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ABSTRACT

Purpose: To examine the validity of the relationship between three time-dependent 

process measures and mortality for myocardial infarction, hip fracture, and pneumonia.

Data sources: Literature search of PubMed, Embase, and the Cochrane review database.

Study selection: Empirical studies in the English language published since 1995 

examining the direct relationship between time-to-reperfusion, time-to-first antibiotic 

dose, time-to-surgery, and mortality among myocardial infarction, pneumonia and hip 

fracture patients respectively.

Results of data synthesis: More than 90% of the 12 studies observed an association 

between time-to-reperfusion and mortality among ST-elevated myocardial infarction 

patients. About half of the 28 studies observed an inverse association between time-to-

surgery and mortality among hip fracture patients. One-third of the nine studies observed 

an association between time-to-first antibiotic dose and mortality among community 

acquired pneumonia patients.   

Conclusions: For myocardial infarction, the relationship between time-to-reperfusion and 

mortality appears to be well established, but the specific patient population it applies to 

is unclear. The relationship between time-to-surgery and mortality is mixed and questions 

remain as to which populations it applies. The time limits set for time-to-first antibiotic 

dose among pneumonia patients do not appear to produce a valid quality indicator. 

The functional nature of these indicators has not been clearly defined. More research is 

needed before they should be widely used in policy programs like pay-for-performance.  
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INTRODUCTION

Risk adjusted mortality rates vary between healthcare institutions. This variation is 

attributed to differences in the quality of care they provide to their patients. Performance 

reporting programs routinely measure the quality of care and publish comparisons of 

hospitals and in some cases individual physicians. These programs use performance 

indicators derived predominantly from clinical practice guidelines and the structure-

process-outcome model created by Donabedian as an approach to performance 

measurement.1,2 As the cost of healthcare continues to rise, there is a policy shift towards 

increasing transparency in performance in public reporting, and linking performance to 

reimbursement in pay-for-performance (P4P) initiatives.3-5 This shift requires high quality 

performance information to support it.6

 The structure-process-outcome model is based on the assumption that there 

are relationships between the three measures.2 Structure refers to the organizational 

attributes, process reflects what is done to the patient, and outcome the intermediate 

or final result of the care provided. If correctly specified these relationships will describe 

the appropriate environment to provide appropriate care at the right time. Structure, 

process, and outcome measures are used to encapsulate the quality of care provided 

by healthcare institutions. It is because of these presumed relationships that these 

measures are used to encapsulate the quality of care provided by healthcare institutions. 

As performance information is more widely disseminated, it is imperative that clear and 

consistent links between measures and desired outcomes are empirically established. 

In addition, the limitations of the indicators should be acknowledged in order to avoid 

drawing erroneous conclusions about performance. 

The extent to which process measures have been linked to outcomes in systematic, 

empirical research is questionable. Yet they have been used for a variety of quality 

improvement programs. This paper reviews studies that examine the empirical relationship 

between clinical process indicators and mortality among hospitalized patients in the 

acute phase of treatment. Pneumonia and acute myocardial infarction are prominent 

conditions for which a core set of indicators have been defined. We have included a 

surgical condition, hip fracture. An initial mapping of the literature identified them as 

among the most commonly studied conditions. In the acute phase of care, timeliness is 

an important aspect and time limits have been incorporated into clinical guidelines and 

performance frameworks. We focused on three time-related guideline-based process 

indicators used to reflect the quality of care for these conditions. The indicators and 

conditions we selected are prominent in healthcare quality research. The goal of this 

review is not to reassess the evidence on which expert panels based their decisions when 

formulating guidelines, but to weigh the recent evidence of an association between these 

process measures and mortality. Where the evidence is mixed, we look for reasons that 

might explain the pattern. To do so we compare how these studies have operationalized 
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the indicators, and assess the populations in which they have been studied. We also 

look at the effect the findings may have on the application of the indicator in pay-for-

performance and public reporting initiatives.

METHODS

Performance indicators

The three performance indicators selected were: 

Time-to-reperfusion for patients with ST-elevated myocardial infarction (STEMI)
This was defined as the time from patient contact with the healthcare system until 

initiation of fibrinolytic therapy (door-to-needle time), or percutaneous coronary 

intervention (door-to-balloon time).  The recommended time is within 30 minutes for 

door-to-needle time, and within 90 minutes for door-to-balloon time. In the 2009 

guideline update the America College of Cardiology/American Heart Association 

graded the evidence supporting this as level B (data derived from a single randomized 

trial, or nonrandomized trials).7 It is included as a part of Medicare’s Hospital Compare, 

and the Hospital Quality Alliance and Joint Commission acute myocardial infarction 

(AMI) performance measures.8 

Time-to-surgery for patients with a hip fracture
This was defined as the time from hospital admission until surgery. The recommended 

time limit is within 48 hours. It is used as an indicator of the quality of surgical 

care by the Organization for Economic Cooperation and Development (OECD) and 

in countries such as the Netherlands, Australia, and Canada.9 In an examination of 

quality indicators for hip surgery, RAND cited studies recommending surgery within 

