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Objectives 

1. Illustrate examples of improved patient, clinician 

and financial outcomes possible when 

implementing advanced hospital information 

systems in a Canadian environment 

2. Identify key success factors / lessons learned 

3. Outline challenges and opportunities unique to 

Canada 



• Patients deserve and demand better quality and safety of inpatient care: 

– 9,250 to 23,750 preventable deaths per year in Canadian hospitals 
Baker GR, Norton PG. Canadian Adverse Events Study. CMAJ 2004 170(11): 1678-86 

 

• Government must reduce healthcare costs, evidence-based care is expected, 

     requirements for hospitals to report detailed outcome/cost data for funding 
Excellent Care for All Act, Legislative Assembly of Ontario 2010 

Quality-Based Procedures, MOHLTC, Ontario 2012 

• Healthcare providers have too much information to process,  

and need assistance to synthesize data for improved clinical decision-making  

(traditionally: evidence takes 17 years from publication to bedside) 
Kawamoto K et al. Systematic review of clinical decision support system success factors. BMJ 2005 

• Hospital workflows are often inefficient, and sometimes unsafe 

 

Could electronic systems help to bend the cost/quality curve, 

providing higher quality and safety at a lower total cost? 

Environmental Scan: 

What Problems must we Solve? 



Surveying the Landscape: HIT Outcomes 

Number of study outcomes 

OVERALL: 
• 62% positive outcomes 
• 93% mixed positive outcomes 

Thanks to: Lee Fairclough, HQO 



This Isn’t Easy 
• Unexpected Increased Mortality  

after Implementation of a Commercially Sold CPOE System 

– Mortality rate increased from 2.8% to 6.57% (OR 3.28) 
Han Y et al  Pediatrics 2005; 116: 1506-1512 

 

• Lessons Learned – Clinician/Informatics Leadership Lacking 

– Insufficient analysis and redesign of clinical workflows 

– No CPOE Order Sets / Clinical Standardization before go-live 

– Insufficient real-world usability testing prior to go-live 

– “One must avoid the temptation to blame the adverse effects on the 
particular system used.  This would be equivalent to stating that a 
particular brand of tool from a hardware store  
was unsafe because an injury occurred  
while someone was misusing it.” 

Sittig, D et al  Pediatrics 2006; 118: 797-801 



How We Did It: 

The North York Story 



Catchment area:  > 400,000 
 

Three Sites:  General,  
Branson, Seniors’ Health 
 

Beds:    426 acute care 
              192 long-term care 
 

Volumes per year: 
•  124,000 ED visits 
•    31,000 inpatient cases 
•  214,000 outpatient cases 
•      5,800 births 

 Community 
academic hospital  
 affiliated with the 

University of 
Toronto 

2011 
2016 



What is eCare? 

        Advanced EMR with CPOE  

and electronic documentation 

                             + 

             Standardization on  

       Evidence-Based Care 

                             + 

            Safe Prescribing and 

      e-Medication Management 

                             + 

         Clinical Decision Support          

         (Static and Dynamic) 

 

 

 

= 
Kickoff:  2007 

 

Phased Implementation:  

2008-2015 
 

Hospital-wide: 2015 



Goals of the eCare Project 

• Implement advanced EMR to improve patient outcomes: 

   Quality and safety of patient care 

   Enable Clinical & Business Intelligence for better decisions 
 

• Embrace culture of standardized, evidence-based care 

   Build evidence and best practice into optimized workflows 

   Make it “easy to do the right thing” 

 

• SHARED VISION = “by clinicians, for clinicians” 

   100% clinician adoption via comprehensive engagement 

   Team-based interprofessional approach/workflows 

 

 

 

 



The Importance of Clinician Review 

Details for a Medical Imaging Order: 

BEFORE:          AFTER: 

Reason for exam (mandatory)       Reason for exam (mandatory) 

Is patient on oxygen? (mandatory)     Order priority (mandatory) 

