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ABSTRACT
Background Although clinical peer review is a 
well- established instrument for improving quality of 
care, clinical effectiveness is unclear.
Methods In a pragmatic cluster randomised 
controlled trial, we randomly assigned 60 German 
Initiative Qualitätsmedizin member hospitals with 
the highest mortality rates in ventilated patients 
in 2016 to intervention and control groups. The 
primary outcome was hospital mortality rate in 
patients ventilated fore more than 24 hours. Clinical 
peer review was conducted in intervention group 
hospitals only. We assessed the impact of clinical 
peer review on mortality using a difference- in- 
difference approach by applying weighted least 
squares (WLS) regression to changes in age- adjusted 
and sex- adjusted standardised mortality ratios 
(SMRs) 1 year before and 1 year after treatment. 
Recommendations for improvement from clinical 
peer review and hospital survey data were used for 
impact and process analysis.
Results We analysed 12 058 and 13 016 
patients ventilated fore more than 24 hours in the 
intervention and control hospitals within the 1- year 
observation period. In- hospital mortality rates 
and SMRs were 40.6% and 1.23 in intervention 
group and 41.9% and 1.28 in control group 
hospitals in the preintervention period, respectively. 
The groups showed similar hospital (bed size, 
ownership) and patient (age, sex, mortality, 
main indications) characteristics. WLS regression 
did not yield a significant difference between 
intervention and control groups regarding changes 
in SMRs (estimate=0.04, 95% CI= −0.05 to 0.13, 
p=0.38). Mortality remained high in both groups 
(intervention: 41.8%, control: 42.1%). Impact 
and process analysis indicated few perceived 
outcome improvements or implemented process 
improvements following the introduction of clinical 
peer review.
Conclusions This study did not provide evidence 
for reductions in mortality in patients ventilated for 
more than 24 hours due to clinical peer review. A 
stronger focus on identification of structures and 
care processes related to mortality is required to 
improve the effectiveness of clinical peer review.

INTRODUCTION
The COVID- 19 pandemic has highlighted 
the crucial role of long- term ventilation 
in the care of critically ill patients.1 Due 
to different life- threatening indications 
and the risk of severe complications,2 3 
treatment of intensive care patients is a 
complex task. Therefore, ensuring a high 
quality of care with respect to treatment 

Key messages

What is already known on this topic
 ⇒ Clinical peer review is a well- established 
method that aims to improve the quality 
of inpatient care and patient outcomes. 
While observational studies indicated 
decreasing mortality rates in multiple 
patient groups after the introduction 
of clinical peer review in German 
hospitals, there is a lack of high quality 
confirmatory evidence.

What this study adds
 ⇒ We assessed the effect of clinical 
peer review on mortality in patients 
ventilated for more than 24 hours in a 
cluster randomised controlled trial. We 
did not find evidence for reductions in 
mortality due to clinical peer review. 
Impact and process analysis indicated 
few perceived outcome improvements 
or implemented process improvements 
following the introduction of clinical 
peer review.

How this study might affect research, 
practice and/or policy

 ⇒ A stronger focus on structures and 
care processes related to mortality is 
required to improve the effectiveness of 
clinical peer review.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-013864 on 5 A

pril 2022. D
ow

nloaded from
 

http://qualitysafety.bmj.com/
http://www.health.org.uk/
http://dx.doi.org/10.1136/bmjqs-2021-013864
http://dx.doi.org/10.1136/bmjqs-2021-013864
http://dx.doi.org/10.1136/bmjqs-2021-013864
http://dx.doi.org/10.1136/bmjqs-2022-014985
http://dx.doi.org/10.1136/bmjqs-2022-014985
http://orcid.org/0000-0002-4662-4156
http://orcid.org/0000-0001-6922-7148
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjqs-2021-013864&domain=pdf&date_stamp=2022-11-20
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/


18 Schmitt J, et al. BMJ Qual Saf 2023;32:17–25. doi:10.1136/bmjqs-2021-013864

Original research

of those patients is a main objective of intensive care 
medicine.

In addition to new medical therapies, structured 
ventilation protocols and improved infrastructure, 
the organisational aspects of care, interprofessional 
collaboration and quality improvement methods 
have increasingly been gaining clinical and scientific 
interest.4 5 One well- established quality improve-
ment method is clinical peer review (clinical PR).6–8 
In Germany, Initiative Qualitätsmedizin (IQM) hospi-
tals introduced clinical PR in 2009. Within 10 years 
(2009–2019), 1208 clinical PRs were performed. With 
more than 400 member hospitals, IQM covers approx-
imately 40% of all German hospital cases per year.9 
Clinical PRs may be triggered by quality indicator 
results (eg, above- average mortality rates in specific 
patient groups) and by the voluntary participation of 
member hospitals.

Observational studies indicated decreasing mortality 
rates after the introduction of clinical PR.10–12 
However, these findings may be driven by phenomena 
like regression to the mean bias,13 which implies the 
need for high quality confirmatory evidence on the 
effectiveness of clinical PR.14

Against that background, we conducted a pragmatic 
cluster randomized controlled trial to assess the effec-
tiveness of clinical PR in reducing hospital mortality in 
patients ventilated for more than 24 hours.

METHODS
Trial design and oversight
This was a pragmatic multicentre cluster randomised 
controlled trial embedded in a prospective cohort 
study (figure 1). All 385 IQM member hospitals in 
Germany were invited to participate in the study. After 
consent, 60 participating hospitals with the highest 
mortality rates in patients ventilated for more than 24 
hours in 2016 were included in the cluster trial as these 
hospitals were expected to show the highest potential 
for benefit from clinical PR. All remaining hospitals 

formed a parallel observation arm. The 60 hospitals 
included in the trial were randomised into interven-
tion and control groups with an allocation ratio of 
1:1. Clinical PR was conducted in intervention group 
hospitals, and control group hospitals did not receive 
this intervention. The effectiveness of clinical PR was 
assessed by comparing intervention and control group 
hospitals regarding changes in the primary outcome 1 
year before and 1 year after clinical PR. The interven-
tion was introduced in the second half of 2017.15

While the exact pretreatment and post- treatment 
periods were defined by the clinical PR date for inter-
vention group hospitals, these periods were set from 
July 2016 to June 2017, and July 2017 to June 2018 
for all control group hospitals.

Patient characteristics were gathered from routine 
care data collected by each hospital according 
to German law (§21 Krankenhausentgeltgesetz 
(KHEntgG)). Hospital characteristics were derived 
from the German Hospital Directory provided by 
the German Federal Office of Statistics. Data linkage 
and anonymisation was conducted by the Koordi-
nierungszentrum für Klinische Studien, Technische 
Universität Dresden (TU Dresden). Data were analysed 
at the Center for Evidence- Based Healthcare (ZEGV), 
TU Dresden. The responsible statistician was blinded 
throughout the trial conduct and analysis.

For impact and process analysis, we extracted 
information from the lists of recommendations for 
improvement made by the clinical PR teams visiting 
the intervention group hospitals and conducted a 
hospital survey at the end of the study period (January 
2019 to June 2019). The study design is described in 
detail elsewhere.16

Randomisation
We allocated the 60 intervention study hospitals to 
intervention and control groups using block rando-
misation conditional on hospital ownership (public, 
private, non- profit) and the number of hospital beds 

Figure 1 Design of the ‘Effectiveness of the IQM peer review procedure to improve in- patient care—a pragmatic cluster randomized controlled trial’ 
(IMPRESS) study. IQM, Initiative Qualitätsmedizin.
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(1–149, 150–299, 300–599, 600+) with a block size 
of 10. Randomisation was conducted at ZEGV. IQM 
was responsible for the enrolment and assignment of 
hospitals to intervention and control groups.

Intervention
The IQM clinical PR intervention includes three 
stages: preparation, implementation and follow- up 
(a more detailed description of IQM clinical PR is 
provided in the online supplemental material). The 
preparation stage includes patient case selection and 
a self- assessment by the hospital selected for clinical 
PR. The key element of the implementation stage 
is the external, on- site assessment. This assessment 
includes structured dialogue between reviewers and 
hospital staff with the objective to agree on meas-
ures for improvement of care. The main element of 
the follow- up stage is the reviewer report. This report 
considers the following criteria:

 ► Adequate and prompt diagnostics and treatment.
 ► Prompt and targeted examination of treatment process.
 ► Adequate and prompt indication.
 ► Guideline adherence.
 ► Control of the course of treatment.
 ► Conflict- free interdisciplinary and interprofessional 

cooperation.
 ► Coherent and complete documentation.
By focusing on these criteria, the intervention 

aims to improve inpatient care through an improve-
ment of key structures and processes. Measures for 
improvement are mutually defined by staff of the 
visited hospitals and clinical PR reviewers and trans-
ferred into a feasible action plan by the reviewed 
hospital. Clear and precise formulation of poten-
tials for improvement to derive this action plan is 
the main focus of the clinical PR report. The visited 
hospital is responsible for both the action plan and 
its implementation.

Our study followed the IQM methodology and 
conducted clinical PRs in line with international stan-
dards. The clinical PR included the ex- post review of 
12–16 charts of patients who were ventilated for more 
than 24 hours and deceased in the reviewed hospital. 
Preference was given to deceased patients with charac-
teristics that are associated with a relatively low prob-
ability of death (eg, younger age). The reviews were 
conducted by physicians and nurses from other IQM 
member hospitals, who had been trained in clinical 
PR. The training placed special emphasis on avoiding 
sham peer reviews.8 Potentials for improvement 
identified by the clinical PR team and recommended 
measures were discussed with the clinical management 
of the reviewed hospital and documented in a list of 
recommendations. Based on these recommendations, 
reviewed hospitals decided on implementation of 
specific measures (see online supplemental figure S1 
for visualisation of the process).

Outcome
The outcome of the intervention study was in- hos-
pital mortality in patients ventilated for more than 
24 hours, excluding newborns aged ≤27 days. This 
outcome was chosen because of its high prevalence 
and large reductions in mortality in ventilation 
patients after clinical PR found in previous observa-
tional studies.10–12 Subgroup analyses were conducted 
for patients ventilated for more than 24 hours with 
myocardial infarction, stroke, pneumonia, chronic 
obstructive pulmonary disease (COPD) and colorectal 
resection because of their relatively large share in total 
ventilation patients and their higher degree of homoge-
neity compared with the overall patient population.16 
The definitions of patient population and subgroups 
followed the German Inpatient Quality Indicators 
version 5.017 (indicator 56.1) (see online supplemental 
table S1).

Impact and process analysis
To gain insights into measures, processes and perceived 
outcomes during and after clinical PR, we extracted 
information from the intervention group hospitals’ 
lists of recommendations for improvement. These 
lists of recommendations were written by the leading 
reviewer and sent to intervention hospitals for their 
information. Information on documented potentials 
for improvement and recommended measures was 
included in an individualised hospital survey. All inter-
vention group hospitals were invited to participate in 
this survey. In this way, we assessed whether specific 
measures recommended during the clinical PR process 
had been implemented in the relevant hospital. We also 
assessed perceived changes in structure, process and 
outcome due to clinical PR. The survey was conducted 
online using REDCap (V.8.5.8, Vanderbilt University, 
Nashville). Descriptive quantitative analysis of survey 
data was performed using SPSS (V.25.0.0.2). Qualita-
tive analysis was conducted by two independent raters 
using MAXQDA (V.11.1.2) coding qualitative contents 
into iteratively defined subthemes. Both raters inde-
pendently rated a sample of 10 questionnaires to 
define a common coding framework. After discussion 
and consensus, we applied this coding framework to 
all questionnaires.

In addition to implementation of measures recom-
mended during clinical PR, the potential of these 
measures to affect mortality is a requisite for outcome 
improvements. The mortality relevance of the 
measures extracted from the lists of recommendations 
for improvement therefore was independently rated by 
four clinical experts. Each expert received the full list 
of recommended measures documented in the inter-
vention study hospitals’ lists of recommendations for 
improvement and was asked to rate the mortality rele-
vance of these measures on a 4- point scale (1: almost 
surely relevant; 2: likely relevant; 3: likely irrelevant; 
4: almost surely irrelevant). The median rating by the 
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experts was used to assess the potential effectiveness 
of the intervention and to explain potentially hetero-
geneous or null results of the treatment effect analysis. 
Details on this expert rating and the hospital survey 
are provided in the online supplemental material.

Statistical analysis
Power simulation was conducted before the start of the 
study. Given a significance level of 5% and assuming 
30 hospitals per study group, an expected number of 
300 ventilation cases per hospital, an average baseline 
mortality rate of 38% and an intraclass correlation of 
0.00408,18 a relative reduction in mortality by 8% due 
to clinical PR could be detected with a power of 80% 
using a t- test for unpaired samples.

Hospital and patient characteristics in the preinter-
vention period were analysed using descriptive statis-
tical techniques. Confirmatory analysis was based on 
a difference- in- difference approach considering the 
difference between intervention and control group 
hospitals with respect to changes in the age- adjusted 
and sex- adjusted standardised mortality ratio (SMR) in 
the postintervention period compared with the prein-
tervention period. We applied weighted least squares 
(WLS) regression with the change in the hospitals’ 
SMRs as a dependent variable and a dummy for inter-
vention group hospitals as an independent variable. A 
t- test of the intervention group dummy was used to 
assess the statistical significance of the treatment effect. 
The number of cases ventilated for more than 24 hours 
during the observation period at each hospital was used 
as weight to account for different precisions of SMR 
estimates. All observation arm hospitals in 2016 were 
used as an external reference group to derive expected 
mortality rates required for the calculation of SMRs. 
In this regard, we verified that expected mortality 
rates could be derived for all patient strata treated 
in intervention and control group hospitals within 
the study period. Subgroup analyses were conducted 
for patients ventilated for more than 24 hours with 
myocardial infarction, stroke, pneumonia, COPD and 
colorectal resection, respectively. For these analyses, 
we considered the point estimate of the coefficient of 
the intervention group dummy and its 95% CI. The 
confirmatory analyses reported in this paper were 
complemented by comprehensive sensitivity analyses, 
including adjustment for covariates, individual- level 
regressions, time lags and time- varying effects of the 
intervention (see online supplemental material). Statis-
tical analyses were conducted using Stata V.15.1.

RESULTS
Treatment allocation and hospitals included in final 
analysis
Two hundred and thirty- seven hospitals agreed to 
participate (figure 2). Fourteen did not treat patients 
ventilated for more than 24 hours in 2016 and 
therefore were not eligible. From the remaining 223 

hospitals, the 60 hospitals with the highest mortality 
rates in 2016 were randomised into intervention and 
control groups with an allocation ratio of 1:1. While 
all intervention group hospitals were included in 
the analysis, one control group hospital was ‘lost to 
follow- up’ due to a merger within the study period. 
Accordingly, the analyses were based on data from 
30 intervention and 29 control group hospitals with 
12 085 and 13 016 cases of patients ventilated for 
more than 24 hours during the pretreatment and post- 
treatment periods, respectively.

Baseline characteristics of hospitals and patients
Block randomisation resulted in similar characteris-
tics in intervention and control group hospitals with 
respect to number of beds and hospital ownership in 
the preintervention period (table 1). The intervention 
group hospitals were characterised by a higher median 
number of ventilation cases than the control group 
hospitals but showed a similar IQR. The baseline 
mortality rates in ventilation patients were 40.6% and 
41.9% in the intervention and control groups, respec-
tively. There were no relevant differences in terms of 
age, sex and the shares of the considered subgroups 
(myocardial infarction, stroke, pneumonia, COPD, 
colorectal resection) in ventilation patients.

Main results
SMRs of the control group hospitals (SMR=1.28) and 
the intervention group hospitals (SMR=1.23) were 
similar in the preintervention period (figure 3). The 

Figure 2 Flow chart showing allocation of hospitals to study groups and 
inclusion in final analyses. IMPRESS, ‘Effectiveness of the IQM peer review 
procedure to improve in- patient care—a pragmatic cluster randomized 
controlled trial’.
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SMRs of both groups remained almost unchanged 
in the postintervention period (control: SMR=1.29; 
intervention: SMR=1.26).

These findings were also reflected in the results of 
the difference- in- difference analysis. The WLS regres-
sion yielded a statistically insignificant point estimate 
(estimate=0.04, 95% CI= −0.05 to 0.13, p=0.38) of 
the intervention effect. Hence, there was no evidence 
for a beneficial effect of clinical PR on mortality in 
patients ventilated for more than 24 hours. All sensi-
tivity analyses were in line with this result as they did 
not provide evidence for a treatment effect (see online 
supplemental material).

Subgroup analyses
We also estimated the potential effects of the clinical 
PR on mortality in patients ventilated for more than 24 

hours with myocardial infarction, stroke, pneumonia, 
COPD and colorectal resection, respectively. In line 
with the main results outlined above, the point esti-
mates and 95% CIs did not indicate a treatment effect 
in these subgroups (figure 4). More detailed informa-
tion is provided in online supplemental table S2.

Survey findings
We conducted the impact and process improvement 
survey from 7 January 2019 to 30 April 2019 and sent 
a reminder on 18 March 2019. The final response rate 
was slightly higher in the intervention group (26/30; 
80%) compared to the control group (20/29; 69%).

A minority of intervention hospitals (5/26) and 
control hospitals (7/20) indicated that they had 
received a clinical PR on ventilation prior to partic-
ipating in the current cluster randomized controlled 

Table 1 Baseline (preintervention period) characteristics of hospitals and patients ventilated for more than 24 hours

Study group Intervention group Control group

Variable n/Median %/Q1; Q3 n/Median %/Q1; Q3
Hospital characteristics n=30 hospitals n=29 hospitals
Number of beds, n (%)
  1–149 3 10.0 3 10.3
  150–299 10 33.3 9 31.0
  300–599 12 40.0 10 34.5
  600+ 5 16.7 7 24.1
Hospital ownership, n (%)
  Non- profit 8 26.7 8 27.6
  Private 7 23.3 5 17.2
  Public 15 50.0 16 55.2
Ventilation cases per hospital, median (Q1; Q3) 161 82; 267 129 78; 255
Patient characteristics n=6038 cases n=6586 cases
Age, median (Q1; Q3) 71 60; 79 70 58; 78
Sex, n (%)
  Female 2368 39.2 2603 39.5
  Male 3670 60.8 3983 60.5
In- hospital death, n (%)
  No 3584 59.4 3827 58.1
  Yes 2454 40.6 2759 41.9
Myocardial infarction, n (%)
  No 5708 94.5 6295 95.6
  Yes 330 5.5 291 4.4
Stroke, n (%)
  No 5625 93.2 6015 91.3
  Yes 413 6.8 571 8.7
Pneumonia, n (%)
  No 5597 92.7 6087 92.4
  Yes 441 7.3 499 7.6
Chronic obstructive pulmonary disease (COPD), n (%)
  No 5572 92.3 6186 93.9
  Yes 466 7.7 400 6.1
Colorectal resection, n (%)
  No 5957 98.7 6523 99.0
  Yes 81 1.3 63 1.0
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trial. We extracted 132 recommendations for quality 
improvement from the intervention group hospi-
tals’ lists of recommendations for improvement. The 
majority (116/132, 88%) of these recommendations 

were transferred unchanged (n=82) or modified 
(n=34) into an action plan.

Overall, 81 recommendations for quality improve-
ment measures were already implemented or about to 

Figure 3 Evolution of standardised mortality ratios (SMRs) in intervention and control group hospitals with 95% CIs.