24 – 48 hours.10 The National Institute for Clinical Excellence (NICE) in England is 

currently developing a guideline for the management of hip fracture patients for 

which this measure is being considered.11 The Scottish hip fracture guidelines rate 

the evidence as Grade C (a body of evidence including well conducted observational 

studies with a low risk of confounding or bias, and a moderate probability that the 

relationship is causal, directly applicable to the target population and demonstrating 

overall consistency of results, or extrapolated from high quality systematic reviews of 

observational studies, or observational studies with a very low risk of confounding or 

bias and a high probability that the relationship is causal).12

Time-to-first antibiotic dose for patients with community acquired pneumonia 
(CAP)
This was defined as the time from hospital arrival to when they receive their first 

antibiotic dose. It is a part of Medicare’s Hospital Compare, and the Hospital Quality 
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Alliance and Joint Commission pneumonia performance measures.8 The initial 

guideline recommendation of antibiotics within four hours of admission has been 

extended to six hours. The American Thoracic Society (ATS) in their most recent 

update declined to specify a specific time limit beyond that they were given in 

the emergency department.13 ATS grades the evidence supporting this as level III 

(evidence from well-designed, controlled trials without randomization including 

cohort, patient series, and case-control studies).13

Search strategy

We carried out a computerized database search using Medline (1995 to July 2010), Embase 

(1995 to July 2010), and the Cochrane Database of Systematic Reviews (July 2010). The 

queries consisted of National Library of Medicine Medical Subject Headings (MeSH) and 

free text entries. The search terms included the following terms quality, quality of care, 

quality improvement, performance measurement, evidence-based care, evidence-based 

treatments, evidence-based policy, evidence-based guidelines, process measures, process-

outcome association, process-outcome correlation, validating protocols, validating 

indicators, protocols, death, case-fatality, and mortality in various combinations. We also 

included more specific terms related to the individual indicators such as door-to-balloon, 

door-to-needle, percutaneous coronary intervention, thrombolysis, time-to-treatment, 

time-to-surgery, surgical delay, and time-to-first antibiotic dose in combination with the 

individual diagnoses.

Selection criteria

We selected studies that empirically examined the direct relationship between one of 

our clinical process indicators and mortality. Only English language studies in humans 

published from 1995 were included. One author reviewed the titles and abstracts, and the 

full texts of eligible studies were then retrieved. One of the co-authors reviewed studies 

of questionable relevance. We identified other relevant articles from the references of 

the articles we retrieved. We also assessed articles citing retrieved articles for relevance.

Despite the expansion of outcomes studied, risk-adjusted mortality is still one of the 

most commonly studied outcome variables. Mortality is a hard end-point that permits 

comparison across studies and countries.

Data extraction and synthesis

The data elements extracted from each article consisted of year of study, setting, study 

design, study population, definition of process measure examined, mortality outcome 

examined and key findings. Studies were grouped according to the indicator studied and 

for the AMI indicator whether they examined door-to-needle or door-to-balloon time. 

Timeliness and the process-outcome relationship
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Because of significant differences in the methods used in the studies, we carried out a 

narrative synthesis as opposed to a quantitative synthesis such as meta-analysis.

Table 1. Studies examining the association between time-to-reperfusion and mortality for patients with STEMI

Study Population Process measure* Key findings

Cannon et al. 200042 27,080 patients admitted to 661 community or 
tertiary hospitals between 1994 and 1998.

DTB in minutes: 0 – 60; 61 – 90; 
91 – 120; 121 – 150; 151 – 190; 
>190

Door-to-balloon time >2 hours is associated with an increase in in-
hospital mortality.

Berger et al. 200043 17,379 patients admitted to a non-Federal 
acute-care medical center between 1994 and 
1996.

DTN in minutes: 0 – 30; 31 – 90; 
91 – 360

Door-to-needle time >90 minutes is associated with an increase in 
30-day and 1-year mortality.

Brodie et al. 200144 1,232 patients participating in a randomized 
clinical trial. OTD < 12 hours.

DTB in hours: <2; 2 – <4; 4 – 
<6; ≥6

Door-to-balloon time was not associated with 1-month or 6-month 
mortality.

Brodie et al. 200645 2,322 patients treated at a single US hospital 
from 1984 to 2003.

DTB in hours: 0 – 1.4; 1.5 – 1.9; 
2 – 2.9; ≥3 

Door-to-balloon time >1.4 hours was associated with increased in-
hospital mortality and late mortality.

DTB in hours: ≤2; >2 Door-to-balloon time >2 hours was associated with increased later 
mortality in high-risk patients but not in low risk patients.

McNamara et al. 200646 29,222 patients admitted to 395 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTB in 30 minute intervals Door-to-balloon time >90 minutes was associated with increased 
in-hospital mortality.

Brodie et al. 200647 1,909 patients participating in a randomized 
clinical trial. OTD < 12hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with 1-year mortality among 
those presenting <2 hours after onset.

McNamara et al. 200748 62,470 patients admitted to 973 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTN in minutes: <30; 31 – 45; 
>45

Door-to-needle time >30 minutes was associated with an increase 
in in-hospital mortality. 

Nallamothu et al. 200749 1,786 patients admitted to 106 hospitals in 14 
countries. 

DTN in 10 minute intervals Door-to-needle time was associated with an increase in 6-month 
mortality.

2,173 patients admitted to 106 hospitals in 14 
countries.

DTB in 10 minute intervals Door-to-balloon time was associated with an increase in 6-month 
mortality.

Rathore et al. 200950 1,932 Medicare patients admitted to acute care 
non-governmental hospitals between 1994 and 
1996. OTD < 12 hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with an increase in 30-day 
and 1-year mortality.

Rathore et al. 200951 43,801 patients enrolled in the American 
College of Cardiology National Cardiovascular 
Data Registry 2005 to 2006. OTD < 12 hours.

DTB in minutes as a continuous 
variable 

Increased door-to-balloon time was associated with an increase in 
in-hospital mortality.

