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cant decreases in blood pressure following renal denervation,
but this sham-controlled study identified no such benefit. While
these findings also may be influenced by patient selection, they
should concern those inclined to recommend interventional
treatment of resistant hypertension presumed due to renovas-
cular causes. Keeping in mind that blood pressure reduction can
only be considered a surrogate for “hard end points” such as
death, myocardial infarction, stroke, congestive heart failure,
and renal failure, we seem to be very far removed from any con-
vincing evidence that renal artery interventions reduce cardio-
vascular or renal morbidity or mortality.

With these issues in mind, where do we go from here?
While awaiting further studies to investigate the possibility of
a clinical benefit to renal artery interventions, we must focus
on aggressive medical management of patients with refrac-
tory hypertension. We should not overlook the consistent evi-
dence that sodium restriction, increased potassium intake, ex-
ercise and weight loss are associated with blood pressure
reduction in patients with hypertension. Furthermore, the re-
cent Eighth Joint National Committee guidelines9 suggest that
for nonblack patients, first-line therapy for hypertension should
consist of 1 or a combination of thiazide diuretics, calcium
channel blockers, angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers. For black patients, first-
line therapy should consist of thiazide diuretics and calcium
channel blockers. Emphasis on the importance of lifestyle mea-
sures and medication compliance, and consideration of sec-
ondary causes such as sleep apnea, drug-induced hyperten-
sion, hypercortisolism, hyperaldosteronism, hyperthyroidism
or hypothyroidism, or hyperparathyroidism is warranted in pa-
tients with resistant hypertension. Focus on proven thera-
pies while we await more concrete data supporting the use of
interventional procedures for resistant hypertension is the most
reasonable approach, at least until the next big thing comes
along.
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LESS IS MORE
Altering Overuse of Cardiac Telemetry
in Non–Intensive Care Unit Settings by Hardwiring
the Use of American Heart Association Guidelines
Arrhythmia detection is reported to affect the clinical manage-
ment of care in 3.4% to 12.7% of patients.1 The American Heart
Association’s (AHA’s)2 published recommendations address-
ing the use of non–intensive care unit (non-ICU) cardiac telem-

etry stratify patients into 3
categories: cardiac telemetry
is indicated, may provide ben-
efit, or is unlikely to provide
benefit. Clinical-effective-

ness studies of implementing these guidelines have either re-
ported the use of labor-intensive strategies3 or nonsustained
decreases in non-ICU cardiac telemetry use.4 Various efforts to
reduce the perceived overuse of cardiac telemetry at Christi-
ana Care Health System, a 1100-bed tertiary care system, were
unsuccessful. In August 2012 we convened a team to increase
the appropriate use of non-ICU cardiac telemetry through the
integration of AHA guidelines into our electronic ordering sys-
tem (EOS). This effort was validated in March 2013 when non-
ICU use of cardiac telemetry appeared on the Society of Hos-
pital Medicine’s top 5 list for the Choosing Wisely campaign.5

Methods | Approval for this study was received from the insti-
tutional review board of Christiana Healthcare System; need
for patient consent was waived. Our interdisciplinary team re-
designed and standardized all cardiac telemetry orders within
our EOS. Cardiac telemetry orders were removed from order
sets for clinical conditions for which monitoring was not sup-
ported by the AHA guidelines.2 The remaining orders for car-
diac telemetry required providers to select from a list of
clinical indications, each with its AHA guideline–based pre-
determined telemetry duration (Box). Bedside nurse assess-
ment guidelines were embedded in the EOS to facilitate safe,
timely, and automatic discontinuation of cardiac telemetry.
When telemetry discontinuation was believed to be unsafe,
such as in a patient with unstable blood pressure, the nurse
was required to contact the physician, and telemetry could be
reordered when appropriate.
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We calculated total costs (direct and indirect) for the de-
livery of non-ICU telemetry. Time-motion studies were con-
ducted to measure the nondirect patient care nursing time
spent on telemetry-related tasks.

The study period began December 31, 2012, and ended Au-
gust 12, 1013. The redesigned telemetry orders went into ef-
fect on March 18, 2013; there were 11 and 22 weeks in the pre-
implementation and postimplementation periods, respectively.

In non-ICU patients 18 years or older, we measured the mean
weekly number of patients with telemetry orders, the mean
duration of telemetry, and the numbers of rapid response ac-
tivations, codes, and deaths.