Figure 4 Results of weighted least squares (WLS) regressions for subgroups of patients ventilated for more than 24 hours with 95% CIs. COPD=chronic 
obstructive pulmonary disease.
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be implemented in the intervention group hospitals 
at the time of the survey. Most of the implemented 
recommendations aimed at improving procedures and 
structures of care including documentation (26/81), 
care strategies (16/81) and updated/additional stan-
dard operating procedures (11/81). Two- thirds of 
these implemented recommendations were rated by 
experts as ‘likely irrelevant’ (median rating=3–3.5: 
21/81; 26%) or ‘almost surely irrelevant’ (median=4: 
32/81; 40%) for in- hospital mortality in patients 
ventilated for more than 24 hours. Recommenda-
tions targeting improvements in documentation were 
rated as ‘likely irrelevant’ or ‘almost surely irrelevant’. 
Implemented recommendations targeting treatment 
protocols of ventilation or reanimation were rated as 
‘likely relevant’.

The quantitative evaluation of implemented 
measures by participating intervention hospitals indi-
cated a fairly high level of perceived structural and 
procedural (19/26; 73%) improvements. The qual-
itative evaluation described improvements due to 
structural recommendations, particularly in the form 
of new standards and infrastructures (11 quotes). 
Procedural recommendations leading to improvement 
were noted in 31 quotes addressing care processes or 
documentation. In line with the results of the main 
outcome analysis, perceived reductions in mortality 
of ventilated patients were rarely reported (three 
quotes).

DISCUSSION
This study improves upon previous observational 
research10–12 on the effects of clinical PR as a measure 
to improve the quality of care in intensive care medi-
cine. Neither the main results nor the subgroup and 
sensitivity analyses provided evidence for a beneficial 
effect of clinical PR regarding ventilation on mortality 
in patients ventilated for more than 24 hours. In line 
with these results, the hospital survey indicated that 
many of the recommendations made to improve the 
quality of care had been implemented, but that these 
measures were not considered to have a direct impact 
on the mortality rates in patients ventilated for more 
than 24 hours.

The survey results showed that clinical PR was 
perceived positively by the participating hospitals and 
many measures recommended during clinical PR were 
implemented in intervention group hospitals. The 
expert rating indicated that most of these measures 
were not seen as directly related to mortality in venti-
lated patients. This reflects that many potentials for 
improvement were identified which did not directly 
affect mortality but may have had other beneficial 
effects. If the above- average baseline mortality in the 
participating hospitals was driven by deficits in quality 
of care, clinical PR may not, therefore, have adequately 
identified these deficits.

Strengths and limitations
This study used a randomised design to prevent 
regression to the mean, unmeasured confounding 
and selection biases, and to ensure a high degree of 
generalisability. A limitation of the study is that, due 
to the study design, the effectiveness of clinical PR 
as a complex intervention could only be assessed 
as a whole and its impacts on outcomes other than 
mortality were not captured. The high number of 
measures recommended during clinical PR may 
primarily affect process quality, which was not consid-
ered as an outcome. However, in line with the value- 
based healthcare framework,19 patients are mainly 
interested in health outcomes rather than the struc-
tural or procedural quality of care.

The reliability of judgements by reviewers and the 
adequacy of recommended measures for improve-
ment of inpatient care are crucial if clinical PR is 
to be effective. The IQM clinical PR is strictly stan-
dardised regarding both training and implementa-
tion. The IQM clinical PR report addresses specific 
topics related to the quality of care, including struc-
tures and especially processes. The clinical PR team 
represents different professions (physicians, nurses), 
specialties (eg, anaesthesiology, pulmonology) and 
hierarchical positions (eg, senior physicians, resident 
physicians). We believe that the high degree of stan-
dardisation and the interdisciplinary and interpro-
fessional nature of the IQM clinical PR are likely to 
facilitate adequate judgements of potentials and flaws 
and facilitate the derivation of suitable measures 
for improvement. However, all these advantages 
did not translate into mortality benefit for patients. 

Due to its focus on clinical structures and processes, 
the IQM clinical PR does not consider external drivers 
of poor quality and patient outcomes, including char-
acteristics of the healthcare system. Therefore, iden-
tifying those external potentials for improvement 
requires different complementary approaches.

Another limitation of our study is the possibility 
that intervention effects may have evolved over time 
and that longer follow- up may have been valuable. 
However, sensitivity analyses did not provide support 
for time- varying intervention effects (see online 
supplemental material).

Despite the robustness of our findings against 
adjustment for multiple patient characteristics in sensi-
tivity analyses (see online supplemental material), the 
persistence of above- average mortality in both inter-
vention and control hospitals may be due to patient- 
associated risk not captured by our data. While our data 
provide information on patient- specific risk factors for 
mortality, for example, in terms of Elixhauser comor-
bidities, some clinical indicators of disease severity 
(eg, laboratory and imaging findings) could not be 
operationalised. However, since our study relies on 
a randomised design, we do not expect systematic 
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differences between intervention and control groups 
regarding those characteristics.

In line with IQM methodology, the selection of 
intervention and control hospitals was based on the 
assumption that hospitals with the highest mortality 
rates in specific patient groups have the largest poten-
tial for improvement in terms of quality of care. 
Although previous observational studies on IQM clin-
ical PR seemed to support this assumption, we cannot 
exclude that modifiable mortality in the participating 
hospitals was actually too low to induce a significant 
intervention effect.

This study did not investigate differences between 
hospitals with low and high mortality rates in patients 
ventilated for more than 24 hours in terms of care 
characteristics (eg, use of lung- protective ventilation 
or measures aimed at preventing ventilator- associated 
pneumonia). Investigating such differences could 
shed more light on mortality- relevant potentials for 
improvement and could be used to derive suitable 
quality standards for future clinical PRs.

Finally, this study examined the effectiveness of IQM 
clinical PR. The extent to which our results are gener-
alisable to other variants of clinical PR may depend on 
specific methodological aspects, including the degree 
to which the considered clinical PR procedure focuses 
on measures related to mortality.

Implications
The COVID- 19 pandemic has highlighted the role 
of long- term ventilation as a key element in the care 
of critically ill patients.1 Ensuring and improving 
the quality of care of ventilation patients is the main 
objective of this study. The lack of outcome improve-
ments indicated by our analysis has major implica-
tions for the conceptualisation of clinical PR. Potential 
modifications of the clinical PR procedure include a 
more specific focus on outcome quality and stricter 
monitoring of changes in structures and procedures 
after clinical PR. Those modifications would require 
enhanced identification of mortality- relevant care 
processes and targeted measurement of mortality 
related to these processes.

Alternatively, the focus of future clinical PR may be 
shifted from outcome quality towards process quality. 
The latter would require measurement of process- 
related outcomes to assess effectiveness and different 
triggers for clinical PR. Modification of clinical PR 
may also require improved training of clinical PR 
teams, better documentation in lists of recommenda-
tions for improvement and more emphasis on imple-
mentation of sustainable measures. These issues have 
been recognised by the IQM steering group, which 
defined an action plan regarding the IQM clinical PR 
method. IQM clinical PR reports and trainings have 
been restructured with stronger focus on potentials to 
reduce mortality.

A general implication of this study is that the effec-
tiveness of the clinical PR is under scrutiny. As with all 
complex interventions, reliable evidence on the effec-
tive components of clinical PR is required to improve 
the method and justify its continued use.
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IMPRESS project - Survey of participating IQM member clinics on structural quality and care processes in ven-

tilated patients  
The items were surveyed by means of an electronic questionnaire (implementation via RedCap) 

1. Structural and process data in the field of intensive care medicine 

Items  Possible answers 

1.1 Number of beds in the intensive care unit, annual average 2017  

1.1.1 Internal medicine beds □ [Number] 

1.1.2 Surgical beds □ [Number] 

1.1.3 Total □ [Number]  Automatically calculated 

1.2 How many full time staff are employed in intensive care units (actually filled positions in full time equivalents on an annual average in 2017)?  

 

1.2.1 Physicians □ [Number] Full-time employees 

1.2.2 thereof specialists □ [Number] Full-time employees 

1.2.3 of which specialists with additional qualification in intensive care medicine □ [Number] Full-time employees 

1.2.4 registered nursing staff □ [Number] Full-time employees 

1.2.5 of which registered nurses with additional qualification in anaesthesia and intensive care □ [Number] Full-time employees 

1.2.6 Physiotherapists □ [Number] Full-time employees 

1.3 Is there an Intermediate Care Station or other transitional care between non-intensive and intensive care? □ Yes 

□ No 

1.4 Are stroke patients treated in a stroke unit? □ Yes 

□ No 

1.5 Are patients with acute coronary syndrome treated in a chest pain unit? □ Yes 

□ No 

1.6 Are patients seen daily by a specialist with an additional qualification in intensive care medicine ? □ Yes 

□ No 

1.7 Is there a concept to adapt the physician staffing to the current demand (e.g. on-call duty)? □ Yes 

□ No 

1.8 Medical management of the intensive care unit:  

 1.8.1 Is the intensive care unit managed by a specialist with an additional qualification in intensive care medicine ? □ Yes 

□ No 

 1.8.2 Does the medical management of the intensive care unit have other clinical tasks? □ Yes 

□ No 

1.9 Is the presence of medical and nursing staff experienced in intensive care medicine guaranteed for 24 hours? □ Yes 

□ No 

1.10 Is there a concept to adapt the nursing staffing to current demands (e.g. on-call duty)? □ Yes 

□ No 
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1.11 Is there a written training protocol for new staff? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

1.12 Is there a mentor system in the training phase? □ Yes 

□ No 

1.13 Are there fixed break regulations? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

1.14 Are temporary or self-employed staff used in case of personnel shortages? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

 1.15 Which of the measures and standards listed below are available in your intensive care unit?  

 

 

1.15.1 Medical Standard Operating Procedures □ Fully available 

□ Partly available 

□ Not available 

1.15.2  Nursing standards □ Fully available 

□ Partly available 

□ Not available 

1.15.3 Defined standard equipment per intensive care bed □ Fully available 

□ Partly available 

□ Not available 

1.15.4 Daily medical and nursing rounds for each intensive care patient □ Fully available 

□ Partly available 

□ Not available 

1.15.5 Daily visits by an experienced medical specialist and specialist nursing staff with the joint definition of daily goals □ Fully available 

□ Partly available 

□ Not available 

1.15.6 Daily multi-professional and interdisciplinary visits with documentation of daily goals for patient safety, interdisciplinary planning and documenta-

tion of therapy concepts and goals 

□ Fully available 

□ Partly available 

□ Not available 

1.15.7 Structured emergency training □ Fully available 

□ Partly available 

□ Not available 

1.16 Which of the fully or partially existing measures and standards from 1.14 are implemented in your intensive care unit?  

 

 

1.16.1 Medical Standard Operating Procedures □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.2 Nursing standards □ Fully implemented 

□ Partly implemented 

□ Not implemented 
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1.16.3 Defined standard equipment per intensive care bed □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.4 Daily medical and nursing rounds for each intensive care patient □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.5 Daily visits by an experienced medical specialist and specialist nursing staff with the joint definition of daily goals □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.6 Daily multi-professional and interdisciplinary visits with documentation of daily goals for patient safety, interdisciplinary planning and documenta-

tion of therapy concepts and goals 

□ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.7 Structured emergency training 

□ Fully implemented 

□ Partly implemented 

□ Not implemented 
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2. Use of quality instruments to improve care for ventilated patients in intensive care 

Items  Possible answers 

2.1 IQM – Peer Review of the tracer "Ventilation > 24h" in intensive care medicine  

2.2 IQM – Peer Review on another tracer (e.g. heart attack, stroke) in the field of intensive care medicine (maximum of three most recent 

tracers) 
 

 

 

[Tracer 1] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Tracer 2 (fade in only when 1 is filled)] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Tracer 3 (fade in only when 2 is filled)] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

2.3 Other peer reviews (e.g. DIVI, internal PR etc.) in the field of intensive care medicine (maximum of three topical areas)  

 

 

[Theme 1] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Theme 2] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018  

[Theme 3] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 
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2.4 morbidity and mortality conferences in intensive care defined according to the guidelines for interdisciplinary M&M conferences (including 

recorded and justified case selection, presentation, discussion and analysis with derivation of measures and implementation control) 

*Reference: Rohn, C. & Martin, J. Leitfaden für interdisziplinäre M&M-Konferenzen, In: Martin J, Rink O, Zacher J (Hrsg.) Handbuch IQM  

 

2.5 Other interventions in the field of intensive care medicine, e.g. error reporting systems and qualification measures (maximum of three 

most recent interventions 
 

 

 

[Intervention 1] □ Not applied so far and not planned 

[Intervention 2] (fade in only when 1 is filled)] □ No applied so far, but planned 

[Intervention 3] (fade in only when 2 is filled)]  
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3. Implementation of the selected quality instruments 

Items Possible answers 

A3.1 IQM - Peer Review of the tracer "Ventilation > 24h" [year of application according to 2.1] 

 

Variant A: These questions are only asked if a peer review protocol including a summary in the intervention group is available 

 

 

A3.1.1. Peer review protocol [annual data according to 2.1: quality objectives, proposed solutions and action plan  

 

A3.1.1.1 Have the quality objectives and proposed solutions of the peer review protocol [year as per 2.1] 

been communicated internally? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.2 If yes, to whom were the quality objectives and proposed solutions of the peer review protocol 

[year as per 2.1] communicated? 

□ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text Field] 
A2.1.1.3 Was an action plan derived for the achievement of the quality objectives or implementation of the 

proposed solutions of the peer review protocol? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.3.1 The following potential for improvement, proposed solutions, responsibilities and deadlines 

for implementation were identified in the summary of the Peer Review Protocol [annual details accord-

ing to 2.1]: 

[Line by line improvement potential, proposed solutions, responsibilities and implementation deadlines] 

Potential for improvement: [automated listing from the protocol of the intervention group] 

Proposed solutions: [automated listing from the protocol of the intervention group] 

Responsibilities: [automated listing from intervention group protocol] 

Deadlines for transposition: [automated listing from the intervention group protocol] 

 

A3.1.1.3.2. Has solution [XX] been included in a plan of action?  

 

XX [each named solution proposal from the list in A3.1.1.3.1 is queried] 

□ Yes, unchanged, the following measure has been derived [text field]. 
□ Yes, but modified and the following measure was derived [text field] 
□ No, because [text field] 
□ Not known/ Not specified 

A3.1.1.3.3 If yes, was the action plan implemented within the deadline? 

□ Yes, complete in accordance with the above-mentioned deadline 

□ Yes Complete, but different from the above-mentioned deadline for transposition since 

[date field] 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 
□ Not known/ Not specified 

 

A3.1.1.4 Were the peer review summary, analysis criteria or self-assessment [year specified in 2.1] used to 

propose solutions, followed by an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.4.1 If yes, which  
[manual entry] 

A3.1.1.4.2 If yes, have all measures already been implemented? □ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 

□ Not known/ Not specified 

A3.1.1.5 Was the analysis of the peer review [year] used to identify follow-up actions that were not includ-

ed in the peer review summary? 

□ Yes 

□ No 

□ Not known/ Not reported 
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A3.1.1.5.1 If yes, which  
[manual entry] 

A3.1.1.5.2 If yes, have all measures already been implemented? □ Yes, complete since [date field] 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 

□ Not known/ Not specified 

 

  

 

[Option B: These questions are only asked if no peer review protocol including summary is available 

(for example, for ventilation peer reviews from previous years or for intervention clinics for which no summary table is 
available) 

 

 

B3.1 IQM - Peer Review of the tracer "Ventilation > 24 h" [year of application according to 2.1] 

 

Note: This survey block is provided individually for each tracer specified 

 

 

B3.1.1 Peer review protocol [annual data according to 2.1]: quality objectives, proposed solutions and plan of action  

 

B 3.1.1.1 Which quality objectives have been derived from the peer review [annual data according to 

2.1]? [manual entry] 

B3.1.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

B3.1.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text Field] 
B3.1.1.4 Were the summary, analysis criteria or self-assessment of the peer review [year specified in 

2.1] used to derive proposed solutions followed by an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 B3.1.1.4.1 If yes, has the action plan been implemented? 

□ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text box] 
□ Not known/ Not specified 
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3.2 IQM - Peer Review of another tracer in intensive care [Tracer XX from 2.2] 

 

Note: This survey block is provided separately for each tracer specified] 

 

 

3.2.1 Peer review protocol for the tracer [text XX of 2.2]: Quality objectives + proposed solutions and action plans  

 

3.2.1.1 Which quality objectives were derived from the Peer Review on the tracer [queryXX of 2.2]? 
[manual entry] 

3.2.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

3.2.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.2.1.4 Were the summary, the analysis criteria or the self-assessment of the Peer Review on the tracer [query 

XX from 2.2] used to derive proposals for solutions and subsequently an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 3.2.1.4.1  If yes, has the action plan been implemented? 

□ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry] 

□ Not known/ Not specified 

 

3.3 Other peer reviews in intensive care medicine [query of 2.3] 

 

Note: This survey block is provided separately for each specified topic area 

 

 

3.3.1 Peer review protocol on the topic [query of 2.3]: Quality objectives + proposed solutions and action plans  

 

3.3.1.1 Which quality objectives were derived from the Peer Review in the thematic area [topic XX of 2.3]? 
[manual entry] 

3.3.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

3.3.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.3.1.4 Were the summary, analysis criteria or self-assessment of the peer review on topic [topic XX of 2.3] used to 

derive proposed solutions and a subsequent action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 3.3.1.4.1  If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry] 

□ Not known/ Not reported 
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3.4 Morbidity and mortality conferences  

 

3.4.1 Which groups of people are involved in the organisation of the morbidity and mortality conferences? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.4.2 Did the morbidity and mortality conferences result in proposals for solutions and a subsequent action plan? □ Yes 

□ No 

□ Not known/ Not reported 

 3.4.2.1 If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text box] 
□ Not known/ Not reported 

 

3.5 Other interventions in intensive care [Intervention XX from 2.5] 

 

Note: This survey block is provided separately for each specified intervention 

[manual entry](expandable field with "+") 

 

3.5.1 Which groups of people are involved in the implementation? □ To the medical management 

□ To nursing management 

□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text field] 
3.5.2 Were proposals for solutions and subsequently an action plan derived from this intervention? □ Yes 

□ No 

□ Not known/ Not reported 

 3.5.2.1 If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry]□ Not known/ Not 
reported 
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4. Assessment of changes on the basis of the quality instruments used (e.g. peer review, M&M conferences) 

Items Possible answers 

4.1 How do you judge the changes on the structural level of your intensive care unit caused by the use of the quality 

instruments (e.g. staff, technical equipment)? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.1.1 Which improvements have you noticed? 
[Manual entry] 

4.1.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.1.3 Which deteriorations have you noticed? 
[Manual entry] 

4.1.4 In your opinion, which instruments used were relevant to this deterioration? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 
□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.2 How do you judge the changes on the process level of your intensive care medicine caused by the use of the quality 

instruments (e.g. course of treatment)? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.2.1 Which improvements have you noticed? 
[Manual entry] 

4.2.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.2.3 Which deteriorations have you noticed? 
[Manual entry] 

4.2.4 In your opinion, which instruments used were relevant to this deterioration? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 
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4.3 How do you judge the changes caused by the use of the quality instruments (e.g. patient satisfaction, mortality, 

(co)morbidity,...) at the outcome level of your intensive care unit? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.3.1 Which improvements have you noticed? 
[Manual entry] 

4.3.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.3.3 Which deteriorations have you noticed? 
[Manual entry] 

4.3.4 In your opinion, which instruments were responsible for this deterioration? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 
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Description of IQM clinical peer review process 

IQM is an association aiming to improve inpatient care in member hospitals. IQM membership is 

voluntary without any regulatory requirements. Participation in clinical peer review (PR) is compulsory 

for all IQM member hospitals. In addition to participating in clinical PR, members are required to 

provide and publish accounting data for assessment and comparison of patient outcomes between 

member hospitals.  

