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Appendices 

Appendix I: CHF Patient Group—ICD-10-CA Details 

I50 Heart failure 
Includes: 

Additional code from (E10-E14) with fourth and fifth digits .52 to classify any associated diabetes 

mellitus 

Additional code from (I11) (hypertensive heart disease) or (I13) (hypertensive heart and renal disease) 

for heart failure due to hypertension 

Excludes:  

Complicating: 

abortion or ectopic or molar pregnancy (O00-O07) (O08.8) 

obstetric surgery and procedures (O75.4) 

Following cardiac surgery or due to presence of cardiac prosthesis (I97.1) 

Neonatal cardiac failure (P29.0) 

I50.0 Congestive heart failure 

Includes:  

Congestive heart disease (CHF) 

Right ventricular failure (secondary to left heart failure) 

Excludes: fluid overload NOS (E87.7) 

I50.1 Left ventricular failure 

Includes:  

Cardiac asthma 

Left heart failure 

I50.9 Heart failure, unspecified 

Includes:  

Cardiac, heart or myocardial failure NOS 

I40 Acute myocarditis 
I40.0 Infective myocarditis 

Includes:  

Septic myocarditis 

Additional code (B95-B97) to identify infectious agent 

I40.1 Isolated myocarditis 

I40.8 Other acute myocarditis 

I40.9 Acute myocarditis, unspecified 
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I41 Myocarditis in diseases classified elsewhere 
I41.0 Myocarditis in bacterial diseases classified elsewhere 

Includes:  

Myocarditis: 

diphtheritic (A36.8) 

gonococcal (A54.8) 

meningococcal (A39.5) 

syphilitic (A52.0) 

tuberculous (A18.8) 

I41.1 Myocarditis in viral diseases classified elsewhere 

Includes:  

Influenzal myocarditis (acute): 

avian influenza virus identified (J09) 

other virus identified (J10.8) 

virus not identified (J11.8) 

Mumps myocarditis (B26.8) 

I41.2 Myocarditis in other infectious and parasitic diseases classified elsewhere 

Includes:  

Myocarditis in: 

Chagas’ disease: 

(acute) (B57.0) 

(chronic) (B57.2) 

toxoplasmosis (B58.8) 

I41.8 Myocarditis in other diseases classified elsewhere 

Includes:  

Rheumatoid myocarditis (M05.3) 

Sarcoid myocarditis (D86.8) 

I42 Cardiomyopathy 
Excludes:  

Cardiomyopathy complicating: 

pregnancy (O99.4) 

puerperium (O90.3) 

Ischemic cardiomyopathy (I25.5) 

I42.0 Dilated cardiomyopathy 

Includes: Congestive cardiomyopathy 

I42.1 Obstructive hypertrophic cardiomyopathy 

Includes: Hypertrophic subaortic stenosis 

I42.2 Other hypertrophic cardiomyopathy 

Includes: Nonobstructive hypertrophic cardiomyopathy 
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I42.3 Endomyocardial (eosinophilic) disease 

Includes:  

Endomyocardial (tropical) fibrosis 

Löffler’s endocarditis 

I42.4 Endocardial fibroelastosis 

Includes: Congenital cardiomyopathy 

I42.5 Other restrictive cardiomyopathy 

Includes: Constrictive cardiomyopathy NOS 

I42.6 Alcoholic cardiomyopathy 

I42.7 Cardiomyopathy due to drugs and other external agents 

Additional external cause code to identify cause 

I42.8 Other cardiomyopathies 

I42.9 Cardiomyopathy, unspecified 

Includes:  

Cardiomyopathy (primary) (secondary) NOS 

Additional code from category (E10-E14) with fourth and fifth characters .52 to classify any associated 

diabetes mellitus 

I43 Cardiomyopathy in diseases classified elsewhere 
I43.0 Cardiomyopathy in infectious and parasitic diseases classified elsewhere 

Includes: Cardiomyopathy in diphtheria (A36.8) 

I43.1 Cardiomyopathy in metabolic diseases 

Includes: Cardiac amyloidosis (E85.-) 

I43.2 Cardiomyopathy in nutritional diseases 

Includes: Nutritional cardiomyopathy NOS (E63.9) 

I43.8 Cardiomyopathy in other diseases classified elsewhere 

Includes:  

Gouty tophi of heart (M10.0) 

Thyrotoxic heart disease (E05.9) 

I25.5 Ischemic cardiomyopathy 
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Hypertensive heart disease and CHF patients 

These ICD-10-CA codes must include the CHF codes I50.X 

I11 Hypertensive heart disease 

Includes:  

Hypertensive heart disease NOS 

Use additional code to identify any (congestive) heart failure (I50.-) due to hypertension 

I13 Hypertensive heart and renal disease 

Includes:  

Any condition in I11 with any condition in I12 disease: 

cardiorenal 

cardiovascular renal 

hypertensive heart and renal disease NOS 

Use additional code to identify any: 

(chronic) kidney disease (failure) (N18.- , N19) due to hypertension 

heart failure (I50.-) due to hypertension 
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Appendix II: Rapid Review Methodology 

Table A1 outlines the process and components comprising the Evidence Development and Standards Branch 

Rapid Review process. 

Table A1: Rapid Review Methodology 

Steps Components 

1. Develop research question  Develop PICOS in consultation with experts, end users, 
applicant, etc.  

 Limited scoping of question (e.g., Blue Cross Blue Shield, 
AETNA, CIGNA) 

 Determine study selection criteria (inclusion/exclusion) 

 Determine a maximum of 2 outcomes to GRADE in step 5 

2. Conduct literature search  5 years 

 English 

 MEDLINE, EMBASE, Cochrane, Centre for Reviews and 
Dissemination 

 SRs, MAs, HTAs (establish in advance that these study designs 
exist for your topic; if not, request RCTs and guidelines as well) 

3. Screen and select studies  Selection of SR, MA, HTA 

 Rate SRs with AMSTAR 

 Retrieve primary studies from SR, MA, HTA for step 4 

4. Conduct data extraction and analysis
a
  Extract data on 2 outcomes from primary studies 

5. Apply GRADE assessment outcomes
a
  GRADE maximum of 2 outcomes 

6. Write up findings  Write findings using Rapid Review template 

Abbreviations: AMSTAR, Assessing the Methodological Quality of Systematic Reviews; HTA, health technology assessment; MA, meta-analysis; PICOS, 
population, intervention, comparison, outcome, setting; SR, systematic review. 
a
These steps are required if the identified SR, MA, and/or HTA did not use GRADE to assess relevant outcomes.   
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Appendix III: Rapid Reviews 
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Rapid Review Methodology 

Clinical questions are developed by the Division of Evidence Development and Standards at Health Quality Ontario 

in consultation with experts, end-users, and/or applicants in the topic area.  A systematic literature search is then 

conducted to identify relevant systematic reviews, health technology assessments, and meta-analyses; if none are 

located, the search is expanded to include randomized controlled trials (RCTs), and guidelines. Systematic reviews 

are evaluated using a rating scale developed for this purpose. If the systematic review has evaluated the included 

primary studies using the GRADE Working Group criteria (http://www.gradeworkinggroup.org/index.htm), the 

results are reported and the rapid review process is complete.  If the systematic review has not evaluated the primary 

studies using GRADE, the primary studies included in the systematic review are retrieved and a maximum of two 

outcomes are graded. If no well-conducted systematic reviews are available, RCTs and/or guidelines are evaluated. 

Because rapid reviews are completed in very short timeframes, other publication types are not included.  All rapid 

reviews are developed and finalized in consultation with experts. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 

and is developed from analysis, interpretation, and comparison of published scientific research. It also incorporates, 

when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 

responsibility for omissions or incomplete analysis resulting from its rapid reviews. In addition, it is possible that 

other relevant scientific findings may have been reported since completion of the review. This report is current to the 

date of the literature search specified in the Research Methods section, as appropriate. This rapid review may be 

superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.
http://www.gradeworkinggroup.org/index.htm
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.
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About Health Quality Ontario  

Health Quality Ontario is an arms-length agency of the Ontario government. It is a partner and leader in 

transforming Ontario’s health care system so that it can deliver a better experience of care, better outcomes for 

Ontarians, and better value for money.  

Health Quality Ontario strives to promote health care that is supported by the best available scientific evidence.  

Health Quality Ontario works with clinical experts, scientific collaborators, and field evaluation partners to develop 

and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory subcommittee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy makers. 

Rapid reviews, evidence-based analyses and their corresponding OHTAC recommendations, and other associated 

reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario and/or its research partners reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 

Permission Requests  

All inquiries regarding permission to reproduce any content in Health Quality Ontario reports should be directed to: 

EvidenceInfo@hqontario.ca. 

How to Obtain Rapid Reviews From Health Quality Ontario 

All rapid reviews are freely available in PDF format at the following URL: 

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.

http://www.hqontario.ca
mailto:EvidenceInfo@hqontario.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
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List of Abbreviations 

AMSTAR Assessment of Multiple Systematic Reviews 

CI Confidence interval 

HF Heart failure 

LVEF Left ventricular ejection fraction 

OR Odds ratio 

RCT Randomized controlled trial 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this analysis was to determine the following: 

 the diagnostic accuracy of in-hospital B-type natriuretic peptide (BNP) measurement for heart 

failure (HF)  

 the prognostic accuracy of BNP for triage of HF patients when used in the emergency department 

 the prognostic accuracy of in-hospital BNP measurement for HF before hospital discharge 

Clinical Need and Target Population 

BNP in the Diagnosis and Prognosis of Heart Failure 

Acute dyspnea (shortness of breath) is a common presentation to emergency care, and HF is an important 

cause of dyspnea. (1) However, there is no gold standard for establishing HF; even following clinical 

assessment, chest x-rays, and electrocardiography, diagnostic uncertainty may remain. (2) B-type 

natriuretic peptide (BNP) and the N-terminal peptide of its precursor proBNP are secreted by 

cardiomyocytes in response to excessive stretching and have been proposed as useful markers for helping 

to distinguish between cardiac and noncardiac causes of dyspnea. (2)   

After a diagnosis of HF is established, BNP may also provide prognostic information to inform patients 

about likely outcomes and clinicians about the necessary aggressiveness of treatment. (2) 

http://www.hqontario.ca
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Rapid Review 

Research Questions 

 What is the diagnostic accuracy of in-hospital BNP measurement for HF?  

 What is the prognostic accuracy of BNP for triage of HF patients when used in the emergency 

department? 

 What is the prognostic accuracy of in-hospital BNP measurement for HF before hospital 

discharge? 

Research Methods 

Literature Search 

A literature search was performed on October 5, 2012, using OVID MEDLINE, MEDLINE In-Process 

and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre for 

Reviews and Dissemination database, for studies published from January 1, 2000, until October 5, 2012. 

Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, full-

text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

Inclusion Criteria 

 English language full-text reports  

 published between January 1, 2000, and October 5, 2012 

 health technology assessments, systematic reviews, and meta-analyses 

 studies describing in-hospital diagnostic or prognostic accuracy of BNP measurement for HF 

Exclusion Criteria 

 randomized controlled trials, observational studies, case reports, editorials, letters to the editor 

Outcomes of Interest 

 mortality 

 rehospitalization 

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  

The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members.  
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Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) measurement tool was used to assess the 

methodological quality of systematic reviews. (3) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (4) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology. 

Study design was the first consideration; the starting assumption was that randomized controlled trials are 

high quality, whereas observational studies are low quality. (4) Five additional factors—risk of bias, 

inconsistency, indirectness, imprecision, and publication bias—were then taken into account. Limitations 

in these areas resulted in downgrading the quality of evidence. Finally, 3 main factors that may raise the 

quality of evidence were considered: large magnitude of effect, dose response gradient, and accounting 

for all residual confounding. (4) For more detailed information, please refer to the latest series of GRADE 

articles. (4) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to 

the estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The database search yielded 276 citations published between January 1, 2000, and October 5, 2012 (with 

duplicates removed). Articles were excluded based on information in the title and abstract. The full texts 

of potentially relevant articles were obtained for further assessment.  

Two studies (2 systematic reviews) met the inclusion criteria. The reference lists of the included studies 

were hand searched to identify any additional potentially relevant studies, but no additional citations were 

included, for a total of 2 included citations. 

One systematic review related to the diagnostic accuracy of BNP was identified. (1) The AMSTAR score 

for this study was 5 out of 11.  

No studies were identified that assessed the prognostic accuracy of BNP for triage of HF patients when 

used in the emergency department or for in-hospital measurement for HF before hospital discharge. 

However, 1 systematic review related to the prognostic accuracy of BNP was identified in which patients 

were not restricted to an emergency department or hospital or acute HF. (5) The AMSTAR score for this 

study was 3 out of 11.  

A summary of the results appears in Table 1.  
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Table 1: Summary of Systematic Reviews on BNP Testing  

Author, Year Population/Setting Types of Studies 
Included 

Number of Studies, 
Sample Size 

Outcomes Limitations 

Diagnosis 

Lam et al., 
2010 (1) 

Patients presenting with acute 
dyspnea in the emergency 
department 

RCTs that compared 
BNP testing with routine 
care to diagnose HF in 
patients presenting with 
acute dyspnea  

5 RCTs  

N = 2,513 patients 

BNP vs. routine care 

 All-cause hospital mortality: OR 0.96 
(95% CI 0.65–1.41); P = 0.83; n = 2,488 
patients 

 Admission rates: OR 0.85 (95% CI 0.67–
1.01); P = 0.06; n = 2,488 patients 

 30-day readmission: OR 0.88 (95% CI 
0.64–1.20); P = 0.41; n = 1,948 patients 

 Length of hospital stay: mean difference  
–1.22 days (95% CI, –2.31 to –0.14 
days); P value not reported; n = 2,417 
patients 

 Length of critical care unit stay: mean 
difference –0.56 days (95% CI –1.06 to  
–0.05 days); P value not reported;  
n = 2,041 patients 

 Statistical heterogeneity was not 
reported, although some 
outcomes were stated to be 
heterogeneous (e.g., length of 
hospital stay) 

 Studies from different healthcare 
systems: Australia, Canada, 
Switzerland, United States, 
Netherlands (first point of contact 
senior vs. junior physicians) 

Prognosis

Doust et al., 
2005 (5) 

Various HF patients; not 
restricted to emergency 
department or hospital or acute 
HF 

Inclusion criteria for studies 
consisted of patients who: 

 were referred to HF clinics 

 were a subset of patients in 
drug trials 

 were undergoing cardiac 
catheterization 

 were seen in an internal 
medicine clinic 

 were admitted to hospital for 
HF 

 were being considered for 
heart transplantation  

No restrictions to study 
type; observational (not 
all consecutive cohorts) 

19 studies  

Pooled estimate used 
4 studies (n = 652 
patients) 

 4 studies estimated relative risk of all-
cause mortality by using a continuous 
measure of BNP; this gave an estimate 
of the relative risk of death per  
100 pg/mL of 35% (95% CI 22%–49%); 

heterogeneity 
2 

 = 6.3; P = 0.09 

 Studies that used dichotomous measures 
showed considerable variation in results: 
“The pooled estimate from the studies 
using a continuous measure was 
consistent with the results seen of the 
largest study using a dichotomized 
measure” 

 Difficult to assess how well the 
patients were followed up and how 
well outcomes were ascertained in 
each study  

 3 studies reported that some 
patients in the study were lost to 
follow-up; the remainder either 
reported complete follow-up or the 
calculations imply complete follow-
up 

 Different ways of diagnosing HF 
reported (e.g., LVEF < 30%, 40%, 
45% or 50%; “clinical 
assessment”; not reported; 
“excluded trauma, unstable angina 
or myocardial infarction”) 

 Ascertainment of the outcome 
being blinded was not reported in 
several studies 

Abbreviations: BNP, B-type natriuretic peptide; CI, confidence interval; HF, heart failure; LVEF, left ventricular ejection fraction; OR, odds ratio; RCT, randomized controlled trial.
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Conclusions 

 No studies were identified that specifically assessed the prognostic accuracy of BNP for triage of 

HF patients when used in the emergency department or in-hospital BNP measurement for HF 

before hospital discharge. 

 There is moderate quality evidence that BNP testing to diagnose HF in patients presenting to the 

emergency department with acute dyspnea does not significantly reduce mortality or 

rehospitalization. 
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 Appendices 

Appendix 1: Literature Search Strategies 
Database: Ovid MEDLINE(R) <1946 to September Week 4 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
<October 04, 2012>, Embase <1980 to 2012 Week 39> 
Search Strategy: 

# Searches Results 

1 exp Heart Failure/ 325741  

2 
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or ((coronary 
or myocardial) adj (failure or insufficiency))).ti,ab. 

257108 

3 or/1-2 415435 

4 Natriuretic Peptide, Brain/ use mesz 8437 

5 Brain Natriuretic Peptide/ use emez 13760 

6 Nesiritide/ use emez 1222 

7 ((B-type or brain or type-b) adj (natriuretic peptide* or ventricular natriuretic peptide)).ti,ab. 19688 

8 (BNP or bnp-32 or NT-proBNP or natriuretic factor-32).ti,ab. 20419 

9 (peptide* adj brain natriuretic).ti,ab. 240 

10 (natrecor or nesiritide or noratak).mp. 1788 

11 or/4-10 32616 

12 Meta Analysis.pt. 36882 

13 Meta Analysis/ use emez 66108 

14 Systematic Review/ use emez 53391 

15 exp Technology Assessment, Biomedical/ use mesz 8864 

16 Biomedical Technology Assessment/ use emez 11385 

17
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published literature 
or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

291582 

18 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3657 

19 or/12-18 351351 

20 3 and 11 and 19 402 

21 limit 20 to english language 363 

22 limit 21 to yr="2000 -Current" 358 

23 remove duplicates from 22 264 

Cochrane Library 
Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac 
stand still or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw (Word variations have 
been searched) 

9323

#3 Enter terms for search #1 or #2 9328

#4 MeSH descriptor: [Natriuretic Peptide, Brain] this term only 695

#5 (B-type or brain or type-b) next (natriuretic peptide* or ventricular natriuretic peptide):ti,ab,kw or 
BNP or bnp-32 or NT-proBNP or natriuretic factor-32:ti,ab,kw or peptide* next brain 
natriuretic:ti,ab,kw or natrecor or nesiritide or noratak (Word variations have been searched) 

891

#6 #4 or #5 891

#7 #3 and #6 505 from 
2000 to 2012 

4 CDSR; 22 DARE; 15 HTA 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices  21 

CRD 

Line Search Hits

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES 510

2
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR cardiac stand 
still OR ((coronary OR myocardial) ADJ (failure OR insufficiency))):TI 

311

3 #1 OR #2 546

4 MeSH DESCRIPTOR Natriuretic Peptide, Brain 79

5
((B-type OR brain OR type-b) ADJ (natriuretic peptide* OR ventricular natriuretic peptide)):TI OR (BNP OR 
bnp-32 OR NT-proBNP OR natriuretic factor-32):TI OR (peptide* ADJ brain natriuretic):TI OR (natrecor OR 
nesiritide OR noratak) 

36 

6 #4 OR #5 82 

7 #3 AND #6 49 

36 results in HTA/DARE=2000-current 
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Appendix 2: GRADE Tables 

Table A1: GRADE Evidence Profile for B-Type Natriuretic Peptide Testing 

No. of Studies
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Prognosis 

1 systematic 
review of 4 single 
cohort series 

Very serious 
limitations (–2)

a
 

No serious 
limitations

 
 

Serious limitations 
(–1)

b
 

No serious 
limitations 

Undetected None ⊕ Very Low  

Diagnosis 

1 systematic 
review of 5 RCTs

Serious limitations  
(–1)

c
 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Undetected None ⊕⊕⊕ Moderate  

Abbreviations: LVEF; left ventricular ejection fraction; RCT, randomized controlled trial 
a
Authors found that the reporting quality of studies varied. Difficult to assess how well patients were followed up and how well outcomes were ascertained in each study.  Three studies reported that some 

patients in the study were lost to follow-up; the remainder either reported complete follow-up or the calculations imply complete follow-up. Different ways of diagnosing HF reported (e.g., LVEF < 30%, 40%, 
45% or 50%; “clinical assessment”; not reported; “excluded trauma, unstable angina or myocardial infarction”). Ascertainment of the outcome being blinded was not reported in several studies. 
b
Various HF patients. Not restricted to emergency department or hospital or acute HF. Inclusion criteria for studies consisted of patients who were referred to HF clinics; were a subset of patients in drug trials; 

were undergoing cardiac catheterization; were seen in an internal medicine clinic; were admitted to hospital for HF; or were being considered for heart transplantation. 
c
Statistical heterogeneity was not reported, although some outcomes were stated to be heterogeneous (e.g., length of hospital stay). Studies were from different healthcare systems: Australia, Canada, 

Switzerland, United States, Netherlands (first point of contact for the patient was different between studies e.g., senior vs. junior physicians). All studies reported adequate sequence generation and allocation 
concealment for randomization except for 1 study. Four of the 5 RCTs reported no blinding of physicians. Two of the 5 RCTs reported blinding of participants, and 3 of the 5 RCTs reported blinding outcome 
assessors. 
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About Health Quality Ontario  

Health Quality Ontario is an arms-length agency of the Ontario government. It is a partner and leader in 

transforming Ontario’s health care system so that it can deliver a better experience of care, better outcomes for 

Ontarians, and better value for money.  

Health Quality Ontario strives to promote health care that is supported by the best available scientific evidence.  

Health Quality Ontario works with clinical experts, scientific collaborators, and field evaluation partners to develop 

and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory subcommittee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy makers. 

Rapid reviews, evidence-based analyses and their corresponding OHTAC recommendations, and other associated 

reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario and/or its research partners reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 

Permission Requests  

All inquiries regarding permission to reproduce any content in Health Quality Ontario reports should be directed to: 

EvidenceInfo@hqontario.ca. 

How to Obtain Rapid Reviews From Health Quality Ontario 

All rapid reviews are freely available in PDF format at the following URL: 

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.

http://www.hqontario.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this rapid review is to examine the accuracy of chest x-rays for identifying pulmonary 

infection as the precipitant of an acute heart failure (HF) event.  

Clinical Need and Target Population 

Patients presenting to the emergency department with an acute HF event may have been exposed to one 

of a number of known aggravating factors. (1;2) Decomposition heart failure hospital admissions may in 

fact be preventable if precipitants are appropriately managed. (3) Upon diagnosis of the precipitating 

causes of an acute HF event, the course of treatment can be personalized to minimize or eliminate the 

aggravating source. (4-7) Specifically, pneumococcal pneumonia has been linked to an increased risk for 

acute cardiac events including new onset or worsening congestive heart failure. (8) This is of particular 

importance given that pneumonia has been cited as the most common precipitant of an HF exacerbation. 

(2) 

Technology 

Radiography is the application of x-rays to produce an image based on the internal physical properties of 

an object. By exploiting known physical properties of the human body, an image of internal structures and 

organs can be created. X-ray imaging tools are widely available and non-invasive.  

Pneumonia is typically diagnosed using a combination of clinical exams, chest x-ray, and laboratory tests. 

(9) Other diagnostic imaging tools for pneumonia include lung ultrasound (sensitivity 93.4%, specificity 

97.7%), (10) and high resolution computed topography (sensitivity 40%, specificity 95%). (11)  

http://www.hqontario.ca.
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Rapid Review

Research Question 

What is the diagnostic accuracy of a chest x-ray for identifying pulmonary infection as a precipitant of an 

acute heart failure (HF) episode?  

Research Methods 

Literature Search 

A rapid review literature search was performed on November 6, 2012, using OVID MEDLINE, OVID 

MEDLINE In-Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, 

and the Centre for Reviews and Dissemination database, for studies published from January 1, 2002, to 

November 6, 2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the 

eligibility criteria, full-text articles were obtained. Reference lists and were also examined for any 

additional relevant studies not identified through the search.  

Inclusion Criteria 

 English language full-text reports  

 published between January 1, 2002, and November 6, 2012 

 health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, 

and guidelines 

 the HF population  

 in-hospital setting 

Exclusion Criteria 

 studies evaluating the accuracy of x-rays to diagnose pulmonary infection in contexts other than 

as the precipitant of an acute HF event  

 studies where the outcomes of interest could not be abstracted  

 case reports, editorials, letters, and commentaries  

Outcomes of Interest 

 sensitivity and specificity of x-rays to diagnose pulmonary infection as the precipitant of an acute 

HF event 

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  
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The role of the Expert Advisory Panel on Episodes of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high quality episode of care for heart failure patients presenting to an acute care hospital. However, the 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Advisory Panel members. 

Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) measurement tool was used to assess the 

methodological quality of any systematic reviews identified. (12)  

The quality of the body of evidence for each outcome extracted was examined according to the GRADE 

Working Group criteria. (13) The overall quality was determined to be very low, low, moderate, or high 

using a step-wise, structural methodology.  

Study design was the first consideration; the starting assumption was that randomized controlled trials are 

high quality, whereas observational studies are low quality. Five additional factors—risk of bias, 

inconsistency, indirectness, imprecision, and publication bias—were then taken into account. Limitations 

in these areas resulted in downgrading the quality of evidence. Finally, 3 factors were considered which 

may raise the quality of evidence: large magnitude of effect, dose response gradient, and accounting for 

all residual confounding. (13) For more detailed information, please refer to the latest series of GRADE 

articles. (13) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The database search yielded 622 citations published between January 1, 2002, and November 6, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No primary research studies that examined the accuracy of x-rays for identifying pneumonia as the 

precipitant of an acute HF event were identified. However, a number of international cardiac-related 

guidelines were (Figure 1).  

