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Abstract

Objective: To observe the association between exposure to midazolam within 24 hours prior to

delirium assessment and the risk of delirium.

Methods: We performed a systematic cohort study with two sets of cohorts to estimate the

relative risks of outcomes among patients administered midazolam within 24 hours prior to

delirium assessment. Propensity score matching was performed to generate a balanced 1:1

matched cohort and identify potential prognostic factors. The outcomes included the odds of

delirium, mortality, length of intensive care unit stay, length of hospitalization, and odds of being

discharged home.

Results: A total of 78,364 patients were included in this study, of whom 22,159 (28.28%) had

positive records. Propensity matching successfully balanced covariates for 9348 patients (4674

per group). Compared with no administration of midazolam, midazolam administration was

associated with a significantly higher risk of delirium, higher mortality, and a longer intensive

care unit stay. Patients treated with midazolam were relatively less likely to be discharged home.

There was no significant difference in hospitalization duration.

Conclusions: Midazolam may be an independent risk factor for delirium in critically ill patients.
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Introduction

Delirium is a syndrome characterized by the
acute onset of cerebral dysfunction with a

change or fluctuation in mental status, inat-
tention, and either disorganized thinking or

an altered level of consciousness.1–4

Delirium in patients over the age of 65
years is estimated to cost more than $164

billion per year in the United States.5 With
the government considering limiting pay-

ments for delirium, aggressive efforts are
needed to reduce all factors contributing

to this condition.6

Midazolam is still frequently used for

sedation because of its limited effect on
hemodynamics and short half-life,7–9

despite clinical practice guidelines describ-
ing that benzodiazepine use is a modifiable

risk factor for delirium in critically ill adults
with strong supporting evidence.10

However, real-world evidence of the rela-
tive effectiveness of midazolam and its asso-
ciations with delirium in critically ill

patients is lacking.
Based on the common use of midazolam

for the sedation of patients admitted to the
intensive care unit (ICU), we performed a

retrospective, multicenter, observational
cohort study to investigate the relationship

between midazolam administration within
24 hours prior to delirium assessment and

the incidence of delirium in patients in the
ICU and patient-centered outcomes.

Materials and methods

Ethics statement

Consent was obtained for the original data

collection, and the institutional review
boards of the Massachusetts Institute of

Technology (Cambridge, MA, USA)
approved the establishment of the database.
Therefore, the need for ethical approval

and informed consent was waived for this
manuscript.

Data source

Study data were derived from three elec-

tronic databases. The Multiparameter

Intelligent Monitoring in Intensive Care

(MIMIC) III (version 1.4) Database,11

Medical Information Mart for Intensive

Care (MIMIC) IV (version 0.4)

Database,12 and eICU Collaborative

Research Database13 are maintained by

the Laboratory for Computational

Physiology at the Massachusetts Institute

of Technology.

Study population and stratification

All patient details have been deidentified.

The study population included all patients

who underwent delirium assessment after

admission to the ICU. For patients with

multiple positive values, we included only

the first episode. If all assessment results

were negative, we selected only the first

assessment. The variables chosen for each

patient were collected only once. Patients

who received midazolam or not within

24 hours before the diagnosis of delirium

were observed. We performed a cohort

study, and patients were enrolled into two

cohorts: midazolam and no midazolam.
The inclusion criteria in this study were

as follows: (1) for patients with multiple

ICU stays, only the first ICU stay was eli-

gible; (2) adults received midazolam at ICU

admission; (3) ICU stay �24 hours; and (4)

delirium assessment.

Outcomes

The primary outcome was the odds ratio

(OR) of delirium, and secondary outcomes

included hospital mortality, ICU length of

stay, hospitalization duration, and dis-

charge destination (home versus elsewhere).
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Data analysis

Patient characteristics included age, sex,
ethnicity, acute physiology and chronic
health evaluation (APACHE) III score,
Glasgow Coma Scale, mean blood pressure,
respiratory rate, urine volume, hemoglobin,
white blood cell count, alanine transami-
nase, glutamic oxaloacetic transaminase,
albumin, blood urea nitrogen, creatinine,
lactate, oxygenation index, mechanical ven-
tilation, and hospital characteristics.
The APACHE-III scoring system is
designed to prospectively predict mortality
in individual patients in the ICU.14

Hospital characteristics, including ICU
type, number of ICU beds, and teaching
status, were defined according to the
database.

