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Decreased in-hospital mortality rate following 

implementation of a comprehensive electronic 

medical record system. 

Abstract 

Objectives: To evaluate changes in in-hospital mortality rate following implementation of a 

comprehensive Electronic Medical Record (EMR) system 

Design: Before and after study 

Setting: Paediatric teaching hospital 

Participants: 355,709 hospital discharges over an 8-year period. 

Intervention: “Big-bang” implementation of a comprehensive EMR system. 

Major outcome measures: Crude number of in-hospital deaths, deaths per 1000 discharges, 

and standardised mortality ratio. 

Results: Primary analysis of data from 2 years before and 2 years after EMR go-live showed 

a reduction in absolute mortality of 33 deaths, a reduction in mortality rate of 0.48 per 1000 

discharges (95% CI 0.09, 0.88 per 1000): and a relative 22% decrease (95% CI: 4%, 36%, 

P=0.02) in deaths per 1000 discharges from 2.20 to 1.72.  

There was also a reduction in standardised mortality ratio of 47% (95% CI: 18%, 66%, 

P=0.004).  

Post-hoc analysis of mortality rates for an additional 2-year pre-intervention period 

indicated that these changes in mortality rate were not part of a pre-existing downward 

trend. Further analysis of an additional 20-month post-intervention period suggests that the 

reduced mortality rate has been sustained. 

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
as doi: 10.1111/jpc.15718

This article is protected by copyright. All rights reserved.

http://orcid.org/0000-0002-5530-2722
http://orcid.org/0000-0001-5455-957X
http://dx.doi.org/10.1111/jpc.15718
http://dx.doi.org/10.1111/jpc.15718


 

Conclusion: We documented evidence of a clinically important decrease in in-hospital 

mortality rate following implementation of a modern comprehensive EMR system in an 

Australian paediatric teaching hospital. The study does not prove a causal relationship, and 

it is possible that other factors explain some, or all, of this difference, but no changes in the 

hospital population or other major interventions were identified as alternative explanations 

for this observed change. 
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The known:  EMR implementations are expensive and can be disruptive. Previous evaluations 
of the hoped-for benefits of EMRs (including reduced mortality) have reported mixed results. 
Recent evaluations are limited in number, and little has been published on this topic in 
paediatric hospitals nor from Australasia in general.  

The new:  Implementation of a modern comprehensive EMR system at a paediatric teaching 
hospital was temporally associated with an estimated 22% reduction in in-hospital mortality. 

The implications:  This evidence is supportive of ongoing investment in EMR systems. Further 
study should help define the factors that might lead to improved outcomes and identify 
opportunities for further improvement in system design and human interface factors. 



Introduction 

Over the last decade, electronic medical record (EMR) systems have been increasingly 

deployed into hospitals worldwide. They are common in the United States, where, since 

2009, governments and hospitals have invested billions of dollars to promote their use (1). 

Australasia has been slower to adopt EMR systems in hospitals, but their use here has also 

been accelerating in the last 5 years. These systems have been introduced with the 

expectation that they will improve healthcare outcomes while simultaneously lowering 

costs. 

Attempts to evaluate the clinical benefits of EMR systems have demonstrated mixed results. 

While there are many potential measures for evaluating these benefits, patient mortality is 

relevant as it is a concrete binary outcome and because proponents of EMR systems claim 

that their introduction will “save lives”. 

EMRs have evolved significantly in the last decade following substantial research and 

development investments from the major system vendors. Hence, it is important to 

continually re-evaluate the impact of EMRs as historical assessments may not be relevant 

today. There has also been little published about the clinical benefits of EMRs in paediatric 

patients nor in an Australasian context. 

The Royal Children’s Hospital is a large paediatric teaching hospital offering a full range of 

emergency, secondary, tertiary, and quaternary clinical services.  

