulnerable elderly patients who experience
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acute stressor factors, including infections, new medica-
tions, and/or environmental changes [1]. Ten to thirty
percent of patients admitted to hospital develop delirium
[2]. Delirium is associated with poor functional recovery
[3] and leads to increased morbidity, mortality, and
healthcare costs [4, 5]. Furthermore, this condition can also
be very stressful for the patient’s relatives.

It has been shown that patients with delirium have on
average 5.2 predisposing factors and 3.0 precipitating
factors [6]. A number of studies reveal medication,
specifically opioids, as a precipitating factor [4, 7, 8]. An
association was found between opioids and delirium in
patients admitted to an intensive care unit [4] and with the
use of opioids in general [8]. Pain is an important precip-
itating factor for delirium as well [9]. As opioids are fre-
quently used for pain control in elderly patients, both over-
and under-treatment may initiate delirium.

The etiology of delirium is usually multifactorial and
not completely understood. It is assumed that inflammation
plays an important role in the pathophysiology of delirium
[10]. Drug-induced delirium is thought to be the result of
overactivity of the dopaminergic system and underactivity
of the cholinergic system [10]. In particular, drugs with
more anticholinergic properties increase the risk of delir-
ium [11]. Furthermore, conditions such as renal failure and
inflammation may influence the metabolism and clearance
of drugs.

The risk of delirium may differ among the various
opioids as a result of their specific pharmacokinetic and
pharmacodynamic properties. For example, both meper-
idine and tramadol have metabolites with high anticholin-
ergic properties [12-14], whereas the 3-glucuronide
metabolites of both morphine and hydromorphone have
been implicated in neuroexcitation [15].

Delirium risk may thus be influenced by the choice of
type of opioid. To establish whether delirium risk differs
between the various opioids, we performed a systematic
review.

2 Methods

We performed a search in MEDLINE by combining search
terms from relevant Cochrane reviews on delirium and
opioids [1, 8, 16, 17]. The search was combined with a
specific geriatric search filter and covered a period from
1946 to December 2014 [18]. The search strategy is added
as supplemental data. We manually checked the reference
lists of obtained systematic reviews for eligible articles.
Selection was first performed on the title and abstract (LS)
and second on the full text (LS and BvM). Included were
studies written in English or Dutch, limited to randomized
controlled trials, prospective and retrospective cohort
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studies, and case-control studies in hospital, long-term, or
palliative care, with delirium as the outcome measure. All
types of opioids were included. Exclusion criteria were
mean age of the study population below 60 years and
opioid-dependent populations. Studies in which a morphine
equivalent was used to describe the total dose of multiple
or unknown types of opioids or in which the effect of
opioids combined with other medications was analyzed
(acetaminophen excepted) were excluded. The critical
appraisal was performed by two authors (LS and VvdZ)
independently by using the quality assessment for cohort
studies from the Dutch Cochrane Institute [19]. The final
assessment of the quality was reached through discussion.
Each study was scored as high, moderate, or low quality.
We extracted data on the study population, definition and
incidence of delirium, opioid type, route of administration,
dose, and timing. The odds ratio (OR), hazard ratio, or
relative risk with 95% confidence interval (CI) of each
opioid for delirium were collected as the outcome measure.
We intended to pool data, depending on the heterogeneity
of the studies.

3 Results

The primary search resulted in 966 articles; 924 were
excluded based on the title and abstract (Fig. 1). After
reading the full text of the remaining 42 articles and
checking reference lists from relevant systematic reviews
[8, 12], six studies were included [7, 9, 20-23]. Excluded
studies discussed the effects of opioids in general, reported
different types of opioids as morphine equivalents, used

Articles excluded
(n=924)

Articles screened
(n=966)

l

Full-text articles assessed for
eligibility >
(n=42)

Full-text articles excluded,
with reasons
n=37)

2 review articles
6 no original data
18 no delirium
12 no elderly
6 no opioids
4 other research question
7 others

Checking reference lists
< included

(n=1)

y

Articles included in review
(n=06)

Fig. 1 Flow chart
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cognitive decline (without further specification) as the
outcome measure, or reported a mean age of the study
population below 60 years. The six included studies
investigated eight different opioids: morphine, meperidine,
fentanyl, tramadol, oxycodone, codeine, hydromorphone,
and hydrocodone.

No study was rated as high quality, one study as mod-
erate quality [9], and five studies were rated as low quality
[7, 20-23]. Critical information was often missing, for
example, dose, route and timing of administration of the
opioid, and important confounders or risk factors for
delirium were often not taken into account in the study
design and analysis (Table 1).

