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ABSTRACT
Background: The objective was to systematically review

comparative economic analyses of patient safety

improvements in the acute care setting.

Methods: A systematic review of 15 patient safety

target conditions and six improvement strategies was

conducted. The authors searched the published

literature through Medline (2000eNovember 2011)

using the following search terms for costs: ‘costs and

cost analysis’, ‘cost-effectiveness’, ‘cost’ and ‘financial

management, hospital’. The methodological quality of

potentially relevant studies was appraised using

Cochrane rules of evidence for clinical effectiveness in

quality improvement, and standard economic

methods.

Results: The authors screened 2151 abstracts,

reviewed 212 potentially eligible studies, and identified

five comparative economic analyses that reported

a total of seven comparisons based on at least one

clinical effectiveness study of adequate methodological

quality. Pharmacist-led medication reconciliation to

prevent potential adverse drug events dominated

(lower costs, better safety) a strategy of no

reconciliation. Chlorhexidine for vascular catheter site

care to prevent catheter-related bloodstream infections

dominated a strategy of povidone-iodine for catheter

site care. The Keystone ICU initiative to prevent central

line-associated bloodstream infections was

economically dominant over usual care. Detecting

surgical foreign bodies using standard counting

compared with a strategy of no counting had an

incremental cost of US$1500 (CAN$1676) for each

surgical foreign body detected. Several safety

improvement strategies were less economically

attractive, such as bar-coded sponges for reducing

retained surgical sponges compared with standard

surgical counting, and giving erythropoietin to reduce

transfusion requirements in critically ill patients to

avoid one transfusion-related adverse event.

Conclusions: Five comparative economic analyses were

found that reported a total of seven comparisons

based on at least one effectiveness study of adequate

methodological quality. On the basis of these limited

studies, pharmacist-led medication reconciliation, the

Keystone ICU intervention for central line-associated

bloodstream infections, chlorhexidine for vascular

catheter site care, and standard surgical sponge

counts were economically attractive strategies for

improving patient safety. More comparative economic

analyses of such strategies are needed.

INTRODUCTION

Adverse events have received considerable
public, professional, political and scientific
attention over the past decade. Although
substantial effort has been expended to
develop and implement safety improvements,
there is uncertainty about which improvement
strategies offer the best value.
Comparative economic analyses assess

value by comparing the costs and outcomes
of safety improvement strategies. An
economically dominant improvement
strategy is associated with lower costs and
greater safety. Other improvement strategies
can be associated with greater safety at an
increased cost. In these situations, the addi-
tional money spent for the gain in patient
safety can be calculated, and the cost-effec-
tiveness must be weighed against other
interventions. An economically dominated
strategy is associated with greater costs and
less safety, and should not be adopted.
Comparative economic analyses are

conducted using widely accepted frame-
works.1e4 There are several key consider-
ations in comparative economic analyses.
Evidence of effectiveness is a prerequisite for
any comparative economic analysis. The rules
of evidence for evaluation of patient safety
improvements have been debated,5 but
recent guidelines published by the Cochrane
collaboration for quality improvement
studies balance the need for evaluation with
the reality that randomised controlled trials
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are often impossible or infeasible for safety improve-
ments.5 Second, the choice of economic perspective and
time horizon are major determinants of the resources
and costs measured. A study with an acute care hospital
economic perspective and a short time horizon will focus
on the direct costs of providing hospital care for the
current visit, but will not consider costs of care after
hospital discharge, or societal costs of illness resulting
from lost occupational productivity. A significant
proportion of the cost of adverse events is accrued after
discharge from acute care.6 Third, a comparative cost-
effectiveness analysis measures the value of an interven-
tion compared with an alternative strategy. By contrast,
budget impact analyses focus narrowly on the costs of
developing and implementing an improvement strategy
and extrapolating the population of interest, but do not
consider the downstream costs, outcomes or effectiveness.7 8

Our goal was to conduct a systematic review of
published, comparative economic studies that evaluated
the economic burden of a patient safety intervention in
the acute care hospital setting using accepted method-
ological standards for the conduct of comparative
economic analyses.

METHODS

We chose patient safety targets and improvement strate-
gies for the acute care setting based on previous system-
atic reviews9 and existing national and international
safety initiatives.10 11 The patient safety targets were:
adverse events; adverse drug events; ventilator-associated
pneumonia; nosocomial urinary tract infection; antibi-
otic-resistant organism colonisation; antibiotic-resistant
organism infection; catheter-associated bloodstream
infection; nosocomial Clostridium difficile-associated
disease; surgical site infection; nosocomial pressure
ulcers; wrong site surgery; retained surgical foreign
bodies; contrast-induced nephropathy; nosocomial
venous thromboembolism; and nosocomial fall-related
injuries. We also searched six improvement strategies
(hand hygiene, rapid response teams, bundles, check-
lists, automatic stop orders and bar coding) to ensure
that we obtained all relevant economic literature that
may not be captured through searches based solely on
the patient safety targets.
We sought comparative economic analyses of safety

improvement strategies focused on reducing adverse
events across broad groups of patients,9 rather than
analyses of specific therapeutic approaches for narrow
subgroups of patients. For example, we looked for
comparative economic analyses of strategies to identify
patients at risk of contrast-induced nephropathy and to
ensure that such patients received some form of appro-
priate prophylaxis. We excluded analyses of specific

prophylaxis for contrast-induced nephropathy (such as
prophylactic haemofiltration) for narrow patient
subgroups (such as critically ill patients with serum
creatinine concentrations of 265 mmol/l or more
undergoing angiography).12