Hannan et al. 201052 5,092 patients admitted to a non-federal 
hospital in New York state from 2004 to 2006. 
OTD <12 hours.

DTB in minutes: <90; 90 – 179; 
≥180

Door-to-balloon time was not associated with an increase in 
mortality (up to 3 years of follow-up).

Brodie et al. 201053 4,548 patients participating in two randomized 
clinical trials.

DTB in minutes: ≤90; >90 Door-to-balloon time >90 minutes was associated with an increase 
1-year mortality in early presenters but not in late presenters.

*- Bold text indicates the reference group
DTB – Door-to-balloon time, DTN – Door-to-needle time, OTD – Onset-to-door time
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Table 1. Studies examining the association between time-to-reperfusion and mortality for patients with STEMI

Study Population Process measure* Key findings

Cannon et al. 200042 27,080 patients admitted to 661 community or 
tertiary hospitals between 1994 and 1998.

DTB in minutes: 0 – 60; 61 – 90; 
91 – 120; 121 – 150; 151 – 190; 
>190

Door-to-balloon time >2 hours is associated with an increase in in-
hospital mortality.

Berger et al. 200043 17,379 patients admitted to a non-Federal 
acute-care medical center between 1994 and 
1996.

DTN in minutes: 0 – 30; 31 – 90; 
91 – 360

Door-to-needle time >90 minutes is associated with an increase in 
30-day and 1-year mortality.

Brodie et al. 200144 1,232 patients participating in a randomized 
clinical trial. OTD < 12 hours.

DTB in hours: <2; 2 – <4; 4 – 
<6; ≥6

Door-to-balloon time was not associated with 1-month or 6-month 
mortality.

Brodie et al. 200645 2,322 patients treated at a single US hospital 
from 1984 to 2003.

DTB in hours: 0 – 1.4; 1.5 – 1.9; 
2 – 2.9; ≥3 

Door-to-balloon time >1.4 hours was associated with increased in-
hospital mortality and late mortality.

DTB in hours: ≤2; >2 Door-to-balloon time >2 hours was associated with increased later 
mortality in high-risk patients but not in low risk patients.

McNamara et al. 200646 29,222 patients admitted to 395 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTB in 30 minute intervals Door-to-balloon time >90 minutes was associated with increased 
in-hospital mortality.

Brodie et al. 200647 1,909 patients participating in a randomized 
clinical trial. OTD < 12hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with 1-year mortality among 
those presenting <2 hours after onset.

McNamara et al. 200748 62,470 patients admitted to 973 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTN in minutes: <30; 31 – 45; 
>45

Door-to-needle time >30 minutes was associated with an increase 
in in-hospital mortality. 

Nallamothu et al. 200749 1,786 patients admitted to 106 hospitals in 14 
countries. 

DTN in 10 minute intervals Door-to-needle time was associated with an increase in 6-month 
mortality.

2,173 patients admitted to 106 hospitals in 14 
countries.

DTB in 10 minute intervals Door-to-balloon time was associated with an increase in 6-month 
mortality.

Rathore et al. 200950 1,932 Medicare patients admitted to acute care 
non-governmental hospitals between 1994 and 
1996. OTD < 12 hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with an increase in 30-day 
and 1-year mortality.

Rathore et al. 200951 43,801 patients enrolled in the American 
College of Cardiology National Cardiovascular 
Data Registry 2005 to 2006. OTD < 12 hours.

DTB in minutes as a continuous 
variable 

Increased door-to-balloon time was associated with an increase in 
in-hospital mortality.

Hannan et al. 201052 5,092 patients admitted to a non-federal 
hospital in New York state from 2004 to 2006. 
OTD <12 hours.

DTB in minutes: <90; 90 – 179; 
≥180

Door-to-balloon time was not associated with an increase in 
mortality (up to 3 years of follow-up).

Brodie et al. 201053 4,548 patients participating in two randomized 
clinical trials.

DTB in minutes: ≤90; >90 Door-to-balloon time >90 minutes was associated with an increase 
1-year mortality in early presenters but not in late presenters.

*- Bold text indicates the reference group
DTB – Door-to-balloon time, DTN – Door-to-needle time, OTD – Onset-to-door time

RESULTS

Forty-nine articles met our inclusion criteria. Twelve examined the AMI indicator (Table 

1), twenty-eight the hip fracture indicator (Table 2), and nine the pneumonia indicator 

(Table 3). 

Twelve studies examined the association between time-to-reperfusion and mortality 

among patients with STEMI, eleven of them observed an empirical association between 
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture

Study Population Process measure* Key findings

Rogers et al. 199554 82 patients aged 65 years and older admitted 
to a single US hospital from 1987 to 1992. 

<24 hours; 24 – 72 hours; 
>72 hours

Surgical delay in stable patients increased mortality odds.

Zuckerman. 199555 367 patients aged 65 years and older admitted 
to a single US hospital from 1988 to 1990.

≤2 days; >2 days Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds

Stoddart et al. 200256 138 patients aged 60 years and older admitted 
to a single New Zealand hospital in 1998.

≤24 hours; 24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 1-year mortality odds.

Brundage et al. 200257 1,362 patients admitted to a single US hospital 
from 1995 to 1997. 

<24 hours; 24 – 48 hours; 
48 – 120 hours; >120 hours

Surgical delay beyond 24 hours was not associated with an 
increase in mortality odds 

Clague et al. 200258 622 patients admitted to a single English 
hospital from 1996 to 1999.

