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Association between benzodiazepine premedication and
30-day mortality rate

A propensity-score weighted analysis of the Peri-interventional
Outcome Study in the Elderly (POSE)

Ana KowarkM, Moritz Berger#, Rolf Rossaint, Matthias Schmidy, Mark Coburny, and the POSE-

Study group#

BACKGROUND Recent guidelines suggest that benzodiaz-
epine premedication should be avoided in elderly patients,
though with limited supporting evidence.

OBJECTIVE We conducted a secondary analysis of the
POSE data to explore the association of premedication in
patients aged 80 years or older with 30-day mortality.

DESIGN We used propensity score methods to perform a
confounder-adjusted time-to-event analysis of the associa-
tion between benzodiazepine premedication and 30-day
mortality of the POSE study.

SETTING POSE was conducted as a European multicentre
prospective cohort study.

PATIENTS Adults aged 80 years or older scheduled for
surgical or nonsurgical intervention under anaesthesia.

RESULTS A total of 9497 patients were analysed. One
thousand five hundred and twenty-one patients received
benzodiazepine premedication, 7936 patients received no
benzodiazepine premedication, 30 received clonidine and
10 had missing premedication data. Inverse propensity-
score-weighted log-rank analysis did not provide

unambiguous evidence for an association between benzodi-
azepine premedication and 30-day mortality; median [range]
P¼0.048 [0.044 to 0.078], estimated 30-day mortality rates
3.21% and 4.45% in benzodiazepine-premedicated and
nonbenzodiazepine-premedicated patients, respectively.
Inverse propensity-score-weighted Cox regression resulted
in a hazard ratio of 0.71 (95% CI 0.49 to 1.04), pointing at a
possible reduction of 30-day mortality in the benzodiazepine
premedication group. Sensitivity analyses, which constituted
subgroup, matched-pairs, and subclassification analyses,
resulted in similar findings.

CONCLUSION This secondary analysis of the POSE data
did not find evidence for an unambiguous association
between benzodiazepine premedication and 30-day mortal-
ity. Point estimates indicated a reduction of 30-day mortality
in benzodiazepine-premedicated patients. The results pre-
sented here might be affected by unmeasured confounding
factors, which could be addressed in a randomised trial.

TRIAL REGISTRATION ClinicalTrials.gov Identifier:
NCT03152734.

Published online xx month 2021

Introduction
Surgery in patients aged 80 years and older is becoming

more common. Risk factors, such as frailty and

multimorbidity lead to enhanced mortality and morbid-

ity.1,2 The Peri-interventional Outcome Study in the

elderly (POSE) was designed to shed light on the peri-

operative 30-day mortality rate in Europe. POSE was a
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prospective, multicentre cohort study of patients aged

80 years and older undergoing surgical or nonsurgical

interventions under anaesthesia. In total, 9497 patients

from 177 hospitals in 20 countries were analysed, and 388

deaths were observed. POSE revealed a postinterven-

tional mortality rate of 4.2% (95% CI 3.8 to 4.7%).3

Secondary analyses of POSE assessed risk factors for

mortality in the elderly, and these may open avenues

for their analysis. Risk factors for 30-day mortality were

analysed using a Cox regression model with 14 fixed

effects and a random centre effect. Among others, the

following risk factors for 30-day mortality were identified:

multimorbidity, hazard ratio 1.87 (95% CI 1.26 to 2.78),

frailty, hazard ratio 2.63 (95% CI 2.10 to 3.30), and limited

mobility, hazard ratio 2.19 (95% CI 1.24 to 3.86).3

Of note, 1521 (16%) of the POSE study cohort received

benzodiazepine premedication before intervention.3

Whilst benzodiazepine premedication is thought to

reduce preoperative anxiety, it comes with an array of

serious side effects, especially in the elderly. Side effects

include dose-dependent sedation to respiratory depres-

sion, paradoxical reactions and antegrade amnesia,

increased pneumonia rates and postoperative delir-

ium.4–6 The latter is associated with an increased mor-

tality rate.7 Recent guidelines suggest avoiding

benzodiazepines for premedication in order to prevent

postoperative delirium.8,9 Yet, these recommendations

lack support from appropriate powered randomised con-

trolled trials (Grade of Recommendation B).9 Of note, a

recent study assessing more than 48 000 patients under-

going major noncardiac surgery in a large academic health

system found that 65% of all patients aged 50 years or

older received a benzodiazepine during anaesthesia

care.10 The reason for the discrepancy between clinical

practice and guidelines advising against benzodiazepine

use in older surgical patients remains unanswered.10 A

possible hypothesis for a beneficial effect of benzodiaze-

pine premedication, offered by Jeon et al. in a randomised

controlled trial, might be that midazolam premedication

reduced entropy values, stabilized the cardiovascular

system, and provided analgesia during the induction of

anaesthesia.11

Surprisingly, the secondary analysis of POSE revealed

that all-cause mortality was reduced up to day 30 in

patients receiving benzodiazepine premedication (esti-

mated hazard ratio, 0.58, unadjusted 95% CI 0.40 to 0.85;

P¼ 0.02).3 Thus, the objective of this secondary POSE

analysis was to investigate the effect of benzodiazepine

premedication on the 30-day mortality applying propen-

sity score analysis to adjust estimates for possible con-

founding and selection bias.