The IQM clinical PR is highly standardized. A steering group is responsible for supervision and 

continuous development of the IQM clinical PR and for development of indicators (“tracers”), which 

are used to trigger a clinical PR. 

The clinical PR has three stages, each including different steps: 

1. Preparation (case selection, self-assessment, and clinical PR analysis of selected cases) 

2. Implementation (external, on-site assessment, dialogue between reviewers and hospital staff, 

discussion and approval of sustainable and achievable measures) 

3. Follow-Up (report, action plan) 

 

1. Preparation: Preparation includes the selection of IQM member hospitals for clinical PR based on a 

tracer, an analysis of the selected (patient) cases and a self-assessment by the hospitals chosen for 

clinical PR. 

The IMPRESS study aimed to analyze the effectiveness of clinical PR regarding mortality in patients 

with ventilation>24h (tracer). Therefore, clinical PRs were initiated in hospitals with mortality rates 

above average in this tracer. All these tracers are predefined in the continuously updated German 

Inpatient Quality Indicator (G-IQI) Set. The mortality of patients ventilated >24h is defined as indicator 

56.1 G-IQI (1). 

After selection of member hospitals for clinical PR, IQM forms a clinical PR team including physicians 

and nurses with different positions and qualifications to analyze the indication covered by clinical PR. 

With respect to ventilation >24h, the clinical PR team includes physicians and nurses specialized in e.g. 

anesthesiology, pneumology or emergency care. To become a professional peer, it is obligate to 

become certified. Certification as a professional peer requires educational courses based on a 

structured curriculum of the German Medical Association and training sessions in two clinical PRs. The 

hospital chosen for clinical PR compiles a case list. After selection of cases, an assessment by the peers 

and self-assessment by the hospitals follows in advance of the external on-site assessment.   

2. Implementation: After the preparatory (self-)assessment of the cases, the preparation of necessary 

case files, and access to the hospital information system, the clinical PR team conducts an on-site 

assessment. After analyzing patient data for systematic improvement potentials, these potentials are 

discussed with staff responsible for patient care. As mentioned above, this especially includes 

physicians from different disciplines and nurses. At the end of the clinical PR, responsible hospital staff 

and clinical PR team define achievable and sustainable measures, as required for the peer review 

report. The main challenge of this report is to define clear and precisely formulated potentials for 

improvement to derive an action plan. The visited hospital is responsible for both this action plan and 

its implementation. 

3: Follow-Up: A report with the consented measures is sent to the participating hospital and IQM. All 

potentials of improvement are summarized for the management of the hospital to inform and to foster 

implementation of measures for improvement. The hospital departments involved in the clinical PR 
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receive a report including all relevant issues revealed during clinical PR to define an action plan for 

improvement.  

The protocols evaluate the following criteria based on a scoring system: 

• adequate and prompt diagnostics as well as treatment 

• prompt and targeted examination of treatment process 

• adequate and prompt indication 

• guideline adherence 

• control of the course of treatment 

• conflict-free interdisciplinary and interprofessional cooperation 

• coherent and complete documentation 

 

Based on these criteria, potentials for improvement and proposals for measures are derived and 

protocolled in consent between reviewers and hospital staff. Formal criteria such as the completeness 

of the examined medical records, readability, access, or personnel representation in the peer review 

are assessed. IQM summarizes reports and evaluates different aspects like satisfaction of the 

hospitals/departments, process parameters, and main potentials for improvement.  

Especially main potentials for improvement are discussed by the steering group and prepared for 

further presentation to reviewers and members hospitals. 
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Table S1 Definition of patient population and subgroups 

Group 

 

Indication 

Main definition / 

ICD-10-GM codes / 

OPS codes 

Further inclusion/exclusion criteria 

Total 

population 

 Ventilation 

> 24h 

Ventilation for more 

than 24 hours 

Age > 27 days 

Subgroup: 

Patients 

ventilated 

> 24h 

with… 

 Myocardial 

infarction 

Main diagnosis: I21 

or I22 

Age > 19 years 

 Stroke Main diagnosis: I60, 

I61, I63, or I64 

Age > 19 years 

 COPD Main diagnosis: J44 Age > 19 years, no tumor (C00 – C97, 

D00 – D09) 

 Pneumonia Main diagnosis: 

A48.1, J10.0, J11.0, or 

J12 – J18 

Age > 19 years, no tumor (C00 – C97, 

D00 – D09), no mucoviscidosis (E84, 

U69.00), no transfer from other 

hospital 

 Colorectal 

resection 

OPS codes: 5-455, 5-

456, 5-484, 5-485 

 

-  
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Table S2 Number of included hospitals and cases by subgroup analysis 

Study group Control group Intervention group 

Study period Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention 

Subgroup Hospitals Patients SMR Hospitals Patients SMR Hospitals Patients SMR Hospitals Patients SMR 

Myocardial infarction 22 291 1.42 5 275 1.41 19 330 1.27 7 276 1.29 

Stroke 18 571 1.43 6 552 1.32 18 413 1.41 6 372 1.27 

COPD 25 400 0.79 4 392 0.83 26 466 0.71 4 489 0.77 

Pneumonia 27 499 1.11 2 488 1.00 25 441 1.06 4 521 1.02 

Colorectal resection 17 63 1.42 8 70 1.04 20 81 0.93 8 62 0.97 
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Table S3 Contents of implemented measures 

Content of measure  n % 

Additional equipment 1 1,2 

Additional intensive care capacities 2 2,5 

Additional software 5 6,2 

Additional staff 1 1,2 

Administration 1 1,2 

Briefing 1 1,2 

Case review 1 1,2 

Combined approach  

 additional staff, director 

 documentation, additional software 

 care strategy, inter-professional care 

 qualification, communication, information provision 

 qualification, director, care strategy 

 qualification, documentation 

 qualification, care strategy 

7 8,6 

   

Documentation 26 32,1 

Inter-professional care 6 7,4 

Care strategy 16 19,8 

Organizational structure 1 1,2 

Qualification 2 2,5 

Updated/ additional SOPs 11 13,6 

Sum of implemented measures 81  
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Expert evaluation with regard to mortality relevance of derived and implemented measures 

A3.1.1.3.2 Derivation of measure with unchanged and modified consideration? The derived measure is relevant for the 

mortality of patients with ventilation >24h:  

 

1= almost surely relevant 

2= likely relevant 

3= likely irrelevant 

4= almost surely irrelevant 

NA=No information/ Don't know 
 

R1 R2 R3 R4 Median 

Documentation sheet for treatment in the emergency department created 4 3 3 4 3,5 

The paging service has been expanded in terms of nursing care 3 2 2 4 2,5 

Ventilation protocol has been modified. 1 2 2 2 2 

A column with daily goals was added to the intensive care curve. 3 3 3 3 3 

delirium screening introduced 3 4 4 2 3,5 

The therapy limitation sheet is used consistently. 4 4 4 1 4 

Medical qualification was continued 1 2 3 4 2,5 

obligatory visit plan 4 4 4 4 4 

Documentation in the admitting situation. Chief medical director of the emergency department. Triage system. Training of the emergency department staff 3 4 4 3 3,5 

general** Update of the SOPs* 3 4 4 3 3,5 

Resuscitation protocol 2 3 2 2 2 

Updating of the SOP's* with regard to ventilation 2 3 2 2 2 

no clinical microbiologist available yet, but improved dialogue with the microbiological laboratory.  E-learning module 'Antibiotic therapy' mandatory for all 

medical staff Antibiotic guidelines on the intranet 

3 3 2 3 3 

patient positioning protocols 2 2 3 3 2,5 

“Urgent legal guardianship procedures” were administratively optimised 4 4 4 4 4 

Videolaryngoscope is purchased 3 4 4 3 3,5 

Meetings for PDMS* have taken place, Chief Medical Officermember of PDMS* managing group, but then roll-off by the hospital owner 4 4 4 4 4 

ABS* further training with the aim of achieving ABS Expert certificate, building up the ABS team, 1 infectiological visit to IMC and intensive care unit per week. 

Reason for delayed full implementation: Maximum of only 1 ABS course per year possible (standardized advanced course completed). 

1 2 3 2 2 

Introduction of PDMS* in internal intensive care units. 3 4 4 4 4 

Admission and transfer of intensive care unit patients:** Created for neurosurgical and neurological patients. 3 4 4 4 4 

additional intensive care capacity. 3 4 4 4 4 

Electronic request of consults 2 4 3 4 3,5 

create a new ICU* curve with simplified documentation for rounds and establish a basic electronic recording of specialist rounds via HIS* 4 4 4 4 4 

Combination therapy of suprarenin and nioadrenalin was replaced by nor/dobutamine and implemented in the standard perfusors of ICU 3 2 2 3 2,5 
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has not developed its own resuscitation protocol, but has instead promoted the use of the anaesthesia protocol in resuscitation situations (reason for the 

deviation: anaesthesia protocol is detailed and daily. no additional form must be set up) 

3 2 2 4 2,5 

Immediate storage of the OP* protocols in the electronic patient record 3 4 4 4 4 

detailed documentation of the nursing rounds 4 4 4 4 4 

Documentation legible and complete in the patient record 4 4 4 4 4 

Electronic patient record in intensive care unit:** Introduction of a PDMS* not before 2019, call for tender is pending 4 4 4 4 4 

Epicrises must be carried out promptly 4 4 4 4 4 

ABS* visits are immediately documented in the patient record 4 2 4 4 4 

The existing records are modified. They should then also be incorporated into the PDMS. 4 4 4 4 4 

Warning Scores were incorporated into the emergency sheets of the ED* 3 4 4 3 3,5 

ABS* Team has now been formed and started to work 2 2 2 2 2 

Professional training by external speakers on the topic of sepsis** Topic discussed with internal advisors ? 3 2 4 3 

QM* workshops 4 4 4 4 4 

Responsibilities regulated 2 2 2 4 2 

SOPs developed for Sepsis, antibiotic treatment, microbiological diagnostics, Catecholamine therapy, medical imaging**; SOP* volume therapy must be 

revised and supplemented again 

2 2 2 2 2 

missing intensive care records:** transferred into existing PDMS* 3 4 4 4 4 

electronic counsil:** applied 4 4 4 3 4 

Team meeting / joint review of relevant cases of the peer review** 3 3 2 3 3 

Survey on corneal donation 4 4 4 4 4 

added to PDMS system 1 4 2 4 3 

weekly ABS* visit 3 2 2 1 2 

Documentation form therapy limitation 2 4 4 4 4 

PDMS* adapted, RASS* score, record of therapy goal, weaning protocol 4 4 4 3 4 

Highlighting of daily therapy goals, not solely shift records**: Is documented in the journal. 2 4 4 4 4 

Documentation of nursery goals,**  Visible in the journal. 3 4 4 4 4 

documentation is made, forms available. 3 4 4 4 4 

Daily joint rounds with treating departments. 2 3 3 1 2,5 

modifying SOP Analgo sedation less benzodiazepine perfuser**, , Implemented 3 4 2 4 3,5 

Weaning protocol available. 2 4 2 2 2 

Documentation of bronchoskopies:** Documentation in the system. 3 4 4 4 4 

Therapy limitation form:** Available in the system. 2 4 4 4 4 

Corresponding specifications and procedure protocols available at each workstation. 1 2 2 2 2 

General SOP's* for documentation, education etc. already available, use also at the intensive care unit 4 4 4 4 4 
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written definition of daily goals 3 3 3 4 3 

SOP pain. Yes. SOP sedation: yes. SOP delirium: no. 2 2 2 3 2 

Sepsis: no separate SOP, but S3* guideline is applied.   Monitoring: no SOP 2 2 2 2 2 

SOP Ventilation 2 2 2 2 2 

SOP's (prevention of ventilator-associated pneumonia, early mobilization)** were already in place, were re-examined 2 2 2 4 2 

teleradiology:** critical reflection of the status quo was made. since 1.1.2018 joint radiology department with RKU* Ulm 3 4 4 3 3,5 

Plan for new building of interdisciplinary emergency department 3 4 4 4 4 

Introduction MTS* 2 3 2 2 2 

Planning PDMS* 2020 3 4 4 4 4 

New conception of ICU* documentation 3 4 4 4 4 

Introduction of electronic consil 3 4 3 4 3,5 

Introduction S3* guideline Delir 2 4 3 3 3 

Introduction of a complete nursing anamnesis 3 4 3 4 3,5 

record once per shift (pain score)** 4 4 2 4 4 

Introduction and implementation of pressure ulcer - expert standard 3 3 2 4 3 

Training for pressure ulcer standard carried out, digital recording implemented 3 3 2 4 3 

SOPs (sepsis, emergency intubation)** developed + implemented 2 2 2 1 2 

see above: SOPs (sepsis, emergency intubation) 2 2 2 3 2 

Introduction of sedation breaks Introduction of ABS visits Modification of PDMS with (daily goals, work diagnoses) 1 3 2 1 1,5 

Checklist introduced in PDMS* - working diagnosis/daily therapy goal 3 3 3 2 3 

currently no weaning protocol, but daily sedation breaks 2 2 2 1 2 

Training ABS experts, internal PI* ABS 2 2 2 1 2 

hire emergency department manager 1 3 3 2 2,5 

Update PIs* (sepis, volume management, ventilation, complex visceral surgery concepts)** 2 3 2 3 2,5 

PI* on End of Life Decision 4 4 3 4 4 

Notes: 

* Abbreviations 

ABS antibiotic stewardship  HIS hospital information system  ICU intensive care unit  ED: emergency department MTS Manchester-Triage-System PDMS Patient data management system PI process instruction  

QM quality management RKU Universitäts- und Rehabilitationskliniken Ulm  S3 highest standard of German medical guideline provided by the Association of the Scientific Medical Societies in Germany 

SOP standard operating procedure 

**Italic entries: In order to enable interpretation, the results of the protocols were briefly included in the measures by the authors. 
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Median Overall: 3 
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Raw mortality rates by study group in 2016 

Group Mean Min Max 

Control 45.37% 38.84% 60.71% 

Observation 27.86% 0.00% 38.30% 

Intervention 45.57% 38.92% 66.67% 

 

Due to a merger of one control group hospital and an observation group hospital, the following anal-

yses relied on data from 29 control and 30 intervention group hospitals. In total, the 59 intervention 

and control group hospitals recorded 25101 cases of patients ventilated for more than 24 hours during 

the observation period. The number of cases by group (intervention/control) and by study period 

(pre/post intervention) is shown in the table below.  

Number of cases by study group and study period 

Group Pre intervention Post intervention 

Control 6586 6430 

Intervention 6038 6047 

 

As shown by the following tables, the age and sex distribution in the two study groups was similar.  

Number and share of cases by sex and study group 

Sex n Control Percent Control n Intervention Percent Intervention 

male 7846 60.28% 7347 60.79% 

female 5170 39.72% 4738 39.21% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013864–9.:10 2022;BMJ Qual Saf, et al. Schmitt J



3 

 

Number and share of cases by age group and study group 

Age n Control Percent Control n Intervention Percent Intervention 

< 1 years 150 1.15% 114 0.94% 

1 to <= 5 years 127 0.98% 89 0.74% 

5 to <= 10 years 56 0.43% 30 0.25% 

10 to <= 15 years 63 0.48% 17 0.14% 

15 to <= 20 years 72 0.55% 53 0.44% 

20 to <= 25 years 70 0.54% 70 0.58% 

25 to <= 30 years 93 0.71% 84 0.7% 

30 to <= 35 years 172 1.32% 110 0.91% 

35 to <= 40 years 191 1.47% 134 1.11% 

40 to <= 45 years 223 1.71% 205 1.7% 

45 to <= 50 years 407 3.13% 371 3.07% 

50 to <= 55 years 805 6.18% 689 5.7% 

55 to <= 60 years 1116 8.57% 998 8.26% 

60 to <= 65 years 1394 10.71% 1245 10.3% 

65 to <= 70 years 1504 11.56% 1549 12.82% 

70 to <= 75 years 1592 12.23% 1502 12.43% 

75 to <= 80 years 2173 16.69% 2160 17.87% 

80 to <= 85 years 1715 13.18% 1717 14.21% 

85 to <= 90 years 860 6.61% 754 6.24% 

>= 90 years 233 1.79% 194 1.61% 

 

The ventilation cases included in the confirmatory analysis were characterized by diverse main diag-

noses. The table below shows the 10 most frequent ICD-3 codes and the number and share of cases 

for whom these codes were recorded.  

Most frequent main diagnoses (ICD-3 codes) 

ICD3 Description n Percent 

J44 Other chronic obstructive pulmonary disease 1801 7.18% 

A41 Other Sepsis 1380 5.50% 

I50 Cardiac insufficiency 1294 5.16% 

I21 Acute myocardial Infarction 1172 4.67% 

J18 Pneumonia, pathogen not described in more detail 999 3.98% 

I63 Cerebral infarction 905 3.61% 

S06 Intracranial injury 742 2.96% 

J15 Pneumonia caused by bacteria, not classified elsewhere 695 2.77% 

I61 Intracerebral hemorrhage 670 2.67% 

J96 Respiratory insufficiency, not classified elsewhere 468 1.86% 

 

The following figure shows the raw mortality rates in the treatment and the control group before and 

after the intervention. The mortality rate was marginally higher in the control group prior to the inter-

vention. While the mortality rate was higher in the post-treatment compared to the pre-treatment 

period in both groups, the increase was stronger in the intervention group. The absolute numbers of 

in-hospital deaths by study group and period are shown in the table below. 
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Number of in-hospital deaths and cases by study group and period 

Group Deaths pre n pre Deaths post n post 

Control 2759 6586 2707 6430 

Intervention 2454 6038 2528 6047 
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Sensitivity analyses 

Comparison of changes in raw mortality rates 

Analogous to the WLS estimation based on SMRs, differences in the raw mortality rate changes be-

tween the groups were examined. The results are shown in the table below. Similar to the results 

obtained from the SMRs, there was a positive coefficient of the intervention group dummy, which was 

not significant at the 5% level. Hence, the raw mortality rates also did not indicate an effect of the 

IQM peer review.  

Results of WLS regression. Dependent variable: Change in raw mortality rate. Weight: Number of 

patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

1.310033 1.434328 0.91 0.365 -1.56216 4.182226 

Number of hospitals = 59 

 

Additional adjustment for admission as emergency case 

Another sensitivity analysis used emergency case admission as an additional risk adjustment factor in 

the calculation of the SMRs. The following figure illustrates the SMRs based on age, sex, and emer-

gency case admission. Results remained qualitatively unchanged.  

 

The results of the WLS regression for the emergency case adjusted SMRs are shown in the table below. 

