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BACKGROUND AND PURPOSE: This scientific statement provides an
interprofessional, comprehensive review of evidence and recommendations
for indications, duration, and implementation of continuous electro
cardiographic monitoring of hospitalized patients. Since the original
practice standards were published in 2004, new issues have emerged
that need to be addressed: overuse of arrhythmia monitoring among
a variety of patient populations, appropriate use of ischemia and QTinterval monitoring among select populations, alarm management, and
documentation in electronic health records.
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METHODS: Authors were commissioned by the American Heart Association
and included experts from general cardiology, electrophysiology (adult and
pediatric), and interventional cardiology, as well as a hospitalist and experts
in alarm management. Strict adherence to the American Heart Association
conflict of interest policy was maintained throughout the consensus process.
Authors were assigned topics relevant to their areas of expertise, reviewed
the literature with an emphasis on publications since the prior practice
standards, and drafted recommendations on indications and duration for
electrocardiographic monitoring in accordance with the American Heart
Association Level of Evidence grading algorithm that was in place at the time
of commissioning.
RESULTS: The comprehensive document is grouped into 5 sections:
(1) Overview of Arrhythmia, Ischemia, and QTc Monitoring; (2)
Recommendations for Indication and Duration of Electrocardiographic
Monitoring presented by patient population; (3) Organizational Aspects:
Alarm Management, Education of Staff, and Documentation; (4)
Implementation of Practice Standards; and (5) Call for Research.
CONCLUSIONS: Many of the recommendations are based on limited
data, so authors conclude with specific questions for further research.
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T

he goals of electrocardiographic monitoring
have expanded from simple heart rate and basic
rhythm determination to the diagnosis of com
plex arrhythmias, the detection of acute and often
silent myocardial ischemia, and the identification of
drug-induced prolonged QT interval. The first American
Heart Association (AHA) scientific statement on prac
tice standards for electrocardiographic monitoring in
hospital settings was published in 20041 and provided
an interprofessional, comprehensive review of evidence
and recommendations for continuous electrocardio
graphic monitoring of hospitalized patients.
Since then, however, further data and new issues have
emerged that need to be more fully addressed: overuse
of arrhythmia monitoring among a variety of patient
populations, underuse of QT-interval and ST-segment
monitoring among select populations, alarm fatigue,
and documentation in electronic health records. For this
document, the writing group reviewed research pub
lished since 2004 to provide updated recommendations
for indications, duration, and implementation indications
for continuous electrocardiographic monitoring in hospi
talized patients. This document does not contain recom
mendations for other forms of electrocardiographic mon
itoring, including the static 12-lead ECG, exercise testing,
or ambulatory electrocardiographic (Holter) monitoring.
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ORGANIZATION OF THE WRITING
GROUP
The 2004 practice standards1 were commissioned by the
AHA Manuscript Oversight Committee on the basis of a
proposal from the AHA’s Council on Cardiovascular Nurs
ing, along with support from the Council on Cardiovas
cular Disease in the Young and the Council on Clinical
Cardiology. The aim was to encompass all areas of hos
pital electrocardiographic monitoring, including arrhyth
mia, ST-segment ischemia, and QT-interval monitoring in
both children and adults. The current update to practice
standards was similarly approved, with appointments
of interprofessional experts from the AHA’s Council on
Cardiovascular and Stroke Nursing, Council on Cardio
vascular Disease in the Young, and Council on Clinical
Cardiology. A member of the American College of Car
diology (ACC) was formally appointed for the update
to practice standards. The current writing group is com
posed of experts from general cardiology, electrophysiol
ogy (adult and pediatric), and interventional cardiology
and included experts in alarm management. The writing
group included nurses, cardiologists, and a hospitalist.

METHOD AND EVIDENCE REVIEW
Experts from the writing group were asked to per
form a literature review of select topics and inpatient
e274
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populations, to evaluate the strength of evidence for
electrocardiographic monitoring, and to provide rec
ommendations on indications for electrocardiographic
monitoring. Data on costs for electrocardiographic
monitoring are limited at this time; therefore, the main
outcomes of the current practice standards will contin
ue to be the degree to which evidence exists to support
the usefulness and effectiveness of continuous elec
trocardiographic monitoring. As more studies are pub
lished that include financial analyses, these data can be
reviewed in future practice standards.
Searches were extended to studies, reviews, and pre
vious related scientific statements or guidelines from the
AHA, ACC, American Association of Critical-Care Nurses,
or Heart Rhythm Society that were published in English and
accessible through PubMed Medline, CINAHL, Cochrane,
and other selected relevant databases. Key search words
included arrhythmia, dysrhythmia, ST-segment monitoring, QTc monitoring, and torsade de pointes, among other
terms. ECG monitoring was searched in the context of pa
tient populations such as acute coronary syndrome (myocardial infarction, STEMI, NSTEMI, therapeutic hypothermia, targeted temperature management, angina, unstable
angina, chest pain, vasospastic angina, percutaneous coronary intervention, open heart surgery). Arrhythmia was
searched with other key words (ventricular arrhythmias,
atrial arrhythmias, sinus bradycardia, atrioventricular block).
Further searches included ECG monitoring and diagnoses
such as syncope, heart failure, endocarditis, stroke, drug
overdose, electrolyte abnormalities, hemodialysis, and
pediatric. Procedures searched in regard to electrocardio
graphic monitoring and arrhythmias included ventricular
assist device, ablation, transcatheter valve replacement,
pacemakers (transcutaneous, transvenous, permanent),
and implantable cardioverter-defibrillator.
For the organizational aspects of monitoring, lit
erature search terms included electrocardiography,
arrhythmias, cardiac, monitoring (physiologic), nursing assessment, nursing staff, hospital, nursing care,
nurse’s role, and clinical competence. Key words/
phrases included in-service, competency, or education.
In addition, the subheadings education, nursing, standards, diagnosis, cardiac or physiologic monitoring and
equipment alarms, and alarm fatigue were used. Finally,
additional articles were garnered from reference lists of
literature identified from the initial review.
The recommendations and levels of evidence used in
writing the current practice standards were developed
by the ACC Foundation/AHA Task Force on Practice
Guidelines for Applying Classification of Recommen
dation and Level of Evidence2 and were in effect at
the time of the commissioning of this statement (Ta
ble 1). Class of Recommendation (COR) according to
size of treatment effect is described as COR I (should
be performed), IIa (is reasonable to perform), IIb (may
be considered), III (no benefit; is not recommended),
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Applying Classification of Recommendations and Level of Evidence
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A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the
guidelines do not lend themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or
therapy is useful or effective.
*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations such as sex, age, history of diabetes mellitus, history of
prior myocardial infarction, history of heart failure, and prior aspirin use.
†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and B only), studies that support the use of comparator verbs
should involve direct comparisons of the treatments or strategies being evaluated.

or III (harm; is potentially harmful and should not be
performed). Level of Evidence (LOE) for estimates of
certainty (precision) of treatment effect are classified as
Level A, B, or C (Table 1). It must be noted that a rec
ommendation with LOE C does not imply a weak rec
ommendation.2 Some interventions may prove difficult
or unethical to test in a randomized design, but there
may be a very clear clinical consensus that a particular
therapy is useful.
Some interventions have become firmly established
as standard of practice without a randomized con
trolled trial (RCT) and thus seldom receive investigation.
This is particularly notable in the case of electrocardio
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

graphic monitoring. Electrocardiographic monitoring
quickly became the accepted standard of practice in
all intensive care units (ICUs) and for many patients on
a step-down/progressive care unit. Thus, the standard
of care for electrocardiographic monitoring was firmly
established before RCTs for almost all electrocardio
graphic monitoring. For example, patients immediately
after myocardial infarction (MI) received electrocardio
graphic monitoring without patients being randomized
to electrocardiographic monitoring versus no monitor
ing. Thus, the vast majority of studies of patients after
MI are not directly evaluating the intervention of elec
trocardiographic monitoring but clearly demonstrate
November 7, 2017
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that select groups of patients are at risk for significant
arrhythmias, ischemia, or QT prolongation. Because
data on monitoring as a specific intervention are few
(with several exceptions), the writing group considered
the vast majority of recommendations for continuous
electrocardiographic monitoring to be LOE C (stan
dard of care, consensus opinion of experts). Following
the precedent set with the 2004 electrocardiographic
monitoring practice standards, the writing group in
cluded studies that describe mortality, morbidity, and
cost (when available) and the incidence or prevalence
of arrhythmias, ST-segment events, or QT prolongation
among patient populations, as well as data from ex
perimental studies when available. Certain hospitalized
patient populations have not been included in stud
ies of electrocardiographic monitoring. In these popu
lations, the writing group attempted to be clear that
recommendations were based primarily on expert con
sensus. In some cases, the writing group simply stated
its inability to provide recommendations because of
insufficient data.
Although the original AHA scientific statement1
presented practice standards within CORs, the current
practice standards present recommendations by patient
population. The goal is ease of inclusion in routine hos
pital order sets and quicker access to recommendations
for practicing clinicians for day-to-day decision making.
This pragmatic organization also allows attention to be
directed to inpatient populations for whom electrocar
diographic monitoring needs further study.

DOCUMENT REVIEW AND APPROVAL
The completed document was sent for external peer
review by experts in the field, including representatives
from the AHA and ACC. After passing peer review, it
was reviewed for final approval to publish by the AHA’s
Science Advisory and Coordinating Committee, the
highest science body within the association.

PRESENTATION OF CONTENT
This comprehensive document is grouped into 5 sec
tions, the first being Overview of Arrhythmia, Isch
emia, and QTc Monitoring. Because continuous elec
trocardiographic monitoring has 3 main purposes, the
writing group provides an overview of each. Because
clinicians may be less familiar with continuous STsegment and QTc monitoring, the overview sections
for these topics contain more detail than the overview
section for arrhythmia monitoring. The next section
is Recommendations for Indication and Duration of
Electrocardiographic Monitoring, which we present
by patient population to allow practicing clinicians
access to recommendations for day-to-day decision
e276
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making and to facilitate inclusion in hospital order
sets. Pediatric considerations are included when evi
dence is sufficient to make recommendations or when
practice standards are notably different for pediatric
patients. Following the recommendations for electro
cardiographic monitoring is Section 3, Organizational
Aspects: Alarm Management, Education of Staff, and
Documentation related to electrocardiographic moni
toring, which includes recommendations for these up
dated and pragmatic areas. The next section, Imple
mentation of Practice Standards, summarizes results
of hospitals that have evaluated implementation of
the 2004 practice standards, allowing us to learn from
their experience. The final section, Call for Research,
targets specific areas of highest priority for future re
search to address current gaps in evidence for electro
cardiographic monitoring.

SECTION 1: OVERVIEW OF
ARRHYTHMIA, ISCHEMIA, AND QTC
MONITORING
Overview of Arrhythmia Monitoring
Background
There are 4 broad rationales for arrhythmia monitor
ing. The first is immediate recognition of sudden car
diac arrest to improve time to defibrillation. Delayed
defibrillation is associated with significantly decreased
survival after in-hospital cardiac arrest,3 and occur
rence of arrest in an unmonitored patient doubles the
likelihood of delayed defibrillation.3 Nurse-to-patient
ratios have been identified as the greatest predictor
of survival after in-hospital arrest.4 It is likely that ad
equate staffing improves nurses’ ability to respond
rapidly to monitor-identified alarms. Identification of
hospitalized patient populations at sufficient risk of
arrest to warrant inpatient monitoring is critical to im
prove survival.
The second rationale is recognizing deteriorating
conditions (ie, development of early afterdepolariza
tions or nonsustained arrhythmias) that may lead to
a life-threatening, sustained arrhythmia and thereby
prompting treatment that may prevent or mitigate the
effects of a cardiac arrest. Hospitals with the lowest
arrest incidence also have the greatest arrest survival.4
Although many hospital factors may underlie this as
sociation, it is likely that early recognition of patients
at risk for arrest improves overall survival. Third, ar
rhythmia monitoring will, in many situations, facilitate
management of arrhythmias even if not immediately
life-threatening. Finally, arrhythmia monitoring can fa
cilitate diagnosis of arrhythmias or cause of symptoms
(eg, syncope and palpitations) and subsequently guide
appropriate management.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Accurate Electrode Placement
Unlike the standard 12-lead ECG in which limb elec
trodes are placed on the arms and legs, limb electrodes
for hospitalized patients receiving continuous electro
cardiographic monitoring are placed on the torso to al
low patient movement while reducing artifact.1
Accurate electrode placement is key to correct
identification of monitored arrhythmias. Incorrect
diagnosis of ventricular tachycardia (VT; which was
caused by artifact possibly related to a misplaced elec
trode) among hospitalized inpatients and emergency
department (ED) patients has resulted in unnecessary
interventions ranging from intravenous antiarrythmic
agent to diagnostic catheterizations and even implan
tation of a pacemaker and implantable cardioverterdefibrillator (ICD).5 Correct placement of electrocar
diographic electrodes for both arrhythmia monitoring
and continuous ST-segment monitoring cannot be
overemphasized. Frequent inaccurate placement of
electrodes, particularly the precordial lead, has been
reported in a multisite study.6
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Appropriate Lead Selection
For arrhythmia monitoring, V1 is commonly selected be
cause of its helpfulness in distinguishing between VT
and aberrancy.1,7
Pediatric Considerations
Although V1 is commonly used for arrhythmia monitor
ing in adults, lead II is commonly selected as a primary
lead for continuous monitoring in the pediatric popu
lation because supraventricular arrhythmias are more
common than ventricular arrhythmias, and P waves are
often best visible in the inferior leads.7,8 Age-related
variations are found in pediatric ECGs and include heart
rate, axis, intervals, and voltage criteria.9
Among children, respiratory causes of arrest are more
common than cardiac causes; however, hypoxia may
lead to bradycardia and subsequent asystole. Cardiac
arrest data from 36 902 adults and 880 children (neona
tal intensive care and delivery unit excluded) from 253
US and Canadian hospitals revealed that the first docu
mented pulseless arrest rhythm was most commonly
asystole or pulseless electrical activity in both children
and adults.10

Overview of Continuous ST-Segment
Ischemia Monitoring
Background
The ST segment is the portion of the surface ECG that
is coincident with ventricular repolarization. Although
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

electrocardiographic abnormalities associated with
myocardial ischemia or MI may be seen in the PR seg
ment or the QRS complex, the earliest manifestations of
myocardial ischemia are usually T-wave and ST-segment
changes.11
Because the static 12-lead provides only ≈10 sec
onds of electrocardiographic waveforms, an exten
sion of this technology has been continuous ST-seg
ment monitoring available for patients most at risk
for ischemia. Given the benefits of early management
of MI, continuous ST-segment monitoring may facili
tate early recognition of ischemic events, potentiat
ing rapid medical treatment and revascularization to
avoid permanent myocardial damage in patients pre
senting with signs and symptoms suggestive of acute
coronary syndrome (ACS). Continuous ST-segment
monitoring has the potential to identify ischemia be
fore the onset of symptoms. This may be particularly
important for patients who are unable to perceive
angina symptoms12,13 (eg, patients with diabetes mel
litus who did not experience angina with a prior MI)
or patients who cannot communicate that they are
having angina symptoms14–17 (eg, patients who are
intubated and sedated or with impaired mental sta
tus). Alternatively, the absence of dynamic changes
on continuous ST-segment monitoring after revascu
larization can help provide reassurance that chest dis
comfort does not represent coronary reocclusion.1,15
Descriptive studies consistently highlight the preva
lence of transient ischemia among patients in ICUs
and step-down units.18,19
Verification of Perfusion and Prognostic
and Clinical Significance
Despite lack of an RCT evaluating the clinical benefit
of continuous ST-segment monitoring in hospitalized
patients, many prospective and comparative studies
report the clinical and prognostic impact associated
with continuous ST-segment monitoring (Table 2).
Continuous ST-segment monitoring has been used as
a marker of ischemia and infarction in a variety of
settings. As early as 1999, investigators prospectively
evaluated 100 patients with chest pain and an ECG
nondiagnostic of acute MI, finding that transient STsegment elevation or depression ≥1 mm occurred in
15.9% of the patients, was an independent risk fac
tor for cardiac death or MI, and should be considered
an early risk stratification tool.28 A later study of 237
patients admitted for ACS and on a telemetry moni
tor revealed that 17% had ischemia per continuous
ST-segment monitoring. These patients with ischemia
were 8.5 times more likely to have in-hospital com
plications.30
Akkerhuis et al34 conducted a meta-analysis of 3
multisite trials of patients with non–ST-segment–eleva
tion MI (NSTEMI; the Netherlands and United States).
November 7, 2017
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Implementation of Arrhythmia Monitoring
Two key points when implementing continuous ar
rhythmia monitoring are accurate electrode placement
and selection of the appropriate leads to monitor.

Sandau et al

Table 2. Selected Studies of Continuous ST-Segment
Monitoring for Verification of Perfusion and Clinical
and Prognostic Significance
Verification of myocardial perfusion
By thrombolytics (Krucoff et al,20 Langer et al,21 Maas et al,22 Cruden et al23)
By percutaneous intervention (Krucoff et al,20 Terkelson et al24)
By anticoagulants (Jernberg et al25)
By platelet inhibitors (Klootwijk et al26)
By intensive insulin therapy (Stefanidis et al27)
Clinical significance
 Among patients with chest pain and an ECG nondiagnostic of acute MI,
transient ST-segment elevation or depression ≥1mm occurred in 15.9%
of the patients and was an independent risk factor for cardiac death or
MI (Jernberg et al28).
 A 6-h rule-out protocol using cardiac markers and continuous STsegment monitoring for MI among patients in a chest pain unit
demonstrated ST-segment changes on continuous monitoring for 6
patients, leading to early identification of an evolving MI for 2 of these
who subsequently received thrombolytics (Herren et al29).
 17% of telemetry patients admitted for ACS had ischemia per
continuous monitoring; these patients were 8.5 times more likely to
have in-hospital complications (Pelter et al30).
 ICU patients with ST-segment depression demonstrated a 4.7-fold higher
risk for troponin elevation (Landesberg et al31).
 After adjustment for risk scores, presence of ST-segment shifts on
continuous electrocardiographic monitoring was a stronger independent
predictor of mortality than the admission 12-lead ECG (Yan et al32).
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 The variability of ST-segment shifts during continuous monitoring in the first
4–24 h of an MI predicted mortality within 5 y, suggesting that continuous
ST-segment monitoring during the first 24 h of an MI is a valuable tool
for differentiating high- and low-risk patients (Ottander et al33).
Prognostic significance
 Variables of continuous ST-segment recovery were predictive for both
mortality and the composite risk of mortality, reinfarction, and heart
failure (Maas et al22).
 Retrospective, blinded meta-analysis of 3 multisite trials of patients
with NSTEMI identified recurrent ischemia episodes in 27% of patients;
number of ischemic episodes in 24 h was directly proportionate to the
probability of cardiac events at 5 and 30 d. After controlling for known
baseline predictors for worse outcomes, each ischemic event predicted a
25% increase for death/MI at 5 and 30 d (Akkerhuis et al34).
ACS indicates acute coronary syndrome; ICU, intensive care unit; MI,
myocardial infarction; and NSTEMI, non–ST-segment–elevation myocardial
infarction.

The 3 clinical trials had evaluated glycoprotein IIb/IIIa
inhibitors; a subgroup of patients (n=995) in these sites
received additional continuous 12-lead ST-segment
monitoring. In a retrospective, blinded analysis, recur
rent ischemia episodes were identified in 27% of pa
tients. The number of ischemic episodes in 24 hours
was directly proportionate to the probability of cardiac
events at 5 and 30 days. At 30 days, the composite end
points of MI or death were met by 19.7% of patients
with ST-segment episodes compared with only 5.7% of
those without ST-segment episodes. After known base
line predictors for worse outcomes were controlled for,
each ischemic event predicted a 25% increase in death/
MI at 5 and 30 days.
e278
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Implementation of Continuous ST-Segment
Ischemia Monitoring
It is important to clarify that diagnosis of an MI is not
made by continuous ST-segment monitoring. Rather,
continuous ST-segment monitoring is used as part of
a comprehensive assessment for MI. A 12-lead ECG
is done to verify findings of continuous monitoring.35
The 2004 practice standards1 recommended 1-mm STsegment deviation as clinically significant for patients
in critical care units at high risk of ACS. However, 1- to
2-mm ST-segment elevation or depression that lasts
at least 1 minute (with or without symptoms) may
be clinically significant, and further clinical assess
ment is warranted.14,18,19,36 Further study is needed to
guide optimal alarm thresholds on the basis of several
considerations: the patient’s potential for developing
ischemia, a pragmatic plan for whether this ischemia
would be addressed with a feasible and appropriate
intervention, the type of nursing unit, and tolerance
for potential false alarms, which case reports and
studies have revealed to be attributable to patient
movement.37,38
Methods Used to Measure ST-Segment Changes
The technology for real-time monitoring for ischemia
has been available since the mid-1980s, and practi
cal clinical guidelines were published as a consensus
statement in 199914 and again within the practice
standards in 2004.1 The 2004 practice standards1 rec
ommended that aging monitors at end of life be re
placed with monitors with automated ischemia moni
toring capability.
Unlike arrhythmia monitoring, the software for
ischemia monitoring is not automatically enabled by
the monitor manufacturers. A thoughtful decision by
nurses, physicians, and biomedical engineers at each
hospital is critical to identifying an interprofessional
protocol for ischemia monitoring, including identifi
cation of which hospital units commonly admit the
patient populations who may benefit from continu
ous ischemia monitoring.39 Some hospitals have cho
sen to have ST-segment monitoring as a default for all
patients in ICUs and telemetry units; unfortunately,
this is likely to result in overuse of ST-segment moni
toring because busy nurses may neglect to turn off
the function when a patient does not meet criteria. To
reduce unnecessary monitoring and alarms, the writ
ing group recommends setting the ST-segment moni
toring default to “off” because only a select group
of patients will potentially benefit from this moni
toring. Each institution should have clear guidelines
and a protocol for nurses to efficiently enable con
tinuous ST-segment ischemia monitoring in patients
for whom it is indicated and turn it off when it is no
longer indicated for the patient. A physician or ad
vanced practice clinician may indicate when a patient
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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samples, with ischemia in distal versus proximal areas
of the circumflex artery and either elevation or depres
sion of the ST segment. Further studies with larger
sample sizes may be helpful.
For patients at risk for both arrhythmia and ischemia,
selection of the ideal precordial lead can be challenging
because at least 1 precordial lead (V1 or V6) is needed
to assess for ventricular arrhythmias. Thus, it is impera
tive that if a patient is to receive continuous electrocar
diographic monitoring, it is individualized by a clinician
competent in ST-segment monitoring.

