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Abstract

Background: Postoperative delirium is common among older surgical patients and may be
associated with anesthetic management during the perioperative period. The aim of this study
was to assess whether intravenous midazolam, a short-acting benzodiazepine used frequently as a
premedication, increased the incidence of postoperative delirium.

Methods: Analyses of existing data were conducted using a database created from three
prospective studies in patients 65 years of age or older who underwent elective major non-cardiac
surgery. Postoperative delirium occurring on the first postoperative day was measured using

the Confusion Assessment Method. We assessed the association between the use- or non-use

of premedication with midazolam and postoperative delirium using a chi-square test, using
propensity- scores to match up to three midazolam patients for each control patient that did not
receive midazolam.

Results: A total of 1,266 patients were included in this study. Intravenous midazolam was
administered as a premedication in 909 patients (72%), and 357 patients did not receive
midazolam. Those who did and did not receive midazolam significantly differed in age, Charlson
Co-Morbidity Scores, preoperative cognitive status, preoperative use of benzodiazepines, type of
surgery, and year of surgery. Propensity score matching for these variables and American Society
of Anesthesiology classification scores, resulted in propensity score matched samples with one
to three patients who used midazolam N=749) for each patient who did not receive midazolam
(N=357). After propensity score matching, all standardized differences in preoperative patient
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characteristics ranged from —0.07 to 0.06, indicating good balance on baseline variables between
the two exposure groups. No association was found between premedication with midazolam and
incident delirium on the morning of the first postoperative day in the matched dataset, with odds
ratio (95% confidence interval) of 0.91 (0.65 — 1.29), P=0.67.

Conclusions: Premedication using midazolam was not associated with higher incidence of
delirium on the first postoperative day in older patients undergoing major non-cardiac surgery.

Introduction

Benzodiazepines are frequently used clinically to relieve anxiety and insomnia, but may
also cause delirium in susceptible population, such as older adults after major surgery.
Postoperative delirium is a common geriatric syndrome which occurs in older patients after
surgery.1-2 Delirium in hospitalized patients is associated with increased length of stay

and hospital costs.3 In a prior study of patients who were older than 50 years of age
undergoing elective non-cardiac surgeries, postoperative use of longer acting benzodiazepine
(chlordiazepoxide, diazepam, and flurazepam) was shown to be associated with higher

risk of postoperative delirium than short-acting agents (oxazepam, lorazepam, triazolam,
midazolam, and temazepam).> Midazolam, as a short-acting benzodiazepine with an
elimination half-life of 1.5-2.5 hours, is commonly used as a premedication.8:” However,
the half-life of midazolam can be doubled in older adults.® An important clinical question
is whether premedication with midazolam is associated with postoperative delirium and
whether its use should be limited in older patients at risk for postoperative delirium.

Benzodiazepines such as midazolam are commonly administered as a premedication
immediately prior to surgery to serve as an anxiolytic. However, whether the use of

single dose of short-acting benzodiazepine is associated with delirium in older patients
particularly in those 65 years of age or older is a clinical area that has not been clarified.
One prior study suggested that preoperative chronic use of benzodiazepines was associated
with postoperative confusion.® Others found that new use of lorazepam in critically ill
patients was associated with delirium.19 In mechanically ventilated patients in the intensive
care unit, midazolam-treated patients experienced more delirium than patients treated with
dexmedetomidine.1! The above studies referred to patients who were already at risk for
delirium due to patients being long-term benzodiazepine users, or who were critically

ill and mechanically ventilated. However, whether premedication with a short acting
benzodiazepine such as midazolam has similar adverse cognitive effects in older surgical
patients who do not have these predisposing risk for postoperative delirium is unknown.

A recent meta-analysis reported that there are few high quality studies quantifying the direct
association between preoperative medication use and postoperative delirium.12 Accordingly,
the aim of this study was to assess the effect of intravenous midazolam as a premedication
on the incidence of postoperative delirium in older adults. We hypothesize that the use of
midazolam as a premedication is not associated with postoperative delirium in older patients
undergoing elective surgical procedures. We combined three prospective studies in order to
investigate whether premedication with midazolam is associated with postoperative delirium
and adjusted for confounding using propensity score matching.
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Materials and Methods

This is a secondary analysis of prospectively conducted studies, as we followed all
patients prospectively for the occurrence of the primary outcome. Data were from three
prospective studies at the University of California San Francisco (UCSF) Medical Center
(San Francisco, California) between June 2001 and August 2014. These studies received
approval from the institutional review board. Written informed consent was obtained from
each patient for each study. All these studies were related to a general goal of investigating
the pathophysiology of postoperative delirium (Study 1: Randomized trial of general
anesthesia with or without nitrous oxide; Study 2: Prospective cohort of postoperative
cognitive function in older surgical adults; Study 3: Randomized trial of perioperative
administration of gabapentin or placebo).13-15 This manuscript reports results according
to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.16

Criteria for patient selection

Patients from all three studies were included if they were aged 65 to 85 years of age, and
scheduled for elective major non-cardiac surgery at UCSF medical center. Patients were
recruited if they were fluent in English and were expected to stay in the hospital for at least
48 hours after surgery. Patients were excluded if they could not provide written informed
consent, or undergoing brain or cardiac surgery.