Methods
Study design, setting, and participants
POSE was a European multicentre, observational pro-

spective cohort study. Patients were eligible if aged

80 years or older and undergoing surgical or nonsurgical

intervention under anaesthesia. The study lasted from

October 2017 to December 2018. Each centre recruited

patients for 30 consecutive days within the study period.

Interventions were classified as either surgical or non-

surgical, elective or nonelective, and in patient or out-

patient. The primary outcome was all-cause mortality

within 30 days after intervention and was presented by

Kaplan–Meier curves with 95% CI. Risk factors for 30-

day mortality were analysed using a Cox regression

model with 14 fixed effects and a random centre effect.

The full study protocol is available at www.pose-tria-

l.org/study-documents/ and has been described previ-

ously.3 Mandatory research ethics board (REB) approval

or a waiver was granted for each centre. Initial REB

approval was received from the University Hospital

RWTH Aachen, Germany (EK 162/17) on 18 September

2017. POSE was registered at ClinicalTrials.gov

Identifier: NCT03152734.

This secondary analysis was approved by the POSE

Steering Committee, see https://pose-trial.org/second-

ary-analyses/. Data transfer agreement from the Univer-

sity Hospital RWTH Aachen to the Department of

Medical Biometry, Informatics and Epidemiology, Fac-

ulty of Medicine, University of Bonn was established and

signed accordingly.

Baseline data and outcome measures were described

previously in the POSE study protocol, glossary and trial

statistical analysis plan (www.pose-trial.org/study-docu-

ments).3 Premedication was assessed at visit 2 (interven-

tion day) as ‘none’, ‘clonidine’ or ‘benzodiazepine’

premedication before intervention. Continuous variables

are summarised using mean � SD and median [range].

Categorical variables are summarised using absolute and

relative frequencies.

Analysis approach
Propensity score analysis was used to control for con-

founding and selection bias. Briefly, the propensity score

is defined as the probability of receiving the treatment of

interest, here benzodiazepine premedication, conditional

on a set of baseline covariates, for example, the con-

founding variables.12 It serves as a ‘balancing score’ in the

sense that conditional on the propensity score, the dis-

tributions of the observed baseline covariates are

expected to be similar between treated and untreated

patients. Estimated values of the propensity score can be

derived using logistic regression analysis (see below).

Here we used the propensity score to perform a con-

founder-adjusted time-to-event analysis of the associa-

tion between benzodiazepine premedication and 30-day

mortality. To this end, we implemented an inverse-

propensity-score-weighted (IPW) approach.13 The IPW

approach is designed to analyse the population average

treatment effect (PATE), which for POSE corresponds to

2 Kowark et al.
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the effect of benzodiazepine premedication on 30-day

mortality in patients sharing the baseline characteristics

of the whole study population. The PATE was estimated

by inverse-propensity-score-weighted Kaplan–Meier,

log-rank, and Cox regression analysis.13 Technical details

are outlined in the eMethods, Supplemental Digital

Content 1, http://links.lww.com/EJA/A654.

Specification and validation of the propensity score
model
We specified a multivariable logistic regression model

with binary outcome variable ‘benzodiazepine premedi-

cation versus nonbenzodiazepine premedication’ to

obtain estimates of the propensity score. The covariates

chosen for this model included all covariates (except

premedication) from the Cox regression model presented

in Kowark et al., as these variables were shown to be

related to 30-day mortality.3 Specifically, we included the

covariates ‘age’, ‘sex’, ‘severity of intervention’, ‘urgency

of intervention’, ‘frailty’, ‘interventional category’, ‘refer-

ring facility’, ‘transfusion of plasma’, ‘transfusion of pla-

telets’, ‘transfusion of red blood cells’, ‘anaesthesia

technique’, ‘multimorbidity’, and ‘limited mobility timed

up & go test’. In addition, we included the covariates

‘chronic benzodiazepine medication’ and ‘Mini-Cog

score � 3 points’, as these would probably be related

to benzodiazepine premedication.13 Unlike the Cox

regression model in Kowark et al., our propensity score

model did not include a (random) centre effect.3 This was

because centre-specific treatment regimens allowed per-

fect prediction of benzodiazepine premedication in some

of the study centres, implying that the inclusion of a

centre effect would have destabilised the propensity

score model.14 After model fitting, we checked the ability

of the estimated propensity score to balance covariate

distributions between the two premedication groups.