Is patient pregnant? (mandatory) 

Transport method?  (mandatory) 

Hospital site?  (mandatory) 

Order priority?  (mandatory) 

  



The Importance of Clinician Review 
BEFORE:       AFTER – simpler, safer: 

  



EVIDENCE-BASED CARE:  THE GAPS 

1) Belief Gap:  “I know everything already” 
 

2) Capacity Gap: 
 
 

 
 
 
 
 
 

– Finish medical school and residency knowing everything 

– Read and retain 2 articles every single night 

– At the end of 1 year: 

 

3)  Temporal Gap: 
– Average of 17 years for evidence to reach the bedside 

200 MB 

capacity 

6,000 

articles/day 

300,000 

RCT’s/year 

 

GAP 

1,225 years behind 

http://images.google.com/imgres?imgurl=http://images.encarta.msn.com/xrefmedia/sharemed/targets/images/pho/t012/T012859C.jpg&imgrefurl=http://mx.encarta.msn.com/media_461516670_761555359_-1_1/Enc%C3%A9falo_humano.html&h=340&w=445&sz=25&tbnid=uR4EdGg2D1IJ:&tbnh=94&tbnw=123&prev=/images?q=human+brain&hl=en&lr=&oi=imagesr&start=3


Evidence Utilization 

by Physicians 
 

• “Pull model”: almost 0% success rate  

• “Push model”: 75% success rate 

 Predictor of Success Adjusted OR 

Computer-based generation of decision support 6.3 

Provision of recommendation rather than just an assessment 7.1 

Provision of decision support  
at the time and location of decision-making 

15.4 

Automatic provision of decision support as part of workflow 112.1 

Kawamoto K et al. Systematic review of clinical decision support system success factors. BMJ 2005 



Evidence-Based Electronic Order Sets 

The KEY catalyst to transform practice with CPOE! 

• Standardization of care (e.g. condition-based) 

• Current evidence and best practice  

can be built into clinician workflow 

• Enables rapid content updates,  

real-time decision support 

• Encourages an interprofessional approach: 

– Order sets with multi-disciplinary orders 

– Care pathways with key interventions and goals 

 



Pneumonia Admission Order Set: 

Integrated Evidence 

Risk Stratification (home / ward / Critical Care): 

 

 

 

 
 

Prophylaxis and Proactive Care: 



Pneumonia Admission Order Set: 
Evidence-Based Empiric Antibiotic Treatment Selection 





Integrating New Evidence 



Pneumonia Admission Order Set: 
“Choosing Wisely”: ordering investigations 



Workflow Integration 

for CPOE 

“Launching CPOE will 

magnify existing 

workflow and policy 

problems in your 

organization” 



CPOE: “Strapping a new 

solution onto an old 

broken process can spell 

disaster!” 

Workflow Integration 

for CPOE 



CPOE implementation  

is a key opportunity to 

integrate evidence and 

best practices into new 

clinical workflows 

Workflow Integration 

for CPOE 



Integrating Workflows: 
Mobilizing Evidence with People and Technology 

 

Re-engineer care processes 

to mobilize evidence: 
 

• Stroke:  
• Bedside swallowing assessment 

• SCD’s  
 

• Prevention of VTE 
 

• Prevention of IV  

contrast-induced nephropathy/renal failure 
 

• Therapeutic drug monitoring (digoxin, aminoglycosides) 



Order Set Design: Strong Influence on 

Evidence-Based Care (example: Stroke) 

• Original Order Set: 

– NPO diet order not mandatory 

– Swallowing screen separate 

from diet, not mandatory 

• Revised Design: 

– Swallowing screen mandatory 

– Diet orders streamlined, 

integrated with swallowing 

• Audit: 10-week period  

before and after revision: 