≤24 hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 90-day mortality odds

Grimes et al. 200259 8,383 patients aged 60 years and older 
admitted to twenty US hospitals 1983 to 1993 

Continuous in 24 hour intervals Surgical delay was not associated with an increase in 30-day 
mortality odds.

Dorotka et al. 200360 182 patients admitted to a single Austrian 
hospital from 1997 to 1998.

<24 hours; ≥24 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds

Elliott et al. 200361 1,780 patients admitted to two Irish teaching 
hospitals in 1999.

Square root of days to surgery Longer time to surgery was associated with an increase in 1-year 
mortality odds.

Orosz et al. 200462 1,206 patients aged 50 years and older 
admitted to 4 New York hospitals from 1996 to 
1999.

≤24hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 6-month mortality odds.

Gdalevich et al. 200463 651 patients aged 60 years and older admitted 
to a single Israeli hospital from 1995 to 1997.

≤48 hours; >48 hours Surgical delay beyond 48 hours was associated with an increase in 
1-year mortality odds.

Doruk et al. 200464 65 patients aged 65 years and older admitted 
to a single Turkish hospital from 2000 to 2002.

≤5 days; >5 days Surgical delay beyond 5 days was associated with an increase in 
1-year mortality odds.

Moran et al. 200565 2,660 patients admitted to a single English 
hospital from 1999 to 2003.

Continuous variable in days Surgical delay beyond four days was associated with an increase in 
the 30-day and 1-year mortality odds.

Willams and Jester. 200566 381 patients admitted to a single English 
hospital from 2000 to 2002.

Continuous variable in hours Surgical delay was not associated with increased odds of 1-year 
mortality.

timely reperfusion and mortality. Nine studies looked at the door-to-balloon time and two 

examined the door-to-needle time. One study examined both. The mortality outcomes 

examined included in-hospital, 30-day, 6-month, 1-year, and 3-year. The measurement of 

door-to-balloon time also varied, with some using it as a categorical variable and others 

using it as a continuous variable. The size of the study populations ranged from 1,232 

to 62,470 patients. The settings ranged from single center, to regional, national, and 

international. Onset-to-door time was used as an exclusion criteria in seven studies, and 

as a covariate in four studies.

Twenty-eight studies examined the association between time-to-surgery and 

mortality. Fifteen studies found an inverse association. The range of outcomes and 

definitions of early surgery in studies with negative and positive findings were similar. 

Among the studies that demonstrated an association, the definition of early surgery 

ranged from within 6 hours to the same day or the next day, 24 hours, 2 nights, and 
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture

Study Population Process measure* Key findings

Rogers et al. 199554 82 patients aged 65 years and older admitted 
to a single US hospital from 1987 to 1992. 

<24 hours; 24 – 72 hours; 
>72 hours

Surgical delay in stable patients increased mortality odds.

Zuckerman. 199555 367 patients aged 65 years and older admitted 
to a single US hospital from 1988 to 1990.

≤2 days; >2 days Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds

Stoddart et al. 200256 138 patients aged 60 years and older admitted 
to a single New Zealand hospital in 1998.

≤24 hours; 24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 1-year mortality odds.

Brundage et al. 200257 1,362 patients admitted to a single US hospital 
from 1995 to 1997. 

<24 hours; 24 – 48 hours; 
48 – 120 hours; >120 hours

Surgical delay beyond 24 hours was not associated with an 
increase in mortality odds 

Clague et al. 200258 622 patients admitted to a single English 
hospital from 1996 to 1999.

≤24 hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 90-day mortality odds

Grimes et al. 200259 8,383 patients aged 60 years and older 
admitted to twenty US hospitals 1983 to 1993 

Continuous in 24 hour intervals Surgical delay was not associated with an increase in 30-day 
mortality odds.

Dorotka et al. 200360 182 patients admitted to a single Austrian 
hospital from 1997 to 1998.

<24 hours; ≥24 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds

Elliott et al. 200361 1,780 patients admitted to two Irish teaching 
hospitals in 1999.

Square root of days to surgery Longer time to surgery was associated with an increase in 1-year 
mortality odds.

Orosz et al. 200462 1,206 patients aged 50 years and older 
admitted to 4 New York hospitals from 1996 to 
1999.

≤24hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 6-month mortality odds.

Gdalevich et al. 200463 651 patients aged 60 years and older admitted 
to a single Israeli hospital from 1995 to 1997.

≤48 hours; >48 hours Surgical delay beyond 48 hours was associated with an increase in 
1-year mortality odds.

Doruk et al. 200464 65 patients aged 65 years and older admitted 
to a single Turkish hospital from 2000 to 2002.

≤5 days; >5 days Surgical delay beyond 5 days was associated with an increase in 
1-year mortality odds.

Moran et al. 200565 2,660 patients admitted to a single English 
hospital from 1999 to 2003.

Continuous variable in days Surgical delay beyond four days was associated with an increase in 
the 30-day and 1-year mortality odds.

Willams and Jester. 200566 381 patients admitted to a single English 
hospital from 2000 to 2002.

Continuous variable in hours Surgical delay was not associated with increased odds of 1-year 
mortality.

2 days. One study was a systematic review and eight of them were retrospective. Eight 

studies involved single centers and nine used clinical data. Ten studies were restricted to 

patients aged at least 50 years. Four adjusted for the pre-fracture mobility of a patient, 

and eight for the American Society of Anesthesiologists (ASA) score. The study size 

ranged from 82 to 57,315, the review included 257,367 patients. The proportion of 

patients who had early surgery ranged from approximately 13% to 85%. Among the 

13 studies that did not observe an association, one was a systematic review and nine 

were retrospective. Seven were single center studies, seven used clinical data, and six 

limited the study population to those at least 50 years of age. Two studies adjusted for 

pre-fracture mobility and six adjusted for ASA score. One study adjusted for the potential 

clustering of outcomes. The study size ranged from 138 to 8,383, the review included 

Timeliness and the process-outcome relationship
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture (cont.)