In April 2016, The Royal Children’s Hospital implemented a comprehensive commercial EMR 

from Epic Systems Corporation (Verona, WI, USA). The Royal Children’s Hospital was the 

first to implement this system in Australasia and the system went live after an 18-month 

project using a “Big-Bang” methodology (2). This involved transferring every department of 

the hospital, including Inpatient Wards; Emergency Department; Outpatient Clinics; 

Operating Theatres; Intensive Care Units; Oncology; Hospital in the Home; Mental Health 

Services and all Outreach Clinics, from predominantly paper-based medical records to the 

EMR on a single day. The system functionality that was implemented included electronic 

documentation; ordering; medications management (with closed-loop barcode scanning); 

blood management; scheduling; referrals; My Health Record integration; a patient/family 

portal; external provider portal; extensive bedside device integration; fully integrated 



anaesthesia and operating theatre clinical tools; remote clinician access; a range of mobile 

apps for clinicians and patients; plus research and reporting functionality. 

The implementation was monitored through a pre-defined EMR benefit metrics program, 

which included outcomes for clinical quality and safety; operational effectiveness; financial 

return on investment; research utility; plus clinician and patient/family satisfaction. Here we 

report in-hospital mortality as one of the clinical outcomes that were monitored. 

Methods 

We conducted a before and after study of the absolute number of in-hospital deaths and 

number of deaths per 1,000 discharges, using data aggregated by months, to determine the 

effect of the EMR implementation. The data were supplied by the hospital’s business 

reporting unit. 

The pre-intervention period included deaths and discharges during the two years from 1 

April 2014 to 31st March 2016, and the post-intervention period 1 July 2016 to 30 June 

2018. The three months from 1 April 2016 to 30 June 2016 were captured but excluded 

from analysis as a transition period, to account for patients who would have received 

inpatient care that bridged the pre-intervention and post-intervention phases. 

We also used independent data from the Health Roundtable (HRT) (3) who provide risk-

adjusted Hospital Diagnosis Standardised Mortality Ratio (HDxSMR) figures for hospitals that 

participate in their program. HDxSMR is the ratio of the number of observed deaths to the 

number of expected deaths. The numbers of expected deaths for each period were 

calculated by the HRT from demographic and case-mix data (age, sex, urgency status, acute 

transfer and a detailed analysis of all diagnoses present on admission) submitted from our 

hospital, using a statistical model developed from data contributed over a three-year 

reference period from over 200 Australian and New Zealand hospitals. The SMR was 

calculated as the ratio of observed to expected deaths.  

No patient-level or identifiable data were accessed for these analyses. 

A period of two years either side of the EMR implementation was selected as a reasonable 

time frame for the primary analysis that would allow any effect of the EMR implementation 

to be identified, without potential confounding by any longer-term changes in the 

complexity or case-mix of admitted patients or other changes to hospital programs and 

interventions .  



Following the primary analysis, additional periods of data were included for a post-hoc 

analysis of mortality rates over a broader time-frame from 1 April 2012 to 29 February 2020 

(i.e., an additional two years prior to 1 April 2014 and a further 20 months after 30 June 

2018). The plan had been to extend this additional post-intervention period to two 

additional years, but the COVID-19 pandemic resulted in sudden and major changes to 

hospitalisation rates from March 2020, with cancellation of most elective surgery and a 

reduction in lower acuity admissions. We felt that data from March 2020 onwards was not 

suitable for inclusion in any comparison. 

Statistical analysis 

The data are first presented as the crude numbers of deaths and crude mortality rates, i.e. 

the number of deaths per 1000 discharges, in the two years before and after the 

implementation of the EMR. Simple comparison of mortality risk between the two periods 

was performed by estimating the risk ratio with 95% confidence interval (CI), along with 

two-tailed chi-squared test. 

Interrupted time-series (ITS) models were then employed to further examine the effect of 

the implementation of the EMR on crude mortality rate and standardised mortality rate, 

allowing for potential underlying trends over time before and after the implementation. (4). 

 

Analysis was performed in Stata. The authors had full access to all data in the study 

(including statistical reports and tables). 