This was done using standardised differences and mirror

histograms.15

Handling of missing data
Preprocessing steps and handling of missing values were

described previously.3 Missing values were replaced

using a multiple imputation approach with 12 imputa-

tions. Imputations were based on all dependent and

independent variables included in the Cox regression

model.3 A separate propensity score model was fitted to

each of the 12 imputed data sets. Estimated hazard ratios

(hazard ratio, 95% CI) from Cox regression were com-

bined using Rubin‘s rule. P values of log-rank tests were

summarised using median [range].

Sensitivity analyses
Propensity score analysis may be affected by unmeasured

confounding and by possible misspecification of the

propensity score model. Therefore, in addition to the

IPW analysis described above, we conducted five sensi-

tivity analyses. For the first sensitivity analysis, we

conducted IPW analyses in three subgroups defined by

‘Mini-Cog score �3 points’, ‘Mini-Cog score > 3 points’

and ‘surgical interventions’. In the second sensitivity

analysis, we investigated the behaviour of the propensity

score by repeatedly leaving out a randomly selected

subset of three covariates from the logistic regression

model and comparing the resulting IPW estimates. In the

third sensitivity analysis, we performed a subclassification

analysis using five subclasses defined by quintiles of the

propensity score.13 In the fourth sensitivity analysis, we

investigated the population average treatment effect for

the treated (PATT), which, other than the PATE, cor-

responds to the effect of benzodiazepine premedication

on 30-day mortality in the subcohort sharing the baseline

characteristics of the benzodiazepine-premedicated

patients. The PATT was analysed by a pairwise matching

approach that evaluated 30-day mortality within matched

pairs of benzodiazepine and nonbenzodiazepine-preme-

dicated patients. Time-to-event analysis of the matched

data was performed using stratified log-rank tests and Cox

regression with a robust variance estimator. Several

matching techniques, including caliper matching of the

propensity scores and exact matching both with the

propensity score and coarsened variables, were investi-

gated and compared. Finally, in the fifth sensitivity

analysis, we investigated whether similar results were

obtained in the analysis of the outcome ‘major complica-

tion’ (yes/no), which was defined by either death within

30 days after intervention, any in-hospital complication

according to the ACS NSQIP, or any complication after

discharge. This outcome was analysed using inverse-

propensity-score-weighted logistic regression. Details

on the sensitivity analyses are provided in the eMethods,

Supplemental Digital Content 1, http://links.lww.com/

EJA/A654.

All statistical analyses were performed using SAS, version

9.4 (SAS Institute Inc., Cary, North Carolina, USA) and

R, version 4.0.2 (R Foundation for Statistical Computing,

Vienna, Austria).

Results
A total of 9497 patients were analysed. In detail, 1521

patients received benzodiazepine premedication, 7936

patients received no benzodiazepine premedication, 30

patients received clonidine and 10 had missing data in the

premedication variable (Table 1). Patients that received

clonidine premedication (30 out of 9497 in each of the 12

imputed data sets) were excluded from further analysis

because of the low numbers and because allocation to

either the benzodiazepine or the nonbenzodiazepine

premedication group was not justifiable. There were

388 observed deaths within 30 days after intervention.

Altogether, 1348 patients (14.2%) had a follow-up time of

less than 30 days. Baseline characteristics are presented in

Table 1. The benzodiazepine premedicated group con-

tained less urgent interventions, more otolaryngological

Association between benzodiazepine premedication 3

Eur J Anaesthesiol 2021; 38:1–9

http://links.lww.com/EJA/A654
http://links.lww.com/EJA/A654
http://links.lww.com/EJA/A654


PROOF

CE: Tripti; EJA/EJA-D-21-00402; Total nos of Pages: 9;

EJA-D-21-00402

4 Kowark et al.

Table 1 Patient, baseline and interventional characteristics

Benzodiazepine premedicationa (nU1521)b No benzodiazepine premedicationa (nU7936)b

Age (years) 83.9�3.5; 83 [80 to 100] 84.3i 84.4�3.9; 83 [80 to 104] 84.3
Sex

Male 715 (47.0%) 46.8%j 3752 (47.3%) 47.3%
Female 806 (53.0%) 53.2% 4184 (52.7%) 52.7%

Multimorbidityc

No 336 (22.1%) 21.4% 1817 (22.9%) 22.6%
Yes 1185 (77.9%) 78.6% 6119 (77.1%) 77.4%