Accurate Electrode Placement and Interpretation
As previously discussed (in Overview of Arrhythmia
Monitoring), accurately placed electrocardiographic
electrodes are essential to avoid inaccurate diagnoses
and potentially inappropriate treatment. The neces
sity for correct electrocardiographic electrode place
ment also applies to continuous ST-segment monitor
ing. Continuous ST-segment monitoring may differ in
measurement method compared with exercise stress
testing and core laboratories in that a measurement
at 60 milliseconds beyond the J point is commonly re
ported for studies or protocols specific to continuous
ST-segment monitoring,19,31,39 in an attempt to reduce
the potential for false alarms that may occur if the
measurement is taken at 80 milliseconds beyond the
J point where the upslope of the T wave begins.40 Fur
ther study is needed.

Nonischemic Causes of ST-Segment Changes
Continuous ST-segment monitoring may not be ap
propriate for particular patient populations for 2 main
reasons: Their clinical condition does not warrant it,
or their baseline ECG is abnormal and does not allow
valid measurement of the ST segment. A number of
conditions other than myocardial ischemia can cause
ST-segment changes and trigger ST-segment alarms.
For example, changes on the ECG may occur among
patients who are admitted with hyperkalemia; their ad
mission “baseline” waveform may include ST-segment
elevation with peaked T waves and widening of the
QRS complex, often (but not always) throughout the
limb and precordial leads.43 As hyperkalemia resolves
and the patient’s ST segment returns to baseline, the
ST-segment alarm may be triggered because the base
line ST segment stored in the memory of the monitor
demonstrated ST-segment elevation, rather than the
patient’s outpatient baseline before hyperkalemia.
Similarly, patients who are hypothermic as a result
of accidental hypothermia or targeted temperature
management may exhibit Osborn waves, which may
manifest as prominent J-point elevation mimicking STsegment–elevation MI (STEMI).44,45 Although ST-segment
monitoring is recommended for a patient who sustained
an ACS-associated arrest and is undergoing therapeutic
hypothermia, the ST segment returning to baseline on
rewarming may trigger the ST-segment alarm, although
this ST resolution to baseline represents a normal physio
logical response to rewarming. Finally, up to a quarter of
patients after defibrillation may exhibit ST-segment ele
vation, but this usually decreases within 5 minutes.43 The
clinician can adjust alarm settings for the patient’s new
baseline during resolution of hyperkalemia or hypother
mia or after resuscitation to avoid unnecessary alarms.
Primary repolarization abnormalities occur indepen
dently, without changes in QRS depolarization,40,42 and
include the following:
• Drugs and toxins (eg, prolonged use of digitalis
may result in what has been described by clini
cians as a “scoop” or “soup ladle” ST-segment
depression)
• Electrolyte abnormalities (eg, serum calcium and
potassium)

Appropriate Lead Selection
Ideally, ST-segment monitoring software should have
the capability of monitoring all 12 leads simultane
ously. In practice, monitoring system capabilities vary,
with some monitoring systems able to monitor only
1 precordial lead at a time. Thus, the decision about
which precordial lead is selected should be based on
the coronary artery or surface known or suspected
to be affected by the ischemic process. The principle
of using the “ST-segment fingerprint” supports lead
selection for noninvasive monitoring. This principle is
based on validation of noninvasive ST-segment chang
es occurring during invasive angiography as being able
to accurately signal occlusion via balloon inflation and
spontaneous ischemia during early MI.20 Thus, if an
artery is identified on angiography to be occluded and
leading to ischemia, this ST-segment fingerprint should
guide lead selection for postangiographic monitoring.
Similarly, if an initial 12-lead ECG demonstrates that
a particular lead suggests ischemia, that same lead
should be prioritized for continuous ischemia monitor
ing. Recommendations have differed over the years as
to which lead is of most benefit in identifying ischemia
in the circumflex artery: I, aVL, V5 or V641; III or aVF15;
or V6 for ST-segment elevation and V1 and V3 for STsegment depression42 in the circumflex. The disagree
ment may be attributable to heterogeneity of study
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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has transitioned from a clinical condition warranting
ischemia monitoring (eg, potential ACS) to no lon
ger needing ischemia monitoring (eg, ACS ruled out).
However, because nurses are the caregivers manag
ing the continuous electrocardiographic monitoring
24 hours a day, it is most often the nurse who most
quickly identifies when a patient transitions into and
out of a paced rhythm or right bundle-branch block
(BBB) and can turn off ST-segment monitoring imme
diately to avoid false alarms. Thus, interprofessional
management and communication are essential.

Sandau et al
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• Pericarditis or myopericarditis, often with diffuse
changes on the ECG, including ST-segment eleva
tion (or, more frequently, PR depression) in mul
tiple leads, representing inflammation rather than
true ischemia43
Secondary repolarization abnormalities may also
manifest as ST-segment and T-wave abnormalities. They
occur with changes in sequence or duration of ventricu
lar depolarization40,42 and include the following:
• Right or left BBB
• Paced rhythms
• Ventricular hypertrophy
• Ventricular pre-excitation
Several other patient populations that present with
electrocardiographic waveforms displaying abnormal re
polarization are particularly challenging for the clinician
on initial admission to the hospital if the patient’s history
is not well known and no baseline ECG is available. Expert
consultation may be indicated. These conditions follow:
• Early repolarization pattern, described as wide
spread and consistent ST-segment elevation at
the J point, with characteristic QRS slurring or
notching (a positive deflection on terminal QRS
complex); preservation of the initial concave
upsloping; and prominent T waves in at least 2
contiguous leads43
• Chronic or evolutionary ST-segment elevation
caused by ventricular aneurysmal dilatation from a
previous infarction43
• Brugada syndrome, manifested by right BBB and
ST-segment elevation in leads V1 through V3 among
patients who, despite absence of chest pain, are at
high risk for syncope or death resulting from VT or
ventricular fibrillation (VF)43,46
Because there are so many patient populations for
whom either continuous ST-segment monitoring is not
valid or the ST segment is difficult to measure accu
rately, this monitoring should be considered an add-on
rather than a default for in-hospital cardiac monitor
ing. In contrast, there are discrete patient populations
for whom ST-segment monitoring may provide valuable
prognostic and clinical data.
Changes to Previous Recommendations for
ST-Segment Monitoring
The authors of the 2004 practice standards1 gave a COR
I recommendation for continuous ST-segment monitor
ing to 4 patient populations (early phase of ACS; chest
pain or angina-equivalent symptoms in patients present
ing to the ED; after nonurgent percutaneous coronary
intervention (PCI) with suboptimal angiographic results;
and possible variant angina caused by coronary vaso
spasm), all of whom were at significant risk of myocardi
al ischemia, which, if sustained, could result in acute MI.
After considerable discussion resulting in consensus,
the current writing group has given these patients a
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COR IIa recommendation, not because we doubt the
potential for this technology but because recent liter
ature demonstrates a very serious problem with false
and nonactionable alarm signals.47–53 False and non
actionable alarm signals have led to alarm fatigue and
resulted in sentinel events.49,54 False alarm signals occur
when there is no valid triggering event, whereas nonac
tionable alarm signals correctly sound but for an event
that has no clinical relevance.
False ST-segment alarms37,38 were described in early
reports and continue to be an area needing priority
attention. Investigators evaluated standardization of
monitor software and nurse tailoring of patient alarms
using a 12-lead hardwire monitoring system in a 15-bed
medical progressive care (telemetry) unit over an 18-day
period, reporting that after intervention, the number of
ST-segment alarms (9647) remained high and needed
further follow-up interventions.47 In 5 ICUs in a single
hospital during a period of 31 days, Drew et al50 re
ported that 91% of the 6196 alarms for ST-segment
changes were considered nonactionable. Unfortunate
ly, until this unacceptable rate of false and nonaction
able alarms can be addressed, we can no longer give a
COR I recommendation because false and nonaction
able alarm signals distract the nurse, bother the patient,
and desensitize clinicians to respond to alarms.47,49,50,55
ST-segment monitoring software in its current state
contributes far too many false and nonactionable alarm
signals that constrain its usefulness.
Exacerbating the problem of false and nonaction
able alarm signals is the lack of studies on the process
and outcomes of continuous ST-segment monitoring by
staff nurses in telemetry settings. The majority of studies
evaluating benefits of continuous ischemia monitoring
were done by researchers who used a 12-lead monitor
ing system. 18,19,28,30,34 These important studies provided
a foundation for others; unfortunately, very few studies
were forthcoming to evaluate real-time workflow pro
cess and real-time outcomes for the patients as a result
of caregivers using their standard continuous monitor
ing equipment. Ischemia monitoring in non-ICU settings
(eg, telemetry units) has not been adequately studied.
Literature on appropriate workflow and protocols is
rarely published; reports of the impact of protocols
for real-time continuous electrocardiographic monitor
ing are sorely needed. Earlier writing groups provided
recommendations during a time when some hospitals
still did not have equipment to perform continuous STsegment monitoring; at that time, hospital leaders were
advised that when their cardiac monitors needed to be
replaced, they should be replaced with monitors ca
pable of ischemia monitoring.1,14 Since that time, most
hospitals have had monitoring capability for ischemia;
however, the recent practice of unnecessary arrhythmia
monitoring combined with suboptimal technology and
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Class of Recommendation I

Table 3.

Continued

   Paced rhythms
General principles and alarm management

None

General principles

Class of Recommendation IIa

   Assess if ST-segment monitoring is indicated for patient

Continuous ST-segment monitoring is reasonable for:
  Early-phase ACS (<24 h) for intermediate to high risk NSTE-ACS or
STEMI, while receiving definitive diagnosis, initiating immediately and
continuing uninterrupted ≥24–48 h (or until ruled out; negative
biomarkers) (Level of Evidence B)
  After MI without revascularization or with residual ischemic lesions
(initiating immediately; continuing ≥24–48 h until no evidence of
ongoing modifiable ischemia or hemodynamic or electric instability)
(Level of Evidence C)
  Newly diagnosed left main coronary artery lesion (until revascularized)
(Level of Evidence C)
  Vasospastic angina (can be useful to document transient ST-segment
changes until diagnosed and stabilized) (Level of Evidence C)
  After nonurgent PCI with complications or suboptimal results (for ≥24
h or until complication resolved; expert judgment is needed for type
of complication) (Level of Evidence C)

  Monitor via 12-lead ECGs; select display leads on the basis of priority
purpose of monitoring
  Assess alarm parameters on the basis of patient’s baseline and
purpose of monitoring; adjust as appropriate
   Continue monitoring until indication no longer relevant
   Reassess daily
   If unable to resolve continuous false alarms, discontinue continuous
ST-segment monitoring to avoid alarm fatigue; collaborate with
the care team to decide whether other assessments are needed
(eg, agitated patient with delirium: consider daily ECGs rather than
continuous ST-segment monitoring)
  Document the continuous ST-segment monitoring in patient’s medical
record at baseline and then at least every 8–12 h
  Document waveform strip on ECG with any signs or symptoms of
angina or angina equivalent
  In ACS, continue ST-segment monitoring until MI has been ruled out
or other diagnosis is made (eg, myopericarditis)

  Open heart surgery (intraoperatively) (Level of Evidence B)
Class of Recommendation IIb

  If ACS confirmed, continue continuous ST-segment monitoring using
guidelines provided in these practice standards

Continuous ST-segment monitoring may be considered for:
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  After MI with revascularization of all ischemic lesions (initiating
immediately; continuing ≥12–24 h after revascularization; duration
of monitoring may be shorter or longer, depending on how quickly
patient was revascularized, cardiac biomarker levels, and clinical
condition) (Level of Evidence B)

Alarm management

  Apical ballooning (stress cardiomyopathy): until symptoms resolved
(Level of Evidence C)

  Is patient appropriate for continuous ST-segment monitoring (eg, verify
rhythm is not paced)?

  During targeted temperature management (therapeutic hypothermia)
procedure based on presumed cause of arrest (Level of Evidence C)

   Are electrodes placed correctly?

  Open heart surgery: immediately postoperatively in intubated and
sedated patients until able to recognize and report new or ongoing
ischemia (Level of Evidence B)
  ADHF: only if possible ischemic origin and evaluable ST segment (until
precipitating event is successfully treated) (Level of Evidence C)
  Stroke: only in patients with acute stroke at increased risk for cardiac
events with evaluable ST segments (24–48 h) (Level of Evidence C)
Class of Recommendation III: No Benefit; Level of Evidence C
Continuous ST-segment monitoring is not beneficial for:
  Fully awake and alert patients able to recognize and verbalize angina
symptoms
    After nonurgent PCI without complications
   After routine coronary angiography (no further monitoring beyond
femoral sheath removed and immediate postprocedure area)
  Low-risk and noncardiac chest pain (risk score derived from
established scoring tool)
Class of Recommendation III: Harm; Level of Evidence C
 Continuous ST-segment monitoring is potentially harmful because it will
likely trigger false or nonactionable alarms that may disturb patients,
distract nurses, or lead to unnecessary treatment for:
   Condition-specific changes in repolarization
   Myopericarditis
    Chronic “scooped” ST segment caused by prolonged digitalis use
    LBBB, RBBB (unless advanced interpretation skills are present)
(Continued )
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 Have interprofessional policy in place at institution for use of continuous
ST-segment monitoring
In responding to alarms, first assesses:

   Did ST-segment alarm continue despite change to supine position?
 After the above are confirmed, obtain 12-lead ECG; qualified clinician
should evaluate 12-lead ECG to confirm presence of ST-segment
changes in contiguous leads
ACS indicates acute coronary syndrome; ADHF, acute decompensated
heart failure; LBBB, left bundle-branch block; MI, myocardial infarction; NSTEACS, non-ST-segment elevation acute coronary syndrome; PCI, percutaneous
coronary intervention; RBBB, right bundle-branch block; and STEMI, STsegment elevation myocardial infarction.

suboptimal management of alarms has resulted in an
unacceptable rate of false and nonactionable alarms.
Although the number of studies addressing imple
mentation of practice standards for electrocardiograph
ic monitoring has increased in the past few years, the
focus has been on arrhythmia monitoring, not continu
ous ST-segment monitoring.56–59 Unfortunately, this has
resulted in a continued lack of studies evaluating con
tinuous ST-segment monitoring by telemetry, which of
ten includes only 5 electrodes (7 leads) rather than 10
electrodes (12 leads). Research is ongoing on the practi
cal use of reduced lead sets with capability for 12-lead
monitoring directly by staff nurses.60
The highest current recommendation for ischemia
monitoring is COR IIa, LOE C for intermediate- to
high-risk patients in the early phase of ACS, including
November 7, 2017
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those being evaluated for vasospastic angina; postMI patients without revascularization or with residual
ischemic lesions; and newly diagnosed patients with
a high-risk lesion such as left main blockage in the
setting of a nursing unit with technology for con
tinuous 12-lead ST monitoring and related education
and protocols that facilitate reduction of false and
nonactionable alarm signals (Table 3). A COR IIb, LOE
B recommendation is given for ischemia monitoring
immediately postoperatively after open heart sur
gery, which is congruent with guidelines published
in 2011.61
Technology and protocols for continuous ST-seg
ment monitoring must be improved. The full potential
of continuous ST-segment monitoring has not been re
alized. Monitor manufacturers have a responsibility to
work with clinicians to optimize this potentially benefi
cial technology. Specific recommendations to improve
ST-segment technology have been suggested,50 and
further remedies for addressing alarm fatigue are given
in Section 3 of this article; specific recommendations
for further studies on ST-segment monitoring are listed
in Section 5.
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Pediatric Considerations
In neonates and infants, the TP segment is the preferred
reference for the isoelectric line.62 Changes of ≥1 mm
above the isoelectric line may be considered clinically
significant; however, this is uncommon in the newborn.
During the first week of life, variability in T waves is nor
mal. After ≈1 week, the T wave is generally negative in
V1 and positive in V5 and V6.62
ST-segment monitoring for primary ischemia is less
common among children than adults, although chil
dren with congenital heart defects such as Fontan
circulation may benefit.63,64 In 30 children with Ka
wasaki disease (a leading acquired heart disease in
children in developed nations65,66), ST-segment moni
toring via Holter successfully demonstrated ischemic
ST-segment depression in all patients with angio
graphically identified left main coronary artery occlu
sion.67 In children, secondary ischemia resulting from
myocardial demand exceeding supply may include
those receiving high-dose epinephrine or isoproter
enol, infants with prenatal exposure to cocaine,68 or
infants with cardiotoxicity during treatment of severe
asthma.69 Thus, further study of ST-segment moni
toring among these pediatric populations has been
proposed, with clinical recommendations similar to
those for adults in terms of degree of elevation/de
pression, duration of at least 1 minute, and confir
mation by a 12-lead ECG.67 Further study is needed
to support specific recommendations for use among
select patient populations, method of monitoring,
normal versus abnormal measurements, and effec
tiveness of interventions.
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Table 4. Examples of Drugs Available on US Market
With Known Risk for TdP
Drug Class

Examples

Antiarrhythmic

Amiodarone, disopyramide, dofetilide, ibutolide, sotalol

Antibiotic

Azithromycin, ciprofloxacin, erythromycin, levofloxacin,
moxifloxacin

Antidepressant

Citalopram, escitalopram

Antiemetic

Droperidol, ondansetron

Antifungal

Fluconazole

Antipsychotic

Haloperidol, chlorpromazine

Opiate

Methadone

TdP indicates torsade de pointes.
Adapted from http://www.crediblemeds.org.76 Used with permission from
AZCERT Inc.