Search results (excluding duplicates) 
n = 622 

Citations excluded based on title 
n = 550 

Study abstracts reviewed 
n = 72 

Citations excluded based on abstract 
n = 38 

Full text studies reviewed 
n = 34 

Citations excluded based on full text 
n = 19

a 
Additional citations identified  

n = 0 

Included Studies (15) 

 Research studies: n = 0 

 Guidelines: n = 15
b
  

Additional details  
a
 1 commentary publication full-

text article not available 
b
 8 guidelines based on the ESC, 

3 on NICE guidelines, 3 on the 
AHA guidelines, 1 on the HFSA 
guidelines, and 1 is the 
Australian guideline. 

Abbreviations: AHA, American 
Heart Association; ESC, 
European Society of 
Cardiologists; HFSA , Heart 
Failure Society of America  NICE, 
National Institute for Health and 
Clinical Excellence. 

Figure 1: Citation Flow Chart 

A number of the guidelines were individualized national guidelines based on larger agency guidelines: 8 

were based on European Society of Cardiologists (ESC) guidelines; (6;14-20) 3 on guidelines from the 

United Kingdom’s National Institute for Health and Clinical Excellence (NICE); (21;22) 3 on American 

Heart Association (AHA) guidelines; (23;24) and 1 on Heart Failure Society of America’s (HFSA) 

guideline from 2006, (5;25) which has since been updated.
 
(5;25) One other is an Australian guideline. 

(26) Summarized below (see Table 1) are the 5 unique guidelines identified plus the Canadian 

Cardiovascular Society (CCS) guideline, (4) which was identified through keyword searches.  

These guidelines, for the most part, recommend identifying precipitants, including pulmonary infection, 

with x-rays (Table 1). The evidence supporting their recommendations was largely based on expert 

opinion (Table 1).  One commentary on the ESC guideline identifies chest x-rays for pleural effusion as 

having a sensitivity of 43 and specificity of 79; however, this is not limited to the context of determining 

pulmonary infection as the precipitant of an acute HF event. (27;28) 
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Table 1: Summary of Guidelines of X-rays as Diagnostic Tools   

Guideline Agency; 
Year 

Population 

Guideline Recommendations 

Diagnose 
Precipitants 

Pulmonary 
Infection is a 

Potential 
Precipitant for HF 

X-ray is a 
Diagnostic tool for 

Pulmonary 
Infection 

CCS; 2007 (4) Patients presenting in 
hospital with acute HF 

 

[class I, level C]
a 

— X-ray in all patients 
with suspected acute 

HF 

[class I, level C]
a 

American College of 
Cardiology / AHA; 
2011/12 (23;24) 

Patients with unstable 
angina / non ST-
elevation myocardial 
infarction 

 

[class 1, level C]
b  — 

ESC; 2012 (6) Patients with 
suspected/confirmed 
HF 

 

[I C]
c  

 

[IIa C]
d 

HFSA; 2010 (5) Patients with chronic 
HF 

  

[evidence = B]
e 

  

[evidence = B]
e 

  

[evidence = B]
e
 

NICE; 2010 (29) CHF / diagnosing 
CHF 

 —  

CHF Guidelines for the 
prevention, detection 
and management in 
Australia; 2006 (26) 

CHF / diagnosing 
CHF 

— — — 

Abbreviations: AHA, American Heart Association; CCS, Canadian Cardiovascular Society; CHF, congestive heart failure; ED, emergency department; 
ESC, European Society of Cardiologists; HF, heart failure; HFSA, Heart Failure Society of America; NICE, National Institute for Health and Clinical 
Excellence; ST, sinus tachycardia. 
a
Evidence or general agreement that a given procedure is beneficial, useful, and effective; consensus of opinion of experts and/or small studies. 

b
Recommendation of a physical examination is useful/effective, based on expert opinion, observational studies, or standard-of-care. 

c
Evidence or general agreement of benefit/effectiveness and is recommended; based on consensus of opinion and/or small studies, retrospective 

studies and registries. 
d
The evidence/opinion is in favour of the usefulness/efficacy and should be considered; based on consensus opinion and/or small studies, 

retrospective studies, and registries 
e
Evidence is based on cohort and case-control studies, subgroup analysis and meta-analysis, observations studies, or registries 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices  37  

Conclusions 

No studies that examined the accuracy of x-rays for diagnosing pneumonia as the precipitant of an acute 

HF event were identified.  

All of the guidelines reviewed comment on the importance of diagnosing pulmonary infections such as 

pneumonia as a potential precipitant of an acute heart failure event.  
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Appendices 

Appendix 1: Literature Search Strategies 
Search date: November 6, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, EMBASE; Cochrane Library; CRD 

Database: Ovid MEDLINE(R) <1946 to October Week 4 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <November 05, 

2012>, Embase <1980 to 2012 Week 44> 
Search Strategy: 

# Searches Results

1 exp Heart Failure/ 329125 

2 
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or ((coronary or myocardial) 
adj (failure or insufficiency))).ti,ab. 

259613 

3 or/1-2 419289 

4 exp Radiography, Thoracic/ use mesz 31514 

5 exp thorax radiography/ use emez 101953 

6 exp radiography/ 1424556 

7 exp Thorax/ 103899 

8 and/6-7 15338 

9 (radiograph* or roentgenogram* or x-ray* or xray* or CXR*).mp. 1501510 

10 or/4-5,8-9 1512990 

11 3 and 10 14349 

12 Meta Analysis.pt. 37256 

13 Meta Analysis/ use emez 66936 

14 Systematic Review/ use emez 54406 

15 exp Technology Assessment, Biomedical/ use mesz 8883 

16 Biomedical Technology Assessment/ use emez 11409 

17 
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published literature or medline or 
embase or data synthesis or data extraction or cochrane).ti,ab. 

295544 

18 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3810 

19 exp Random Allocation/ use mesz 76290 

20 exp Double-Blind Method/ use mesz 117930 

21 exp Control Groups/ use mesz 1380 

22 exp Placebos/ use mesz 31496 

23 Randomized Controlled Trial/ use emez 332138 

24 exp Randomization/ use emez 59934 

25 exp Random Sample/ use emez 4293 

26 Double Blind Procedure/ use emez 111711 

27 exp Triple Blind Procedure/ use emez 35 

28 exp Control Group/ use emez 39177 

29 exp Placebo/ use emez 207567 

30 (random* or RCT).ti,ab. 1392678 

31 (placebo* or sham*).ti,ab. 450485 

32 (control* adj2 clinical trial*).ti,ab. 38583 

33 exp Practice Guideline/ use emez 280265 

34 exp Professional Standard/ use emez 270644 

35 exp Standard of Care/ use mesz 593 

36 exp Guideline/ use mesz 23206 

37 exp Guidelines as Topic/ use mesz 102801 

38 (guideline* or guidance or consensus statement* or standard or standards).ti. 220387 
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39 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 458049 

40 or/12-39 2993323 

41 11 and 40 1066 

42 limit 41 to english language 944 

43 limit 42 to yr="2002 -Current" 693 

44 remove duplicates from 43 623 

Cochrane Library 

ID Search Hits

#1 MeSH descriptor: [Heart Failure] explode all trees 4873

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 

((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw  (Word variations have been searched) 

9337

#3 #1 or #2 9342

#4 MeSH descriptor: [Radiography, Thoracic] explode all trees 305

#5 MeSH descriptor: [Radiography] explode all trees 11854

#6 MeSH descriptor: [Thorax] explode all trees 623

#7 #5 and #6  41 

#8 (radiograph* or roentgenogram* or x-ray* or xray* or CXR*):ti,ab,kw  (Word variations have been searched) 11726

#9 #4 or #7 or #8 11742

#10 #3 and #9 from 2002 to 2012 39

CRD 

Line Search Hits

1 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 510 

2 
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR cardiac stand still OR 

((coronary OR myocardial) ADJ (failure OR insufficiency))):TI 
317

3 #1 OR #2 552 

4 MeSH DESCRIPTOR Radiography, Thoracic EXPLODE ALL TREES 56 

5 MeSH DESCRIPTOR Radiography EXPLODE ALL TREES 1484 

6 MeSH DESCRIPTOR thorax EXPLODE ALL TREES 44 

7 #5 AND #6 4 

8 (radiograph* or roentgenogram* or x-ray* or xray* or CXR*)):TI 72 

9 #4 OR #7 OR #8 119 

10 #3 AND #9 1 
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List of Abbreviations 

CABG Coronary artery bypass graft 

CAD Coronary artery disease 

CI Confidence interval 

HF Heart failure 

HR Hazard ratio 

IMT Intensive medical therapy 
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PCI Percutaneous coronary intervention 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this analysis was to evaluate the effectiveness of coronary revascularization in ischemic 

heart failure (HF) patients.  

Clinical Need and Target Population 

Coronary artery disease (CAD), particularly the occurrence of myocardial infarction (MI), is a major risk 

factor for HF. (1) The development of HF has been shown to occur commonly after an index MI event, 

and the risk increases substantially with age. (2;3) For example, in a large Canadian prospective cohort 

study of MI patients over age 65 with no history of HF, three-quarters developed HF within 5 years. (2)  

A national survey on acute HF patients treated in cardiology wards in Italy reported on diagnostic and 

therapeutic approaches in hospital. (4) The etiology of patients presenting with symptoms of either de 

novo (44%) or worsening (56%) HF was commonly reported to be ischemic (46%). In addition, a third of 

patients with acute HF of nonischemic origin had increased blood levels of troponin, an indication of 

some degree of myocardial injury. Prior MI was also common (36.5%), and rates were significantly 

higher in chronic (24.1%) than in de novo (12.8%) cases. Previous revascularization was also more 

common in cases with worsening symptoms (24.1%) than in de novo (12.8%) cases. During 

hospitalization, 5.5% had coronary revascularization, either with percutaneous coronary intervention 

(PCI) or coronary artery bypass graft (CABG). De novo cases underwent revascularization at a higher rate 

than worsening cases (7.4% vs. 3.9%).  

The ADHERE study is a large multicentre registry tracking clinical characteristics, physician practices, 

treatment patterns, and outcomes of over 100,000 patients hospitalized for either new-onset or 

decompensating chronic HF in 282 participating United States hospitals. (5) The registry population 

included patients with a mean age of 72 years, and 52% were female. Participants also commonly had a 

history of CAD (57%), hypertension (73%), prior MI (31%), and/or diabetes mellitus (44%). Cardiac 

catheterization was performed in 10% of hospitalized patients and in 20% of patients admitted to 

intensive/critical care. Revascularization with PCI was performed in 81% of those undergoing 

angiography and in 78% of those in intensive/critical care.  

http://www.hqontario.ca
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Revascularization has been shown to have benefits and improve prognosis in the treatment of CAD. At 

present, several large national prospective clinical registries are tracking and reporting PCI and CABG 

revascularizations. (6-8) However, the benefits of coronary revascularization for patients with HF and 

CAD—either to relieve symptoms, improve function, slow or reverse disease progression, or improve 

prognosis—are less certain. Evidence has been limited to mainly observational cohorts, (9) and large 

clinical trials comparing CABG revascularization with medical therapy have typically excluded patients 

with any significant left ventricular dysfunction. (10)  

Technology/Technique 

Coronary revascularization includes 2 main invasive treatments: PCI or CABG, with or without stents.  
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Rapid Review 

Research Question 

What is the effectiveness of coronary revascularization in ischemic heart failure patients? 

Research Methods 

Literature Search 

A literature search was performed on November 5, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2008, until November 5, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search. 

Inclusion Criteria  

 English language full-reports 

 published between January 1, 2008, and November 5, 2012 

 systematic reviews, meta-analyses, health technology assessment reports, and randomized 

controlled trials (RCTs) 

 studies evaluating coronary revascularization (CABG or PCI) in HF patients 

Exclusion Criteria 

 abstracts  

 expert reviews, commentaries, editorials 

 interventions not involving revascularization (CABG or PCI)  

Outcomes of Interest 

 perioperative mortality 

 hospital length of stay 

 readmissions  

 mortality 

 morbidity 

 quality of life  

Statistical Analysis 

The RCTs that were identified evaluated different methods of coronary revascularization, different 

ancillary surgical procedures, and different outcome measures, precluding meta-analysis.  
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Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  

The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members. 

Quality of Evidence 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (11) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology.  

Study design was the first consideration; the starting assumption was that RCTs are high quality, whereas 

observational studies are low quality. Five additional factors—risk of bias, inconsistency, indirectness, 

imprecision, and publication bias—were then taken into account. Limitations in these areas result in 

downgrading the quality of evidence. Finally, 3 main factors that may raise the quality of evidence were 

considered: large magnitude of effect, dose response gradient, and accounting for all residual confounding 

factors. (11) For more detailed information, please refer to the latest series of GRADE articles. (11) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to that of the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The systematic literature search yielded 1,728 citations published between January 1, 2008, and  

November 5, 2012 (with duplicates removed). Articles were excluded based on information in the title 

and abstract. The full texts of potentially relevant articles were obtained for further assessment.  

Three RCTs (12-14)  involving 5 reports (12;13;15-17) on coronary revascularization focusing on patients 

with CAD and left ventricular dysfunction met the inclusion criteria. The reference lists of the included 

studies were hand searched to identify any additional potentially relevant studies, and 1 additional citation 

(RCT) (18) was included, for a total of 6 included citations. 

The included studies are described in Table 1. The trials generally excluded HF patients with significant 

left main coronary artery stenosis, severe disabling angina unresponsive to nonsurgical interventions, or 

recent acute coronary syndrome events. These are conditions involving acute ischemic presentations in 

hospitalized HF patients without clinical uncertainty and for whom professional guidelines generally 

recommend angiographic diagnostic work-ups and revascularization of refractory angina or acute 

coronary syndromes in those with suitable anatomy.  
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Table 1: RCTs Evaluating Coronary Revascularization in Heart Failure Patients 

Author, Year, 
Country 

Trial Name, Type, 
Recruitment Period 

Patients, N Target Group Study Objective 

Beanlands et al., 
2007, (18) Canada 

PARR-2  

Multicentre RCT  
(9 sites) 

2000–2004 

430 Patients with severe ventricular 
dysfunction (LVEF ≤ 35%) and 
suspected CAD 

To determine whether a strategy of PET imaging 
influenced treatment decision-making and clinical 
outcomes (compared to decisions without PET 
imaging) for patients with severe left ventricular 
dysfunction being considered for revascularization 

D’Egidio et al., 2009, 
(13) Canada 

PARR-2  

2000–2004 

182 Patients with severe LVEF and CAD 
being considered for revascularization 
work-up and randomized to PET  

Substudy to identify high-risk patients benefiting 
from revascularization, a cut-off point for benefit, 
and imaging predictors of outcome 

Cleland et al., 2011, 
(12) United Kingdom

HEART  

Multicentre RCT  
(9 sites) 

2003–2004 

138 Patients with HF, CAD, severe LVEF, 
and viable myocardium with contractile 
dysfunction 

To determine whether coronary revascularization 
and optimal medical therapy improves the survival 
of patients with HF who have evidence of 
dysfunctional but viable myocardium and who are 
receiving optimal medical therapy 

Velazquez et al., 
2011, (17) United 
States  

STICH  

Multicentre RCT  
(127 sites, 26 

countries) 

2002–2007 

2,136 

(1,212 in 
hypothesis 1) 

Patients with CAD and LVEF ≤ 35% 
who were eligible for IMT with or without 
CABG  

To explore the first study hypothesis: that CABG 
revascularization and IMT in patients with HF 
improves 3-year all-cause mortality compared to 
IMT alone 

Bonow et al., 2011, 
(15) United States  

STICH 

2002–2007 

601 Subset of patients with CAD and LVEF 
≤ 35% who were eligible for IMT with or 
without CABG and who underwent 
assessment of myocardial viability 

To evaluate whether the presence of substantial 
myocardial viability influenced the survival benefit of 
CABG revascularization and IMT compared to IMT 
alone 

Jones et al., 2009, 
(16) United States 

STICH 

2002–2006 

2,136 

(1,000 in 
hypothesis 2)

Patients with CAD and LVEF ≤ 35% 
and amenable to CABG and SVR  

To explore the second study hypothesis: that SVR 
added to CABG would decrease the rate of death or 
hospitalization for a cardiac event compared to 
CABG alone 

Abbreviations: CABG, coronary artery bypass graft; CAD, coronary artery disease; HF, heart failure; LVEF, left ventricular ejection fraction; IMT, intensive medical therapy; PET, positron emission tomography; 
RCT, randomized controlled trial; SVR, surgical ventricular reconstruction.  
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PARR-2

Beanlands et al (18) reported on the beneficial role of nuclear imaging for determining myocardial 

viability and guiding coronary revascularization (CABG or PCI) decision-making for patients with CAD 

and severe left ventricular dysfunction. Participants had also undergone angiography within 6 months 

(53%), had had an MI (81%), and had undergone prior revascularization with CABG (21%).  

Patients were randomized in block fashion and by recent angiography either to a positron emission 

tomography (PET) imaging arm or to a standard or usual care arm without PET imaging. In the PET arm, 

automated scoring (low, moderate, or high likelihood of recovery) based on a predictive algorithm was 

performed at a core laboratory to assess myocardial perfusion-metabolism mismatch. Imaging reports 

included information on the extent of scar, total viable myocardium, mismatch (as a percentage of left 

ventricle), and likelihood for recovery and were sent to a physician or surgeon making the decision to 

proceed with revascularization or revascularization work-up (to be booked within 8 weeks of 

randomization). PET imaging recommendations were adhered to in 75% of cases, and the majority (66%) 

undergoing revascularization had CABG. In the standard care group, 65% (138/212) had at least 1 stress 

or viability imaging test.  

The primary composite outcome at 1 year of follow-up (cardiac death, MI, or cardiac-related 

hospitalization) was not significantly different between groups (hazard ratio [HR] 0.78, 95% confidence 

interval [CI] 0.58–1.1, P = 0.15). The cumulative proportion experiencing the composite score was 30% 

in the PET arm and 36% in the standard care arm, and the first events occurring within the composite 

score were cardiac hospitalization (n = 94), cardiac death (n = 29), and MI (n = 13). There were 19 

cardiac deaths in the PET arm, compared to 26 in the standard care arm (HR 0.77, 95% CI 0.55–1.09, P = 

0.14). The overall survival between the 2 groups was not significantly different at 1 year (HR 0.72, 95% 

CI 0.4–1.3, P = 0.25), although among those without recent angiography (i.e., de novo cases), there was a 

significant reduction in deaths in the PET arm (7.1%) compared to the standard care arm (16.7%) (HR 

0.4, 95% CI 0.17–0.96, P = 0.035). 

PARR-2, Post-Hoc Report 
A second report (13) on the PARR-2 trial involved a post-hoc analysis examining whether nuclear 

imaging parameters were able to identify high-risk patients who would benefit from revascularization, 

and analysis was restricted to patients in the PET arm with coronary stenosis > 50% and a good-quality 

imaging study. Those with a myocardial perfusion-metabolism mismatch score ≥ 7% had significantly 

reduced incidence of the primary composite outcome with revascularization compared with standard care 

(3 [13%] vs. 9 [56%], respectively, P = 0.015). As the amount of mismatch (a measure of hibernation) 

increased, there was a progressive increase in patient benefit from revascularization. There was no 

significant interaction between PET-defined scar and revascularization, suggesting that mismatch is the 

dominant parameter to consider when making decisions about revascularization. 

HEART  

Cleland et al (12) reported on coronary revascularization and survival in HF patients with CAD. The trial 

randomized 138 patients (out of a planned 800) to a conservative strategy involving optimal medical 

therapy or an invasive strategy in which the heart team (interventional cardiologist and surgeon) choose 

appropriate revascularization: CABG, PCI, both, or none. The government sponsor withdrew funding 

after 1 year because of poor recruitment, due in part to competing recruitment by the STICH study, 

another RCT evaluating revascularization in HF patients (see below).  

Of the 69 patients assigned to the invasive strategy, 5 died awaiting angiography, 1 patient refused, 16 

were denied revascularization after angiography, and 47 were offered revascularization. Of those offered 
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revascularization, 65% (45/69) underwent treatment (30 by CABG and 15 by PCI); treatment was 

performed within 12 weeks in 78% of patients. Two patients refused treatment. Of those in the 

conservative arm, 9% (6/69) underwent revascularization. 

The primary outcome (all-cause mortality using intention-to-treat analysis) was not significantly different 

between the study groups at 4 years of follow-up (P = 0.63). During follow-up, there were 51 (37%) 

deaths: 25 in the conservative arm and 26 in the invasive arm. Of the 26 deaths in the invasive arm, 5 

occurred while awaiting angiography; 5 occurred after being judged unsuitable for revascularization; 2 

occurred from angiography-related complications; and 1 occurred after being judged suitable but refused 

intervention. Fifteen patients underwent PCI, of which 4 (17%) died; 30 patients underwent CABG, of 

which 9 (30%) died. Quality-of-life scores were not significantly different between the study arms at 6 

months’ follow-up, as evaluated by the EuroQoL EQ-5D (–0.023, 95% CI –0.144 to 0.097) and 

Minnesota Living with Heart Failure (–3.9, 95% CI –11.4 to 3.5) instruments.  

STICH  

The STICH trial (14) evaluated revascularization in patients with left ventricular dysfunction and CAD; it 

was a complex multicentre trial involving 2 main hypotheses (see below). Subjects were initially 

segregated into 3 strata depending on investigator-determined suitability for continued intensive medical 

therapy (IMT) alone and eligibility for surgical ventricular reconstruction (SVR). Eligibility for IMT 

alone generally excluded patients with left main coronary artery stenosis of 50% or greater or those with 

severe disabling angina unresponsive to nonsurgical interventions, and eligibility for SVR was defined as 

dominant left ventricular akinesia or dyskinesia amenable to SVR. After being assigned to strata and 

providing informed consent, patients were randomized within the strata as follows: stratum A included 

patients eligible for IMT alone, randomized to IMT vs. CABG; stratum B included patients eligible for 

IMT and SVR, randomized to IMT vs. CABG vs. CABG plus SVR; stratum C included patients eligible 

for SVR, randomized to CABG vs. CABG plus SVR.  

All patients in the trial were managed by a medical therapy committee, which was mandated to regularly 

review and refine optimal medical therapy for the study. The use of pacemakers and implantable 

defibrillators was also encouraged according to guidelines as part of IMT. The surgical study protocol 

included several general principles: surgery completion within 14 days of randomization; CABG 

performed using at least 1 internal thoracic conduit; discretionary cardiopulmonary bypass; mitral valve 

repair or replacement if judged necessary; PCI if more appropriate; SVR to occur after CABG and by any 

acceptable reconstruction method. Minimum qualification standards were set by a surgical therapy 

committee.  

STICH Hypothesis 1: CABG Plus IMT vs. IMT Alone 
Velazquez et al (17) reported on the first study hypothesis, comparing CABG revascularization and IMT 

to IMT alone.  

Of those assigned to CABG, 91% underwent the procedure, with a median time to surgery of 10 days; 

surgery was electively performed in 95% of patients. The majority (91%) received at least 1 arterial 

conduit; 86% received 1 or more venous conduits; and 87% had 2 or more distal anastomoses. Mitral 

regurgitation was not uncommon: 18% of the entire study population (220/1,212) had a moderate or 

severe degree of regurgitation, and a concurrent mitral valve operation was performed in 11% of patients 

(63/610) in the CABG arm.  

Of those assigned to IMT, 100 (17%) underwent CABG during follow-up, at a median time of 142 days 

(interquartile range 19–576 days). Common indications for crossover were progressive symptoms (40%), 

acute decompensation (27%), patient or family decision (28%), and physician decision (5%).  
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Adherence to medication was high throughout study follow-up for both study arms. During follow-up, 

PCI was performed (6% in IMT and 4% in CABG); pacemakers were implanted for resynchronization 

(4% in IMT and 5% in CABG) and heart rate (2% in IMT and 7% in CABG); and implantable 

cardioverter-defibrillators were also implanted (19% in IMT and in 15% in CABG). End-stage devices 

such as left ventricular assist devices were rarely placed (2 patients in each study arm), and heart 

transplantation was performed in 3 patients in the IMT group (none in the CABG group).  

The primary outcome of all-cause mortality at 56 months of follow-up occurred in 41% (244/602) of 

patients assigned to IMT and in 36% (218/610) of patients assigned to CABG, resulting in a reduced but 

nonsignificant HR for CABG (Table 2). In order to account for crossovers, 2 other prespecified analyses 

were performed (as-treated and per-protocol): in both analyses, HR was significantly reduced with CABG 

vs. IMT.  

Table 2: Prespecified Statistical Analyses of Coronary Revascularization vs. IMT  

Analysis Study Groups  All-Cause Mortality 
HR (95% CI) 

P Value 

ITT 602 patients assigned to IMT vs. 610 patients assigned 
to CABG 

0.86 (0.72–1.04) 0.12 

As-treated 592 treated with IMT in year 1 after randomization vs. 
620 undergoing CABG (initially randomized to CABG or 
crossed over to CABG during year 1 of follow-up) 

0.70 (0.58–0.84) < 0.001 

Per-protocol 537 patients randomized to IMT who did not cross over 
during year 1 of follow-up vs. 555 patients who 
underwent CABG 

0.76 (0.62–0.92) 0.005 

Abbreviations: CABG, coronary artery bypass graft; CI, confidence interval; HR, hazard ratio; IMT, intensive medical therapy; ITT, intention-to-treat. 