Limited mobility TUG testd

Limited 1037 (78.0%) 77.6% 5395 (77.0%) 77.2%
Normal 293 (22.0%) 22.4% 1612 (23.0%) 22.8%
Missing 191 929

Mini-Cog score �3 pointse

No 608 (40.0%) 42.4% 3477 (43.8%) 43.3%
Yes 913 (60.0%) 57.6% 4459 (56.2%) 56.7%

Frailtyf

No 1372 (90.2%) 85.4% 6752 (85.1%) 85.9%
Yes 149 (9.8%) 14.6% 1184 (14.9%) 14.1%

Chronic benzodiazepine
No 1268 (83.4%) 87.3% 6973 (87.9%) 87.2%
Yes 253 (16.6%) 12.7% 958 (12.1%) 12.8%

Referring facility
Home 1359 (89.4%) 88.3% 6825 (86%) 86.6%
Other hospital 23 (1.5%) 1.8% 159 (2%) 1.9%
Rehabilitation 3 (0.2%) 0.5% 57 (0.7%) 0.6%
Nursing home 64 (4.2%) 6.5% 604 (7.6%) 7.1%
Other 72 (4.7%) 2.9% 288 (3.6%) 3.7%
Missing 0 3

Type of intervention
Abdominal 166 (10.9%) 12.6% 978 (12.3%) 12.2%
Cardiovascular 177 (11.6%) 9.3% 710 (9.0%) 9.4%
ENT 442 (29.1%) 15.6% 1151 (14.5%) 16.6%
Gynaecological 201 (13.2%) 15.8% 1229 (15.5%) 15.2%
Interventional 91 (6.0%) 10.0% 933 (11.8%) 10.9%
Neurosurgery 14 (0.9%) 1.9% 181 (2.3%) 2.1%
Othopaedic 381 (25.1%) 30.8% 2465 (31.1%) 30.1%
Other surgery 49 (3.2%) 4.0% 289 (3.6%) 3.6%

Severity of intervention
Minor 311 (20.5%) 19.1% 1629 (20.5%) 20.5%
Intermediate 588 (38.7%) 38.0% 3012 (38.0%) 38.0%
Major 622 (40.9%) 42.9% 3295 (41.5%) 41.5%

Urgency of intervention
Elective 1295 (85.1%) 76.2% 5852 (73.7%) 75.5%
Urgent 185 (12.2%) 18.7% 1648 (20.8%) 19.4%
emergency 41 (2.7%) 5.1% 436 (5.5%) 5.1%

Anaesthesia technique
Combinedg 174 (11.4%) 11.7% 881 (11.1%) 11.2%
General 609 (40.0%) 52.7% 4420 (55.7) 53.3%
Regionalh 285 (18.7%) 18.1% 1340 (16.9%) 17.2%
Sedation 453 (29.8%) 17.5% 1295 (16.3%) 18.3%

Transfusion of red blood cells
No 1407 (92.6%) 94.0% 7476 (94.2%) 93.9%
Yes 113 (7.4%) 6.0% 460 (5.8%) 6.1%
Missing 1 0

Transfusion of plasma
No 1486 (97.8%) 98.5% 7829 (98.7%) 98.5%
Yes 34 (2.2%) 1.5% 107 (1.4%) 1.5%
Missing 1 0

Transfusion of platelets
No 1501 (98.8%) 99.4% 7891 (99.4%) 99.3%
Yes 19 (1.3%) 0.6% 45 (0.6%) 0.7%
Missing 1 0

Data are presented as n (%), mean�SD or median [range]. ENT, Ear nose and throat; TUG, Timed Up and Go test. a Thirty patients that received clonidine and 10 patients
with missing data in the premedication variable are excluded from the table. b Percentages may not total 100 because of rounding. c Multimorbidity was defined as the
presence of at least two of the assessed comorbidities. d Limited mobility was defined as Timed Up and Go test performed in more than 12 s. e Mini-Cog screening tool to
detect cognitive impairment or dementia: 3 or less cognitive impairment according to Robinson et al. f Frailty was classified as present, if at least four of the following six
markers were present: Mini-Cog total score of 3 or less points; albumin level of 33 g l�1 or less;>1 fall in the last 6 months; haematocrit level of less than 35%; preoperative
functional status is partially dependent or totally dependent; and at least three comorbidities present (according to Robinson et al.14 and Oresanya et al.16). g Regional
anaesthesia constitutes the epidural, spinal or other regional anaesthesia technique. h Combined anaesthesia is defined as a combination of at least two of the three
categories: general anaesthesia, sedation or regional anaesthesia. i Inverse-propensity-score weighted mean. j Effective relative frequency defined as the proportion on the
inverse-propensity-score weights for each category in the benzodiazepine and nonbenzodiazepine premedication groups.