There was no significant difference between the study groups.  
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Results of WLS regression. Dependent variable: Change in SMR, adj. for age, sex, and admission as 

emergency case. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.035658 .0440514 0.81 0.422 -.0525534 .1238694 

Number of hospitals = 59 

 

Alternative splitting date for the definition of pre and post-treatment period used for the control 

group 

The table below shows that all peer reviews regarding ventilation were conducted after July 1, 2017 

in the intervention group hospitals, which served as the date to split pre and post-treatment period 

for the control group hospitals. To test the robustness of the results with respect to the splitting date, 

the median review date of the intervention group (September 28, 2017) was used as alternative split-

ting date for the control group. The results of the WLS estimations using the age and sex adjusted 

SMRs are shown below. Qualitatively, results remained unchanged. 

Number of conducted IQM peer reviews by date 

Date Number of conducted peer reviews 

13Jul2017 1 

02Aug2017 1 

09Aug2017 1 

17Aug2017 2 

30Aug2017 2 

31Aug2017 1 

06Sep2017 1 

07Sep2017 2 

13Sep2017 1 

20Sep2017 1 

25Sep2017 1 

26Sep2017 1 

28Sep2017 1 

29Sep2017 1 

05Oct2017 1 

10Oct2017 2 

12Oct2017 1 

13Oct2017 1 

17Oct2017 1 

18Oct2017 1 

20Oct2017 2 

26Oct2017 1 

02Nov2017 1 

09Nov2017 1 

13Nov2017 1 
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Results of WLS regression with new splitting date for the control group. Dependent variable: 

Change in raw mortality rate. Weight: Number of patients treated in the hospitals during the 

study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0530898 .0453585 1.17 0.247 -.037739 .1439186 

Number of hospitals = 59 

 

Analysis by admission reason 

The confirmatory analysis was also conducted for different admission reasons. For this purpose, pa-

tients admitted as emergency case, patients transferred from other hospitals and patients admitted 

for other reasons were considered separately.  

The WLS results for emergency cases are shown in the table below. Since some hospitals did not rec-

ord ventilations patients admitted as emergency case, this analysis included 27 hospitals of the control 

group and 23 hospitals of the intervention group. There was no evidence for an effect of the IQM peer 

review.  

Results of WLS regression for emergency cases. Dependent variable: Change in SMR, adj. for age 

and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0497808 .049347 1.01 0.318 -.0494381 .1489997 

Number of hospitals = 50 

 

The WLS results for patients transferred from other hospitals are shown in the table below. Since some 

hospitals did not record ventilations patients transferred from other hospitals, this analysis included 

25 hospitals of the control group and 28 hospitals of the intervention group. There was no evidence 

for an effect of the IQM peer review.  

Results of WLS regression for patients transferred from other hospitals. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0362292 .0794554 0.46 0.650 -.1232843 .1957427 

Number of hospitals = 53 

 

The WLS results for patients transferred from other hospitals are shown in the table below. Since some 

hospitals did not record ventilations patients transferred from other hospitals, this analysis included 

28 hospitals of the control group and 30 hospitals of the intervention group. There was no evidence 

for an effect of the IQM peer review.  
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Results of WLS regression for cases with other admission reasons. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0382487 .0665884 0.57 0.568 -.0951438 .1716412 

Number of hospitals = 58 

 

Analyses for ventilation patients with secondary outcomes 

The confirmatory analysis was conducted separately for ventilation patients with one of the secondary 

outcomes of the IMPRESS study. The table below shows the number of ventilation cases with second-

ary outcome by study group.  

Number of ventilation cases with secondary outcome by study group 

Group Myocardial in-

farction 

Stroke Pneumonia COPD Colorectal re-

section 

Control 566 1123 987 792 133 

Intervention 606 785 962 955 143 

 

The mortality rates in ventilation patients with secondary outcome are shown in the following table.  

Mortality rates in ventilation patients with secondary outcomes 

Secondary outcome Mortality n 

COPD 25.24% 1747 

Pneumonia 34.74% 1949 

Colorectal resection 36.96% 276 

Myocardial infarction 44.97% 1172 

Stroke 46.17% 1908 

 

Myocardial infarction 

The number of hospitals treating ventilation patients with myocardial infarction was 23 in the control 

group and 20 in the intervention group. The results of the WLS regressions are shown below. There 

was no evidence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with myocardial infarction. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0210472 .177748 0.12 0.906 -.3379221 .3800166 

Number of hospitals = 43 
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Stroke 

The number of hospitals treating ventilation patients with stroke was 18 in the control group and 13 

in the intervention group. The results of the WLS regressions are shown below. There was no evidence 

for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with stroke. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

-.0309109 .1354727 -0.23 0.821 -.3079838 .2461619 

Number of hospitals = 31 

 

Pneumonia 

The number of hospitals treating ventilation patients with pneumonia was 29 in the control group and 

29 in the intervention group. The results of the WLS regressions are shown below. There was no evi-

dence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with pneumonia. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.067967 .1333949 0.51 0.612 -.1992551 .3351891 

Number of hospitals = 58 

 

COPD 

The number of hospitals treating ventilation patients with COPD was 29 in the control group and 29 

in the intervention group. The results of the WLS regressions are shown below. There was no evidence 

for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with COPD. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0236111 .1003098 0.24 0.815 -.1773336 .2245557 

Number of hospitals = 58 

 

Colorectal resection 

The number of hospitals treating ventilation patients with colorectal resection was 19 in the control 

group and 20 in the intervention group. The results of the WLS regressions are shown below. There 

was no evidence for an effect of the IQM peer review in this subpopulation.  
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Results of WLS regression for ventilation cases with colorectal resection. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.4295112 .3321328 1.29 0.204 -.2434539 1.102476 

Number of hospitals = 39 

 

Cardiac insufficiency 

In addition to the secondary outcomes, we considered patients with the main diagnosis of cardiac 

insufficiency as a relatively large subgroup of ventilation patients (please refer to the most frequent 

ICD-codes shown above). The number of hospitals treating ventilation patients with cardiac insuffi-

ciency was 27 in the control group and 28 in the intervention group. The results of the WLS regressions 

are shown below. There was no evidence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with cardiac insufficiency. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0731678 .1375791 0.53 0.597 -.2027809 .3491166 

Number of hospitals = 55 

 

Lag time of three months 

Since the effect of the IQM peer review may not be observable immediately, the confirmatory analysis 

was conducted with a lag time of three months. For this purpose, patients admitted during the first 

three months after peer review were excluded. The post-treatment period thus comprised one year, 

starting three months after the initial splitting date. The same procedure was applied to the control 

group hospitals. Note that the lag time caused truncation of the observation period for 11 intervention 

group hospitals because data was available until December 31, 2018 only. The estimation results are 

shown in the table below. There was no evidence for an effect of the IQM peer review on the SMRs.  

Results of WLS regression considering a lag time of three months. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0691577 .0515621 1.34 0.185 -.0340935 .172409 

Number of hospitals = 59 

 

Exclusion of university hospital 

Exploratory analyses identified differences between university hospitals and other hospitals regarding 

relationships between mortality and risk factors in patients ventilated > 24h.  Because of this evidence 

for statistical effect modification, the university hospital included in the control group was removed 
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from the sample for sensitivity analysis. Consequently, the reduced sample included 28 control group 

hospitals and 30 intervention group hospitals. The results of the confirmatory analysis using the age 

and sex adjusted SMRs are shown below. The estimated coefficient of the intervention study group 

dummy is positive and significant at the 10% level but insignificant at the 5% level. Hence, this analysis 

provides weak evidence for an adverse effect of the IQM peer review. However, the point estimate of 

the treatment effect changed only slightly from 0.04 to 0.08 compared to the main analysis. The rea-

son for this shift in the estimate of the treatment effect is that the SMR of the university hospital 

increased from 1.22 in the pre-intervention phase to 1.36 in the post-intervention phase. 

Results of WLS regression excluding university hospital. Dependent variable: Change in SMR, adj. 

for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0784034 .0393695 1.99 0.051 -.0004633 .15727 

Number of hospitals = 58 

 

Previous IQM peer reviews regarding ventilation > 24h 

18 hospitals of the intervention group and 15 hospitals of the control group had an IQM peer review 

regarding ventilation > 24h prior to the IMPRESS study (i.e. in the period 2009-2016). Since previous 

reviews could confound or moderate the effect of review conducted during the IMPRESS study, we 

included a dummy variable indicating whether an IQM peer review regarding ventilation was con-

ducted before 2017. A potential effect modification was examined by including an interaction term 

between the intervention group dummy and the variable indicating the existence of a previous peer 

review.  

The results of the WLS regression considering previous peer reviews regarding ventilation > 24h are 

shown below. There was no significant effect of a previous peer review on the change in the SMRs. 

Likewise, the results did not indicate a significant effect of the IQM peer review conducted during the 

IMPRESS study.  

Results of WLS regression controlling for previous IQM peer reviews. Dependent variable: Change 

in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0466272 .0473868 0.98 0.329 -.0483 .1415543 

Previous peer 

review 

-.0262301 .0470233 -0.56 0.579 -.1204291 .0679689 

Number of hospitals = 59 

 

The results of the interaction model are shown in the table below. The estimated coefficient of the 

interaction term was insignificant. Hence, there was no evidence that previous IQM peer reviews re-

garding ventilation > 24h altered the effect of the IQM peer reviews conducted during the IMPRESS 

study.  
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Results of WLS regression testing an interaction between the intervention during the IMPRESS 

study and previous IQM peer reviews regarding ventilation. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0267556 .0613263 0.44 0.664 -.0961451 .1496562 

Previous peer 

review 

-.0518523 .0858061 -0.60 0.548 -.2238115 .1201069 

       

Intervention X       

Previous peer 

review 

.0490361 .0974316 0.50 0.617 -.1462213 .2442934 

Number of hospitals = 59 

 

Possible anticipation effects 

In the analyses presented above, the date of the IQM peer review in a specific hospital was considered 

as the treatment date. However, the decision on the IQM peer reviews conducted in 2017 was made 

on Mai 8, 2017. The decision was communicated to the IQM member hospitals on May 29, 2017. Since 

there may be anticipatory effects of pronounced IQM peer reviews regarding ventilation, the following 

analyses compared the one-year period before May 8, 2017 with the one-year period after May 29, 

2017. Patients admitted in the intervention group hospitals between May 8, 2017 and May 29, 2017 

were excluded. The same dates were used for the control group hospitals.  

The results are shown below. The coefficient of the intervention group dummy is insignificant. Hence, 

there is no evidence for anticipatory effects of the IQM peer reviews on the age and sex adjusted 

SMRs.  

Results of WLS regression using May 8, 2017 as the treatment date. Dependent variable: Change 

in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

-.0286916 .0399684 -0.72 0.476 -.1087269 .0513437 

Number of hospitals = 59 

 

Possible anticipation effects with lag time 

Analogous to the analyses using the peer review date as the treatment date, a possible lag of the 

effect of the IQM peer review was considered when testing potential anticipation effects. The follow-

ing table shows the estimated effect of the IQM peer review using May 29, 2017 as the treatment date 

and accounting for a three months lag time (as outlined above). There was no significant difference 

between intervention and control group with regard to changes in the age and sex adjusted SMRs.  
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Results of WLS regression using May 8, 2017 as the treatment date and accounting for a lag time 

of three months. Dependent variable: Change in SMR, adj. for age and sex. Weight: Number of pa-

tients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0302413 .0415484 0.73 0.470 -.0529581 .1134406 

Number of hospitals = 59 

 

Individual-level regression 

While the analyses presented above were conducted at the hospital level, the following sensitivity 

analyses estimated the effect of the IQM peer review on the individual ventilation patient's risk to 

decease in hospital. The individual-level sample included 25101 ventilation cases observed in the 

treatment and control hospitals during the pre and post-treatment period. To obtain relative risk es-

timates, multilevel Poisson regression with standard errors clustered at the hospital level was applied. 

All models include an interaction term between the intervention group dummy and the study period 

dummy. The coefficient of this interaction term represents the estimate of the treatment effect.  

The results of the model without covariates are shown in the table below. The coefficient of the inter-

action term between intervention group dummy and study period was positive but insignificant. 

Hence, there was no evidence for an effect of the IQM peer review.  

Results of mixed effects Poisson regression. Dependent variable: In-hospital death. Weight: Num-

ber of patients treated in the hospitals during the study period 

 RR Std. Err. z P>|z| [95% Conf. Interval] 

Treatment ef-

fect 

1.023548 .0339937 0.70 0.483 .959044 1.092391 

Intervention .9701781 .0369942 -0.79 0.427 .9003141 1.045464 

Post treat-

ment  

1.004957 .0270374 0.18 0.854 .9533372 1.059371 

N = 25 101 

 

Individual-level regressions: Inclusion of potential confounders 

According to the statistical analysis plan, several variables that may confound the effect of the IQM 

peer review were taken into account. Each of these variables was separately included as a covariate 

in the regression model. In line with the statistical analysis plan, a variable was considered as a con-

founder if the estimated treatment effect deviated from the raw effect estimate by at least 10%. The 

results are shown in the table below. In none of the models, the estimated treatment effect changed 

by at least 10% relative to the raw effect estimate. Hence, these analyses did not provide evidence for 

confounding.  
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Changes in the estimated treatment effect (relative risk from multilevel Poisson regression) due to 

inclusion of covariates 

Covariate Raw Effect Adjusted Effect Percentage 

change 

Age 1.024 1.026 0.211% 

Sex 1.024 1.024 0.002% 

Secondary outcomes 1.024 1.028 0.426% 

Elixhauser comorbidities 1.024 1.018 0.548% 

Length of stay 1.024 1.006 1.696% 

Admission reason 1.024 1.022 0.190% 

Weekday of admission 1.024 1.024 0.070% 

Number of visited hospital depart-

ments 

1.024 1.016 0.749% 

Year of admission 1.024 1.006 1.713% 

Hospital type 1.024 1.024 0.019% 

Hospital ownership 1.024 1.024 0.049% 

Number of beds 1.024 1.027 0.303% 

Location (urban/rural) 1.024 1.024 0.051% 

Number of ventilation cases 1.024 1.025 0.116% 

Share of transfers to other hospitals 1.024 1.023 0.071% 

Share of transfers from other hospitals 1.024 1.026 0.216% 

Multiple locations 1.024 1.024 0.025% 

Calendar months 1.024 1.024 0.089% 

Previous peer review 1.024 1.022 0.113% 

 

Individual-level regressions: Exclusion of potential confounders 

In addition to the inclusion of covariates, the impact of exclusion of single covariates from the fully 

specified model was examined. For this purpose, the full model including all covariates was first esti-

mated as the benchmark model. The results are shown in the table below. The estimation did not yield 

evidence for an effect of the IQM peer review.  

Results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 RR Std. Err. z P>|z| [95% Conf. Interval] 

Treatment effect .9961416 .0360213 -0.11 0.915 .927985 1.069304 

N = 25101; the regression model includes the full set of covariates (not shown in the table). The 

full regression results are provided in the appendix.  

 

In the next step, single covariates were excluded from the model. The resulting percentage changes 

in the estimates of the treatment effect are shown below. There was no evidence for confounding as 

indicated by a change in the estimated treatment effect of at least 10%.  
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Changes in the estimated treatment effect (relative risk from multilevel Poisson regression) due to 

exclusion of covariates 

Excluded Covariate Raw Effect Adjusted Effect Percentage change 

Age 0.996 1.001 0.534% 

Sex 0.996 0.996 0.029% 

Secondary outcomes 0.996 0.993 0.342% 

Elixhauser comorbidities 0.996 0.997 0.068% 

Length of stay 0.996 0.998 0.158% 

Admission reason 0.996 0.997 0.085% 

Weekday of admission 0.996 0.995 0.132% 

Number of visited hospital depart-

ments 

0.996 0.998 0.215% 

Year of admission 0.996 1.009 1.322% 

Hospital type 0.996 0.999 0.337% 

Hospital ownership 0.996 0.996 0.013% 

Number of beds 0.996 0.992 0.427% 

Location (urban/rural) 0.996 0.995 0.104% 

Number of ventilation cases 0.996 0.998 0.226% 

Share of transfers to other hospitals 0.996 0.996 0.030% 

Share of transfers from other hospitals 0.996 0.993 0.340% 

Multiple locations 0.996 0.996 0.000% 

Calendar months 0.996 0.995 0.121% 

Previous peer review 0.996 0.998 0.153% 

 

Stratified analysis to identify potential effect modifications 

Following the statistical analysis plan, regression models for different strata were estimated to identify 

potential effect modifications. For this purpose, all available categorical variables were used for strat-

ification if the number of observations in the strata was sufficiently high to estimate the regression. A 

variable was considered as an effect modifier if the confidence intervals for the strata did not overlap. 

The results are shown in the figure below. For reference, a horizontal line marking a relative risk esti-

mate of 1 (i.e. no effect) is provided. Overall, there was no evidence for effect modification.  
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Estimations for different SMR thresholds 

Although the 60 hospitals with the highest raw mortality rates in 2016 were randomized into treat-

ment and control group, the SMRs of these hospitals varied considerably in the pre-intervention pe-

riod. As shown in the figure below, there were even 7 hospitals (1 control and 6 intervention hospitals) 

with age and sex adjusted SMRs < 1. Since hospitals with relatively low SMRs may have less potential 

for improvement, the effect of the IQM peer review was estimated for hospitals reaching at least a 

certain threshold SMR. The results for threshold SMRs of 1.0, 1.1, 1.2, and 1.3 are reported below.  

 

Threshold SMR of 1.0 

Given the threshold SMR of 1.0, the estimation results shown in the table below were based on 24 

intervention group hospitals and 28 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0361782 .047664 0.76 0.451 -.0595578 .1319142 

Number of hospitals = 52 

 

Threshold SMR of 1.1 

Given the threshold SMR of 1.1, the estimation results shown in the table below were based on 20 

intervention group hospitals and 25 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  
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Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0415742 .050354 0.83 0.414 -.0599743 .1431226 

Number of hospitals = 45 

 

Threshold SMR of 1.2 

Given the threshold SMR of 1.2, the estimation results shown in the table below were based on 14 

intervention group hospitals and 21 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention -.0012043 .0541577 -0.02 0.982 -.1113889 .1089803 

Number of hospitals = 35 

 

Threshold SMR of 1.3 

Given the threshold SMR of 1.3, the estimation results shown in the table below were based on 11 

intervention group hospitals and 11 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0716985 .0754473 0.95 0.353 -.0856819 .2290789 

Number of hospitals = 22 
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The following figure provides a visualization of the results for all threshold SMRs.  

 

Analysis by presence of OPS-5 codes 

The effect of the IQM peer review was also separately estimated for ventilation cases with and without 

surgery. Surgery was identified by the presence of an OPS-5 code, excluding tracheostomy, and tube 

thoracostomy. The table below shows the number of ventilation cases with and without OPS-5 code 

by study group and period.  

Number of cases by presence of OPS-5 code, study group, and study period 

Group Period OPS-5: no OPS-5: yes 

Control post 3140 3290 

Control pre 3347 3239 

Intervention post 3168 2879 

Intervention pre 3063 2975 

 

The results of the confirmatory analysis for patients with and without OPS-5 code are shown in the 

tables below. In both groups, there was no evidence for an effect of the IQM peer review.  