Study Population Process measure* Key findings

Sund and Liski. 200567 16,881 patients aged 65 years and older 
admitted to 47 Finnish hospitals from 1998 to 
2001.

0 – 2 nights; ≥3 nights Surgical delay beyond two nights was associated with increased 
1-year mortality odds.

Franzo et al. 200568 6,629 patients aged 65 and older admitted to 
13 Italian hospitals from 1996 to 2000.

≤1 day; ≥ 2 days Surgical delay beyond one day was not associated with an increase 
in in-hospital, 1-month, 6-month, or 1-year mortality odds.

Weller et al. 200569 57,315 patients aged 50 and older admitted to 
hospitals in Ontario, Canada from 1993 to 1999.

Continuous in days Surgical delay was associated with an increase in in-hospital, 
1-month, 6-month, or 1-year mortality odds.

<1 day; 1 -2 days; 2 – 3 days; 
3 – 7 days

Surgical delay beyond one day was associated with an increase in 
in-hospital, 1-month, 6-month, or 1-year mortality odds.

Bergeron et al. 200670 977 patients aged 15 years and older admitted to 
a single Canadian hospital from 1993 to 2003

<24 hours; 24 – 48 hours; 
>48 hours

Surgical delay beyond 24 hours was not associated with increased 
in-hospital mortality odds when the delay is for medical reasons.

Bottle and Aylin. 200671 129,522 patients 65 years and older admitted to 
English hospitals from 2001 to 2004.

same day/next day; later Surgical delay beyond the day of admission or next day was 
associated with increased in-hospital mortality odds.

≤2nd day; later Surgical delay beyond the 2nd day of admission was associated 
with increased in-hospital mortality odds.

Novack et al. 200772 4,633 patients 65 years and older admitted to 
7 Israeli hospitals. 

<2 days; 2 – 4 days; >4 days; no operation Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds.

Verbeek et al. 200773 229 patients aged 55 and older admitted to a 
Dutch level -1 trauma center.

<24 hours; ≥ 24 hours Surgical delay beyond 24 hours was not associated with increased 
1-year mortality odds.

Rae et al. 200774 222 patients aged 51 years and older admitted 
to a single Australian hospital from 2002 to 
2004.

Continuous variable in days Surgical delays beyond two days were not associated with 
increased odds of 30-day mortality.

Vidal et al. 200875 3,754 patients aged 60 years and older 
admitted to hospitals in Quebec, Canada from 
2003 to 2004.

Same day; 1 – 2 days; ≥ 3 days Surgical delay beyond the day of admission was not associated 
with an increase in in-hospital mortality odds.

Holt et al. 200876 18,817 patients admitted to 22 Scottish 
hospitals from 1998 to 2004.

<24 hours; 24 – 48 hours; 48 – 72 hours; 
>72 hours

Surgical delay of 72 hours was associated with an increase in 30-
day mortality odds.

Shiga et al. 200829 A systematic review of 257,367 patients from 16 
prospective and retrospective studies published 
from 1990 to 2007.

<48 hours; ≥ 48 hours Surgical delay beyond 48 hours was associated with an increase in 
30-day and 1-year mortality odds.

Smektala et al. 200877 2,916 patients aged 65 years and older admitted 
to 268 German hospitals from 2002 to 2003.

≤12 hours;  >12 hours to ≤36 hours; >36 
hours 

Surgical delay beyond 12 hours was not associated with an 
increase in 1-year mortality odds.

Khan et al. 200928 A systematic review of 291,413 patients from 52 
prospective and retrospective studies published 
from 1960 to 2007.

<24 hours; 24 – 48 hours; >48 hours Surgical delay was not associated with an increase in mortality.

Maggi et al. 200978 3,707 patients aged 51 years and older admitted 
to nine Italian hospitals from 2003 to 2005.

<24 hours; 24 – 48 hours; >48 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds.

Carretta et al. 201079 1,320 patients aged 65 years and older admitted 
to a single Italian hospital from 2004 to 2007.

≤2days; >2days Surgical delay beyond 2 days was associated with an increase in 
30-day mortality odds.

* Bold indicates reference group
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture (cont.)

Study Population Process measure* Key findings

Sund and Liski. 200567 16,881 patients aged 65 years and older 
admitted to 47 Finnish hospitals from 1998 to 
2001.

0 – 2 nights; ≥3 nights Surgical delay beyond two nights was associated with increased 
1-year mortality odds.

Franzo et al. 200568 6,629 patients aged 65 and older admitted to 
13 Italian hospitals from 1996 to 2000.

≤1 day; ≥ 2 days Surgical delay beyond one day was not associated with an increase 
in in-hospital, 1-month, 6-month, or 1-year mortality odds.

Weller et al. 200569 57,315 patients aged 50 and older admitted to 
hospitals in Ontario, Canada from 1993 to 1999.

Continuous in days Surgical delay was associated with an increase in in-hospital, 
1-month, 6-month, or 1-year mortality odds.

<1 day; 1 -2 days; 2 – 3 days; 
3 – 7 days

Surgical delay beyond one day was associated with an increase in 
in-hospital, 1-month, 6-month, or 1-year mortality odds.