Descriptive data are presented as the
medians (25th to 75th percentiles) for con-
tinuous variables and frequencies (%) for
categorical variables. Categorical variables
were compared between groups using the
chi-square test. Unpaired t-tests or
Kruskal–Wallis tests were used for contin-
uous variables.

Propensity score generation, stratifica-
tion by deciles, and 1:1 matching between
groups were performed using the R package
MatchIt.15 A non-parsimonious regression
model was used to produce a propensity
score for the group with fewer patients
using the patient characteristics described
above. For the propensity score analysis
(our primary analysis), each patient in the
group with fewer patients was matched to
their nearest neighbor with a score within
0.001. We chose to match to the third
decimal point (a caliper of 0.001) because
this value is less than 0.02 standard devia-
tions of the propensity score, which is
a commonly suggested range. Estimating
the propensity score using a logit model
resulted in both reasonable matches and
an appropriate overall sample size. An
unpaired t-test was used before propensity

matching, and a paired t-test was used after
matching. The final models included the
hospital as a random effect, and all patient
characteristics were used to calculate the
propensity score. Additionally, multivari-
able regression modeling, including
all patient characteristics used to calculate
the propensity score, was performed to con-
firm these findings (secondary analysis).
All analyses were performed using R ver-
sion 4.0.3 (www.r-project.org).

Results

A total of 46,428 patients in the ICU and
61,051 ICU admissions in the MIMIC-III
database v1.4, 50,048 patients in the ICU
and 69,619 ICU admissions in the
MIMIC-IV database v0.4, and 177,863
patients in the ICU and 626,858 ICU
admissions in the eICU Collaborative
Research Database were available
(Supplementary Table 1). Of these,
621,189 sequential delirium assessment
records were available. Finally, 78,364
(28.56%) patients were included in this
study. We identified 22,159 (28.28%)
patients with positive records. Missing
data were imputed with the multivariate
imputation using the chain equations
(MICE) method.16 The amount of missing
data was low.

A total of 4808 patients received mida-
zolam within 24 hours of admission. Before
propensity score matching, there were sta-
tistically significant differences in age and
ethnicity in the stratified analyses between
the midazolam and no midazolam groups.
Overall, compared with patients in the no
midazolam group, patients in the midazo-
lam group were less likely to be women
(P< 0.001) and had a higher APACHE-III
score (P< 0.001). However, patients who
received midazolam had higher blood urea
nitrogen (P< 0.001) and white blood cell
count (P< 0.001) values but lower mean
blood pressure (P< 0.001), hemoglobin
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(P< 0.001), alanine transaminase

(P< 0.001), glutamic oxaloacetic transami-

nase (P< 0.001), and albumin (P< 0.001)

values than those who did not receive mid-

azolam. Moreover, patients in the midazo-

lam group had higher rates of mechanical

ventilation (P< 0.001) and a higher oxygen-

ation index (P< 0.001) than those in the no

midazolam group (Table 1).

Propensity-matched analysis

After propensity matching, 97% of patients

in the midazolam group were successfully

matched 1:1 with an equal number of

patients in the no midazolam group, yield-

ing a total of 4674 patients in each group.

Propensity matching eliminated differences

between patients and clinical variables and

reduced differences in hospital characteris-

tics. After matching, the baseline character-

istics were balanced, as shown in Table 1.
In the fully adjusted, propensity score-

matched cohorts, patients treated with mid-

azolam exhibited a significant difference in

the odds of delirium (OR, 2.54; 95% confi-

dence interval [CI], 2.31–2.79; P< 0.001)

compared with patients who were not

treated with midazolam. Moreover, patients

who used midazolam had higher odds of

mortality (OR, 1.33; 95% CI, 1.17–1.52;

P< 0.001), more ICU days (0.37; 95% CI,

0.29–0.45; P< 0.001), and lower odds of

being discharged home (OR, 0.81; 95% CI,

0.74–0.89; P< 0.001) than patients who did

not use midazolam. However, there were no

significant differences in the hospital length

of stay between the two groups (Table 2).