Table 2 shows the study characteristics of the six
included studies [7, 9, 20-23]. We included two retro-
spective cohort studies [22, 23], two prospective cohort
studies [9, 20], and two nested case control studies [7, 21].
Two studies used a matched case-control design. One
matched seven preoperative factors: age; poor cognitive
function; poor physical function; alcohol abuse; markedly
abnormal preoperative sodium, potassium or glucose
levels; aortic aneurysm surgery, and non-cardiac thoracic
surgery [7]. One matched age, type of surgery, and year of
surgery [21].

All studies were performed in surgery departments. Two
studies investigated one opioid compared with any other
opioid and four studies compared specific opioids. The
number of included patients per study ranged from 92 to
541. Five studies included patients with cognitive impair-
ment. Delirium was diagnosed by the confusion assessment
method in four studies, and in one study by the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
criteria. One study used a different delirium measure
method: first, all inpatient charts were screened for delir-
ium, confusion, disorientation, altered/change in mental
status, metabolic encephalopathy, delusions, hallucina-
tions, or visual-spatial distortions. Then, the patients who
were identified through this screening were checked for the
presence of delirium by their institution’s morbidity and
mortality conference records.

Table 3 shows a summary of the study results. The route
of administration was not reported in two of six studies and
the dose of opioid was unknown in four of six studies.
Timing and duration of the administration of the opioid
differed between the studies and was not fully described in
five of six studies.

Three studies found a significant risk of delirium from
the use of meperidine, compared with other opioids
(relative risk 2.4, 95% CI 1.3-4.5) [9], no opioid (OR
2.7, 95% CI 1.3-5.5) [7], or morphine (OR 2.5, 95% CI
1.15-4.17) [23]. The other three studies on different
opioids showed the following results: increased risk of
delirium of tramadol compared with no opioid (hazard

Table 1 Critical appraisal
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Table 3 Study results

References Agent Control Administration Dose Timing and Type of Result OR/HR/
group duration analysis RR (95% CI)
Adunsky Meperidine Morphine Intramuscular  Single Perioperative Multivariate OR 2.5
[23] 624 £ 13.2 mg (1.15-4.17)*
Adunsky Morphine Meperidine  Intramuscular.  Single 4.4 £+ 1.8 mg Perioperative Multivariate OR 1.3
[23] Sublingual morphine sulfate. (0.82-5.81)*
Single 15 mg
morphine immediate
release
Brouquet Tramadol No tramadol Intravenous Daily dose of 300 mg First 3 days Multivariate HR 7.1
[20] postoperative (2.2-22.5)°
Marcantonio  Meperidine No opioid Epidural or Unclear 24 h before Univariate ~ OR 2.7 (1.3-5.5)
[7] PCA delirium
developed
Marcantonio  Morphine No opioid Epidural or Unclear 24 h before Univariate OR 1.2 (0.6-2.4)
[7] PCA delirium
developed
Marcantonio  Fentanyl No opioid Epidural or Unclear 24 h before Univariate ~ OR 1.5 (0.6-4.2)
[7] PCA delirium
developed
Marcantonio  Oxycodone No opioid Epidural or Unclear 24 h before Univariate ~ OR 0.7 (0.3-1.6)
[7] PCA delirium
developed
Marcantonio  Codeine No opioid Epidural or Unclear 24 h before Univariate ~ OR 1.1 (0.4-3.6)
[7] PCA delirium
developed
Morrison [9] Meperidine No Unknown Unclear Postoperative Multivariate RR 2.4 (1.3-4.5).
meperidine days 1-3/ Cognitively
within 24 h of intact patients:
a delirious RR 2.6
episode (0.4-15.8)
Nandi [21] Hydromorphone Other opioid Unknown Unclear Intra- and Multivariate OR 0.30
postoperative (0.14-0.65)
Nandi [21] Oxycodone Other opioid Unknown Unclear. Controlled Intra- and Multivariate OR 0.13
release postoperative 0.01-1.41)¢
Nandi [21] Morphine Other opioid Unknown Unclear. Sustained Intra- and Multivariate OR 2.32
release postoperative (0.03-1.97)¢
Nandi [21] Hydrocodone- Other opioid Unknown Unclear Intra- and Multivariate OR 1.94
APAP postoperative (0.61-6.22)¢
Nandi [21] Tramadol Other opioid Unknown Unclear Intra- and Multivariate OR 0.34
postoperative (0.04-2.68)"
Shiiba [22] Fentanyl Morphine PCA Unclear Postoperative Multivariate OR 0.22
(0.07-0.69)°