Results  

There were 202 deaths in the two years prior to the implementation of the EMR and 169 

deaths in the two years after the implementation; an absolute decrease of 33.  In the two 

years prior to the implementation of the EMR, the mortality rate was 2.20 deaths per 1000 

discharges (95% CI: 1.91, 2.53), and in the two years after the implementation, the mortality 

rate was 1.72 deaths per 1000 discharges (95% CI: 1.47, 2.00). This represents a reduction in 

mortality rate of 0.48 per 1000 discharges (95% CI 0.09 to 0.88 per 1000), and a relative 22% 

decrease (95% CI: 4%, 36%, P=0.02). Table 1 shows data for the primary and extended 

analysis periods and figure 1 shows deaths per 1000 discharges.  



The time-series analysis of mortality rate over the 4 years of the primary analysis showed no 

evidence of a trend over time, with the result that the estimated effect of the EMR 

implementation was the same as from the crude analysis (reduction of 21.8%; 95% CI: 4.1, 

36.3, P=0.018). The post-hoc analysis on the additional data, which included the extended 

time-frames, showed a very similar but more precisely estimated post-implementation 

reduction in mortality rate of 22.1% (95% CI: 9.6, 32.9, P=0.001). (Figure 2) 

Time-series analysis of the SMR showed an even greater post-implementation reduction of 

47.4% (95% CI: 18.5, 66.1, P=0.004), in the context of some evidence for a (log-linear) 

background increase over time in the underlying SMR. The supplementary material provides 

additional details on model specification and selection and results. 

 

 

  



 

Table 1: Descriptive statistics 

 Period 1 Period 2 Period 3 Period 4 

Date range 1st April 2012 –  
31st March 2014 

1st April 2014 –  
31st March 2016 

1st July 2016 to  
30th June 2018 

1st July 2018 to  
29th Feb 2020 

Duration (months) 
 

24 24 24 20 

Discharges (n) 
 

77,308 
 

91,709 
 

98,169 
 

88,523 

Deaths (n) 
 

170 
 

202 
 

169 
 

151 
 

Deaths per 1000 
discharges 

(95% CI) 
 

2.20 
(1.89, 2.55) 

2.20 
(1.91, 2.53) 

1.72 
(1.47, 2.00) 

1.71 
(1.45, 2.00) 

 

 

Note: Periods 2 and 3 were used for the primary analysis. EMR was implemented between Period 2 and 

Period 3 in April 2016. Periods 1 and 4 were included for the post-hoc analysis of a further 2 years prior and 

20 months post implementation respectively.  

 

See separate file for figure 1 

Figure 1: Mortality rates pre-EMR (Period 1 and 2) and post-EMR (Period 3 and 4), with 95% 

confidence intervals 

 

 

See separate file for figure 2 

Figure 2: Interrupted time series analysis of mortality rate over the four time periods  

 

  



Discussion 

In the 2 years following implementation of a comprehensive EMR system there were fewer 

annual deaths, and a reduction in both crude and standardised mortality rates, when 

compared with the 2 years prior. The change corresponds to one less death every 2-3 weeks 

in our hospital 

Further analyses of an extended period suggest these changes were not part of a pre-

existing downward trend and that the reduced mortality rate has been sustained at least for 

a further 20 months. 

The significant limitation of this study is the before and after nature of the comparison. This 

is the best applicable methodology for EMR implementations as it is not possible to do a 

randomised study in a single hospital where some patients are randomised to care 

supported by an EMR while others have care using existing paper-based records.  

ITS analysis was used as a robust method for evaluating the effect of population-level health 

interventions that were implemented at a specific point in time, accounting for underlying 

time trends. ITS analysis accounts for underlying time-trends and is valuable in situations 

where conducting a large-scale randomised controlled trial is either infeasible or unethical 

(4). 

It should be noted that there were more discharges after the EMR implementation. This 

reflects a year-upon-year trend for over the last 20 years at our hospital. There was no step 

change in this trend following implementation and were very careful to not include any 

types of discharges that we didn't previously count.  