– Number of patients referred 

for screening doubled 

– Patients screened within 24hr 

increased from 81% to 96% 



What Were the Results? 
Selected Outcomes from NYGH eCare 



\ Metro Edition                Thursday Dec 13, 2012 

In-Hospital Death Rates Down  

Across Greater Toronto Area 
 

• Annual CIHI Report demonstrated that 

preventable in-hospital deaths were reduced 

• NYGH – top performer in Greater Toronto  

and second best in all of Canada 

• CEO Tim Rutledge: “health information 

technology has hard-wired quality and safety 

into the hospital” 



Case: Reducing Inpatient Mortality 

Probability Of Death 

HSMR: 

• Reported 

from 

hospitals to 

CIHI annually 

• Reported to 

public by 

CIHI annually 

• GOAL: 

Reduce 

preventable 

inpatient 

deaths 



Study: CPOE and  

Evidence-Based Order Sets 

Retrospective chart review: 
• All patients discharged with a main diagnosis of Pneumonia or COPD 

• Population #1:  Pre-CPOE (Jan-Sep 2010) n = 520 

• Population #2:  Post-CPOE (Jan-Sep 2011) n = 511 

• Groups similar in age, gender distribution 

• Corrections:  “Probability of Death”, critical care admission 
 

Primary Hypothesis: 
• Use of CPOE is associated with reduction in  

adjusted mortality vs traditional paper processes 
 

Secondary Hypothesis: 
• Use of CPOE with a matching evidence-based admission order set is 

associated with reduction in adjusted mortality vs use of any order set 



Case: Reducing Inpatient Mortality 

Results:  CPOE vs Paper 

Outcome Odds Ratio 
Confidence 

Interval 
p-value 

 Death 0.574 0.391 – 0.843 0.005 

Death adj for        
Probability of Death 

0.571 0.383 – 0.852 0.006 

Death adj for 

Probability of Death 

and CrCU Admission 
0.547 0.360 – 0.830 0.005 

30-Day Readmission 0.835 0.573 – 1.210 0.345 

30-Day Readmission 

adj for Probability of 

Death and CrCU 

Admission 

0.837 0.562 – 1.250 0.380 



Case: Reducing Inpatient Mortality 

Results: Evidence-Based  
Order Set Selection 

Order Set Outcome 
Odds 

Ratio 

Confidence 

Interval 

p-

value 

Diagnosis-appropriate Death                                     
. 

0.48 0.26 – 0.90 0.022 

Diagnosis-appropriate 
Death adj for Probability 

of Death and CrCU 
Admission 

0.44 0.21 – 0.90 0.024 

Diagnosis-appropriate 30-Day Readmission            
. 

1.35 0.75 – 2.38 0.30 

Close to diagnosis Death                                     
. 

1.47 0.71 – 3.01 0.30 

Close to diagnosis 
Death adj for Probability 

of Death and CrCU 
Admission 

1.82 0.78 – 4.23 0.16 

Any order set Death                                     
. 

0.55 0.12 – 2.54 0.44 

Any order set 30-Day Readmission            
. 

1.53 0.19 – 11.92 0.69 



Case: Reducing Inpatient Mortality 

Results: Adoption 
and Culture Change 

Paper Orders CPOE (eCare) 

Percentage of patients for  

whom a diagnosis-

appropriate order set was used 

Pneumonia 26.05% Pneumonia 60.43% 

COPD 0.0% COPD 45.1% 

Percentage of patients for  

whom any admission  

order set was used                     
. 

Pneumonia 37.90% Pneumonia 97.54% 

COPD 35.11% COPD 97.35% 



Case: Reducing Inpatient Mortality 

Inpatient Preventable Mortality: 
Trended Format 

P  A  P  E  R E  –  C  A  R  E 

1 2 

1 – eCare Phase 2 Implementation (CPOE, order sets, electronic med management) 
2 – Quality Based Procedure (QBP) implementation – phased, over 1 year 



Case:  Venous Thromboembolism Prophylaxis 

Making Quality Stick: 
VTE Prophylaxis 



Pre-CPOE: 
7 to 9% avg 

Post-CPOE: 
45% admit, 

70% discharge 

Case:  Medication Reconciliation 



 Alert to remind Most Responsible Physician (MRP) 