Comparisons between the study groups on the other prespecified secondary composite outcome measures 

are listed in Table 3. Except for 30-day all-cause mortality—where mortality risk was higher in the 

CABG group compared to the IMT group—revascularization with CABG was associated with a 

significant reduction in all secondary composite outcomes. During follow-up (median 56 months), 

cardiovascular-related mortality was significantly reduced in the CABG arm (HR 0.81, 95% CI 0.66–

1.00). Of total deaths in the IMT arm, 82% (201/244) were judged to be cardiovascular-related, compared 

to 77% (168/218) in the CABG arm.  

Table 3: Secondary Composite Outcomes of Coronary Revascularization vs. IMT  

Secondary Composite Outcome IMT, N 
(%) 

CABG, N
(%) 

HR With CABG 
(95% CI) 

P Value 

30-day all-cause mortality 7 (1) 22 (4) 3.12 (1.35–7.31) 0.006

Cardiovascular-related mortality 201 (33) 168 (28) 0.81 (0.66–1.00) 0.05

All-cause mortality or HF hospitalization 324 (54) 290 (48) 0.84 (0.71–0.98) 0.03

All-cause mortality or cardiovascular-related 
hospitalization 

411 (68) 351 (58) 0.74 (0.64–0.85) < 0.001

All-cause death or all-cause hospitalization 442 (73) 399 (65) 0.81 (0.71–0.93) 0.003

All-cause death or revascularization with 
CABG or PCI 

333 (55) 237 (39) 0.60 (0.51–0.71) < 0.001

Abbreviations: CABG, coronary artery bypass graft; CI, confidence interval; HF, heart failure; HR, hazard ratio; IMT, intensive medical therapy; PCI, 
percutaneous coronary intervention. 
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STICH: Impact of Myocardial Viability on CABG vs. IMT  
Bonow et al (15) reported on the ability of myocardial viability imaging to identify patients with CAD 

and severe LV dysfunction for whom CABG would confer a survival benefit. The requirement for single-

photon-emission computed tomography (SPECT) imaging in the original study protocol was an 

impediment to recruitment, so the protocol was amended to allow for the use of either SPECT, 

dobutamine echocardiography (DE), or both, as determined by investigators. This report involved a 

subgroup of 601 patients who had SPECT (n = 471), DE (n = 280), or both (n = 150).  

The patients who underwent imaging investigations were significantly different from those who did not (n 

= 611) in terms of disease severity, medical management, and prior interventions. Among those who 

underwent imaging, 81% (487/601) were judged to have viable myocardium; those with and without 

myocardial viability were then randomized roughly equally to the treatment arms. Patients with viable 

myocardium tended to be have significantly fewer prior MIs (76.6% vs. 94.7%, P < 0.001) and PCI 

revascularizations (15.8% vs. 23.7%, P = 0.045), but more hypertension (64.1% vs. 44.7%, P < 0.001) 

and diabetes (40.7% vs. 22.8%, P < 0.001) compared to those without a viable myocardium. Those with 

myocardial viability also tended to have lower angina scores (41.5% vs. 29.8% with no angina) and better 

New York Heart Association (NYHA) functional scores (42.3% vs. 28.9% with NYHA class I/II). 

During follow-up (median 5.1 years), there were 236 deaths, including 51% (58/114) in those without 

myocardial viability and 37% (178/487) in those with myocardial viability. Primary all-cause mortality 

was significantly lower among those with myocardial viability (HR 0.64, 95% CI 0.48–0.86, P = 0.003). 

However, after multivariate correction for significant prediction covariates, viability status was no longer 

significantly associated with mortality (P = 0.21).  

Patients with myocardial viability also had significantly lower rates of secondary endpoints, such as 

cardiovascular-related mortality (HR 0.61, 95% CI 0.44–0.84, P = 0.003) and the composite endpoint of 

mortality or cardiovascular-related hospitalization (HR 0.59, 95% CI, 0.47–0.74, P < 0.001). After 

multivariate adjustment, only the composite endpoint of mortality and cardiovascular-related 

hospitalization remained significant (P = 0.003).  

STICH Hypothesis 2: CABG and SVR vs. CABG Alone 
Jones et al (16) reported on the second main hypothesis—that revascularization with CABG and 

simultaneous SVR conferred a survival advantage over CABG alone in patients with significant akinesia 

or dyskinesia of anterior wall LV segments.  

The assigned surgical intervention was performed in 93% of patients in the CABG arm and 91% in the 

CABG plus SVR arm. Of the patients assigned to CABG alone, 9 did not undergo any surgery and 27 

underwent CABG plus SVR. Of those assigned to CABG plus SVR, 12 did not undergo any surgery and 

35 underwent CABG alone. Surgery was electively performed in 84% of patients (819/979) and was more 

likely to be off-pump bypass in the CABG-only arm (10% vs. 1% P < 0.001). Other surgical 

interventions, notably for mitral valve, were performed at similar rates (17% vs. 19%) in the 2 study 

groups, but the valve was more commonly repaired (rather than replaced) in the CABG-plus-SVR group 

(98% vs. 89%). Most technical outcome measures were significantly longer with CABG plus SVR: 

bypass pump time (P < 0.001), total operating room time (P < 0.001), total intubation time (P = 0.002), 

total intensive/critical care time (P < 0.001), and length of hospital stay (P < 0.001). 

At 4 months of follow-up, the pre/post end-systolic volume index available for a subset of patients (43% 

in the CABG group and 32% in the CABG-plus-SVR group), was reduced significantly greater in the 

CABG-plus-SVR group than in the CABG only group (19% vs. 6%; P < 0.001).  
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About three-quarters of patients in each treatment group performed the 6-minute walk test for functional 

assessment, and the increase over baseline in median distance walked was similar in the 2 groups: 13.7% 

in the CABG group and 14.5% in the CABG-plus-SVR group.  

Canadian Cardiovascular Society–defined angina class was significantly improved, but not differently 

over baseline in both surgery groups: angina symptoms in both groups improved by an average of 1.7 

classes (P = 0.84), with no angina symptoms reported at follow-up by 339 patients (vs. 121 at baseline) in 

the CABG group and by 339 patients (vs. 128 at baseline) in the CABG-plus-SVR group. NYHA class 

also improved by an average of 1 class in the 2 surgery groups: the number of patients with class III/IV 

symptoms was similarly reduced (P = 0.70) at follow-up over baseline, from 241 to 80 patients in the 

CABG group and from 244 to 62 patients in the CABG-plus-SVR group.  

During follow-up (median 48 months), the primary composite outcome of all-cause mortality or cardiac-

related hospitalization occurred in 499 patients (59%) in the CABG group and 289 (58%) in the CABG-

plus-SVR group and was not significantly different between groups (HR 0.99, 95% CI 0.84–1.17, P = 

0.90). All-cause mortality was also not significantly different between groups (141 [28%] vs. 138 [(28%]; 

HR 1.00, 95% CI 0.79–1.26). Hospitalizations between the 2 groups were not significantly different for 

cardiac-related (42% vs. 41%) or all-cause (55% vs. 53%) indications (P = 0.73). Perioperative death 

within 30 days was also not significantly different between groups, in either the intent-to-treat (5% vs. 

5%) or the as-treated (5% vs. 6%) analyses. 

Procedures performed subsequent to surgery were not significantly different between groups and included 

pacemakers (15% vs. 15%) and implantable cardioverter-defibrillators (20% vs. 17%). Further 

revascularization with PCI was performed in 6% of the CABG group and 3% of the CABG-plus-SVR 

group. Interventions for advanced stages of HF, such as left ventricular assist devices (4 patients) or heart 

transplantation (9 patients—2 in the CABG group, 7 in the CABG-plus-SVR group) were rarely 

performed. 

Discussion 

The PARR-2 trial was the first prospective RCT to evaluate whether imaging for myocardial viability 

could help detect areas of hibernation and chronically dysfunctional myocardium in order to more 

appropriately evaluate the benefit of coronary revascularization. Physicians generally adhered to PET 

recommendations for revascularization, and overall survival at 1 year and the composite outcome of 

cardiac hospitalization or cardiac death were lower (but not significantly) in the PET arm. Limiting the 

interpretation of this study was the fact that the majority of physicians managing patients in the standard 

care group also had access to other stress or viability imaging investigations.  

The HEART trial was the first to evaluate whether coronary revascularization using either PCI or CABG 

in addition to optimal medical therapy improved the survival of HF patients with CAD. Unfortunately, the 

trial was stopped early because of low recruitment; it remains the only trial to evaluate both PCI and 

CABG in HF patients. Overall survival between study groups was not significantly different at 5 years’ 

follow-up, but deaths occurring in those assigned to and awaiting the intervention diluted the study 

power; of the 25 deaths occurring in the revascularization arm, 13 died before receiving the intervention. 

Quality of life, as measured by both generic and disease-specific HRQOL instruments, was also not 

significantly different between the study groups at 6 months’ follow-up, although confidence intervals 

were wide.  

The STICH trial is the largest prospective RCT so far to evaluate the benefit of cardiac surgeries 

involving CABG revascularization and ventricular construction in HF patients with CAD. Although the 
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primary outcome of all-cause mortality at 4 years’ follow-up was lower (but not significantly) in the 

CABG intention-to-treat analysis, mortality in the as-treated and per-protocol analyses was significantly 

reduced. The high proportion of patients not receiving an assigned surgical intervention (often due to 

unsuitable anatomy) or crossing over highlights the difficulties inherent in conducting and interpreting 

surgical trials. That 5 secondary composite outcome measures involving combinations of death and 

hospitalization were all significantly lower in the CABG group further supports the advantages of 

revascularization in HF patients. The 30-day mortality rate, however, which was significantly higher in 

the CABG group, highlights the trade-off between higher short-term and lower longer-term mortality risk.  

Survival benefits were not shown with CABG plus SVR, and neither primary nor the secondary 

composite outcome measures were significantly improved. However, SVR surgery was not under 

protocol, and any acceptable method of surgical reconstruction was allowed, resulting in a number of 

technical variations that may have influenced outcome. CABG plus SVR did result in a significantly 

greater reduction in end-systolic volume than CABG surgery alone, and although 30-day perioperative 

mortality was not significantly different between groups, all other technical and care-related outcome 

measures were significantly higher in the CABG-plus-SVR group. Functional status, angina symptoms, 

and HF symptoms were all significantly improved at short term-follow-up but improvements were similar 

in the surgical groups.  

Guidelines 

The American College of Cardiology and the American Heart Association Task Force (19) concluded that 

indications in all cases for coronary angiography and revascularization should be tempered by individual 

patient characteristics and preference. Judgements regarding risk and benefit were said to be particularly 

important for patients who might not be candidates for revascularization, such as the frail elderly and 

those with a serious comorbidity, such as inoperable cancer or severe hepatic, pulmonary or renal failure.  

The 2010 Heart Failure Society of America (20) guidelines for treating HF in the setting of ischemic HF 

also recommend that the diagnostic approach for CAD be individualized based on patient preference, 

comorbidities, eligibility, and willingness to undergo revascularization. It was also recommended that 

patients with HF and symptoms suggestive of angina undergo cardiac catheterization with coronary 

angiography to assess the potential for revascularization, and that coronary revascularization be 

performed in HF patients with suitable anatomy for relief of angina or acute coronary syndrome. 

There is extensive literature on appropriateness criteria using the RAND/UCLA methodology for surgical 

procedures—particularly for coronary revascularization. (21) However, studies also show that panel 

membership significantly alters appropriateness ratings, particularly between those performing the 

procedure and those not performing the procedure. (22) Several societies (23) have therefore 

recommended that a heart team collaborative approach (involving a cardiac surgeon, an interventional 

cardiologist, and often the patient’s general cardiologist) followed by discussions with the patient 

regarding treatment options is optimal, particularly when the revascularization strategy is not 

straightforward, as may be the case in patients with ischemic HF.  
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Conclusions 

Moderate-quality evidence suggests that coronary revascularization improves survival compared to 

medical therapy in patients with CAD and significant left ventricular systolic dysfunction, and for those in 

whom treatable targets are identified. Decisions to perform revascularization in these patients should not 

be overly influenced by imaging-defined myocardial viability status, as an association with clinical 

outcomes was not shown. The routine use of SVR as an adjunct to CABG coronary revascularization is 

not supported by the evidence.  
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Appendices 

Appendix 1: Literature Search Strategies 

Literature Search – Heart Failure Rapid Review – Revascularization 
Search date: November 5, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
EMBASE; Cochrane Library; CRD 

Q: Cardiac catheterization and/or revascularization for ischemic heart failure CHF QBF 
Limits: 2008-current; English 
Filters: health technology assessments, systematic reviews, and meta-analyses, RCTs 

Database: Ovid MEDLINE(R) <1946 to October Week 4 2012>, Ovid MEDLINE(R) In-Process & Other 
Non-Indexed Citations <November 02, 2012>, Embase <1980 to 2012 Week 44> 
Search Strategy: 

# Searches Results

1 exp Heart Failure/ 329125 

2 
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac 

stand still or ((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 
259578 

3 or/1-2 419254 

4 exp Myocardial Revascularization/ use mesz 76332 

5 exp heart muscle revascularization/ use emez 19839 

6 exp heart catheterization/ 98980 

7 exp coronary artery bypass graft/ use emez 48721 

8 exp percutaneous coronary intervention/ use emez 51270 

9 exp stent/ use emez 84699 

10 exp Stents/ use mesz 47303 

11 (coronary artery bypass or cabg or ptca).ti,ab. 80212 

12 
((coronary or heart or cardiac or myocardial) adj2 (stent* or catheter* or revasculari* or balloon* or 

angioplast*)).ti,ab. 
105866 

13 or/4-12 417307 

14 3 and 13 35325 

15 limit 14 to english language 30047 

16 limit 15 to yr="2008 - 2012" 12710 

17 Meta Analysis.pt. 37256 

18 Meta Analysis/ use emez 66936 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices  67  

19 Systematic Review/ use emez 54406 

20 exp Technology Assessment, Biomedical/ use mesz 8883 

21 Biomedical Technology Assessment/ use emez 11409 

22

(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies 

or published literature or medline or embase or data synthesis or data extraction or 

cochrane).ti,ab. 

295445 

23 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3810 

24 exp Random Allocation/ use mesz 76290 

25 exp Double-Blind Method/ use mesz 117930 

26 exp Control Groups/ use mesz 1380 

27 exp Placebos/ use mesz 31496 

28 Randomized Controlled Trial/ use emez 332138 

29 exp Randomization/ use emez 59934 

30 exp Random Sample/ use emez 4293 

31 Double Blind Procedure/ use emez 111711 

32 exp Triple Blind Procedure/ use emez 35 

33 exp Control Group/ use emez 39177 

34 exp Placebo/ use emez 207567 

35 (random* or RCT).ti,ab. 1392418 

36 (placebo* or sham*).ti,ab. 450420 

37 (control* adj2 clinical trial*).ti,ab. 38578 

38 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 458049 

39 or/17-38 2282012 

40 16 and 39 2022 

41 remove duplicates from 40 1728 

Cochrane Library 

ID Search Hits

#1 MeSH descriptor: [Heart Failure] explode all trees 4873

#2 ((cardia? or heart) next (decompensation or failure or incompetence or 

insufficiency)) or cardiac stand still or ((coronary or myocardial) next (failure or 

insufficiency)):ti,ab,kw  (Word variations have been searched) 

9337
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#3 #1 or #2 9342

#4 MeSH descriptor: [Myocardial Revascularization] explode all trees 7841

#5 MeSH descriptor: [Heart Catheterization] explode all trees 1950

#6 MeSH descriptor: [Stents] explode all trees 2939

#7 coronary artery bypass or cabg or ptca:ti  (Word variations have been searched) 2472

#8 coronary artery bypass or cabg or ptca:ab  (Word variations have been searched) 5026

#9 ((coronary or heart or cardiac or myocardial) near/2 (stent* or catheter* or 

revasculari* or balloon* or angioplast*)):ti  (Word variations have been searched) 

1955

#10 ((coronary or heart or cardiac or myocardial) near/2 (stent* or catheter* or 

revasculari* or balloon* or angioplast*)):ab  (Word variations have been searched) 

3363

#11 #4 or #5 or #6 or #7 or #8 or #9 or #10  14338

#12 #3 and #11 from 2008 to 2012 188

CRD 
Line Search Hits 

1 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 510

2 

(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR 

insufficiency)) OR cardiac stand still OR ((coronary OR myocardial) ADJ (failure OR 

insufficiency))):TI 

317 

3 #1 OR #2 552 

4 MeSH DESCRIPTOR myocardial revascularization EXPLODE ALL TREES 534 

5 MeSH DESCRIPTOR Heart Catheterization EXPLODE ALL TREES 349 

6 MeSH DESCRIPTOR Stents EXPLODE ALL TREES 678 

7 (coronary artery bypass or cabg or ptca):TI 208 

8 
(((coronary or heart or cardiac or myocardial) ADJ2 (stent* or catheter* or revasculari* 

or balloon* or angioplast*))):TI 
172 

9 #4 OR #5 OR #6 OR #7 OR #8 1479 

10 #3 AND #9 6 

11 (#10):TI FROM 2008 TO 2012 2 
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Appendix 2: GRADE Tables  

Table A1: GRADE Evidence Profile for Revascularization in Ischemic Heart Failure Patients 

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Revascularization Treatment Decision-Making Guided by PET Myocardial Viability Imaging 

1 (RCT) Serious 
limitations (–1)

a
 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

Not evaluated None ⊕⊕⊕ Moderate 

Revascularization for Ischemic Heart Failure 

2 (RCTs) Serious 
limitations (–1)

b
 

No serious 
limitations 

No serious 
limitations 

No serious 
limitations   

Not evaluated Other 
considerations (+1)

c
 

⊕⊕⊕ Moderate 

Abbreviations: No., number; RCT, randomized controlled trial. 
a
The control group also had access to imaging information, and interventions were performed at the discretion of the treating surgeons. 

b
The study group was initially selected on physician’s opinions on suitability for different treatment arms.   

c
Large trial; well-conducted and analyzed. 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this analysis was to evaluate the safety and effectiveness of early mobilization and 

ambulation (EMAA) in patients hospitalized with acute heart failure (HF).  

Clinical Need and Target Population 

Acute heart failure is the rapid development of signs and symptoms of HF requiring treatment. (1) 

Symptoms are often the result of severe pulmonary congestion due to elevated left ventricular pressures 

(with or without low cardiac output). Hospitalizations for acute heart failure have been proposed to 

consist of 3 distinct groups: de novo HF (25%); worsening chronic HF with reduced or preserved left 

ventricular ejection fraction (70%); and advanced HF refractory to treatment with severe left ventricular 

systolic dysfunction, associated with a continuing worsening low-output state (5%). (1) For those over 60 

years of age, HF is the most common cause of hospitalization; the main reasons for hospitalization are 

fluid overload and pulmonary congestion. (2)  

Patients being hospitalized for acute HF have a high rate of in-hospital mortality. Canada’s average 

annual in-hospital mortality rate for HF patients is 9.5 deaths per 100 hospitalized patients over age 65, 

and 12.5 deaths per 100 hospitalized patients over age 75. (3) Heart failure patients are older (mean age 

75) and have a significantly shorter life expectancy than the general population. (4) After their first 

hospitalization, HF patients have 1- and 5-year mortality rates of 33.1% and 68.7%, respectively, and a 

median survival of 2.4 years. (4) Hospital readmission rates for HF are high, and the 30-day all-cause risk 

of readmission (23% for United States Medicare beneficiaries) has remained largely unchanged over time. 

(5)  

Heart failure patients also generally have a lengthy hospital stay (intensive or critical care and general 

medical wards). The median length of stay for hospitalized Canadians with HF is 8 days (interquartile 

range [IQR] 4–16) for their first admission and 15 days (IQR 7–32) in the following year. (6) Lengthy 

hospital stays can often result in prolonged periods of bed rest and inactivity: (7;8) 1 study that 

prospectively evaluated the time spent in various stages of mobility in a hospitalized cohort of medical 

patients aged 65 and older reported that patients spent more than 80% of their time in bed. This occurred 

despite the fact that patients were able to ambulate prior to admission and had out-of-bed medical orders. 

Ambulation in hospital medical wards has been reported to occur infrequently; only 27% of patients even 

walk in the hallways during hospitalization. (9) 
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Although there are some clinical indications for which periods of prescribed limited bed rest have benefit, 

in many cases such inactivity has been shown to have additional adverse impacts on the functional status 

and recovery of patients. (10) Increasingly, there are efforts to introduce EMAA in hospitalized patients, 

even in the intensive care setting. (11-15) A recent systematic review on EMAA in intensive care reported 

that there were limited studies, but that the existing literature supported EMAA and physical therapy as 

safe and effective interventions with significant impact on functional outcomes. (11) 

Nevertheless, the hospitalized cardiac patient—and in particular the HF patient—may present additional 

challenges. The primary indication for hospitalization is often fluid overload with respiratory 

compromise, and the immediate objective for acute HF management is the expeditious management of 

fluid overload. Diuretics—particularly non–potassium-sparing diuretics given intravenously—have been 

first-line treatment for fluid overload, and they can have an initial favourable effect on symptoms, but 

they are also associated with limitations and risks attributed to adverse effects on electrolyte balance, 

neurohormonal stimulation, and worsening of renal function. (16-18) Given that hospitalized acute 

decompensated HF patients present with a high prevalence of renal dysfunction at baseline (64% having 

at least moderate dysfunction), (19) any intervention that potentially decreases further renal function 

could result in significant clinical decline.          

Several reports (2;16) have also indicated that therapeutic goals involving fluid management with 

diuretics are often not achieved when hospitalized acute HF patients are discharged. Heart failure patients 

are often discharged with persistent symptoms and minimal or no weight loss, or even with weight gain. 

In the IMPACT-HF trial, patients admitted with signs and symptoms of congestion were not adequately 

treated, and approximately 60% were discharged with symptoms of dyspnea or fatigue. (16) 

Readmissions can also be caused by further exacerbations of the disease, thought to be triggered by 

nonadherence to dietary recommendations (i.e., sodium and fluid restrictions); delayed recognition of 

signs and symptoms of congestion; worsening underlying renal insufficiency; and diuretic resistance. (20) 

The overall management of the hospitalized HF patient is complex. Simultaneously managing volume 

overload with diuretics and maintaining or improving functional capacity with EMAA in hospitalized HF 

patients may involve competing processes. Neurohormonal responses initiated by postural changes are 

known to play a role in the increased heart rate and systemic vascular resistance needed to maintain 

arterial pressure in the upright position. (21) However, postural changes involving increased circulating 

norepinephrine level and plasma renin activity might add to the already heightened renin-angiotensin-

aldosterone axis and sympathetic nervous system activity in HF patients. (22) These changes may lead to 

further progression of HF and interfere with renal responsiveness to diuretics. 

Technology/Technique 

EMAA is a common component of patient care in the intensive care unit and emphasizes early physical 

medicine and rehabilitation. “Early mobilization is initiated when patients are first physiologically stable 

and includes progressive therapeutic activities such as bed mobility exercises, sitting on the edge of the 

bed, standing, transferring to a chair and ambulation.” (23)  
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Rapid Review 

Research Question 

What is the safety and effectiveness of EMAA in hospitalized acute HF patients?  

Research Methods 

Literature Search 

A literature search was performed on October 4, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2000, until October 4, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search. 

Inclusion Criteria  

 English language full-reports 

 published between January 1, 2000, and October 4, 2012 

 systematic reviews, meta-analyses, health technology assessment reports, and randomized 

controlled trials (RCTs) 

 studies evaluating EMAA in HF patients   

Exclusion Criteria 

 abstracts  

 expert reviews, commentaries, editorials   

Outcomes of Interest 

 feasibility 

 patient tolerance 

 safety 

 diuresis, natriuresis responsiveness  

 hospital length of stay 

 readmissions  

 mortality  

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  
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The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members.  

Quality of Evidence 

The quality of the body of evidence for each outcome is examined according to the GRADE Working 

Group criteria. (24) The overall quality is determined to be very low, low, moderate, or high using a step-

wise, structural methodology.  

Study design was the first consideration; the starting assumption was that RCTs are high quality, whereas 

observational studies are low quality. Five additional factors—risk of bias, inconsistency, indirectness, 

imprecision, and publication bias—were then taken into account. Limitations in these areas resulted in 

downgrading the quality of evidence. Finally, 3 main factors that may raise the quality of evidence were 

considered: large magnitude of effect, dose response gradient, and accounting for all residual confounding 

factors. (24) For more detailed information, please refer to the latest series of GRADE articles. (24) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to that of the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The database search yielded 293 citations published between January 1, 2000, and October 4, 2012 (with 

duplicates removed). Articles were excluded based on information in the title and abstract. The full texts 

of potentially relevant articles were obtained for further assessment. 

No studies were identified that examined the safety and effectiveness of EMAA in hospitalized acute HF 

patients. 

Guidelines 

In general, there are no therapeutic guidelines related to EMAA for adults hospitalized for acute illness. 