We are unaware of any significant changes in the nature or medical complexity of patients 

admitted to our hospital between these 2 time periods. The analysis of standardised 

mortality ratio should in any case allow for this possibility and admitting a greater number 

of “less seriously ill” children wouldn’t account for the drop in total numbers of deaths. 

Three of the authors are clinicians working within the hospital and we are not aware of the 

introduction of any other significant interventions or practice changes during this time, but 

it is possible that other factor/s explain some, or all, of this observed difference.  We 



conclude that the mortality reduction is temporally associated with the use of the EMR, but 

we are guarded about conclusions regarding causality. 

There have been prior publications on the impacts of EMR systems on clinical outcomes, 

including mortality, but these have been relatively few in number. Many of the publications 

are quite dated given the fact that EMRs have evolved significantly in the last decade as the 

major system vendors have improved their functionality and the human-system interface. 

Therefore, historical evaluations of impact may be less relevant now. Not all EMR systems 

are the same. There can be quite different functions and utility of use between different 

systems. Studies with one commercial system do not necessarily apply to others. There has 

also been very little published on the Australasian experience of the clinical outcomes 

impact of local EMR implementations. Most prior publication comes from the US where the 

healthcare systems and clinical documentation requirements are very different. 

The most recently published systematic review and meta-analysis of changes in mortality 

associated with the use of EMRs was in 2015 (5) and concluded that EMR interventions were 

not shown to have a substantial effect on mortality. Of the 33 studies included, some went 

back to 1998 and none were more recent than 2012. Many included only partial EMR 

solutions such as order-entry systems or decision support tools. None studied a 

comprehensive EMR with the modern feature sets currently available, nor systems 

implemented using a comprehensive “Big-bang” methodology. The included studies varied 

substantially in terms of patient numbers and study quality. None were from Australasia. 

A study of collated nationwide hospital data examined the hospital 30-day mortality rates 

for adult patients with heart failure, pneumonia, and acute myocardial infarction for the 

years 2008–2015 (6). They compared hospitals with and without an EMR. Despite finding 

improvements in process measures (such as timely medical interventions) they found no 

substantial differences in mortality rates. 

Although now 10 years old, a study from the Lucille Packard Children’s Hospital at Stanford 

Medical Centre (7) is interesting to compare with our findings. It is a tertiary children’s 

hospital, similar to our own, and the study methodology was similar, albeit with a different 

commercial system and limited functionality compared with our current EMR. They 

demonstrated a similar reduction (20%) in mortality rate. It is noteworthy that this study 



and ours were conducted in paediatric patients and both have positive findings which is 

different to most other studies that have focussed on adult patients.  

There are many reasons why implementation of an EMR system might be associated with 

improvements in quality of care and reductions in mortality. A major factor is the use of a 

single clinical system rather than a combination of mostly paper-based records with some 

fragmented electronic databases. System advantages include: improved availability, 

findability and legibility of clinical documentation; improved prescribing with extensive 

decision support; improved drug administration with nurse task management tools and 

closed-loop barcode medication scanning; easy real-time remote and mobile app access to 

the system; integrated ordering and viewing of investigation results and images; inbuilt 

physiological monitoring systems with alerts for clinical review or calling the Medical 

Emergency Team (MET); and improved consistency in clinical care driven by system design. 

We are unable to dissect which, if any, of these factors may have contributed to the changes 

we have observed but we have documented reduced rates of medication prescribing and 

administration errors, and increased rates of seeking clinical review and MET calls in 

deteriorating patients. Staff surveys have shown high levels of satisfaction with the EMR and 

65% of our staff rated their ability to provide high quality clinical care as “Better” or “Much 

Better” since its introduction. 

Conclusion 

This study demonstrates a reduction in absolute number of deaths and relative risk of 

mortality at a large paediatric teaching hospital that was temporally associated with the 

introduction of a modern comprehensive EMR. Further evaluation suggests that this 

reduction was not part of a pre-existing trend of reduced mortality and that the change has 

been sustained for a further period beyond that initially studied. We have not identified 

changes in our patient population or other interventions that might explain this change but 

some factor/s other than the EMR implementation remain possible contributors to this 

observed change. Identifying the hoped-for improvements in clinical outcomes is important 

as the implementation of these EMR systems is expensive and disruptive. Further study 

should delve into the factors which may have led to these improved outcomes to identify 

opportunities for further improvement in system design and human interface factors. 