Eur J Anaesthesiol 2021; 38:1–9



PROOF

CE: Tripti; EJA/EJA-D-21-00402; Total nos of Pages: 9;

EJA-D-21-00402

interventions, less orthopaedic and nonsurgical interven-

tions, more use of sedation as the main anaesthesia

technique and slightly more with chronic benzodiazepine

medication.

Imputation 1 (Fig. 1) presents standardised differences of

the covariates that were included in the propensity score

model. Fig. 1 shows that standardised differences were

below 10% after propensity score adjustment, indicating

a very good ability of the propensity score model to

balance covariate distributions between the two preme-

dication groups.12 Results obtained from imputations 2 to

12 were similar (data not shown). The mirror histogram

presented in Fig. 2 (imputation 1) suggests a satisfactory

overlap of the two premedication groups with respect to

the distribution of the propensity score values (see white

bars in Fig. 2). Again, results obtained from imputations 2

to 12 were similar (data not shown).

Inverse-propensity-score-weighted log-rank analysis did

not provide unambiguous evidence for an association

between benzodiazepine premedication and 30-day mor-

tality, median P¼ 0.048 [0.044 to 0.078]. The 30-day

survival probabilities in the benzodiazepine and nonben-

zodiazepine premedicated patients were 96.79 and

95.54%, respectively, when averaged across the 12 impu-

tations (Fig. 3). Accordingly, the respective 30-day mortal-

ity rates were estimated to be 3.21% and 4.46%. Inverse-

propensity-score-weighted Cox regression resulted in a

hazard ratio of 0.71 (95% CI, 0.49 to 1.04). This result

confirmed the results obtained from log-rank analysis, as it

did not provide unambiguous evidence for a reduced 30-

day mortality in the benzodiazepine premedication group.

Sensitivity analyses
Results from the first sensitivity analysis (subgroup anal-

yses) are presented in Table 2. Although hazard ratios

Association between benzodiazepine premedication 5

Fig. 1 Standardised differences of the covariates included in the propensity score model

−0.4 −0.3 −0.2 −0.1 0.0 0.1 0.2 0.3 0.4

Anaesthesia technique:General
Urgency:Urgent
Category:Non−surgical intervention
Frailty
Referring facility:Nursing home
Urgency:Emergency
Category:Orthopaedic, trauma, and plastic
Sex
Category:Neurosurgery
Referring facility:Rehabilitation
Category:Gynaecologic and urologic
Category:Abdominal
Referring facility:Other hospital
Category:Transplant and other
Severity:Major
Age
Severity:Minor
Anaesthesia technique:Combined
Severity:Intermediate
Multimorbidity
Limited mobility (TUG test)
Anaesthesia technique:Regional
Referring facility:Other
Tranfusion of red blood cells
Transfusion of plasma
Tranfusion of platelets
Mini−Cog (complete test)
Category:Cardiovascular and thoracic
Referring facility:Home
Chronic Benzodiazepine medication
Urgency:Elective
Anaesthesia technique:Sedation
Category:ENT and eyes

Standardised difference (benzodiazepine minus non−benzodiazepine)

original data

weighted data

Standardised mean differences between the benzodiazepine-premedicated and nonbenzodiazepine-premedicated patients obtained from imputed
data set 1. The crosses refer to the standardised differences in the original data set; the circles refer to the inverse-propensity-score-weighted
standardised differences (see eMethods for the definition). The grey vertical line refers to a zero difference between the (weighted) means of the
benzodiazepine-premedicated and nonbenzodiazepine-premedicated patients. Overall, the small distances between the circles and the reference
line (all <10%) indicate a favourable balancing property of the fitted propensity score model.
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pointed in the same direction as in the analysis of the