Multivariable analysis

The entire cohort (78,364 patients) was then

analyzed using multivariable regression

after adjusting for differences in the patient

and hospital characteristics used to calcu-

late the propensity score. This multivariable

analysis demonstrated that patients treated

with midazolam exhibited significant differ-
ences in the odds of delirium (OR, 3.04;
95% CI, 2.83–3.26; P< 0.001) and mortal-
ity rate (OR, 1.30; 95% CI, 1.18–1.43;
P< 0.001) compared with patients who
were not treated with midazolam.
However, patients treated with midazolam
had longer ICU stays (0.54; 95% CI, 0.50–
0.57; P< 0.001) but similar hospital stays
(�0.03; 95% CI, �0.30 to 0.23) than
patients who were not treated with midazo-
lam. Finally, patients who were not treated
with midazolam had an increased likeli-
hood of being discharged home than
patients treated with midazolam (0.79;
95% CI, 0.73–0.84; P< 0.001) (Table 2).

Discussion

Using three large databases, MIMIC III
v1.4, MIMIC-IV v0.4, and eICU
Collaborative Research, we performed a
multicenter, observational cohort study to
assess outcomes in patients at risk for delir-
ium who were treated with midazolam infu-
sions within 24 hours before delirium
diagnoses were defined. We observed that
delirium was diagnosed in 28.28% of
patients, and patients who used midazolam
within 24 hours before diagnosis were more
likely to develop delirium. Moreover, our
data show that midazolam was associated
with multiple detrimental outcomes, includ-
ing an increased risk of mortality, longer
ICU stays, and lower likelihood of being
discharged. However, there was no signifi-
cant association between treatment with
midazolam and hospitalization length.

Clinical practice guidelines mention that
benzodiazepine use is a modifiable factor,
with strong evidence for an association
with delirium detected by screening
tools.10 Recently, published meta-analyses
have demonstrated that midazolam was
associated with a significantly higher rate
of delirium.17,18 These studies were limited
by small sample sizes and limited long-term
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observations. Another propensity score-
matched cohort study showed that
midazolam-dominant sedation strategies
were associated with an increased delirium
risk, mortality, length of ICU stay, and hos-
pital days.19 Unfortunately, they did not test
the isolated effects of midazolam and elim-
inate the influence of midazolam metabo-
lism and clearance, whereas our study
did. Additionally, a single-center analysis
showed that benzodiazepine administration
in an awake patient without delirium was
associated with an increased risk of delirium
the next day.20 However, a multicenter sys-
tematic comparison of the effectiveness and
safety of midazolam within 24 hours prior
to delirium assessment in patients in the
ICU has been lacking.

There are multiple mechanisms by which
midazolam may increase delirium.
Midazolam activates c-aminobutyric acid
A (GABAA) neuronal receptors in the
brain, and their activation can alter the
levels of numerous neurotransmitters, such
as dopamine, serotonin, acetylcholine, nor-
epinephrine, and glutamate, which are
believed to be deliriogenic.21–23

Midazolam may be involved in the patho-
genesis of delirium through overstimulation
of the cortical GABA system, thereby
reducing corticostriatal glutamatergic tone
and ultimately impairing the filtering action
of the thalamus, leading to confusion or
psychosis.24 In addition to altering

neurotransmitter concentrations, midazo-
lam may generate more central nervous
system inhibitory effects at higher doses25

and impair the quality of sleep via slow-
wave sleep suppression, possibly contribut-
ing to delirium.23,26 Furthermore, midazo-
lam alters sleep patterns and increases the
risk of circadian disruption and delirium in
humans.27,28 We did not pool more risk
factors for delirium but presented results
from each pre-collected item separately.
Our authors independently screened and
extracted data using a prespecified data
extraction scheme, a process intended to
reduce bias during data collection.