  



References 

1. Electronic Health Records Meaningful Use, Centers for Disease Control and 

Prevention [Internet] https://www.cdc.gov/ehrmeaningfuluse/introduction.html 

2. Owens K. EMR implementation: big bang or a phased approach?  

J Med Pract Manage. 2008 Mar-Apr;23(5):279-81. PMID: 18472602  

3. The Health Roundtable [Internet] 

https://healthroundtable.org/ 

4. Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for 

the evaluation of public health interventions: a tutorial..  Int J Epidemiol. 2017 Feb 

1;46(1):348-355. doi: 10.1093/ije/dyw098. PMID: 27283160  

5. Thompson G, O'Horo JC, Pickering BW, Herasevich V.  

Impact of the Electronic Medical Record on Mortality, Length of Stay, and Cost in the 

Hospital and ICU: A Systematic Review and Meta-analysis. Crit Care Med. 2015 

Jun;43(6):1276-82. doi: 10.1097/CCM.0000000000000948.. PMID: 25756413. 

6. Yuan N, Dudley RA, Boscardin WJ, Lin GA. Electronic health records systems and 

hospital clinical performance: a study of nationwide hospital data. J Am Med Inform 

Assoc. 2019 Oct 1;26(10):999-1009. doi: 10.1093/jamia/ocz092. PMID: 31233144. 

7. Longhurst CA, Parast L, Sandborg CI, et al.  

Decrease in hospital-wide mortality rate after implementation of a commercially sold 

computerized physician order entry system. Pediatrics 2010 Jul;126(1):14-21. doi: 

10.1542/peds.2009-3271. Epub 2010 May 3.  

 

 

https://pubmed.ncbi.nlm.nih.gov/27283160/
https://pubmed.ncbi.nlm.nih.gov/27283160/


Decreased in-hospital mortality rate following 
implementation of a comprehensive electronic 
medical record system. 
 

Type of manuscript  

Original Article 

 

Authors 

Mike South1,2,3, Daryl Cheng1,2,3, Lauren Andrew1, Nicholas Egan4, John Carlin2,3 

1. The Royal Children’s Hospital, Melbourne, Victoria 

2. The Murdoch Children’s Research Institute, Melbourne, Victoria,  

3. The University of Melbourne Faculty of Medicine Dentistry and Health Sciences 

4. University of Newcastle, School of Medicine and Public Health 
Newcastle, NSW 

 

Address for correspondence 

Prof Mike South 

Department of General Medicine  

The Royal Children's Hospital  

3 West Clinical Offices   

50 Flemington Road, Parkville, 3052, VIC  

T 03 9345 5522 

M 0417 347 381  

E mike.south@rch.org.au  

 

Other e-mail addresses 

daryl.cheng@rch.org.au  

lauren.andrew@rch.org.au  

nick.egan@newcastle.edu.au  

john.carlin@mcri.edu.au 

 

mailto:mike.south@rch.org.au


Ethical approval 

The study was approved as a Quality Assurance & Negligible Risk Research Application by 
our Human Research Ethics Committee. 

Acknowledgements 

Joshua Gladstone, Health Round Table 

Rohan Cattell, Health Round Table 

David Stephens, Decision Support Unit, The Royal Children's Hospital  

Conflict of interest 

None. No external funding was received for this study. The authors have no association with 
the EMR vendor beyond being staff at one of its hospital customers. 

 



1.25

1.50

1.75

2.00

2.25

2.50

Period 1 Period 2 Period 3 Period 4

D
ea
th
s 
pe

r 1
00

0 
di
sc
ha

rg
es




	Abstract
	Key words

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Ethical approval
	Acknowledgements
	Conflict of interest