Overview of QTc Monitoring
Background
Acute QT prolongation is associated with increased risk for
torsade de pointes (TdP), a rare but potentially fatal VT. QTinterval prolongation is attributable to abnormal structure
or function of ion channels and related proteins respon
sible for cardiac cellular repolarization. In the congenital
form of long-QT syndrome (LQTS), these abnormalities
result from genetic mutation, whereas in acquired LQTS,
ion channel function is altered by acute medical condi
tions or the action of drugs. Emerging evidence indicates
that some instances of drug-induced acquired LQTS and
TdP may be related to previously undetected genetic fac
tors.70–72 Prevalence of QTc prolongation is difficult to
determine because of inconsistent definitions and dif
fering research methods. Investigations have reported
prevalence of QTc prolongation >500 milliseconds in
monitored patients ranging from 2.6% to 24%.73–75
A major risk factor for acquired LQTS and TdP in
hospitalized patients is the initiation, increased dose,
or overdose of QT-prolonging drugs. Drugs from a
wide range of classes have been implicated (Table 4).
AZCERT, Inc, an independent nonprofit organization,
maintains a continually updated lists of drugs with
known, possible, and conditional risk for causing TdP
on its website.76 This resource provides a conservative
approach to management and is used by clinicians in
evaluating the risks and benefits of listed drugs. Ongo
ing studies of these drugs, as well as new agents, will
provide evidence for future recommendations.
Examples of drug classes known to present poten
tial risk for prolonged ventricular repolarization and
TdP are listed (Table 4). The degree of risk is variable,
and data on the incidence of TdP are best documented
for the antiarrhythmic agents. Among the antiarrhyth
mics, older drugs such as disopyramide, procainamide,
and quinidine, as well as dofetilide, ibutilide, and so
talol, have been found to have a TdP incidence of 1%
to 10%.77 Although amiodarone frequently causes
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Examples
General risk factors
Older age
Female sex
Heart disease

Left ventricular hypertrophy
Low left ventricular ejection fraction
Myocardial ischemia

Bradyarrhythmia

Pause after conversion from AF or flutter
to sinus rhythm
Compensatory pauses after PVCs
Sinus pauses
Mobitz II or complete heart block with
ventricular rate <40 bpm

 Electrolyte abnormalities

Hypokalemia (moderate to severe)
Hypomagnesemia (moderate to severe)
Malnutrition electrolyte disorders

 Metabolic impairment
(acquired or genetic)

Renal failure

 Genetic predisposition to
QT prolongation

Unexplained QT prolongation in patient or
family member

Hepatic failure

Family history of syncope, sudden death, LQTS
 Concomitant use of
drugs that prolong QT or
impair their metabolism
Electrocardiographic indicators of impending TdP
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 Sudden bradycardia or long pauses (eg, compensatory pauses after
ventricular ectopy)
Enhanced U waves
T wave alternans
Nonsustained polymorphic VT
AF indicates atrial fibrillation; LQTS, long-QT syndrome; PVC, premature
ventricular contraction; TdP, torsade de pointes; and VT, ventricular tachycardia.
Adapted from Drew et al.80 Copyright © 2010, American Heart Association, Inc.

marked QTc interval prolongation, it is thought to less
frequently result in TdP.78
Administration by intravenous route and rapid infusion
of culprit drugs has been demonstrated in animal studies
to be more likely to cause arrhythmia.79 Other reported
risk factors (Table 5) include female sex, family history of
congenital LQTS, and underlying conditions such as elec
trolyte abnormalities, renal or hepatic dysfunction, hypo
thyroidism, heart disease, and bradycardic episodes.80 QT
prolongation has also been observed in patients under
going therapeutic hypothermia after cardiac arrest.81,82
Although assessing the QT interval has become a
standard part of the in-hospital monitoring routine,
consensus is lacking about specific processes such as
measurement methods (manual, semiautomated, fully
automated continuous), heart rate correction methods,
frequency of QT measurement, and patient selection.
Because of the dearth of definitive research findings,
many of the recommendations made here are based on
expert opinion.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Implementation of QTc Monitoring
Implementation of QTc monitoring involves several con
siderations: selection of the method to measure the QTc,
selection of the appropriate lead to monitor, measurement
of the length of the QT interval in seconds or milliseconds,
and correction of the QT interval for heart rate (QTc).
Methods Used to Measure the QTc Interval
In monitored hospitalized patients, QT and QTc inter
val duration can be determined by 3 methods: manual
measurement with handheld calipers, a semiautomated
approach with digital calipers built into the electrocar
diographic monitoring system, and fully automated
continuous QTc monitoring. A specific recommenda
tion for 1 of the previously mentioned 3 methods can
not be made at the present time because hospitals have
different monitoring systems, some more sophisticated
than others, and no studies to date have determined
the best method for in-hospital monitoring of QT/QTc.
Most institutions currently do not have automatic con
tinuous QT correction in their monitoring systems. Thus,
knowing how to measure QT intervals and calculate the
corrected QT manually is important and provides hu
man oversight to automatically calculated readings.
Calculating the QTc in patients with atrial fibrillation
(AF) is particularly challenging with manual measure
ment because of the constantly changing RR interval.
Although there is no consensus on the best method, >1
approach has been suggested. One method takes the
longest and shortest QTc interval in an electrocardio
graphic recording and calculates an average. Another
method takes the average of multiple QTc measure
ments (up to 10) in a recording.83 Methods that rely on
only a single QT measurement are less likely to accu
rately represent the actual repolarization duration.
Newer-generation hospital electrocardiographic moni
toring systems include electronic calipers. Electronic cali
pers are positioned to measure both the QT and previ
ous RR interval and the values entered. The system then
uses an automated QT correction to calculate the QTc.
The most recent development is fully automated QTc
monitoring, in which QT/QTc intervals are measured ev
ery 5 minutes for display, alarms, and trending.84,85 The
fully automated method has the advantage of measur
ing every QT interval from all monitoring leads and uses
a representative heart rate for correction.
Caution should be used in comparing serial QTc mea
surements on recordings from bedside monitors with
those from standard 12-lead ECGs. Monitor measure
ments, especially from fully automated continuous QTc
monitoring, should not be considered equivalent to,
or used interchangeably with, standard 12-lead ECGs
for serial comparison.86 However, nurses monitoring
QTc for at-risk patients every 8 hours via telemetry are
able to report increasing measurements, having identi
fied an increase in QTc for which the prescriber would
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want to be notified (eg, reaching 500 milliseconds), at
which point the prescriber may decide whether a 12lead ECG is needed to confirm the measurement and
adjust treatment accordingly. Patients can be moni
tored for response to Class III antiarrhythmic drugs (eg,
call prescriber if QTc increases ≥25% from baseline).
Guidelines for the frequency of QTc measurement and
notification of prescriber may vary according to patient
characteristics and drug.
Appropriate Lead Selection
The AHA/ACC Foundation/Heart Rhythm Society rec
ommendations for the standardization and interpreta
tion of the ECG (2009) recommend selecting the elec
trocardiographic lead with the longest T wave when
monitoring the QT interval and avoiding a lead with U
waves.40 The same electrocardiographic lead should be
used over time for the same patient because QT length
varies across the 12 leads. If a lead change after QT
monitoring has started is unavoidable, then that lead
change should be clearly documented along with the
QT measurement.
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Measurement of the QT Interval
The QT interval is measured from the onset of the
QRS complex to the end of the T wave. If the QRS
should become prolonged, for example, with a new
BBB, the resultant increase in QT interval should not
be interpreted as acquired LQTS.87 This situation can
be handled by subtracting the increased QRS length
from the QT interval.40,80 An alternative method is to
substitute measurement of the JT interval (from the
end of the QRS to the end of the T wave), thereby
eliminating the confounding widened QRS.40,80 Either
method must be documented and used consistently
to detect valid ventricular repolarization changes over
time. With notched or biphasic T waves or superim
posed U wave, the end of the entire T-wave complex
should be considered the end of the QT interval. If a
U wave is discrete, that is, occurring after the T wave
returns to the baseline, then it should not be included
in the QT measurement.
Correction of the QT for Heart Rate
Because the QT interval lengthens with slow heart rates
and shortens with fast heart rates, it is necessary to cor
rect the QT interval for heart rate to accurately detect
repolarization changes over time. The Bazett formula,
by which the measured QT interval is divided by the
square root of the R-R interval (in seconds), is the most
commonly used QT correction method. However, mul
tiple studies have demonstrated that the Bazett method
overestimates QTc values at faster heart rates. Numer
ous alternatives, including the Hodges, Framingham,
Fridericia, and subject-specific formulas, have been
shown to be more accurate.88–91 Although there is cur
rently a lack of consensus on a single optimal formula,
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some of these alternatives may be used more frequent
ly in the future.
The QTc interval is considered prolonged when it
is >450 milliseconds for male patients and >460 mil
liseconds for female patients; the difference for sex de
creases at ≈40 years of age.40 Review of studies and
expert opinion highlights the clinical significance for
QTc duration of >500 milliseconds as being associated
with higher risk for TdP.80,92–96 Although QTc prolonga
tion criteria have been recommended, there is no firmly
established threshold below which QTc prolongation is
considered free of proarrhythmic risk.83
General Recommendations for QTc Monitoring
Regardless of the method used, it is essential that all cli
nicians responsible for electrocardiographic monitoring
share a consistent method and procedure within their
hospital. Such a QTc protocol should include measure
ment equipment, electrocardiographic lead selection
criteria, use of a consistent lead in the same patient
over time, method to identify QRS onset and T-wave
offset, QT correction formula, frequency of measure
ment, and documentation procedure.
It is important to remember that a goal of QTc moni
toring is to assess the safety of QT-prolonging medica
tions (eg, Class III antiarrhythmic agents) and to avoid
TdP. Thus, astute arrhythmia monitoring must be done
concurrently with QTc monitoring. Evidence suggests
that a combination of clinical risk factors and QT-pro
longing medications may present increased risk for
TdP.97 Among inpatients with observed prolonged QTc
interval, monitoring is a high priority if they exhibit any
of the risk factors or specific electrocardiographic indi
cators of impending TdP (Table 5).
Among patients for whom the provider has selected
inpatient initiation, for those with risk factors for TdP
(Table 5), including baseline QTc prolongation, who
are being started on nonantiarrhythmic drugs with
known, possible, or conditional risk for TdP, QT moni
toring is recommended. Nonantiarrhythmic drugs with
known, possible, or conditional risk for TdP, including
many antipsychotic agents, are generally initiated in
the outpatient setting without electrocardiographic
monitoring. Because studies of nonantiarrhythmic
drugs with known risk for TdP consist largely of case
reports and small series, data on incidence of TdP are
limited.
Although these populations are discussed further in
the Monitoring Recommendations by Patient Popula
tions section, patients most likely to benefit (COR I rec
ommendation) from QTc monitoring while hospitalized
are highlighted in Table 6.
Pediatric Considerations
The above recommendations may also be applied to
pediatric populations, with several caveats noted. The
normal upper limit for QTc among children 11 days to
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Electrocardiographic Monitoring for Hospitalized Patients

Patient Population/Indication

Table 6.

Patient Population/Indication

Recommendations

Drug initiation*
 Patients with or without risk
factors for TdP† who are started
on antiarrhythmic drugs with
known risk for TdP
 Medications include dofetilide,‡
ibutilide,‡ sotalol, disopyramide,
procainamide, quinidine

QTc monitoring is recommended:

 Patients undergoing targeted
temperature management

QTc monitoring is recommended
until:
Temperature normalized
QTc interval is in normal range

 For others (Class I; Level of
Evidence C)§

 No evidence of QT-related
arrhythmias
(Class I; Level of Evidence C§)

QTc return to baseline
Drug half-life
 Time to drug elimination
dependent on hepatic or renal
function
 Presence of QT-related
arrhythmias
Continue QTc monitoring for
48–72 h for patients initiating or
increasing dose of disopyramide,
procainamide, quinidine, and
sotalol
QTc monitoring may be reasonable
(Class IIb; Level of Evidence C)§

 Medications include amiodarone,
dronedarone, flecainide
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 Patients with history of prolonged
QTc or with general risk factors
for TdP† who are started on
nonantiarrhythmic drugs with risk
for TdP
   Drugs with known risk

Recommendations

Targeted temperature management (therapeutic hypothermia)

 For dofetilide (Class I; Level of
Evidence B)§

Factors determining duration of
QTc monitoring:

 Patients with or without risk
factors for TdP† who are started
on antiarrhythmic drugs with
possible risk for TdP

Continued

Congenital LQTS
 Patients with inherited long QT
who:

QTc monitoring is recommended
until:

  Present with unstable
ventricular arrhythmias and/or

 Stabilization of ventricular
arrhythmias

  Have medically or metabolically
induced prolongation of QTc
interval

 Exacerbating medical or
metabolic condition is reversed
QTc interval returns to baseline
(Class I; Level of Evidence C§)

Electrolyte disorders
 Patients with moderate to severe
hypokalemia or hypomagnesemia,
in combination with other general
risk factors for TdP†

QTc monitoring is recommended
until:
Electrolytes normalized
 No evidence of QT-related
arrhythmias
(Class I; Level of Evidence C§)

Drug overdose
 Patients with overdose of drug
with known TdP risk or with
overdose of unknown drug(s)
QTc monitoring is recommended
(Class I; Level of Evidence C)§

  Drugs with possible or
conditional risk

QTc monitoring is reasonable
(Class IIa; Level of Evidence C)§

 Patients without history of
prolonged QTc or without general
risk factors for TdP† who are
started on nonantiarrhythmic
drugs with risk for TdP

QTc monitoring is not
recommended

   Drugs with known risk

 
Class III: No Benefit; Level of
Evidence C

  Drugs with possible or
conditional risk

 
Class III: No Benefit; Level of
Evidence C

QTc monitoring is recommended
until:
 QT-prolonging drug levels have
decreased
 Unknown drug has been
identified as non–QT-prolonging
QTc interval is in normal range
 No evidence of QT-related
arrhythmias
(Class I; Level of Evidence C§)

Acute neurological event

General principles
 For patients with Class I indication for QT monitoring, document the
QTc, including rhythm strip, in patient’s medical record at baseline and
then at least every 8–12 h
 If QTc prolongation occurs during administration of drug, more frequent
measurement may be needed
Document QTc before and after increases in dose of QT-prolonging drug
 In patients who develop QTc >500 ms, discontinue causative drug and
continue QTc monitoring until drug washes out and QTc is documented
to be decreasing
 Decision to hold drug will vary on the basis of drug (eg, may not need
to hold amiodarone or dronedarone); consult an expert on whether to
continue drug when QT prolongation is observed
(Continued )
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 Patients with acute neurological
events and no baseline QTc
prolongation

QTc monitoring is not recommended
(Class III: No Benefit; Level of
Evidence C)

LQTS indicates long-QT syndrome; and TdP, torsade de pointes.
*These recommendations apply to patients who are hospitalized. Different
recommendations may apply to patients in an outpatient setting. Classification of
known, possible, or conditional risk is per http://www.crediblemeds.org.76
†Risk factors are listed in Table 5.
‡US Food and Drug Administration guidelines apply.
§Document the QTc, including rhythm strip, in the patient’s medical record
at baseline and then at least every 8 to 12 hours.
Data derived from Zipes et al,77 Malik and Camm,78 Drew et al,80 Storm et al,81
Riaz et al,82 Beach et al,93 and Machado et al.98

16 years of age was identified as <450 milliseconds.9
A patient with LQTS and a resting QTc of ≥500 mil
liseconds is generally considered at increased clinical
risk for a significant arrhythmia. A shortened QTc in
terval (ie, <300 milliseconds) may be associated with
malignant arrhythmias.99 An estimated 10% of sud
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den infant death syndrome is thought to be a result
of hereditary QT prolongation. Therefore, in attempt
to reduce further QT prolongation by QT-prolonging
medications in the setting of existing congenital QT
prolongation, clinicians have implemented automat
ed, continuous QT-interval surveillance in the neona
tal ICU.100

SECTION 2: RECOMMENDATIONS
FOR INDICATION AND DURATION
OF ELECTROCARDIOGRAPHIC
MONITORING
Monitoring Recommendations by Patient
Populations
The following sections provide a review of evidence
for electrocardiographic monitoring in discrete patient
populations, with recommendations for electrocardio
graphic monitoring when sufficient evidence to provide
recommendations exists, including a summary of each
patient population for which recommendations are
provided in the text in Table 7.
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Chest Pain and Coronary Artery Disease
Cardiac arrest is the leading cause of death in US adults
and the most common cause of death after MI.101,102
Although the rate of sudden cardiac death (SCD) has
decreased with advanced reperfusion and medical
and secondary prevention therapies, it still accounts
for 24% to 40% of total mortality after MI,101,103 with
an overall incidence of 2% to 4% per year.104 The
highest absolute rates of SCD occur within the early
hours after MI and during the initial hospitalization,
a relatively brief period that accounts for 17% of the
sudden deaths likely to occur within the first 30 days
after infarction.104 The substantial risk of death in the
early hours and days after MI is a primary motivation
for the early recognition, evaluation, and electrocar
diographic monitoring of patients with acute ischemic
cardiac events.
All patients presenting for urgent assessment of
chest pain or symptoms of acute ischemic cardiac dis
ease should be rapidly assessed and treated within the
construct of a predetermined chest pain protocol, in
cluding prompt initiation of electrocardiographic moni
toring and acquisition of a static 12-lead ECG, with ear
ly triage of patients with evidence of STEMI to urgent
reperfusion therapy.105 For all patients, appropriate use
of electrocardiographic monitoring is essential because
the large number of patients admitted for chest pain
has an important impact on the availability of moni
tored beds in some institutions. Indeed, heavy use of te
lemetry monitoring and ICU admissions is an important
driver of increased costs without clear substantiation of
improved outcomes in many subsets of patients.106–108
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Electrocardiographic monitoring should be purpose
ful.109–111 Thus, researchers are working to differentiate
patients whose chest pain is unlikely to be cardiac in
origin in an attempt to reduce unnecessary inpatient
admissions.
In the absence of STEMI, assessment tools include
elements of the history, physical examination, static
12-lead ECG, and cardiac biomarkers to stratify the
likelihood of ischemia as high, intermediate, or low.
Several authors105,112–114 have described the likelihood
of signs and symptoms that represent ACS secondary
to coronary artery disease. A variety of scoring tools
have been developed to assist in identifying patients at
presentation to the ED who are at increased likelihood
for the presence of ischemia and therefore at higher
risk for adverse outcome,115–120 although the superiority
of these scores beyond clinical judgment is not estab
lished. Among patients whose presenting symptoms are
found to be the result of a noncardiac cause or deemed
to be low likelihood for an ischemic cardiac condition,
further evaluation and treatment can be directed in a
more appropriate manner without continued electro
cardiographic monitoring.
In contrast, when the initial assessment is consistent
with an intermediate or high likelihood of ischemic
chest pain, further evaluation and management for
potential cardiac ischemic conditions are warranted.
Risk assessment tools such as the TIMI121 (Thromboly
sis in Myocardial Infarction) risk score, the PURSUIT122
(Platelet Glycoprotein IIb/IIIa in Unstable Angina: Re
ceptor Suppression Using Integrilin Therapy) score, the
GRACE123 (Global Registry of Acute Coronary Events)
score, or the NCDR-ACTION (National Cardiovascular
Data Registry-Acute Coronary Treatment and Interven
tion Outcomes Network) registry score124 incorporate
historical, risk factor, biochemical, and electrocardio
graphic data and have demonstrated ability to predict
short-, intermediate-, and/or long-term risk for adverse
outcome. Therefore, when applied to patients with
ischemic cardiac symptoms, these scores are useful in
guiding the intensity of therapeutic management, in
cluding level of nursing and monitoring intensity, an
ticoagulation therapy, and accelerated invasive assess
ment and revascularization for high-risk patients.114 The
following section contains evidence for electrocardio
graphic monitoring of patients when they are at mod
erate to high risk for ACS.
Early Phase of ACS (<24 Hours)
Although the incidence of malignant ventricular ar
rhythmias occurring in the setting of ACS historically
has varied considerably from 2% to 20%,125–129 limited
recent research indicates that the incidence of malig
nant ventricular arrhythmias in the setting of ACS is
less than that reported decades ago.130 Nonetheless,
because ventricular arrhythmias are known to occur
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommended Electrocardiographic Monitoring of Hospitalized Adult Patients by Population

Patient Population/Indication

Arrhythmia Monitoring Recommendations

Continuous ST-Segment Ischemia
Monitoring Recommendations

QTc*

Chest pain/coronary artery disease
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 Early-phase ACS (<24 h) for
intermediate- or high-risk NSTE-ACS
or STEMI

Should be initiated immediately, continuing
uninterrupted ≥24–48 h (or until ruled
out; negative biomarkers) (Class I; Level of
Evidence B)

Is reasonable to initiate immediately,
continuing uninterrupted ≥24–48 h (or until
MI ruled out; negative biomarkers or successful
reperfusion/revascularization) (Class IIa; Level
of Evidence B)

 After MI, with revascularization of all
ischemic lesions

Should be initiated immediately, continuing
uninterrupted ≥12–24 h after revascularization
(duration of monitoring after PCI may be
shorter or longer, depending on how quickly
patient was revascularized, cardiac biomarker
levels, and clinical condition) (Class I; Level of
Evidence B)

May be considered for immediate initiation,
continuing uninterrupted ≥12–24 h after
revascularization (duration of monitoring after
PCI may be shorter or longer, depending on
how quickly patient was revascularized, cardiac
biomarker levels, and clinical condition) (Class
IIb; Level of Evidence B)

 After MI, without revascularization or
with residual ischemic lesions

Should be initiated immediately, continuing
uninterrupted ≥24–48 h until no evidence
of ongoing modifiable ischemia or
hemodynamic or electric instability (Class I;
Level of Evidence C)

Is reasonable to initiate immediately,
continuing uninterrupted ≥24–48 h until no
evidence of ongoing modifiable ischemia or
hemodynamic or electric instability (Class IIa;
Level of Evidence C)

 Targeted temperature management

Class I; Level of Evidence C

Decision must be based on presumed cause of
arrest (Class IIb; Level of Evidence C)

 Vasospastic angina (ie, Prinzmetal)

Until symptoms resolved (Class I; Level of
Evidence C)

Can be useful in patients to document
transient ST-segment changes until clinical
syndrome diagnosed and stabilized (Class IIa;
Level of Evidence C)

 Apical ballooning syndrome (stress
cardiomyopathy)

Until symptoms resolved (Class I; Level of
Evidence C)

May be useful to document until symptoms
resolved (Class IIb; Level of Evidence C)

 Newly diagnosed left main coronary
artery lesion

Until revascularized (Class I; Level of Evidence C)

Until revascularized (Class IIa; Level of Evidence C)

 After nonurgent PCI, with complications

For ≥24 h or until complication resolved (Class
IIa; Level of Evidence C)

For ≥24 h or until complication resolved (Class
IIa; Level of Evidence C)