Delirium may increase mortality, which
is not directly related to midazolam admin-
istration. Midazolam use was found to be a
risk factor for delirium after liver transplan-
tation in a systematic review and meta-
analysis, which also showed that delirium
was a mortality risk factor according to
the pooled results of ICU mortality.18

Similarly, a multicenter, retrospective,
cohort study by Lonardo et al. demonstrat-
ed higher mortality in patients managed
with benzodiazepines than in those admin-
istered propofol. They postulated that the
mortality effect of midazolam might be due
to increased rates of delirium,29 and some
evidence supports that delirium is associat-
ed with substantial morbidity both during
and after ICU admission.30–32 Each addi-
tional day of delirium increases the hazard

Table 2. Results of propensity-matched and multivariate analysis in patients with midazolam treatment.

Propensity matched

analysis (N¼9348)

Multivariable

analysis (N¼78,364)

Estimate 95% CI P value Estimate 95% CI P value

Odds of delirium, OR 2.54 2.31 to 2.79 <0.001 3.04 2.83 to 3.26 <0.001

Odds of mortality, OR 1.33 1.17 to 1.52 <0.001 1.30 1.18 to 1.43 <0.001

Difference in ICU days 0.37 0.29 to 0.45 <0.001 0.54 0.50 to 0.57 <0.001

Difference in hospital days �0.35 �0.66 to �0.04 0.03 �0.03 �0.30 to 0.23 0.81

Odds of discharge to home, OR 0.81 0.74 to 0.89 <0.001 0.79 0.73 to 0.84 <0.001

OR, odds ratio; CI, confidence interval; ICU, intensive care unit.
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of mortality by 10% and increases the like-
lihood of a poor functional status at 3 and
6 months.33–36

Our study has three strengths. First, this
retrospective cohort study included a rela-
tively large population and accurately mea-
sured clinical variables in an actual clinical
setting in a large number of ICUs.
Acknowledging the possibility of confound-
ing, we used propensity score-matched
analysis to balance measured pretreatment
variables that may influence the effect and
impact the outcomes. Second, it is impor-
tant to use time-dependent multivariable
analysis methods given that disease severity,
midazolam administration, and delirium
occurrence frequently oscillate over
the course of the ICU stay. We ensured
that medical treatment was provided
within 24 hours before the delirium assess-
ment to limit the influence of other con-
founding factors. Third, this study used
data from multiple ICU databases across
a range of hospital and ICU settings,
which made our results accurately reflect
the outcomes observed in an actual clinical
practice environment.

Several limitations of this study warrant
discussion. First, this is an observational
study; thus, causal associations cannot be
determined. Second, there were some miss-
ing data for multiple confounding variables,
and some variables, such as drug doses,
target sedation levels, treatment durations,
or daily data on sedation levels, could not
be effectively merged or compared. Bias
may still exist despite the use of propensity
score matching and regression modeling to
control for a variety of patient and hospital
confounders. Third, we could not exclude,
measure, or control for the use of intermit-
tent midazolam dosing given on an as-
needed basis. We could exclude only
patients administered other sedative drugs,
such as opioid drugs or propofol, to ensure
that they received the same medication.
Fourth, our study was a retrospective

cohort study based on electronic healthcare

records, and the data were generated during

routine clinical visits. Because the MIMIC-

III data ranged from 2001 to 2015, eICU

Collaborative Research data ranged from

2014 to 2015, and MIMIC-IV data ranged

from 2018 to 2019, our results were adjust-

ed for the admission period.

Conclusions

Patients who use midazolam within 24

hours before the diagnosis of delirium

may be more susceptible to developing

delirium, and they may have higher odds

of mortality, more ICU days, and lower

odds of discharge than those who are not

treated with midazolam. Further studies are

needed to evaluate the mechanism underly-

ing these differences and validate these find-

ings in other cohorts of patients.
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