A systematic review of the Medline database for articles
between 2000 and November 2011 was conducted. The
following search terms for costs were used: ‘costs and
cost analysis’, ‘cost-effectiveness’, ‘cost’ and ‘financial
management, hospital’. One member of the study team
(MK) excluded reviews, editorials and articles with no
costing information in the abstract. Two independent
members of the study team (MK and EE) reviewed the
remaining abstracts and obtained the full publication of
any abstract considered potentially relevant by either
member. We also searched the AHRQ Patient Safety
Network (http://psnet.ahrq.gov) using the term ‘cost’.
Two members of the study team (EE and NM) inde-

pendently appraised each full publication. We excluded
publications that did not analyse an intervention
directed at a patient safety target, were not conducted in
an acute care setting, or were review papers with no
primary data or analysis. We then excluded publications
that did not report any costing methodology, or did not
provide an incremental economic analysis. We then
excluded publications that that did not report, or cite,
adequate evidence of effectiveness based on the
Cochrane collaboration guidelines for quality improve-
ment effectiveness studies: randomised control studies,
controlled clinical trials, controlled before-and-after
studies, and interrupted time series.5 Finally we excluded
any remaining analyses that focused on specific
therapeutic strategies in narrow patient subgroups.
We used the Drummond Checklist3 to evaluate the

quality of the comparative economic analyses. The
Drummond Checklist rates 35 parameters as present
(yes), absent (no), not clear and not applicable. A total
score of 35 ‘yes’ ratings indicates that a study contains all
the content required for a good economic evaluation.
Two independent reviewers (EE and NM) evaluated each
manuscript for quality. If the scores were within five
points, then the higher of the two scores was taken.
Discrepancies between reviews of five or more points
were discussed and resolved. We had no difficulty
resolving these discrepancies and achieving consensus.
We also made some standard assumptions to facilitate
our review. For example, most studies took a short-term
acute care hospital perspective, so discounting was not
relevant.3

We report all cost data using the original currency
reported in the manuscript as well as 2010 US dollars for
comparative purposes. Each cost was first converted into
US dollars of the same year as indicated in the publica-
tion using the Bank of Canada currency converter.13
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Then, each converted cost was inflated to 2010 US
dollars using the USA Department of Labor Bureau of
Labor Statistics inflation calculator.14

RESULTS

Our initial search yielded 2151 citations, of which 212
were considered potentially relevant. We reviewed these
212 full manuscripts, and identified five comparative
economic analyses that met our inclusion criteria
(figure 1). We excluded the remaining 207 articles for
the following reasons: they did not study an intervention
directed at a patient safety target (n¼5), were review
papers with no primary data or analysis (n¼6), were not
conducted in an acute care setting (n¼8), did not report
any costing methodology (n¼101), or did not report a
comparative economic analysis (n¼66). We then
excluded 19 publications that did not report, or cite,
adequate evidence of effectiveness based on the
Cochrane collaboration guidelines for quality improve-
ment effectiveness studies.5 Of these 13 exclusions, the
effectiveness data described or cited were uncontrolled
observational cohort studies (n¼8),15e22 hypothetical
evidence without clinical evidence (n¼6),23e28 or
uncontrolled beforeeafter studies (n¼4).29e33 Finally,
we excluded two comparative economic analyses of
specific strategies for reducing contrast-induced
nephropathy because of narrow patient subgroups.12 34

The methodological characteristics of the five studies
included are outlined in table 1. Full details of each
study can be found in online appendix 1.

Individual comparative economic analyses involving patient
safety targets
The five studies reported a total of seven comparisons
that were based on adequate effectiveness data.

Adverse drug events

One comparative analysis studied the impact of various
strategies for reducing potential adverse drug events.35

The methodological feature score was 27/35. Pharma-
cist-led medication reconciliation was the only strategy
with adequate effectiveness data, based on one rando-
mised trial and several non-randomised controlled
trials.40e44 Pharmacist-led medication reconciliation
dominated over a strategy of no reconciliation.35 The
main limitation of this analysis was the assumption
that reducing potential adverse drug events leads to
a reduction in actual adverse drug events.

Transfusion-related adverse events in critically ill patients

One analysis compared the strategy of adding erythro-
poietin to reduce transfusion-related adverse events to
standard care in critically ill patients.36 The methodo-

logical feature score was 28/35. Effectiveness data were
derived from a randomised clinical trial, where
outcomes were measured as units of recombinant
human erythropoietin needed to reduce allogeneic
blood transfusions.45 The strategy of giving erythropoi-
etin had an incremental cost of US$4 700 000 (CAN
$6 816 309) to avoid one transfusion-related adverse
event.36

Vascular catheter-associated bloodstream infection

One analysis compared chlorhexidine gluconate and
povidone-iodine for catheter site care, with an outcome
of catheter-related bloodstream infections in a Thailand
hospital.38 The methodological feature score was 25/35.
The effectiveness data came from a meta-analysis based
on several randomised controlled trials.46 Chlorhexidine
gluconate was a dominant strategy over povidone-iodine
in both central-line catheter and peripheral-line catheter
sites, showing a cost saving of 304.49 baht (CAN$9.98)
per central line catheter and 13.56 baht (CAN$0.45) per
peripheral catheter, with fewer infections.38 A similar
analysis published 3 years earlier yielded a similar result;
chlorhexidine was a dominant strategy, showing a cost
saving of US$113 (CAN$209) per catheter used, and
fewer infections.47

Figure 1 Results of screening and exclusion process.
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Table 1 Methodological characteristics of studies of economically attractive safety improvements in acute care (N¼5)

Methodological
feature

Karnon
et al35

Shermock
et al36

Regenbogen
et al37

Maenthaisong
et al38

Waters
et al39

Patient safety target (total
methodological feature
score out of 35)

Adverse
events

Adverse
events

Foreign body
(24 out of 35)

Nosocomial
infection

Nosocomial
infection

1. The research question
is stated

Y Y Y Y Y

2. The economic importance
of the research question is
stated

Y Y Y Y Y

3. The viewpoint(s) of the
analysis are clearly stated
and justified

Y Y Y Y Y

4. The form of economic
evaluation used is stated

Y Y Y Y Y

5. Alternatives being
compared are clearly
described

Y Y Y Y Y

6. Form of economic
evaluation used is stated

Y Y Y Y Y

7. The choice of form of
economic evaluation is
justified in relation to the
questions addressed

Y Y Y Y Y

8. The sources of
effectiveness estimates
used are stated

Y Y Y Y Y

9. Details of the design
and results of effectiveness
study are given (if based
on a single study)

Y Y Y N Y

10. Details of the method
of synthesis or meta-analysis
of estimates are given (if
based on an overview
of a number of
effectiveness studies)

N Y N Y N

11. The primary outcome
measure(s) for the economic
evaluation are clearly stated

Y Y Y Y Y

12. Methods used to value
health states and other
benefits are stated

Y N N N N

13. Details of the subjects
from whom valuations
were obtained are given

Y N N N N

14. Productivity changes
(if included) are reported
separately

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

15. The relevance of
productivity changes to
the study question is
discussed

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

16. Quantities of resources
are reported separately
from their unit costs

N Y Y Y Y

17. Methods of the estimation
of quantities and unit
costs are described

Y Y Y Y Y

Continued
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One analysis compared a Keystone ICU patient safety
programme in six hospitals. The methodological feature
score was 20/35. The effectiveness data came from an
interrupted time series study.48 The main finding was
that the Keystone ICU patient safety programme had low
development and implementation costs. The interven-
tion cost about US$5404 per case of central line-associ-
ated bloodstream infection averted, and the cost of such
an infection is US$12208 to $56 167. Therefore the
intervention can be considered economically dominant.39