Results of WLS regression for patients without OPS-5 code. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.035951 .0606851 0.59 0.556 -.0855688 .1574708 

Number of hospitals = 59 
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Results of WLS regression for patients with OPS-5 code. Dependent variable: Change in SMR, adj. 

for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0199706 .0659045 0.30 0.763 -.1120009 .1519422 

Number of hospitals = 59 

 

Individual-level regressions with time varying effects 

Since the effect of the IQM peer review may evolve over time, a logistic regression analysis at the 

individual level including interactions with the months after peer review was conducted. The regres-

sion model included the full set of covariates used in the previous analyses. The results are visualized 

in the figure below as contrasts of estimated average marginal effects (with 95% confidence intervals) 

for the intervention and control group relative to the pre-intervention period. To account for multiple 

testing, Bonferroni correction was applied. The results did not indicate significant differences between 

intervention and control group with regard to changes in the risk of mortality after IQM peer review.  
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Appendix 

Summary statistics 

Variable Category N/Me-

dian 

Percent/IQR 

Age; Median (IQR)  70 (59; 79) 

Number of Elixhauser comorbidities; Median 

(IQR) 

 5 (3; 6) 

Length of stay; N (Percent)  17.17 (8.70; 31) 

Number of ventilation cases; Median (IQR)  302 (172; 616) 

Share of transfers to other hospitals; Median 

(IQR) 

 0.16 (0.12; 0.22) 

Share of transfers from other hospitals;             

Median (IQR) 

 0.07 (0.04; 0.15) 

Death; N (Percent) no 14653 (58.37%) 

 yes 10448 (41.62%) 

Study group; N (Percent) Control 13016 (51.85%) 

 Intervention 12085 (48.14%) 

Period; N (Percent) pre 12624 (50.29%) 

 post 12477 (49.70%) 

Sex; N (Percent) male 15193 (60.52%) 

 female 9908 (39.47%) 

Myocardial infarction; N (Percent) no 23929 (95.33%) 

 yes 1172 (4.66%) 

Stroke; N (Percent) no 23193 (92.39%) 

 yes 1908 (7.60%) 

Pneumonia; N (Percent) no 23152 (92.23%) 

 yes 1949 (7.76%) 

COPD; N (Percent) no 23354 (93.04%) 

 yes 1747 (6.95%) 

Colorectal resection; N (Percent) no 24825 (98.90%) 

 yes 276 (1.09%) 

Admission reason; N (Percent) other 5827 (23.21%) 

Admission reason; N (Percent) Emergency case 16759 (66.76%) 

 Tranfer from 

other hospital 

2515 (10.01%) 

Weekday of admission; N (Percent) Sun 2966 (11.81%) 

 Mon 4288 (17.08%) 

 Tues 4035 (16.07%) 

 Wed 3687 (14.68%) 

 Thurs 3797 (15.12%) 

 Fri 3566 (14.20%) 

 Sat 2762 (11.00%) 

Number of visited hospital departments;                 

N (Percent) 

1 department 13568 (54.05%) 

 2 departments 8981 (35.77%) 

 3 or more de-

partments 

2552 (10.16%) 

Year of admission; N (Percent) 2016 3918 (15.60%) 

 2017 12521 (49.88%) 

 2018 8662 (34.50%) 
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Summary statistics 

Variable Category N/Me-

dian 

Percent/IQR 

Hospital type; N (Percent) University hos-

pital 

2677 (10.66%) 

 H. of Germ. 

Hospital Plan 

22424 (89.33%) 

Hospital ownership; N (Percent) public 18050 (71.90%) 

 non-profit 4211 (16.77%) 

 private 2840 (11.31%) 

Number of beds; N (Percent)  0-99 215 (0.85%) 

  100-149 428 (1.70%) 

  150-199 1009 (4.01%) 

  200-299 2044 (8.14%) 

  300-399 2973 (11.84%) 

  400-499 2972 (11.84%) 

  500-599 3420 (13.62%) 

  600-799 4069 (16.21%) 

  800+ 7971 (31.75%) 

Location (urban/rural); N (Percent) urban 18104 (72.12%) 

 rural 6997 (27.87%) 

Multiple locations; N (Percent) no 16158 (64.37%) 

 yes 8943 (35.62%) 

Calendar months; N (Percent) Jan 2541 (10.12%) 

 Feb 2390 (9.52%) 

 Mar 2319 (9.23%) 

 Apr 2033 (8.09%) 

 May 1982 (7.89%) 

 Jun 1944 (7.74%) 

 Jul 1958 (7.80%) 

 Aug 1855 (7.39%) 

 Sep 1890 (7.52%) 

 Oct 2053 (8.17%) 

 Nov 2020 (8.04%) 

 Dec 2116 (8.42%) 

Previous peer review; N (Percent) no 14908 (59.39%) 

 yes 10193 (40.60%) 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

Treatment effect -.0038659 .0361608 -0.11 0.915 -.0747397 .067008 

Intervention -.0222336 .0332264 -0.67 0.503 -.0873562 .042889 

Post treatment .0291707 .0459207 0.64 0.525 -.0608322 .1191736 

       

Age .0217004 .0010022 21.65 0.000 .0197362 .0236646 

Female -.019258 .0112027 -1.72 0.086 -.0412148 .0026988 

Myocardial infarction -.0229479 .0296804 -0.77 0.439 -.0811205 .0352247 

Stroke .2284585 .0385976 5.92 0.000 .1528085 .3041085 

Pneumonia -.1383748 .0353601 -3.91 0.000 -.2076793 -.0690704 

COPD -.4049151 .0545934 -7.42 0.000 -.5119162 -.2979139 

Colorectla resection -.1496728 .0768839 -1.95 0.052 -.3003624 .0010169 

       

Elixhauser com.       

Aids/HIV .1909371 .1021411 1.87 0.062 -.0092558 .39113 

Alcohol abuse .0298573 .0214044 1.39 0.163 -.0120944 .0718091 

Bloodloss anemia -.1059961 .0889528 -1.19 0.233 -.2803405 .0683482 

Cardiacar Rhythmias .0625964 .0166322 3.76 0.000 .0299978 .095195 

Chronic pulmonary disease -.0446528 .0210777 -2.12 0.034 -.0859645 -.0033412 

Coagulopathy .3029491 .0226004 13.40 0.000 .2586533 .347245 

Congestive heart failure .0848457 .0178608 4.75 0.000 .0498391 .1198523 

Deficiency anemia .0056347 .0813383 0.07 0.945 -.1537854 .1650548 

Depression -.2324054 .0443255 -5.24 0.000 -.3192818 -.1455289 

Diabetes complicated .0201529 .0280067 0.72 0.472 -.0347392 .0750449 

Diabetes uncomplicated -.0223137 .0198464 -1.12 0.261 -.061212 .0165846 

Drug abuse -.3216267 .0736728 -4.37 0.000 -.4660227 -.1772307 

Fluid and electrolyte disord. .1261633 .0218905 5.76 0.000 .0832586 .1690679 

Hypertension complicated -.2919022 .0316319 -9.23 0.000 -.3538996 -.2299048 

Hypertension uncomplicated -.1765783 .0153455 -11.51 0.000 -.2066549 -.1465018 

Hypothyroidism -.0707771 .0332755 -2.13 0.033 -.1359959 -.0055584 

Liver disease .4299242 .0264778 16.24 0.000 .3780288 .4818197 

Lymphoma .4076434 .0375949 10.84 0.000 .3339588 .481328 

Metastatic cancer .2063116 .0449851 4.59 0.000 .1181424 .2944809 

Obesity -.0699902 .0391928 -1.79 0.074 -.1468067 .0068262 

Other neurological disorder .208432 .0262888 7.93 0.000 .1569069 .2599572 

Paralysis -.2745663 .0435411 -6.31 0.000 -.3599053 -.1892273 

Pepticulcer disease .1410005 .1465571 0.96 0.336 -.1462461 .428247 

Peripheral vascular disorder .1185782 .0176842 6.71 0.000 .0839179 .1532386 

Psychoses -.2948323 .0882655 -3.34 0.001 -.4678295 -.1218352 

Pulmonary circulation disorer .0663884 .0246899 2.69 0.007 .0179971 .1147798 

Renal failure .0799978 .0162363 4.93 0.000 .0481753 .1118203 

Rheumatoid arthritis c. .0769677 .0389047 1.98 0.048 .0007159 .1532195 

          Solid tumor without 

met. 

.1393653 .0316501 4.40 0.000 .0773323 .2013983 

Valvular disease -.0415973 .0200596 -2.07 0.038 -.0809134 -.0022811 

Weight loss .0318067 .0373833 0.85 0.395 -.0414632 .1050767 

Length of stay -.0196276 .0017697 -11.09 0.000 -.0230962 -.016159 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

       

Admission reason       

Emergency case .0593704 .0305105 1.95 0.052 -.000429 .1191698 

Transfer from other hospital .0860116 .0379976 2.26 0.024 .0115377 .1604856 

       

Weekday of admission       

Mon .0637571 .02502 2.55 0.011 .0147188 .1127955 

Tues .0605398 .0339265 1.78 0.074 -.0059548 .1270345 

Wed .0699087 .0249316 2.80 0.005 .0210438 .1187737 

Thurs .06887 .0256693 2.68 0.007 .018559 .119181 

Fri .0692571 .0325206 2.13 0.033 .0055179 .1329963 

Sat .0491883 .0319278 1.54 0.123 -.0133889 .1117656 

       

Number of visited depart.       

2 departments -.1613963 .0430697 -3.75 0.000 -.2458115 -.0769812 

3 or more departments -.0730367 .0421714 -1.73 0.083 -.1556912 .0096177 

       

Admission year       

2017 -.0653916 .0242217 -2.70 0.007 -.1128653 -.0179178 

2018 -.0681259 .0470844 -1.45 0.148 -.1604096 .0241579 

       

Hospital type       

Hospital of Germ. Hospital 

Plan 

.1736998 .0645493 2.69 0.007 .0471856 .300214 

       

Hospital ownershkip       

non-profit .0808806 .0621648 1.30 0.193 -.0409601 .2027214 

private -.0266098 .0456542 -0.58 0.560 -.1160903 .0628707 

       

Number of beds       

 100-149 -.1013225 .1202967 -0.84 0.400 -.3370996 .1344547 

 150-199 -.0336207 .0734762 -0.46 0.647 -.1776314 .11039 

 200-299 .0322726 .0821549 0.39 0.694 -.128748 .1932933 

 300-399 .1157099 .0784534 1.47 0.140 -.0380559 .2694758 

 400-499 .0833018 .0819989 1.02 0.310 -.0774131 .2440167 

 500-599 .0857701 .0862758 0.99 0.320 -.0833274 .2548676 

 600-799 .0785117 .0667454 1.18 0.239 -.0523068 .2093303 

 800+ .0360285 .0871465 0.41 0.679 -.1347755 .2068324 

       

Location (urban/rural)       

rural .0718045 .0385794 1.86 0.063 -.0038096 .1474187 

Number of ventilation cases .0002341 .0001154 2.03 0.043 7.90e-06 .0004603 

Share of transfers to other h. -.2896291 .1510427 -1.92 0.055 -.5856672 .0064091 

Share of transfers from other 

h. 

-.4855212 .274714 -1.77 0.077 -1.023951 .0529083 

Multiple locations -.012337 .0419022 -0.29 0.768 -.0944637 .0697898 

       

Calendar month of admission       

Jan .0960782 .0331129 2.90 0.004 .0311781 .1609782 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

Feb .0347534 .0332331 1.05 0.296 -.0303823 .0998892 

Mar .0587575 .0242774 2.42 0.016 .0111747 .1063403 

Apr -.002932 .0426029 -0.07 0.945 -.0864321 .0805681 

May -.0265851 .0345708 -0.77 0.442 -.0943425 .0411724 

Jun -.0115402 .0479912 -0.24 0.810 -.1056013 .0825208 

Aug -.0133529 .0287506 -0.46 0.642 -.0697031 .0429973 

Sep -.0127233 .0298803 -0.43 0.670 -.0712876 .0458409 

Oct .0420287 .0315914 1.33 0.183 -.0198893 .1039467 

Nov -.0285475 .0314208 -0.91 0.364 -.0901311 .0330361 

Dec .0122923 .0334069 0.37 0.713 -.053184 .0777687 

       

Previous peer review .0718692 .0322712 2.23 0.026 .0086188 .1351196 

_cons -2.504904 .1482608 -16.90 0.000 -2.79549 -2.214318 

N = 25 101 
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IMPRESS project - Survey of participating IQM member clinics on structural quality and care processes in ven-

tilated patients  
The items were surveyed by means of an electronic questionnaire (implementation via RedCap) 

1. Structural and process data in the field of intensive care medicine 

Items  Possible answers 

1.1 Number of beds in the intensive care unit, annual average 2017  

1.1.1 Internal medicine beds □ [Number] 

1.1.2 Surgical beds □ [Number] 

1.1.3 Total □ [Number]  Automatically calculated 

1.2 How many full time staff are employed in intensive care units (actually filled positions in full time equivalents on an annual average in 2017)?  

 

1.2.1 Physicians □ [Number] Full-time employees 

1.2.2 thereof specialists □ [Number] Full-time employees 

1.2.3 of which specialists with additional qualification in intensive care medicine □ [Number] Full-time employees 

1.2.4 registered nursing staff □ [Number] Full-time employees 

1.2.5 of which registered nurses with additional qualification in anaesthesia and intensive care □ [Number] Full-time employees 

1.2.6 Physiotherapists □ [Number] Full-time employees 

1.3 Is there an Intermediate Care Station or other transitional care between non-intensive and intensive care? □ Yes 

□ No 

1.4 Are stroke patients treated in a stroke unit? □ Yes 

□ No 

1.5 Are patients with acute coronary syndrome treated in a chest pain unit? □ Yes 

□ No 

1.6 Are patients seen daily by a specialist with an additional qualification in intensive care medicine ? □ Yes 

□ No 

1.7 Is there a concept to adapt the physician staffing to the current demand (e.g. on-call duty)? □ Yes 

□ No 

1.8 Medical management of the intensive care unit:  

 1.8.1 Is the intensive care unit managed by a specialist with an additional qualification in intensive care medicine ? □ Yes 

□ No 

 1.8.2 Does the medical management of the intensive care unit have other clinical tasks? □ Yes 

□ No 

1.9 Is the presence of medical and nursing staff experienced in intensive care medicine guaranteed for 24 hours? □ Yes 

□ No 

1.10 Is there a concept to adapt the nursing staffing to current demands (e.g. on-call duty)? □ Yes 

□ No 
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1.11 Is there a written training protocol for new staff? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

1.12 Is there a mentor system in the training phase? □ Yes 

□ No 

1.13 Are there fixed break regulations? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

1.14 Are temporary or self-employed staff used in case of personnel shortages? □ Yes for physicians and nurses 

□ Yes for physicians  

□ Yes for nurses 

□ No 

 1.15 Which of the measures and standards listed below are available in your intensive care unit?  

 

 

1.15.1 Medical Standard Operating Procedures □ Fully available 

□ Partly available 

□ Not available 

1.15.2  Nursing standards □ Fully available 

□ Partly available 

□ Not available 

1.15.3 Defined standard equipment per intensive care bed □ Fully available 

□ Partly available 

□ Not available 

1.15.4 Daily medical and nursing rounds for each intensive care patient □ Fully available 

□ Partly available 

□ Not available 

1.15.5 Daily visits by an experienced medical specialist and specialist nursing staff with the joint definition of daily goals □ Fully available 

□ Partly available 

□ Not available 

1.15.6 Daily multi-professional and interdisciplinary visits with documentation of daily goals for patient safety, interdisciplinary planning and documenta-

tion of therapy concepts and goals 

□ Fully available 

□ Partly available 

□ Not available 

1.15.7 Structured emergency training □ Fully available 

□ Partly available 

□ Not available 

1.16 Which of the fully or partially existing measures and standards from 1.14 are implemented in your intensive care unit?  

 

 

1.16.1 Medical Standard Operating Procedures □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.2 Nursing standards □ Fully implemented 

□ Partly implemented 

□ Not implemented 
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1.16.3 Defined standard equipment per intensive care bed □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.4 Daily medical and nursing rounds for each intensive care patient □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.5 Daily visits by an experienced medical specialist and specialist nursing staff with the joint definition of daily goals □ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.6 Daily multi-professional and interdisciplinary visits with documentation of daily goals for patient safety, interdisciplinary planning and documenta-

tion of therapy concepts and goals 

□ Fully implemented 

□ Partly implemented 

□ Not implemented 

1.16.7 Structured emergency training 

□ Fully implemented 

□ Partly implemented 

□ Not implemented 
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2. Use of quality instruments to improve care for ventilated patients in intensive care 

Items  Possible answers 

2.1 IQM – Peer Review of the tracer "Ventilation > 24h" in intensive care medicine  

2.2 IQM – Peer Review on another tracer (e.g. heart attack, stroke) in the field of intensive care medicine (maximum of three most recent 

tracers) 
 

 

 

[Tracer 1] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Tracer 2 (fade in only when 1 is filled)] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Tracer 3 (fade in only when 2 is filled)] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

2.3 Other peer reviews (e.g. DIVI, internal PR etc.) in the field of intensive care medicine (maximum of three topical areas)  

 

 

[Theme 1] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 

[Theme 2] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018  

[Theme 3] □ Not applied so far and not planned 

□ No applied so far, but planned 

 

□ applied before 2016  

□ applied 2016   

□ applied 2017   

□ applied 2018 
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2.4 morbidity and mortality conferences in intensive care defined according to the guidelines for interdisciplinary M&M conferences (including 

recorded and justified case selection, presentation, discussion and analysis with derivation of measures and implementation control) 

*Reference: Rohn, C. & Martin, J. Leitfaden für interdisziplinäre M&M-Konferenzen, In: Martin J, Rink O, Zacher J (Hrsg.) Handbuch IQM  

 

2.5 Other interventions in the field of intensive care medicine, e.g. error reporting systems and qualification measures (maximum of three 

most recent interventions 
 

 

 

[Intervention 1] □ Not applied so far and not planned 

[Intervention 2] (fade in only when 1 is filled)] □ No applied so far, but planned 

[Intervention 3] (fade in only when 2 is filled)]  
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3. Implementation of the selected quality instruments 

Items Possible answers 

A3.1 IQM - Peer Review of the tracer "Ventilation > 24h" [year of application according to 2.1] 

 

Variant A: These questions are only asked if a peer review protocol including a summary in the intervention group is available 

 

 

A3.1.1. Peer review protocol [annual data according to 2.1: quality objectives, proposed solutions and action plan  

 

A3.1.1.1 Have the quality objectives and proposed solutions of the peer review protocol [year as per 2.1] 

been communicated internally? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.2 If yes, to whom were the quality objectives and proposed solutions of the peer review protocol 

[year as per 2.1] communicated? 

□ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text Field] 
A2.1.1.3 Was an action plan derived for the achievement of the quality objectives or implementation of the 

proposed solutions of the peer review protocol? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.3.1 The following potential for improvement, proposed solutions, responsibilities and deadlines 

for implementation were identified in the summary of the Peer Review Protocol [annual details accord-

ing to 2.1]: 

[Line by line improvement potential, proposed solutions, responsibilities and implementation deadlines] 

Potential for improvement: [automated listing from the protocol of the intervention group] 

Proposed solutions: [automated listing from the protocol of the intervention group] 

Responsibilities: [automated listing from intervention group protocol] 

Deadlines for transposition: [automated listing from the intervention group protocol] 

 

A3.1.1.3.2. Has solution [XX] been included in a plan of action?  