(7;25) Practices of prolonged bed rest for hospitalized patients are generally not supported by professional 

societies, and since 1970 there has been a trend to replace prolonged bed rest for symptomatic HF patients 

with EMAA followed by encouragement of physical exercise. (26) Nevertheless, professional societies 

have not issued guidelines or recommendations specifically commenting on protocols of EMAA, or on 

their safety or effectiveness in the hospitalized HF patient. 
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Conclusions 

No studies were identified that examined the safety and effectiveness of EMAA in hospitalized acute HF 

patients. 
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Appendices 

Appendix 1: Literature Search Strategies 

Search date: October 08, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
EMBASE; Cochrane Library; CRD; CINAHL 

Q: Early ambulation for Heart Failure patients 
Limits: 2000-current; English 
Filters: none 

Database: Ovid MEDLINE(R) <1946 to September Week 4 2012>, Ovid MEDLINE(R) In-Process & Other 
Non-Indexed Citations <October 05, 2012>, Embase <1980 to 2012 Week 40> 
Search Strategy: 

# Searches Results 

1 exp Heart Failure/ 326098 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand 
still or ((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

257301 

3 or/1-2 415834 

4 Early Ambulation/ use mesz 1794 

5 Mobilization/ use emez 14664 

6 ((accelerat* or earl*) adj (ambulation or mobilisation or mobilization or recover*)).ti,ab. 13747 

7 or/4-6 28155 

8 3 and 7 487 

9 limit 8 to english language 412 

10 limit 9 to yr="2000 -Current" 320 

11 remove duplicates from 10 291 

Cochrane Library 

Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860

#2 ((cardia? or heart) next (decompensation or failure or incompetence or 
insufficiency)) or cardiac stand still or ((coronary or myocardial) next 
(failure or insufficiency)):ti,ab,kw (Word variations have been searched) 

9323

#3 Enter terms for search #1 or #2 9328

#4 MeSH descriptor: [Early Ambulation] this term only 258

#5 (accelerat* or earl*) next (ambulation or mobilisation or mobilization or 
recover*):ti,ab,kw (Word variations have been searched) 

1107 

#6 #4 or #5 1107 

#7 #3 and #6 1 
from 
2000 to 
2012 

Result=1 CENTRAL (duplicate, already have) 
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CRD 

Line Search Hits

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES IN DARE,HTA 345 

2 
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR 
insufficiency)) OR cardiac stand still OR ((coronary OR myocardial) ADJ (failure OR 
insufficiency))):TI IN DARE, HTA FROM 2000 TO 2012 

203

3 #1 OR #2 375

4 MeSH DESCRIPTOR Early Ambulation IN DARE,HTA 9

5
((accelerat* OR earl*) ADJ (ambulation OR mobilisation OR mobilization OR 
recover*)):TI IN DARE, HTA FROM 2000 TO 2012 

11

6 #4 OR #5 15 

7 #3 AND #6 0

CINAHL

# Query Limiters/Expanders Results 

S8 (S4 or S5) AND (S3 and S6) 
Limiters - Published Date from: 20000101-
20121231; English Language 
Search modes - Boolean/Phrase 

9 

S7 (S4 or S5) AND (S3 and S6) Search modes - Boolean/Phrase 14 

S6 S4 or S5 Search modes - Boolean/Phrase 1277 

S5 
(accelerat* OR earl*) N1 (ambulation OR 
mobilisation OR mobilization OR recover*) 

Search modes - Boolean/Phrase 1277 

S4 (MH "Early Ambulation") Search modes - Boolean/Phrase 281 

S3 S1 or S2 Search modes - Boolean/Phrase 20235 

S2 

((cardia? OR heart) N1 (decompensation 
OR failure OR incompetence OR 
insufficiency)) OR cardiac stand still OR 
((coronary OR myocardial) N1 (failure OR 
insufficiency)) 

Search modes - Boolean/Phrase 20222 

S1 (MH "Heart Failure+") Search modes - Boolean/Phrase 15453 
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reviews are developed and finalized in consultation with experts. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 

and is developed from analysis, interpretation, and comparison of published scientific research. It also incorporates, 

when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 
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and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory subcommittee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy makers. 

Rapid reviews, evidence-based analyses and their corresponding OHTAC recommendations, and other associated 

reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario and/or its research partners reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 
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All inquiries regarding permission to reproduce any content in Health Quality Ontario reports should be directed to: 

EvidenceInfo@hqontario.ca. 

How to Obtain Rapid Reviews From Health Quality Ontario 

All rapid reviews are freely available in PDF format at the following URL: 

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.

http://www.hqontario.ca
mailto:EvidenceInfo@hqontario.ca.
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List of Abbreviations 

CHF Congestive heart failure 

ECG Electrocardiogram  

HF Heart failure 

STEMI ST-elevation myocardial infarction 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this rapid review was to examine the accuracy of electrocardiograms (ECGs) for 

identifying ischemia as the precipitant for an acute heart failure (HF) event.  

Clinical Need and Target Population 

An acute HF event may occur as a result of a number of known aggravating factors. (1;2) Ischemia is one 

of the most common precipitants, and there are important differences in patient outcomes among those 

with ischemic (versus nonischemic) causes of HF, including higher mortality rates. (2) Many hospital 

admissions for the decomposition of HF may in fact be preventable if precipitants such as ischemia are 

appropriately managed. (3) Furthermore, if the precipitant to the acute event is known, then the course of 

treatment can be tailored to consider the aggravating source. (4-7)  

Technology 

Electrocardiography records the contractions of the heart muscle. (8) Given its ease of use and non 

invasive application, ECGs are widely recommended and applied in HF. (8) As many as 99.9% of 

admitted HF patients have an ECG performed as part of initial diagnostic investigations. (9) As imaging 

technologies have improved, so has the sensitivity and specificity of ECG in diagnosing coronary artery 

disease and ischemia. In 1 systematic review, the sensitivity of ECGs to diagnose heart disease ranged 

from 42% with a specificity of 87%, to a sensitivity of 96% and specificity of 50%. (10) According to 

expert opinion, it is common practice to apply an ECG when trying to identify precipitants in a patient 

presenting with an acute HF exacerbation; however, the degree to which this practice is supported by 

evidence is uncertain.  

http://www.hqontario.ca
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Rapid Review

Research Questions 

What is the diagnostic accuracy of an ECG for identifying ischemia as a precipitant for an acute HF 

episode?  

Research Methods 

Literature Search 

A literature search was performed on October 17, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2002, to October 17, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists and were also examined for any additional relevant studies 

not identified through the search.  

Inclusion Criteria 

 English language full-text reports  

 published between January 1, 2002, and October 17, 2012 

 health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, 

and clinical practice guidelines 

 HF population  

 in-hospital setting 

Exclusion Criteria 

 studies evaluating the accuracy of ECGs to diagnose ischemia in contexts other than as the 

precipitant for an acute HF event  

 studies where the outcomes of interest could not be abstracted  

 case reports, editorials, letters, and commentaries  

Outcomes of Interest 

 sensitivity and specificity of ECGs to diagnose ischemia as the precipitant for an acute HF event 

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  

The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices  99 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members.  

Results of Literature Search 

The database search yielded 1,393 citations published between January 1, 2002, and October 17, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No studies were identified that examined the accuracy of ECGs for identifying ischemia as the precipitant 

for an acute HF event.  

Hand searches of the literature identified a number of clinical practice guidelines discussing the use of 

ECGs. (4-6;11;12) For the most part, these guidelines recommended the use of ECGs to assist with the 

diagnosis of precipitating sources to an acute HF episode (  
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Table 1). However, although the guidelines provided evidence to support their recommendations, the 

evidence was largely based on expert opinion. (4;5)  

Table 2: Summary of Guidelines Recommending ECGs as Diagnostic Tools   

Guideline, Year Population 

Guideline Recommendation 

Guideline 
States to  
Diagnose 

Precipitants 

Ischemia Listed 
as a Potential 

Precipitant 

ECG Listed as a 
Diagnostic Tool 

for the Precipitant 

Canadian Cardiovascular 
Society, 2007 (4) 

Acute HF 
presentation in 
hospital 

 

[Class I, level 
C]

a 

 

[1 observational 
study]

b
 

 

[Class I, level C]
a 

American College of 
Cardiology/American Heart 
Association, 2011/12 (11;13) 

Patients with 
unstable angina/ 
non-STEMI 

 

[Class 1, level 
C]

c
 

 
Use for initial  

diagnosis of HF  
[Class 1, level C]

c
 

European Society of 
Cardiologists, 2012 (6) 

Patients with 
suspected or 
confirmed HF

  
Use for initial  

diagnosis of HF 

Heart Failure Society of 
America, 2010 (5) Patients with 

chronic HF 

  

[Evidence = 
C]

d 

  

[Evidence = C]
d   

National Institute for Health and 
Clinical Excellence, 2010 (12) 

CHF/ diagnosing 
CHF 

 — 
Use for initial  

diagnosis of HF 

Abbreviations: CHF, congestive heart failure; HF, heart failure; ECG, electrocardiogram; STEMI, ST-elevation myocardial infarction. 
a
Evidence or general agreement that a given procedure is beneficial, useful and effective; consensus of opinion of experts and/or small studies. 

b
Ghali et al., 1988. (1) 

c
Recommendation is useful/effective, based on expert opinion, observational studies or standard of care. 

d
Evidence is based on extensive use of expert opinion, observational studies—epidemiologic findings or safety reporting from large-scale use in 

practice. 
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Conclusions 

 No studies were identified that examined the accuracy of ECGs for diagnosing ischemia as the 

precipitant to an acute HF event in a HF population.  

 All 5 of the guidelines reviewed commented on the importance of using ECG in diagnosing the 

precipitants for an acute HF event.  
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Appendices 

Appendix 1: Literature Search Strategies 

Search date: October 17, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
EMBASE; Cochrane Library; CRD 

Limits: English, 2002-2012 
Filters: health technology assessments, systematic reviews, meta-analyses, randomized controlled trials 
and guidelines 

Database: Ovid MEDLINE(R) <1946 to October Week 1 2012>, Ovid MEDLINE(R) In-Process & Other 
Non-Indexed Citations <October 16, 2012>, Embase <1980 to 2012 Week 41> 
Search Strategy: 

# Searches Results 

1 exp heart failure/ 327674 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 
((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

258486 

3 or/1-2 417506 

4 exp *electrocardiography/ 107203 

5 (electrocardiogram* or ecg* or ekg* or electrocardiograph*).ti,ab. 213410 

6 (telemetry adj2 (unit* or cardiac)).ti,ab. 562 

7 or/4-6 260511 

8 3 and 7 21725 

9 Meta Analysis.pt. 36967 

10 Meta Analysis/ use emez 66488 

11 Systematic Review/ use emez 53812 

12 exp Technology Assessment, Biomedical/ use mesz 8872 

13 Biomedical Technology Assessment/ use emez 11399 

14
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published 
literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

293134 

15 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3681 

16 exp Random Allocation/ use mesz 76138 

17 exp Double-Blind Method/ use mesz 117653 

18 exp Control Groups/ use mesz 1376 

19 exp Placebos/ use mesz 31442 

20 Randomized Controlled Trial/ use emez 330814 

21 exp Randomization/ use emez 59725 

22 exp Random Sample/ use emez 4238 

23 Double Blind Procedure/ use emez 111398 

24 exp Triple Blind Procedure/ use emez 35 

25 exp Control Group/ use emez 38585 

26 exp Placebo/ use emez 206599 

27 (random* or RCT).ti,ab. 1385590 

28 (placebo* or sham*).ti,ab. 448978 

29 (control* adj2 clinical trial*).ti,ab. 38400 
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30 exp Practice Guideline/ use emez 278889 

31 exp Professional Standard/ use emez 269259 

32 exp Standard of Care/ use mesz 582 

33 exp Guideline/ use mesz 23126 

34 exp Guidelines as Topic/ use mesz 102415 

35 (guideline* or guidance or consensus statement* or standard or standards).ti. 219538 

36 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 456548 

37 or/9-36 2979438 

38 8 and 37 2607 

39 limit 38 to english language 2316 

40 limit 39 to yr="2002 -Current" 1627 

41 remove duplicates from 40 1275 

Cochrane Library 

ID Search Hits

#1 MeSH descriptor: [Heart Failure] explode all trees 4862 

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand 
still or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw  (Word variations have been 
searched) 

9326 

#3 #1 or #2  9331

#4 MeSH descriptor: [Electrocardiography] explode all trees 7189 

#5 (electrocardiogram* or ecg* or ekg* or electrocardiograph*):ti  (Word variations have been searched) 994 

#6 (telemetry adj2 (unit* or cardiac)):ti,ab,kw (Word variations have been searched) 0 

#7 #4 or #5 7480 

#8 #3 and #7 from 2002 to 2012 294 

CRD 

Line Search Hits 

1 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 510 

2 
(((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand still 

or ((coronary or myocardial) next (failure or insufficiency))):TI 
312 

3 #1 OR #2 548 

4 MeSH DESCRIPTOR electrocardiography EXPLODE ALL TREES 224 

5 ((electrocardiogram* or ecg* or ekg* or electrocardiograph*)):TI 50 

6 (telemetry adj2 (unit* or cardiac)):TI 0 

7 #4 OR #5 232 

8 #3 AND #7 14 

9 (#8):TI FROM 2002 TO 2012 14 
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AMSTAR Assessment of Multiple Systematic Reviews  

CHF Congestive heart failure 

CRT Cardiac resynchronization therapy 

ICD Implantable cardioverter defibrillator 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis was to determine the effectiveness of implantable cardioverter defibrillator 

(ICD) and of cardiac resynchronization therapy (CRT) in patients hospitalized for acute congestive heart 

failure (CHF) compared with those patients not hospitalized for acute CHF who receive either the device 

or the procedure via pre-planned, elective surgery.  

Clinical Need and Target Population 

An ICD monitors heart rhythm and can deliver an electric shock to restore normal rhythm when it detects 

a potentially fatal arrhythmia. (1) CRT (also known as biventricular pacing) is used for patients with 

advanced chronic CHF, a wide QRS complex, low left ventricular ejection fraction, and contraction 

dyssynchrony in a viable myocardium and normal sinus rhythm. (2) ICDs combined with CRT are 

considered for patients with CHF who are at high risk of sudden death. (2) 

http://www.hqontario.ca
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Rapid Review 

Research Questions 

What is the effectiveness of in-hospital insertion of an implantable cardioverter defibrillator (ICD) or of 

cardiac resynchronization therapy (CRT) in patients hospitalized for acute congestive heart failure (CHF) 

compared with those patients not hospitalized for acute CHF who receive the device or the procedure via 

pre-planned, elective surgery.  

Research Methods 

Literature Search 

A rapid review literature search was performed on November 2, 2012, using OVID MEDLINE, 

MEDLINE In-Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, 

and the Centre for Reviews and Dissemination database, for studies published from January 1, 2007, to 

November 2, 2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the 

eligibility criteria, full-text articles were obtained. Reference lists were also examined for any additional 

relevant studies not identified through the search.  

Inclusion Criteria 

 English language full-text reports  

 published between January 1, 2007, and November 2, 2012 

 health technology assessments, systematic reviews, and meta-analyses 

 enrolled adult patients who receive an ICD or CRT while in hospital for acute CHF 

Exclusion Criteria 

 randomized controlled trials, observational studies, case reports, editorials 

Outcomes of Interest 

 mortality 

 rehospitalization 

Expert Panel 

In August 2012, an Expert Advisory Panel on Congestive Heart Failure Quality-Based Funding was 

struck. Members of the panel included physicians, personnel from the Ministry of Health and Long-Term 

Care, and representatives from hospitals.  

The role of the Expert Advisory Panel on Congestive Heart Failure Quality-Based Funding was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the quality-based 

funding for CHF within the Ontario health care setting. However, the statements, conclusions, and views 

expressed in this report do not necessarily represent the views of Expert Advisory Panel members.  
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Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) measurement tool was used to assess the 

methodological quality of the systematic reviews. (3) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (4) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology. 

Study design was the first consideration; the starting assumption was that RCTs are high quality, whereas 

observational studies are low quality. (4) Five additional factors—risk of bias, inconsistency, indirectness, 

imprecision and publication bias—were then taken into account. Limitations or serious limitations in 

these areas resulted in downgrading the quality of evidence. Finally, 3 main factors were considered 

which may raise the quality of evidence: large magnitude of effect, dose response gradient, and 

accounting for all residual confounding. (4) For more detailed information, please refer to the latest series 

of GRADE articles. (4) 

As stated by the GRADE Working Group, (4) the final quality score can be interpreted using the 

following definitions: 

High Very confident that the true effect lies close to the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 

Results of Literature Search 

The database search yielded 296 citations published between January 1, 2007, and November 2, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No studies were identified that examined the effectiveness of in-hospital insertion of an ICD or CRT in 

patients hospitalized for acute CHF compared with those not hospitalized for acute CHF who receive the 

devices. 

During the Congestive Heart Failure Quality-Based Funding expert panel meeting on November 2, 2012, 

several members raised the point that it is unlikely that any such studies have been conducted, that is, 

those that so specifically examine the effectiveness of ICD or CRT implantation in patients who have 

been hospitalized for acute CHF.   
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Conclusions 

No studies were identified that examined the effectiveness of in-hospital insertion of an implantable 

cardioverter defibrillator (ICD) or cardiac resynchronization therapy (CRT) in patients hospitalized for 

acute CHF compared with those patients who receive the devices via pre-planned, elective surgery.  
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Appendices 

Appendix 1: Literature Search Strategies 
Search date: November 2, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, EMBASE; Cochrane Library; CRD 
Limits: 2007-current; English 
Filters: health technology assessments, systematic reviews, and meta-analyses 

Database: Ovid MEDLINE(R) <1946 to October Week 4 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
<November 01, 2012>, Embase <1980 to 2012 Week 43> 
Search Strategy: 

# Searches Results

1 exp Heart Failure/ 328766 

2 (((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 

((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

259379 

3 or/1-2 418859 

4 ((implantable adj cardioverter defibrillator*) or (implantable adj defibrillator*)).mp. 17319 

5 ((cardiac resynchronization adj2 therap*) or cardiac resynchronization pacing therap* or (pacing adj atrio 

biventricular) or (pacing adj biventricular) or cardiac resynchronization*).mp. 

12561 

6 ((biventricular adj2 pacemaker*) or pacemaker* or (artificial adj pacemaker*) or (artificial cardiac adj 

pacemaker*) or (artificial adj cardiac adj pacing*)).mp. 

85118 

7 exp defibrillator/ or exp cardiac resynchronization therapy/ or exp heart pacing/ or exp pacemaker/ or cardiac 

resynchronization therapy device/ or exp artificial heart pacemaker/ use emez 

82251 

8 Defibrillators, Implantable/ or Cardiac Resynchronization Therapy/ or Cardiac Resynchronization Therapy 

Devices/ or Pacemaker, Artificial/ or Cardiac Pacing, Artificial/ use mesz 

94282 

9 or/4-8 142045 

10 3 and 9 27437 

11 Meta Analysis.pt. 37256 

12 Meta Analysis/ use emez 66797 

13 Systematic Review/ use emez 54209 

14 exp Technology Assessment, Biomedical/ use mesz 8883 

15 Biomedical Technology Assessment/ use emez 11403 

16 (meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published 

literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

294888 

17 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3796 

18 or/11-17 354909 

19 10 and 18 681 

20 limit 19 to english language 638 

21 limit 20 to (case reports or comment or editorial or letter or conference abstract) [Limit not valid in Ovid 

MEDLINE(R),Ovid MEDLINE(R) In-Process,Embase; records were retained] 

72 

22 20 not 21 566 

23 limit 22 to yr="2007 -Current" 296 

Cochrane Library 
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ID Search Hits

#1 MeSH descriptor: [Heart Failure] explode all trees 4873

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand 

still or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw  (Word variations have been 

searched) 

9337

#3 #1 or #2 9342

#4 MeSH descriptor: [Defibrillators, Implantable] this term only 741

#5 MeSH descriptor: [Cardiac Resynchronization Therapy] this term only 62

#6 MeSH descriptor: [Cardiac Resynchronization Therapy Devices] this term only 8

#7 MeSH descriptor: [Pacemaker, Artificial] explode all trees 567

#8 MeSH descriptor: [Cardiac Pacing, Artificial] this term only 959

#9 ((implantable near cardioverter defibrillator*) or (implantable near defibrillator*)):ti,ab,kw 870

#10 ((cardiac resynchronization near/2 therap*) or cardiac resynchronization pacing therap* or (pacing near 

atrio biventricular) or (pacing near biventricular) or cardiac resynchronization*):ti,ab,kw 

370

#11 ((biventricular near/2 pacemaker*) or pacemaker* or (artificial near pacemaker*) or (artificial cardiac 

near pacemaker*) or (artificial near cardiac near pacing*)):ti,ab,kw 

1568

#12 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 2286

#13 #3 and #12 from 2007 to 2012 297

#14 #13 in Trials 249

#15 #13 not #14 48

CRD 

Line Search Hits

1 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 510 

2 
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR cardiac stand 

still OR ((coronary OR myocardial) ADJ (failure OR insufficiency))):TI 
317

3 #1 OR #2 552 

4 MeSH DESCRIPTOR Defibrillators, Implantable 150 

5 MeSH DESCRIPTOR Cardiac Resynchronization Therapy 16

6 MeSH DESCRIPTOR Cardiac Resynchronization Therapy Devices 0 

7 MeSH DESCRIPTOR Pacemaker, Artificial 76 

8 MeSH DESCRIPTOR Cardiac Pacing, Artificial 78 

9 ((implantable ADJ cardioverter defibrillator*) OR (implantable ADJ defibrillator*)):TI 81 

10 
((((cardiac resynchronization ADJ2 therap*) OR cardiac resynchronization pacing therap* OR (pacing ADJ atrio 

biventricular) OR (pacing ADJ biventricular) OR cardiac resynchronization*))):TI 
46

11 
(((biventricular ADJ2 pacemaker*) OR pacemaker* OR (artificial ADJ pacemaker*) OR (artificial cardiac ADJ 

pacemaker*) OR (artificial ADJ cardiac ADJ pacing*))):TI 
42

12 #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 259

13 #3 AND #12 74 

14 * FROM 2007 TO 2012 27458 

15 #13 AND #14 44 
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Rapid Review Methodology 

Clinical questions are developed by the Division of Evidence Development and Standards at Health Quality Ontario 

in consultation with experts, end-users, and/or applicants in the topic area.  A systematic literature search is then 

conducted to identify relevant systematic reviews, health technology assessments, and meta-analyses; if none are 

located, the search is expanded to include randomized controlled trials (RCTs), and guidelines. Systematic reviews 

are evaluated using a rating scale developed for this purpose. If the systematic review has evaluated the included 

primary studies using the GRADE Working Group criteria (http://www.gradeworkinggroup.org/index.htm), the 

results are reported and the rapid review process is complete.  If the systematic review has not evaluated the primary 

studies using GRADE, the primary studies included in the systematic review are retrieved and a maximum of two 

outcomes are graded. If no well-conducted systematic reviews are available, RCTs and/or guidelines are evaluated. 

Because rapid reviews are completed in very short timeframes, other publication types are not included.  All rapid 

reviews are developed and finalized in consultation with experts. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 

and is developed from analysis, interpretation, and comparison of published scientific research. It also incorporates, 

when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 

responsibility for omissions or incomplete analysis resulting from its rapid reviews. In addition, it is possible that 

other relevant scientific findings may have been reported since completion of the review. This report is current to the 

date of the literature search specified in the Research Methods section, as appropriate. This rapid review may be 

superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.
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transforming Ontario’s health care system so that it can deliver a better experience of care, better outcomes for 
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Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 
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recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy makers. 

Rapid reviews, evidence-based analyses and their corresponding OHTAC recommendations, and other associated 

reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario and/or its research partners reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 

Permission Requests  

All inquiries regarding permission to reproduce any content in Health Quality Ontario reports should be directed to: 

EvidenceInfo@hqontario.ca. 

How to Obtain Rapid Reviews From Health Quality Ontario 

All rapid reviews are freely available in PDF format at the following URL: 

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.

http://www.hqontario.ca
mailto:EvidenceInfo@hqontario.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis was to determine the effectiveness of electrocardiography (ECG) telemetry 

monitoring among patients hospitalized for acute heart failure (HF).  

Clinical Need and Target Population 

Significant variations in cardiac rhythm can occur either as a precursor to, or as a result of, acute HF. In 

particular, acute HF is a major risk factor for the development of clinically significant ventricular and 

atrial arrhythmias, which may result in morbidity or cardiac death. (1;2) Additionally, some therapies for 

acute HF have been shown to exhibit proarrhythmic properties. (3) Early detection of significant 

variations in cardiac rate and rhythm may facilitate acute HF patient management through early and 

appropriate therapeutic intervention. 

Technology 

Inpatient ECG telemetry monitoring is a noninvasive method that allows for continuous, real-time 

detection of significant variations in a patient’s cardiac rhythm and electrical activity. (4) Telemetry can 

detect complex dysrhythmias, myocardial ischemia, and prolonged QT-intervals. (4) During inpatient 

ECG telemetry monitoring, electrocardiographic signals are acquired from electrodes that are attached to 

the patient’s chest and lead wires connected to a telemetry device. (5) The ECG signal is transmitted via 

radio frequency to a central monitoring station, where health care professionals can continuously monitor 

patient activity and are alerted to rhythm disturbances. Signals are also received or hard-wired to the 

patient’s bedside monitor display. (5) The number of hospital beds with telemetry monitoring is often 

limited; the use of this resource among acute HF patients should be appropriately assessed. 

http://www.hqontario.ca
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Rapid Review 

Research Question 

What is the effectiveness of ECG telemetry monitoring among patients hospitalized with acute HF in 

comparison to standard care? 