 After nonurgent PCI, without
complications

No further monitoring beyond femoral sheath
removal and immediate postprocedure area
(Class III: No Benefit; Level of Evidence C)

No further monitoring beyond femoral
sheath removal and immediate
postprocedure area (Class III: No Benefit;
Level of Evidence C)

 After routine diagnostic coronary
angiography

No further monitoring beyond immediate
postprocedure area (Class III: No Benefit; Level
of Evidence C)

No further monitoring beyond immediate
postprocedure area (Class III: No Benefit; Level
of Evidence C)

 Low-risk and noncardiac chest pain
(risk score derived from established
scoring tool)

If normal ECG and negative biomarkers (Class
III: No Benefit; Level of Evidence B)

If normal ECG and negative biomarkers (Class
III: No Benefit; Level of Evidence B)

   Uncomplicated: 48–72 h

Class I; Level of Evidence B

  High risk for AF: monitor until
discharge from acute care unit

Class I; Level of Evidence B

Intraoperatively (Class IIa; Level of Evidence B)
and postoperatively in intubated and sedated
patients until able to recognize and report
new or ongoing ischemia (Class IIb; Level of
Evidence B)

*

Major cardiac interventions
Open heart surgery

 Mechanical circulatory support
  Clinically significant cardiovascular or
hemodynamic deterioration

Class I; Level of Evidence C

  Immediately after implantation

Class I; Level of Evidence C

   Admitted with noncardiac problems

Class IIa; Level of Evidence C

  Admitted to a rehabilitation facility

Class III: No Benefit; Level of Evidence C

Only if patient meets respective criteria
(ie, signs and symptoms of angina)

(Continued )
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Continued

Patient Population/Indication

Arrhythmia Monitoring Recommendations

Continuous ST-Segment Ischemia
Monitoring Recommendations

QTc*

Major cardiac interventions Continued
 Transcatheter structural interventions
  After TAVR, particularly with
periprocedural conduction abnormalities

≥3 d after procedure (Class I; Level of Evidence
C) and after day 3 (Class IIa; Level of Evidence C)

  Other transcatheter interventions (eg,
VSD, ASD, valvuloplasty)

Duration of monitoring varies with procedure,
device, and patient factors (Class I; Level of
Evidence C)

Not indicated unless ischemic origin is
suspected; then follow indications and duration
per ischemia criteria

Arrhythmias
 VTs; postresuscitation from VT/VF cardiac
arrest or hemodynamically unstable VT
Nonsustained VT

Until ICD implanted or underlying problem
resolved (Class I; Level of Evidence C)
Class IIb; Level of Evidence C

For all arrhythmias, add ST-segment monitoring
only if ischemic origin is suspected; then follow
indications and duration per ischemia criteria

Atrial tachyarrhythmias
  New or recurrent AF: monitor until
treatment strategy determined

Class I; Level of Evidence C

  Hemodynamically unstable or
symptomatic AF

Class I; Level of Evidence C

  Ongoing rate control management

Class I; Level of Evidence C

  Initiation of new antiarrhythmic
agent†

See text; QTc monitoring may be indicated for
hospitalized patients

*

Chronic AF
  If admitted for reason other than
arrhythmia or rate and patient are
hemodynamically stable

Class III: No Benefit; Level of Evidence C

  If medical condition affects ventricular
rate or patient is unstable

Class IIa; Level of Evidence C
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Sinus bradycardias
  Symptomatic

Class I; Level of Evidence C

  Asymptomatic, significant bradycardia
with negative chronotropic
medications initiated

Class IIa; Level of Evidence C

  
Asymptomatic, hemodynamically
stable, admitted for other indication

Class III: No Benefit; Level of Evidence C

 Atrioventricular block
  Symptomatic second- or third-degree
atrioventricular block of any anatomic
origin

Class I; Level of Evidence C

  Asymptomatic second- or thirddegree block caused by distal
conduction system disease

Class I; Level of Evidence C

  Third-degree atrioventricular block
caused by intranodal disease

Class I; Level of Evidence C

  Asymptomatic Wenckebach or transient
atrioventricular block of vagal origin

Class III: No Benefit; Level of Evidence C

 Congenital or genetic arrhythmic
syndromes (eg, WPW, Brugada, LQTS)
  Hemodynamically unstable, recurrent
syncope, increased arrhythmia
susceptibility

Until appropriate therapy is delivered (Class I;
Level of Evidence C)

  WPW with rapid conduction via
accessory pathway during atrial
arrhythmia

Until therapy such as antiarrhythmic
medication or ablation is delivered (Class I;
Level of Evidence C)

  Congenital long QT with unstable
ventricular arrhythmias or further QT
prolongation induced medically or
metabolically

Until stable, exacerbating cause reversed, QTc
returned to baseline (Class I; Level of Evidence C)

*

(Continued )
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Continued

Patient Population/Indication

Arrhythmia Monitoring Recommendations

Continuous ST-Segment Ischemia
Monitoring Recommendations

QTc*

Syncope of suspected cardiac origin
Monitor ≥24 h; until cause and treatment
identified; then follow indications and
durations per criteria in these practice
standards (Class I; Level of Evidence B)

Not indicated unless ischemic cause is
suspected; then follow indications and duration
per ischemia criteria

 Uncomplicated SVT ablation

Can be discontinued after immediate
postprocedure area (Class IIb; Level of
Evidence C)

For signs and symptoms of ischemia, follow
indications and duration per ischemia criteria

 Complex ablation (pulmonary vein
isolation) or serious comorbidities (eg,
heart failure)

Monitor for 12–24 h (duration of monitoring
varies with procedure, vascular access, and
patient factors) (Class I; Level of Evidence C)

 Atrioventricular nodal ablation after
incessant tachycardia and after chronic AF
with concomitant pacemaker implantation

Monitor for 12–24 h (Class I; Level of
Evidence C)

 Meeting admission criteria for syncope,
cause of syncope suspected to be
cardiac
After electrophysiology procedures/ablations

After pacemaker or ICD implantation procedures
Transcutaneous pacing pads

 Standard temporary transvenous pacing
wires

Monitor until pacing is no longer necessary
and the device is removed or replaced with a
permanent device (Class I; Level of Evidence C)

Class III: Harm; Level of Evidence C

Monitor until pacing is no longer necessary
and the device is removed or replaced
with a permanent device (Class I; Level of
Evidence C)

Semipermanent transvenous pacing
  Day 1

Class IIa; Level of Evidence C

   After day 1

Class IIb; Level of Evidence C
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Permanent pacemaker or ICD
  Pacemaker dependent

For 12–24 h (Class I; Level of Evidence C)

   Not pacemaker dependent

For 12–24 h (Class IIb; Level of Evidence C)

Generator change

In immediate postprocedure period (Class IIb;
Level of Evidence C)

Preexisting rhythm devices
ICD shocks, requiring hospital admission

For duration of related hospitalization until
precipitating event treated (Class I; Level of
Evidence C)

 ICD or pacemaker, admission for
unrelated indication

Class III: No Benefit; Level of Evidence C

 Stable with wearable defibrillator,
admission for unrelated indication

Class III: No Benefit; Level of Evidence C

Class III: No Benefit; Level of Evidence C

Other cardiac conditions
Acute decompensated heart failure

Until precipitating event (eg, volume overload;
ischemia; anemia; progressive ventricular,
respiratory, or renal failure; hypertension;
exacerbation of comorbidities; new-onset AF;
or infection) is successfully treated (Class I;
Level of Evidence B)

Only if possible ischemic origin and in the
setting of evaluable ST segments (Class IIb;
Level of Evidence C)

Infective endocarditis

Until clinically stable (Class IIa; Level of
Evidence C)

Class III: No Benefit; Level of Evidence C

May be of benefit until patients are breathing
per baseline and hemodynamically stable;
consider that monitoring other than ECG may
be more appropriate (eg, oximetry, end-tidal
CO2) (Class IIb; Level of Evidence C)

Decision based on preoperative cardiac risk
assessment

Noncardiac conditions
Postconscious sedation

(Continued )
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Continued

Patient Population/Indication

Arrhythmia Monitoring Recommendations

Continuous ST-Segment Ischemia
Monitoring Recommendations

QTc*

Noncardiac conditions Continued
Noncardiac surgery

Not indicated among asymptomatic
postoperative patients; postoperative patients
with angina equivalent symptoms or rhythm
changes should be treated according to chest
pain/coronary artery disease standards above
(Class III: No Benefit; Level of Evidence C)

Noncardiac major thoracic surgery

After noncardiac major thoracic surgery such
as pulmonary resection to identify AF through
postoperative day 2–3 and may be helpful until
discharge from acute care (Class IIa; Level of
Evidence B)

Only if specific practice standard met (Class
III: No Benefit; Level of Evidence C)

Medical conditions
Stroke

Monitor 24–48 h (Class I; Level of Evidence B)
Monitor longer if cryptogenic stroke (to
assess for intermittent AF and asymptomatic
rapid ventricular response) (Class IIa; Level of
Evidence B)

 Moderate to severe imbalance of
potassium or magnesium

Until normalization of electrolytes (Class I;
Level of Evidence B)

ST-segment monitoring should be considered
only in patients with acute stroke at
increased risk for cardiac events with
evaluable ST-segments (24–48 h) (Class IIb;
Level of Evidence C)
Class III: No Benefit; Level of Evidence C

*

In less severe electrolyte abnormalities, if 12lead ECG at time of abnormal laboratory result
demonstrates electric abnormalities, consider
continuous electrocardiographic monitoring

Downloaded from http://ahajournals.org by on September 2, 2018

Drug overdose

Monitor until free of the influence of the
drug(s) and clinically stable (Class I; Level of
Evidence B) (see specific recommendations for
QTc monitoring in Table 6)

Class III: No Benefit; Level of Evidence C

*

Hemodialysis

Efficacy is not well established for most
patients receiving chronic hemodialysis
unless they have another indication (eg,
hyperkalemia, arrhythmia) (Class IIb; Level of
Evidence B) (see specific recommendations for
QTc monitoring in Table 6)

Class III: No Benefit; Level of Evidence C

*

 When data gained from monitoring
would trigger interventions consistent
with patient wishes (eg, rate control if
symptomatic)

Follow practice standards for related conditions

Follow practice standards for related conditions

 When data will not be acted on and
comfort-focused care is the goal

Class III: Harm; Level of Evidence C

Class III: Harm; Level of Evidence C

DNR/DNI

Need for continuous electrocardiographic monitoring should be reevaluated at least every 24 to 48 hours.
Patients in an intensive care unit and immediate postprocedure area (eg, catheterization laboratory) will have continuous electrocardiographic monitoring.
Patients with Class I indications for arrhythmia monitoring who need to be transported off the unit should have continuous electrocardiographic monitoring via
a portable monitor–defibrillator/pacemaker with a healthcare provider skilled in use of the equipment and in electrocardiographic interpretation.
For chest pain/coronary artery disease, complications such as cardiogenic shock or recurrent angina or angina-equivalent syndromes require continued
arrhythmia monitoring beyond 24 to 48 hours.
For chest pain/coronary artery disease, reapplication of ischemia monitoring should be considered in previously stable patients who experience recurrent signs/
symptoms of ischemia.
For continuous ST-segment monitoring, monitor all 12 leads in the setting of a nursing unit with technology, education, and protocols that facilitate reduction
of false and nonactionable alarm signals; not appropriate for patients with uninterpretable ECG (ST segments).
ACS indicates acute coronary syndrome; AF, atrial fibrillation; ASD, atrial septal defect; DNR/DNI, do not resuscitate/do not intubate; ICD, implantable
cardioverter-defibrillator; LQTS, long-QT syndrome; MI, myocardial infarction; NSTE-ACS, non–ST-segment–elevation acute coronary syndrome; PCI, percutaneous
coronary intervention; STEMI, ST-segment–elevation myocardial infarction; SVT, supraventricular tachycardia; TAVR, transcatheter aortic valve replacement; VF,
ventricular fibrillation; VSD, ventricular septal defect; VT, ventricular tachycardia; and WPW, Wolff-Parkinson-White.
*QTc monitoring indicated; see comprehensive QTc monitoring recommendations in Table 6.
†For patients who are hospitalized.

in the setting of ACS, most commonly after STEMI or
NSTEMI, and have been associated with increased risk
of in-hospital mortality, patients in the early phase of
ACS should receive arrhythmia monitoring.
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Although cardiac risk is highest within the first hours
to days of ACS, diagnostic findings, including ST-segment
deviation on ECG and biomarker elevation, may not
manifest until after the initial presentation with symp
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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evolving MI for 2 of these who subsequently received
thrombolytics.29
Among 968 patients with ACS (the majority of whom
had NSTEMI or unstable angina), the conventional 12lead ECG lacked sensitivity, failing to detect T-wave or
ST-segment changes in 80% of these patients.140 By im
plementation of a 12-lead ECG from 5 electrodes and
continuous ST-segment monitoring transmitted via tele
phone to the local EDs in northern California, patients
(n=4219) with symptoms of ACS had a faster time to
first intravenous drug; among patients with STEMI,
there was a trend toward faster door-to-balloon time
and lower mortality risk.141 In another prospective study
of 678 patients with chest pain with suspected ACS, 26
patients had their therapy changed as a consequence
of new injury or ischemia identified early through con
tinuous ST-segment monitoring.142 It is reasonable to
implement continuous ischemia monitoring with 12
leads to augment troponins in units with staff who are
equipped with the appropriate education, protocol,
and resources such as the ED and coronary care unit to
improve early risk stratification for select patients with
intermediate to high risk of ACS.34

Recommendations
1. Arrhythmia monitoring should be initiated
immediately in the early phase of evaluation and management of patients at intermediate or high risk of ACS and those with
documented STEMI and continue uninterrupted ≥24 to 48 hours (or until ruled
out; negative biomarkers) (Class I; Level of
Evidence B).
2. Continuous ischemia monitoring is reasonable using 12-leads immediately in the early
phase of evaluation and management of
patients at intermediate or high risk of ACS
and those with documented STEMI, continuing uninterrupted ≥24 to 48 hours (or
until ruled out; negative biomarkers or successful revascularization) (Class IIa; Level of
Evidence B).
After MI, With Revascularization
Continuous arrhythmia and ST-segment ischemia moni
toring is an essential component of post-MI care. Iden
tification of ischemic changes or rhythm abnormalities
provides important prognostic information and often
results in targeted therapeutic modifications during the
early period of increased risk.143–147 Ischemia monitoring
allows recognition of ongoing or recurrent ischemia in a
broad segment of patients with ACS while providing im
portant ancillary information in patients during and af
ter reperfusion and revascularization therapy, including
culprit artery patency after thrombolytic therapy22,148–151
November 7, 2017
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toms suggestive of unstable angina or non–ST-segment
elevation ACS. Therefore, a high index of suspicion
must be maintained in patients at increased risk until
a diagnosis of NSTEMI can be verified or excluded.105
All patients at intermediate or high likelihood of ACS
should be evaluated rapidly and receive electrocardio
graphic monitoring without delay.131–133 Electrocardio
graphic monitoring for arrhythmia and ischemia should
continue uninterrupted for a minimum of 24 to 48
hours, including during transportation within the hos
pital, until a definitive noncardiac diagnosis has been
established or until appropriate reperfusion or therapy
has been provided. This includes patients evaluated
in chest pain units for probable or likely ACS who re
main at intermediate risk for adverse events after initial
evaluation. Arrhythmia and ischemia monitoring are
integral components of these short-stay units, which
can provide a cost-effective means for the manage
ment of patients in the early stages of evaluation for
ACS.112–114,134,135 Regardless of the patient population,
the need for monitoring should be reassessed every 24
hours on the basis of clinical and diagnostic findings
and response to therapy, including the absence of ma
jor complications such as sustained VT or VF, high-de
gree atrioventricular block or other evidence of electric
instability, or evidence of recurrent or persistent isch
emia or hemodynamic instability, including mechanical
complication.
Static 12-lead ECGs record only several seconds
of an often dynamic physiological process. Because
changes on the ECG are associated with increased risk
of adverse outcome but may be transient or manifest
after presentation, acquisition of a serial 12-lead ECG
may improve both diagnostic sensitivity and specificity
when performed at 15- to 30-minute intervals in pa
tients with an initial nondiagnostic ECG during evalu
ation for ongoing symptoms.136–138 Alternatively, in
patients at increased risk for ACS, continuous ST-seg
ment monitoring may provide additional prognostic
information by detection of this transient or evolving
electrocardiographic finding. Refractory or recurrent
ischemia identified in this way has been shown to of
fer incremental prognostic information and can serve
as a trigger to optimize therapeutic direction.138 In a
study of 234 intermediate- to high-risk patients with
ACS, 23.1% demonstrated ischemic changes identi
fied on continuous ST-segment monitoring. These
documented ischemic episodes were associated with
an increase in adverse outcome and provided addi
tional prognostic information to the TIMI and PUR
SUIT risk scores.139 Herren et al29 evaluated a 6-hour
rule-out protocol using cardiac markers and continu
ous ST-segment monitoring among patients in a chest
pain unit. Among 383 consecutive patients with chest
pain, 6 demonstrated ST-segment changes on contin
uous monitoring, leading to early identification of an

Sandau et al
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and primary PCI.20 Because early, persistent resolution
of ischemia is associated with optimal long-term results,
identification of recurrent ischemia during early postin
farction monitoring is a critical component of care. Even
after angiographically successful primary PCI, failure of
ST-segment resolution as a result of poor myocardial
perfusion or evidence of recurrent ST-segment elevation
caused by reocclusion or infarction extension is associ
ated with worse outcome and should prompt additional
evaluation.152
Lack of signs of ischemia on continuous monitoring
has been suggested as a criterion for low risk and early
hospital discharge after MI.153 Although the safety of
early discharge in select patients after MI has been
documented after thrombolytic therapy (GUSTO [Glob
al Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries]) and primary
PCI,154,155 early discharge is offered to only a fraction of
patients meeting low-risk criteria.154 Continuous am
bulatory ischemia monitoring has been suggested as
a readily available prognostic device in the identifica
tion of low-risk patients suitable for early hospital dis
missal. Bogaty and colleagues153 randomized 120 lowrisk patients after infarction in a 2:1 fashion to a short
hospital course or usual care. Patients assigned to a
short hospital course were evaluated with continuous
ambulatory electrocardiographic monitoring during
hospitalization hours 48 to 72, including a supervised
walk up 2 flights of stairs. If ischemic symptoms or
ST-segment shifts were identified during this 24-hour
monitoring period (21% of randomized patients), ear
ly discharge plans were canceled, and these patients
were evaluated accordingly. With this strategy, mean
hospital length of stay was shortened from 6.9 to 3.5
days without any increase in adverse events or adverse
psychosocial effects.
In patients who have undergone successful reper
fusion and amelioration of any ischemic substrate,
real-time studies in which nurses continuously moni
tor for ST-segment changes are lacking, and the du
ration for ischemia monitoring is unclear. Although
ischemia monitoring should not be discontinued in
patients with recurrent ischemic signs or symptoms
or other evidence of continued ischemia, continued
ST-segment monitoring in an unselected cohort of
patients after infarct may result in a significant bur
den of nonactionable or false alarms and a potentially
hazardous increase in diagnostic and therapeutic ac
tions. Particularly in alert patients in the active recov
ery phase of MI, asymptomatic ST-segment shifts may
occur as a result of position, activity, or even evolu
tionary changes associated with large infarctions or
axis shifts, leading to unnecessary testing and associ
ated cost. Therefore, it is reasonable to consider STsegment monitoring ≥12 to 24 hours after reperfu
sion, but the duration of monitoring may be shorter
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or longer, depending on how quickly the patient was
revascularized, cardiac biomarker levels, and clinical
condition (COR IIb, LOE B). Reapplication of ischemia
monitoring can be considered in previously stable
patients after MI who experience recurrent signs or
symptoms of ischemia.
Life-threatening tachyarrhythmias and bradyarrhyth
mias are known complications in patients with STEMI
or NSTEMI. Several prospective and retrospective stud
ies have sought to describe the incidence, timing, and
predictors of ventricular arrhythmias. Among 3065
patients with STEMI, Mehta et al127 found that 133
(4.3%) undergoing primary PCI had VT/VF during the
procedure. Also among patients with STEMI, Piccini et
al129 reported a very low rate of ventricular arrhythmias
(1.5%) during hospitalization that were as likely to oc
cur after 48 hours as within 48 hours. However, most
studies have reported that ventricular arrhythmias oc
cur early during hospitalization, often before and dur
ing revascularization.127,156,157
Piccini et al157 reported a 5.2% incidence of sus
tained VT and VF before revascularization in a 3-year
retrospective study of patients with acute MI; in-hos
pital mortality risk was significantly increased in pa
tients with sustained VT or VF (16.3% versus 3.7% in
those without VT/VF). Although successful PCI was as
sociated with a reduction in mortality (41% to 14%),
patients with VT/VF still had a significantly higher inhospital mortality that those with no VT/VF. Analysis
of data from the Canadian GRACE (Global Registry
of Acute Coronary Events) and CANRACE (Canadian
Registry of Acute Coronary Events) registries revealed
that the rate of sustained VT in patients with STEMI
who underwent primary PCI did not differ significantly
(P=0.54) from the rate in those who received fibrinoly
sis alone or in combination with rescue PCI or urgent/
elective PCI.158
In patients with STEMI undergoing primary PCI,
the incidence of malignant ventricular arrhythmias is
≈5% (4.7%–5.7%), with 60% to 64% of ventricular
arrhythmias occurring within the first 24 hours of ad
mission and 90% to 92% occurring within 48 hours
of PCI.128,159 Rahimi et al160 reported a lower incidence
of malignant ventricular arrhythmias in a sample of pa
tients with NSTEMI undergoing PCI (2.6%), with 80%
occurring during the first 12 hours and none after 48
hours. The overall incidence of ventricular arrhythmias
in patients with acute MI undergoing PCI has been re
ported as 2.6% to 5.7 %.127,128,159,160 Because the major
ity occur within 12 to 48 hours after presentation with
STEMI or NSTEMI-ACS, arrhythmia monitoring should
be initiated immediately on presentation and contin
ue uninterrupted for 12 to 24 hours after reperfusion
therapy (PCI or thrombolytic therapy), including during
transportation within the hospital. The appropriateness
of early discharge versus continued monitoring needs
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Electrocardiographic Monitoring for Hospitalized Patients