Retained surgical foreign body

One comparative economic analysis was related to
retained surgical foreign bodies.37 This analysis
compared seven strategies: no sponge tracking; standard
counting; universal radiography without counting;
universal radiography with standard counting; selective
mandatory radiography for high-risk operations; bar-
coded sponges; and radiofrequency-tagged sponges. The
methodological feature score was 24/35. The effective-
ness data came from a randomised control study and

Table 1 Continued

Methodological
feature

Karnon
et al35

Shermock
et al36

Regenbogen
et al37

Maenthaisong
et al38

Waters
et al39

18. Currency and price
data are recorded

Y Y N Y Y

19. Details of currency of price
adjustments for inflation or
currency conversion are given

Y N N N Y

20. Details of any model
used are given

Y Y Y Y N

21. The choice of model used
and the key parameters on
which it is based are justified

Y Y Y Y N

22. Time horizon of costs
and benefits is stated

Y Y Y Y Y

23. The discount rate(s)
is stated

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

24. The choice of rate(s)
is justified

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

25. An explanation is given
if costs or benefits are not
discounted

N Y Y N N

26. Details of statistical tests
and CIs are given for
stochastic data

N Y Y Y Y

27. The approach to
sensitivity analysis is given

Y Y Y Y N

28. The choice variables for
sensitivity analysis is justified

Y Y Y Y N

29. The ranges over which the
variables are varied are stated

Y Y Y Y N

30. Relevant alternatives are
compared

Y Y Y Y Y

31. Incremental analysis is
reported

Y Y Y Y Y

32. Major outcomes are
presented in a disaggregated
as well as aggregated form*

Y Y Y N N

33. The answer to the study
question is given

Y Y Y Y Y

34. Conclusions follow
from the data reported

Y Y Y Y Y

35. Conclusions are
accompanied by the
appropriate caveats

Y Y Y Y Y

*A disaggregated cost lists each element of a total cost. For example, a disaggregated cost for a surgical site infection could include inpatient

professional costs, outpatient professional costs, medication costs, and per diem hospital bed-day costs.

Y, yes; N, no.
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diagnostic test studies.49e51 Detection of surgical foreign
bodies can be considered a diagnostic test; some of the
evidence for effectiveness came from studies that evalu-
ated the sensitivity and specificity of standard surgical
counting to other detection methods, such as routine
postoperative radiography. Standard counting was
predicted to prevent 82% of retained surgical sponges
with an incremental cost of US$1500 (CAN$1676) for
each surgical foreign body detected, compared with
a strategy of no counting. Bar-coded sponges would
prevent 95% of retained surgical sponges, with an
incremental cost of US$95 000 (CAN$106 132) for each
surgical foreign body detected, compared with a strategy
of standard counting. Selective mandatory radiography
for high-risk operations, universal radiography without
counting, and universal radiography with standard
counting were less effective and more expensive than
bar-coded sponges. The downstream costs of retained
surgical foreign bodies were not included in this study, as
these costs have not been described. If these downstream
costs were included, then standard counting would
probably be the dominant strategy compared with no
counting, and bar-coded sponges would be more
economically attractive.37

We did not identify any eligible comparative economic
analyses for the remaining patient safety targets: venti-
lator-associated pneumonia; nosocomial urinary tract
infection; antibiotic-resistant organism colonisation;
antibiotic-resistant organism infection; nosocomial
C difficile-associated disease; surgical site infection;
nosocomial pressure ulcers; wrong site surgery; nosoco-
mial venous thromboembolism; and nosocomial fall-
related injuries. In addition, there were no comparative
analyses for six improvement strategies (hand hygiene,
rapid response teams, bundles, checklists, automatic
stop orders, and bar coding).

DISCUSSION

We found few good-quality comparative economic anal-
yses of safety improvement strategies in the acute care
setting. We found five analyses that reported a total of
seven comparisons based on adequate effectiveness data.
Among the seven comparisons, pharmacist-led medica-
tion reconciliation to prevent potential adverse drug
events dominated (lower costs, better safety) a strategy of
no reconciliation. Chlorhexidine for vascular catheter
site care to prevent catheter-related bloodstream infec-
tions dominated (lower costs, better safety) a strategy of
povidone-iodine for catheter site care. The Keystone
ICU initiative to prevent central line-associated blood-
stream infections was economically dominant over usual
care. Detecting surgical foreign bodies using standard
counting compared with a strategy of no counting had

an incremental cost of US$1500 (CAN$1676) for each
surgical foreign body detected.37 Several safety
improvement strategies were less economically attractive.
A strategy of bar-coded sponges cost US$95 000 (CAN
$106 132) for each retained surgical sponge prevented
compared with standard surgical counting.37 The
strategy of giving erythropoietin to reduce transfusion
requirements in critically ill patients had an incremental
cost of US$4 700 000 (CAN$6 816 309) to avoid one
transfusion-related adverse event.36

Our results are consistent with previous reviews of the
economics of patient safety in the acute care setting. A
2005 review identified 165 patient safety articles that
included an economic analysis as an objective, but 35%
of these articles provided no economic analysis, and 25%
provided no primary economic data. The remaining
studies had significant gaps in their costing method-
ology, and only 16% conducted sensitivity analyses that
could address these limitations.52 Another review of
economic evaluations of patient safety programmes
identified 40 studies published between 2001 and 2004,
none of which provided sufficient information about
both the cost of the prevention programme and the cost
of the adverse event being targeted.53 A 2005 review of
comparative economic analyses related to bloodstream
infections found that the existing analyses were charac-
terised by low data quality, lack of transparency, short
time horizons, and narrow economic perspectives.54