Research Methods 

Literature Search 

A literature search was performed on October 17, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2002, until October 17, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

Inclusion Criteria  

 English language full-reports  

 published between January 1, 2002, and October 17, 2012 

 systematic reviews, meta-analyses, health technology assessments, clinical practice guidelines, or 

randomized controlled trials (RCTs) 

 adult acute HF population 

 studies evaluating in-hospital ECG telemetry monitoring 

Exclusion Criteria  

 observational studies, case reports, editorials 

 standard 12-lead ECG or ambulatory ECG monitoring (e.g., Holter monitoring) 

Outcome of Interest

 mortality 

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  

The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members.  
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Results of Literature Search 

The database search yielded 1,393 citations published between January 1, 2002, and October 17, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No health technology assessments, meta-analyses, systematic reviews or RCTs were identified in the 

literature search that evaluated ECG telemetry monitoring among an acute HF population. 

Four clinical practice guidelines that discussed continuous ECG monitoring for the management of HF in 

hospital were identified from a hand search of the literature: the 2004 American Heart Association (AHA) 

Scientific Statement on Practice Standards for Electrocardiographic Monitoring in Hospital Settings; the 

2012 European Society of Cardiology (ESC) Guidelines for the Diagnosis and Treatment of Acute and 

Chronic Heart Failure; the Heart Failure Society of America (HFSA) 2010 Comprehensive Heart Failure 

Practice Guideline; and the 2007 Canadian Cardiovascular Society (CCS) Consensus Conference 

Recommendations on Heart Failure. (3;4;6;7)  Other guidelines reviewed did not make recommendations 

regarding real-time ECG telemetry monitoring. Descriptions of the above guidelines and their 

recommendations related to in-hospital ECG telemetry monitoring or continuous ECG monitoring are 

provided in Table 1.  

Table 1: Summary of Heart Failure Guidelines Related to Continuous ECG Telemetry Monitoring 

Guideline 
Heart Failure 
Population 

Recommendation 
Class/Level 
of Evidence  

AHA, 2004 (4) Acute HF/pulmonary 
edema 

Continuous monitoring is recommended for all patients 
until the signs and symptoms of acute HF have resolved 
and cardiac monitoring reveals no hemodynamically 
significant arrhythmias for at least 24 hours 

Class I
a
 

Expert opinion
 

Subacute HF In the absence of RCTs, it seems reasonable to perform 
ECG monitoring in the subacute phase of acute HF while 
medications, device therapy, or both are being 
manipulated 

Class II
b
 

Expert opinion 

ESC, 2012 (6) Acute HF with 
hypotension, 
hypoperfusion, or shock, 
and IV infusion of an 
inotrope or vasopressor 

ECG should be monitored continuously, because these 
agents can cause arrhythmias and myocardial ischemia 

NA  
Expert opinion 

HFSA, 2010 (3) Acute decompensated 
HF plus IV inotrope 
administration 

Administration of IV inotropes (milrinone or dobutamine) 
should be accompanied by continuous or frequent blood 
pressure monitoring and continuous monitoring of cardiac 
rhythm 

C
c
  

CCS, 2007 (7) Acute HF Cardiac arrhythmias should be evaluated by a 12-lead 
ECG and continuous ECG monitoring. 

Unclear
d 

Abbreviations: AHA, American Heart Association; CCS, Canadian Cardiovascular Society; ECG, electrocardiograph(y); ESC, European Society of 
Cardiology; HF, heart failure; HFSA, Heart Failure Society of America; IV, intravenous; NA, not available; RCT, randomized controlled trial. 
a
Class I: cardiac monitoring is indicated in most, if not all, patients in this group. Includes all patients at significant risk of immediate, life-threatening 

arrhythmia. 
b
Class II: cardiac monitoring may be of benefit in some patients, but is not considered essential for all patients. ECG telemetry monitoring was 

considered helpful in the clinical management of Class II patients, but is not expected to save lives. Cardiac monitoring often takes place in an 
intermediate care (telemetry) unit. 
c
Level C evidence is based on expert opinion.  

d
The comment suggesting ECG monitoring was not directly assessed.  
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Evidence for the use of ECG monitoring was based largely on expert opinion for all recommendations.  

The AHA scientific statement was the only guideline to directly evaluate practice standards for real-time 

ECG monitoring performed in hospital settings. (4) Electrocardiography monitoring for cardiac 

arrhythmias was recommended for all acute HF patients, based on evidence surrounding the contribution 

of arrhythmias to acute cardiac decompensation, and the risk for atrial and ventricular arrhythmias among 

this population. Monitoring was also considered valuable for patients on intravenous positive inotropic 

drugs (as they have significant proarrhythmic properties), and during the administration of nesiritide (to 

detect sinus tachycardia). Whether ECG monitoring should be used for subacute HF was unclear, but was 

recommended while medications and devices are being manipulated.  

Continuous ECG monitoring was recommended in both the ESC and HFSA guidelines for acute HF 

patients undergoing administration of intravenous inotropes, based on increased risk of arrhythmias and 

myocardial ischemia. (3;6)  

The CCS recommends identification of the precipitating cause of acute HF, evaluating cardiac 

arrhythmias with a 12-lead ECG and continuous ECG monitoring. (7) However, it is unclear from this 

guideline whether continuous monitoring refers to inpatient telemetry monitoring. 
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Conclusions 

 No high-quality evidence was identified that evaluated the effectiveness of ECG telemetry 

monitoring among patients with acute HF.  

 Based on expert opinion, clinical practice guidelines recommend the use of continuous ECG 

monitoring among patients with acute HF. The AHA practice standards for in-hospital ECG 

monitoring and the CCS recommend continuous ECG monitoring among all patients with acute 

HF. The ESC and HFSA guidelines recommend continuous ECG monitoring among acute HF 

patients treated with inotropes, based on the increased risk of arrhythmia and myocardial ischemia 

associated with these agents.  
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Appendices 

Appendix 1: Literature Search Strategies 

Database: Ovid MEDLINE(R) <1946 to October Week 1 2012>, Ovid MEDLINE(R) In-Process & Other 

Non-Indexed Citations <October 16, 2012>, Embase <1980 to 2012 Week 41> 

Search Strategy: 

# Searches Results

1 exp heart failure/ 327674 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 
((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

258486 

3 or/1-2 417506 

4 exp *electrocardiography/ 107203 

5 (electrocardiogram* or ecg* or ekg* or electrocardiograph*).ti,ab. 213410 

6 (telemetry adj2 (unit* or cardiac)).ti,ab. 562 

7 or/4-6 260511 

8 3 and 7 21725 

9 Meta Analysis.pt. 36967 

10 Meta Analysis/ use emez 66488  

11 Systematic Review/ use emez 53812 

12 exp Technology Assessment, Biomedical/ use mesz 8872  

13 Biomedical Technology Assessment/ use emez 11399  

14
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published 
literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

293134  

15 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3681  

16 exp Random Allocation/ use mesz 76138  

17 exp Double-Blind Method/ use mesz 117653  

18 exp Control Groups/ use mesz 1376  

19 exp Placebos/ use mesz 31442  

20 Randomized Controlled Trial/ use emez 330814  

21 exp Randomization/ use emez 59725  

22 exp Random Sample/ use emez 4238  

23 Double Blind Procedure/ use emez 111398  

24 exp Triple Blind Procedure/ use emez 35  

25 exp Control Group/ use emez 38585  

26 exp Placebo/ use emez 206599  

27 (random* or RCT).ti,ab. 1385590  

28 (placebo* or sham*).ti,ab. 448978  

29 (control* adj2 clinical trial*).ti,ab. 38400  

30 exp Practice Guideline/ use emez 278889  

31 exp Professional Standard/ use emez 269259  

32 exp Standard of Care/ use mesz 582  

33 exp Guideline/ use mesz 23126  

34 exp Guidelines as Topic/ use mesz 102415  

35 (guideline* or guidance or consensus statement* or standard or standards).ti. 219538  

36 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 456548  
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37 or/9-36 2979438  

38 8 and 37 2607  

39 limit 38 to english language 2316  

40 limit 39 to yr="2002 -Current" 1627  

41 remove duplicates from 40 1275  

Cochrane Library 

ID Search Hits

#1 MeSH descriptor: [Heart Failure] explode all trees 4862

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand 
still or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw  (Word variations have been 
searched) 

9326

#3 #1 or #2  9331

#4 MeSH descriptor: [Electrocardiography] explode all trees 7189

#5 (electrocardiogram* or ecg* or ekg* or electrocardiograph*):ti  (Word variations have been searched) 994

#6 (telemetry adj2 (unit* or cardiac)):ti,ab,kw (Word variations have been searched) 0

#7 #4 or #5 7480

#8 #3 and #7 from 2002 to 2012 294

CRD 

Line Search Hits 

1 MeSH DESCRIPTOR heart failure EXPLODE ALL TREES 510 

2 
(((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 

((coronary or myocardial) next (failure or insufficiency))):TI 
312 

3 #1 OR #2 548 

4 MeSH DESCRIPTOR electrocardiography EXPLODE ALL TREES 224 

5 ((electrocardiogram* or ecg* or ekg* or electrocardiograph*)):TI 50 

6 (telemetry adj2 (unit* or cardiac)):TI 0 

7 #4 OR #5 232 

8 #3 AND #7 14 

9 (#8):TI FROM 2002 TO 2012 14 
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Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 
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when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 
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other relevant scientific findings may have been reported since completion of the review. This report is current to the 

date of the literature search specified in the Research Methods section, as appropriate. This rapid review may be 

superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.
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current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 
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included to assist in making timely and relevant decisions to optimize patient outcomes. 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis was to determine if in-hospital performance indicators for in-hospital heart 

failure management are effective at improving patient outcomes. 

Clinical Need and Target Population 

Quality assurance is a process whereby a health care organization can ensure that the care it delivers for a 

particular illness meets accepted quality standards. (1) A characteristic of this process is the existence of 

evidence-based clinical guidelines for the illness of interest, and from which quality of care performance 

indicators can be derived.  Such indicators can refer to structures, processes, or outcomes of care. (1) 

Several organizations have developed, through consensus processes, restricted sets of performance 

indicators that are considered indicators of quality care in patients with heart failure. (1) Of interest to this 

rapid review are the in-hospital performance indicators that apply to in-hospital heart failure management.  

http://www.hqontario.ca
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Rapid Review Analysis 

Research Questions 

Are in-hospital performance indicators for the in-hospital management of heart failure effective at 

improving patient outcomes? 

Research Methods 

Literature Search 

A literature search was performed on September 17, 2012, using OVID MEDLINE, MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2008, to September 17, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

Inclusion Criteria 

 English language full-text reports  

 published between January 1, 2008, and September 17, 2012 

 health technology assessments, systematic reviews, and meta-analyses 

 studies describing in-hospital performance indicators for in-hospital heart failure management 

Exclusion Criteria 

 randomized controlled trials, observational studies, case reports, editorials 

Outcomes of Interest 

 mortality 

 rehospitalization 

Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) measurement tool was used to assess the 

methodological quality of systematic reviews. (2) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (3) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology. 

Study design was the first consideration; the starting assumption was that randomized controlled trials are 

high quality, whereas observational studies are low quality. (3) Five additional factors—risk of bias, 

inconsistency, indirectness, imprecision and publication bias—were then taken into account. Limitations 

in these areas resulted in downgrading the quality of evidence. Finally, 3 main factors that may raise the 

quality of evidence were considered: large magnitude of effect, dose response gradient, and accounting 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices 146 

for all residual confounding. (3) For more detailed information, please refer to the latest series of GRADE 

articles.  

As stated by the GRADE Working Group, (3) the final quality score can be interpreted using the 

following definitions: 

High Very confident that the true effect lies close to the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 

Results of Literature Search 

The database search yielded 1,443 citations published between January 1, 2008, and September 17, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No meta-analyses, health technology assessments or systematic reviews were identified in the literature 

search. 

Two guideline reports were identified that reported on in-hospital performance indicators for in-hospital 

heart failure management: 2010 Canadian Cardiovascular Society (CCS) Guidelines for the Diagnosis and 

Management of Heart Failure Update (1) and the American College of Cardiology Foundation (ACCF) / 

American Heart Association (AHA) / American Medical Association–Physician Consortium for 

Performance Improvement (AMA–PCPI) 2011 Performance Measures for Adults with Heart Failure. (4)  

The AMSTAR measurement tool was not used since no systematic reviews were identified in the 

literature search. 

A summary of the performance indicators listed in the CCS guidelines (1) is shown in Table 1. The 

ACCF/AHA /AMA-PCPI 2011 Performance Measures report mentions similar performance indicators. 

(4) 
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Table 1: Summary of Performance Indicators for Heart Failure by Development Group 

Indicator Canadian 
Cardiovascular 

Outcomes Research
Team (CCORT) 

inpatient 

American Heart 
Association/ 

American College of 
Cardiology 

(AHA/ACC) inpatient 

Joint Commission 
on Accreditation of 

Healthcare 
Organizations 

(JCAHO) 

Organized Program to
Initiate Lifesaving 

Treatment in 
Hospitalized Patients 

with Heart Failure   
(OPTIMIZE-HF) 

 Assessing the Care of 
Vulnerable Elders 
Project (ACOVE) 

Therapeutics

ACEi and/or ARB if LV systolic dysfunction in eligible patients x x x x x 

Use of beta blockers in eligible patients x x x x 

Use of statins in eligible patients if underlying CAD, PVD, CVD, or diabetes x 

Aldosterone antagonists for eligible patients x

Anticoagulants for atrial fibrillation x x x 

Use of ICD in eligible patients

Avoid 1
st
 and 2

nd
 generation CCBs if LV systolic dysfunction x 

Avoid type 1 antiarrhythmic agents if LV systolic dysfunction (unless ICD in 
place) 

x

Investigations

Outpatient assessment including one or more of regular volume 
assessment, weight, blood pressure, activity level 

x x 

Appropriate baseline blood/urine tests, ECG, CXR x 

Appropriate biochemical monitoring of renal function and electrolytes x 

Assessment of LV function x x x x x 

Measure digoxin levels if toxicity suspected x 

Education and follow-up 

HF patient education/discharge instructions x x x x x 

Outpatient follow-up within 4 weeks 

Advice on smoking cessation x x x 

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CCB, calcium channel blocker; CVD, cardiovascular disease; CXR, chest x-ray; 
ECG, electrocardiogram; ICD, implantable cardioverter defibrillator; LV, left ventricle; PVD, peripheral vascular disease. 

From: Howlett et al., 2010. (1)
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Performance Measures and Patient Outcomes 

Overall, the relationship between specific performance measures and patient outcomes remains unclear. 

(1;5) The reasons include: 

 Methodological limitations of the studies, such as nonrandomized designs and limited follow-up, 

affect their quality. 

 In clinical trials, many commonly assessed performance indicators have not been shown to reduce 

mortality and prevent hospitalization. 

 Some performance indicators, such as smoking cessation counselling, may have been delivered in 

a suboptimal manner. 

 Baseline adherence to performance indicators such as angiotensin-converting enzyme inhibitors 

in eligible patients was already high in some studies, making further improvements in patient 

outcomes more difficult to demonstrate. 
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Conclusions 

There is very low quality evidence that in-hospital performance indicators for in-hospital heart failure 

management are effective at improving patient outcomes, in particular, reducing mortality and 

rehospitalization. (GRADE: Very low) 

Details about the GRADE assessment for the quality of evidence on in-hospital performance indicators 

for in-hospital heart failure management are in Appendix 2. 
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Appendices 

Appendix 1: Literature Search Strategies 

Database: Ovid MEDLINE(R) <1946 to September Week 1 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
<September 14, 2012>, Embase <1980 to 2012 Week 37> 
Search Strategy: 

# Searches Results 

1 exp Heart Failure/ 324437 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 
((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

255967 

3 or/1-2 413760 

4 exp Hospitals/ use mesz 187674 

5 Cardiology Service, Hospital/ use mesz 1321 

6 Coronary Care Units/ use mesz 3910 

7 exp Emergency Service, Hospital/ use mesz 43344 

8 exp Hospital/ use emez 532235 

9 Coronary Care Unit/ use emez 6467 

10 Hospital Care/ use emez 14879 

11 Emergency Ward/ use emez 43791 

12 (in-hospital* or hospital*).ti,ab. 1677498 

13 or/4-12 2056459 

14 exp "Quality of Health Care"/ use mesz 4439685 

15 exp Health Care Quality/ use emez 1729083 

16 exp Quality Control/ 257197 

17 Mortality/ 477513 

18 Standard/ use emez 327469 

19 exp Hospitalization/ 319669 

20 Hospital Readmission/ use emez 10748 

21 "Length of Stay"/ use emez 66396 

22 performance*.ti,ab. 1019847 

23 (indicat* or measure* or outcome* or quality or standards).ti. 1172305 

24 
(readmission? or re-admission? or rehospitalization? or rehospitalisation? or re-hospitalization? or re-
hospitalisation? or hospitalization? or hospitalisation? or "length of stay").ti,ab. 

253711 

25 or/14-24 8499942 

26 Hospital Mortality/ use mesz 19178 

27 ((in-house or in-hospital* or hospital*) adj mortalit*).ti,ab. 38305 

28 or/26-27 50715 

29 Meta Analysis.pt. 36232 

30 Meta Analysis/ use emez 65756 

31 Systematic Review/ use emez 52961 

32 exp Technology Assessment, Biomedical/ use mesz 8833 

33 Biomedical Technology Assessment/ use emez 11371 

34
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or 
published literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

288884 

35 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3611 

36 or/29-35 348468 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices 153 

37 3 and ((13 and 25) or 28) and 36 1441 

38 limit 37 to english language 1356 

39 limit 38 to yr="2008 -Current" 676 

40 remove duplicates from 39
508=MA/SR/HTA 
set  

41 exp Practice Guideline/ use emez 276902 

42 exp Professional Standard/ use emez 266918 

43 exp Standard of Care/ use mesz 560 

44 exp Guideline/ use mesz 22989 

45 exp Guidelines as Topic/ use mesz 101554 

46 (guideline* or guidance or consensus statement* or standard or standards).ti. 217940 

47 3 and (25 or 28) and 46 2950 

48 limit 47 to english language 2441 

49 limit 48 to yr="2008 -Current" 1207 

50 remove duplicates from 49 949=Guideline set  

51 40 or 50 1443=both sets  

Cochrane Library 

Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or 
cardiac stand still or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw (Word 
variations have been searched) 

9323

#3 Enter terms for search#1 or #2 9328

#4 MeSH descriptor: [Hospitals] explode all trees 2411

#5 MeSH descriptor: [Cardiology Service, Hospital] this term only 39

#6 MeSH descriptor: [Coronary Care Units] this term only 139

#7 MeSH descriptor: [Emergency Service, Hospital] this term only 1312

#8 in-hospital* or hospital*:ti,ab,kw (Word variations have been searched) 49579

#9 Enter terms for search#4 or #5 or #6 or #7 or #8 49683

#10 MeSH descriptor: [Quality of Health Care] explode all trees 315788

#11 MeSH descriptor: [Quality Control] explode all trees 452

#12 MeSH descriptor: [Mortality] this term only 360

#13 MeSH descriptor: [Hospitalization] explode all trees 10283

#14 performance*:ti or indicat* or measure* or outcome* or quality or standards:ti,ab,kw or 
readmission? or re-admission? or rehospitalization? or rehospitalisation? or re-hospitalization? 
or re-hospitalisation? or hospitalization? or hospitalisation? or "length of stay":ti,ab,kw (Word 
variations have been searched) 

311277

#15 Enter terms for search#10 or #11 or #12 or #13 or #14 431037

#16 MeSH descriptor: [Hospital Mortality] explode all trees 807

#17 (in-house or in-hospital* or hospital*) next mortalit*:ti,ab,kw (Word variations have been 
searched) 

1461

#18 Enter terms for search#16 or #17 1461

#19 Enter terms for search#3 and ((#9 and #15) or #18) 674 from 
2008 to 2012 
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CRD 

Search Hits 

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES 510

2
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR cardiac 
stand still OR ((coronary OR myocardial) ADJ (failure OR insufficiency))):TI 

307

3 #1 OR #2 542

4 MeSH DESCRIPTOR Hospitals EXPLODE ALL TREES 529 

5 MeSH DESCRIPTOR Cardiology Service, Hospital EXPLODE ALL TREES 9

6 MeSH DESCRIPTOR Coronary Care Units EXPLODE ALL TREES 15

7 MeSH DESCRIPTOR Emergency Service, Hospital EXPLODE ALL TREES 309 

8 (in-hospital* OR hospital*):TI 938 

9 #4 OR #5 OR #6 OR #7 OR #8 1530

10 MeSH DESCRIPTOR Quality of Health Care EXPLODE ALL TREES 24737 

11 MeSH DESCRIPTOR Quality Control EXPLODE ALL TREES 58

12 MeSH DESCRIPTOR Mortality 109

13 MeSH DESCRIPTOR Hospitalization EXPLODE ALL TREES 2389 

14
(performance*):TI OR (indicat* OR measure* OR outcome* OR quality OR standards):TI OR (readmission? 
OR re-admission? OR rehospitalization? OR rehospitalisation? OR re-hospitalization? OR re-hospitalisation? 
OR hospitalization? OR hospitalisation? OR "length of stay"):TI 

3154

15 #10 OR #11 OR #12 OR #13 OR #14 26051

16 MeSH DESCRIPTOR Hospital Mortality EXPLODE ALL TREES 240 

17 ((in-house OR in-hospital* OR hospital*) ADJ mortalit*):TI 7 

18 #16 OR #17 242 

19 #3 AND #9 AND #15 45 

20 #3 AND #18 5

21 #19 OR #20 47
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Appendix 2: GRADE Tables 

Table A2: GRADE Evidence Profile for Performance Indicators

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias 
Upgrade 

Considerations 
Quality

Mortality/Rehospitalizations

2 Guidelines Some serious 
limitations 

(−2)
 a
 

No serious 
limitations

 
 

Some limitations

(−1)
 b
 

No serious 
limitations 

Undetected None ⊕Very Low 

a
 Methodological limitations of the studies such as nonrandomized designs and limited follow-up; in clinical trials, many commonly assessed performance indicators have not been shown to reduce mortality and 
prevent hospitalization; while some performance indicators such as smoking cessation counselling may have been met, the manner in which they were delivered may have been suboptimal; baseline adherence 
to performance indicators such as angiotensin-converting enzyme inhibitors in eligible patients was already high in some studies, making further improvements in patient outcomes difficult to demonstrate. 
b
Performance indicators reported by the Assessing the Care of Vulnerable Elders Project are not all directly related to in-hospital performance indicators. 
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Rapid Review Methodology 

Clinical questions are developed by the Division of Evidence Development and Standards at Health Quality Ontario 

in consultation with experts, end-users, and/or applicants in the topic area.  A systematic literature search is then 

conducted to identify relevant systematic reviews, health technology assessments, and meta-analyses; if none are 

located, the search is expanded to include randomized controlled trials (RCTs), and guidelines. Systematic reviews 

are evaluated using a rating scale developed for this purpose. If the systematic review has evaluated the included 

primary studies using the GRADE Working Group criteria (http://www.gradeworkinggroup.org/index.htm), the 

results are reported and the rapid review process is complete.  If the systematic review has not evaluated the primary 

studies using GRADE, the primary studies included in the systematic review are retrieved and a maximum of two 

outcomes are graded. If no well-conducted systematic reviews are available, RCTs and/or guidelines are evaluated. 

Because rapid reviews are completed in very short timeframes, other publication types are not included.  All rapid 

reviews are developed and finalized in consultation with experts. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 

and is developed from analysis, interpretation, and comparison of published scientific research. It also incorporates, 

when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 

responsibility for omissions or incomplete analysis resulting from its rapid reviews. In addition, it is possible that 

other relevant scientific findings may have been reported since completion of the review. This report is current to the 

date of the literature search specified in the Research Methods section, as appropriate. This rapid review may be 

superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
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About Health Quality Ontario  

Health Quality Ontario is an arms-length agency of the Ontario government. It is a partner and leader in 

transforming Ontario’s health care system so that it can deliver a better experience of care, better outcomes for 

Ontarians, and better value for money.  

Health Quality Ontario strives to promote health care that is supported by the best available scientific evidence.  

Health Quality Ontario works with clinical experts, scientific collaborators, and field evaluation partners to develop 

and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory subcommittee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy makers. 

Rapid reviews, evidence-based analyses and their corresponding OHTAC recommendations, and other associated 

reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario and/or its research partners reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 

Permission Requests  

All inquiries regarding permission to reproduce any content in Health Quality Ontario reports should be directed to: 

EvidenceInfo@hqontario.ca. 

How to Obtain Rapid Reviews From Health Quality Ontario 

All rapid reviews are freely available in PDF format at the following URL: 

http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews. 

http://www.hqontario.ca
mailto:EvidenceInfo@hqontario.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

 

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.   

Objective of Analysis 

The objective of this analysis was to determine whether there was evidence of increased risk for heart 

failure (HF) patients who are administered inotropic and vasoactive agents in hospital—in particular, 

those administered dobutamine, milrinone, or nitroprusside. 

Clinical Need and Target Population 

Despite the availability of several effective medical therapies, many patients continue to require 

hospitalization for acute HF exacerbations. An estimated 10 to 15% of patients admitted for acute HF 

have more severe decompensation, including signs of reduced cardiac output and poor tissue perfusion, 

and potentially resulting in end-organ dysfunction. (1-3) In order to improve the prognosis for these 

patients, inotropic and vasoactive agents may be administered to restore hemodynamics, with the aim of 

promoting optimal patient outcomes. 