complete data set, there were strong differences between

patients with ‘Mini-Cog score >3 points’ (hazard

ratio¼ 0.35, 95% CI 0.13 to 0.97, median P¼ 0.02, 30-

day survival probabilities 99% and 97.19%) and patients

with ‘Mini-Cog score � 3 points’ (hazard ratio¼ 0.86,

95% CI 0.57 to 1.29, median P¼ 0.41, 30-day survival

probabilities 95.05% and 94.28%). In the subgroup of

patients with a surgical intervention, estimates were

similar to the analysis of the complete data set (hazard

ratio¼ 0.69, 95% CI 0.47 to 1.01, median P¼ 0.03, 30-day

survival probabilities 96.77% and 95.36%). In the second

sensitivity analysis (stability of the propensity score

model, analysed using 100 random subsamples of the

covariate set), variations in the inverse-propensity-score-

weighted estimates did not contradict the analysis of the

complete data set (hazard ratio range 0.59 to 0.75, 95% CI

lower bound range 0.41 to 0.51, 95% CI upper bound

range 0.86 to 1.08, Table 2). In the third sensitivity

analysis (subclassification model with random centre

effects, defined by quintiles of the propensity score), a

stronger effect than in the inverse-propensity-score

weighted analysis was found (pooled hazard ratio¼ 0.56,

0.56, 95% CI 0.38 to 0.84, Table 2). Regarding the fourth

sensitivity analysis, that of the PATT using pairwise

matching, HR estimates obtained from Cox regression

were 0.64 (95% CI, 0.39 to 1.03); 0.73 (95% CI, 0.41 to

1.33), and 0.90 (95% CI 0.41 to 1.97), respectively for

caliper matching on the propensity score values, exact

matching on the propensity score values, and exact

matching on coarsened variables (see Table 2, which

also includes the respective estimates of the 30-day

6 Kowark et al.

Fig. 2 Distribution of the propensity score values
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Propensity score

Histogram of the estimated propensity scores of the benzodiazepine-premedicated patients (lower panel), and nonbenzodiazepine-premedicated
patients (upper panel) obtained from imputed data set #1. The heights of the blue bars equal the sums of the inverse-propensity-score weights (see
eMethods for the definition) of the benzodiazepine-premedicated (dark blue) and nonbenzodiazepine-premedicated (light blue) patients in the
respective strata. The similarity of the two blue histograms suggests a satisfactory overlap of the two premedication groups with respect to the
distribution of the propensity score values. This overlap is required for the IPW analysis to draw credible inferences about the treatment effect for the
whole study cohort.
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survival probabilities). Estimates of the PATT pointed in

the same direction as the estimate of the PATE obtained

from inverse-propensity-score-weighted analysis. Results

obtained from the fifth sensitivity analysis (inverse-

propensity-score-weighted logistic regression analysis

of the outcome ‘major complication’; yes/no) also agreed

with the PATE estimates of 30-day mortality, pooled

odds ratio estimate ¼ 0.94 (95% CI 0.89 to 1.00), median

P value from logistic regression ¼ 0.047 [0.035 to 0.069],

Table 2.

Discussion
Our inverse-propensity-score-weighted log-rank analysis

of the POSE data did not show an unambiguous associa-

tion between benzodiazepine premedication and 30-day

mortality. However, point estimates consistently indi-

cated a reduced 30-day mortality in benzodiazepine-

premedicated patients. This finding is novel and in

contrast to recent guidelines suggesting benzodiazepine

premedication could increase 30-day survival.7,8

It should be noted that premedication groups in our study

population differed considerably with respect to the

distribution of possible confounder variables, implying

that inverse-propensity-score-weighting may not have

fully balanced the groups as in a randomised design.

Thus far, benzodiazepines for premedication have been

given mainly for its anxiolytic effects in relation to overall

patient satisfaction. However, a recently conducted ran-

domised, placebo-controlled study in France that

included 1062 elective surgical patients aged less than

70 years (mean 50 years) showed no difference in regard

to the patient satisfaction between three groups receiving

2.5 mg lorazepam, placebo and no premedication.15 Time

Association between benzodiazepine premedication 7

Fig. 3 Estimated survival probabilities in the benzodiazepine-
premedicated and nonbenzodiazepine-premedicated patients
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Inverse-propensity-score-weighted Kaplan–Meier survival curves
obtained from the 12 imputed data sets. The black lines refer to the
estimates for the nonbenzodiazepine-premedicated patients; the blue
lines refer to the respective estimates for the benzodiazepine-
premedicated patients. The dashed lines indicate pointwise 95%
confidence bands.

Table 2 Results of the sensitivity analyses

Analysis Description

Hazard ratio

(95% CI)

P value of log-rank

test/logistic regres-

sion median [range] 30-day survival (95% CI)

1 MiniCog score >3 (n¼4093, deaths ¼
101)

0.3502 (0.1264 to 0.9699) 0.0193 [0.0183 to
0.0632]

Nonbenzodiazepine: 0.9719 (0.9666 to 0.9775)
benzodiazepine: 0.9900 (0.9803 to 0.9998)

MiniCog score <¼ 3 (n¼5374, deaths
¼ 286)

0.8598 (0.5711 to 1.2943) 0.4140 [0.3968 to
0.4233]

Nonbenzodiazepine: 0.9428 (0.9360 to 0.9497)
benzodiazepine 0.9505 (0.9319 to 0.9695)

Surgical interventions (n¼8441, deaths
¼ 358)

0.6870 (0.4669 to 1.0110) 0.0343 [0.0316 to
0.0369]