Preoperative assessment

The preoperative assessment was performed by trained research assistants in the
preoperative anesthesia clinic, typically within one week of surgery. Patients were
interviewed and their medical history of coexisting diseases, and chronic preoperative use

of benzodiazepine were measured. The severity of preoperative co-existent conditions was
determined using the Charlson comorbidity index.1” Physical status and anesthesia risk were
measured by the American Society of Anesthesiologists classification (ASA).18 Preoperative
cognitive status was measured using the Telephone Interview for Cognitive Status (TICS)19,
an 11-item screening test (maximum score = 41 points), that was adapted from Mini-Mental
State Examination.

Clinical management

Midazolam as a premedication was given as the patient is taken to the operating room,

and typically within 15 minutes of anesthetic induction. The use of midazolam as a
premedication and chronically preoperative use of benzodiazepines were abstracted from
the anesthesia records. As this was not a randomized study, the use of midazolam was not
standardized but rather determined by the treating anesthesiologists. The type and duration
of surgery was recorded. As the patient recruitment dated from 2001 to 2014, the potential
changing medical practice over time may affect clinical practices, we stratified patients into
two groups based on the decade when they were recruited.
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Outcome Assessment

The primary outcome was postoperative delirium on the first postoperative day. In secondary
analysis, we also included the measurement of delirium on the second postoperative day.
Structured interviews were conducted by trained research assistants on both weekdays and
weekends between the hours of 9 am to 12 pm to determine the occurrence of postoperative
delirium using the Confusion Assessment Method (CAM).29 The CAM was developed

as a screening instrument to detect delirium based on DSM-I1I-R criteria for the use of
non-psychiatric clinicians with a high sensitivity (94-100%) and specificity (90-95%).2
Postoperative delirium was measured on the first two postoperative days for two of the three
studies and the third study measured delirium on the first three postoperative days. We chose
two to three days as the cut-off as the majority of our patients were discharged by the early
postoperative period.

Statistical Analysis

Bi-variate analyses were computed to compare the characteristics of patients who received
midazolam as a premedication vs. those who did not receive treatment. Independent samples
t-tests or Mann Whitney U tests were used to compare the two groups for continuous valued
variables. Chi-square tests were used to compare the groups on categorical variables.

To reduce potential bias due to preoperative patient characteristics associated with being
treated with midazolam, we used propensity score matching to derive two groups that

did not differ on average in preoperative characteristics; one group used midazolam and

the other did not. Propensity scores reflect the probability of receiving midazolam based

on preoperative characteristics. We matched up to three midazolam patients with each no
midazolam patient. To maximize the number of matches for each midazolam patient we used
a Statistical analysis system (SAS) macro that first assigned matches to those midazolam
patients with the fewest possible matches, then proceeded with midazolam patients with
more possible matches.2! The matching is based on a preset maximum allowable difference.
We used a common value of 0.2 of the standard deviation of the logit of the propensity
scores.?2

We computed weighted matched standardized differences (the difference in means or
proportions divided by the pooled standard deviation) and weighted matched variance ratios
for each covariate to assess the performance of propensity score matching.23 The weight
for the patients in the no midazolam group was set to 1, and the weight for the patients in
midazolam group was the inverse of the number of patients in the midazolam group (one to
three) that matched to a patient in no midazolam group. The weighting ensured differences
between the two groups were not overestimated when more than one patient in midazolam
group was matched to a patient in the no midazolam group. We present the difference in
means between those in the no midazolam (control) group and those in the midazolam
group. We sought to ensure weighted matched standardized difference between groups to be
smaller than 0.1.24

Our study included 357 patients who received midazolam preoperatively, and a weighted
sample of 357 who did not receive midazolam. Our prior study found 20% of standard care
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elective surgery patients had incident delirium.2> We determined that the current sample
size is sufficiently large to detect a difference in incident delirium of 0.25 between those
receiving midazolam versus 0.20 who did not receive midazolam, or an Odds Ratio (OR)
of 1.33. We determined the sample allows detection of an OR of 1.33 with a power of 0.92
when alpha = 0.05.

Based on the propensity-matched groups, incidence of delirium and OR with 95%
confidence intervals were calculated for all subjects. All analyses were conducted in SAS
9.4 (SAS Institute, Inc., Cary, NC).