Bergeron et al. 200670 977 patients aged 15 years and older admitted to 
a single Canadian hospital from 1993 to 2003

<24 hours; 24 – 48 hours; 
>48 hours

Surgical delay beyond 24 hours was not associated with increased 
in-hospital mortality odds when the delay is for medical reasons.

Bottle and Aylin. 200671 129,522 patients 65 years and older admitted to 
English hospitals from 2001 to 2004.

same day/next day; later Surgical delay beyond the day of admission or next day was 
associated with increased in-hospital mortality odds.

≤2nd day; later Surgical delay beyond the 2nd day of admission was associated 
with increased in-hospital mortality odds.

Novack et al. 200772 4,633 patients 65 years and older admitted to 
7 Israeli hospitals. 

<2 days; 2 – 4 days; >4 days; no operation Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds.

Verbeek et al. 200773 229 patients aged 55 and older admitted to a 
Dutch level -1 trauma center.

<24 hours; ≥ 24 hours Surgical delay beyond 24 hours was not associated with increased 
1-year mortality odds.

Rae et al. 200774 222 patients aged 51 years and older admitted 
to a single Australian hospital from 2002 to 
2004.

Continuous variable in days Surgical delays beyond two days were not associated with 
increased odds of 30-day mortality.

Vidal et al. 200875 3,754 patients aged 60 years and older 
admitted to hospitals in Quebec, Canada from 
2003 to 2004.

Same day; 1 – 2 days; ≥ 3 days Surgical delay beyond the day of admission was not associated 
with an increase in in-hospital mortality odds.

Holt et al. 200876 18,817 patients admitted to 22 Scottish 
hospitals from 1998 to 2004.

<24 hours; 24 – 48 hours; 48 – 72 hours; 
>72 hours

Surgical delay of 72 hours was associated with an increase in 30-
day mortality odds.

Shiga et al. 200829 A systematic review of 257,367 patients from 16 
prospective and retrospective studies published 
from 1990 to 2007.

<48 hours; ≥ 48 hours Surgical delay beyond 48 hours was associated with an increase in 
30-day and 1-year mortality odds.

Smektala et al. 200877 2,916 patients aged 65 years and older admitted 
to 268 German hospitals from 2002 to 2003.

≤12 hours;  >12 hours to ≤36 hours; >36 
hours 

Surgical delay beyond 12 hours was not associated with an 
increase in 1-year mortality odds.

Khan et al. 200928 A systematic review of 291,413 patients from 52 
prospective and retrospective studies published 
from 1960 to 2007.

<24 hours; 24 – 48 hours; >48 hours Surgical delay was not associated with an increase in mortality.

Maggi et al. 200978 3,707 patients aged 51 years and older admitted 
to nine Italian hospitals from 2003 to 2005.

<24 hours; 24 – 48 hours; >48 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds.

Carretta et al. 201079 1,320 patients aged 65 years and older admitted 
to a single Italian hospital from 2004 to 2007.

≤2days; >2days Surgical delay beyond 2 days was associated with an increase in 
30-day mortality odds.

* Bold indicates reference group
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Table 3. Studies examining the association between time-to-first antibiotic dose and mortality for patients with CAP

Study Population Process measure* Key findings

Meehan et al. 199780 14,069 patients 65 years and older admitted to 
3,555 US hospitals.

≤8 hours; > 8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in 30-day mortality odds.

Dedier et al. 200135 1,457 patients aged 18 years and older admitted 
to 38 US hospitals from 1997 to 1998.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

Ziss et al. 200381 155 patients admitted to a single US hospital from 
1999 to 2000.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in mortality odds. 

Houck. 200482 13,771 patients aged 65 years and older admitted 
to US hospitals from 1998 to 1999.

<4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was associated 
with an increase in in-hospital and 30-day mortality odds.

Marrie and Wu. 200536 3,043 patients admitted to 6 Canadian hospitals 
from 2000 to 2002. 

≤4 hours; 4 – 8 hours; 
> 8 hours

Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 5-day in-hospital mortality odds.

Waterer et al. 200633 158 patients aged 65 years and older admitted to 
a single US hospital from 1998 to 2001. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in mortality odds.

Werner and Bradlow. 
200683

3,567 patients aged 65 years and older admitted 
to US hospitals in 2004.

≤6 hours; >6 hours Administration of first antibiotic dose beyond 6 hours was associated 
with an increase in in-hospital, 30-day, and 1-year mortality odds.

Bruns et al. 200884 152 patients participating in a randomized 
controlled trial in Dutch teaching hospitals from 
2000 to 2003. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 3-day in-hospital mortality odds.

Cheng and Buising. 200934 501 patients aged 65 years and older admitted to 
a single Australian hospital from 2003 to 2006.

≤8 hours;  >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

* Bold indicates reference group

291,413 patients. The proportion of patients who had early surgery ranged from 22% to 

68%.

Nine studies examined the relationship between time-to-first antibiotic dose and 

mortality, among patients with CAP. Three observed an association between early 

antibiotic administration and decreased mortality. These three studies, by Meehan et 

al, Houck, and Werner and Bradlow defined early administration as within 8, 4, and 6 

hours respectively. They were all multicenter retrospective studies, using administrative 

databases, and restricted to patients aged 65 years and older. Thirty-day mortality was 

examined in all studies. Other outcomes included in-hospital and one-year mortality. 