Nonbenzodiazepine: 0.9536 (0.9487 to 0.9586)
benzodiazepine: 0.9677 (0.9560 to 0.9796)

2 Stability of the propensity score model
(100 random subsamples) (n¼9467,
deaths ¼ 388)

Range: 0.5933 to 0.7455
Lower limit (0.4095 to

0.5135) Upper limit
(0.8598 to 1.0823)

— —

3 Subclassification with random centre
effect (n¼9467, deaths ¼ 388)

0.5630 (0.3765 to 0.8424) — —

4 Caliper matching on the propensity
score values (n¼972 to 2988,
deaths ¼ 82 to 100)

0.6376 (0.3930 to 1.0344) 0.0560 [0.0016 to
0.2100]

Nonbenzodiazepine: 0.9621 (0.9509 to 0.9708)
benzodiazepine: 0.9757 (0.9663 to 0.9825)

Exact matching on the propensity score
values (n¼2444 to 2532, deaths ¼
65 to 90)

0.7342 (0.4054 to 1.3299) 0.1758 [0.0137 to
0.6115]

Nonbenzodiazepine: 0.9637 (0.9516 to 0.9729)
benzodiazepine: 0.9735 (0.9627 to 0.9811)

Coarsened exact matching (n¼1452 to
1480, deaths ¼ 27 to 29)

0.9018 (0.4134 to 1.9672) 0.8474 [0.3532 to
1.0000]

Nonbenzodiazepine: 0.9797 (0.9666 to 0.9877)
benzodiazepine: 0.9817 (0.9687 to 0.9893)

5 Major complication (n¼9308,
complications ¼ 3315)

0.9411 (0.8854 to 1.0004) 0.0469 [0.0352 to
0.0694]

—

Hazard ratios with 95% confidence intervals from Cox regression are presented. P values from log-rank tests/logistic regression (if applicable), and estimated 30-day
survival probabilities with 95% confidence intervals (if applicable). For each sub-analysis, the sample size and number of deaths is indicated in the second column. Pairwise
matching (sensitivity analysis 4) resulted in strongly reduced sample sizes (n¼1452 to 2988). There were 189 missing values in the outcome ‘major complication’ (no
death þ no in-hospital complication þ missing complication after discharge: 186; no death þ no complication after discharge þ missing in-hospital complication: 2; no
death þ missing in-hospital complication þ missing complication after discharge: 1).
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to extubation and early postoperative recovery were both

significantly prolonged, though worse in the lorazepam

group than in the control or placebo-group. Only 24% of

the patients showed an increased pre-operative anxiety

level and the subgroup analysis of these patients did not

reveal a difference in regard to the overall patient satis-

faction,15 for example, a retrospective analysis showed

higher discomfort and pain in premedicated patients.16

Previous attempts to investigate the effects of premedi-

cation with alpha-2 adrenergic agonists, such as clonidine,

mivazerol and dexmedetomidine in high-risk patients

who underwent high-risk surgery revealed that prophy-

lactic alpha-2 adrenergic agonists generally do not pre-

vent peri-operative death or major cardiac complications.

For noncardiac surgery, there is moderate-to-high-quality

evidence that these agents do not prevent death, myo-

cardial infarction or stroke. Conversely, there is evidence

of moderate quality suggesting that these agents have

important adverse effects, namely increased risks of

hypotension and bradycardia. For cardiac surgery, there

is evidence of moderate quality that alpha-2 adrenergic

agonists have no effect on the risk of mortality or myo-

cardial infarction, and that they increase the risk of

bradycardia. The quality of evidence was too inadequate

to draw conclusions regarding the effects of alpha-2

agonists on stroke or hypotension during cardiac sur-

gery.17 Therefore, reasoning by analogy is not in favour

of such a strong effect of a single intervention of benzo-

diazepine on 30-day survival. Furthermore experimental

‘evidence’ is not consistent with the results of the data

obtained here.6

The cognitive assessment (as reflected by the Mini-Cog

score) revealed a major impact on outcome. This could be

an important management modifier as it could have direct

practical consequences for the anaesthetic team. The

need for cognitive assessment is underlined by the

updated guideline ‘Preoperative evaluation of adults

undergoing elective noncardiac surgery’ from the Euro-

pean Society of Anaesthesiology and Intensive Care

Medicine, which recommends the preoperative evalua-

tion of cognitive function in the geriatric patient.18

There is a need for a large randomised controlled trial to

clarify the evidence for or against the use of preoperative

benzodiazepine in elderly patients. At present, a multi-

centre, randomised, placebo controlled trial is being

carried out to assess patient satisfaction after premedica-

tion in elderly patients. In total 614 patients aged

between 65 and 80 years undergoing elective surgery

with general anaesthesia have been randomised to

receive either 3.75 mg midazolam or placebo.19 This will

be, to the best of our knowledge, the first randomised

controlled trial to assess the effect of benzodiazepine

premedication in elderly patients. At present, patient

inclusion has been successfully completed and data anal-

ysis is ongoing (ClinicalTrials.gov, NCT03052660).