We did not identify comparative economic analyses for
several high-profile patient safety improvement strate-
gies. Some strategies, such as rapid response teams or
smart infusion pumps, have not been consistently effec-
tive in evaluative studies.55 56 Other improvement strat-
egies have adequate evidence of effectiveness, but have
not been subjected to a full comparative economic
analysis. We did not find any recent comparative
economic analyses on improvement programmes in
venous thromboembolism, although there are several
older analyses showing that some form of prophylaxis is
economically dominant compared with no prophylaxis
in many patient subgroups. We found one recent
comparative economic analysis of implementation of
clinical guidelines for venous thromboembolism
prophylaxis, but this analysis used effectiveness estimates
from a single-site uncontrolled before-and-after study.
The analysis assumed that guideline implementation
would be 100% effective, with no incremental costs
beyond the cost of administering prophylaxis.30 Imple-
menting venous thromboembolism risk assessment and
ensuring adequate prophylaxis for medical and surgical
patients would probably reduce total costs by US$1.9
million (CAN$2.0 million) from the perspective of
a national healthcare system, according to a large budget
impact analysis published by the National Institute for
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Health and Clinical Effectiveness in the UK in 2010. This
was not a comparative economic analysis, because it did
not model the effectiveness of guideline implementa-
tion, and did not consider any incremental costs of
developing, organising, implementing and maintaining
national and local venous thromboembolism prevention
improvement programmes.57

We did not identify an eligible comparative economic
analysis on hand hygiene, although we identified several
analyses with interesting findings. One comparison
found that an alcohol-based hand hygiene product was
cheaper and faster, and yielded better hand hygiene
compliance, than a detergent-based antiseptic.58 Rapid
methicillin-resistant Staphylococcus aureus (MRSA) detec-
tion by PCR was more costly, but not more effective, than
standard culture methods.59 Failure to perform hand
hygiene by a healthcare worker moving between two
patients of unknown MRSA status incurred a mean cost
per non-compliant event of US$1.98 (CAN$2.16) (if
leaving a room with unknown MRSA status) to US$52.53
(if leaving a room of a patient known to be MRSA-
positive).60

Our review found that medication reconciliation by
a clinical pharmacist was a dominant strategy, based on
reductions in potential adverse drug events. We
excluded one comparative analysis61 because it did not
cite effectiveness data of sufficient quality on bar coding
or rounding clinical ward pharmacists. However, such
data exist and could be incorporated into future anal-
yses. One comparative economic analysis of a compu-
terised order entry system was excluded because of lack
of effectiveness data for the hospital’s computerised
physician order entry system.62 When effectiveness data
from other systems were incorporated, the incremental
cost was US$12 700 (CAN$18 704) per adverse drug
event prevented, a moderately attractive healthcare
intervention.62 As expected, this result was sensitive to
the effectiveness and cost of the computerised physician
order entry system, as well as the baseline rate of adverse
drug events at the hospital.
Our findings indicate that greater attention needs to

be paid to the methodological standards for comparative
economic analyses in patient safety, and the safety
community needs to conduct more comparative
economic analyses of safety improvement strategies.
Better knowledge of the economics of patient safety
improvement strategies will inform decisions about
health policy and patient safety research programmes.
Most of the studies we identified considered only the
acute care hospital economic perspective, but the
economic perspective should extend beyond the acute
care hospital, as only 22e66% of the economic burden
of adverse events in acute care are borne by the
acute care hospital.63 64 Economic evaluations should

explicitly consider all costs of improvement strategies
such as development, implementation and maintenance,
as well as economic consequences from multiple
perspectives and time frames. There are additional
nuances to the economics of patient safety that warrant
further attention, such as the impact of patient safety on
staff safety, staff retention, staff absenteeism and patient
(market) retention.
Our review has several important limitations. First, we

focused on studies published between 2000 and
November 2011 and indexed in Medline. We focused
only on the acute care setting, so similar reviews of other
healthcare settings would be valuable. We excluded
studies that lacked adequate effectiveness data, but we
acknowledge that these standards are not necessarily
accepted by all. We did not evaluate the inter-rater reli-
ability of our methodological reviews. Our review
method was designed to yield higher methodological
ratings, as we always took the higher rating of the two
reviewers, yet we still identified a significant lack of
methodological features.

CONCLUSION

We found only five comparative economic analyses that
reported seven comparisons based on at least one
effectiveness study of adequate methodological quality.
On the basis of these limited studies, pharmacist-led
medication reconciliation, chlorhexidine for vascular
catheter site care, and standard surgical sponge counts
were economically attractive patient safety improvement
strategies. In contrast, other interventionsdnamely bar-
coded sponges, radiography and erythropoietin in
transfusiondwere not considered cost-effective strate-
gies. More comparative economic analyses of patient
safety improvement programmes are needed.

Acknowledgements We acknowledge Kaveh Shojania, Peggy Kee, Evelyn
Worthington, William Geerts, Damon Scales and Andrew Simor for their
assistance with this project.

Contributors EE contributed to the conception and design of the study,
analysed and interpreted the data, and was one of the principle writers of the
research article. MK contributed to the concept and design of the study,
collected, analysed and interpreted the data, and contributed to the writing and
editing of the research article. ND contributed to the concept and design of the
analysis, edited and reviewed each draft of the research article. AMc
contributed to the concept and design of the analysis, edited and reviewed
each draft of the research article. MB contributed to the concept of the study
and edited each draft of the research article. AM contributed to the
methodology of the study and participated in editing the research article. MK
contributed to the conception and design of the study and reviewed all drafts
of the research article. NM contributed to the concept and design of the study
and was one of the principle writers of the research article. All authors
approved the final version of the research article.

Funding Unrestricted grant from the Canadian Patient Safety Institute.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

454 BMJ Qual Saf 2012;21:448e456. doi:10.1136/bmjqs-2011-000585

Systematic review

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2011-000585 on 22 A

pril 2012. D
ow

nloaded from
 

http://qualitysafety.bmj.com/


Data sharing statement This research article is a literature review. All data
presented in this article have been previously published.

REFERENCES
1. Mittmann N, Evans WK, Rocchi A, et al. Addendum to CADTH’s

Guidelines for the Economic Evaluation of Health Technologies:
Specific Guidance for Oncology Products. Ottawa: Canadian Agency
for Drugs and Technologies in Health, 2009.

2. Gabriel S, Drummond M, Maetzel A, et al. OMERACT 6 Economics
working group report: a proposal for a reference case for economic
evaluation in rheumatoid arthritis. J Rheumatol 2003;30:886e90.

3. Drummond MF, Jefferson TO. Guidelines for authors and peer
reviewers of economic submissions to the BMJ. The BMJ Economic
Evaluation Working Party. BMJ 1996;313:275e83.

