Annals of Internal Medicine

IMPROVING PATIENT CARE

Public Reporting of Antibiotic Timing in Patients with Pneumonia:
Lessons from a Flawed Performance Measure

Robert M. Wachter, MD; Scott A. Flanders, MD; Christopher Fee, MD; and Peter J. Pronovost, MD, PhD

The administration of antibiotics within 4 hours to patients with
community-acquired pneumonia has been criticized as a quality
standard because it pressures clinicians to rapidly administer anti-
biotics despite diagnostic uncertainty at the time of patients’ initial
presentations. The measure was recently revised (to 6 hours) in
response to this criticism. On the basis of the experience with the
4-hour rule, the authors make 5 recommendations for the devel-
opment of future publicly reported quality measures. First, results
from samples with known diagnoses should be extrapolated cau-
tiously, if at all, to patients without a diagnosis. Second, for some
measures, “bands" of performance may make more sense than

“all-or-nothing” expectations. Third, representative end users of
quality measures should participate in measure development.
Fourth, quality measurement and reporting programs should build
in mechanisms to reassess measures over time. Finally, biases, both
financial and intellectual, that may influence quality measure devel-
opment should be minimized. These steps will increase the proba-
bility that future quality measures will improve care without creat-
ing negative unintended consequences.
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mproving health care quality depends on having valid

ways to measure quality. Unfortunately, there are few
validated quality outcome measurements, because valid
and feasible case-mix adjustors are lacking and patients are
difficult to follow over time for clinically important out-
comes, such as death. Processes of care are easier to identify
and measure, but some of these measures will be proven
invalid or inappropriate because their scientific rationale
was flawed from the start, unanticipated consequences
emerge after implementation, or later studies undermine
them.

We review how these issues played out in the measure
of time to first antibiotic dose (TFAD), also called “door-
to-needle time,” for patients presenting to the hospital with
community-acquired pneumonia (CAP). We also propose
lessons that can be learned from the experience.

TFAD As A QUALITY MEASURE

Community-acquired pneumonia is one of the most
common admitting diagnoses in U.S. hospitals, accounting
for more than 1 million hospitalizations yearly (1), with
short-term mortality rates ranging from 0.5% to 27.1%
(2). Given its risk, frequency, and perceived outcome vari-
ations, CAP was an obvious candidate for quality measure-
ment and improvement initiatives. Because outcome mea-
surement in CAP was problematic for the usual reasons
(data collection burden, case-mix adjustment, and need for
posthospital follow-up), investigators sought process mea-
sures associated with higher quality.

During the 1990s, the notion of time-based quality
measures gained favor because evidence emerged that rapid
treatment of myocardial infarction, and later trauma,
stroke, and sepsis, improved outcomes (3-7). Naturally,
investigators began to examine whether rapid administra-
tion of antibiotics might improve CAP outcomes.

In 1997, a retrospective study of 14 069 Medicare pa-
tients hospitalized for CAP found that, after adjustment for
severity (2) and demographic factors, administration of an-

tibiotics within 8 hours was associated with a lower 30-day
mortality rate (odds ratio [OR], 0.85 [95% ClI, 0.75 to
0.96]) (8). Patients were included if they had chest radiog-
raphy results within 2 days of admission consistent with
pneumonia and an initial “working diagnosis” of pneumo-
nia.

In 2004, a second retrospective study of 13 771 Medi-
care patients (age =65 years) hospitalized for CAP (9) also
found that, among the 75% of patients without evidence
of prehospital receipt of antibiotics, administration of anti-
biotics within 4 hours was associated with a lower 30-day
mortality rate (OR, 0.85 [CI, 0.76 to 0.95]). Extrapolating
these data to a hypothetical national Medicare sample, the
authors estimated that achieving TFAD by 4 hours after
presentation to the hospital would save more than 1200
lives yearly.

The 2 studies reported that patients who received their
first dose of antibiotics in the first hour of their emergency
department stay had a higher mortality rate than those who
received antibiotics later; however, this finding was attrib-
uted to incomplete adjustment for severity of CAP and was
therefore not felt to challenge the main conclusion about
TFAD (8, 9). Two smaller studies of CAP found no asso-
ciation between early antibiotic administration and out-
comes (10, 11). Nevertheless, the authors of the 2004
study (9) editorialized that the 4-hour TFAD quality mea-
sure was still valid (12, 13).

TRANSLATION INTO A PERFORMANCE STANDARD
Almost exclusively on the basis of results from the
1997 study, the Medicare National Pneumonia Project en-
dorsed first antibiotics within 8 hours of hospital arrival as
a CAP quality measure in 1998. The Medicare National
Pneumonia Project tightened its TFAD window to 4 hours
in 2002 on the basis of the prepublication results of the
2004 study by Houck and colleagues (9, 12). In 2003, the
Infectious Diseases Society of America (IDSA) also en-
dorsed a 4-hour timeframe (14). With support from the
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Medicare National Pneumonia Project and IDSA and sub-
sequent endorsement by the National Quality Forum, The
Joint Commission and The Centers for Medicare & Med-
icaid Services (CMS) chose the 4-hour TFAD measure as 1
of their initial core measures of quality (measure PN-5b).
Since 2002, this measure has been publicly reported for all
U.S. hospitals. In 2006, it became part of a measure set
tied to additional payments under several pilot pay-for-
performance programs (15).