Results | Implementation of the revised telemetry order sets re-
sulted in an immediate and sustained reduction in the mean
(SD) weekly number of telemetry orders from 1032.3 (32.1) to

Figure. Control Charts of Non–Intensive Care Unit (ICU) Use of Cardiac Telemetry Before and After Implementation of Electronic Ordering System
(EOS) Guidelines
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593.2 (21.3), and the mean duration of telemetry fell from
57.8 (2.4) to 30.9 (0.9) hours (reductions of 43% and 47%,
respectively; P < .001) (Figure). The mean daily number of
patients monitored with telemetry decreased 70%, from
357.5 (20.6) to 109.1 (4.3). Hospital census, code blue, mor-
tality, and rapid response team activation rates were stable
throughout the observation period. Nurses spent a mean of
19.75 minutes per patient on telemetry-related tasks daily
(>115 hours system wide). The estimated total daily cost to
deliver telemetry was $53.44 per telemetry patient; thus,
our mean daily cost for non-ICU c ardiac telemetry
decreased from $18 971 to $5772.

Discussion | Although overuse of cardiac telemetry in non-ICU
settings is widely recognized, there is a paucity of literature
outlining successful and safe strategies addressing this con-
cern. Our project led to a sustained 70% reduction in telem-
etry use without adversely affecting patient safety. In fact, pa-
tient safety may be enhanced by reducing the potential for
alarm fatigue and provider workflow interruption.6 This ini-
tiative’s key success factors included the algorithm’s simplic-
ity and focus on appropriateness, an interprofessional front-
line team creating improvements for relevant disciplines, and
“hardwiring” national guidelines into our EOS. This interven-
tion is estimated to save our organization $4.8 million annu-
ally, suggesting that efforts addressing opportunities listed in
the Choosing Wisely campaign can be an effective strategy to
enhance value-added health care.
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Box. Duration of Cardiac Telemetry by Clinical Indicationa

24 Hours
Chest pain, rule out MI

Nonurgent percutaneous coronary interventions

Implantation of an automatic defibrillator lead or a pacemaker lead

Uncomplicated ablation of an arrhythmia

Syncope of truly unknown origin

Major surgery

Other

48 Hours
Acute MI

CHF, acute and subacute

Syncope with suspected arrhythmia

Thoracic (noncardiac) surgery

Stroke, acute

Complex major surgery

Indefinite
Cardiac surgery during this admission

Use of a wearable personable automatic defibrillator (LifeVest; ZOLL
Medical Corp)

Complex cardiac disorders (eg, ventricular tachycardia storm)

Abbreviations: CHF, congestive heart failure; MI, myocardial infarction.

a Adapted from Drew et al.2
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Invited Commentary | LESS IS MORE
A Call for Evidence-Based Telemetry Monitoring:
The Beep Goes On
Technology evolves quickly; scientific evidence builds slowly.
This is as true for inpatient cardiac telemetry monitoring as it
is for other medical interventions. Telemetry was invented in
1949 and saw widespread use in the 1960s for detecting ar-
rhythmias in patients with myocardial infarction.1 Today the
use of telemetry is ubiquitous on medical and surgical wards,
often for patients without active cardiac conditions.2

The Choosing Wisely campaign3 advocates the use of a pro-
tocol to govern the continuation of telemetry monitoring and
cites the 2004 American Heart Association (AHA) guidelines4

for suggestions on appropriate telemetry use. However, no ran-
domized trial evaluating telemetry monitoring has been re-
ported; thus, the evidence is observational. Large studies5-7 in
the early reperfusion era showed that the rates of arrhythmia
are low. In patients hospitalized with acute coronary syn-
drome, one study8 found that the rate of malignant arrhyth-
mias (sustained ventricular tachycardia, ventricular fibrilla-
tion, asystole, and torsades de pointes) in the first 21 hours of
presentation was less than 1%. One large study6 also exam-
ined clinical outcomes. The authors observed 2240 patients ad-
mitted to a non–intensive care unit (ICU) telemetry unit and
found that only 0.8% of the patients were transferred to the
ICU because of an arrhythmia and, of the 0.9% of patients who
died, half had do-not-resuscitate orders. The authors con-
cluded that “the role of telemetry in guiding patient manage-
ment may be overestimated by physicians.” Certainly, the use
of monitoring until the moment a patient is discharged is clini-
cally irrational: monitoring should be time limited.