– Best Possible Medication History is available 

Clinical Decision Support to improve 
Admission Medication Reconciliation 

Case #1:  Medication Reconciliation 
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MEDREC: NYGH MEDICINE PROGRAM 
Best Possible Med History Admission Med Rec Discharge Med Rec

2011: Admit MedRec Alert: 
Increased to 70% average 

2017: MedRec  
87% admit, 90% 

discharge 
BPMH 97% 

Post-CPOE: 
45% admit, 

70% discharge 

Case:  Medication Reconciliation 



Overall Clinician Satisfaction 

Primary  Secondary  p OR (95% CI) 

In general,  how satisfied are you 

overall with the CPOE system you are 

currently working with? 

(Satisfied + Very Satisfied responses) 
 

28/34 (82%) 25/29 (86%) .677 .75 (.19 – 2.95) 



Summary of  

eCare Clinical Benefits 

• 100% clinician adoption 

• MedRec improved from 8% to 90%, with significant reduction in 

pharmacist interventions for duplicate meds and omitted medications 

• Medication turnaround time improved by 83% (29150 mins), with 

prevention of 11,000 patient mismatch errors and reduction in reported 

medication adverse events 

• Appropriate prophylaxis against VTE increased from 

50% of inpatients to >97% of inpatients (with help of alerts), with a 

corresponding 39% reduction in VTE 

• Order set usage for patient admission to hospital increased  

from 36.5% (paper) to >97% (CPOE), even though use not mandatory 

• Mortality from pneumonia and COPD exacerbation was reduced by 

45% using CPOE vs paper orders, and by 56% using CPOE with a 

correctly-matched evidence-based order set 



eCare ROI Calculation 
Canadian cost of adverse nosocomial events: 

– Cost per medication error:  $402 to $632 (median $517 CDN) 

– Cost per nosocomial adverse drug event: $4,028 CDN 

– Cost per case of nosocomial VTE: $24,411 to $36,047 CDN 

– Cost per case of nosocomial c.difficile: $10,809 CDN 
Etchells, E et al. Economics of Patient Safety in Acute Care – CPSI July 2012  

 

 

 

 

 
 

    Net savings over 5 years:  $1.2 million 

Nosocomial Adverse Event Prevented eCare Cost Savings ($CDN)  
Nov 2010 to Dec 2015 

Medication Error – Patient Mismatch $5,730,428 

Adverse Drug Event from Med 
Discrepancy on Admission to Hospital 

$31,062,140 

VTE prevention $1,029,169 

Prevented recurrences of C.difficile $293,376 

TOTAL COST AVERTED $38,115,113 



Positive OR negative outcomes are possible  

using the same vendor software: 

– Children’s Hospital of Pittsburgh 2005:    increased mortality 

– North York General Hospital 2010-2015: decreased mortality 

 

                  To obtain clinical and financial benefits  

              from implementing advanced HIS, we need: 

– Engagement of clinicians, in partnership with informaticians  

– Careful review and redesign of clinical workflows and content 

for clinical transformation – “Make it easy to do the right thing” 

– System adoption  ownership  stewardship 

What is the “Secret Sauce”?   

Local Clinicians and Informaticians 



EHR the Canadian Way: 

Challenges and Advantages 



Are we making progress? 