Recommendations
1. Arrhythmia monitoring should be initiated
immediately on presentation with MI, continuing uninterrupted for ≥12 to 24 hours
after reperfusion (PCI or thrombolytic therapy) (Class I; Level of Evidence B).
2. Ischemia monitoring may be considered
immediately on presentation with MI, continuing uninterrupted for ≥12 to 24 hours
after reperfusion (PCI or thrombolytic therapy) (Class IIb; Level of Evidence B).
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After MI, Without Reperfusion or Revascularization
Reperfusion and revascularization is the preferred
therapeutic course for the vast majority of patients
with MI. Despite the recommendation of the ACC/
AHA guidelines for revascularization in these patients,
nearly 20% of patients with non–ST-segment elevation
ACS and either 3-vessel disease or left main disease
identified with coronary angiography during hospital
ization, who are known to benefit from revasculariza
tion, were managed medically.161 During the first 24
hours of admission for patients with ACS, of whom
73% did not undergo PCI, Winkler et al130 found that
potentially life-threatening arrhythmias occurred rare
ly: <1% developed asystole, TdP, or VF, and only 1%
had sustained VT. In this sample, 8.63% were diag
nosed with STEMI, 26.62% with NSTEMI, and 64.75%
with unstable angina. The majority (94%) did not re
quire treatment with antiarrhythmic medication, sug
gesting that even when early reperfusion is not used,
life-threatening arrhythmias do not occur with great
frequency.
Using data from the MERLIN-TIMI 36 trial (Metabolic
Efficiency With Ranolazine for Less Ischemia in NonST-Elevation Acute Coronary Syndrome–Thrombolysis
in Myocardial Infarction 36), Scirica et al162 found that
nonsustained VT occurred commonly after non–STsegment elevation ACS: 56.4% had at least 1 episode
of at least 3 consecutive beats. Continuous event re
corders captured episodes of nonsustained VT for the
first 7 days after randomization, and subjects were fol
lowed up for 1 year. Although there was no difference
in the risk of SCD between patients with ventricular
triplets and no VT, 4 to 7 and ≥8 consecutive beats
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

of nonsustained VT were independently associated
with an increased risk of SCD, particularly when it oc
curred after 48 hours. It is noteworthy that having ≥8
beats in the first 24 to 48 hours was not associated
with a significant risk of SCD. The prognostic impact
of nonsustained VT for mortality is well known if left
ventricular ejection fraction is <40%, and electrophysi
ology studies may be considered, or revascularization
may be considered for an NSTEMI. However, there is
no guideline-based recommendation for continuous
electrocardiographic monitoring in the setting of non
sustained VT.
Mehta et al128 similarly found that late VT was asso
ciated with poorer outcomes and noted that postpro
cedural TIMI flow <3, lack of β-blocker use on admis
sion, and ST-segment resolution <70% were correlated
with late VT/VF. Factors including prior MI/Q waves
on admission, previous heart failure, brain natriuretic
peptide >80 pg/mL, use of diuretics/hypokalemia,
heart rate >100 bpm, left ventricular ejection fraction
<40%, lower systolic blood pressure, chronic kidney
disease/elevated creatinine, chronic obstructive pulmo
nary disease (COPD), elevated white blood cell count,
older age, and higher Killip class were associated with
mortality.157,159,160,163
There is disagreement about the need to continue
electrocardiographic monitoring of patients with ACS
beyond 24 to 48 hours. Although several studies have
found that ventricular arrhythmias occur infrequently
beyond 48 hours after MI,159,160 data in this setting are
conflicting. It is recommended that these patients be
monitored for at least 24 hours and until there is no
evidence of modifiable ongoing ischemia or hemody
namic or electric instability. Because factors associated
with greater mortality have been identified, it is reason
able to consider continuous electrocardiographic moni
toring 24 to 48 hours for patients who manifest an on
going remediable problem that is amenable to further
therapeutic intervention. As important as it is to identify
patients who require increased (longer) monitoring, it is
equally important to identify low-risk patients who may
be candidates for early discharge.

Recommendations
1. Arrhythmia monitoring should be initiated
immediately after MI when there is no reperfusion or revascularization, continuing uninterrupted for ≥24 to 48 hours and until there
is no evidence of ongoing modifiable ischemia or hemodynamic or electric instability
(Class I; Level of Evidence C).
2. Continuous ischemia monitoring is reasonable for patients with ongoing or untreated
myocardial ischemia or infarction for ≥24
to 48 hours, continuing uninterrupted until
November 7, 2017
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to be considered in the context of how quickly the pa
tient was revascularized, cardiac biomarker levels, and
clinical condition. The need for monitoring should be
reassessed every 24 hours, with a goal of continued
monitoring until the patient has been event free for 12
to 24 hours. Duration of monitoring after PCI may be
shorter or longer, depending on how quickly the pa
tient was revascularized, cardiac biomarker levels, and
clinical condition.

Sandau et al
there is no evidence of ongoing modifiable
ischemia or hemodynamic or electric instability (Class IIa; Level of Evidence C).
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Targeted Temperature Management
Ischemia monitoring may be useful for patients treated
with therapeutic hypothermia who are at high risk for
the development of recurrent ischemia after cardiac ar
rest. However, careful assessment is needed to differ
entiate between new ischemic or injury patterns and
the effects of hypothermia on ST-segment morphology
to avoid unnecessary and potentially harmful diagnostic
and therapeutic responses.
Mild therapeutic hypothermia is recommended to
improve outcome after resuscitated cardiac arrest.164–166
Although mild hypothermia has been defined as a tar
get body temperature of 32°C to 33°C and has been
associated with improved neurological outcome and
survival in this population, this degree of cooling slows
impulse conduction through all cardiac tissue, result
ing in prolongation of all electrocardiographic intervals
and elevation of the J point, resulting in characteris
tic Osborn waves, with the height of the Osborn wave
proportional to the degree of hypothermia.167–169 Addi
tional changes on the ECG have also been recorded in
response to both accidental and therapeutic hypother
mia, including AF in up to 50% of patients,170 ST-seg
ment depression,171 ST-segment elevation,170 Brugada
syndrome morphology,172 and QT prolongation.81,82 All
these findings may confuse interpretation of the ECG in
patients treated with therapeutic hypothermia with core
body temperatures <35°C. Because mechanical ven
tilation and sedation are essential components of the
care process in patients being treated with therapeutic
hypothermia, arrhythmia and ischemia monitoring can
herald the otherwise silent occurrence or recurrence of
arrhythmia, myocardial ischemia, and myocardial injury.
However, because of the frequent changes on the ECG
attributable to the hypothermic state, including poten
tially confounding Osborn waves and other ST-segment
deviations in >30% of patients undergoing therapeutic
hypothermia,173 the relative benefit of ischemia moni
toring in this patient population needs to be weighed
against the potential for misidentifying Osborn waves
for ST-segment deviations caused by ischemia.

Recommendations
1. Arrhythmia monitoring, including QTc monitoring, is indicated in patients being treated
with targeted temperature management
(Class, I; Level of Evidence C).
2. The decision for ischemia monitoring must
be based on the presumed cause of the arrest
(Class IIb; Level of Evidence C).
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Vasospastic Angina
Coronary spasms occur as transient contractions in coro
nary arteries with highly variable amounts of sclerosis, in
cluding arteries in which sclerotic lesions are visible only
with intravascular ultrasound.174 Variant angina is a type
of vasospastic angina and has been characterized by STsegment elevation during angina attacks.174-177 Variant an
gina is more common among women and is not associat
ed with typical coronary artery disease risk factors except
smoking. Cocaine has been identified as a trigger.43 Rare
case studies have reported variant angina among adoles
cents.178,179 Recent attention has been directed to the con
tribution of an allergic (hypersensitivity) response.180
Electrocardiographic manifestations and sever
ity of angina vary for vasospastic angina (also called
coronary spastic angina). Partial or complete occlu
sion may result in anginal pain with ischemia in the
region perfused by the artery (ST-segment elevation),
but if collateral flow is available, ST-segment depres
sion may be visible instead.174 In the CASPAR study
(Coronary Artery Spasm in Patients With Acute Coro
nary Syndrome) of 488 consecutive patients with sus
pected ACS, 25% of patients had no culprit lesion,
and epicardial coronary spasms were established for
50% of these patients.181 Investigators suggest that
coronary spasm should routinely be considered as a
differential diagnosis in ACS.
Patients with variant angina have electrocardio
graphic changes that are difficult to capture on a static
12-lead ECG because the ischemia is transient. They
may have asymptomatic ischemia episodes, or they
may be symptomatic with syncope that occurs as a re
sult of severe arrhythmias, including VT, VF, and highdegree atrioventricular block.176,182 Untreated variant
angina can result in MI, fatal arrhythmias, and sudden
death,176 so early treatment is imperative. Guidelines
for the diagnosis and treatment of patients with vaso
spastic angina, including calcium channel blockers and
nitrates, are available.174 Continuous ambulatory elec
trocardiographic monitoring has been recommended
for identifying frequency and duration of vasospasm
leading to MI.183 However, no studies were identified
that used in-hospital ST-segment monitoring. Thus,
for patients admitted with chest pain for whom va
sospastic angina is a differential diagnosis, continuous
ST-segment monitoring is reasonable and may be help
ful in early detection of ischemia caused by spasms not
documented on 12-lead ECG to facilitate diagnosis
and to initiate treatment.

Recommendations
1. Arrhythmia monitoring for patients with
vasospastic angina should be performed
until symptoms resolve (Class I; Level of
Evidence C).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Electrocardiographic Monitoring for Hospitalized Patients

Apical Ballooning Syndrome (Stress Cardiomyopathy)
Apical ballooning (also called stress cardiomyopathy
or takotsubo cardiomyopathy) is an acute cardiac syn
drome manifested by transient wall-motion abnormali
ties (typically apical) that are most often exhibited in
postmenopausal women with significant ST-segment
elevation or T-wave abnormalities despite no significant
obstructive coronary disease on angiography and only
mild troponin elevation.184 Current understanding of
the pathogenesis is evolving on the basis of an exagger
ated sympathetic stimulation often associated with a
significant emotional crisis; coronary spasms have been
implicated.184 Case studies and case series reports185
describe dynamic ST-segment and T-wave changes that
increase and decrease rapidly. The clinical utility of con
tinuous ST-segment ischemia monitoring has not been
studied in this population. If continuous ST-segment
ischemia monitoring is used, caution must be exercised
because excessive alarms could occur if ST-segment
alarm parameters are not adjusted on the basis of the
unique characteristics of this dynamic condition.
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Recommendations
1. Arrhythmia monitoring is recommended for
patients with left ventricular apical ballooning until related symptoms resolve (Class I;
Level of Evidence C).
2. Ischemia monitoring may be considered
until symptoms resolved (Class IIb; Level of
Evidence C).
Newly Diagnosed Left Main Coronary Artery Lesion
In a retrospective study186 of >1700 patients undergoing
coronary artery bypass graft (CABG) surgery, 97 had an
giographically documented clinically significant (≥50%)
left main coronary artery stenosis. Among those pa
tients with angiographically significant left main disease,
4 had acute MI or unstable angina before undergoing
angiography and experienced cardiac events (3 had
life-threatening ventricular arrhythmias, 1 had NSTEMI)
while awaiting surgery. All events occurred within the
first 3 days, but none occurred in the first 24 hours.186
Although serious cardiac events occur infrequently in
patients with left main stenosis awaiting CABG, ven
tricular arrhythmias are the most frequently occurring
event, and patients with ACS may be at highest risk.

Recommendations
1. Arrhythmia monitoring is indicated in patients
who have newly recognized critical left main
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

coronary artery stenosis or its equivalent
while awaiting revascularization (Class I; Level
of Evidence C).
2. Ischemia monitoring is reasonable for
patients who have newly recognized critical left main coronary artery stenosis or its
equivalent while awaiting revascularization
(Class IIa; Level of Evidence C).
After Nonurgent PCI, With Complications or
Suboptimal Results
In high-volume centers, complications after PCI are
relatively infrequent. However, several complications
of coronary intervention have been identified that war
rant careful observation and a higher level of manage
ment after PCI: persistent chest pain with changes on
the ECG, hypotension, severe arrhythmia, and angio
graphic evidence of significant dissection or remaining
thrombus.187 For suboptimal PCI results, including coro
nary artery complications such as vessel dissection or
thrombus or procedural complications such as under
expansion or incomplete stent apposition, it is reason
able to continue monitoring for at least 24 hours given
the risk of abrupt closure and other ischemic complica
tions of dissection, including chest pain, changes on the
ECG, MI, and death.188 Although acute closure is most
likely to occur within minutes of balloon inflation, sub
acute closure can occur later, with a median of 24 hours
reported by Cheneau et al.189 Continuous electrocardio
graphic monitoring can be useful for patients who ex
perience complications during angiography or coronary
intervention, including vessel dissection or no reflow, or
who have suboptimal interventional outcomes.

Recommendations
1. After nonurgent PCI with complications or
suboptimal results, it is reasonable to monitor
for arrhythmia, beginning immediately and
continuing for ≥24 hours or until complication
is resolved (Class IIa; Level of Evidence C).
2. After nonurgent PCI with complications or
suboptimal results, it is reasonable to monitor
for ischemia, beginning immediately and continuing for ≥24 hours or until complication is
resolved (Class IIa; Level of Evidence C).
After Nonurgent PCI, Without Complications
In 1994, Li et al187 established that the majority of se
vere complications after angioplasty occur during the
procedure itself or are immediately evident from the
angiographic result (poor or no flow). Thus, continu
ous electrocardiographic monitoring would be unlike
ly to improve outcomes when there is no chest pain,
change on the ECG, or symptomatic arrhythmia. In a
review of nearly 20 000 PCIs in patients without cardio
genic shock, Addala et al156 observed VF during PCI in
November 7, 2017
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2. Ischemia monitoring can be useful for
patients with vasospastic angina until diagnosis is made and symptoms resolve (Class
IIa; Level of Evidence C).

Sandau et al

164 (0.84%). All were immediately defibrillated, and all
were discharged without neurological sequelae. More
recently, Spoon et al190 noted that in-hospital mortal
ity has decreased for patients undergoing PCI for sta
ble angina. Improved treatment (stenting and optimal
anticoagulation) and reduced vascular complications
(closure devices and transradial approach) have led to
a reduction in major complications and safe same-day
discharge in low-risk patients after PCI. The risk of major
complications is highest immediately after PCI; most ma
jor complications occur during the first 6 hours after PCI
and decline thereafter.191–193 Despite the low likelihood
of a serious event, vasovagal responses with symptom
atic bradycardia can occur at the time of femoral sheath
removal, so it is reasonable to consider continuous elec
trocardiographic monitoring immediately after interven
tion until femoral sheaths are removed. Ischemia moni
toring may provide assurance that postprocedural chest
discomfort is from stent manipulation, not angina.

Recommendation
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1. In the absence of complications, continuous monitoring for ischemia and arrhythmia
beyond femoral sheath pull in the immediate postprocedural area is unlikely to benefit after nonurgent PCI and therefore not
recommended (Class III: No Benefit; Level of
Evidence C).
After Routine Diagnostic Coronary Angiography
The risk of complication after routine coronary angiog
raphy is <2% overall.194,195 Ventricular arrhythmias sel
dom occur during coronary angiography, and if they do
occur, it is frequently when the catheter is manipulated
or in response to high osmolar ionic contrast dye, used
infrequently today.195,196 Major complications, including
death, MI, or embolization during or after diagnostic
cardiac angiography, are extremely rare (<1%), and pro
cedural mortality has been reported to be 0.1%.195,197
It is increasingly common to perform diagnostic cath
eterizations in the ambulatory setting, and patients are
often discharged several hours after uncomplicated
coronary angiography.

Recommendation
1. In the absence of complications, continuous
electrocardiographic monitoring (beyond
that which is provided in immediate postprocedure area) after routine angiography
is not indicated in low-risk patients (Class III:
No Benefit; Level of Evidence C).
Low-Risk and Noncardiac Chest Pain
Various strategies for assessment of patients presenting
with chest pain share a common goal of early identifica
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tion of those at moderate to high risk of suffering ACS
caused by obstructive coronary disease. Patients with a
low likelihood of an active ischemic coronary syndrome
are at low risk of adverse outcomes and thus may be
safely discharged to outpatient follow-up without the
need for ongoing inpatient evaluation and monitor
ing.112 In a number of studies, investigators have ques
tioned the value of continuous monitoring of patients
presenting with chest pain and a low risk of ACS while
in the ED, during transport, and after admission for
workup and observation.106,107,198–201 The goal in each of
these investigations was to ensure the safe allocation
of monitoring resources so that these resources were
available for patients with a clear, evidence-based need
without unnecessary risk to the population of patients
with chest pain in general.
Among patients determined to be at low risk for ACS
on the basis of well-defined risk stratification schemes,
significant monitor alarms are very uncommon. In the
ALARMED (Adverse Events in Low Risk Patients With
Chest Pain Receiving Continuous Electrocardiograph
ic Monitoring in the Emergency Department)200 pi
lot study, 72 patients admitted to the ED with chest
pain potentially of ischemic origin were monitored for
371 hours, and 1762 alarms were recorded. Of those
alarms, 99.4% were false alarms. Eleven were signifi
cant alarms, 3 of which required a change in manage
ment. None of the 3 that required a change in manage
ment was in the low- or very-low-risk group.
Similarly, Hollander and colleagues106 conducted a pro
spective cohort study of patients admitted from the ED to
a non-ICU monitored bed with a diagnosis of chest pain.
These patients had a Goldman Risk Score115 of <8%, a
negative troponin I level (<0.3 ng/mL), and a normal initial
creatine kinase-MB level (<5 ng/mL). Of the 1750 patients
admitted to a non-ICU monitored bed for chest pain,
1029 met the criteria for low risk. The primary outcomes
were cardiovascular death and life-threatening ventricular
arrhythmia during telemetry. No patients had sustained
VT/VF requiring treatment. There were 2 deaths, nei
ther of which was cardiovascular or potentially prevent
able by electrocardiographic monitoring.
Both the ALARMED200 and Hollander et al106 studies
failed to show benefit in detecting or predicting any le
thal arrhythmias, sudden death, MI, or hemodynamic
instability related to heart rhythm among patients in
whom ACS was ruled out and risks were low on the
basis of established criteria. The low-risk designation
makes continuous electrocardiographic monitoring un
likely to be helpful and potentially harmful in diverting
scarce resources in an unproductive manner. In a study
of patients determined to be primarily at low to interme
diate risk of ACS by the HEART (history, ECG, age, risk
factors, and troponin)118,202 score, Bovino et al203 found
that continuous ST-segment monitoring in the ED de
tected only 3 episodes of ST-segment deviation, none of
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommendation
1. Continuous arrhythmia and ST-segment
monitoring provides no benefit and is not
indicated for patients with symptoms suggestive of ACS determined to be low risk
or noncardiac in origin (Class III: No Benefit;
Level of Evidence B).
Major Cardiac Interventions
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Open Heart Surgery
Arrhythmias are common after open heart surgery. AF
is a common arrhythmia after any type of cardiac sur
gery, including CABG surgery or surgical valve replace
ment/repair.204–209 New-onset AF in CABG may occur
at any point from the time of the procedure, usually
2 to 4 days postoperatively with peak occurrence at 2
days.206 AF occurs in 28% to 33% of patients undergo
ing CABG.207
Approximately 33% to 49% of patients undergoing
surgical valve replacement/repair develop AF, and if the
surgery is a combination of valve and CABG, the inci
dence rises to 60%.210 AF is present at surgery in 30%
to 40% of patients, and ≈8.5% convert to sinus rhythm
after surgery. It is unclear how many remain in sinus
rhythm. The onset of AF is associated with hemody
namic instability and increased risk of stroke, although
up to 69% of episodes of AF are not associated with
symptoms.205 Identification of new-onset AF when it
occurs early in the postoperative period increases the
likelihood that it will be treated before any hemody
namic or thromboembolic complications. Risk factors
for developing AF after open heart surgery include
older age, left atrial enlargement, mitral valve disease,
heart failure, hypertension, and history of AF.208
Ventricular arrhythmias are common in the immedi
ate postoperative period and are related to hypother
mia, ischemia, and electrolyte abnormalities.211 Risk de
creases over time but is never eliminated. These rhythms
have the potential to affect hemodynamic stability and
to cause sudden death.
Permanent pacemaker implantation is required in
1.5% of cases for postoperative atrioventricular block
after cardiac surgery.212 In a study by Huynh and col
leagues,213 among the 207 patients who underwent
surgical valve replacement/repair, 7.2% required per
manent pacing postoperatively. Predictors included pre
operative first-degree atrioventricular block with and
without left anterior fascicular block and/or intraven
tricular conduction delay, postoperative cardiac arrest,
and combined mitral and aortic valve replacements.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