Werner and Bradlow used aggregated hospital-level data while the other studies used 

patient-level data. In the two patient-level studies, the study populations were 13,771 and 

14,069 patients, and between 61% and 76% of the patients received antibiotics within 

the specified time. The study by Houck was the only one that adjusted for potential 

clustering of outcomes, included a pneumonia severity index (PSI), and identified patients 

who received pre-hospital antibiotics. Six studies did not find an association between 

time-to-first antibiotics and mortality. These studies defined early antibiotic administration 

as within 4 hours or 8 hours. They all used clinical data, four were retrospective, and 

two were prospective. Two were multicenter studies and only two restricted the study 

population to those aged 65 years and older. The outcome examined, where specified, 

was in-hospital mortality. The study populations ranged from 152 to 3,043 patients and 
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Table 3. Studies examining the association between time-to-first antibiotic dose and mortality for patients with CAP

Study Population Process measure* Key findings

Meehan et al. 199780 14,069 patients 65 years and older admitted to 
3,555 US hospitals.

≤8 hours; > 8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in 30-day mortality odds.

Dedier et al. 200135 1,457 patients aged 18 years and older admitted 
to 38 US hospitals from 1997 to 1998.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

Ziss et al. 200381 155 patients admitted to a single US hospital from 
1999 to 2000.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in mortality odds. 

Houck. 200482 13,771 patients aged 65 years and older admitted 
to US hospitals from 1998 to 1999.

<4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was associated 
with an increase in in-hospital and 30-day mortality odds.

Marrie and Wu. 200536 3,043 patients admitted to 6 Canadian hospitals 
from 2000 to 2002. 

≤4 hours; 4 – 8 hours; 
> 8 hours

Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 5-day in-hospital mortality odds.

Waterer et al. 200633 158 patients aged 65 years and older admitted to 
a single US hospital from 1998 to 2001. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in mortality odds.

Werner and Bradlow. 
200683

3,567 patients aged 65 years and older admitted 
to US hospitals in 2004.

≤6 hours; >6 hours Administration of first antibiotic dose beyond 6 hours was associated 
with an increase in in-hospital, 30-day, and 1-year mortality odds.

Bruns et al. 200884 152 patients participating in a randomized 
controlled trial in Dutch teaching hospitals from 
2000 to 2003. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 3-day in-hospital mortality odds.

Cheng and Buising. 200934 501 patients aged 65 years and older admitted to 
a single Australian hospital from 2003 to 2006.

≤8 hours;  >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

* Bold indicates reference group

the proportion of patients receiving early antibiotics ranged from 44.9% to 91%. The 

two multicenter studies accounted for the potential for clustering of outcomes. Five 

studies adjusted for the pneumonia severity index and three accounted for patients who 

received pre-hospital antibiotics.

DISCUSSION

The overwhelming majority of STEMI studies observed a relationship between reperfusion, 

within set time limits, and reduced mortality. The association between early surgery or 

early antibiotics and mortality for patients with a hip fracture or CAP respectively was not 

widely demonstrated. There was a large degree of heterogeneity between the studies in 

terms of the operationalization of the indicator, inclusion criteria, and the characteristics 

of the study populations.

This review focuses on three process indicators related to receiving timely treatment in 

the acute phase of care. In 1995, Hammermeister et al reviewed papers linking structure 

and process indicators with patient outcomes. They noted a paucity of evidence linking 

these indicators.14 They cataloged a series of early failed attempts to link indicators to 

outcomes but also noted studies such as those by Khan et al and Rubenstein et al in 1990 

that observed a relationship between some process indicators and outcomes.15,16 These 
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associations were seen for heart failure, acute myocardial infarction, and pneumonia, 

but not for hip fracture patients. Shroyer et al revisited this theme in 1995 advocating 

a systematic approach to modeling the structure-process-outcome association.17 In the 

intervening fifteen years, the prominence of indicators for these conditions has increased, 

and they are widely accepted as markers of quality by both payers and the public. Yet the 

link between some of these process indicators and patient outcomes has not clearly been 

established and documented in the literature. 

Houck et al assessed whether the evidence supporting the time limit for the 

administration of the first antibiotic dose and mortality in pneumonia was sufficient to be 

termed causal.18 They felt there was a need for more research. Werner et al went further 

and examined not only the process-outcome link but also the link with unmeasured 

markers of care.19 They concluded that a relationship exists but stressed the need for a 

complete set of process measures. In a recent review of stroke performance measures, 

Reeves et al restated the need to link care to outcome.20 There is however, a growing 

section of the literature that examines the relationship between compliance with clinical 

guidelines and patient outcomes.21-24 This approach can be compared to the use of 

composite measures. While the validity of the entire guideline can be tested, it cannot 

distinguish the relative importance of each aspect of the guideline and thus allow for 

the development of targeted quality interventions. Such targeted interventions promote 

cost-effective spending of limited resources.

From a theoretical perspective, process indicators derived from clinical practice 

guidelines should be appropriate for measuring the quality of care. The process of 

developing clinical practice guidelines is evidence-based and consists of a mix of 

evidence, expert-opinion, and consensus. However, the intent of guideline development 

was to assist clinicians in their management of patients and as such, they include 

various exceptions and treatment pathways. Thus, the translation of guidelines into 

process measures is not always simple. In addition, the selection of process indicators 

is constrained by pragmatism with regard to features such as ease of measurement, 

cost, and availability of data. These restrictions may lead to indicators that fail to live 

up to ideal characteristics affecting the quality of information provided by performance 

indicators.25 Erroneous or faulty inferences derived from observed performance may be 

due to insufficient or misapplication of existing knowledge.2,6 The presumed relationship 

between process indicators and outcome is central to their use as a quality indicator. 

Performance should not be equated to quality unless it is effective at achieving the 

desired result of care. 