THE RESPONSE FROM EMERGENCY MEDICINE

The emergency medicine community began raising
red flags about the TFAD measure soon after its formula-
tion, and complaints from this community markedly in-
creased after TFAD was publicly reported and became the
subject of pay-for-performance programs (16). Published
studies challenging the measure soon followed. Although
some questioned the association itself, most focused on the
issue of diagnostic uncertainty. One study found that 22%
of 86 randomly selected patients with pneumonia had un-
certain presentations and often lacked infiltrates on chest
radiography, which could have appropriately led to delayed
antibiotic administration (17). Another study documented
cases that were labeled “poor-quality care,” in which de-
layed use of antibiotics was clinically appropriate (18),
whereas still another found that maneuvers to improve
TFAD were not very cost-effective (19). In fact, many el-
igible patients with a working diagnosis of CAP who did
not receive antibiotics within 4 hours had no radiographic
evidence of pneumonia in the emergency department and
did not have a final emergency department diagnosis of
CAP (20, 21). Moreover, other studies showed that TFAD
measurement led to administration of antibiotics in many
patients who proved not to have pneumonia or another
infectious disease (22, 23). Finally, a recent systematic re-
view concluded that “evidence from observational studies
fails to confirm decreased mortality with early administra-
tion of antibiotics in stable patients with [CAP]” (24). On
the basis of these studies, analyses, and considerable anec-
dotal evidence, editorials in the emergency medicine liter-
ature argued vigorously for relaxing the TFAD standards
(25, 26), pointing out that the measure was skewing emer-
gency department triage priorities and promoting unneces-
sary antibiotic use (18).

THE RESPONSE FROM PAYERS, REGULATORS, AND
PROFESSIONAL SOCIETIES

Within months of the critical publications, The Joint
Commission and CMS revisited measure PN-5b. In Octo-
ber 2006, patients eligible for the measure had to have a
final emergency department diagnosis of pneumonia
(rather than an initial working diagnosis) and objective
radiographic findings sometime during the hospitalization.
Unfortunately, although the revised criteria solved some of
the problems associated with PN-5b, they created new
ones. For example, Fee and colleagues (27) worried that
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the new measures would generate pressure to administer
antibiotics before patients were sent for computed tomog-
raphy to rule out pulmonary embolism (even in the face of
nondiagnostic chest radiographs) or to avoid writing
“pneumonia” as the final emergency department diagnosis.

In March 2007, IDSA and the American Thoracic
Society issued joint guidelines that abolished time-specific
goals for CAP treatment, now recommending that patients
receive their first dose of antibiotics as soon as possible after
a definitive diagnosis of CAP, preferably in the emergency
department (28). One month later, The Joint Commission
created a test measure (PN-5¢) that relaxed the antibiotic
administration window to 6 hours. That same month, the
National Quality Forum withdrew its endorsement of
measure PN-5b and endorsed PN-5c¢, which became the
publicly reported measure in April 2008. In addition, The
Joint Commission created a new data element, “diagnostic
uncertainty,” which may exclude patients from TFAD
measurement (29, 30). Whether all of these revisions will
solve the problems associated with measure PN-5b is un-
known; no study has yet shown a benefit from a 6-hour
rule, and the diagnostic uncertainty construct has not, to
our knowledge, been field-tested and validated.

UNANTICIPATED CONSEQUENCES OF TFAD
MEASUREMENT AND REPORTING

Prompt administration of antibiotics to patients with
documented pneumonia makes sense, and seeking ironclad
evidence to prove its value might seem to be analogous to
requiring proof of the value of parachutes (31). Moreover,
a randomized trial that withheld early antibiotic treatment
in some patients with CAP would be unethical. Tt was
therefore inevitable that decisions about the timing of an-
tibiotic administration in CAP would be based on imper-
fect retrospective studies, out of necessity (8, 9).

However, the TFAD measure was enacted largely on
the evidence derived from 2 large studies, in which condi-
tions (retrospective review of patients with working diag-
noses of pneumonia) replicate only in part the predicament
that busy emergency medicine physicians face daily: evalu-
ating scores of patients with cough, fever, dyspnea, weak-
ness, dizziness, confusion, or abdominal pain. As Pines
(26) has written, “Most ED [emergency department] pa-
tients do not present at triage with a sign on their forehead
that reads, ‘T have pneumonia; give me antibiotics now!””
Unlike myocardial infarction, in which there is palpable
clinical urgency to confirm the diagnosis and a series of
tests (cardiac biomarker measurement and electrocardiog-
raphy) available to reliably do so, no gold standard test for
pneumonia exists. Although a triage rule of obtaining an
electrocardiogram in any patient whose symptoms, signs,
or risk factors make myocardial infarction even a remote
possibility makes perfect sense, a similar strategy for chest
radiography would be resource intensive, often confusing
(given the relatively poor sensitivity and specificity of the
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test in CAP [32]), impractical, and even potentially harm-
ful (because of radiation exposure).