Most important, the AHA guidelines do not offer recom-
mendations for the use of monitoring in noncardiac condi-
tions outside the ICU. The widespread use of telemetry in
these conditions, such as acute pulmonary embolism or sep-
sis, demonstrates a large oversight in evidence-based prac-
tice because evidence is nearly absent. A rare exception was a
recent study9 that demonstrated a 4.4% incidence of new-
onset atrial fibrillation for non-ICU patients with sepsis. Of
course, atrial fibrillation can be detected on physical exami-
nation or routine measurement of vital signs. This is a recur-
ring issue in studies of telemetry: just because an arrhythmia
is found on telemetry does not mean that telemetry was
needed to find it. In addition, not every arrhythmia is clini-
cally meaningful.

Against this backdrop of potential overuse, the study by
Dressler et al10 in this issue of JAMA Internal Medicine set lim-
its on telemetry monitoring outside the ICU based on the AHA
guidelines. The authors incorporated the guidelines into their
inpatient electronic ordering system by limiting the accept-
able indications for monitoring and setting limits on the du-
ration based on the indication provided. The mean daily num-
ber of patients monitored with telemetry fell by 70%, the mean
duration of monitoring dropped by 47%, and both of these re-
sults occurred with no significant increase in code blue or rapid-
response calls. The authors also estimated that they reduced
the daily cost of telemetry monitoring by $13 199. This cost cal-
culation is, of course, institution specific and cannot account

for the secondary costs that underlie unnecessary monitor-
ing: workup of clinically meaningless events, such as sinus bra-
dycardia during sleep; decreased patient mobility owing to at-
tached equipment; and reduced hospital throughput as patients
wait for telemetry-capable beds.

It is remarkable to achieve such a substantial reduction in
the use of this resource without significantly increased ad-
verse outcomes. This result suggests 2 conclusions. First, te-
lemetry is overused, and the AHA guidelines, imperfect as they
may be, can safely rein in unnecessary monitoring. Second,
since the guidelines exclude patients who do not have a pri-
mary cardiac condition, the intervention must have safely
reduced or nearly eliminated monitoring for these patients.
It is a reminder of the absence of known clinical benefit of
using telemetry on medical and surgical services. To prac-
tice evidence-based care, we need a randomized trial of
telemetry.

I often ask house staff on the medicine service to think
about what is more helpful in the first 24 hours of a patient’s
hospitalization for bleeding or sepsis: heart rhythm monitor-
ing or more-frequent measurement of vital signs. They invari-
ably acknowledge that the former is not a replacement for
the latter, although this is unfortunately the perception and
practice.

We are entering an era of unprecedented technological ad-
vancement in medicine. Unfortunately, technology often over-
takes scientific evidence in the race to the bedside. We must
remain vigilant against this outcome in the name of patient
safety and cost.
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National Use of Proton Pump Inhibitors
From 2007 to 2011
Proton pump inhibitors (PPIs) are a class of therapeutically
equivalent medications when used at equivalent doses.1,2

Despite this, high-cost PPIs continue to be used when low-
cost equivalents are available. We sought to estimate the
national loss associated with the use of high-cost PPIs over
their lower-cost alternatives. Furthermore, we investigated
the sociodemographic factors associated with the use of
high-cost PPIs.

Methods | The 2007-2011 Medical Expenditure Panel Survey
(MEPS), a nationally representative survey of the US nonin-
stitutionalized civilian population provided by the Agency for
Healthcare Quality and Research (AHRQ), was used for the
analysis. The MEPS uses a complex survey design involving 5
interviews over 2 years with 2 overlapping cohorts and in-
cludes demographics, expenditures by payer and type, self-
reported medical conditions, insurance coverage, and pre-
scription drug information. The survey’s drug data have been
found to be valid, especially among chronic medications, and
not biased by sociodemographic variables.3

Expenditures, both total and out-of-pocket, and total num-
ber of doses were secured across 6 PPIs—esomeprazole,
omeprazole, lansoprazole, pantoprazole, rabeprazole, and dex-
lansoprazole. Omeprazole was classified as low-cost through-
out the study period. Pantoprazole was classified as high-

cost until it became a generic in 2011. The remaining PPIs were
classified as high-cost. Any expenditure for a high-cost PPI re-
sulted in the individual being classified as high-cost. Excess
expenditure of high-cost PPIs was determined by individual
PPI by year on a per-dose basis.