• Progression to HIMSS EMRAM Stage 4 and above is associated  
with improved care: quality, safety and value    - Amarasingham R et al. Arch Intern Med 2009 169(2):108-14 

            - 2006 HIMSS EMR Sophistication Correlates to Hospital Quality Data 
            - 2012 HIMSS Analytics Report: Quality and Safety 

• US has 12x the proportion of sites at HIMSS Stage 4 and above vs Canada (81.6% vs 6.9%) 



Canadian Challenges 
• Funding 

• No central program of financial bonuses/penalties 

• No clinically-focused maturity models in use 

• Insufficient regulatory enforcement of terminology standards 

• American Hospital Information System vendors: 

– Architected to meet American regulatory requirements, clinical workflows 

– Vendor clinical content focused on American standards, units of measure 

– Custom work required to accommodate / integrate Canadian  
provincial standards, systems, regulatory requirements, reporting 

• Disparate constellation of primary care / long-term care systems,  
certification requirements differ from hospital sector 

• Many healthcare organizations independently managed/operated 
(only some co-ordinated regional health systems, developing cross-sector “ACO’s”) 

 

 



Canadian Advantages 
 

• Healthcare System Integration: 

– Regional Health Authorities,  

Cross-Continuum Management / Care 

– Centralized Health Information Systems  

are developing 

• Publicly Funded Healthcare System: 

– Organizations co-operate rather than compete 

 Open for Sharing 



CPOE TOOLKIT:  

BY THE NUMBERS 

7 
Canadian 
provinces 

525 
active  
users 

1,544 
evidence-based order 

sets 

6 
contributing 

organizations 

57 
member 

organizations 

www.cpoe-toolkit.ca 



HIS Adoption and 

Benefits Team 
47 

© 2017 

 

Ontario HIS Benefits  

and Adoption Team (HISBAT) 

• Led by North York General Hospital  

(HIMSS 6) and Ontario Shores Centre for Mental 

Health Sciences (HIMSS 7), both Davies Enterprise 

Award winners 

• Peer-to-peer knowledge sharing, mentorship 

of HIS project teams through on-site visits 

• Provided at no cost to Ontario hospitals 

• First 9 months – 50+ hospitals assisted 



Ontario’s approach to HIS renewal 
focuses on accelerating maturity in three 
key areas that are all critical to success:  

 HIS Clustering 
 HIS Service Delivery 
 Clinical Adoption & 

Outcomes 

Implementation will be supported by key 
policy enablers: 

 Funding 
 Procurement 

Ontario HIS Renewal Strategy 

HIS Clustering 

HIS 
Shared Service 

Delivery 

Clinical 
Adoption 

& Outcomes 

HIS Renewal Panel Recommendations: 
Significantly changing the landscape of HIS procurement, funding, and partnerships  

48 



HIS Renewal Maturity Path 

49 

• Optimizing the benefits from HIS investments will depend on 
advancing  maturity in the three key areas in tandem. 

 



Provincial Schematic – Clinical Standardization 

CLINICAL QUALITY STANDARDS 

HQO 
OQSC 

Choosing Wisely Canada 
Specialty Organizations 

Colleges 

Centre for eHealth 
Clinical Standards  

and Outcomes 

KNOWLEDGE TRANSLATION 

                         PROTOTYPE TEMPLATES 
                 PROTOTYPE ORDER SETS 
        SUGGESTED WORKFLOWS/POLICIES 
REQUIRED TERMINOLOGIES  

P R O V I N C I A L   V E N D O R   C O L L A B O R A T I V E S 

VENDOR A VENDOR B VENDOR C VENDOR D 

Standardized 
terminologies, 
documentation 

elements, 
order catalogs 

Cluster 
A 

Cluster 
B 

Cluster 
C 

Content Fit Content Fit Content Fit  Content Fit 

Suggested 
Content 

Revisions 

Standardized 
Outcome 

Data 

Cluster 
A 

Cluster 
B 

Cluster 
C 



Share globally: 

• Lessons learned 

• Best Practices 

• Clinical Content 

• Standards 

• Patient data 

(cross-continuum) 

 

Act locally: 

         Clinicians  

               +  

     Informaticians  

               + 

          Vendors 

 

Success: the Canadian Way 



THANK YOU! 
For more information please contact: 

 

Jeremy Theal, Chief Medical Information Officer 
Jeremy.Theal@nygh.on.ca 

 

Twitter:  @drjeremytheal 

mailto:Jeremy.Theal@nygh.on.ca