The greatest risk of ventricular arrhythmia and sud
den death occurs in the immediate postoperative peri
od in the ICU where monitoring is the standard of care,
and although risk does not completely disappear, it de
creases rapidly once the patient is ready for discharge
from the ICU. Similarly, the risk of heart block requiring
temporary or permanent pacing is higher in the imme
diate postoperative period. Bradycardia with or with
out third-degree atrioventricular block has significant
hemodynamic consequences; therefore, the patient
benefits from early recognition of the rhythm. AF may
occur at any time in the postoperative period and has
both potential hemodynamic consequences (diastolic
heart failure, rapid ventricular response) and embolic
consequences (transient ischemic attack, stroke).
In addition to arrhythmia monitoring, ischemia mon
itoring has shown utility in identifying myocardial isch
emia in the intraoperative period214,215 and was given
a COR IIa, LOE B recommendation in published guide
lines.61 Ischemia monitoring can also be helpful in the
early postoperative period,216–219 with potential to guide
targeted therapeutic efforts, including surgical revision
or early angiography and percutaneous revasculariza
tion,220,221 and was given a COR IIb, LOE B recommen
dation in published guidelines.61

Recommendations
1. For patients whose open heart surgery was
uncomplicated, arrhythmia monitoring is recommended for a minimum of 48 to 72 hours
postoperatively (Class I; Level of Evidence B).
2. For patients at high risk for AF, postoperative arrhythmia monitoring is recommended
for the duration of their hospitalization in an
acute care unit (Class I; Level of Evidence B).
3. Ischemia monitoring is reasonable intraoperatively (Class IIa; Level of Evidence B).
4. Ischemia monitoring may be considered in
the immediate postoperative setting for the
detection of ongoing or new ischemia in
intubated and sedated patients and those
in the early recuperative phase who may
have difficulty recognizing and reporting
new or ongoing ischemia (Class IIb; Level of
Evidence B).
Pediatric Considerations
Arrhythmias are common in children after surgical re
pair of congenital heart disease. Virtually all of these
patients will have an electrocardiographic monitor in
place as part of the admission to an ICU. Because of
developmental characteristics of the patient and al
terations in the conduction system secondary to the
underlying structural disease, the mechanism can be
challenging to diagnose.222,223 The arrhythmias are com
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which was associated with a diagnosis of ACS, and only
9% of patients were ruled in for ACS. Thus, their find
ings did not support the use of continuous ST-segment
monitoring in the ED in this lower-risk population.

Sandau et al
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monly atrial or junctional in origin,224,225 with the focus
difficult to distinguish.
Tachycardia that is atrial in origin is commonly at
tributable to an atrial macroreentrant circuit or is a fo
cal tachycardia caused by a gain of automaticity. The P
wave can be difficult to see because at higher rates it
may be buried in the preceding T wave. In addition, in
patients who have a history of a total cavopulmonary
anastomosis (all of the systemic venous return bypasses
the heart and drains directly into the pulmonary arteries)
and have undergone an atrial reduction, there may not
be much atrial tissue to generate voltage that is easily
seen on surface leads.226,227 Junctional ectopic tachycar
dia is thought to originate from a gain of automaticity
of the bundle of His. In this arrhythmia, the P wave is
not seen via surface leads because it is masked by the
QRS complex. Recording of the atrial depolarization by
either an epicardial or a transesophageal lead may be
necessary to distinguish the mechanism. VT is also seen
after congenital heart surgery.222,228 These arrhythmias
may be the result of surgical incisions, coronary manip
ulation, electrolyte imbalance, or infusion of vasoactive
medication. Whether the mechanism of a tachycardia is
ventricular or supraventricular, it can have a substantial
negative impact on the patient’s hemodynamic status.
It is critical for these rhythm disturbances to be detected
and treated appropriately in the postoperative period.
The duration of monitoring is determined by the clinical
stability of the patient.
After pediatric cardiac surgery, high-grade atrioven
tricular nodal block can be seen and may be transient
or permanent. If the expectation is that atrioventricular
nodal function will return, some recommend allowing
7 days for assessment of atrioventricular nodal function
before placement of a permanent pacing system.229
During the period before return of atrioventricular nodal
function or placement of a permanent pacemaker, the
patient is typically supported with temporary epicardial
pacing wires connected to an external pulse generator.
Pacing capture thresholds can change rapidly, neces
sitating continuous electrocardiographic monitoring.
Although continuous arrhythmia monitoring until dis
charge from an acute care unit is common practice in
pediatrics, current data are lacking to provide specific
recommendations for practice.
Mechanical Circulatory Support
Mechanical circulatory support devices include the total
artificial heart, extracorporeal life support, ventricular
assist device (VAD), and intra-aortic balloon pump.
Clinically Significant Cardiovascular or Hemodynamic
Deterioration. These patients are hemodynamically
unstable; therefore, it is standard of care that they will
be in an ICU, where they will receive electrocardio
graphic monitoring to allow the recognition and treat
ment of arrhythmias. Further monitoring for ischemia
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is necessary only if the patient meets criteria (eg, signs
and symptoms of angina). Further monitoring for QTc
is indicated only if the patient meets the respective QTc
monitoring criteria (eg, initiating dofetilide).

Recommendation
1. For hemodynamically unstable patients with
immediate need for mechanical circulatory
support, continuous arrhythmia is indicated
(Class I; Level of Evidence C).
Immediately After Implantation. VADs are increas
ingly being used long term for patients with advanced
heart failure. It is standard of care that in the imme
diate postoperative period, these patients will be an
ICU with continuous electrocardiographic monitoring.
After the immediate postoperative period, patients
with VADs can be successfully cared for outside of an
ICU. Patients have been considered stable for telem
etry units if they are extubated, are weaned from vaso
pressors, have stable vital signs and heart rhythm, and
can be cared for by staff competent in care of patients
with VADs.230,231
After the immediate period, ≈20% of patients with
left VADs have atrial arrhythmias, which are most com
mon within the first 60 days of implantation. Patients
with left VADs who had atrial arrhythmias had a worse
unadjusted quality of life and a decreased rate of im
provement in a 6-minute walk test over 6 to 24 months
after implantation.232 Although ventricular arrhythmias
are common in patients with continuous-flow left
VADs, occurring in about one third of patients, these
arrhythmias may not be life-threatening.233,234

Recommendation
1. Arrhythmia monitoring is indicated for
patients in the postoperative period after VAD
implantation (Class I; Level of Evidence C).
Admitted With Noncardiac Problems. Hemodynami
cally stable patients with VADs admitted for noncar
diac problems (eg, gastrointestinal bleed) will usually
be on telemetry units. Continuous electrocardiographic
monitoring for hospitalized patients with VADs is con
sidered standard of care because many patients have a
pulse that is difficult or impossible to palpate. In addi
tion, arrhythmias may provide insight into the hemo
dynamics of the VAD, indicating a need to increase or
decrease pump speed to optimize hemodynamic func
tion. It is important that patients with a VAD are cared
for by personnel trained in VAD care,235 and this level of
expertise is most often found in telemetry units in the
hospital. However, if staff members have competency
in the basic management of VADs elsewhere, telem
etry may not be required for stable patients. Thus, it is
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommendation
1. Arrhythmia monitoring can be beneficial for
patients with VADs admitted with noncardiac problems but may not be needed in all
circumstances if appropriate VAD care can be
provided (Class IIa; Level of Evidence C).
Admitted to a Rehabilitation Facility. Rehabilitation
facilities where staff is educated on the basic care of
patients with VADs may be safe environments for these
patients, even without providing continuous electrocar
diographic monitoring.

Recommendation
1. Arrhythmia monitoring is not recommended
for patients with VADs admitted to a rehabilitation facility where basic VAD care is available (Class III: No Benefit; Level of Evidence C).
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Pediatric Considerations. At this point in the devel
opment of the clinical practice of caring for left VADs in
children, most are housed in ICUs or step-down units.
As a result of their location, they are typically monitored.
Transcatheter Structural Interventions
Transcatheter structural interventions represent a het
erogeneous group of interventions with a heteroge
neous group of devices. Some, such as closure of sep
tal defects and transcatheter aortic valve replacement
(TAVR), have specifically described procedure-related
risk of arrhythmias. For others, such as repair of peri
valvular leak or pseudoaneurysm repair, arrhythmia risk
will depend more on patient comorbidities than on the
specific surgical procedure. All patients undergoing
transcatheter interventions require arrhythmia monitor
ing after the procedure.
After TAVR. TAVR has emerged as an alternative to
open heart surgery for patients with severe aortic steno
sis who are at high risk for surgical replacement,236 and
indications may expand to those at moderate risk as
experience with this procedure grows. Atrioventricular
block requiring pacemaker implantation is reported in
1% to 8% of patients with the Edwards SAPIEN valve
and 19% to 42% with the Medtronic CoreValve using
currently available devices.236 The need for pacemaker
implantation did not influence subsequent survival
after TAVR in some studies,237 although others have
shown increased mortality in those receiving a new
pacemaker.238 Clinical predictors of complete heart
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

block239 include characteristics of patient status (valve
calcification and preexisting right BBB)240 and comor
bidities, as well as characteristics of the procedure
(depth of implantation, device profile)241 and balloon
sizing.242 However, sensitivity and specificity are not
high except possibly for right BBB. AF is also common
after TAVR.243,244 Current consensus documents recom
mend continuous monitoring early after the procedure
(at least 3 days).236 In a recent analysis245 of 32 studies
of TAVR, including >5000 patients without pacemaker
before the procedure, the need for a pacemaker was
reported in 25% of Medtronic CoreValve and in 6%
of the Edwards SAPIEN valve recipients. In the 5 trials
reporting timing of the development of atrioventricu
lar block, 63% occurred during or within 24 hours of
TAVR, and another 32% occurred within 1 week, lead
ing these authors to recommend 1 week of in-hospi
tal monitoring after TAVR.245 Among patients who do
not require a permanent pacemaker by 48 hours after
TAVR, 5% of patients with persistent left BBB (versus
2% without left BBB) are likely to require a permanent
pacemaker.246 Longer monitoring could be considered
for patients with evidence of periprocedural conduction
abnormalities.
Electrocardiographic monitoring may also reveal AF
after TAVR. Amat-Santos and colleagues209 studied the
incidence and implications of AF in the TAVR popula
tion. AF had not been considered a significant risk for
TAVR patients in the past.247 However, findings from the
study reported by Amat-Santos et al209 suggest that the
incidence of new-onset AF may be high in the first 30
days after TAVR. They studied 138 consecutive patients
with no history of AF who had TAVR and were moni
tored until hospital discharge. New-onset AF occurred
in 44 patients (31.9%) at a median time of 48 hours
after TAVR and was associated with a higher incidence
of stroke at 30 days and 1 year.
The following recommendations are given. Duration
of monitoring varies with procedure, device, and pa
tient factors.

Recommendations
1. After TAVR, at least 3 days of postprocedural
arrhythmia monitoring is recommended
(Class I; Level of Evidence C).
2. Longer monitoring periods may be beneficial
for patients undergoing TAVR, particularly
those with periprocedural conduction abnormalities (Class IIa; Level of Evidence C).
Other Transcatheter Interventions: Ventricular
Septal Defect Closure. Percutaneous device closure
of perimembranous ventricular septal defect is increas
ingly used as a successful alternative to surgical clo
sure.248 Arrhythmic complications, including BBB and
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reasonable to admit patients with acute care needs to
telemetry units; however, patients with nonacute, non
cardiac problems may be admitted to nonmonitored
units (eg, a mental health unit) if appropriate VAD man
agement can be provided.
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atrioventricular block, occur in 11% during the proce
dure248 and in 15% after the procedure,249 with a 1%
to 5.7% incidence of high-grade atrioventricular block.
Time to the development of atrioventricular block
ranged from intraprocedural to up to 7 days after the
procedure, with most occurring by 3 days. Although
atrioventricular block resolution often occurs with ste
roids, certain characteristics of the ventricular septal
defect and placement of the occluder249 have been
identified as risk factors for atrioventricular block. Thus,
all patients should be monitored after percutaneous
ventricular septal defect closure.
Other Transcatheter Interventions: Atrial Septal
Defect Closure. Atrial septal defect transcatheter occlu
sion techniques have emerged as an alternative to sur
gery. Both atrial arrhythmias and heart blocks have been
reported.250 In a meta-analysis of 172 series comprising
>13 000 patients, the incidence of atrioventricular block
was 0.4%.251 The overall risk of major periprocedural
complications was 0% to 9.4% in the studies, with a
pooled risk of 1.6%. In a recent series of 706 patients
undergoing atrial septal defect closure with an Amplatzer
device, the risk of atrioventricular block was 0.85%. Age,
size of the atrial septal defect, and characteristics of the
occluder were predictive of atrioventricular block.252
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Recommendation
1. All patients undergoing transcatheter interventions require arrhythmia monitoring
after the procedure (Class I; Level of Evidence
C). Duration of monitoring varies with procedure, device, and patient factors.
Arrhythmias
As a general rule, patients with arrhythmias that are
life-threatening or potentially life-threatening and
those who require ongoing management should be
monitored. Monitoring is not required for patients with
asymptomatic, non–life-threatening arrhythmias that
do not require ongoing management.
Ventricular Tachycardias
Patients resuscitated from cardiac arrest or unstable VT
have a high risk of recurrent arrest.229 Most of these pa
tients will require an ICD. While hospitalized for evalua
tion and before implantation of an ICD or other devices
(eg, wearable cardiac defibrillator, VAD), these patients
should have arrhythmia monitoring.

Recommendations
1. These patients should receive arrhythmia
monitoring until ICD implantation. Patients
after cardiac arrest believed to be attributable
to a transient and reversible cause should be
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November 7, 2017

monitored until the underlying problem is
resolved (Class I; Level of Evidence C).
2. After implantation, if further therapy is
ongoing (ie, medications, ablation), monitoring should be continued until adequate suppression of arrhythmia as determined by the
treating team is achieved (Class I; Level of
Evidence C).
Ventricular tachyarrhythmias resulting in ICD shock
are discussed in Section 2, Preexisting Rhythm Devices.
Nonsustained VT
Premature ventricular contractions (PVCs) and non
sustained VT may be associated with occult structural
heart disease and with long-term reduced survival in
unselected populations.253 Even in otherwise normal
hearts, PVCs and nonsustained VT may over time lead
to tachycardia-induced cardiomyopathy.254 Further eval
uation and treatment may be warranted in some situa
tions254 such as determining the origin of the VT, which
may help guide further therapy such as ablation.

Recommendation
1. PVCs and nonsustained VT are not immediately life-threatening, and in the absence of
other indications for monitoring in hospitalized patients, continued arrhythmia monitoring may be considered but is not required
(Class IIb; Level of Evidence C).
Atrial Tachyarrhythmias
Atrial arrhythmias include new-onset or recurrent par
oxysmal or intermittent-persistent AF or other atrial
tachyarrhythmias.255 For unidentified supraventricular
arrhythmias, arrhythmia monitoring will aid in diagno
sis. For AF, monitoring will aid in determining the bur
den of AF and the adequacy of rate control. Although
rapid AF is rarely life-threatening, it can cause symp
toms and, in some cases, hemodynamic deterioration.

Recommendations
1. Patients admitted for new-onset or recurrent atrial tachyarrhythmias, including AF,
should receive arrhythmia monitoring while
planned evaluation is underway and the
treatment strategy is determined (Class I;
Level of Evidence C).
2. Patients with hemodynamically unstable
or symptomatic atrial arrhythmias should
receive arrhythmia monitoring until hemodynamically stable (Class I; Level of Evidence C).
3. If rate control in the hospital is deemed necessary, arrhythmia monitoring is beneficial in
management and may accelerate appropriate treatment (Class I; Level of Evidence C).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommendations
1. Arrhythmia monitoring is recommended
for initiation of dofetilide (Class I; Level of
Evidence B).
2. Among patients for whom the provider has
selected inpatient initiation, arrhythmia
monitoring is recommended for the initiation of sotalol, flecainide, and propafenone
(Class I; Level of Evidence B).
3. Among patients for whom the provider has
selected inpatient initiation, arrhythmia
monitoring may be considered for the initiation of amiodarone and dronedarone (Class
IIb; Level of Evidence B).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Patients receiving QTc monitoring, as described ear
lier in these practice standards, should be monitored for
arrhythmias.
Chronic AF
Patients with long-standing or permanent AF who are
admitted with other medical indications do not rou
tinely need arrhythmia monitoring. For patients with
chronic AF who are admitted for a medical condition
that affects ventricular rate, arrhythmia monitoring is
reasonable.

Recommendations
1. Patients with known permanent AF do not
need ongoing monitoring once rate control
is determined to be adequate (Class III: No
Benefit; Level of Evidence C).
2. Arrhythmia monitoring is reasonable in
patients with chronic AF if a medical condition may affect their ventricular rate (eg,
results in changes in autonomic state or
inability to take medications) or if their heart
rate may affect their clinical stability (Class
IIa; Level of Evidence C).
Sinus Bradycardias
The clinical manifestations of sinus node dysfunction,
implying slow impulse generation from the sinus node
or pauses in sinus node firing, are many, ranging from
syncope to chronotropic incompetence to the inciden
tal finding of bradycardia in the asymptomatic patient.
Untreated, sinus node dysfunction does not influence
survival,260 and asymptomatic sinus bradycardia is not
an indication for pacing.229 Thus, asymptomatic sinus
bradycardia does not require in-hospital monitoring.
Patients with symptomatic sinus bradycardia awaiting
pacemaker implantation should be monitored. Many
drugs can slow the heart rate, and in patients with sig
nificant sinus bradycardia in whom negative chrono
tropic medications are being initiated, monitoring may
be considered on an individual basis.

Recommendations
1. Arrhythmia monitoring should be used for
patients with symptomatic bradycardia such
as syncope (Class I; Level of Evidence C).
2. Arrhythmia monitoring may be beneficial for
patients undergoing initiation of negatively
chronotropic medications, in whom worsening of a baseline sinus bradycardia may be a
concern (Class IIa; Level of Evidence C).
3. Finally, arrhythmia monitoring is not recommended for asymptomatic, hemodynamically stable patients with bradycardia (Class
III; Level of Evidence B).
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Although strategies of attempting to maintain si
nus rhythm through the use of antiarrhythmic drugs
have not been shown to improve mortality, antiar
rhythmic drug therapy may be used to decrease the
frequency of symptoms and to improve quality of life
in selected patients.256 In a 2006 meta-analysis of 44
trials including >11 000 patients,257 Class IC (flecainide
and propafenone) and Class III drugs (amiodarone,
sotalol, dofetilide; dronedarone is not approved) re
duced recurrences of atrial tachyarrhythmias after car
dioversion of AF.
Except for amiodarone and propafenone, all anti
arrhythmics have increased proarrhythmias (number
needed to harm, 17–119), with risk most commonly
occurring during initiation.256 Previous guidelines have
not addressed inpatient versus outpatient electrocar
diographic monitoring for the initiation of antiarrhyth
mic agents.256 Dofetilide carries a risk of TdP, and in
patient electrocardiographic monitoring is required by
the US Food and Drug Administration for 3 days during
initiation because of the risk of QT prolongation and
ventricular arrhythmias.256 Sotalol also prolongs the QT
interval.257 Some experts have suggested that outpa
tient initiation is safe if the patient is in sinus rhythm
and the QT interval and electrolytes are normal,258
although others suggest inpatient monitoring.256 Ini
tiation and dose escalation during hospitalization with
electrocardiographic monitoring should be consid
ered; the package insert for sotalol has a correspond
ing black box warning.256 One small study suggested
that outpatient, unmonitored initiation of flecainide
and propafenone is safe,259 but data are insufficient
for a definitive recommendation. Data supporting the
safety of the initiation of antiarrhythmic drug therapy
without monitoring are best established for amioda
rone and dronedarone,256 although both can lead to
bradycardia,257 so monitoring may be considered for
initiation, particularly in patients currently in AF whose
sinus node function may put them at risk for postcon
version pauses.
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Atrioventricular Block
Atrioventricular block is classified by the pattern of con
duction from the atria to the ventricles. In first-degree
atrioventricular bock, the PR interval is prolonged but
1:1 conduction remains; in second-degree block, some
P waves are conducted and some are not; in thirddegree block, the atrioventricular block is complete.
Advanced atrioventricular block refers to blocking of
>1 consecutive P wave. Second-degree atrioventricular
block is further classified on the basis of the pattern
of the PR interval, which generally correlates with the
anatomic site of block. Mobitz type I, or Wenckebach,
is characterized by a progressive lengthening of the PR
interval before the block and generally reflects disease
within the atrioventricular node, whereas Mobitz type
II is characterized by unchanging PR intervals before
the block and is generally associated with infranodal
(distal) conduction system disease. Complete heart
block is not defined on the basis of type but can of
ten, although not always, be diagnosed as intranodal
(proximal) versus infranodal (distal) on the basis of the
characteristics of the escape focus, as well as the pre
ceding rhythms.
Early studies showed that atrioventricular block re
sulting from distal disease could progress rapidly and
unpredictably and has been associated with sudden
death.229,261 Thus, these patients require arrhythmia
monitoring until a pacemaker is implanted. In contrast,
patients with type I second-degree atrioventricular
block (Wenckebach) generally have a benign progno
sis.262 Wenckebach is common and benign in athletes
and during sleep.263 Monitoring may be considered
in patients with Wenckebach but is generally not re
quired. Complete heart block caused by atrioventricu
lar nodal disease will have a stable, junctional escape
and is not immediately life-threatening. Monitoring of
patients with atrioventricular nodal third-degree block
should be considered on an individual basis.