The evidence supporting a link between time-to-reperfusion and mortality appears 

to be strong. From a physiological point of view, ischemic time correlates with the degree 

of cardiac muscle damage and thus subsequent functioning of the heart. The application 

of this concept as a quality of care indicator requires a different set of considerations. 
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The door-to-balloon or door-to-needle times are simply one in a series of events, some 

of which are beyond the control of hospitals. Both the patient and the ambulance 

service determine onset-to-door time. Studies have indicated that there is no association 

between door-to-needle and door-to-balloon time if onset-to-door time is prolonged. 

Figure 1. Three potential sufficient cause models for STEMI patients

DTB - Door-to-balloon time, OTD - Onset-to-door time

Other studies have shown that the effect of door-to-balloon or door-to-needle time varies 

by risk group. Some studies noted that in low risk patients, door-to-balloon or door-to-

needle time was not associated with mortality. The sufficient cause model of causality 

would ask which component causes form a sufficient cause. Three examples of potential 

sufficient causes are presented in figure 1. 

It could be argued that, based on the studies we reviewed, adhering to the indicator 

will lead to lower mortality rates among patients in a high-risk group who have short 

onset-to-door time. However, onset-to-door time is not routinely collected in existing 

administrative databases. Extensive research in cardiology has associated better 

performance on some measures with better outcomes.26 But a 2006 study by Bradley 

observed that publicly reported AMI performance measures explained only a small 

proportion of the variation in risk standardized short-term mortality.27 This should warrant 

restraint in the dissemination of performance data, and linking it to reimbursement.

The evidence of an inverse association between time-to-surgery and mortality 

among hip fracture patients is mixed. The definition of surgical delay has not been 

clearly established. In those studies that observed an inverse association, the effect 

was observed at between one and four days. The variability in the definition of the 

time measure (24-hour period; 1 – 2 nights) makes it difficult to combine studies. The 

hip fracture studies also raise the same question of which component causes form a 

sufficient cause. The results of the studies we reviewed showed stratification by age, 

risk group (based on the American Society of Anesthesiologists score), mental status, 

and anesthetic technique used. It is acceptable and desirable for patients with medical 

conditions to delay surgery. Research is ongoing as to the implications of delayed hip 
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fracture surgery in the multi-injured patient. The results of two recent systematic reviews 

indicated that there is an association, but recommended more research in order to 

establish this with greater certainty.28,29 The studies we reviewed were largely restricted 

to elderly patients, which means that the generalizability of the results to a younger 

population is uncertain. It appears that this indicator in its simplest form is not ready for 

the additional scrutiny of public reporting or P4P.

The recent evidence of an inverse relationship between time-to-first antibiotic dose 

and mortality among CAP patients is mostly negative. Time-to-first antibiotic dose was 

the least frequently studied indicator with most studies using the eight-hour limit instead 

of the six-hour limit presented in the guideline. This particular indicator has resulted in 

counter-productive behavior with the over-prescribing of antibiotics and the attendant 

risk of promoting antibiotic resistant infections.30,31 The studies we reviewed discussed 

issues of confounding by indication with more severe patients receiving antibiotics earlier, 

and delays in diagnosing the patient.32-36 Yu and Wyer in a recent review concluded 

there was no justification for the inflated sense of priority of the 4-hour limit.37 The 

relatively low death rate, the use of pre-hospital antibiotics, and the weak evidence 

linking adherence to outcome indicates a need for further evaluation of this indicator/

association.6 In this instance, the application of the indicator has been restricted. The 

American Academy of Emergency Medicine weighed the benefits and harms resulting 

from the time-limit recommendation for antibiotic administration and deemed it not 

acceptable/not appropriate.38 The Center for Medicaid and Medicare Services included it 

as a publicly reported performance measure but not in its P4P scheme.39

The literature on the performance measures we examined showed numerous 

differences in the operationalization of indicators and the populations in which they were 

studied. The combined results are inconclusive and meta-analysis difficult to perform 

given these variations. Decisions should balance the benefits and harm for the patient. 

We have examined the association with mortality; relationships that are more consistent 

might exist between these indicators, and other outcomes. The relationship between 

time-to-surgery and mortality is equivocal, but early surgery reduces pain and suffering 

experienced by the patient and shortens the length of stay and morbidities.40 The goal 

is to obtain simple performance measures linked with outcomes, but the absence of this 

is not a reason to discard an indicator. However, the limitations of an indicator should be 

recognized, and all interpretations placed in an appropriate light. 

The measurement of the quality of care is not perfect but it is also not static. The 

field is evolving. Reperfusion time as an indicator in STEMI patients has been established 

with a large degree of certainty. Time-to-surgery in hip fractures is not well established, 

and the use of time-to-first antibiotic dose as an indicator for CAP is questionable. 

P4P and public reporting are useful initiatives, but the indicators used may limit their 

effectiveness.41 This review assessed the recent evidence for a few timeliness related 
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indicators and identified qualifying characteristics unaccounted for in the current 

definitions. For myocardial infarction, the relationship between time-to-reperfusion and 

mortality appears to be well established but the specific patient population it applies to is 

unclear. The relationship between time-to-surgery and mortality is mixed, and questions 

remain as to which populations it applies. The time limits set for time-to-first antibiotic 

dose among pneumonia patients do not appear to produce a valid quality indicator. 

Establishing the nature of the relationships in the structure-process-outcome model is the 

key to providing interpretable, unambiguous measures of performance. The components 

of potential sufficient causes should be taken into account when these indicators are 

used to measure performance.
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