 

XX [each named solution proposal from the list in A3.1.1.3.1 is queried] 

□ Yes, unchanged, the following measure has been derived [text field]. 
□ Yes, but modified and the following measure was derived [text field] 
□ No, because [text field] 
□ Not known/ Not specified 

A3.1.1.3.3 If yes, was the action plan implemented within the deadline? 

□ Yes, complete in accordance with the above-mentioned deadline 

□ Yes Complete, but different from the above-mentioned deadline for transposition since 

[date field] 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 
□ Not known/ Not specified 

 

A3.1.1.4 Were the peer review summary, analysis criteria or self-assessment [year specified in 2.1] used to 

propose solutions, followed by an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 

A3.1.1.4.1 If yes, which  
[manual entry] 

A3.1.1.4.2 If yes, have all measures already been implemented? □ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 

□ Not known/ Not specified 

A3.1.1.5 Was the analysis of the peer review [year] used to identify follow-up actions that were not includ-

ed in the peer review summary? 

□ Yes 

□ No 

□ Not known/ Not reported 
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A3.1.1.5.1 If yes, which  
[manual entry] 

A3.1.1.5.2 If yes, have all measures already been implemented? □ Yes, complete since [date field] 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text field] 

□ Not known/ Not specified 

 

  

 

[Option B: These questions are only asked if no peer review protocol including summary is available 

(for example, for ventilation peer reviews from previous years or for intervention clinics for which no summary table is 
available) 

 

 

B3.1 IQM - Peer Review of the tracer "Ventilation > 24 h" [year of application according to 2.1] 

 

Note: This survey block is provided individually for each tracer specified 

 

 

B3.1.1 Peer review protocol [annual data according to 2.1]: quality objectives, proposed solutions and plan of action  

 

B 3.1.1.1 Which quality objectives have been derived from the peer review [annual data according to 

2.1]? [manual entry] 

B3.1.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

B3.1.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text Field] 
B3.1.1.4 Were the summary, analysis criteria or self-assessment of the peer review [year specified in 

2.1] used to derive proposed solutions followed by an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 B3.1.1.4.1 If yes, has the action plan been implemented? 

□ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text box] 
□ Not known/ Not specified 
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3.2 IQM - Peer Review of another tracer in intensive care [Tracer XX from 2.2] 

 

Note: This survey block is provided separately for each tracer specified] 

 

 

3.2.1 Peer review protocol for the tracer [text XX of 2.2]: Quality objectives + proposed solutions and action plans  

 

3.2.1.1 Which quality objectives were derived from the Peer Review on the tracer [queryXX of 2.2]? 
[manual entry] 

3.2.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

3.2.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.2.1.4 Were the summary, the analysis criteria or the self-assessment of the Peer Review on the tracer [query 

XX from 2.2] used to derive proposals for solutions and subsequently an action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 3.2.1.4.1  If yes, has the action plan been implemented? 

□ Yes, complete since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry] 

□ Not known/ Not specified 

 

3.3 Other peer reviews in intensive care medicine [query of 2.3] 

 

Note: This survey block is provided separately for each specified topic area 

 

 

3.3.1 Peer review protocol on the topic [query of 2.3]: Quality objectives + proposed solutions and action plans  

 

3.3.1.1 Which quality objectives were derived from the Peer Review in the thematic area [topic XX of 2.3]? 
[manual entry] 

3.3.1.2 Were the quality objectives communicated internally? □ Yes 

□ No 

□ Not known/ Not reported 

3.3.1.3 If yes, to whom were the quality objectives communicated internally? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.3.1.4 Were the summary, analysis criteria or self-assessment of the peer review on topic [topic XX of 2.3] used to 

derive proposed solutions and a subsequent action plan? 

□ Yes 

□ No 

□ Not known/ Not reported 

 3.3.1.4.1  If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry] 

□ Not known/ Not reported 
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3.4 Morbidity and mortality conferences  

 

3.4.1 Which groups of people are involved in the organisation of the morbidity and mortality conferences? □ To the medical management 

□ To nursing management 
□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [manual entry] 

3.4.2 Did the morbidity and mortality conferences result in proposals for solutions and a subsequent action plan? □ Yes 

□ No 

□ Not known/ Not reported 

 3.4.2.1 If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [text box] 
□ Not known/ Not reported 

 

3.5 Other interventions in intensive care [Intervention XX from 2.5] 

 

Note: This survey block is provided separately for each specified intervention 

[manual entry](expandable field with "+") 

 

3.5.1 Which groups of people are involved in the implementation? □ To the medical management 

□ To nursing management 

□ To administrative Management 

□ To quality Management 

□ To other functional areas:  [Text field] 
3.5.2 Were proposals for solutions and subsequently an action plan derived from this intervention? □ Yes 

□ No 

□ Not known/ Not reported 

 3.5.2.1 If yes, has the action plan been implemented? 

□ Yes, complete, since [date field]. 

□ Yes, implementation has started but is not yet complete 

□ No, implementation has not yet started because [manual entry]□ Not known/ Not 
reported 
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4. Assessment of changes on the basis of the quality instruments used (e.g. peer review, M&M conferences) 

Items Possible answers 

4.1 How do you judge the changes on the structural level of your intensive care unit caused by the use of the quality 

instruments (e.g. staff, technical equipment)? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.1.1 Which improvements have you noticed? 
[Manual entry] 

4.1.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.1.3 Which deteriorations have you noticed? 
[Manual entry] 

4.1.4 In your opinion, which instruments used were relevant to this deterioration? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 
□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.2 How do you judge the changes on the process level of your intensive care medicine caused by the use of the quality 

instruments (e.g. course of treatment)? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.2.1 Which improvements have you noticed? 
[Manual entry] 

4.2.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.2.3 Which deteriorations have you noticed? 
[Manual entry] 

4.2.4 In your opinion, which instruments used were relevant to this deterioration? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 
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4.3 How do you judge the changes caused by the use of the quality instruments (e.g. patient satisfaction, mortality, 

(co)morbidity,...) at the outcome level of your intensive care unit? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 

 

4.3.1 Which improvements have you noticed? 
[Manual entry] 

4.3.2 In your opinion, which of the instruments used were relevant to this improvement? □ IQM - Peer Review of the Tracer Ventilation > 24h [year(s) according to 2.1] 
□ IQM - Peer Review of another tracer in intensive care medicine: [Tracer 1,2,3 according to 2.2] 

□ Other peer reviews in intensive care medicine: [Tracers 1,2,3 according to 2.3] 
□ morbidity and mortality conferences in intensive care 

□ Other interventions in intensive care: [Intervention 1,2,3 according to 2.5] 
□ No assignment possible 

□ Not known/ Not reported 

4.3.3 Which deteriorations have you noticed? 
[Manual entry] 

4.3.4 In your opinion, which instruments were responsible for this deterioration? 

□ Mainly improvements were noticed 

□ Mainly deteriorations were noticed 

□ Both improvements and deteriorations were noticed 

□ No changes were noticed 

□ Not known/ Not reported 
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Description of IQM clinical peer review process 

IQM is an association aiming to improve inpatient care in member hospitals. IQM membership is 

voluntary without any regulatory requirements. Participation in clinical peer review (PR) is compulsory 

for all IQM member hospitals. In addition to participating in clinical PR, members are required to 

provide and publish accounting data for assessment and comparison of patient outcomes between 

member hospitals.  

The IQM clinical PR is highly standardized. A steering group is responsible for supervision and 

continuous development of the IQM clinical PR and for development of indicators (“tracers”), which 

are used to trigger a clinical PR. 

The clinical PR has three stages, each including different steps: 

1. Preparation (case selection, self-assessment, and clinical PR analysis of selected cases) 

2. Implementation (external, on-site assessment, dialogue between reviewers and hospital staff, 

discussion and approval of sustainable and achievable measures) 

3. Follow-Up (report, action plan) 

 

1. Preparation: Preparation includes the selection of IQM member hospitals for clinical PR based on a 

tracer, an analysis of the selected (patient) cases and a self-assessment by the hospitals chosen for 

clinical PR. 

The IMPRESS study aimed to analyze the effectiveness of clinical PR regarding mortality in patients 

with ventilation>24h (tracer). Therefore, clinical PRs were initiated in hospitals with mortality rates 

above average in this tracer. All these tracers are predefined in the continuously updated German 

Inpatient Quality Indicator (G-IQI) Set. The mortality of patients ventilated >24h is defined as indicator 

56.1 G-IQI (1). 

After selection of member hospitals for clinical PR, IQM forms a clinical PR team including physicians 

and nurses with different positions and qualifications to analyze the indication covered by clinical PR. 

With respect to ventilation >24h, the clinical PR team includes physicians and nurses specialized in e.g. 

anesthesiology, pneumology or emergency care. To become a professional peer, it is obligate to 

become certified. Certification as a professional peer requires educational courses based on a 

structured curriculum of the German Medical Association and training sessions in two clinical PRs. The 

hospital chosen for clinical PR compiles a case list. After selection of cases, an assessment by the peers 

and self-assessment by the hospitals follows in advance of the external on-site assessment.   

2. Implementation: After the preparatory (self-)assessment of the cases, the preparation of necessary 

case files, and access to the hospital information system, the clinical PR team conducts an on-site 

assessment. After analyzing patient data for systematic improvement potentials, these potentials are 

discussed with staff responsible for patient care. As mentioned above, this especially includes 

physicians from different disciplines and nurses. At the end of the clinical PR, responsible hospital staff 

and clinical PR team define achievable and sustainable measures, as required for the peer review 

report. The main challenge of this report is to define clear and precisely formulated potentials for 

improvement to derive an action plan. The visited hospital is responsible for both this action plan and 

its implementation. 

3: Follow-Up: A report with the consented measures is sent to the participating hospital and IQM. All 

potentials of improvement are summarized for the management of the hospital to inform and to foster 

implementation of measures for improvement. The hospital departments involved in the clinical PR 
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receive a report including all relevant issues revealed during clinical PR to define an action plan for 

improvement.  

The protocols evaluate the following criteria based on a scoring system: 

• adequate and prompt diagnostics as well as treatment 

• prompt and targeted examination of treatment process 

• adequate and prompt indication 

• guideline adherence 

• control of the course of treatment 

• conflict-free interdisciplinary and interprofessional cooperation 

• coherent and complete documentation 

 

Based on these criteria, potentials for improvement and proposals for measures are derived and 

protocolled in consent between reviewers and hospital staff. Formal criteria such as the completeness 

of the examined medical records, readability, access, or personnel representation in the peer review 

are assessed. IQM summarizes reports and evaluates different aspects like satisfaction of the 

hospitals/departments, process parameters, and main potentials for improvement.  

Especially main potentials for improvement are discussed by the steering group and prepared for 

further presentation to reviewers and members hospitals. 
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Table S1 Definition of patient population and subgroups 

Group 

 

Indication 

Main definition / 

ICD-10-GM codes / 

OPS codes 

Further inclusion/exclusion criteria 

Total 

population 

 Ventilation 

> 24h 

Ventilation for more 

than 24 hours 

Age > 27 days 

Subgroup: 

Patients 

ventilated 

> 24h 

with… 

 Myocardial 

infarction 

Main diagnosis: I21 

or I22 

Age > 19 years 

 Stroke Main diagnosis: I60, 

I61, I63, or I64 

Age > 19 years 

 COPD Main diagnosis: J44 Age > 19 years, no tumor (C00 – C97, 

D00 – D09) 

 Pneumonia Main diagnosis: 

A48.1, J10.0, J11.0, or 

J12 – J18 

Age > 19 years, no tumor (C00 – C97, 

D00 – D09), no mucoviscidosis (E84, 

U69.00), no transfer from other 

hospital 

 Colorectal 

resection 

OPS codes: 5-455, 5-

456, 5-484, 5-485 

 

-  
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Table S2 Number of included hospitals and cases by subgroup analysis 

Study group Control group Intervention group 

Study period Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention 

Subgroup Hospitals Patients SMR Hospitals Patients SMR Hospitals Patients SMR Hospitals Patients SMR 

Myocardial infarction 22 291 1.42 5 275 1.41 19 330 1.27 7 276 1.29 

Stroke 18 571 1.43 6 552 1.32 18 413 1.41 6 372 1.27 

COPD 25 400 0.79 4 392 0.83 26 466 0.71 4 489 0.77 

Pneumonia 27 499 1.11 2 488 1.00 25 441 1.06 4 521 1.02 

Colorectal resection 17 63 1.42 8 70 1.04 20 81 0.93 8 62 0.97 
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Table S3 Contents of implemented measures 

Content of measure  n % 

Additional equipment 1 1,2 

Additional intensive care capacities 2 2,5 

Additional software 5 6,2 

Additional staff 1 1,2 

Administration 1 1,2 

Briefing 1 1,2 

Case review 1 1,2 

Combined approach  

 additional staff, director 

 documentation, additional software 

 care strategy, inter-professional care 

 qualification, communication, information provision 

 qualification, director, care strategy 

 qualification, documentation 

 qualification, care strategy 

7 8,6 

   

Documentation 26 32,1 

Inter-professional care 6 7,4 

Care strategy 16 19,8 

Organizational structure 1 1,2 

Qualification 2 2,5 

Updated/ additional SOPs 11 13,6 

Sum of implemented measures 81  
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Expert evaluation with regard to mortality relevance of derived and implemented measures 

A3.1.1.3.2 Derivation of measure with unchanged and modified consideration? The derived measure is relevant for the 

mortality of patients with ventilation >24h:  

 

1= almost surely relevant 

2= likely relevant 

3= likely irrelevant 

4= almost surely irrelevant 

NA=No information/ Don't know 
 

R1 R2 R3 R4 Median 

Documentation sheet for treatment in the emergency department created 4 3 3 4 3,5 

The paging service has been expanded in terms of nursing care 3 2 2 4 2,5 

Ventilation protocol has been modified. 1 2 2 2 2 

A column with daily goals was added to the intensive care curve. 3 3 3 3 3 

delirium screening introduced 3 4 4 2 3,5 

The therapy limitation sheet is used consistently. 4 4 4 1 4 

Medical qualification was continued 1 2 3 4 2,5 

obligatory visit plan 4 4 4 4 4 

Documentation in the admitting situation. Chief medical director of the emergency department. Triage system. Training of the emergency department staff 3 4 4 3 3,5 

general** Update of the SOPs* 3 4 4 3 3,5 

Resuscitation protocol 2 3 2 2 2 

Updating of the SOP's* with regard to ventilation 2 3 2 2 2 

no clinical microbiologist available yet, but improved dialogue with the microbiological laboratory.  E-learning module 'Antibiotic therapy' mandatory for all 

medical staff Antibiotic guidelines on the intranet 

3 3 2 3 3 

patient positioning protocols 2 2 3 3 2,5 

“Urgent legal guardianship procedures” were administratively optimised 4 4 4 4 4 

Videolaryngoscope is purchased 3 4 4 3 3,5 

Meetings for PDMS* have taken place, Chief Medical Officermember of PDMS* managing group, but then roll-off by the hospital owner 4 4 4 4 4 

ABS* further training with the aim of achieving ABS Expert certificate, building up the ABS team, 1 infectiological visit to IMC and intensive care unit per week. 

Reason for delayed full implementation: Maximum of only 1 ABS course per year possible (standardized advanced course completed). 

1 2 3 2 2 

Introduction of PDMS* in internal intensive care units. 3 4 4 4 4 

Admission and transfer of intensive care unit patients:** Created for neurosurgical and neurological patients. 3 4 4 4 4 

additional intensive care capacity. 3 4 4 4 4 

Electronic request of consults 2 4 3 4 3,5 

create a new ICU* curve with simplified documentation for rounds and establish a basic electronic recording of specialist rounds via HIS* 4 4 4 4 4 

Combination therapy of suprarenin and nioadrenalin was replaced by nor/dobutamine and implemented in the standard perfusors of ICU 3 2 2 3 2,5 
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has not developed its own resuscitation protocol, but has instead promoted the use of the anaesthesia protocol in resuscitation situations (reason for the 

deviation: anaesthesia protocol is detailed and daily. no additional form must be set up) 

3 2 2 4 2,5 

Immediate storage of the OP* protocols in the electronic patient record 3 4 4 4 4 

detailed documentation of the nursing rounds 4 4 4 4 4 

Documentation legible and complete in the patient record 4 4 4 4 4 

Electronic patient record in intensive care unit:** Introduction of a PDMS* not before 2019, call for tender is pending 4 4 4 4 4 

Epicrises must be carried out promptly 4 4 4 4 4 

ABS* visits are immediately documented in the patient record 4 2 4 4 4 

The existing records are modified. They should then also be incorporated into the PDMS. 4 4 4 4 4 

Warning Scores were incorporated into the emergency sheets of the ED* 3 4 4 3 3,5 

ABS* Team has now been formed and started to work 2 2 2 2 2 

Professional training by external speakers on the topic of sepsis** Topic discussed with internal advisors ? 3 2 4 3 

QM* workshops 4 4 4 4 4 

Responsibilities regulated 2 2 2 4 2 

SOPs developed for Sepsis, antibiotic treatment, microbiological diagnostics, Catecholamine therapy, medical imaging**; SOP* volume therapy must be 

revised and supplemented again 

2 2 2 2 2 

missing intensive care records:** transferred into existing PDMS* 3 4 4 4 4 

electronic counsil:** applied 4 4 4 3 4 

Team meeting / joint review of relevant cases of the peer review** 3 3 2 3 3 

Survey on corneal donation 4 4 4 4 4 

added to PDMS system 1 4 2 4 3 

weekly ABS* visit 3 2 2 1 2 

Documentation form therapy limitation 2 4 4 4 4 

PDMS* adapted, RASS* score, record of therapy goal, weaning protocol 4 4 4 3 4 

Highlighting of daily therapy goals, not solely shift records**: Is documented in the journal. 2 4 4 4 4 

Documentation of nursery goals,**  Visible in the journal. 3 4 4 4 4 

documentation is made, forms available. 3 4 4 4 4 

Daily joint rounds with treating departments. 2 3 3 1 2,5 

modifying SOP Analgo sedation less benzodiazepine perfuser**, , Implemented 3 4 2 4 3,5 

Weaning protocol available. 2 4 2 2 2 

Documentation of bronchoskopies:** Documentation in the system. 3 4 4 4 4 

Therapy limitation form:** Available in the system. 2 4 4 4 4 

Corresponding specifications and procedure protocols available at each workstation. 1 2 2 2 2 

General SOP's* for documentation, education etc. already available, use also at the intensive care unit 4 4 4 4 4 
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written definition of daily goals 3 3 3 4 3 

SOP pain. Yes. SOP sedation: yes. SOP delirium: no. 2 2 2 3 2 

Sepsis: no separate SOP, but S3* guideline is applied.   Monitoring: no SOP 2 2 2 2 2 

SOP Ventilation 2 2 2 2 2 

SOP's (prevention of ventilator-associated pneumonia, early mobilization)** were already in place, were re-examined 2 2 2 4 2 

teleradiology:** critical reflection of the status quo was made. since 1.1.2018 joint radiology department with RKU* Ulm 3 4 4 3 3,5 

Plan for new building of interdisciplinary emergency department 3 4 4 4 4 

Introduction MTS* 2 3 2 2 2 

Planning PDMS* 2020 3 4 4 4 4 

New conception of ICU* documentation 3 4 4 4 4 

Introduction of electronic consil 3 4 3 4 3,5 

Introduction S3* guideline Delir 2 4 3 3 3 

Introduction of a complete nursing anamnesis 3 4 3 4 3,5 

record once per shift (pain score)** 4 4 2 4 4 

Introduction and implementation of pressure ulcer - expert standard 3 3 2 4 3 

Training for pressure ulcer standard carried out, digital recording implemented 3 3 2 4 3 

SOPs (sepsis, emergency intubation)** developed + implemented 2 2 2 1 2 

see above: SOPs (sepsis, emergency intubation) 2 2 2 3 2 

Introduction of sedation breaks Introduction of ABS visits Modification of PDMS with (daily goals, work diagnoses) 1 3 2 1 1,5 

Checklist introduced in PDMS* - working diagnosis/daily therapy goal 3 3 3 2 3 

currently no weaning protocol, but daily sedation breaks 2 2 2 1 2 

Training ABS experts, internal PI* ABS 2 2 2 1 2 

hire emergency department manager 1 3 3 2 2,5 

Update PIs* (sepis, volume management, ventilation, complex visceral surgery concepts)** 2 3 2 3 2,5 

PI* on End of Life Decision 4 4 3 4 4 

Notes: 

* Abbreviations 

ABS antibiotic stewardship  HIS hospital information system  ICU intensive care unit  ED: emergency department MTS Manchester-Triage-System PDMS Patient data management system PI process instruction  

QM quality management RKU Universitäts- und Rehabilitationskliniken Ulm  S3 highest standard of German medical guideline provided by the Association of the Scientific Medical Societies in Germany 

SOP standard operating procedure 

**Italic entries: In order to enable interpretation, the results of the protocols were briefly included in the measures by the authors. 
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Median Overall: 3 
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Raw mortality rates by study group in 2016 

Group Mean Min Max 

Control 45.37% 38.84% 60.71% 

Observation 27.86% 0.00% 38.30% 

Intervention 45.57% 38.92% 66.67% 

 

Due to a merger of one control group hospital and an observation group hospital, the following anal-

yses relied on data from 29 control and 30 intervention group hospitals. In total, the 59 intervention 

and control group hospitals recorded 25101 cases of patients ventilated for more than 24 hours during 

the observation period. The number of cases by group (intervention/control) and by study period 

(pre/post intervention) is shown in the table below.  