In the days before measurement of TFAD, patients
with uncertain diagnoses would continue to be evaluated
until the diagnosis was clarified. However, the TFAD stan-
dard completely transformed the dynamic: Faced with a
patient who might have pneumonia, the emergency medi-
cine physician now has a strong incentive (almost always
buttressed by social pressure and sometimes by financial
incentives) to give antibiotics before 4 hours have passed,
even when he or she is still unsure of the diagnosis (33).

WHAT CAN WE LEARN?

For a performance measure to be publicly reported or
associated with differential payments, it must be valid not
only in its science but also in its measurement and appli-
cation. What lessons can we glean from experience with
the TFAD measure that may help in the future develop-
ment of publicly reported quality measures?

First, great caution is needed in moving from retro-
spective studies that examine process—outcome links in pa-
tients with known diagnoses to prospective application of
quality metrics in patients with uncertain diagnoses. We
are not saying that such extrapolation should never be
done—particularly when the outcome differences are large,
therapy is inexpensive and benign, and the diagnosis is
straightforward. However, CAP meets none of these crite-
ria, and implementation of a TFAD standard would have
benefited from pilot studies in busy emergency depart-
ments that assessed the validity and reliability of the mea-
sures and the benefits, harms, and costs of implementation.

Second, we should consider using “bands” of perfor-
mance for certain measures (16, 34). Even if rapid anti-
biotic administration is clinically important, the risk that
clinicians would be pressured to give unnecessary anti-
biotics to individual patients would be diminished if, for ex-
ample, hospital performance was reported within a range of
80% to 100% or 60% to 80% adherence. This approach,
which CMS has recently embraced (35), recognizes that cer-
tain quality measures may benefit the average patient, but that
an all-or-none threshold (36) creates undue pressure to treat,
even when clinically inappropriate.

Third, key end-users must be “at the table” during
development and approval of quality metrics. In the case of
CAP measures, most of the initial participants were experts
in pneumonia, infectious diseases, and pulmonary disease—
individuals who typically see very ill hospitalized patients
with pneumonia who have obvious diagnoses. Future pan-
els that examine such issues as these should include emer-
gency medicine physicians and hospitalists, that is, those
who make the initial diagnosis and are under pressure to
administer or withhold antibiotics.

Fourth, quality measurement and reporting programs
should create mechanisms to assess the validity, reliability,
impact, and costs of measures within 1 to 2 years after

www.annals.org

implementation. In addition to feedback from individual
providers, policymakers and payers should seek input from
professional societies and health care systems because these
organizations will probably hear about problems long be-
fore they surface in the published literature. Those promot-
ing the measures should produce periodic reports on this
feedback and emerging evidence about the measures (37)
and how they are responding to this information. In this
case, CMS, the National Quality Forum, and The Joint
Commission should be commended for rapidly responding
to the chorus of concerns about the 4-hour rule, even
though the responses to date may not completely solve the
problems.

Finally, in addition to financial conflicts of interest,
caution should be exercised when individuals are both key
investigators and policymakers, particularly when the
stakes are high. In the case of TFAD, several key research-
ers had positions with CMS and IDSA and helped drive
the conversion of their own studies into performance stan-
dards (8, 9). None of us can be entirely impartial when
judging the merits of our own research.

ConcLusIOoN

The story of early antibiotic administration for pa-
tients with CAP is not one of malfeasance or incompe-
tence, but rather of differing perspectives and the un-
intended consequences of imperfect science. As we enter
this new world of quality measurement, public reporting,
and pay-for-performance, missteps will happen. This
should not dissuade us from promoting interventions that
can improve patient care nor lead us to insist on unattain-
able levels of evidence before proceeding.

The case of TFAD as a quality measure in pneumonia
suggests the importance of taking actions, such as the 5
steps we described earlier, that increase the probability that
future quality measures will improve care without creating
unintended and potentially negative consequences. Similar
issues, in which aggressive efforts to meet standards may
create more harm than good in some patients, are likely to
come into play in other clinical areas, such as with perfor-
mance standards to achieve tight control of glucose, hyper-
tension, and pain (38).

Finally, the TFAD experience demonstrates that
flawed measures may periodically pit physicians’ desire to
do the right thing (in this case, temporarily withhold anti-
biotics in patients who might or might not have an infec-
tion) against understandable concerns about the public’s
view of their quality of care or even against their own
financial interests. In these unusual circumstances, profes-
sionalism dictates that physicians focus on their patients’
best interest above all else.
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fornia; University of Michigan School of Medicine, Ann Arbor, Michi-
gan; and Johns Hopkins School of Medicine and School of Public
Health, Baltimore, Maryland.
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