4. Drummond MF, O’Brien B, Stoddart GL, et al. Methods for the
Economic Evaluation of Health Care Programmes. 2nd edn. Oxford,
UK: Oxford Medical Publications, 1997.

5. A Review Group of the Cochrane Collaboration. Cochrane Effective
Practice and Orangization of Care Group: EPOC Resources for
Review Authors. 2011. http://epoc.cochrane.org/epoc-resources-
review-authors

6. Thomas EJ, Studdert DM, Burstin HR, et al. Incidence and types of
adverse events and negligent care in Utah and Colorado. Med Care
2000;38:261e71.

7. Mauskopf JA, Sullivan SD, Annemans L, et al. Principles of Good
Practice for Budget Impact Analysis: Report of the ISPOR Task Force
on Good Research PracticesdBudget Impact Analysis. 2011. http://
www.ispor.org/workpaper/BudgetImpactAnalysis/BIA_TF0906.asp
(accessed 11 Oct 2011).

8. Patented Medicine Prices review Board. Budget Impact Analysis
Guidelines: Pharmaceutical Budget Impact Analyses for Submission
to Public Drug Plans in Canada. 2007. http://www.pmprb-cepmb.gc.
ca/cmfiles/bia-may0738lvv-5282007-5906.pdf (accessed 11 Oct
2011).

9. Shojania KG, Duncan BW, McDonald KM, et al. Making Health
Practices Safer: A Critical Analysis of Patient Safety Practices.
Evidence Report/Technology Assessment No. 43. Rockville, MD:
Agency for Healthcare Research and Quality, 2001. http://www.ahrq.
gov/clinic/ptsafety/

10. National Surgical Quality Improvement Program. Program Specifics:
Data Analysis and Reporting. 2006. http://www.acsnsqip.org/main/
programspecs/program_reporting.jsp

11. World Health Organization. Patient Safety: Implementing Change.
2011. http://www.who.int/patientsafety/implementation/en/

12. Klarenbach SW, Pannu N, Tonelli MA, et al. Cost-effectiveness of
hemofiltration to prevent contrast nephropathy in patients with chronic
kidney disease. Crit Care Med 2006;34:1044e51.

13. Bank of Canada. Daily Currency Converter. 2011. http://www.
bankofcanada.ca/rates/exchange/daily-converter/

14. United States Department of Labor BoLS. CPI Inflation Calculator.
2011. http://www.bls.gov/data/inflation_calculator.htm

15. Haines T, Kuys SS, Morrison G, et al. Cost-effectivness analysis of
screening for risk of in-hospital falls using physiotherapist clinical
judgement. Med Care 2009;47:448e56.

16. Spetz J, Jacobs J, Hatler C. Cost effectiveness of a medical vigilance
system to reduce patient falls. Nurs Econ 2007;25:333e52.

17. De Giorgi I, Fonzo-Christe C, Cingria L, et al. Risk and
pharmacoeconomic analyses of the injectable medication process in
the paediatric and neonatal intensive care units. Int J Qual Health
Care 2010;22:170e8.

18. Plowman R, Graves N, Esquivel J, et al. An economic model to
assess the cost and benefits of the routine use of silver alloy coated
urinary catheters to reduce the risk of urinary tract infections in
catheterized patients. J Hosp Infect 2001;48:33e42.

19. Marchetti A, Jacobs J, Young M, et al. Costs and benefits of an early-
alert surveillance system for hospital inpatients. Curr Med Res Opin
2007;23:9e16.

20. Amin AN, Lin J, Johnson BH, et al. Clinical and economic outcomes
with appropriate or partial prophylaxis. Thromb Res
2010;125:513e17.

21. Chiasson TC, Manns BJ, Stelfox HT. An economic evaluation of
venous thromboembolism prophylaxis strategies in critically ill trauma
patients at risk of bleeding. PLoS Med 2009;6:e1000098.

22. Unruh L, Agrawal M, Hassmiller S. The business case for
transforming care at the bedside among the “TCAB 10” and lessons
learned. Nurs Admin Q 2011;35:97e109.

23. Bradley CT, Brasel KJ, Miller JJ, et al. Cost-effectivness of prolonged
thromboprophylaxis after cancer surgery. Ann Surg Oncol
2010;17:31e9.

24. Cox CE, Carson SS, Biddle AK. Cost-effectiveness of ultrasound in
preventing femoral venous catheter-associated pulmonary embolism.
Am J Respir Crit Care Med 2003;168:1481e7.

25. Nicolaides A, Goldhaber SZ, Maxwell GL, et al. Cost benefit of
intermittent pneumatic compression for venous thromboembolism
prophylaxis in general surgery. Int Angiol 2008;27:500e6.

26. Hubben G, Bootsma M, Luteijin M, et al. Modelling the costs and
effects of selective and universal hospital admission screening for
methicillin-resistant Staphylococcus aureus. PLoS One 2011;6:
e14783.

27. Lee BY, Wettstein ZS, McGlone SM, et al. Economic value of
norovirus outbreak control measures in healthcare settings. Clin
Microbiol Infect 2011;17:640e6.

28. Padula WV, Mishra MK, Makic MB, et al. Improving the quality of
pressure ulcer care with prevention a cost-effectiveness analysis.
Med Care 2011;49:385e92.

29. Echols J, Friedman BC, Mullins RF, et al. Clinical utility and economic
impact of introducing a bowel management system. J Wound Ostomy
Continence Nurs 2007;34:664e70.

30. Ferrando A, Pagano E, Scaglione L, et al. A decision-tree model to
estimate the impact on cost-effectivness of a venous
thromboembolism prophylaxis guideline. Qual Saf Health Care
2009;18:309e13.

31. Dossett LA, Dittus RS, Speroff T, et al. Cost-effectiveness of routine
radiographs after emergent open cavity operations. Surgery
2008;144:317e21.

32. Speroni KG, Lucas J, Dugan L, et al. Comparative effectiveness of
standard endotracheal tubes vs. endotracheal tubes with continuous
subglottic suctioning on ventilator-associated pneumonia rates. Nurs
Econ 2011;29:15e20.

33. Lecumberri R, Panizo E, Gomez-Guiu A, et al. Economic impact of an
electronic alert system to prevent venous thromboembolism in
hospitalised patients. J Thromb Haemost 2011;9:1108e15.

34. Aspelin P, Aubry P, Fransoon SG, et al. Cost-effectiveness of
iodixanol in patients at highrisk of contrast-induced nephropathy. Am
Heart J 2005;149:298e303.