Number of cases by study group and study period 

Group Pre intervention Post intervention 

Control 6586 6430 

Intervention 6038 6047 

 

As shown by the following tables, the age and sex distribution in the two study groups was similar.  

Number and share of cases by sex and study group 

Sex n Control Percent Control n Intervention Percent Intervention 

male 7846 60.28% 7347 60.79% 

female 5170 39.72% 4738 39.21% 
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Number and share of cases by age group and study group 

Age n Control Percent Control n Intervention Percent Intervention 

< 1 years 150 1.15% 114 0.94% 

1 to <= 5 years 127 0.98% 89 0.74% 

5 to <= 10 years 56 0.43% 30 0.25% 

10 to <= 15 years 63 0.48% 17 0.14% 

15 to <= 20 years 72 0.55% 53 0.44% 

20 to <= 25 years 70 0.54% 70 0.58% 

25 to <= 30 years 93 0.71% 84 0.7% 

30 to <= 35 years 172 1.32% 110 0.91% 

35 to <= 40 years 191 1.47% 134 1.11% 

40 to <= 45 years 223 1.71% 205 1.7% 

45 to <= 50 years 407 3.13% 371 3.07% 

50 to <= 55 years 805 6.18% 689 5.7% 

55 to <= 60 years 1116 8.57% 998 8.26% 

60 to <= 65 years 1394 10.71% 1245 10.3% 

65 to <= 70 years 1504 11.56% 1549 12.82% 

70 to <= 75 years 1592 12.23% 1502 12.43% 

75 to <= 80 years 2173 16.69% 2160 17.87% 

80 to <= 85 years 1715 13.18% 1717 14.21% 

85 to <= 90 years 860 6.61% 754 6.24% 

>= 90 years 233 1.79% 194 1.61% 

 

The ventilation cases included in the confirmatory analysis were characterized by diverse main diag-

noses. The table below shows the 10 most frequent ICD-3 codes and the number and share of cases 

for whom these codes were recorded.  

Most frequent main diagnoses (ICD-3 codes) 

ICD3 Description n Percent 

J44 Other chronic obstructive pulmonary disease 1801 7.18% 

A41 Other Sepsis 1380 5.50% 

I50 Cardiac insufficiency 1294 5.16% 

I21 Acute myocardial Infarction 1172 4.67% 

J18 Pneumonia, pathogen not described in more detail 999 3.98% 

I63 Cerebral infarction 905 3.61% 

S06 Intracranial injury 742 2.96% 

J15 Pneumonia caused by bacteria, not classified elsewhere 695 2.77% 

I61 Intracerebral hemorrhage 670 2.67% 

J96 Respiratory insufficiency, not classified elsewhere 468 1.86% 

 

The following figure shows the raw mortality rates in the treatment and the control group before and 

after the intervention. The mortality rate was marginally higher in the control group prior to the inter-

vention. While the mortality rate was higher in the post-treatment compared to the pre-treatment 

period in both groups, the increase was stronger in the intervention group. The absolute numbers of 

in-hospital deaths by study group and period are shown in the table below. 
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Number of in-hospital deaths and cases by study group and period 

Group Deaths pre n pre Deaths post n post 

Control 2759 6586 2707 6430 

Intervention 2454 6038 2528 6047 
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Sensitivity analyses 

Comparison of changes in raw mortality rates 

Analogous to the WLS estimation based on SMRs, differences in the raw mortality rate changes be-

tween the groups were examined. The results are shown in the table below. Similar to the results 

obtained from the SMRs, there was a positive coefficient of the intervention group dummy, which was 

not significant at the 5% level. Hence, the raw mortality rates also did not indicate an effect of the 

IQM peer review.  

Results of WLS regression. Dependent variable: Change in raw mortality rate. Weight: Number of 

patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

1.310033 1.434328 0.91 0.365 -1.56216 4.182226 

Number of hospitals = 59 

 

Additional adjustment for admission as emergency case 

Another sensitivity analysis used emergency case admission as an additional risk adjustment factor in 

the calculation of the SMRs. The following figure illustrates the SMRs based on age, sex, and emer-

gency case admission. Results remained qualitatively unchanged.  

 

The results of the WLS regression for the emergency case adjusted SMRs are shown in the table below. 

There was no significant difference between the study groups.  
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Results of WLS regression. Dependent variable: Change in SMR, adj. for age, sex, and admission as 

emergency case. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.035658 .0440514 0.81 0.422 -.0525534 .1238694 

Number of hospitals = 59 

 

Alternative splitting date for the definition of pre and post-treatment period used for the control 

group 

The table below shows that all peer reviews regarding ventilation were conducted after July 1, 2017 

in the intervention group hospitals, which served as the date to split pre and post-treatment period 

for the control group hospitals. To test the robustness of the results with respect to the splitting date, 

the median review date of the intervention group (September 28, 2017) was used as alternative split-

ting date for the control group. The results of the WLS estimations using the age and sex adjusted 

SMRs are shown below. Qualitatively, results remained unchanged. 

Number of conducted IQM peer reviews by date 

Date Number of conducted peer reviews 

13Jul2017 1 

02Aug2017 1 

09Aug2017 1 

17Aug2017 2 

30Aug2017 2 

31Aug2017 1 

06Sep2017 1 

07Sep2017 2 

13Sep2017 1 

20Sep2017 1 

25Sep2017 1 

26Sep2017 1 

28Sep2017 1 

29Sep2017 1 

05Oct2017 1 

10Oct2017 2 

12Oct2017 1 

13Oct2017 1 

17Oct2017 1 

18Oct2017 1 

20Oct2017 2 

26Oct2017 1 

02Nov2017 1 

09Nov2017 1 

13Nov2017 1 
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Results of WLS regression with new splitting date for the control group. Dependent variable: 

Change in raw mortality rate. Weight: Number of patients treated in the hospitals during the 

study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0530898 .0453585 1.17 0.247 -.037739 .1439186 

Number of hospitals = 59 

 

Analysis by admission reason 

The confirmatory analysis was also conducted for different admission reasons. For this purpose, pa-

tients admitted as emergency case, patients transferred from other hospitals and patients admitted 

for other reasons were considered separately.  

The WLS results for emergency cases are shown in the table below. Since some hospitals did not rec-

ord ventilations patients admitted as emergency case, this analysis included 27 hospitals of the control 

group and 23 hospitals of the intervention group. There was no evidence for an effect of the IQM peer 

review.  

Results of WLS regression for emergency cases. Dependent variable: Change in SMR, adj. for age 

and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0497808 .049347 1.01 0.318 -.0494381 .1489997 

Number of hospitals = 50 

 

The WLS results for patients transferred from other hospitals are shown in the table below. Since some 

hospitals did not record ventilations patients transferred from other hospitals, this analysis included 

25 hospitals of the control group and 28 hospitals of the intervention group. There was no evidence 

for an effect of the IQM peer review.  

Results of WLS regression for patients transferred from other hospitals. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0362292 .0794554 0.46 0.650 -.1232843 .1957427 

Number of hospitals = 53 

 

The WLS results for patients transferred from other hospitals are shown in the table below. Since some 

hospitals did not record ventilations patients transferred from other hospitals, this analysis included 

28 hospitals of the control group and 30 hospitals of the intervention group. There was no evidence 

for an effect of the IQM peer review.  
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Results of WLS regression for cases with other admission reasons. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0382487 .0665884 0.57 0.568 -.0951438 .1716412 

Number of hospitals = 58 

 

Analyses for ventilation patients with secondary outcomes 

The confirmatory analysis was conducted separately for ventilation patients with one of the secondary 

outcomes of the IMPRESS study. The table below shows the number of ventilation cases with second-

ary outcome by study group.  

Number of ventilation cases with secondary outcome by study group 

Group Myocardial in-

farction 

Stroke Pneumonia COPD Colorectal re-

section 

Control 566 1123 987 792 133 

Intervention 606 785 962 955 143 

 

The mortality rates in ventilation patients with secondary outcome are shown in the following table.  

Mortality rates in ventilation patients with secondary outcomes 

Secondary outcome Mortality n 

COPD 25.24% 1747 

Pneumonia 34.74% 1949 

Colorectal resection 36.96% 276 

Myocardial infarction 44.97% 1172 

Stroke 46.17% 1908 

 

Myocardial infarction 

The number of hospitals treating ventilation patients with myocardial infarction was 23 in the control 

group and 20 in the intervention group. The results of the WLS regressions are shown below. There 

was no evidence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with myocardial infarction. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0210472 .177748 0.12 0.906 -.3379221 .3800166 

Number of hospitals = 43 
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Stroke 

The number of hospitals treating ventilation patients with stroke was 18 in the control group and 13 

in the intervention group. The results of the WLS regressions are shown below. There was no evidence 

for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with stroke. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

-.0309109 .1354727 -0.23 0.821 -.3079838 .2461619 

Number of hospitals = 31 

 

Pneumonia 

The number of hospitals treating ventilation patients with pneumonia was 29 in the control group and 

29 in the intervention group. The results of the WLS regressions are shown below. There was no evi-

dence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with pneumonia. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.067967 .1333949 0.51 0.612 -.1992551 .3351891 

Number of hospitals = 58 

 

COPD 

The number of hospitals treating ventilation patients with COPD was 29 in the control group and 29 

in the intervention group. The results of the WLS regressions are shown below. There was no evidence 

for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with COPD. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0236111 .1003098 0.24 0.815 -.1773336 .2245557 

Number of hospitals = 58 

 

Colorectal resection 

The number of hospitals treating ventilation patients with colorectal resection was 19 in the control 

group and 20 in the intervention group. The results of the WLS regressions are shown below. There 

was no evidence for an effect of the IQM peer review in this subpopulation.  
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Results of WLS regression for ventilation cases with colorectal resection. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.4295112 .3321328 1.29 0.204 -.2434539 1.102476 

Number of hospitals = 39 

 

Cardiac insufficiency 

In addition to the secondary outcomes, we considered patients with the main diagnosis of cardiac 

insufficiency as a relatively large subgroup of ventilation patients (please refer to the most frequent 

ICD-codes shown above). The number of hospitals treating ventilation patients with cardiac insuffi-

ciency was 27 in the control group and 28 in the intervention group. The results of the WLS regressions 

are shown below. There was no evidence for an effect of the IQM peer review in this subpopulation.  

Results of WLS regression for ventilation cases with cardiac insufficiency. Dependent variable: 

Change in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during 

the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0731678 .1375791 0.53 0.597 -.2027809 .3491166 

Number of hospitals = 55 

 

Lag time of three months 

Since the effect of the IQM peer review may not be observable immediately, the confirmatory analysis 

was conducted with a lag time of three months. For this purpose, patients admitted during the first 

three months after peer review were excluded. The post-treatment period thus comprised one year, 

starting three months after the initial splitting date. The same procedure was applied to the control 

group hospitals. Note that the lag time caused truncation of the observation period for 11 intervention 

group hospitals because data was available until December 31, 2018 only. The estimation results are 

shown in the table below. There was no evidence for an effect of the IQM peer review on the SMRs.  

Results of WLS regression considering a lag time of three months. Dependent variable: Change in 

SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0691577 .0515621 1.34 0.185 -.0340935 .172409 

Number of hospitals = 59 

 

Exclusion of university hospital 

Exploratory analyses identified differences between university hospitals and other hospitals regarding 

relationships between mortality and risk factors in patients ventilated > 24h.  Because of this evidence 

for statistical effect modification, the university hospital included in the control group was removed 
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from the sample for sensitivity analysis. Consequently, the reduced sample included 28 control group 

hospitals and 30 intervention group hospitals. The results of the confirmatory analysis using the age 

and sex adjusted SMRs are shown below. The estimated coefficient of the intervention study group 

dummy is positive and significant at the 10% level but insignificant at the 5% level. Hence, this analysis 

provides weak evidence for an adverse effect of the IQM peer review. However, the point estimate of 

the treatment effect changed only slightly from 0.04 to 0.08 compared to the main analysis. The rea-

son for this shift in the estimate of the treatment effect is that the SMR of the university hospital 

increased from 1.22 in the pre-intervention phase to 1.36 in the post-intervention phase. 

Results of WLS regression excluding university hospital. Dependent variable: Change in SMR, adj. 

for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0784034 .0393695 1.99 0.051 -.0004633 .15727 

Number of hospitals = 58 

 

Previous IQM peer reviews regarding ventilation > 24h 

18 hospitals of the intervention group and 15 hospitals of the control group had an IQM peer review 

regarding ventilation > 24h prior to the IMPRESS study (i.e. in the period 2009-2016). Since previous 

reviews could confound or moderate the effect of review conducted during the IMPRESS study, we 

included a dummy variable indicating whether an IQM peer review regarding ventilation was con-

ducted before 2017. A potential effect modification was examined by including an interaction term 

between the intervention group dummy and the variable indicating the existence of a previous peer 

review.  

The results of the WLS regression considering previous peer reviews regarding ventilation > 24h are 

shown below. There was no significant effect of a previous peer review on the change in the SMRs. 

Likewise, the results did not indicate a significant effect of the IQM peer review conducted during the 

IMPRESS study.  

Results of WLS regression controlling for previous IQM peer reviews. Dependent variable: Change 

in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0466272 .0473868 0.98 0.329 -.0483 .1415543 

Previous peer 

review 

-.0262301 .0470233 -0.56 0.579 -.1204291 .0679689 

Number of hospitals = 59 

 

The results of the interaction model are shown in the table below. The estimated coefficient of the 

interaction term was insignificant. Hence, there was no evidence that previous IQM peer reviews re-

garding ventilation > 24h altered the effect of the IQM peer reviews conducted during the IMPRESS 

study.  

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013864–9.:10 2022;BMJ Qual Saf, et al. Schmitt J



12 

 

 

 

Results of WLS regression testing an interaction between the intervention during the IMPRESS 

study and previous IQM peer reviews regarding ventilation. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0267556 .0613263 0.44 0.664 -.0961451 .1496562 

Previous peer 

review 

-.0518523 .0858061 -0.60 0.548 -.2238115 .1201069 

       

Intervention X       

Previous peer 

review 

.0490361 .0974316 0.50 0.617 -.1462213 .2442934 

Number of hospitals = 59 

 

Possible anticipation effects 

In the analyses presented above, the date of the IQM peer review in a specific hospital was considered 

as the treatment date. However, the decision on the IQM peer reviews conducted in 2017 was made 

on Mai 8, 2017. The decision was communicated to the IQM member hospitals on May 29, 2017. Since 

there may be anticipatory effects of pronounced IQM peer reviews regarding ventilation, the following 

analyses compared the one-year period before May 8, 2017 with the one-year period after May 29, 

2017. Patients admitted in the intervention group hospitals between May 8, 2017 and May 29, 2017 

were excluded. The same dates were used for the control group hospitals.  

The results are shown below. The coefficient of the intervention group dummy is insignificant. Hence, 

there is no evidence for anticipatory effects of the IQM peer reviews on the age and sex adjusted 

SMRs.  

Results of WLS regression using May 8, 2017 as the treatment date. Dependent variable: Change 

in SMR, adj. for age and sex. Weight: Number of patients treated in the hospitals during the study 

period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

-.0286916 .0399684 -0.72 0.476 -.1087269 .0513437 

Number of hospitals = 59 

 

Possible anticipation effects with lag time 

Analogous to the analyses using the peer review date as the treatment date, a possible lag of the 

effect of the IQM peer review was considered when testing potential anticipation effects. The follow-

ing table shows the estimated effect of the IQM peer review using May 29, 2017 as the treatment date 

and accounting for a three months lag time (as outlined above). There was no significant difference 

between intervention and control group with regard to changes in the age and sex adjusted SMRs.  
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Results of WLS regression using May 8, 2017 as the treatment date and accounting for a lag time 

of three months. Dependent variable: Change in SMR, adj. for age and sex. Weight: Number of pa-

tients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0302413 .0415484 0.73 0.470 -.0529581 .1134406 

Number of hospitals = 59 

 

Individual-level regression 

While the analyses presented above were conducted at the hospital level, the following sensitivity 

analyses estimated the effect of the IQM peer review on the individual ventilation patient's risk to 

decease in hospital. The individual-level sample included 25101 ventilation cases observed in the 

treatment and control hospitals during the pre and post-treatment period. To obtain relative risk es-

timates, multilevel Poisson regression with standard errors clustered at the hospital level was applied. 

All models include an interaction term between the intervention group dummy and the study period 

dummy. The coefficient of this interaction term represents the estimate of the treatment effect.  

The results of the model without covariates are shown in the table below. The coefficient of the inter-

action term between intervention group dummy and study period was positive but insignificant. 

Hence, there was no evidence for an effect of the IQM peer review.  