Technique 

Inotropic and vasoactive agents exert their effects of increased heart rate, vasodilation, or increased heart 

contractility via β-adrenergic agonism, α-receptor blockade, or phosphodiesterase inhibition, respectively. 

(4) However, these agents can also trigger atrial and ventricular arrhythmias, (5) myocardial ischemia, (6) 

and some randomized clinical trials (RCTs) have demonstrated a trend toward increased mortality with 

their use. (7) Given the lack of well-designed RCTs examining longer-term and substantive patient 

outcomes (8) and given that findings have been inconsistent across studies, (4) there is uncertainty about 

the safety of these agents, particularly with regard to mortality. 

http://www.hqontario.ca
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Rapid Review

Research Question 

Is there an increased risk of mortality for heart failure patients administered dobutamine, milrinone, or 

nitroprusside in hospital? 

Research Methods 

Literature Search 

A literature search was performed on September 23, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published from January 1, 2008, to September 23, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

Inclusion Criteria 

 English language full-reports  

 published between January 1, 2008, and September 23, 2012 

 health technology assessments, systematic reviews, and meta-analyses 

 studies describing in-hospital treatment of HF patients with dobutamine, milrinone, or 

nitroprusside  

Exclusion Criteria 

 RCTs, observational studies, case reports, editorials, letters to the editor 

Outcome of Interest 

 mortality 

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  

The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members.  
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Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) tool was used to assess the methodological 

quality of systematic reviews. (9)  

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (10) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology. 

Study design was the first consideration; the starting assumption was that randomized controlled trials are 

high quality, whereas observational studies are low quality. Five additional factors—risk of bias, 

inconsistency, indirectness, imprecision, and publication bias—are then taken into account. Limitations in 

these areas result in downgrading the quality of evidence. Finally, 3 main factors that may raise the 

quality of evidence were considered: large magnitude of effect, dose response gradient, and accounting 

for all residual confounding factors. (10) For more detailed information, please refer to the latest series of 

GRADE articles. (10) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to that of the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The database search yielded 121 citations published between January 1, 2008, and September 23, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No studies were identified that examined the use of nitroprusside for in-hospital management of HF.  

One Cochrane review by Amsallem et al (11) of phosphodiesterase-III inhibitors for HF included 2 RCTs 

on milrinone; however, it was unclear whether the study population was inpatient or outpatient. The oral 

administration of milrinone, the duration of treatment over several weeks to months, the dispensation of 

prepackaged medications, and the intermittent follow-up over several months indicated that this was not 

the intervention of interest, and these studies were excluded. 

One meta-analysis of 14 RCTs (N = 673 patients) by Tacon et al (12) included studies of both inpatients 

and outpatients with HF and did not find an increased mortality risk with dobutamine compared with 

placebo or usual care (AMSTAR score was 9 out of 11). Five RCTs of HF inpatients (13-17) were 

extracted from the meta-analysis, but 2 (15;17) were excluded, as they were reported in abstract only and 

have not been subsequently published. Table 1 summarizes the 3 included studies of dobutamine versus 

placebo for HF inpatients. (13;14;16)  

Table 1: Effect of Dobutamine on Mortality Compared to Placebo for In-Hospital HF Management 

Author, Year Study 
Design

Length of 
Follow-up 

HF Severity,  
Study Population  

Sample Size 
(Dobutamine/Placebo)  

Adamopoulos et al., 2006 
(13) 

RCT 4 months NYHA class III or IV 23/23

Bader et al., 2010 (14) RCT 48 hours NYHA class III or IV 43/47

Erlemeier et al., 1992 
(16)  

RCT 4 weeks Treatment-resistant NYHA 
class IV 

10/10

Abbreviations: CI, confidence interval; HF, heart failure; NYHA, New York Heart Association; RCT, randomized controlled trial. 

Source: Tacon CL, McCaffrey J, Delaney A. Dobutamine for patients with severe heart failure: a systematic review and meta-analysis of randomised 
controlled trials. Intensive Care Med. 2012;38(3):359-67. (12) 

A meta-analysis was conducted using Review Manager Version 5. (18) The relative risk (RR) of mortality 

was calculated from the included RCTs comparing dobutamine against placebo for HF inpatients. The 

meta-analysis did not show a statistically significant increase in risk of mortality with dobutamine 

treatment (Figure 1).  
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Figure 1. Meta-analysis of Dobutamine Versus Placebo on Mortality Risk  

Abbreviations: CI, confidence interval; HF, heart failure; M-H, Mantel-Haenszel. 

A fixed-effects analysis was used, as between-trial heterogeneity was not of concern. (19) To confirm 

findings, a random-effects model was also run, and the effect estimate was highly similar to that of the 

fixed-effects analysis (RR 1.38; 95% CI 0.50–3.83; P = 0.54). 

Limitations 

There are a number of challenges in formulating recommendations regarding the clinical utility of 

dobutamine for moderate to severe HF patients in hospital. Two of the 3 RCTs included in the meta-

analysis were based on data from the early 1990s, predating the routine use of concomitant 

pharmacotherapies (e.g., β-blockers, angiotensin-converting enzyme inhibitors) that could conceivably 

affect the rate or nature of adverse events during in-hospital inotropic therapy. As well, the literature on 

dobutamine was focused on surrogate outcomes related to efficacy (e.g., hemodynamic indices), rather 

than on systemic patient outcomes. It is thought that the improvement of hemodynamics will lead to 

improvement in overall patient outcome, but there have been insufficient data to draw conclusions to any 

effect (GRADE quality of evidence: very low). 
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Conclusions 

 No studies were identified that examined in-hospital milrinone or nitroprusside therapy for the 

management of heart failure. 

 In a meta-analysis of 3 identified RCTs, there was no evidence of a statistically significant 

increase in mortality risk compared with placebo for patients with moderate to severe heart failure 

who were administered dobutamine in hospital (GRADE quality of evidence: very low).  

 Careful consideration is required in formulating recommendations regarding the clinical utility of 

dobutamine for moderate to severe heart failure decompensation in hospital, based on the quality 

of the body of evidence and the limitations of the component studies. 
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Appendices

Appendix 1: Literature Search Strategies 
Search date: September 23, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, EMBASE; Cochrane Library; CRD 

Q: Inotropic therapy for Heart Failure management 
Limits: 2008-current; English 
Filters: health technology assessments, systematic reviews, and meta-analyses 

Database: Ovid MEDLINE(R) <1946 to September Week 2 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations <September 21, 
2012>, Embase <1980 to 2012 Week 38> 

Search Strategy: 

# Searches Results

1 exp Heart Failure/ 325037 

2 
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or ((coronary or myocardial) adj 
(failure or insufficiency))).ti,ab. 

256438 

3 or/1-2 414505 

4 Cardiotonic Agents/ use mesz 12513 

5 Inotropic Agent/ use emez 7039 

6 (inotrop* or cardiotrop* or cardio-trop*).mp. 53712 

7
(((cardiac or heart or myocardial or myocardium) adj (stimulant? or stimulat*)) or ((cardioactiv* or cardioprotect*) adj (agent? or 
substance?)) or cardiotonic*).ti. 

3383 

8 Dobutamine/ 22774 

9 (Dobutrex or dobutamin* or posiject or dobuject or dobucor or oxiken).ti,ab. 16356 

10 (butamine or cardiject or dobumine or dobutamide or inotres or inotrex or inotrope or levdobutamine or levo-dobutamine).ti,ab. 1906 

11 Milrinone/ 6067 

12 (milrinone or corotrop? or primacor or coritrope or corotrop? or corotrope or wincardin).ti,ab. 3301 

13 Nitroprusside/ use mesz 10972 

14 Nitroprusside Sodium/ use emez 22936 

15
(nipride or nitroferricyanide or nitroprusside or nipruton or nitroprussiat? or ketostix or cyanonitrosylferrate or naniprus or nitropress or 
nitriate).ti,ab. 

31274 

16 (nipruss or nitan or nitrocyanoferrate or nitroferricyanide or nitroprusiato or nitroprussiat or nitrosylpentacyanoferrate).ti,ab. 55 

17 or/4-16 127648 

18 Meta Analysis.pt. 36333 

19 Meta Analysis/ use emez 65909 

20 Systematic Review/ use emez 53173 

21 exp Technology Assessment, Biomedical/ use mesz 8837 

22 Biomedical Technology Assessment/ use emez 11380 

23
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or published literature or medline or 
embase or data synthesis or data extraction or cochrane).ti,ab. 

289646 

24 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3629 

25 or/18-24 349304 

26 3 and 17 and 25 467 

27 limit 26 to english language 421 

28 limit 27 to yr="2008 -Current" 132 

29 remove duplicates from 28 117 
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Cochrane Library 
Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860 

#2 ((cardia? or heart) next (decompensation or failure or incompetence or insufficiency)) or cardiac stand still 

or ((coronary or myocardial) next (failure or insufficiency)):ti,ab,kw (Word variations have been searched) 

9323 

#3 MeSH descriptor: [Cardiotonic Agents] this term only 871 

#4 inotrop* or cardiotrop* or cardio-trop* (Word variations have been searched) 1484 

#5 ((cardiac or heart or myocardial or myocardium) next (stimulant? or stimulat*)) or ((cardioactiv* or 

cardioprotect*) next (agent? or substance?)) or cardiotonic* or cartonic*:ti (Word variations have been 

searched) 

24 

#6 MeSH descriptor: [Dobutamine] explode all trees 442 

#7 Dobutrex or dobutamin* or posiject or dobuject or dobucor or oxiken:ti,ab,kw (Word variations have been 

searched) 

738 

#8 butamine or cardiject or dobumine or dobutamide or inotres or inotrex or inotrope or levdobutamine or levo-

dobutamine:ti,ab,kw (Word variations have been searched) 

111 

#9 MeSH descriptor: [Milrinone] this term only 128 

#10 milrinone or corotrop? or primacor or coritrope or corotrop? or corotrope or wincardin:ti,ab,kw (Word 

variations have been searched) 

186 

#11 MeSH descriptor: [Nitroprusside] explode all trees 488 

#12 nipride or nitroferricyanide or nitroprusside or nipruton or nitroprussiat? or ketostix or cyanonitrosylferrate 

or naniprus or nitropress or nitriate:ti,ab,kw (Word variations have been searched) 

878 

#13 nipruss or nitan or nitrocyanoferrate or nitroferricyanide or nitroprusiato or nitroprussiat or 

nitrosylpentacyanoferrate:ti,ab,kw (Word variations have been searched) 

3 

#14 Enter terms for search(#1 or #2) and (#3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13) 106 from 

2008 to 2012 

CRD 

Line Search Hits 

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES 510 

2 
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or 
((coronary or myocardial) adj (failure or insufficiency))):TI 

308 

3 #1 OR #2 543 

4 MeSH DESCRIPTOR Cardiotonic Agents 33 

5 
(inotrop* OR cardiotrop* OR cardio-trop*) OR (((cardiac OR heart OR myocardial OR myocardium) ADJ 
(stimulant? OR stimulat*)) OR ((cardioactiv* OR cardioprotect*) ADJ (agent? OR substance?)) OR cardiotonic* OR 
cartonic):TI 

86 

6 MeSH DESCRIPTOR Dobutamine EXPLODE ALL TREES 13 

7
(Dobutrex OR dobutamin* OR posiject OR dobuject OR dobucor OR oxiken OR butamine OR cardiject OR 
dobumine OR dobutamide OR inotres OR inotrex OR inotrope OR levdobutamine OR levo-dobutamine):TI 

9 

8 MeSH DESCRIPTOR Milrinone EXPLODE ALL TREES 3 

9 (milrinone OR corotrop? OR primacor OR coritrope OR corotrop? OR corotrope OR wincardin):TI 5 

10 MeSH DESCRIPTOR Nitroprusside EXPLODE ALL TREES 5 

11
(nipride OR nitroferricyanide OR nitroprusside OR nipruton OR nitroprussiat? OR ketostix OR cyanonitrosylferrate 
OR naniprus OR nitropress OR nitriate):TI OR (nipruss OR nitan OR nitrocyanoferrate OR nitroferricyanide OR 
nitroprusiato OR nitroprussiat OR nitrosylpentacyanoferrate):TI 

1 

12 #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 123 

13 #3 AND #12 26 
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Appendix 2: GRADE Tables 

Table A1: GRADE Evidence Profile for Mortality in HF Patients Administered Dobutamine or Placebo in Hospital 

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Mortality (all-cause, during treatment or follow-up time) 

3 (RCTs)  Very serious 
limitations (–2)

a
 

No serious 
limitations

b
 

No serious 
limitations 

Serious 
limitations  
(–1)

c
 

Undetected
d
 None ⊕ Very Low 

Abbreviation: HF, heart failure; RCT, randomized controlled trial. 
a
The reporting quality of studies was lacking overall. No studies reported how the randomization sequence was generated or on how allocation to groups was concealed. One study (14) reported on loss to 

follow-up. No studies reported whether the primary results were based on intention-to-treat or per-protocol analysis. Two studies reported on at least 1 specific group being blinded: in 1 (16) both patients and 
care providers were blinded, and in the other (14) patients and care providers were blinded only for placebo—dobutamine was open-label. Bias due to lack of blinding is unlikely in the ascertainment of mortality 
as an outcome; however, the length of follow-up (range 48 hours to 4 months; mean 1.67 months) may not have been ideal to assess mortality, and all-cause mortality was reported as a direct attribution of 
death to the inotropic infusion. 
b 2 2
All effect estimates were in the same direction, there was no large variation in point estimates, and all findings were nonsignificant. Heterogeneity was not a concern Χ  = 0.35 (P = 0.84); I  = 0%.  

c
There were small sample sizes and very small numbers of events in all RCTs and the meta-analysis. Adequate power is a concern, and the optimal information size criterion was not met.  

d
Publication bias is unlikely to be detected with only 3 RCTs. Of interest, 2 studies disclosed their source of support, with 1 (14) supported by Merrell Dow Pharmarceuticals Inc., and another (16) supported by 

the German Research Foundation (Deutsche Forschungsgemeinschaft; DFG). Multiple funding sources suggest that publication bias is not likely. 
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Rapid Review Methodology 

Clinical questions are developed by the Division of Evidence Development and Standards at Health Quality Ontario 

in consultation with experts, end-users, and/or applicants in the topic area.  A systematic literature search is then 

conducted to identify relevant systematic reviews, health technology assessments, and meta-analyses; if none are 

located, the search is expanded to include randomized controlled trials (RCTs), and guidelines. Systematic reviews 

are evaluated using a rating scale developed for this purpose. If the systematic review has evaluated the included 

primary studies using the GRADE Working Group criteria (http://www.gradeworkinggroup.org/index.htm), the 

results are reported and the rapid review process is complete.  If the systematic review has not evaluated the primary 

studies using GRADE, the primary studies included in the systematic review are retrieved and a maximum of two 

outcomes are graded. If no well-conducted systematic reviews are available, RCTs and/or guidelines are evaluated. 

Because rapid reviews are completed in very short timeframes, other publication types are not included.  All rapid 

reviews are developed and finalized in consultation with experts. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 

and is developed from analysis, interpretation, and comparison of published scientific research. It also incorporates, 

when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 

responsibility for omissions or incomplete analysis resulting from its rapid reviews. In addition, it is possible that 

other relevant scientific findings may have been reported since completion of the review. This report is current to the 

date of the literature search specified in the Research Methods section, as appropriate. This rapid review may be 

superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.

http://ww.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews
http://www.gradeworkinggroup.org/index.htm
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations
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About Health Quality Ontario  

Health Quality Ontario is an arms-length agency of the Ontario government. It is a partner and leader in 

transforming Ontario’s health care system so that it can deliver a better experience of care, better outcomes for 

Ontarians, and better value for money.  

Health Quality Ontario strives to promote health care that is supported by the best available scientific evidence. 

Health Quality Ontario works with clinical experts, scientific collaborators, and field evaluation partners to develop 

and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory sub-committee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 

of Health and Long-Term Care, clinicians, health system leaders, and policy-makers.  

Rapid reviews, as well as evidence-based analyses and their corresponding OHTAC recommendations, and other 

associated reports are published on the Health Quality Ontario website. Visit http://www.hqontario.ca for more 

information. 

About Health Quality Ontario Publications 

To conduct its rapid reviews, Health Quality Ontario,  its research partners, or both, reviews the available scientific 

literature, making every effort to consider all relevant national and international research; collaborates with partners 

across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 

Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards or one of its research 

partners, and the Ontario Health Technology Advisory Committee of Health Quality Ontario, and is developed from 

analysis, interpretation, and comparison of scientific research. It also incorporates, when available, Ontario data and 

information provided by experts. As this is a rapid review, it may not reflect all scientific research available. 

Additionally, it is possible that other relevant scientific findings may have been reported since completion of the 

review. This report is current to the date of the literature review specified in the methods section, if available. This 

rapid review may be superseded by an updated publication on the same topic. Please check the Health Quality 

Ontario website for a list of all publications: www.hqontario.ca/evidence/publications-and-ohtac-recommendations.

http://www.hqontario.ca
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations


Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices 180 

Table of Contents  

List of Abbreviations .............................................................................................................................. 181 

Background ............................................................................................................................................. 182 

Objective of Analysis ................................................................................................................................................ 182 

Clinical Need and Target Population ......................................................................................................................... 182 

Technology/Technique .............................................................................................................................................. 182 

Regulatory Status .............................................................................................................................................. 182 

Evidence-Based Analysis ........................................................................................................................ 184 

Research Questions.................................................................................................................................................... 184 

Research Methods...................................................................................................................................................... 184 

Literature Search .............................................................................................................................................. 184 

Inclusion Criteria .............................................................................................................................................. 184 

Exclusion Criteria ............................................................................................................................................. 184 

Outcomes of Interest ......................................................................................................................................... 184 

Statistical Analysis ............................................................................................................................................ 184 

Quality of Evidence ................................................................................................................................................... 185

Results of Literature Search....................................................................................................................................... 185 

Guidelines ................................................................................................................................................ 186 

Conclusions .............................................................................................................................................. 187 

Acknowledgements ................................................................................................................................. 188 

Appendices ............................................................................................................................................... 190 

Appendix 1: Literature Search Strategies .................................................................................................................. 190 

References ................................................................................................................................................ 192



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices 181 

List of Abbreviations 

IABP Intra-aortic balloon pump 

RCT Randomized controlled trial 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis is to evaluate the use of intra-aortic balloon pumps (IABP) in the 

management of patients hospitalized with heart failure. 

Clinical Need and Target Population 

Heart failure, a complex condition characterized by impairment of the heart function, may lead to low 

cardiac output and pulmonary or systemic congestion. (1) The condition is more common in older 

patients, (1) and therefore its incidence has been increasing with the aging of the population, leading to an 

increase in the number of hospitalizations for the condition. (2) Acute heart failure presents with a poor 

prognosis: the risk of death or rehospitalization is estimated to be between 30% and 60% within 60 days 

of hospital admission. (2) 

Technology/Technique 

IABP has been used in clinical practice since 1968. (3;4) It consists of a circulatory-assist device that 

supposedly increases cardiac output by decreasing systolic arterial pressure and increasing diastolic 

arterial pressure, thus reducing myocardial oxygen demand and myocardial ischemia. (4)  

Regulatory Status 

Different IABPs are available and are licensed by Health Canada as class IV devices. (5) Licensed 

indications obtained by contacting Health Canada are listed in table 1 (personal communication, 

September 28, 2012).  

http://www.hqontario.ca
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Table 1: Health Canada Licensed Indications for IABP 

Licence # Indication

722 Patients whose myocardial oxygen supply and demand are imbalanced 
28787 Used to assist the cardiovascular system and in particular, the left ventricular function 

of the heart, by ventricular unloading and coronary perfusion 
63563 Provides temporary support to the left ventricle via the principle of counterpulsation in 

adult and pediatric patients 
64146 Provides temporary support to the left ventricule via the principle of counterpulsation 
77561 Supports the heart’s left ventricle by increasing coronary perfusion and reducing left 

ventricular work in adult and pediatric patients 
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Evidence-Based Analysis 

Research Questions 

What is the effectiveness of intra-aortic balloon pumps (IABPs) in the management of patients 

hospitalized with acute heart failure? 

Research Methods 

Literature Search 

Search Strategy 
A literature search was performed on October 4, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database, for studies published until the search date, October 4, 2012. 

Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, full-

text articles were obtained. Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment. Reference lists were also 

examined for any additional relevant studies not identified through the search. 

Details about the systematic literature search strategy are presented in Appendix 1. 

Inclusion Criteria  

 English language full-reports  

 systematic reviews, meta-analyses, health technology assessment reports, randomized controlled 

trials (RCTs), and guidelines 

 evaluating the use of IABP in patients hospitalized with heart failure 

Exclusion Criteria 

 Studies evaluating IABP in patients presenting with heart failure and any of the following 

conditions were excluded: acute myocardial infarction, heart transplant, pre-heart transplant, 

cardio-renal syndrome, dialysis, patients using left ventricular assist devices, acute valvular 

insufficiency, and patients with other active chronic medical condition that requires acute 

stabilization such as chronic obstructive pulmonary disease, stroke, and active bleeding. 

 Studies evaluating IABP in patients with conditions other than heart failure. 

Outcomes of Interest 

 Mortality 

 IABP-related complications  

Statistical Analysis 

The results of the eligible studies are presented as shown in the publications. The guideline 

recommendations on the use of IABP in patients with heart failure are shown in tabular format. 
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Quality of Evidence 

The Assessment of Multiple Systematic Reviews (AMSTAR) measurement tool was used to assess the 

methodological quality of systematic reviews. (6) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (7) The overall quality is determined to be very low, low, moderate, or high using a step-

wise, structural methodology. 

Study design was the first consideration; the starting assumption was that RCTs are high quality, whereas 

observational studies are low quality. Five additional factors—risk of bias, inconsistency, indirectness, 

imprecision and publication bias—were then taken into account. Limitations or serious limitations in 

these areas resulted in downgrading the quality of evidence. Finally, 3 factors are considered which may 

raise the quality of evidence: large magnitude of effect, dose response gradient, and accounting for all 

residual confounding. For more detailed information, please refer to the latest series of GRADE articles. 

(8) 

As stated by the GRADE Working Group, (7) the final quality score can be interpreted using the 

following definitions: 

High Very confident that the true effect lies close to that of the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 

Results of Literature Search 

The database search yielded 399 citations (with duplicates removed). Articles were excluded based on 

information in the title and abstract. The full texts of potentially relevant articles were obtained for further 

assessment.  

No studies on the use of IABP in patients hospitalized with heart failure met the pre-specified inclusion 

criteria. 
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Guidelines

The recommendations regarding the use of intra-aortic balloon pumps (IABPs) in patients with heart 

failure from Canadian Cardiovascular Society’s guidelines on heart failure are summarized in Table 2. (9) 

Table 2: Recommendations on the Use of IABP in Patients With Heart Failure Based on Canadian 
Heart Failure Guidelines 

Guideline Statements 

Canadian Cardiovascular Society 
Consensus Conference 
recommendations on heart failure 
update 2007: Prevention, 
management during intercurrent 
illness or acute decompensation, and 
use of biomarkers (9) 

IABP may be considered in patients with refractory heart failure despite 
medical therapy (class IIb, level B)  

a

Abbreviation: IABP, intra-aortic balloon pump. 

a
 Class IIb: usefulness or efficacy is less well established by evidence or opinion; level B: data derived from a single randomized trial or nonrandomized 

studies. (9) 



Quality-Based Procedures: Clinical Handbook for Congestive Heart Failure—Appendices 187 

Conclusions 

No high quality evidence on the use of IABPs in hospitalized patients with heart failure was identified 

through the systematic literature search. Therefore no conclusions could be made on its use in 

hospitalized patients with heart failure. 
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Appendices 

Appendix 1: Literature Search Strategies 

Search date: October 4, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
EMBASE; Cochrane Library; CRD 

Q: Intra-aortic balloon pump for Heart Failure management 
Limits: English 
Filters: health technology assessments, systematic reviews, meta-analyses, randomized controlled trials 
and guidelines 

Database: Ovid MEDLINE(R) <1946 to September Week 4 2012>, Ovid MEDLINE(R) In-Process & Other 
Non-Indexed Citations <October 3, 2012>, Embase <1980 to 2012 Week 39> 
Search Strategy: 

# Searches Results

1  exp Heart Failure/ 325741
2  (((cardia? or heart) adj (decompensation or failure or incompetence or 

insufficiency)) or cardiac stand still or ((coronary or myocardial) adj (failure 
or insufficiency))).ti,ab. 

257076

3 or/1-2 415403
4 Intra-Aortic Balloon Pumping/ use mesz 3088
5 Counterpulsation/  2103
6 Aorta Balloon/ use emez 6116
7 (intra-aortic balloon pump* or intraaortic balloon pump* or intra-aorta 

balloon pump* or intraaorta balloon pump* or counterpulsation or 
IABP).ti,ab. 

11011

8 (counterpulsation or counter pulsation or counterpressure or counter 
pressure or diastolic augmentation).ti. 

2549

9 or/4-8 15306
10 Meta Analysis.pt. 36882
11 Meta Analysis/ use emez 66108
12 Systematic Review/ use emez 53391
13 exp Technology Assessment, Biomedical/ use mesz 8864
14 Biomedical Technology Assessment/ use emez 11385
15 (meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) 

or published studies or published literature or medline or embase or data 
synthesis or data extraction or cochrane).ti,ab. 