35. Karnon J, Campbell F, Czoski-Murray C. Model-based cost-
effectivness analysis of interventions aimed at preventing medication
error at hospital admission (medicines reconciliation). J Eval Clin
Pract 2009;15:299e306.

36. Shermock KM, Horn E, Lipsett PA, et al. Number needed to treat and
cost of recombinant human erythropoeitin to avoid one transfusion-
related adverse event in critically ill patients. Crit Care Med
2005;33:497e503.

37. Regenbogen SE, Greenberg CC, Resch SC, et al. Prevention
of retained surgical sponges: a decision-analytic model
predicting relative cost-effectiveness. Surgery 2009;145:
527e35.

38. Maenthaisong R, Chaiyakunapruk N, Thamlikitkul V. Cost-
effectiveness analysis of chlorhexidine gluconate compared
with povidone-iodine solution for catheter-site care in Siriraj
hospital, Thailand. J Med Assoc Thai 2006;89(Suppl 5):
S94e101.

39. Waters HR, Korn R Jr, Colantuoni E, et al. The business case for
quality: economic analysis of the Michican Keyston patient safety
program in ICUs. Am J Med Qual 2011;26:333e9.

40. Kwan Y, Fernandes OA, Nagge JJ, et al. Pharmacist Medication
Assessments in a Surgical Preadmission Clinic. Arch Intern Med
2007;167(10):1034e40.

41. Mcfazdean E, Isles C, Moffar J, et al. Is there a role for a prescribing
pharmacist in preventing prescribing errors in the medical admissions
ward? J Pharm 2003;270:896e9.

42. Scarsi KK, Fotis MA, Noskin GA. Pharmacist participation in medical
rounds reduces medication errors. Am J Health-Syst Pharm
2002;59:2089e92.

43. Bates DW, Leape LL, Petrycki S. Incidence and preventability of
adverse drug events in hospitalized adults. J Gen Intern Med
1993;8:289e94.

44. Collins DJ, Nickless GD, Green CF. Medication histories: does
anyone know what medicines a patients should be taking? Int J
Pharm Pract 2004;12:173e8.

45. Corwin HL, Gettinger A, Pearl RG, et al. Efficacy of reconbinant
human erythropoietin in critically ill patients: a randomized controlled
trial. JAMA 2002;288:2827e35.

46. Chaiyakunapruk N, Veenstra DL, Lipsky BA, et al. Chlorhexidine
compared with povidone-iodine solution for vascular catheter-site
care: a meta-analysis. Ann Intern Med 2002;136:792e801.

47. Chaiyakunapruk N, Veenstra DL, Lipsky BA, et al. Vascular catheter
site care: the clinical and economic benefits of chlorhexidine
gluconate compared with povidone iodine. Clin Infect Dis
2003;37:764e71.

BMJ Qual Saf 2012;21:448e456. doi:10.1136/bmjqs-2011-000585 455

Systematic review

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2011-000585 on 22 A

pril 2012. D
ow

nloaded from
 

http://qualitysafety.bmj.com/


48. Pronovost P, Needleman D, Berenholtz S, et al. An intervention to
decrease catheter-related bloodstream infections in the ICU. N Engl J
Med 2006;355:2725e32.

49. Greenberg CC, Diaz-Flores R, Lipsitz SR, et al. Bar-coding surgical
sponges to improve safety: a randomized control trial. Ann Surg
2008;247:612e16.

50. Cima RR, Kollengode A, Garnatz J, et al. Incidence and
characteristics of potential and actual retained foreign object events in
surgical patients. J Am Coll Surg 2008;207:80e7.

51. Revesz G, Siddiqi TS, Buchheit WA, et al. Detection of retained
surgical sponges. Radiology 1983;149:411e13.

52. Schmidek JM, Weeks WB. What do we know about financial returns
on investments in patient safety? A literature review. Jt Comm J Qual
Patient Saf 2005;31:690e9.

53. Fukuda H, Imanaka Y. Assessment of transparency of cost estimates
in economic evaluations of patient safety programmes. J Eval Clin
Pract 2009;15:451e9.

54. Halton K, Graves N. Economic evaluation and
catheter-related bloodstream infections. Emerg Infect Dis
2007;13:815e23.

55. Chan PS, Jain R, Nallmothu BK, et al. Rapid response teams
a systematic review and meta-analysis. Arch Intern Med
2010;170(1):18e26.

56. Rothschild JM, Keohane CA, Cook EF, et al. A controlled trial of
smart infusion pumps to improve medication safety in critically ill
patients. Crit Care Med 2005;33:533e40.

57. National Institute for Clinical Excellence. Venous Thromboembolism:
Reducing the Risk. Costing Report. Implementing NICE Guidance.
NICE Clinical Guideline 92. Revised 2010. 2010. http://guidance.nice.
org.uk/CG92/CostingReport/pdf/English

58. Cimiotti JP, Stone PW, Larson EL. A cost comparison of hand
hygiene regimens. Nurs Econ 2004;22:196e204.

59. Conterno LO, Shymanski J, Ramotar K, et al. Real-time polymerase
chain reaction detection of methicillin-resistant Staphylococcus
aureus: impact on nosocomial transmission and costs. Infect Control
Hosp Epidemiol 2007;28:1134e41.

60. Cummings KL, Anderson DJ, Kaye KS. Hand hygiene noncompliance
and the cost of hospital-acquired methicillin-resistant Staphylococcus
aureus infection. Infect Control Hosp Epidemiol 2010;31:357e64.

61. Karnon J, McIntosh A, Dean J, et al. Modelling the expected net
benefits of interventions to reduce the burden of medication errors.
J Health Serv Res Policy 2008;13:85e91.

62. Wu RC, Laporte A, Ungar WJ. Cost-effectiveness of an electronic
medication ordering and administration system in reduing adverse
drug events. J Eval Clin Pract 2007;13:440e8.

63. Zhan C, Friedman B, Mosso A, et al. Medicare payment for selected
adverse events: building the business case for investing in patient
safety. Health Aff (Millwood) 2006;25:1386e93.

64. Mello MM, Studdert DM, Thomas EJ, et al. Who pays for medical
errors? An analysis of adverse events costs, the medical liabililty
system, and incentives for patient safety improvement. J Empirical
Leg Stud 2011;4:835e60.