A logistic regression comparing low- or high-cost PPI us-
ers was created across sex, age (per 10 years), region (North-
east, Midwest, West, and South), metropolitan area, modi-
fied Elixhauser Comorbidity index,4 poverty category (poor,
near-poor, low-income, middle-income, and high-income),
highest degree (no high school, high school/General Educa-
tion Development [GED], or more than high school), insur-
ance status (any private, public, or uninsured), and race/
ethnicity (white, black, Hispanic, or other). Complex survey
weighting was included in all analyses and expenditures were
standardized on 2011 dollars. Analysis was conducted using
Stata statistical software (version 13; StataCorp) and included
the recoding of 1 omeprazole expense outlier down to the 95th
percentile and conservatively estimated to 360 doses. The
study was judged to be exempt by the Ohio State University
institutional review board.

Results | The study included 169 044 individuals, of whom 9463
were classified as PPI users. A total of 5166 individuals were clas-
sified as users of high-cost PPIs vs 4297 who were low-cost PPI
users. As indicated in Table 1, low-cost PPI expenditures to-
taled $15.5 billion (95% CI, $13.8-$17.1 billion) compared with
$63.4 billion (95% CI, $58.8-$68.1 billion) for high-cost PPIs. Use
of high-cost PPIs resulted in $47.1 billion (95% CI, $43.6-$50.7
billion) in excess expenditure, of which esomeprazole ac-
counted for $26.5 billion (95% CI, $23.8-$29.2 billion). In total,
$6.69 billion (95% CI, $5.95-$7.43 billion) was excess in out-of-
pocket costs paid by the users. The analysis found increased use
of high-cost PPIs according to decreasing age, female sex, pri-
vate insurance, region (Northeast or South), an Elixhauser in-
dex of 0, and the highest income category. Table 2 presents both
bivariate and multivariate analyses.

Table 1. Expenditures by High- and Low-Cost Proton Pump Inhibitors (PPIs)a

Billions, % (SE)

Total2007 2008 2009 2010 2011
High-cost PPIs

Total expenditure 14.4 (0.77) 15.1 (0.83) 13.7 (0.73) 11.5 (0.71) 8.74 (0.69) 63.4 (2.37)

Total doses 3.01 (0.16) 2.98 (0.15) 2.79 (0.15) 2.56 (0.15) 1.72 (0.13) 13.0 (0.48)

Price per dose, mean, $ 4.80 (0.05) 5.06 (0.06) 4.91 (0.09) 4.50 (0.09) 5.08 (0.11) 4.86 (0.04)

Self-pay per dose, $ 1.01 (0.05) 0.93 (0.05) 0.65 (0.04) 0.55 (0.03) 0.67 (0.05) 0.78 (0.02)

Low-cost PPIs

Total expenditure, $ 2.49 (0.19) 2.88 (0.27) 2.76 (0.18) 3.56 (0.43) 3.77 (0.40) 15.5 (0.83)

Total doses 1.71 (0.11) 2.22 (0.14) 2.29 (0.13) 2.97 (0.17) 3.27 (0.20) 12.5 (0.48)

Price per dose, mean, $ 1.47 (0.09) 1.25 (0.10) 1.13 (0.05) 1.18 (0.14) 1.09 (0.10) 1.20 (0.05)

Self-pay per dose, $ 0.31 (0.05) 0.33 (0.07) 0.24 (0.02) 0.23 (0.02) 0.20 (0.02) 0.25 (0.02)

Total excess, $ 10.0 (0.54) 11.2 (0.64) 10.3 (0.56) 8.43 (0.54) 7.10 (0.57) 47.1 (1.81)

Total excess in self-cost 2.11 (0.17) 1.79 (0.19) 1.15 (0.12) 0.84 (0.09) 0.80 (0.09) 6.69 (0.38)

Abbreviation: SE, standard error.
a Esomeprazole, rabeprazole, lansoprazole, and dexlansoprazole were identified

as high-cost. Omeprazole was considered low-cost. Pantoprazole was

considered high-cost from 2007 to 2010 and low-cost in 2011. Total excess
and total excess in self-cost were determined on a per-dose basis using
complex survey weighting.
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