291497

16 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3656
17 exp Random Allocation/ use mesz 76053
18 exp Double-Blind Method/ use mesz 117569
19 exp Control Groups/ use mesz 1375
20 exp Placebos/ use mesz 31433
21 Randomized Controlled Trial/ use emez 329946
22 exp Randomization/ use emez 59555
23 exp Random Sample/ use emez 4210
24 Double Blind Procedure/ use emez 111113
25 exp Triple Blind Procedure/ use emez 35
26 exp Control Group/ use emez 38017
27 exp Placebo/ use emez 205663
28 (random* or RCT).ti,ab. 1380327
29 (placebo* or sham*).ti,ab. 447606
30 (control* adj2 clinical trial*).ti,ab. 38289
31 exp Practice Guideline/ use emez 278008
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32 exp Professional Standard/ use emez 268276
33 exp Standard of Care/ use mesz 581
34 exp Guideline/ use mesz 23104
35 exp Guidelines as Topic/ use mesz 102275
36 (guideline* or guidance or consensus statement* or standard or 

standards).ti. 
218943

37 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 456069
38 or/10-37 2969553
39 3 and 9 and 38 500
40 limit 39 to english language 464
41 remove duplicates from 40 415

Cochrane Library 

Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860

#2 ((cardia? or heart) next (decompensation or failure or incompetence or 
insufficiency)) or cardiac stand still or ((coronary or myocardial) next 
(failure or insufficiency)):ti,ab,kw (Word variations have been searched) 

9323

#3 Enter terms for search #1 or #2 9328

#4 MeSH descriptor: [Intra-Aortic Balloon Pumping] this term only 115

#5 MeSH descriptor: [Counterpulsation] this term only 48

#6 intra-aortic balloon pump* or intraaortic balloon pump* or intra-aorta 
balloon pump* or intraaorta balloon pump* or counterpulsation or 
IABP:ti,ab,kw or counterpulsation or counter pulsation or counterpressure 
or counter pressure or diastolic augmentation:ti (Word variations have 
been searched) 

297

#7 Enter terms for search #4 or #5 or #6 297

#8 Enter terms for search #3 and #7 35

CRD 

Line  Search Hits 

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES 510

2
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR 
ardiac stand still OR ((coronary OR myocardial) ADJ (failure OR insufficiency))):TI c

307

3 #1 OR #2 542

4 MeSH DESCRIPTOR Intra-Aortic Balloon Pumping EXPLODE ALL TREES 5

5 MeSH DESCRIPTOR Counterpulsation EXPLODE ALL TREES 18

6
(intra-aortic balloon pump* OR intraaortic balloon pump* OR intra-aorta balloon pump* OR 
intraaorta balloon pump* OR counterpulsation OR IABP):TI OR (counterpulsation OR counter 
pulsation OR counterpressure OR counter pressure OR diastolic augmentation):TI 

20

7 #4 OR #5 OR #6 23

8 #3 AND #7 6 
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis was to evaluate the effectiveness of pulmonary artery catheters (PACs) in 

patients hospitalized with acute heart failure (HF). 

Clinical Need and Target Population 

Heart failure is a complex condition characterized by impairment of heart function, which may lead to 

low cardiac output, or to pulmonary or systemic congestion. (1) The condition is more common in older 

patients, (1) and its incidence has been increasing with the aging of the population, leading to a rise in the 

number of hospitalizations for the condition. (2) Acute HF presents with a poor prognosis; the risk of 

death or rehospitalization is estimated to be 30% to 60% within 60 days of hospital admission. (2) 

Technology/Technique 

PACs can be used to diagnose, monitor, and treat conditions, including congestive heart failure. (3) They 

provide a measurement of the filling pressure on the right side of the heart and indirect measurement of 

pulmonary capillary wedge pressure and cardiac output. (4) 

Regulatory Status 

PACs are licensed by Health Canada as class IV devices; (5) licensed indications are listed in Table 1 

(personal communication, Health Canada, October 9, 2012).  

http://www.hqontario.ca
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Table 1: Health Canada Licensed Indications for PACs 

Licence # Indication

14764 Flow-directed PACs that allow the continuous, combined hemodynamic monitoring of 
cardiac output, intracardiac pressures, oxygen saturation, and intracardiac pacing 

70730 PACs designed for use as a diagnostic tool. Catheter models are available to allow the 
physician to measure intracardiac pressures, sample mixed venous blood, and infuse 
solutions in adult or pediatric patients. These catheters are designed for use at the 
bedside and in the cardiac catheterization laboratory, surgical suite, post-anaesthesia 
recovery unit, and other specialized critical care units 

14186 PACs that allow for hemodynamic pressure management, fluid and drug delivery, and 
blood sampling. They also permit cardiac output via bolus thermodilution injection 

13581 PACs for venting of the heart during cardiopulmonary bypass to decompress the heart 
and prevent ventricular distension 

Abbreviation: PAC, pulmonary artery catheter. 
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Rapid Review 

Research Question 

What is the effectiveness of PACs in patients hospitalized with acute HF? 

Research Methods 

Literature Search 

A literature search was performed on October 8, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, the Wiley Cochrane Library, and the Centre 

for Reviews and Dissemination database for studies published from January 1, 2000, until October 8, 

2012. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search. 

Inclusion Criteria  

 English language full-reports  

 systematic reviews, meta-analyses, health technology assessment reports, randomized controlled 

trials (RCTs), and guidelines 

 studies with at least 20 patients per treatment group in individual studies 

 evaluating the use of PACs in patients hospitalized with HF; studies in a patient population not 

specific to HF but that included HF patients and whose results were presented separately were 

included 

Exclusion Criteria 

 studies evaluating PACs in patients presenting with HF and any of the following conditions: acute 

myocardial infarction, heart transplant, pre–heart transplant, cardio-renal syndrome, dialysis, 

patients using left ventricular assist devices, acute valvular insufficiency, and patients with other 

active chronic medical conditions that require acute stabilization, such as chronic obstructive 

pulmonary disease, stroke, or active bleeding 

 studies evaluating PACs in patients with conditions other than HF 

Outcomes of Interest 

 mortality 

 PAC-related complications  

Expert Panel 

In August 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the community laboratories.  
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The role of the Expert Advisory Panel on Episode of Care for Congestive Heart Failure was to 

contextualize the evidence produced by Health Quality Ontario and provide advice on the components of 

a high-quality episode of care for HF patients presenting to an acute care hospital. However, the 

statements, conclusions, and views expressed in this report do not necessarily represent the views of 

Expert Advisory Panel members. 

Data Presentation and Statistical Analysis 

The results of the eligible RCTs are presented as shown in the original publications. Dichotomous 

variables are presented as absolute numbers and percentages, continuous variables as mean or median, 

and the measure of spread as provided in the publication.  

Quality of Evidence 

The quality of individual RCTs was assessed for allocation concealment, blinding of participants and 

physicians and outcome assessment, attrition (withdrawals and losses to follow-up), and use of the 

intention-to-treat (ITT) principle in the analysis. (6) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (7) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology.  

Study design was the first consideration; the starting assumption was that RCTs are high quality, whereas 

observational studies are low quality. Five additional factors—risk of bias, inconsistency, indirectness, 

imprecision, and publication bias—were then taken into account. Limitations or serious limitations in 

these areas resulted in downgrading the quality of evidence. Finally, 3 factors that may raise the quality 

of evidence were considered: large magnitude of effect, dose response gradient, and accounting for all 

residual confounding factors. (7) For more detailed information, please refer to the latest series of 

GRADE articles. (7) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to that of the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect 
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Results of Literature Search 

The database search yielded 245 citations published between January 1, 2000, and October 8, 2012 (with 

duplicates removed). Articles were excluded based on information in the title and abstract. The full texts 

of potentially relevant articles were obtained for further assessment.  

One study (RCT) met the inclusion criteria. One other meta-analysis evaluated studies in critically ill 

patients, including HF patients, (8) but its results were presented in critically ill patients as a whole, 

without specific results in HF patients, (8) and for this reason it could not be included in this report. 

However, its reference list was hand-searched to identify any additional potentially relevant studies, and 

1 additional citation (1 RCT) was included, for a total of 2 included citations.  

For each included study, the study design was identified and is summarized below in Table 2, which is a 

modified version of a hierarchy of study design by Goodman. (9) 

Table 2: Body of Evidence Examined According to Study Design 

Study Design Number of Eligible Studies 

RCT Studies

Systematic review of RCTs

Large RCT 1 

Small RCT 1
a
 

Observational Studies

Systematic review of non-RCTs with contemporaneous controls 

Non-RCT with non-contemporaneous controls 

Systematic review of non-RCTs with historical controls 

Non-RCT with historical controls 

Database, registry, or cross-sectional study 

Case series 

Retrospective review, modelling 

Studies presented at an international conference 

Expert opinion 

Total 2 

Abbreviation: RCT, randomized controlled trial. 
a
1 RCT (10) was considered a small RCT, because only the subpopulation of patients with decompensated heart failure was used in this report. 

One RCT, the ESCAPE trial, included patients hospitalized with decompensated HF. (11) The other RCT 

(PAC-Man), identified through the meta-analysis, consisted of an evaluation in patients hospitalized in 

intensive care units, but results were presented separately for patients with decompensated HF. (10)  
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Study Design and Characteristics 

The ESCAPE trial (11) was designed to examine whether the increased precision of hemodynamic 

assessment with PACs would result in improved outcomes compared to clinical assessment alone in 

patients admitted to hospital with decompensated HF with New York Heart Association (NYHA) class 

IV symptoms. The ESCAPE trial (11) was stopped prematurely after 433 out of 500 patients were 

included, as recommended by the data and the safety monitoring board, because of concerns about early 

adverse events and the low likelihood that a significant difference in the primary endpoint would be 

reached with PACs.  

The PAC-Man trial (10) included patients admitted to intensive care and identified by the treating 

physician as someone who should be managed using a PAC, 111 of whom had decompensated HF. The 

sample size was revised during the study when it was observed that patients with higher severity were 

being included. (10) The study compared the impact of PACs vs. clinical management on hospital 

mortality. (10) The PAC-Man trial (10) did not specifically mention that patients who required PACs 

were excluded from the trial; however, 110 out of 1,263 eligible patients were excluded due to lack of 

equipoise as judged by the treating physician.  

The risk of bias assessment was low, therefore the quality of each RCT was deemed moderate (Appendix 

2). Details of the design and characteristics of the included studies are presented in Table 3. 
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Table 3: Study Design and Characteristics 

Author, Year, 
N, Follow-up 

Study Population 
Interventions, 

Co-interventions
Study Design Analysis Outcomes 

Binanay et al., 
2005 (ESCAPE) 
(11)  

N = 433  
(PAC 215,  
clinical 
assessment 218) 

Follow-up: 6 
months 

Patients hospitalized 
with decompensated 
HF, NYHA class IV 
symptoms (≥ 1 HF 
admission in 
previous 12 months, 
LVEF < 30%) 

Patients in acute 
decompensation 
likely requiring PAC 
in the 24 hours 
following 
randomization were 
excluded 

Interventions 

 PAC + clinical 
assessment 

 Clinical assessment 
only  

Co-interventions in 
both groups 

 Medications 
recommended in 
guidelines for 
advanced HF

a
 

 Any standard 
therapy for HF 

 RCT  

 Unblinded 

 Crossover 
allowed

b
 

 ITT 

 Cox 
proportional 
hazards

c
 

Primary 

 Number of days 
alive and out of 
hospital during 
follow-up 

Secondary 

 Time to 
hospitalization or 
death  

 Time to death 

 Mortality 

 Physiologic 
parameters

d
  

 6-minute walk test 

 Quality of life 

 Resource use and 
cost 

Harvey et al., 
2005 (PAC-Man) 
(10) 

Acute 
decompensated 
HF subpopulation: 

N = 111  
(PAC 55,  
control 56) 

Entire study:  
N = 1,014  
(PAC 506,  
control 508) 

Follow-up: 
duration of 
hospital stay 

Patients admitted to 
adult intensive care; 
patients who should 
be managed with 
PAC  

Interventions 

 PAC + clinical 
management 

 Clinical 
management only 

Co-interventions in 
both groups 

Alternative less 
invasive monitoring 
devices allowed

e
 

 RCT 
stratified by 
the use of 
monitoring 
devices and 
concomitant 
conditions 

 Unblinded 

 Crossover 
allowed 

 ITT 

 Cox 
proportional 
hazards 

Decompensated 
heart failure 
subgroup 

Primary 

 Hospital mortality  

Abbreviations: HF, heart failure; ITT, intention to treat; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PAC, pulmonary 
artery catheter; RCT, randomized controlled trial. 
a
Investigators were encouraged to primarily use diuretics and vasodilators and to avoid the use of inotropics for routine management. Nesiritide 

became available during the trial, so no specific recommendation on the use of this drug was provided during the study. The authors set the goal of 
reducing left ventricular filling pressures to reach a pulmonary capillary wedge pressure of ≤ 15 mm Hg and a right atrial pressure of ≤ 8 mm Hg. They 
were also encouraged to reduce systemic vascular resistance to normal levels without resulting in symptomatic hypotension. In the clinical assessment 
arm, medication doses were adjusted until resolution of both the symptoms and signs of congestion. (11) In both PAC and clinical assessment groups, 
medications were adjusted to reach the following goals: absence of physical signs indicating elevated intracardiac filling pressures, evidence of 
adequate peripheral perfusion, and serum creatinine ≤ 3.0 mg/dL. (3) Additionally, therapy may also have been adjusted in case of evidence of 
postural hypotension. (3)  
b
Progressive hemodynamic decompensation leading to the need for high-dose inotropic or mechanical support; inability to wean from intravenous 

inotropic agents; progressive, oliguric renal insufficiency; refractory symptomatic hypotension; worsening pulmonary edema; and diagnostic uncertainty 
about the primary process causing the decompensation. 
c
Two analyses performed, 1 censoring patients who undergo cardiac transplantation as having reached the endpoint of death on the day of 

transplantation, and a second analysis not censoring these patients. 
d
Changes in mitral regurgitation, natriuretic peptide levels, and peak oxygen consumption. 

e
Each study centre could decide a priori to use alternative less invasive cardiac output monitoring devices in both treatment groups. 
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Study Results 

In the ESCAPE trial, (11) PACs were used for a median of 1.9 days; the reason for their use was 

adjustment of therapy in approximately 92% of patients. In the PAC-Man trial, (10) the first PAC was 

used for a median of 2 (interquartile range [IQR] 1–3) days, and the total number of days of PAC use was 

3 (IQR 2–4). In more than 80% of patients included in the PAC-Man trial, (10) PACs were used to guide 

vasoactive drug treatment. Less invasive cardiac output monitoring devices were used in 79% of patients 

in each study group (n = 401 in each group). In the PAC-Man trial, (10) information specific to 

decompensated HF patients was not available.  

No differences in main outcomes were observed between the study groups in the 2 RCTs identified 

(Tables 4 and 5).  

In the ESCAPE trial, (11) the most common complication was PAC-related infections, the number of 

which was statistically significantly higher in the PAC group. The statistical significance of other 

complications was not provided. (11) Complications were reported in the PAC-Man (10) patient 

population as a whole; no rates specific to HF patients were provided.  

Due to differences in outcomes studied and follow-up time between the 2 RCTs, their results were not 

pooled. Moreover, the mortality rates in both the PAC and control arms were remarkably different 

between the 2 RCTs, raising concerns that the patient populations in both trials were different, and 

corroborating the decision not to pool the study results. 

Table 4: ESCAPE Study Results 

Baseline 
Characteristics

Treatment 
Withdrawal, 
Losses to 

Follow-up, n 
(%) 

Mean 
Number of 
Days Alive 
and Out of 
Hospital at 
6 Months 

Mortality in 
Hospital + 
30 days,  

n (%) 

Mortality 
at 6 

Months,  
n (%) 

PAC-Related 
Complications, n (%) 

Mean age, years 
(SD): PAC 56 
(14), control 56 
(14)  

Male, n (%): PAC 
159 (74), control 
161 (74) 

Ischemic etiology,
n (%): PAC 110 
(51), control 105 
(49) 

Mean EF (SD): 
PAC 0.19 (0.07), 
control 0.20 (0.06) 

Withdrawals: 
PAC 4 (1.9), 
control 2 (0.9) 

Losses to follow-
up: PAC 5 (2.3), 
control 9 (4.1) 

Cross-over: 
21/218 (9.6) to 
PAC 

Allocated 
treatment not 
received: PAC 
17/215 (7.9) 

PAC: 133 

Control: 135

HR: 1.00 
(95% CI 
0.82, 1.21) 

P = 0.99 

PAC: 10 
(4.7) 

Control: 11 
(5.0) 

OR: 0.97 
(95% CI 
0.38, 2.22) 

P = 0.97 

PAC: 43 
(20) 

Control: 
38 (17.4) 

OR: 1.26 
(95% CI 
0.78, 
2.03) 

P = 0.35 

Number of patients with 
PAC-related complications: 
10 (4.6)

a
 

PAC-related deaths: 0  

PAC-related infections: 4 
(1.9) vs. 0, P = 0.03 

Bleeding: 2 (0.9%) 

Catheter knotting: 2 (0.9) 

Pulmonary 
infarction/hemorrhage: 2 
(0.9) 

Ventricular tachycardia: 1 
(0.5) 

Abbreviations: CI, confidence interval; EF, ejection fraction; HR, hazard ratio; OR, odds ratio; PAC, pulmonary artery catheter; SD, standard deviation. 
a
Includes 1 patient assigned to the clinical assessment group who later received a PAC. 
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Table 5: PAC-Man Study Results  

Baseline 
Characteristics 
(Entire Study 
Population) 

Treatment Withdrawal, 
Losses to Follow-up, n (%) 
(Entire Study Population) 

Hospital 
Mortality 

(Decompensated 
HF), n (%) 

PAC-Related Complications,  
n (%)  (Entire Study Population) 

Mean age, years (SD): 
PAC 64.7 (14.3), 
control 65.3 (13.1)  

Male, n (%): PAC 287 
(57), control 304 (60) 

Decompensated HF, n 
(%): PAC 55 (11), 
control 56 (11) 

Withdrawals: PAC 13/486 
(2.7), control 14/498 (2.8) 

(due to patient or relative 
decision) 

Cross-over: 24/522 (4.6) to 
PAC group due to loss of 
equipoise in 23/24 cases, 
staff error in 1 case 

Allocated treatment not 
received: PAC 34 (6.6) — 
unsuccessful insertion (n = 
14), change in clinical 
condition (n = 14), safety 
concerns (n = 6) 

PAC: 39 (71) 
Control: 35 (63) 

HR: 1.07  
(95% CI 0.68, 
1.69) 

Number of patients with PAC-
related complications: 46/486 
(9.5) 

Hematoma at site of insertion:  
17 (4) 

Arrhythmias requiring treatment 
within 1 hour of insertion: 16 (3);  
1 cardiac arrest 

Pneumothorax: 2 (0.4) 

Hemothorax: 1 (0.2) 

Retrieval of lost insertion 
guidewires from the femoral vein 
and inferior vena cava: 2 (0.4) 

Abbreviations: CI, confidence interval; HF, heart failure; HR, hazard ratio; PAC, pulmonary artery catheter; RCT, randomized controlled trial; SD, 
standard deviation. 

According to the authors of the ESCAPE trial, (11) considering that the PACs are a diagnostic tool, the 

fact that there was no defined strategy to respond to the hemodynamic information derived from the 

PACs was a limitation of the study.  

The GRADE quality of evidence was considered moderate (Appendix 2). 
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Conclusions 

The RCTs identified in patients hospitalized with HF did not show a statistically significant mortality 

benefit with the use of PACs compared to clinical assessment. A higher rate of infections associated with 

the PAC compared to clinical assessment was reported in 1 RCT. Other complications associated with 

PACs were reported, but their rates were not compared to a control group. The RCT excluded patients 

who were likely to require PACs within 24 hours following randomization, possibly affecting the 

generalizability of the results. This is based on moderate quality evidence. 
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Existing Guidelines for Technology 

The recommendations regarding the use of PACs in patients with HF from Canadian, American, and 

European HF guidelines are summarized below. 

Recommendations on the Use of PACs in Patients with HF from HF Guidelines 

Guideline Statements 

Canadian Cardiovascular Society (1) An arterial line with or without pulmonary artery catheterization is 
recommended if there is evidence of very low cardiac output and poor 
tissue perfusion (level of evidence B, class I recommendation)

a
 

American College of Cardiology 
Foundation/American Heart 
Association (12)  

Invasive monitoring should be performed to guide therapy in patients who 
are in respiratory distress or with clinical evidence of impaired perfusion 
in whom the adequacy or excess of intracardiac filling pressures cannot 
be determined from clinical assessment (level of evidence C, class I 
recommendation)

b
 

Invasive hemodynamic monitoring can be useful for carefully selected 
patients with acute HF who have persistent symptoms despite empiric 
adjustment of standard therapies and: 

 whose fluid status, perfusion, or systemic or pulmonary vascular 
resistances are uncertain 

 whose systolic blood pressure remains low, or is associated with 
symptoms, despite initial therapy 

 whose renal function is worsening with therapy 

 who require parenteral vasoactive agents  

 who may need consideration for advanced device therapy or 
transplantation 

(level of evidence C, class IIa recommendation)
b
 

European Society of Cardiology (13) The insertion of PACs for the diagnosis of acute HF is usually 
unnecessary 

PACs can be useful to distinguish between a cardiogenic and non-
cardiogenic mechanism in complex patients with concurrent cardiac and 
pulmonary disease, especially when echo/Doppler measurements are 
difficult to obtain 

PACs may be useful in hemodynamically unstable patients who are not 
responding as expected to traditional treatments 

(level of evidence: C, class IIa recommendation)
c
 

Abbreviations: HF, heart failure; PAC, pulmonary artery catheter.  
a
Class I: evidence or general agreement that a given procedure or treatment is beneficial, useful and effective. Level B: data derived from a single 

randomized trial or nonrandomized studies.  
b
Level C: very limited populations evaluated; only consensus opinion of experts, case studies or standard of care. Class IIa: recommendation in favour 

of treatment or procedure being useful/effective; only diverging expert opinion, case studies, or standard of care. Class I: recommendation that 
procedure or treatment is useful/effective; only expert opinion, case studies, or standard of care. 
c
Level C: consensus of opinion of the experts and/or small studies, retrospective studies, registries. Class IIa: weight of evidence is in favour of 

usefulness/efficacy. 
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Appendices

Appendix 1: Literature Search Strategies 

Search date: October 08, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, 
EMBASE; Cochrane Library; CRD 

Limits: 2000-current; English 
Filters: RCTs, guidelines, health technology assessments, systematic reviews, and meta-analyses 

Database: Ovid MEDLINE(R) <1946 to September Week 4 2012>, Ovid MEDLINE(R) In-Process & Other 
Non-Indexed Citations <October 05, 2012>, Embase <1980 to 2012 Week 40> 
Search Strategy: 

# Searches Results

1 exp Heart Failure/ 326098 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand 
still or ((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 

257301 

3 or/1-2 415834 

4 Catheterization, Swan-Ganz/ use mesz 2045 

5 Swan Ganz Catheter/ use emez 2010 

6 (Artery Catheterization/ or Artery Catheter/) and Pulmonary Artery/ 1022 

7 Pulmonary Artery Catheter/ use emez 1097 

8 (pulmonary artery adj (catheter? or catheteriz* or catheteris*)).ti,ab. 6457 

9 (Swan-Ganz adj (catheter? or catheteriz* or catheteris*)).ti,ab. 3649 

10 or/4-9 12296 

11 *Monitoring, Physiologic/ use mesz 16710 

12 *Monitoring/ use emez 16413 

13 *Hemodynamic Monitoring/ use emez 2415 

14 (invasive adj2 monitoring).ti. 1060 

15 or/11-14 36238 

16 3 and (10 or 15) 2549  

17 limit 16 to (controlled clinical trial or randomized controlled trial) 203 

18 exp Random Allocation/ use mesz 76053 

19 exp Double-Blind Method/ use mesz 117569 

20 exp Control Groups/ use mesz 1375 

21 exp Placebos/ use mesz 31433 

22 Randomized Controlled Trial/ use emez 330404 

23 exp Randomization/ use emez 59626 

24 exp Random Sample/ use emez 4218 

25 Double Blind Procedure/ use emez 111270 

26 exp Triple Blind Procedure/ use emez 35 

27 exp Control Group/ use emez 38159 

28 exp Placebo/ use emez 206020 

29 (random* or RCT).ti,ab. 1382124 
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30 (placebo* or sham*).ti,ab. 448065 

31 (control* adj2 clinical trial*).ti,ab. 38323 

32 or/18-31 1916411 

33 3 and (10 or 15) and 32 330 

34 or/17,33 378 

35 limit 34 to english language 326 

36 limit 35 to yr="2000 -Current" 240 

37 exp Practice Guideline/ use emez 278454 

38 exp Professional Standard/ use emez 268791 

39 exp Standard of Care/ use mesz 581 

40 exp Guideline/ use mesz 23104 

41 exp Guidelines as Topic/ use mesz 102275 

42 (guideline* or guidance or consensus statement* or standard or standards).ti. 219138 

43 or/37-42 779183 

44 Meta Analysis.pt. 36882 

45 Meta Analysis/ use emez 66280 

46 Systematic Review/ use emez 53571 

47 exp Technology Assessment, Biomedical/ use mesz 8864 

48 Biomedical Technology Assessment/ use emez 11395 

49
(meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or 
published literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

292102 

50 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3668 

51 or/44-50 351931 

52 3 and (10 or 15) and (43 or 51) 132 

53 limit 52 to english language 120 

54 limit 53 to yr="2000 -Current" 106 

55 36 or 54 316 

56 remove duplicates from 55 245 
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Cochrane Library 

Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4860

#2 ((cardia? or heart) next (decompensation or failure or incompetence or 
insufficiency)) or cardiac stand still or ((coronary or myocardial) next 
(failure or insufficiency)):ti,ab,kw (Word variations have been searched) 

9323

#3 Enter terms for search #1 or #2 9328

#4 MeSH descriptor: [Catheterization, Swan-Ganz] this term only 119

#5 pulmonary artery next (catheter? or catheteriz* or catheteris*):ti,ab,kw or 
Swan-Ganz next (catheter? or catheteriz* or catheteris*):ti,ab,kw (Word 
variations have been searched) 

174

#6 #4 or #5 244

#7 MeSH descriptor: [Monitoring, Physiologic] this term only 1688

#8 invasive near/2 monitoring:ti (Word variations have been searched) 17

#9 #7 or #8 1698

#10 #3 and (#6 or #9) 58 from 
2000 to 
2012 

4 DARE; 2 HTA 

CRD 

Line Search Hits

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES IN DARE,HTA 345

2 
(((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR 
insufficiency)) OR cardiac stand still OR ((coronary OR myocardial) ADJ (failure OR 
insufficiency))):TI IN DARE, HTA FROM 2000 TO 2012 

203

3 #1 OR #2 375

4 MeSH DESCRIPTOR Catheterization, Swan-Ganz IN DARE,HTA 11 

5
(pulmonary artery ADJ (catheter? OR catheteriz* OR catheteris*)):TI OR (Swan-Ganz 
ADJ (catheter? OR catheteriz* OR catheteris*)):TI IN DARE, HTA FROM 2000 TO 2012 

9 

6 #4 OR #5 14 

7 MeSH DESCRIPTOR Monitoring, Physiologic IN DARE,HTA 93

8 (invasive ADJ2 monitoring):TI IN DARE, HTA FROM 2000 TO 2012 3

9 #7 OR #8 95

10 #3 AND #6 0

11 #3 AND #9 7

7=2000 current (2 HTA; 5 DARE)  
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Appendix 2: GRADE Tables 

Table A1: GRADE Evidence Profile for the Comparison of PAC and Clinical Assessment 

No. of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations

Quality 

Mortality (6 months)

1 (RCT) No serious 
limitations 

Not applicable Serious 
limitations (–1)

a
 

No serious 
limitations 

Undetected None ⊕⊕⊕ Moderate 

Device-related complications 

1 (RCT) No serious 
limitations 

Not applicable Serious 
limitations (–1)

a
 

No serious 
limitations 

Undetected None ⊕⊕⊕ Moderate 

Abbreviations: PAC, pulmonary artery catheter; RCT, randomized controlled trial. 
a
Generalizability concern, given that only patients in equipoise were included in the trial. Study stopped early due to safety and efficacy concerns. 