PAGE fraction trail=8.5

456 BMJ Qual Saf 2012;21:448e456. doi:10.1136/bmjqs-2011-000585

Systematic review

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2011-000585 on 22 A

pril 2012. D
ow

nloaded from
 

http://qualitysafety.bmj.com/


Appendix 1: Detailed Summary of Systematic Review 
Study, 
Methodologic 
Feature 
Score, 
Funding 

Type of 
Analysis, 
Modelling 
Method 

Effectiveness 
Data Safety 
Improvement 
Strategies 

Cost Data Cohort and 
Time Horizon 
for Analysis 

Main Outcome 
Measures and 
Discounting 

Results of Base 
Case Analysis  

Results: 
Sensitivity 
Analysis 

Limitations 

Adverse Drug Events (ADEs) 

 
Karnon 
2009 [1] 
 
Methodologic 
feature score 
= 27 
 
Funding not 
stated 
 

 
Cost utility 
 
Decision 
analytic model 

 
One randomized 
trial of pharmacist-
led medication 
reconciliation [2], 
non-randomized 
trials [3-6]  
 
Pharmacist-led 
medication 
reconciliation 

 
Case control 
studies [7-9];  
 
Case series 
with 
attributable 
costs [9]  
 

 
Patients at 
risk of 
medication 
error due to 
lack of 
medication 
reconciliation 
 
 

 
Cost per 
Quality 
Adjusted Life 
Year (QALY) 
gained 
 
No discounting 

 
Pharmacist-led 
medication 
reconciliation is a 
dominant strategy 
 
 

 
Pharmacist-led 
medication 
reconciliation 
remained the 
dominant 
strategy as long 
as a value is 
attached to a 
QALY gained  

 
Effectiveness 
based on 
single small 
randomized 
controlled trial; 
no utility 
measures 
available so 
these were 
estimated 

 



 

Study, 
Methodologic 
Feature 
Score, 
Funding 

Type of 
Analysis, 
Modelling 
Method 

Effectiveness 
Data Safety 
Improvement 
Strategies 

Cost Data Cohort and 
Time Horizon 
for Analysis 

Main Outcome 
Measures and 
Discounting 

Results of Base 
Case Analysis  

Results: 
Sensitivity 
Analysis 

Limitations 

Transfusion-related Adverse Events (AE) in critically ill patients 

 
Shermock 
2005 [10] 
 
Drummond 
Checklist 
score = 28 
 
Funding not 
stated 

 
Cost 
effectiveness 
 
Decision 
analytic model 

 
Randomized 
control trial [11]  
 
Use of EPO in 
preventing 
transfusion-related 
AEs 
 

 
Randomized 
control trial 
[11] 

 
Patients at 
risk of 
contracting 
transfusion-
related AEs 
 

 
Cost to avoid 
one 
transfusion-
related AE 
 
No discounting 

 
Incremental cost: 
$4,700,000 to avoid 
one transfusion-
related AE,  
$25,600,000 to 
avoid one serious 
transfusion-related 
AE, and 
$71,800,000 to 
avoid a likely fatal 
transfusion-related 
AE 

 
Results 
withstood 
extensive 
sensitivity 
analysis 
 
 

 
Single 
estimate of 
effectiveness 



 
Study, 
Methodologic 
feature score, 
Funding 

Type of 
Analysis, 
Modelling 
Method 

Effectiveness 
Data Safety 
Improvement 
Strategies 

Cost Data Cohort and Time 
Horizon for 
Analysis 

Main 
Outcome 
Measures 
and 
Discounting 

Results of Base 
Case Analysis  

Results: 
Sensitivity 
Analysis 

Limitations 

Catheter-related bloodstream infections (CRBSI) 

 
Maenthaisong 
2006 [12]  
 
Methodologic 
feature score = 
25 
 
Funded by 
Thailand 
Research Fund 

 
Cost-
effectiveness 
 
Decision 
analytic 
model 

 
Randomized 
control trials 
from a meta-
analysis [13] 

 
Published 
reports from 
national health 
security office 
[14] 

 
Catheterized 
patients at Siriraj 
hospital, 
Thailand, for the 
duration of 
hospitalization 

 
Incidence of 
catheter-
related 
bloodstream 
infections 
(CRBSI) and 
death related 
to CRBSI 
 
No 
discounting 

 
Chlorhexidine 
gluconate showed 
a cost savings of 
304.49 Baht in 
central line catheter 
sites and 13.56 
Baht per catheter in 
peripheral line 
catheter site with a 
1.16% decrease in 
incidence of CRBSI 
and a 0.32% 
decrease in death 
 
 

 
Chlorhexidine 
gluconate 
increased direct 
medical costs by 
3.29 Baht.  
Cost of CRBSI 
was the cost 
driver 
in worst-case 
scenario, but did 
not increase rate 
of CRBSI nor 
death due to 
CRBSI 

 
None listed 



 
Study, 
Methodologic 
feature score, 
Funding 

Type of 
Analysis, 
Modelling 
Method 

Effectiveness 
Data Safety 
Improvement 
Strategies 

Cost Data Cohort and Time 
Horizon for 
Analysis 

Main 
Outcome 
Measures 
and 
Discounting 

Results of Base 
Case Analysis  

Results: 
Sensitivity 
Analysis 

Limitations 

Central Line Associated Blood Stream Infection (CLABSI) 

 
Waters 2011 
[15] 
 
Methodologic 
feature score = 
20 
 
Funded by Blue 
Cross Blue 
Shield of 
Michigan 
through the 
Michigan Health 
and Hospital 
Association 

 
Cost-
effectiveness 
 
Decision 
analytic 
model 

 
Interrupted time 
series [16] 

 
Activity-based 
Costing through 
interviews with 
staff 

 
Patients at risk 
of CLABSIs 
 
Three year time 
horizon 

 
Cases of 
CLABSI 
averted by 
the 
intervention 
for each 
hospital 
 
No 
discounting 

 
Intervention cost 
was about $3,375 
per infection 
averted and 
considered 
economically 
dominant 
 
 

 
If the median 
hospital infection 
rate was used as 
the main 
outcome rather 
than the mean 
then cost per 
infection averted 
is $4,725 

 
Results may 
not be 
generalizable 
outside of 
Michigan and 
did not 
include 
longer term 
health care 
costs 

 