Limitations
POSE was designed to describe the 30-day mortality rate

of patients aged 80 years and older undergoing interven-

tions under anaesthesia. The primary outcome was all-

cause mortality within 30 days. POSE enrolled patients

consecutively in order to minimise selection bias. The

objective nature of the primary outcome and the multiple

attempts to obtain follow-up data reduced the risk of

detection and attrition bias. However ten missing data

values for the premedication before intervention

occurred in 9497 patients. Premedication data were

assessed on day of intervention as follows: ‘premedication

before intervention: none, clonidine or benzodiazepine’.

Consequently, a major limitation is the lack of data on

type, time schedule (benzodiazepine on-site premedica-

tion is not comparable to a preoperative drug intake) and

dose of benzodiazepine premedication. In line with the

outcome definition and analysis strategy for the main

study3, we did not analyse the length of stay in patients

discharged alive. This aspect could be investigated using,

for example, a cause-specific approach treating ‘discharge

alive’ as a competing event for in-hospital death. Further

increased transfusion treatments in the midazolam pre-

medication group could also indicate a confounder treat-

ment bias in that these patients may have been selected

for more aggressive clinical management. Finally, POSE

is an observational study with nonrandom assignment of

benzodiazepine and nonbenzodiazepine premedication.

Considerations on propensity score adjustment
The results presented here are based on the statistical

framework of propensity score adjustment. This frame-

work is useful for reducing bias in the estimation of

treatment effects in observational studies, as it balances

the distribution of covariates between the treatment and

the control groups, here benzodiazepine premedication

vs. nonbenzodiazepine premedication.10 Consequently,

propensity score adjustment tries to mimic randomised

treatment assignment in a controlled trial, allowing for

direct comparisons of the respective outcomes, here log-

rank analysis of 30-day mortality. Although Fig. 1 showed

that our propensity score model possesses very favourable

balancing properties, it must be noted that the approach

is not without limitations. Most importantly, as pointed

out by Stuart, propensity-score-adjusted estimations rely

on the assumption of ignorability, which states that there

are ‘no unobserved differences between the treatment

and control groups, conditional on the observed covari-

ates’.13 As a consequence, propensity-score-adjusted esti-

mation will only yield unbiased results if all variables that

are related to both treatment assignment and the out-

come have been recorded and included in the propensity

score model. In case of POSE, data collection was pro-

spectively planned and a large number of potential con-

founder variables had been already identified before the

beginning of the study. In particular, all variables that

were previously shown to be associated with the outcome

8 Kowark et al.
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were included in the propensity score model. Still, by the

nature of the observational design of POSE, unmeasured

confounding and a potentially misspecified propensity

score model cannot be ruled out. With regard to the effect

of possibly unmeasured confounding, one may addition-

ally calculate the E value, which represents ‘the mini-

mum strength of both the confounder associations that

must be present, above and beyond the measured cov-

ariates, for an unmeasured confounder to explain away an

association’.20 In case of the inverse-propensity-score-

weighted estimate obtained in this study (hazard

ratio¼ 0.71), the E value is calculated as E¼ 2.17, with

a lower confidence limit of 1 (since the 95% CI for the

hazard ratio 0.49 to 1.04 includes the value 1). Hence, any

unmeasured confounder associated with both benzodiaz-

epine premedication and 30-day mortality by 2.17-fold

risk or hazard could explain away the observed associa-

tion, whereas weaker confounding could not. For the

lower confidence limit, any unmeasured confounder

could explain away the observed effect.

In summary, the obtained data are novel and hypothesis

generating. At present, data from a large randomised,

placebo-controlled trial assessing benzodiazepine preme-

dication in elderly patients are expected, and should be

taken into consideration before rolling out possible new

randomised trials.19 Then, if favourable, and to ulti-

mately confirm our results and address the issue of

unmeasured confounding, a controlled trial with random-

ised assignment of benzodiazepine premedication would

be needed.

Conclusion
This secondary analysis of the observational POSE study

did not provide unambiguous evidence for an association

between benzodiazepine premedication and 30-day mor-

tality in elderly patients. However, point estimates indi-

cated a reduced mortality hazard in benzodiazepine-

premedicated patients. This reduction was also seen in

several sensitivity analyses, which included subgroup

analyses of surgical interventions and cognitively

impaired patients. The results presented here might

be affected by unmeasured confounding, which could

be addressed in a randomised trial.
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