Results of mixed effects Poisson regression. Dependent variable: In-hospital death. Weight: Num-

ber of patients treated in the hospitals during the study period 

 RR Std. Err. z P>|z| [95% Conf. Interval] 

Treatment ef-

fect 

1.023548 .0339937 0.70 0.483 .959044 1.092391 

Intervention .9701781 .0369942 -0.79 0.427 .9003141 1.045464 

Post treat-

ment  

1.004957 .0270374 0.18 0.854 .9533372 1.059371 

N = 25 101 

 

Individual-level regressions: Inclusion of potential confounders 

According to the statistical analysis plan, several variables that may confound the effect of the IQM 

peer review were taken into account. Each of these variables was separately included as a covariate 

in the regression model. In line with the statistical analysis plan, a variable was considered as a con-

founder if the estimated treatment effect deviated from the raw effect estimate by at least 10%. The 

results are shown in the table below. In none of the models, the estimated treatment effect changed 

by at least 10% relative to the raw effect estimate. Hence, these analyses did not provide evidence for 

confounding.  
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Changes in the estimated treatment effect (relative risk from multilevel Poisson regression) due to 

inclusion of covariates 

Covariate Raw Effect Adjusted Effect Percentage 

change 

Age 1.024 1.026 0.211% 

Sex 1.024 1.024 0.002% 

Secondary outcomes 1.024 1.028 0.426% 

Elixhauser comorbidities 1.024 1.018 0.548% 

Length of stay 1.024 1.006 1.696% 

Admission reason 1.024 1.022 0.190% 

Weekday of admission 1.024 1.024 0.070% 

Number of visited hospital depart-

ments 

1.024 1.016 0.749% 

Year of admission 1.024 1.006 1.713% 

Hospital type 1.024 1.024 0.019% 

Hospital ownership 1.024 1.024 0.049% 

Number of beds 1.024 1.027 0.303% 

Location (urban/rural) 1.024 1.024 0.051% 

Number of ventilation cases 1.024 1.025 0.116% 

Share of transfers to other hospitals 1.024 1.023 0.071% 

Share of transfers from other hospitals 1.024 1.026 0.216% 

Multiple locations 1.024 1.024 0.025% 

Calendar months 1.024 1.024 0.089% 

Previous peer review 1.024 1.022 0.113% 

 

Individual-level regressions: Exclusion of potential confounders 

In addition to the inclusion of covariates, the impact of exclusion of single covariates from the fully 

specified model was examined. For this purpose, the full model including all covariates was first esti-

mated as the benchmark model. The results are shown in the table below. The estimation did not yield 

evidence for an effect of the IQM peer review.  

Results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 RR Std. Err. z P>|z| [95% Conf. Interval] 

Treatment effect .9961416 .0360213 -0.11 0.915 .927985 1.069304 

N = 25101; the regression model includes the full set of covariates (not shown in the table). The 

full regression results are provided in the appendix.  

 

In the next step, single covariates were excluded from the model. The resulting percentage changes 

in the estimates of the treatment effect are shown below. There was no evidence for confounding as 

indicated by a change in the estimated treatment effect of at least 10%.  
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Changes in the estimated treatment effect (relative risk from multilevel Poisson regression) due to 

exclusion of covariates 

Excluded Covariate Raw Effect Adjusted Effect Percentage change 

Age 0.996 1.001 0.534% 

Sex 0.996 0.996 0.029% 

Secondary outcomes 0.996 0.993 0.342% 

Elixhauser comorbidities 0.996 0.997 0.068% 

Length of stay 0.996 0.998 0.158% 

Admission reason 0.996 0.997 0.085% 

Weekday of admission 0.996 0.995 0.132% 

Number of visited hospital depart-

ments 

0.996 0.998 0.215% 

Year of admission 0.996 1.009 1.322% 

Hospital type 0.996 0.999 0.337% 

Hospital ownership 0.996 0.996 0.013% 

Number of beds 0.996 0.992 0.427% 

Location (urban/rural) 0.996 0.995 0.104% 

Number of ventilation cases 0.996 0.998 0.226% 

Share of transfers to other hospitals 0.996 0.996 0.030% 

Share of transfers from other hospitals 0.996 0.993 0.340% 

Multiple locations 0.996 0.996 0.000% 

Calendar months 0.996 0.995 0.121% 

Previous peer review 0.996 0.998 0.153% 

 

Stratified analysis to identify potential effect modifications 

Following the statistical analysis plan, regression models for different strata were estimated to identify 

potential effect modifications. For this purpose, all available categorical variables were used for strat-

ification if the number of observations in the strata was sufficiently high to estimate the regression. A 

variable was considered as an effect modifier if the confidence intervals for the strata did not overlap. 

The results are shown in the figure below. For reference, a horizontal line marking a relative risk esti-

mate of 1 (i.e. no effect) is provided. Overall, there was no evidence for effect modification.  
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Estimations for different SMR thresholds 

Although the 60 hospitals with the highest raw mortality rates in 2016 were randomized into treat-

ment and control group, the SMRs of these hospitals varied considerably in the pre-intervention pe-

riod. As shown in the figure below, there were even 7 hospitals (1 control and 6 intervention hospitals) 

with age and sex adjusted SMRs < 1. Since hospitals with relatively low SMRs may have less potential 

for improvement, the effect of the IQM peer review was estimated for hospitals reaching at least a 

certain threshold SMR. The results for threshold SMRs of 1.0, 1.1, 1.2, and 1.3 are reported below.  

 

Threshold SMR of 1.0 

Given the threshold SMR of 1.0, the estimation results shown in the table below were based on 24 

intervention group hospitals and 28 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0361782 .047664 0.76 0.451 -.0595578 .1319142 

Number of hospitals = 52 

 

Threshold SMR of 1.1 

Given the threshold SMR of 1.1, the estimation results shown in the table below were based on 20 

intervention group hospitals and 25 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  
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Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0415742 .050354 0.83 0.414 -.0599743 .1431226 

Number of hospitals = 45 

 

Threshold SMR of 1.2 

Given the threshold SMR of 1.2, the estimation results shown in the table below were based on 14 

intervention group hospitals and 21 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention -.0012043 .0541577 -0.02 0.982 -.1113889 .1089803 

Number of hospitals = 35 

 

Threshold SMR of 1.3 

Given the threshold SMR of 1.3, the estimation results shown in the table below were based on 11 

intervention group hospitals and 11 control group hospitals. There was no evidence for an effect of 

the IQM peer review.  

Results of WLS regression. Dependent variable: Change in SMR adj. for age and sex. Weight: Num-

ber of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Intervention .0716985 .0754473 0.95 0.353 -.0856819 .2290789 

Number of hospitals = 22 
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The following figure provides a visualization of the results for all threshold SMRs.  

 

Analysis by presence of OPS-5 codes 

The effect of the IQM peer review was also separately estimated for ventilation cases with and without 

surgery. Surgery was identified by the presence of an OPS-5 code, excluding tracheostomy, and tube 

thoracostomy. The table below shows the number of ventilation cases with and without OPS-5 code 

by study group and period.  

Number of cases by presence of OPS-5 code, study group, and study period 

Group Period OPS-5: no OPS-5: yes 

Control post 3140 3290 

Control pre 3347 3239 

Intervention post 3168 2879 

Intervention pre 3063 2975 

 

The results of the confirmatory analysis for patients with and without OPS-5 code are shown in the 

tables below. In both groups, there was no evidence for an effect of the IQM peer review.  

Results of WLS regression for patients without OPS-5 code. Dependent variable: Change in SMR, 

adj. for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.035951 .0606851 0.59 0.556 -.0855688 .1574708 

Number of hospitals = 59 
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Results of WLS regression for patients with OPS-5 code. Dependent variable: Change in SMR, adj. 

for age and sex. Weight: Number of patients treated in the hospitals during the study period 

 Coef. Std. Err. t P>|t| [95% Conf. Interval] 

Interven-

tion 

.0199706 .0659045 0.30 0.763 -.1120009 .1519422 

Number of hospitals = 59 

 

Individual-level regressions with time varying effects 

Since the effect of the IQM peer review may evolve over time, a logistic regression analysis at the 

individual level including interactions with the months after peer review was conducted. The regres-

sion model included the full set of covariates used in the previous analyses. The results are visualized 

in the figure below as contrasts of estimated average marginal effects (with 95% confidence intervals) 

for the intervention and control group relative to the pre-intervention period. To account for multiple 

testing, Bonferroni correction was applied. The results did not indicate significant differences between 

intervention and control group with regard to changes in the risk of mortality after IQM peer review.  
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Appendix 

Summary statistics 

Variable Category N/Me-

dian 

Percent/IQR 

Age; Median (IQR)  70 (59; 79) 

Number of Elixhauser comorbidities; Median 

(IQR) 

 5 (3; 6) 

Length of stay; N (Percent)  17.17 (8.70; 31) 

Number of ventilation cases; Median (IQR)  302 (172; 616) 

Share of transfers to other hospitals; Median 

(IQR) 

 0.16 (0.12; 0.22) 

Share of transfers from other hospitals;             

Median (IQR) 

 0.07 (0.04; 0.15) 

Death; N (Percent) no 14653 (58.37%) 

 yes 10448 (41.62%) 

Study group; N (Percent) Control 13016 (51.85%) 

 Intervention 12085 (48.14%) 

Period; N (Percent) pre 12624 (50.29%) 

 post 12477 (49.70%) 

Sex; N (Percent) male 15193 (60.52%) 

 female 9908 (39.47%) 

Myocardial infarction; N (Percent) no 23929 (95.33%) 

 yes 1172 (4.66%) 

Stroke; N (Percent) no 23193 (92.39%) 

 yes 1908 (7.60%) 

Pneumonia; N (Percent) no 23152 (92.23%) 

 yes 1949 (7.76%) 

COPD; N (Percent) no 23354 (93.04%) 

 yes 1747 (6.95%) 

Colorectal resection; N (Percent) no 24825 (98.90%) 

 yes 276 (1.09%) 

Admission reason; N (Percent) other 5827 (23.21%) 

Admission reason; N (Percent) Emergency case 16759 (66.76%) 

 Tranfer from 

other hospital 

2515 (10.01%) 

Weekday of admission; N (Percent) Sun 2966 (11.81%) 

 Mon 4288 (17.08%) 

 Tues 4035 (16.07%) 

 Wed 3687 (14.68%) 

 Thurs 3797 (15.12%) 

 Fri 3566 (14.20%) 

 Sat 2762 (11.00%) 

Number of visited hospital departments;                 

N (Percent) 

1 department 13568 (54.05%) 

 2 departments 8981 (35.77%) 

 3 or more de-

partments 

2552 (10.16%) 

Year of admission; N (Percent) 2016 3918 (15.60%) 

 2017 12521 (49.88%) 

 2018 8662 (34.50%) 
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Summary statistics 

Variable Category N/Me-

dian 

Percent/IQR 

Hospital type; N (Percent) University hos-

pital 

2677 (10.66%) 

 H. of Germ. 

Hospital Plan 

22424 (89.33%) 

Hospital ownership; N (Percent) public 18050 (71.90%) 

 non-profit 4211 (16.77%) 

 private 2840 (11.31%) 

Number of beds; N (Percent)  0-99 215 (0.85%) 

  100-149 428 (1.70%) 

  150-199 1009 (4.01%) 

  200-299 2044 (8.14%) 

  300-399 2973 (11.84%) 

  400-499 2972 (11.84%) 

  500-599 3420 (13.62%) 

  600-799 4069 (16.21%) 

  800+ 7971 (31.75%) 

Location (urban/rural); N (Percent) urban 18104 (72.12%) 

 rural 6997 (27.87%) 

Multiple locations; N (Percent) no 16158 (64.37%) 

 yes 8943 (35.62%) 

Calendar months; N (Percent) Jan 2541 (10.12%) 

 Feb 2390 (9.52%) 

 Mar 2319 (9.23%) 

 Apr 2033 (8.09%) 

 May 1982 (7.89%) 

 Jun 1944 (7.74%) 

 Jul 1958 (7.80%) 

 Aug 1855 (7.39%) 

 Sep 1890 (7.52%) 

 Oct 2053 (8.17%) 

 Nov 2020 (8.04%) 

 Dec 2116 (8.42%) 

Previous peer review; N (Percent) no 14908 (59.39%) 

 yes 10193 (40.60%) 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

Treatment effect -.0038659 .0361608 -0.11 0.915 -.0747397 .067008 

Intervention -.0222336 .0332264 -0.67 0.503 -.0873562 .042889 

Post treatment .0291707 .0459207 0.64 0.525 -.0608322 .1191736 

       

Age .0217004 .0010022 21.65 0.000 .0197362 .0236646 

Female -.019258 .0112027 -1.72 0.086 -.0412148 .0026988 

Myocardial infarction -.0229479 .0296804 -0.77 0.439 -.0811205 .0352247 

Stroke .2284585 .0385976 5.92 0.000 .1528085 .3041085 

Pneumonia -.1383748 .0353601 -3.91 0.000 -.2076793 -.0690704 

COPD -.4049151 .0545934 -7.42 0.000 -.5119162 -.2979139 

Colorectla resection -.1496728 .0768839 -1.95 0.052 -.3003624 .0010169 

       

Elixhauser com.       

Aids/HIV .1909371 .1021411 1.87 0.062 -.0092558 .39113 

Alcohol abuse .0298573 .0214044 1.39 0.163 -.0120944 .0718091 

Bloodloss anemia -.1059961 .0889528 -1.19 0.233 -.2803405 .0683482 

Cardiacar Rhythmias .0625964 .0166322 3.76 0.000 .0299978 .095195 

Chronic pulmonary disease -.0446528 .0210777 -2.12 0.034 -.0859645 -.0033412 

Coagulopathy .3029491 .0226004 13.40 0.000 .2586533 .347245 

Congestive heart failure .0848457 .0178608 4.75 0.000 .0498391 .1198523 

Deficiency anemia .0056347 .0813383 0.07 0.945 -.1537854 .1650548 

Depression -.2324054 .0443255 -5.24 0.000 -.3192818 -.1455289 

Diabetes complicated .0201529 .0280067 0.72 0.472 -.0347392 .0750449 

Diabetes uncomplicated -.0223137 .0198464 -1.12 0.261 -.061212 .0165846 

Drug abuse -.3216267 .0736728 -4.37 0.000 -.4660227 -.1772307 

Fluid and electrolyte disord. .1261633 .0218905 5.76 0.000 .0832586 .1690679 

Hypertension complicated -.2919022 .0316319 -9.23 0.000 -.3538996 -.2299048 

Hypertension uncomplicated -.1765783 .0153455 -11.51 0.000 -.2066549 -.1465018 

Hypothyroidism -.0707771 .0332755 -2.13 0.033 -.1359959 -.0055584 

Liver disease .4299242 .0264778 16.24 0.000 .3780288 .4818197 

Lymphoma .4076434 .0375949 10.84 0.000 .3339588 .481328 

Metastatic cancer .2063116 .0449851 4.59 0.000 .1181424 .2944809 

Obesity -.0699902 .0391928 -1.79 0.074 -.1468067 .0068262 

Other neurological disorder .208432 .0262888 7.93 0.000 .1569069 .2599572 

Paralysis -.2745663 .0435411 -6.31 0.000 -.3599053 -.1892273 

Pepticulcer disease .1410005 .1465571 0.96 0.336 -.1462461 .428247 

Peripheral vascular disorder .1185782 .0176842 6.71 0.000 .0839179 .1532386 

Psychoses -.2948323 .0882655 -3.34 0.001 -.4678295 -.1218352 

Pulmonary circulation disorer .0663884 .0246899 2.69 0.007 .0179971 .1147798 

Renal failure .0799978 .0162363 4.93 0.000 .0481753 .1118203 

Rheumatoid arthritis c. .0769677 .0389047 1.98 0.048 .0007159 .1532195 

          Solid tumor without 

met. 

.1393653 .0316501 4.40 0.000 .0773323 .2013983 

Valvular disease -.0415973 .0200596 -2.07 0.038 -.0809134 -.0022811 

Weight loss .0318067 .0373833 0.85 0.395 -.0414632 .1050767 

Length of stay -.0196276 .0017697 -11.09 0.000 -.0230962 -.016159 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

       

Admission reason       

Emergency case .0593704 .0305105 1.95 0.052 -.000429 .1191698 

Transfer from other hospital .0860116 .0379976 2.26 0.024 .0115377 .1604856 

       

Weekday of admission       

Mon .0637571 .02502 2.55 0.011 .0147188 .1127955 

Tues .0605398 .0339265 1.78 0.074 -.0059548 .1270345 

Wed .0699087 .0249316 2.80 0.005 .0210438 .1187737 

Thurs .06887 .0256693 2.68 0.007 .018559 .119181 

Fri .0692571 .0325206 2.13 0.033 .0055179 .1329963 

Sat .0491883 .0319278 1.54 0.123 -.0133889 .1117656 

       

Number of visited depart.       

2 departments -.1613963 .0430697 -3.75 0.000 -.2458115 -.0769812 

3 or more departments -.0730367 .0421714 -1.73 0.083 -.1556912 .0096177 

       

Admission year       

2017 -.0653916 .0242217 -2.70 0.007 -.1128653 -.0179178 

2018 -.0681259 .0470844 -1.45 0.148 -.1604096 .0241579 

       

Hospital type       

Hospital of Germ. Hospital 

Plan 

.1736998 .0645493 2.69 0.007 .0471856 .300214 

       

Hospital ownershkip       

non-profit .0808806 .0621648 1.30 0.193 -.0409601 .2027214 

private -.0266098 .0456542 -0.58 0.560 -.1160903 .0628707 

       

Number of beds       

 100-149 -.1013225 .1202967 -0.84 0.400 -.3370996 .1344547 

 150-199 -.0336207 .0734762 -0.46 0.647 -.1776314 .11039 

 200-299 .0322726 .0821549 0.39 0.694 -.128748 .1932933 

 300-399 .1157099 .0784534 1.47 0.140 -.0380559 .2694758 

 400-499 .0833018 .0819989 1.02 0.310 -.0774131 .2440167 

 500-599 .0857701 .0862758 0.99 0.320 -.0833274 .2548676 

 600-799 .0785117 .0667454 1.18 0.239 -.0523068 .2093303 

 800+ .0360285 .0871465 0.41 0.679 -.1347755 .2068324 

       

Location (urban/rural)       

rural .0718045 .0385794 1.86 0.063 -.0038096 .1474187 

Number of ventilation cases .0002341 .0001154 2.03 0.043 7.90e-06 .0004603 

Share of transfers to other h. -.2896291 .1510427 -1.92 0.055 -.5856672 .0064091 

Share of transfers from other 

h. 

-.4855212 .274714 -1.77 0.077 -1.023951 .0529083 

Multiple locations -.012337 .0419022 -0.29 0.768 -.0944637 .0697898 

       

Calendar month of admission       

Jan .0960782 .0331129 2.90 0.004 .0311781 .1609782 
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Full results of mixed effects Poisson regression. Dependent variable: In-hospital death. 

 Coef. Std. Err. z P>|z| [95% Conf. Interval] 

Feb .0347534 .0332331 1.05 0.296 -.0303823 .0998892 

Mar .0587575 .0242774 2.42 0.016 .0111747 .1063403 

Apr -.002932 .0426029 -0.07 0.945 -.0864321 .0805681 

May -.0265851 .0345708 -0.77 0.442 -.0943425 .0411724 

Jun -.0115402 .0479912 -0.24 0.810 -.1056013 .0825208 

Aug -.0133529 .0287506 -0.46 0.642 -.0697031 .0429973 

Sep -.0127233 .0298803 -0.43 0.670 -.0712876 .0458409 

Oct .0420287 .0315914 1.33 0.183 -.0198893 .1039467 

Nov -.0285475 .0314208 -0.91 0.364 -.0901311 .0330361 

Dec .0122923 .0334069 0.37 0.713 -.053184 .0777687 

       

Previous peer review .0718692 .0322712 2.23 0.026 .0086188 .1351196 

_cons -2.504904 .1482608 -16.90 0.000 -2.79549 -2.214318 

N = 25 101 
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