 
Study, 
Methodologic 
feature 
score, 
Funding 

Type of 
Analysis, 
Modelling 
Method 

Effectiveness Data 
Safety Improvement 
Strategies 

Cost Data Cohort and 
Time Horizon 
for Analysis 

Main Outcome 
Measures and 
Discounting 

Results of Base 
Case Analysis  

Results: 
Sensitivity 
Analysis 

Limitations 

Retained Surgical Foreign Bodies 

 
Regenbogen 
2009 [17] 
 
Methodologic 
feature score 
score = 24 
 
Funding not 
stated 

 
Cost 
effectivenes
s analysis 
 
Decision 
analytic 
model 

 
Randomized control 
study of bar coded 
sponges [18] and 
epidemiologic 
studies providing 
estimates of 
sensitivity and 
specificity of 
standard counts 
and universal 
radiography [19,20]  
Comparing 
standard counting 
against alternative 
strategies: universal 
or selective x-ray, 
bar-coded 
sponges (BCS), 
and radiofrequency-
tagged (RF) 
sponges 
 

 
Published 
literature 
[21,22] 
 
OR managers 
at the hospital, 
University of 
California, San 
Francisco 
Medical 
Center, 
and the 
Hospital of the 
University of 
Pennsylvania  

 
Average risk 
of inpatient 
operation from 
published 
literature [18-
20,23]  
 
Duration of 
hospitalization 

 
Retained 
sponges 
incidence and 
cost-
effectiveness 
ratios for each 
strategy  
 
No 
discounting 

 
Standard count 
$1,500 per retained 
sponge averted;  
Bar-coded sponges 
$95,000 per 
retained sponges 
averted; 
Routine 
intraoperational 
radiology over $1 
million per retained 
sponges averted 

 
Results were 
robust over the 
plausible range 
of effectiveness 
assumptions, 
but sensitive to 
cost 

 
Evidence of 
effectiveness 
for some 
comparisons 
within this 
analysis came 
from lower 
quality studies 
such as 
cadaver 
studies.   

 
 
 
 
 



Reference List 
 

 1.  Karnon J, Campbell F, Czoski-Murray C. Model-based cost-effectivness analysis of interventions 

aimed at preventing medication error at hospital admission (medicines reconciliation). J Eval Clin 

Pract 2009; 15: 299-306. 

 2.  Kwan Y, Fernandes O, Nagge J et al. Implementation and a randomized controlled evlauation of 

pharmacists medication assessments in a surgical preadmission clinic. Pharmacotherapy 2005; 

25: 1462. 

 3.  Bates DW, Leape LL, Petrycki S. Incidence and preventability of adverse drug events in 

hospitalized adults. J Gen Intern Med 1993; 8: 289-94. 

 4.  Mcfazdean E, Isles C, Moffar J et al. Is there a role for a prescribing pharmacist in preventing 

prescribing errors in the medical admissions ward? Pharmaceutical Journal 2003; 270: 896-9. 

 5.  Scarsi KK, Fotis MA, Noskin GA. Pharmacist participation in medical rounds reduces medication 

errors. Am J Health-Syst Pharm 2002; 59: 2089-92. 

 6.  Collins DJ, Nickless GD, Green CF. Medication histories: does anyone know what medicines a 

patients should be taking? International Journal of Pharmacy Practice 2004; 12: 173-8. 

 7.  Bates DW, Spell N, Cullen DJ et al. The costs of adverse drug events in hospitalized patients. 

Adverse Drug Events Prevention Study Group 1997; 307-11. 

 8.  Pinilla J, Murillo C, Carrasco F et al. Case-Control analysis of the financial cost of medication 

errors in hospitalized patients. European Journal of Health Economics 2006; 7: 66-71. 



 9.  Classen DC. Adverse drug events in hospitalized patients: excess length of stay, extra costs, 

and attributable mortality. JAMA 1997; 277: 301-6. 

 10.  Shermock KM, Horn E, Lipsett PA et al. Number needed to treat and cost of recombinant human 

erythropoeitin to avoid one transfusion-related adverse event in critically ill patients. Crit Care 

Med 2005; 33: 497-503. 

 11.  Corwin HL, Gettinger A, Pearl RG et al. Efficacy of reconbinant human erythropoietin in critically 

ill patients. JAMA 2002; 288: 2827-35. 

 12.  Maenthaisong R, Chaiyakunapruk N, Thamlikitkul V. Cost-effectiveness analysis of 

chlorhexidine gluconate compared with povidone-iodine solution for catheter-site care in Siriraj 

hospital, Thailand. J Med Assoc Thai 2006; 89: S94-S101. 

 13.  Chaiyakunapruk N, Veenstra DL, Lipsky BA et al. Chlorhexidine compared with povidone-iodine 

solution for vascular catheter-site care: A meta-analysis. Ann Intern Med 2002; 136: 792-801. 

 14.  National Health Secutiry Office.  J Diagnosis Related Group Relative Weight 2002-2003.  182-

188. 2003.  

 15.  Waters HR, Korn R Jr., Colantuoni E et al. The business case for quality: Economic analysis of 

the Michican Keyston patient safety program in ICUs. Am J Med Qual 2011; 26: 333-9. 

 16.  Pronovost P, Needleman J, Berenholtz SM et al. An intervention to reduce catheter-related 

bloodstream infections in the ICU. N Engl J Med 2006; 355: 2725-32. 



 17.  Regenbogen SE, Greenberg CC, Resch SC et al. Prevention of retained surgical sponges: A 

decision-analytic model predicting relative cost-effectiveness. Surgery 2009; 145: 527-35. 

 18.  Greenberg CC, Diaz-Flores R, Lipsitz SR et al. Bar-coding surgical sponges to improve safety: A 

randomized control trial. Ann Surg 2008; 247: 612-6. 

 19.  Cima RR, Kollengode A, Garnatz J et al. Incidence and characteristics of potential and actual 

retained foreign object events in surgical patients. J Am Coll Surg 2008; 207: 80-7. 

 20.  Revesz G, Siddiqi TS, Buchheit WA et al. Detection of retained surgical sponges. Radiology 

1983; 149: 411-3. 

 21.  Gawande AA, Studdert DM, Orav EJ et al. Risk factors for retained instruments and sponges 

after surgery. N Engl J Med 2003; 348: 229-35. 

 22.  Egorova NN, Moskowits A, Gelijins A et al. Managing the prevention of retained surgical 

instruments. What is the value of counting? Ann Surg 2008; 247: 13-8. 

 23.  Forgue E, Aimes A. Les "Pieges" de la Chirurgie, Paris: Masson et Cie, 1939. 

 

 