The flow chart for inclusion of patients in the analytic sample is shown in Figure 1. Of 1,479
patients with data, 127 were excluded due to incomplete postoperative delirium assessment.
The reasons for the missing delirium data included patients’ refusal to assessment, stupor or
non-responsive, or postoperative tracheal intubation. An additional 56 were excluded due to
missing TICS scores, and another subject was excluded due to missing midazolam data. One
subject had missing data for the Charlson co-morbidity score and 28 subjects were younger
than 65 years old; these patients were also excluded. The final analytic sample included
1,266 patients.

Sensitivity analysis

Comparison of the patients with missing delirium data vs. those with data showed that there
was no difference in their mean age, and other co-variates of postoperative delirium, such
as gender, ASA classification, surgical site, Charlson Comorbidity score, dates of surgery, or
preoperative use of benzodiazepines, surgical site or year of surgery (supplemental table).

Patient Characteristics

The clinical characteristics of patients with or without the use of preoperative midazolam

as a premedication are shown in Table 1. Patients who were administered midazolam were
younger, had lower Charlson co-morbidity scores, higher preoperative TICS total scores, and
were more likely to have used benzodiazepines prior to the scheduled surgery. There was
also a difference in the administration of midazolam between the different surgical types and
the dates of surgery. The dose of midazolam that was given as a premedication was 1.99 +
1.03 (mean * standard deviation) mg.

Propensity Score Matching

Prior to propensity score matching, standardized differences in preoperative characteristics
ranged between —0.28 to 0.38. The largest standardized differences were for age (0.38),
Charlson co-morbidity score (0.17), preoperative cognitive score (=0.28), surgical site (0.20)
and year of surgery (0.26). After propensity score matching, all standardized differences
were less than |0.10], indicating the groups were well matched (Table 2). Specifically, the
standardized differences between groups ranged from -0.07 to 0.06.
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Incidence of Postoperative Delirium

The incidence of postoperative delirium did not differ significantly between the propensity
score matched groups: 23.30% in the midazolam group developed delirium the first day after
surgery compared to 24.93% for the group that did not receive midazolam [OR = 0.91; 95%
Cl = (0.65 — 1.29); P=0.67]. The result was similar when including delirium assessment

on the second postoperative day; or between hypo- or hyper-active delirium subtypes. In
additional secondary data analysis, when excluding patients who used benzodiazepines on

a chronic basis, the incidence of delirium on the first postoperative day also did not differ
between the groups who were given midazolam (22.9%) vs. those who did not receive the
drug (25.4%), OR 0.88 (95% CI 0.61-1.25).

Discussion

In this study, we found that intravenous midazolam given as a premedication immediately
prior to surgery was not associated with higher risk of postoperative delirium.

Comparison with previous studies

No study has examined the use of premedication of midazolam and its association with
postoperative delirium in older surgical patients. Studies that have examined the use of
benzodiazepines have mainly focused on new use in the intensive care unit or postoperative
exposure.®10 In the study by Pandharipande et a/, new use of lorazepam was associated
with delirium in the critical care unit. In the study by Marcantonio et a/., postoperative
exposure to meperidine and benzodiazepines was found to be associated with postoperative
delirium. In the study by Chatwat ef al., perioperative exposure to benzodiazepine was
reported to be a risk factor for postoperative delirium in patients who were admitted to
surgical intensive care unit within 7 days after surgery.2! However, they did not report on the
types of benzodiazepine used or whether they were used before or after surgery. All of the
studies above did not evaluate the association between midazolam used as a premedication
and postoperative delirium. One study by Kudoh et a/. reported that “postoperative
confusion” increased in older patients who had preoperative use of benzodiazepine.? In the
57 patients (17%) who reported taking benzodiazepines, most of them used triazolam (53%)
or ethyl loflazepate (26%). No one had preoperative exposure to midazolam. Of importance,
only long-term users (daily use for more than 1 year) were found to have higher incidence of
postoperative confusion. In our cohort, preoperative use of benzodiazepine was used in the
computation of the propensity scores and consequently did not differ between the propensity
matched groups.

Patients who received midazolam as a premedication in our study were younger, with fewer
medical comorbidities and had more depressive symptoms preoperatively. This potential
bias of not administering midazolam based on age is likely secondary to the anticipated
negative effects of benzodiazepine as a premedication on cognition in older patients.22:23

Potential limitations

There are several potential limitations in our study. First, the use of premedication of
benzodiazepine or the administration of postoperative benzodiazepine was not randomized.
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We adjusted for this potential confounding factor using propensity score matching method.
However, despite this method, there may be other factors that cannot been controlled
adequately such as the depth of anesthesia during surgery, which may affect the incidence

of postoperative delirium. Second, we focused on measuring postoperative delirium once on
the first few postoperative days. As a result, we may have missed patients who developed
postoperative delirium that was not assessed during the interview because of the fluctuating
nature of delirium, or delirium which occur in the later postoperative period. However, given
the short distribution half-life of midazolam, it is unlikely that the drug will have substantial
effect on cognition beyond the first day after surgery. Finally, our studies focused on patients
who underwent elective non-cardiac, non-cranial surgery and the results may not be directly
generalized to patients undergoing emergency or other types of surgery.