Recommendations
1. Patients with symptomatic second- or thirddegree atrioventricular block of any anatomic
origin should have arrhythmia monitoring
(Class I; Level of Evidence C).
2. Patients with asymptomatic second- or
third-degree atrioventricular block caused
by distal conduction system disease should
have arrhythmia monitoring (Class I; Level of
Evidence C).
3. Patients with third-degree atrioventricular
block should have arrhythmia monitoring
(Class I; Level of Evidence C).
4. Asymptomatic patients with Wenckebach
and those with transient atrioventricular
block of any degree determined to be of
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vagal origin do not benefit from arrhythmia
monitoring (Class III; Level of Evidence C).
Pediatric Considerations. Third-degree atrioventricu
lar nodal block can be seen in infants and children in the
absence of cardiac surgery. The decision for permanent
pacing is based on escape loci and heart rate, as well
as symptoms associated with the bradycardia.229 For
newborns, the ability to feed without signs of hemo
dynamic compromise is often used in determining the
need for pacing. During that assessment period, they
are often in a neonatal ICU where electrocardiographic
monitoring is standard of care.
Congenital or Genetic Arrhythmic Syndromes
Among the numerous conditions that can predispose
patients to life-threatening arrhythmias are many in
herited disorders such as LQTS and Brugada syndrome
and those characterized by abnormal conduction such
as Wolff-Parkinson-White syndrome.264 Determining
which of these patients are at higher risk of sudden
death and require therapeutic intervention can be chal
lenging.
Hemodynamically Unstable. Patients with these
syndromes who present with signs of unstable ventric
ular arrhythmias (eg, recurrent syncope or worsening
ventricular ectopy) or clear worsening of the underly
ing arrhythmic susceptibility (eg, during uncontrolled
fevers with Brugada syndrome or with metabolically
induced prolongation of the QT interval in LQTS) should
have arrhythmia monitoring until appropriate therapy
is delivered. Worrisome findings on the ECG such as
a significant augmentation of QT prolongation or the
development of a type I Brugada pattern on the ECG
during a febrile illness should also be considered in the
decision to provide electrocardiographic monitoring.

Recommendation
1. Hemodynamically unstable patients with
congenital or genetic arrhythmic syndromes
should have arrhythmia monitoring until
appropriate therapy is delivered (Class I;
Level of Evidence C).
Wolff-Parkinson-White Syndrome With Rapid
Conduction via an Accessory Pathway. Patients
with Wolff-Parkinson-White syndrome who dem
onstrate rapid conduction via an accessory pathway
during an atrial arrhythmia, typically with shortest preexcited RR intervals <250 milliseconds, are at greater
risk of developing VF.265

Recommendation
1. Arrhythmia monitoring is indicated in patients
with Wolff-Parkinson-White syndrome with
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Congenital Long QT. Patients with inherited long QT
who present with unstable ventricular arrhythmias or
have medically or metabolically induced prolongation
of the QTc interval should have electrocardiographic
monitoring.

atrioventricular block, ventricular arrhythmia, or rapid
supraventricular arrhythmias, when associated with
syncope at other times, have also been considered di
agnostic.271 In contrast to a 5% diagnostic yield of in
patient telemetry monitoring in unselected populations
admitted for syncope of undetermined origin,272 prede
termined algorithms based on predictive characteristics
documented a 16% to 18% diagnostic yield with inpa
tient monitoring.273,274 In a study of telemetry use, syn
cope was one of the major diagnoses for which telem
etry monitoring influenced management decisions.58

Recommendation
1. Arrhythmia and QTc monitoring is indicated
in unstable patients with congenital long QT
until stabilization of ventricular arrhythmias,
reversal of exacerbating medical or metabolic condition, and return of the QTc interval to baseline (Class I; Level of Evidence C).
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Syncope of Suspected Cardiac Origin
Syncope, defined as a transient, self-limited loss of con
sciousness, is among the most common reasons for visit
ing an ED.266 There are 2 reasons to evaluate syncope.
The first is to determine the pathogenic mechanism to
prevent future episodes, which are most often not lifethreatening but may have an impact on quality of life.
The second is to identify the less common patient whose
syncopal episode represents a risk for death. Several
predictive algorithms such as the San Francisco266 and
Rose267 rules have been developed to determine progno
sis on the basis of clinical factors at presentation and thus
guide necessity for inpatient admission; other studies are
ongoing.268 These and other algorithms have identified
age, structural heart disease, abnormal ECG, absence of
prodromal symptoms, and other factors as predictive of
higher risk in patients presenting with syncope.266 Recent
studies suggest electrocardiographic findings predictive
of serious cardiac outcomes, which include Mobitz 2 or
complete atrioventricular block, severe conduction sys
tem disease, new ischemic changes, nonsinus rhythm,
left axis deviation, or other abnormalities noted from
electrocardiographic monitoring in the ED.269
The ACC/AHA/Heart Rhythm Society 2017 guideline
for the evaluation and management of patients with syn
cope270 provides recommendations for hospital admission
for syncope. This guideline also states that patients with
a suspected cardiac cause of their syncope are vulnerable
to arrhythmias and thus should undergo electrocardio
graphic monitoring.
For those patients admitted for treatment of synco
pe with an identified cause, such pathogenesis should
guide the use of arrhythmia monitoring. Occurrence of
symptoms correlating with a documented arrhythmia
on monitoring is considered a gold standard for the di
agnosis of arrhythmia, but asymptomatic findings on
monitoring, including asystole >3 seconds, Mobitz 2
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Recommendation
1. Arrhythmia monitoring for at least 24 hours
is recommended for those patients who, on
the basis of presentation characteristics, are
admitted for syncope with a suspected cardiac origin (Class I; Level of Evidence B).
Pediatric Considerations. Syncope is a common pre
senting complaint for pediatric patients in the ED and
often associated with high patient and parental anxiety.
Although syncope in pediatric patients is often attribut
able to a benign cause,275 in some patients, syncope
may herald a serious medical condition such as obstruc
tion to blood flow, myocardial dysfunction, or syncope
that originated from a primary arrhythmic source.
Algorithms using a detailed medical history, family his
tory, physical examination, and 12-lead ECG have been
developed to help distinguish between benign syncope
and malignant cardiac conditions requiring further eval
uation.270,276,277 If a patient is believed to have a cardiac
condition that requires admission, consideration should
be given to arrhythmia monitoring.
Postelectrophysiology Procedures/Ablations
The practice of ablation is rapidly evolving with a paucity
of published research related to postprocedural arrhyth
mia monitoring. Although the incidence of major com
plications has been reported, the timing of occurrence is
often not described in detail.278 Clearly, a major compli
cation such as hemodynamic instability from pericardial
effusion or a thromboembolic event such as stroke is an
indication for arrhythmia monitoring. Therefore, the fol
lowing recommendations are based primarily on expert
opinion. Investigators are encouraged to assess and re
port the timing of both minor and major complications
that require arrhythmia monitoring so that recommen
dations can have a stronger evidence base.
Uncomplicated Supraventricular Tachycardia Ablation
The technologies and techniques for catheter-based ab
lations of cardiac arrhythmias are advancing at a great
pace. Modern tools allow the practitioner to deliver tar
geted lesion sets and to perform more controlled trans
septal punctures. Rates of postoperative complications
after ablation for simple supraventricular tachycardias
November 7, 2017
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rapid conduction via an accessory pathway
until therapy such as antiarrhythmic medication or ablation is delivered (Class I; Level of
Evidence C).
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(SVTs; atrioventricular nodal reentry tachycardia, atrio
ventricular reentry tachycardia, atrial flutter, and atrial
tachycardia) have improved over the past several years.
The rate of atrioventricular block, for example, after
slow pathway ablation for atrioventricular nodal reentry
tachycardia is now <1%.279 The duration of observation
of patients with uncomplicated SVT ablation without ev
idence of transient atrioventricular block is not well de
fined in the medical literature; some clinicians discharge
patients after ≈4 hours of arrhythmia monitoring.

Recommendation
1. Patients with uncomplicated SVT ablation
(eg, no transient atrioventricular block) may
be discharged from arrhythmia monitoring
after a short observation period in a postprocedure area. Additional arrhythmia monitoring after the postprocedure area may be
considered (Class IIb; Level of Evidence C).
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Complex Ablations or Serious Comorbidities
Investigators278 prospectively evaluated 1676 consecu
tive ablations (non-AF SVT, AF, and VT) for major adverse
postprocedural events such as life-threatening cardiac
perforation, stroke, or death, with the following find
ings by ablation type: for SVT, 0.8%; for idiopathic VT,
3.4%; for VT ablation in the setting of structural heart
disease, 6%; and for AF, 5.2%. Others have reported
major complication rates after AF ablation between
4.5%280 and 5.8%.281 Patients who undergo complex
ablation such as pulmonary vein isolation for AF or ab
lation for VT are at higher risk of major complications
in the postoperative period. These patients often have
additional comorbidities and usually require general
anesthesia during ablation. Investigators278 identified
no thromboembolic events after SVT ablation; the vast
majority occurred after AF ablation (1%). Of all throm
boembolic events, only 27.3% occurred before the pa
tient left the procedure room.278 For all ablation types,
most major complications occurred on the procedure
day (54.7%), a third (31.1%) during the procedure.
However, postprocedural complications occurred at a
mean of 4.4±5.6 days and included 2 pericardial effu
sions on days 5 and 6.278
The following recommendations are provided. How
ever, the duration of monitoring varies with procedure,
vascular access, and patient factors. Expert clinical judg
ment is needed.

Recommendation
1. Patients with more serious comorbidities (eg,
advanced heart failure) or who undergo complex ablations (eg, pulmonary vein isolation
for AF) should receive arrhythmia monitoring
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for 12 to 24 hours after the procedure (Class
I; Level of Evidence C).
Atrioventricular Nodal Ablation
Patients who have experienced prolonged rapid heart
rates from incessant tachycardia may be at greater risk
for TdP, as demonstrated in case reports,282,283 as are
patients with chronic AF who undergo atrioventricular
nodal ablation and concomitant pacemaker implanta
tion.284

Recommendation
1. Patients who undergo atrioventricular nodal
ablation who have experienced prolonged
rapid heart rates from incessant tachycardia
and patients with chronic AF who undergo
atrioventricular nodal ablation with concomitant pacemaker implantation should receive
arrhythmia monitoring for 12 to 24 hours
after ablation (Class I; Level of Evidence C).
After Pacemaker or ICD Implantation Procedures
Temporary pacing is indicated in situations of acute lifethreatening bradyarrhythmias, as well as situations in
which permanent pacing is indicated for bradyarrhyth
mias but temporarily contraindicated by infection or other
acute comorbidities. Temporary pacing may be achieved
via transcutaneous pacing pads, transvenous pacing
wires, or semipermanent transvenous pacing wires.
Transcutaneous Pacing Pads
Transcutaneous pacing can be deployed rapidly, but it is
moderately or very uncomfortable for most patients,285
and capture is variable.285,286 Thus, transcutaneous pac
ing is used for urgent situations pending insertion of a
transvenous lead or for situations with lower likelihood
of pacing necessity. Transcutaneous pacing is subject
to the same concerns as other temporary pacemakers.
In addition, because the pacing artifact is large, it may
obscure or mimic the QRS complex, making it difficult
to determine the presence of ventricular capture. In
such instances, different electrocardiographic monitor
ing leads should be tested to identify a lead that mini
mizes the pacemaker artifact and maximizes the QRS
complex. If no such lead can be identified, then con
comitant monitoring with a nonelectrocardiographic
method is recommended (eg, arterial pressure, pulse
oximetry monitoring, or both).

Recommendation
1. Arrhythmia monitoring is recommended
until transcutaneous pacing is no longer necessary and the device is removed or replaced
with a permanent device (Class I; Level of
Evidence C).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommendation
1. All patients with standard temporary transvenous pacing wires should receive arrhythmia monitoring until either pacing is no
longer necessary and the device is removed
or it is replaced with a permanent device
(Class I; Level of Evidence C).
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Semipermanent Transvenous Temporary Pacing
The use of transvenous active fixation leads is in
creasing, such as those designed for permanent pac
ing that are inserted transvenously, externalized, and
connected to an epicutaneous pulse generator.288–291
These temporary systems have been used in place of
standard temporary wires in several settings: device
explantation because of infection to allow a period of
antibiotic treatment, when the need for pacing may
be temporary such as Lyme disease, or when perma
nent pacing is indicated but temporarily precluded by
comorbidities such as systemic infection.292 Several
single-center studies of 17 to 60 patients have shown
no loss of function or dislodgements over mean or
median uses of 2 to 19 days. Although 1 of the earlier
centers288 described maintaining patients in telemetry
units during this period, 2 centers did not maintain
patients on telemetry wards,290,291 and 1 center289 al
lowed patients to go home or to a nursing facility with
these systems in place. Telemetry may be considered
in these patients.

Recommendations
1. It is reasonable for all patients with semipermanent transvenous pacing to receive
arrhythmia monitoring for 24 hours (Class
IIa; Level of Evidence C).
2. After the first 24 hours in low-risk patients,
arrhythmia monitoring may be considered
if the patient is not discharged to home or
a skilled nursing facility (Class IIb; Level of
Evidence C).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Permanent Pacemaker or ICD
The number of pacemaker, ICD, and cardiac resynchro
nization device implantations continues to increase dra
matically as the population ages and indications broad
en. The risks of major complications, including cardiac
perforation, hemothorax, pneumothorax, stroke, MI,
and death, increase with age and complexity of device
implantation.77,293
Although many of the major adverse complications
occur during the procedure, acute lead failure often
manifests in the immediate postprocedural period.294
Acute failure to capture or sense appropriately can be
caused by lead fractures, loose set screws, cardiac per
foration, sudden increase in pacing threshold, and most
commonly, lead dislodgement. Rates of lead dislodge
ment have been reported in 1% to 2% of cases after
pacemaker or ICD insertion and up to 5.7% after car
diac resynchronization device insertion.294–296
The main purpose of electrocardiographic monitoring
after device implantation is to detect acute lead failure
as evidenced by oversensing, undersensing, or failure to
capture. Early confirmation of lead failure with device in
terrogation or chest x-ray can result in rapid procedural
correction. Although less common, electrocardiographic
monitoring may also detect arrhythmias related the ma
jor adverse complications such as sinus tachycardia in
the setting of cardiac tamponade. Monitor manufactur
ers have specific electrode configurations to achieve the
most reliable recognition of paced rhythms. In addition,
the clinician may need to enable pacemaker recogni
tion by the monitor to avoid a potential monitor alarm
for VT resulting from the width of the QRS with paced
rhythm. Improvement in visibility of pacemaker spikes is
still needed by some monitor manufacturers. Because
technologies for pacemaker recognition vary, no recom
mendation for their use can be made at this time.

Recommendations
1. Patients who do not have a consistent, intrinsic, hemodynamically stable heart rhythm
are considered pacemaker dependent, and
arrhythmia monitoring is recommended for
12 to 24 hours after device implantation
(Class I; Level of Evidence C).
2. For patients who are not pacemaker dependent, arrhythmia monitoring 12 to 24 hours
after implantation may be reasonable
because detection of complications could
lead to early intervention such as adjustment
of settings or lead revision (Class IIb; Level of
Evidence C).
Generator Change
Although the risks of major perioperative complica
tions after nonendovascular procedures such as gen
November 7, 2017
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Standard Temporary Transvenous Pacing Wires
Standard temporary transvenous pacing wires are stiff
wires that have no fixation mechanisms, thus increas
ing the likelihood of dislodgment. In addition, loss of
pacemaker output may occur if lead wires become sep
arated from the external pacemaker generator, batter
ies become depleted, or oversensing occurs because of
large P or T waves or because of extraneous electric po
tentials such as muscle artifact or nearby faulty electric
equipment. In a prospective observational study con
ducted in patients with temporary transvenous pacing
wires, dislodgement rates were 16%, with 50% of dis
lodgements occurring within the first 24 hours and the
other half occurring later during the hospital course.287
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erator changes are low, the risk of system malfunc
tion requiring reoperation caused by loose set screws
and inadvertent lead problems is ≈1.5%.297 Patients
with uncomplicated generator replacement do not
need further monitoring after a short observation
period.

Recommendation
1. Arrhythmia monitoring may be reasonable
for the immediate postprocedure period
(Class IIb; Level of Evidence C).
Preexisting Rhythm Devices
ICD Shocks Requiring Hospital Admission
The evaluation of patients who present after an ICD
shock includes determination of the cause, whether the
ICD shock was appropriate, and whether hospitaliza
tion is required.

Recommendation
1. Arrhythmia monitoring is recommended for
patients requiring hospitalization after an
ICD shock for the duration of the related
hospitalization until the precipitating event
is treated (Class I; Level of Evidence C).
Downloaded from http://ahajournals.org by on September 2, 2018

ICD or Pacemaker: Admission for Unrelated Indication
Given the significant rise in pacemaker and ICD use
in the United States,298 many patients with these
implanted devices are admitted to the hospital for
noncardiac reasons. In addition, as the cost and avail
ability of external monitors and implantable recorders
improve, a growing number of patients with these
monitors will present to a hospital setting for noncar
diac concerns.

Recommendation
1. Arrhythmia monitoring is not recommended
for patients with preexisting rhythm devices
who do not otherwise meet indications for
active inpatient monitoring (Class III: No
Benefit; Level of Evidence C).
Stable With Wearable Defibrillator: Admission for
Unrelated Indication
Patients deemed at risk for sudden death who are not
candidates for ICD implantation, because of contraindi
cations or because their higher risk is deemed transient,
may receive a wearable cardiac defibrillator. These devices
have monitoring capabilities and are able to deliver elec
tric energy that is as effective as that of ICDs.299 With help
and education from nursing staff and company represen
tatives, patients who demonstrate self-management of
the wearable cardiac defibrillator and ability to wear the
e306
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device reliably can be discharged to a nonmonitored set
ting such as home or skilled nursing facility.