ADL activities of daily living, APAP acetaminophen (paracetamol), ASA American Association of Anaesthesiologists Physical Classification
System, CI confidence interval, FIM functional independence measure, HR hazard ratio, MMSE Mini Mental State Examination, OR odds ratio,
PCA patient-controlled analgesia, RAND score score for biomedical factors, RR relative risk, TUG timed get up and go test

* Adjusted for: meperidine; morphine; MMSE (<24:>24); age (>80:<80 years)

o Adjusted for: ADL score (>0); MMSE (<26); preoperative calcium level (<2.2 mmol/L); perioperative blood transfusion; TUG (>20 s); ASA
status of 3—4; postoperative administration of tramadol

¢ Adjusted for: age; sex; residence in a nursing home; cognitive impairment; FIM score 68-88; FIM score 89-91; RAND score 2-3; RAND
score 4—15; abnormal blood pressure on admission; abnormal heart thythm on admission; chest pain on admission; heart failure on admission;
medical complication; parenteral morphine sulfate equivalent (10-30 mg and <10 mg); received meperidine

4" Adjusted for: pre-operative alcohol use; pre-operative depression; sex

¢ Adjusted for: age; sex; pain control: fentanyl
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ratio 7.1, 95% CI 2.2-22.5) [20], decreased risk from
hydromorphone compared with other opioids (OR 0.30,
95% CI 0.14-0.65) [21], and decreased risk from fen-
tanyl compared with morphine (OR 0.22, 95% CI
0.07-0.69) [22]. Additionally, an interaction was found
between morphine and oxycodone: morphine combined
with oxycodone led to a significant increase in the risk
of delirium [21].

Characteristics of the included studies, including defi-
nition of delirium, dose of opioid, and timing of adminis-
tration, were not comparable and often not available.
Because of this clinical heterogeneity and lack of infor-
mation, a meta-analysis was not performed.

4 Discussion

In this systematic review, we aimed to investigate the
difference in the risk of delirium from the use of various
types of opioids in the elderly population. We found six
studies that met our inclusion and exclusion criteria.

There seems to be an increased risk of delirium from the
use of meperidine [7, 9, 23]. This risk is confirmed by a
previous systematic review on the role of postoperative
analgesia in delirium and cognitive decline that included
three overlapping studies [12]. An increased risk of delir-
ium owing to tramadol use was only shown in one study of
low quality [20]; however, several case reports support this
increased risk [24]. Despite the relative contraindication for
tramadol use in older patients, based on this information,
tramadol is still frequently prescribed in the Netherlands:
there are 385,043 opioid users aged above 65 years, of
whom 232,066 use tramadol or a combination of tramadol
and paracetamol (60%) [25].

This review also suggests a protective effect of hydro-
morphone and fentanyl on delirium.

None of the included studies were randomized clinical
trials and none were scored as high quality. Considering the
low quality and small study population of the studies that
report these effects, all of the above results should be
interpreted with caution.

The low quality of five out of the six studies caused
several limitations in the interpretation of the results. There
was a big difference between sample size and the number of
included patients, which led to a high risk of selection bias.
The small study samples increase the risk of chance findings,
especially in the studies in which several opioids or several
medications were studied. Next, the definition of delirium,
cognitive impairment, and co-morbidity varied for the dif-
ferent studies, which make comparisons between the studies
near impossible. Details about opioid use, including route of
administration, dose, and timing were often lacking. It has
been shown that these are important details when studying
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the effect of opioids on delirium and these have to be doc-
umented accurately for good comparison between studies
[26-28]. In addition, the studies were all observational in
nature and several confounding factors were not taken into
account, including pain level, cognitive impairment, and co-
morbidities of the included patients [9, 28, 29]. Preoperative
resting pain and the increase in pain level on the first day
after surgery are both significant risk factors for postopera-
tive delirium [28]. Neuropathic pain can activate microglia
cells and thus lead to an inflammatory state that is associated
with delirium [30]. Consequently, delirium as a result of
pain, not as a result of opioid use, might play an important
role in the included studies.

A major strength of our study is our comprehensive
search, further enhanced by a specific search filter for use
in geriatric medicine [18]. We have limited our inclusion to
comparative research. If we had included case reports, we
might have found more indications for tramadol or other
opioids as precipitating factors for delirium.

5 Conclusion

There are no convincing data that the risk of delirium in
elderly patients depends on the type of opioid. Studies
performed to date were all observational and of low-to-
moderate quality. There are some indications that meper-
idine increases the risk of delirium in elderly patients.
Further comparative research is needed with accurate
documentation of the timing and dose of opioids, valid
daily measurements to diagnose delirium, and considera-
tion of potential confounding factors for developing
delirium.
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