Currently, a pragmatic, multicenter, cluster crossover trial is ongoing to evaluate the
association between intraoperative benzodiazepine and postoperative delirium in cardiac
surgical patients (ClinicalTrials.gov Identifier: NCT03928236). A recently completed
multicenter, randomized trial investigated the impact of premedication with midazolam on
outcome of older surgical patients scheduled for non-cardiac surgery (Clinical Trials.gov
Identifier: NCT03052660).24 We need to wait for the current prospective studies to make
a broader generalization about whether benzodiazepines can be used without concern for
postoperative delirium.

In summary, our study showed that premedication using midazolam was not associated with
higher incidence of delirium in the early postoperative period. These results suggest that the
pathophysiology of postoperative delirium is likely complex and not as a direct result from
exposure to a small dose of premedication with midazolam.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points Summary
Question:

Does premedication with midazolam increase the risk of postoperative delirium in older
adults?

Findings:

Premedication using midazolam was not associated with higher incidence of delirium on
the first postoperative day in older patients undergoing major non-cardiac surgery.

Meaning:

The pathophysiology of postoperative delirium is likely complex and not as a direct result
from exposure to a small dose of premedication with midazolam.
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Missing delirium assessment data:
2 (N=127)
Missing TICS score data:
2 (N=56)
Missing data for use of Midazolam:
-2 (N=1)

Missing Charlson co-morbidity score
E (N=1)
Age<65:
3 (N=28)

Flow Chart for Inclusion of Patients in the Analytic Sample
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Preoperative Characteristics of All Patients

Table 1

Use of midazolam  No midazolam  p-value  standardized Difference”

n(%) 909 (71.8%) 357 (28.2%)
Age (yr), mean + SD 722+5.6 745+6.6 <0.01 0.38
Female, 77 (%) 474 (52.2%) 169(47.3%) 0.12 -0.10
Charlson, mean + SD 09+15 12+14 <0.01 0.17
ASA Classification, 77 (%)

-1 497 (54.7%) 191 (53.5%) 0.71 -0.02

n-v 412 (45.3%) 166 (46.5%)
TICS score, mean + SD 33.8+35 327+4.2 <0.01 -0.28
Preoperative use of benzodiazepine, 7 (%) 112 (12.3%) 30 (8.4%) 0.05 0.13
Surgical site, 77 (%)

Hip 221(24.3%) 77 (21.6%) <0.01 0.20

Knee 204 (22.4%) 55(15.4%)

Spine 324 (35.6%) 137(36.4%)

Other 160 (17.6%) 88 (24.7%)
Year, 1 (%)

<2010 449 (66.9%) 222 (33.1%) <0.01 0.26

>2010 460 (77.3%) 135 (22.7%)

Abbreviations: ASA, American Society of Anesthesiology; SD, standard deviation; TICS, Telephone Interview for Cognitive Status.

*
Standardized Difference: the difference in means or proportions divided by the pooled standard deviation
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Preoperative Characteristics for the Propensity Score Matched Cohorts

Table 2.

Page 13

Use of midazolam (weighted) ~ No midazolam p-value  siandardized Difference”

n 357 357
Age (yr), mean + SD 74.1+4.2 74.5+6.6 0.35 0.06
Female, 17 (%) 182.2 (51.0%) 169 (47.3%) 0.36 -0.07
Charlson, mean + SD 1.2+1.2 1.2+1.4 0.63 -0.03
ASA Classification, 77 (%)

-1 190.5 (53.4%) 191 (53.5%) 1.00 0.00

n-v 166.5 (46.6%) 166 (46.5%)
TICS score, mean + SD 32.9+£2.6 32.7£4.2 0.52 -0.04
Preoperative use of benzodiazepine, 77 (%) 30.8 (8.6%) 30 (8.4%) 1.00 0.01
Surgical site, 77 (%)

Hip 62.3 (17.5%) 77 (21.6%) 0.48 -0.03

Knee 65 (18.2%) 55 (15.4%)

Spine 137.7 (38.6%) 137 (36.4%)

Other 92 (25.8%) 88 (24.7%)
Year, 1 (%)

<2010 223.3 (62.6%) 222 (62.2%) 0.98 -0.01

> 2010 132.7 (37.4%) 135 (37.8%)

Abbreviations: ASA, American Society of Anesthesiology; SD, standard deviation; TICS, Telephone Interview for Cognitive Status.

*
Standardized Difference: the difference in means or proportions divided by the pooled standard deviation
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