Table A2: Risk of Bias Among Randomized Controlled Trials for the Comparison of PAC and Clinical Assessment
a
 

Author, Year Allocation 
Concealment 

Blinding Complete Accounting 
of Patients and 

Outcome Events
a
 

Selective 
Reporting Bias

a
 

Other Limitations
a
 

Binanay et al., 2005 (11) No limitations
b
 No serious limitations

c
 No limitations

d
 No limitations No serious  limitations

e
 

Harvey et al., 2005 (10) No limitations
b 

No serious limitations
c

No limitations
d
 No limitations No serious limitations

f
 

Abbreviations: PAC, pulmonary artery catheter; RCT, randomized controlled trial. 
a
Mortality and complications. 

b
Central randomization via telephone. 

c
No blinding; however, the objective outcomes used may be less likely to be affected by lack of blinding.

d
Low percentage of losses to follow-up (< 4.2%); intention-to-treat analysis performed. 

e
Study terminated early due to safety concerns and unlikelihood of significant benefit. 

f
Sample size recalculated during the study in order to account for a higher severity of patients included. 
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Disclaimer 

This rapid review is the work of the Division of Evidence Development and Standards at Health Quality Ontario, 
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when available, Ontario data and information provided by experts. As this is a rapid review, it may not reflect all the 

available scientific research and is not intended as an exhaustive analysis. Health Quality Ontario assumes no 

responsibility for omissions or incomplete analysis resulting from its rapid reviews. In addition, it is possible that 

other relevant scientific findings may have been reported since completion of the review. This report is current to the 
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superseded by an updated publication on the same topic. Please check the Health Quality Ontario website for a list 

of all publications: http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations.
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Health Quality Ontario strives to promote health care that is supported by the best available scientific evidence.  
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and publish research that evaluates the effectiveness and cost-effectiveness of health technologies and services in 

Ontario. 

Based on the research conducted by Health Quality Ontario and its partners, the Ontario Health Technology 

Advisory Committee (OHTAC)—a standing advisory subcommittee of the Health Quality Ontario Board—makes 

recommendations about the uptake, diffusion, distribution, or removal of health interventions to Ontario’s Ministry 
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About Health Quality Ontario Publications 
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across relevant government branches; consults with clinical and other external experts and developers of new health 

technologies; and solicits any necessary supplemental information.  

In addition, Health Quality Ontario collects and analyzes information about how a health intervention fits within 

current practice and existing treatment alternatives. Details about the diffusion of the intervention into current health 

care practices in Ontario can add an important dimension to the review. Information concerning the health benefits, 

economic and human resources, and ethical, regulatory, social, and legal issues relating to the intervention may be 

included to assist in making timely and relevant decisions to optimize patient outcomes. 
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http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/rapid-reviews.
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Background 

As legislated in Ontario’s Excellent Care for All Act, Health Quality Ontario’s mandate includes the 

provision of objective, evidence-informed advice about health care funding mechanisms, incentives, 

and opportunities to improve quality and efficiency in the health care system. As part of its Quality-

Based Funding (QBF) initiative, Health Quality Ontario works with multidisciplinary expert panels 

(composed of leading clinicians, scientists, and administrators) to develop evidence-based practice 

recommendations and define episodes of care for selected disease areas or procedures. Health Quality 

Ontario’s recommendations are intended to inform the Ministry of Health and Long-Term Care’s 

Health System Funding Strategy.  

For more information on Health Quality Ontario’s Quality-Based Funding initiative, visit 

www.hqontario.ca.

Objective of Analysis 

The objective of this analysis was to determine the risk of adverse events associated with vasodilators 

used for inhospital management of heart failure. In particular, what is the effect on renal function and risk 

of mortality for patients administered intravenous nitroglycerin or nesiritide in hospital? 

Clinical Need and Target Population 

Symptomatic Decompensation of Heart Failure 

Heart failure (HF) patients who are hospitalized for an acute decompensation may present with symptoms 

such as volume overload, pulmonary congestion, and dyspnoea. (1) Vasodilators, including nitroglycerin 

and nesiritide, may be administered to address volume overload in HF. (2) 

Technique 

Intravenous vasodilators as adjunctive therapy facilitate a number of beneficial hemodynamic effects, 

including: a reduction in pulmonary capillary wedge pressure, reduced myocardial oxygen consumption, a 

decrease in both systemic vascular resistance and ventricular workload, an increase in stroke volume, and 

improved cardiac output overall. (3) Surrogate endpoints have been the focus of studies to date, (4) 

assuming or lacking power to detect clinically relevant outcomes resulting from such physiological 

effects. (5;6) Pooled data from small clinical trials have raised specific concerns, such as deleterious 

effects on renal function and increased risk of mortality. (7;8)  

Nitroglycerin is administered to facilitate prompt relief of pulmonary congestion. (9) As with other 

common pharmaceuticals for HF, despite the role of nitroglycerin as a cornerstone therapy there is a 

shortage of evidence, especially at the level of current regulatory and clinical standards for safety and 

efficacy. (10;11) Nesiritide is a newer vasodilator approved by the Federal Drug Administration in the 

United States in 2001 for relief of dyspnoea in acutely decompensated HF. (12) Nesiritide was 

subsequently granted conditional marketing authorization from Health Canada in 2008, pending 

verification of promising early findings with further data. (13)  

http://www.hqontario.ca
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Rapid Review

Research Question 

What is the effect of intravenous nitroglycerin or nesiritide on renal function and risk of mortality for 

heart failure inpatients? 

Research Methods 

Literature Search 

A literature search was performed on November 1, 2012, using OVID MEDLINE, OVID MEDLINE In-

Process and Other Non-Indexed Citations, OVID EMBASE, EBSCO Cumulative Index to Nursing & 

Allied Health Literature (CINAHL), the Wiley Cochrane Library, and the Centre for Reviews and 

Dissemination database, for studies published from January 1, 2011, until November 1, 2012. The date 

limit for this search was set to reduce the number of citations for feasibility within the rapid review 

timeline, and with consideration to a seminal randomized controlled trial (RCT) on nesiritide published in 

2011. Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, 

full-text articles were obtained. Reference lists were also examined for any additional relevant studies not 

identified through the search.  

Inclusion Criteria  

 English language full-text reports  

 published between January 1, 2011 and November 1, 2012 

 health technology assessments, systematic reviews, and meta-analyses, RCTs and guidelines 

 studies of adult hospital inpatients with heart failure administered intravenous nitroglycerin or 

nesiritide compared to placebo 

Exclusion Criteria 

 observational studies, case reports, editorials 

 studies of vasodilators other than nitroglycerin or nesiritide and/or comparison therapies other 

than placebo 

Outcomes of Interest  

 renal function 

 mortality 

Expert Panel 

In July 2012, an Expert Advisory Panel on Episode of Care for Congestive Heart Failure was struck. 

Members of the panel included physicians, personnel from the Ministry of Health and Long-Term Care, 

and representation from the cardiac care community.  

The role of the Expert Advisory Panel on Congestive Heart Failure Episode of Care was to contextualize 

the evidence produced by HQO and provide advice on the components of a high-quality episode of care 
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for heart failure patients presenting to an acute care hospital. However, the statements, conclusions, and 

views expressed in this report do not necessarily represent the views of Advisory Panel members. 

Quality of Evidence  

The Assessment of Multiple Systematic Reviews (AMSTAR) tool is used to assess the methodological 

quality of systematic reviews. (14) 

The quality of the body of evidence for each outcome was examined according to the GRADE Working 

Group criteria. (15) The overall quality was determined to be very low, low, moderate, or high using a 

step-wise, structural methodology. 

Study design was the first consideration; the starting assumption was that randomized controlled trials are 

high quality, whereas observational studies are low quality. Five additional factors—risk of bias, 

inconsistency, indirectness, imprecision, and publication bias—were then taken into account. Limitations 

in these areas resulted in downgrading the quality of evidence. Finally, 3 main factors that may raise the 

quality of evidence were considered: large magnitude of effect, dose response gradient, and accounting 

for all residual confounding factors. (15) For more detailed information, please refer to the latest series of 

GRADE articles. (15) 

As stated by the GRADE Working Group, the final quality score can be interpreted using the following 

definitions: 

High Very confident that the true effect lies close to the estimate of the effect 

Moderate Moderately confident in the effect estimate—the true effect is likely to be close to the 

estimate of the effect, but there is a possibility that it is substantially different 

Low Confidence in the effect estimate is limited—the true effect may be substantially 

different from the estimate of the effect 

Very Low Very little confidence in the effect estimate—the true effect is likely to be 

substantially different from the estimate of effect  
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Results of Literature Search 

The database search yielded 708 citations published between January 1, 2011, and November 1, 2012 

(with duplicates removed). Articles were excluded based on information in the title and abstract. The full 

texts of potentially relevant articles were obtained for further assessment.  

No systematic reviews, meta-analyses, or health technology assessments were identified which met the 

predetermined inclusion criteria on either nitroglycerin or nesiritide. Thus, in accordance with the HQO 

Evidence Development and Standards Rapid Review Methodology, RCTs were taken as the next level of 

evidence. 

There were no RCTs assessing the safety of nitroglycerin identified. One RCT comparing nesiritide with 

placebo met the inclusion criteria. (16) Two other RCTs were also identified. However, both were 

excluded as the comparator was nitroglycerin and, thus, did not meet the prespecified inclusion criteria. 

An overview of the RCT by O’Connor et al (16) is provided in Table 1. 

Table 1: Overview of Included RCT Assessing the Safety and Effectiveness of Nesiritide for the 
Treatment of Acute Decompensated Heart Failure (ASCEND-HF) 

Author, Year 
Study 

Design 
(Methods) 

Sample Size 
(Intervention/Control) 

Intervention  
(Dose) 

Outcomes 
(Through Day 30) 

O’Connor et al, 
2011 (16) 

RCT 
(398 sites) 

7141 
(3496/3511) 

Nesiritide or Placebo 

(2μg/kg bolus + 
infusion of 0.010 
μg/kg/min for 24h – 7 
days) 

Coprimary clinical outcomes: 
-self-reported dyspnoea at 6h 
and 24h 
-composite of death from any 
cause or rehospitalization for HF 

Secondary clinical outcomes:  
-self-reported well-being at 6h 
and 4h 
-rehospitalization for or death 
from CV causes  
-persistent/worsening HF or 
death from any cause  
-days alive and out of hospital 

Safety outcomes: 
-death from any cause  
-renal impairment 
 -hypotension (symptomatic and 
asymptomatic) 

Abbreviations: CI, confidence intervals; CV, cardiovascular; h, hours; HF, heart failure; RCT, randomized controlled trial.  

Source: O’Connor et al, 2011 (16)  

The Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure (ASCEND-HF) 

trial (16) was purposefully designed to answer outstanding questions regarding effectiveness and safety. 

This international, multicentre, double-blind, randomized trial was conducted between May 2007 and 

August 2010. Adults presenting to the emergency department or admitted to hospital within 24 hours for 

acute decompensated heart failure were eligible for enrollment. Patients were randomized to receive an 

intravenous infusion of either nesiritide or matching placebo in addition to standard therapies as required 

(e.g., diuretics, morphine, and other vasoactive medications).  
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Patients were followed-up with for 30 days after randomization during which time several important 

clinical and safety outcomes were assessed (see Table 1). Among the important safety outcomes were 

death from any cause and renal impairment. Table 2 summarizes the relative risk of 30-day all-cause 

mortality and renal impairment for patients treated with nesiritide compared with placebo. No statistically 

significant differences in rates of death or renal impairment were found between groups. Within the 30-

day period, 126 (3.6%) and 141 (4.0%) deaths occurred in the nesiritide and placebo groups, respectively. 

The occurrence of renal impairment events was 1032 (31.4%) among patients administered nesiritide and 

968 (29.5%) among those who received placebo.  

Table 2: Effect of Nesiritide on Mortality and Renal Dysfunction Compared with Placebo 

Outcome Definition 

Events/Sample Size Effect Estimate 

Risk Ratio
a
 (95% CI) 

P value 

Intervention Control

Mortality Death from any cause 
within 30 days 

126/3490 141/3499 0.90 (0.71–1.13) 0.36

Renal 
impairment 

> 25% decrease in 
glomerular filtration rate 
from study-drug 
initiation through day 
30

b
 

1032/3298 968/3278 1.06 (0.99–1.14) 0.10 

Abbreviations: CI, confidence intervals. 
a
Mantel-Haenszel risk ratio. 

b
Calculated by simplified Modification of Diet in Renal Dysfunction equation.

Source: O’Connor et al, 2011 (16) 

The ASCEND-HF was the largest RCT to date on nesiritide, and was powered adequately to address 

safety questions. However, it was a single study. The pragmatic trial design included a broad range of HF 

patients. This may increase the generalizability of the findings as HF is a highly heterogeneous syndrome 

due to variations in underlying pathophysiology. (12) The study was designed to ascertain rates of death 

or rehospitalization within 30 days based on predicted event rates in the groups of 11% to 14%. However, 

the true event rates were lower and, thus, the study did not reach its intended power of 89% for this 

outcome. (16) Prespecified subgroup analyses by geographical, sociodemographic, and clinical 

characteristics provide support for homogeneity of the findings across several potential subpopulations 

within HF. Given the lack of statistically significant findings despite the large sample size and stringently 

set statistical significance levels, this trial may be considered quite robust. 

Detail on the assessment of the quality of this RCT can be found in the GRADE tables in Appendix 2. 
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Conclusions 

No systematic reviews, meta-analyses, or health technology assessments on the safety and effectiveness 

of nitroglycerin or nesiritide were identified in the literature search. No RCTs were identified evaluating 

the safety of nitroglycerin. 

One large multicentre RCT addressed these questions with regard to nesiritide. (16) No statistically 

significant increase in risk of mortality (GRADE: moderate) or renal dysfunction (GRADE: high) was 

found, compared to placebo.  
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Appendices 

Appendix 1: Literature Search Strategies 
Search date: November 1, 2012 
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexed Citations, EMBASE; Cochrane Library; CRD 

Q: Vasodilators for Heart Failure management 
Limits: 2011-current; English 
Filters: health technology assessments, systematic reviews, meta-analyses, randomized controlled trials and guidelines 

Database: Ovid MEDLINE(R) <1946 to October Week 4 2012>, Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations 
<October 31, 2012>, Embase <1980 to 2012 Week 43> 
Search Strategy: 

Search Strategy:

# Searches Results

1 exp Heart Failure/ 328766 

2
(((cardia? or heart) adj (decompensation or failure or incompetence or insufficiency)) or cardiac stand still or

((coronary or myocardial) adj (failure or insufficiency))).ti,ab. 
259357 

3 or/1-2 418837 

4 Vasodilator Agents/ use mesz 37031 

5 Natriuretic Agents/ use mesz 851 

6 Natriuretic Peptide, Brain/ use mesz 8484 

7 Nitroglycerin/ use mesz 11369 

8 Vasodilator Agent/ use emez 25558 

9 Coronary Vasodilating Agent/ use emez 441 

10 Nesiritide/ use emez 1227 

11 Natriuretic Factor/ use emez 3528 

12 Brain Natriuretic Peptide/ use emez 13952 

13 Glyceryl Trinitrate/ use emez 31492 

14 (vasodilator* or (vasodilat* adj agent*)).ti,ab. 65896 

15 (nesiritide or natrecor or noratak).mp. 1795 

16 nitroglycerin*.mp. 27006 

17 or/4-16 176380 

18 Meta Analysis.pt. 37256 

19 Meta Analysis/ use emez 66797 

20 Systematic Review/ use emez 54209 

21 exp Technology Assessment, Biomedical/ use mesz 8883 

22 Biomedical Technology Assessment/ use emez 11403 

23 (meta analy* or metaanaly* or pooled analysis or (systematic* adj2 review*) or published studies or 294823 
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published literature or medline or embase or data synthesis or data extraction or cochrane).ti,ab. 

24 ((health technolog* or biomedical technolog*) adj2 assess*).ti,ab. 3795 

25 exp Random Allocation/ use mesz 76290 

26 exp Double-Blind Method/ use mesz 117930 

27 exp Control Groups/ use mesz 1380 

28 exp Placebos/ use mesz 31496 

29 Randomized Controlled Trial/ use emez 331618 

30 exp Randomization/ use emez 59833 

31 exp Random Sample/ use emez 4276 

32 Double Blind Procedure/ use emez 111601 

33 exp Triple Blind Procedure/ use emez 35  

34 exp Control Group/ use emez 38869 

35 exp Placebo/ use emez 207241 

36 (random* or RCT).ti,ab. 1390337 

37 (placebo* or sham*).ti,ab. 449991 

38 (control* adj2 clinical trial*).ti,ab. 38520 

39 exp Practice Guideline/ use emez 279866 

40 exp Professional Standard/ use emez 270060 

41 exp Standard of Care/ use mesz 593 

42 exp Guideline/ use mesz 23206 

43 exp Guidelines as Topic/ use mesz 102801 

44 (guideline* or guidance or consensus statement* or standard or standards).ti. 220135 

45 (controlled clinical trial or meta analysis or randomized controlled trial).pt. 458049 

46 or/18-45 2988938 

47 3 and 17 and 46 6378 

48 limit 47 to english language 5751 

49 limit 48 to yr="2011 -Current" 792 

50 remove duplicates from 49 700 
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Cochrane Library 
Line # Terms Results

#1 MeSH descriptor: [Heart Failure] explode all trees 4873

#2 ((cardia? or heart) next (decompensation or failure or incompetence or 

insufficiency)) or cardiac stand still or ((coronary or myocardial) next (failure or 

insufficiency)):ti,ab,kw (Word variations have been searched) 

9337

#3 Enter terms for search #1 or #2 9342

#4 MeSH descriptor: [Vasodilator Agents] this term only 3211

#5 MeSH descriptor: [Natriuretic Agents] this term only 53

#6 MeSH descriptor: [Natriuretic Peptide, Brain] explode all trees 696

#7 MeSH descriptor: [Nitroglycerin] this term only 1619 

#8 vasodilator* or (vasodilat* next agent*):ti,ab,kw or nesiritide or natrecor or noratak 

or nitroglycerin* (Word variations have been searched) 

7134 

#9 #4 or #5 or #6 or #7 or #8 7741 

#10 #3 and #9   from 2011 to 2012 60 

CRD 

Line Search Hits

1 MeSH DESCRIPTOR Heart Failure EXPLODE ALL TREES IN DARE,HTA 345 

2 

((((cardia? OR heart) ADJ (decompensation OR failure OR incompetence OR insufficiency)) OR 

cardiac stand still OR ((coronary OR myocardial) ADJ (failure OR insufficiency)))):TI IN DARE, HTA 

FROM 2008 TO 2012 

118 

3 #1 OR #2 362 

4 MeSH DESCRIPTOR Vasodilator Agents IN DARE,HTA 63

5 MeSH DESCRIPTOR Natriuretic Agents IN DARE,HTA 4

6 MeSH DESCRIPTOR Natriuretic Peptide, Brain EXPLODE ALL TREES IN DARE,HTA 59

7 MeSH DESCRIPTOR Nitroglycerin EXPLODE ALL TREES IN DARE,HTA 16 

8 
(vasodilator* OR (vasodilat* ADJ agent*)):TI OR (nesiritide OR natrecor OR noratak) OR 

(nitroglycerin*) IN DARE, HTA FROM 2008 TO 2012 
31 

9 #4 OR #5 OR #6 OR #7 OR #8 148 

10 #3 AND #9 42 

11 (#10) FROM 2011 TO 2012 6 
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Appendix 2: GRADE Tables 

Table A2-1: GRADE Evidence Profile for Comparison of Nesiritide and Placebo 

No. of 
Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication 
Bias 

Upgrade 
Considerations 

Quality 

Mortality (death from any cause within 30 days) 

1 (RCT) No serious 
limitations

a
 

No serious 
limitations

b
 

No serious 
limitations 

Serious 
limitations  

(-1)
c
 

Undetected
d
 None ⊕⊕⊕ 

Moderate 

Renal Impairment (≥ 25% decrease in glomerular filtration rate from study-drug initiation through day 30) 

1 (RCT) No serious 
limitations

e
 

No serious 
limitations

b
 

No serious 
limitations 

No serious 
limitations 

Undetected
d

None ⊕⊕⊕⊕ 
High 

Abbreviations: No., number; RCT, randomized controlled trial. 
a
Data management activities and analyses were conducted by a consortium of academic research organizations. Fatal events were reviewed and 

categorized by an independent, blinded committee. 
b
Two analysis plans were employed to satisfy regulatory needs of both Europe and the United States and the results from both analyses support the 

same conclusions. 
c
The optimal information size (OIS) criteria was met, however, event rates were much lower than predicted during a priori sample size calculation  (11-

14% predicted vs. 3.6-4% observed). The width of the confidence interval (CI) is relatively narrow, however, the lower limit of the CI indicates a 
potential 29% mortality benefit with nesiritide, which may be appreciable. 
d
Publication bias is nearly impossible to assess with a single study. Despite sponsorship by the pharmaceutical, the publication of such a large RCT 

with null results suggests that publication bias is unlikely.  
e
Presence or absence of renal impairment was calculated using a standardized formula (simplified Modification of Diet in Renal Dysfunction equation). 

Table A2-2: Risk of Bias in the Randomized Controlled Trial Comparing Nesiritide and Placebo 

Author, Year Allocation 
Concealment 

Blinding Complete Accounting of 
Patients and Outcome Events 

Selective 
Reporting Bias 

Other 
Limitations 

O’Connor et al, 
2011 (16) 

No limitations
a 

No limitations
b
 No limitations

c
 No limitations

d
 No limitations 

a
A centralized randomization procedure with a computer-generated randomization schedule was used to assign subject number and treatment code. 

Medication code numbers were preprinted on the study drug labels prior to distribution to sites.  
b
Study drug compounds appeared and were packaged identically with labels containing pertinent clinical information (e.g., directions for use) and 

identifying information (e.g., subject number) but not drug identity. Certain laboratory tests (e.g., serum BNP) were not permitted during the treatment 
phase to prevent breaking the blind of the clinician. Mortality was assessed by an independent, blinded clinical events committee, and renal impairment 
through a standardized formula based on laboratory test results (i.e., serum creatinine). 
C
98% of randomized patients were included in the analysis. Similar numbers withdrew consent from the treatment and placebo groups (16 and 14, 

respectively) and 4 were lost to follow-up in each group.  
d
Results for all prespecified outcomes were reported, including individual components of composite outcomes.  
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