Recommendation
1. Arrhythmia monitoring is not recommended
for patients with a wearable cardiac defibrillator who are admitted for noncardiac reasons
(Class III: No Benefit; Level of Evidence C).
Other Cardiac Conditions
Acute Decompensated Heart Failure
Acute decompensation of chronic heart failure (ADHF)
occurs as the result of a number of precipitating events
such as volume overload; ischemia; anemia; progres
sive ventricular, respiratory, or renal failure; hyperten
sion; exacerbation of comorbidities; new-onset AF;
and infection. These same pathogenic entities also in
crease the risk of lethal and hemodynamically unstable
arrhythmias during treatment. During the aforemen
tioned clinical situations, the increases in demand for
cardiac output exceed the ability of the heart to supply
oxygenated blood to meet the metabolic demands of
tissues. This is true of heart failure with reduced or pre
served left ventricular function.
In new acute heart failure, the problem is usually
ischemia from a new MI, inflammation from myocar
ditis or endocarditis, or mechanical related to ruptured
chordae or papillary muscles leading to acutely insuf
ficient valves. The addition of arrhythmic instability re
sulting from the hemodynamic effects of structural or
ischemic failure is rapidly lethal if not identified quickly
and treated.
Patients who have a new MI and those who present
as hemodynamically unstable are readily admitted to an
ICU where continuous electrocardiographic monitoring
is the standard of care. However, the majority of pa
tients with ADHF are admitted to non-ICU beds, most
often for diuresis to achieve optimal volume status and
to relieve congestion. No objective, prospective evalua
tion of telemetry monitoring in patients with ADHF ad
mitted to non-ICU beds has been reported.
Many, especially those with dilated cardiomyopathy
of both ischemic and nonischemic origin, have ICDs.
The incidence of arrhythmias such as AF and nonsus
tained VT is high in patients with ADHF. Fibrosis, di
lation, changes in ion currents, and other structural
changes in the myocardium are proposed mechanisms
of arrhythmias.300 In patients with nonischemic cardio
myopathy, female sex, lack of statin therapy, and el
evated creatinine were independent risk factors for ma
lignant ventricular arrhythmias.301
Benza et al302 reviewed the OPTIME-CHF (Outcomes
of a Prospective Trial of Intravenous Milrinone for Ex
acerbations of Chronic Heart Failure) registry and con
cluded that new arrhythmias during an exacerbation of
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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1. Because of the risk of ventricular arrhythmias
and the frequency of new-onset AF, arrhythmia monitoring is recommended for patients
with ADHF until the precipitating event (eg,
volume overload; ischemia; anemia; progressive ventricular, respiratory, or renal failure;
hypertension; exacerbation of comorbidities;
new-onset AF; or infection) is successfully
treated (Class I; Level of Evidence B).
2. Because of the potential for new ischemia,
ischemia monitoring may be reasonable,
but only if there is a possible ischemic origin
and in the setting of evaluable ST segments
(Class IIb; Level of Evidence C).
Endocarditis
Guidelines published in 2005 do not mention electro
cardiographic monitoring for patients with endocardi
tis,304 although conduction abnormalities occur with
moderate frequency in the setting of infective endo
carditis. Limited data exist on the role of electrocar
diographic monitoring of patients with this condition.
Meine et al305 reported a series of 137 cases of endocar
ditis classified as definite or possible by the Duke criteria
with an interpretable ECG. Conduction abnormalities
of new or unknown duration occurred in 36 of these
patients (27%). Among these 36 patients, conduction
abnormalities included the following: 18 with intraven
tricular conduction abnormalities alone, 14 with atrio
ventricular block alone, and 4 with both intraventricu
lar conduction abnormalities and atrioventricular block.
The extent of the infection was significantly associated
with the occurrence of conduction change on the ECG:
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

53% of those with invasive infection, defined as ab
scess or paravalvular regurgitation, exhibited a conduc
tion change on the ECG compared with 26% of those
with isolated valve infections (P=0.046). Conduction
change on the ECG was associated with a 2-fold higher
mortality compared with those without a conduction
change on the ECG (31% versus 15%; P=0.039). Simi
larly, 41% of patients with intraventricular blocks that
were new or of unknown duration died compared with
only 15% of patients without intraventricular blocks
(P=0.003).305 The occurrence of conduction abnormali
ties in the setting of infective endocarditis may be a
marker of more advanced disease rather than serving
simply as an arrhythmic cause of death. Telemetry is ap
propriate for patients with endocarditis who have signs
or symptoms of heart block, heart failure, or high-risk
features noted on central nervous system examination
or echocardiogram (eg, ring abscess).

Recommendation
1. Arrhythmia monitoring for patients with
infective endocarditis can be beneficial until
the patient is clinically stable (Class IIa; Level
of Evidence C).
Noncardiac Conditions
Continuous electrocardiographic monitoring of patients
with noncardiac conditions occurs both in the ICU and
outside the ICU. No randomized trials or observational
studies could be found that describe how and whether
differing forms of monitoring influence patient out
comes or care processes in the ICU. Although not ex
plicitly required by The Joint Commission, electrocardio
graphic monitoring is standard in ICUs in the United
States. If a patient is unstable enough to require an
ICU, adequate rationale would need to be documented
for why electrocardiographic monitoring would not
be warranted. In general, it is reasonable that electro
cardiographic monitoring should be continued until
patients are weaned from mechanical ventilation and
are hemodynamically stable. Continuous electrocardio
graphic monitoring in patients receiving intensive care
for noncardiac indications is recommended.
Continuous electrocardiographic monitoring should
not be used outside the ICU setting unless a clear clini
cal indication exists and for only as long as that indi
cation is present. The decision to place a patient on
electrocardiographic monitoring should not be based
only on an assumption that the patient will be observed
more frequently or that more intensive nursing care will
be provided. This section examines the current available
evidence for the use of continuous electrocardiographic
monitoring of patients with noncardiac conditions in
the non-ICU setting such as those undergoing proce
dures with conscious sedation, noncardiac surgical pa
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heart failure were associated with both higher inpatient
and 60-day morbidity and mortality. Opasich et al303 sur
veyed physicians about their perception of the useful
ness of telemetry monitoring among 711 patients with
heart failure (199 of whom were monitored) admitted
to a heart failure unit. Electrocardiographic monitoring
was used primarily in unstable patients, and telemetry
was deemed useful in 70% of cases.
Although many patients with heart failure now have
ICDs, the increased risk of ventricular arrhythmias with
ADHF and the extremely unpleasant experience of de
fibrillation make reliance on the defibrillator unreason
able if the arrhythmia can be identified and suppressed,
thus avoiding defibrillation. Most patients with ICDs
have the antitachycardia pacing feature programmed
“on” in an effort to minimize ICD shocks, which are
not only uncomfortable but may be associated with an
increased risk of mortality. In addition, antiarrhythmic
drugs carry the risk of proarrhythmia and do not obvi
ate the need for an ICD.

Sandau et al

tients, and medical patients. The final section provides
a brief discussion of electrocardiographic monitoring of
patients with an order not to resuscitate or intubate.
After Conscious Sedation
Major cardiac events resulting from common proce
dures with conscious sedation (such as colonoscopy)
are exceedingly rare, particularly in the ambulatory set
ting.306,307 The primary cause of these cardiac events is
probably respiratory in nature, leading to nearly ubiqui
tous use of continuous pulse oximetry as a key monitor
ing modality. However, prospective studies are needed
to determine causality.308 As others have pointed out,307
although intraprocedural ST-segment or QT changes ap
pear to be associated with poorer postprocedural out
comes,309 few studies have provided empirical data on
which patients benefit from electrocardiographic moni
toring during conscious sedation, and such trials are un
likely to be carried out. Although few studies exist in
which electrocardiographic monitoring is compared with
other types of monitoring such as pulse oximetry and
capnography, these may provide additional information
or even alternatives to electrocardiographic monitoring
for the patient undergoing minor procedures.

Recommendation
Downloaded from http://ahajournals.org by on September 2, 2018

1. Arrhythmia monitoring may be reasonable
in patients undergoing conscious sedation
and should be continued until the patient is
awake, alert, and hemodynamically stable
(Class IIb; Level of Evidence C).
Noncardiac Surgery
ACC/AHA guidelines for perioperative management of
patients after major surgery310 do not make recommen
dations for the use of continuous electrocardiographic
monitoring as an approach to detecting major cardiac
events (eg, MI, arrhythmias). However, the guidelines
do make a specific recommendation against routine
postoperative use of the static 12-lead ECG for screen
ing of asymptomatic patients because of a lack of clini
cal trial data defining an optimal approach to acting on
electrocardiographic findings in asymptomatic patients.
In contrast, obtaining a postoperative 12-lead ECG
would be appropriate if a patient becomes symptom
atic after a noncardiac surgical procedure. In this sce
nario, if a patient becomes symptomatic (eg, has chest
pain, symptoms of heart failure, or palpitations) and the
ECG and clinical risk profile suggest a cardiac cause,
other areas of these practice standards would be appli
cable as the basis for continuous electrocardiographic
monitoring in a patient after noncardiac surgery.
Few studies exist to guide the use of perioperative
electrocardiographic monitoring to manage patients
who have preexisting arrhythmias (eg, AF) or who
are at high risk for arrhythmias. The absolute risk of
e308
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new or worsening AF after noncardiac surgery is rela
tively low, between 1% and 2% in large studies, but
is associated with higher costs and worse clinical out
comes.311,312 However, data are limited for defining a
high-risk subgroup and a clinically effective approach to
monitoring these patients. Postoperative patients with
angina-equivalent symptoms or rhythm changes should
be treated according to the chest pain/coronary artery
disease standards above.

Recommendation
1. Routine use of arrhythmia monitoring after
noncardiac surgery is not indicated for
asymptomatic patients (Class III; Level of
Evidence C).
Two particular types of noncardiac surgery deserve
special consideration related to the use of continuous
electrocardiographic monitoring outside the ICU: major
thoracic surgery and major vascular surgery.
Noncardiac: Major Thoracic Surgery. AF is by far
the most common arrhythmia after thoracotomy and
lung surgery.313 For patients who undergo thoracic
surgery even without direct cardiac involvement, the
incidence of postoperative AF is dramatically higher
(4%–37%) than for those who undergo nonthoracic
surgery.313–316 Heterogeneity of samples and methods
contributes to a lack of understanding of the true inci
dence. A review spanning 2002 to 2012 noted a 3.2%
to 30% incidence of SVT after pulmonary surgery, with
return to normal sinus rhythm before discharge for
most patients.313 However, challenges for these patients
included hemodynamic consequences, potential for
systemic embolization, increased length of stay, and
potential need for long-term prophylactic medication.
In a consecutive sample of patients undergoing pulmo
nary resection, the overall incidence of postoperative
AF was 11.8%, with a quarter of patients experiencing
AF in the first 24 hours; the incidence peaked at 2.5
days postoperatively.316 Other investigators noted that
AF develops most frequently 2 days after noncardiac
thoracic surgery.315,317 Thus, it is reasonable to recom
mend electrocardiographic monitoring through postop
erative day 2 to 3 for pulmonary resection, with longer
periods determined by the clinician for those with mul
tiple risk factors.
In 2 retrospective studies, the incidence of new
postoperative AF was 16% to 17% with open thora
cotomy and 10% to 12% with a video-assisted tho
racic approach to pulmonary lobectomy.314,318 Ivanovic
et al316 reported a similar incidence (11.8%) of a new
documented postoperative AF that required pharmaco
logical therapy among patients undergoing pulmonary
resection (n=363). Patients with postoperative AF had a
significantly longer mean length of stay (10.5 versus 6.9
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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1. Arrhythmia monitoring is reasonable for
patients after noncardiac major thoracic surgery such as pulmonary resection to identify
AF through postoperative day 2 to 3 (Class
IIa; Level of Evidence B).
2. Arrhythmia monitoring for a longer period
of time can be useful for patients with multiple risk factors for AF after noncardiac
major thoracic surgery (Class IIa; Level of
Evidence B).
Noncardiac: Major Vascular Surgery. Continuous
arrhythmia monitoring in patients undergoing major
vascular surgery such as invasive aneurysm repair
deserves further study to determine benefit/nonbenefit
in the postoperative period, given the very high rate of
ischemia reported.321 The risk factors for major vascular
problems (eg, smoking, hypertension, hyperlipidemia,
diabetes mellitus) are analogous to those of cardiac
disease. These patients may have undiagnosed coro
nary lesions, which may be identified on postoperative
ST-segment monitoring, triggering a need for evalua
tion and potential intervention. Because current data
are limited, specific recommendations cannot be made
for monitoring. For patients who develop new signs or
symptoms suggestive of cardiac ischemia, heart fail
ure, or arrhythmias, relevant practice standards apply.
Further study is indicated for this at-risk population.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Medical Conditions
Among general medical patients, the limited data avail
able suggest that the incidence of clinically important
arrhythmias is quite low (<2%), even in a telemetry
setting.322–326 Moreover, in noncardiac patients, serious
and fatal arrhythmias tend to be a secondary manifesta
tion of serious underlying comorbidities, and signs and
symptoms of worsening clinical status do not require
telemetry to detect.327–329 In fact, the few studies sug
gest that the rationale for monitoring may to be more
to detect and manage a broad range of complications,
not just arrhythmias or myocardial ischemia.326 This
section includes a discussion of the evidence current
ly available to guide the use or nonuse of continuous
electrocardiographic monitoring among patients with
the following medical conditions: stroke; pneumonia;
COPD; severe electrolyte abnormalities; drug overdose,
including specific types of drugs; and hemodialysis.
Stroke
Guidelines for the early management of patients with
acute ischemic stroke (2013) recommended that ar
rhythmia monitoring should begin in the prehospital
setting and continue throughout the initial assessment
and management of acute stroke. The guidelines list a
COR I, LOE B recommendation for arrhythmia monitor
ing for at least 24 hours after stroke to identify possible
AF and other potentially serious cardiac arrhythmias
that would necessitate emergency cardiac interven
tions.330 The 2009 AHA/American Stroke Association
scientific statement on transient ischemic attack lists
a COR IIa, LOE B recommendation for prolonged in
patient or Holter monitor use among patients with an
unclear pathogenesis.331
Kallmünzer and colleagues332 evaluated the StrokeArrhythmia-Monitoring-Database to assess the risk and
timing of serious arrhythmias in patients admitted with
a stroke. Their analysis revealed that 25% of patients
had significant arrhythmias (mostly ventricular or SVT)
with ventricular rates in excess of 130 bpm. These ar
rhythmias were associated with older age and more
severe neurological deficits measured on the National
Institutes of Health Stroke Scale. The incidence of these
arrhythmias was highest in the first 24 hours and de
clined over 3 days.332
Ritter and colleagues333 conducted a prospective
study of 256 patients with ischemic strokes who were
continuously monitored for at least 24 hours. In this
study, 15% had episodes of a heart rate >120 bpm; this
was associated with larger lesion size, higher National
Institutes of Health Stroke Scale score, and AF. The au
thors concluded that continuous electrocardiographic
monitoring allowed the detection of arrhythmias to
support treatment decisions.
Electrocardiographic monitoring is useful for iden
tifying significant arrhythmias in patients with strokes
November 7, 2017
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days). Ivanovic et al316 described the AF as mainly tran
sient and uncomplicated; however, one third of cases
either were not transient or led to a major intervention.
Sohn et al315 reported that patients who developed AF
had a longer hospitalization and increased in-hospital
mortality (although the cause of death was noncardio
vascular such as pneumonia or hemorrhage).
Risk factors for postoperative AF after thoracotomy
have included older age, coronary artery disease, more
extensive surgery or more serious stage of cancer, emer
gency surgery, male sex, and low body mass index.315,316
Although certain risk factors cannot be modified, fur
ther attention to pathogenesis may highlight directions
for the prevention of postthoracotomy arrhythmias.
The factors triggering new AF after cardiac or thoracic
surgery may include direct intrathoracic stimulation or
atrial irritation; thus, some have examined strategies for
prophylaxis (eg, β-blockers or calcium channel blockers,
amiodarone) with varying risks and benefits.313,319 Auto
nomic denervation and stress-mediated neurohumoral
mechanisms have been recognized as contributing to
frequent AF after thoracotomy.318 A key intervention to
preventing SVT in patients undergoing thoracotomy is
aggressive pain management, including thoracic epi
dural analgesia.313,320
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that result in a change in therapy, including identifica
tion of AF and initiation of anticoagulation. Although
arrhythmia monitoring is recommended in the setting
of stroke up to 24 to 48 hours, the likelihood of doc
umenting AF is low, and longer-term monitoring has
been shown to have an increased yield in identifying
patients with AF.334
QTc prolongation has been documented in patients
who have experienced acute neurological events such
as stroke or neurological trauma. It is most frequently
documented among patients with subarachnoid hem
orrhage, who are especially prone to QT prolongation.
However, they rarely develop TdP,98 and thus, QTc moni
toring is not recommended.
The following recommendations are provided,
with considerations for shorter monitoring in pa
tients in whom the source of ischemic stroke is iden
tified (eg, AF) and for longer monitoring in older and
sicker patients.

Recommendations
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1. Arrhythmia monitoring is recommended for
patients with strokes for up to 24 to 48 hours
after admission (Class I; Level of Evidence B).
2. Arrhythmia monitoring can be useful for a
longer duration in the setting of cryptogenic
stroke to assess for intermittent AF and
asymptomatic rapid ventricular response
(Class IIa; Level of Evidence B).
Patients with cardiac disease encompass a high-risk
population for occurrence of stroke, whereas patients
with acute stroke are similarly at increased risk for
cardiovascular complications. Electrocardiographic ab
normalities are frequent in the setting of acute stroke,
described in 50% to 92% of patients studied,335–338
including ST-segment shifts suggestive of myocardial
ischemia or injury in up to two thirds of patients with
ischemic stroke.339–341 When evaluations for both isch
emia and arrhythmia are combined, telemetry monitor
ing has been demonstrated to provide a high yield of
abnormalities with important diagnostic and prognos
tic relevance. In an acute stroke unit study of 692 pa
tients with acute cerebral infarction, 155 patients with
intracerebral hemorrhage, and 223 patients with tran
sient ischemic attack, 12 to 24 hours of electrocardio
graphic monitoring documented electrocardiographic
abnormalities in the majority (60%, 50%, and 44%,
respectively), including potential ischemic findings such
as ST-segment elevation (5%, 5%, and 2%), ST-seg
ment depression (16%, 7%, and 9%), and/or T-wave
inversion (18%, 8%, and 11%).342 The occurrence of
electrocardiographic abnormalities was associated with
impaired 3-month outcome in patients with cerebral
infarction or hemorrhage but not those with transient
ischemic attack in this study.342
e310
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Although it has been suggested that aggressive
monitoring, including electrocardiographic monitoring,
of patients in a stroke care unit may lead to improved
outcomes,343 evidence for ST-segment monitoring is
lacking. Indeed, the prognostic benefit of ST-segment
monitoring in the setting of acute stroke, despite the
clear shared association of risk factors and concomitant
cerebrovascular and cardiovascular events, is further
confounded by the frequency of ST-segment shifts iden
tified in this population344 and the lack of clarity about
cause and effect. Concurrent stroke and evidence of
MI are not infrequent, with angina, MI, or evidence of
cardiac ischemia present in up to 6% of patients with
acute stroke, although associations with elevation of
biomarkers of myocardial injury and left ventricular wall
motion abnormalities vary by stroke type and location,
noted particularly in association with subarachnoid
hemorrhage.335,345,346 It has been postulated that these
changes occur via a centrally mediated release of cat
echolamines resulting in subendocardial ischemia with
elevation of cardiac biomarkers, although even this el
evation is inconsistent and not clearly associated with
remediable ischemia.347–349 Given the clear association
between risk of stroke and incident cardiac disease, a
high index of suspicion for inducible myocardial isch
emia must be maintained in patients with acute stroke.
However, given the frequent occurrence of evolution
ary ST-segment and T-wave changes of unclear origin
and significance, limited therapeutic options for he
modynamically stable MI in the setting of acute stroke,
and a lack of prospective data to support a prognostic
benefit for ischemia monitoring in patients with stroke,
ST-segment monitoring should be considered only in
patients with acute stroke at increased risk for cardiac
events with evaluable ST segments and may require ex
pert consultation.

Recommendation
1. ST-segment ischemia monitoring may be
considered only in patients with acute stroke
at increased risk for cardiac events who have
evaluable ST segments (Class IIb; Level of
Evidence C).
Pneumonia
Recent studies and literature reviews have proposed an
association between community-acquired pneumonia
and cardiovascular-related events during hospitaliza
tion.350,351 Among patients hospitalized with pneumo
nia, cardiac arrest occurring without preceding shock
or respiratory failure may be related to myocardial
ischemia, a maladaptive response to hypoxia, or sepsisrelated cardiomyopathy.352 The possibility of proarrhyth
mic effects of antibiotics should be considered and may
be mitigated by appropriate QTc monitoring.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Chronic Obstructive Pulmonary Disease
Two major hypotheses for arrhythmogenesis in COPD
are hypoxemia, hypercapnia, and acid-base disturbanc
es and COPD-associated autonomic neuropathy that
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

decreases heart rate variability.357 The latter has gained
attention as investigations of heart rate variability have
increased.358
About one third of patients with stable COPD also
have heart failure.359 Ischemic heart disease is likely a
missed diagnosis among patients hospitalized with
COPD exacerbation.360 Data from a large retrospective
review demonstrated that COPD is an independent risk
factor for cardiovascular disease.361 However, prospec
tive studies of patients with COPD receiving electrocar
diographic monitoring are rare. Holter monitoring of a
consecutive series of patients (n=7441) demonstrated
that the severity of COPD was independently associated
with the occurrence of AF.362
Patients with concurrent COPD and AF may have
increased breathlessness and should be treated ac
cording to usual AF guidelines; if β-blockers are used,
β1-selective drugs are preferred.363 Because these pa
tients are often excluded from clinical trials, more data
on COPD medication in patients with AF are needed
and could inform future electrocardiographic monitor
ing studies.
Patients with COPD often have electrocardiographic
abnormalities; the degree of abnormality increases with
disease severity. Abnormalities include the verticality of
the P-wave axis (>60°) and narrowness of the QRS com
plex (<75 milliseconds),364 as well as right atrial enlarge
ment, right ventricular hypertrophy, and right BBB.365,366
Ischemic electrocardiographic changes are common
among patients with COPD.367
The unanswered question is not whether cardiovas
cular disease and arrhythmias occur in patients with
COPD but rather whether any new changes on the ECG
will be clinically important, thus justifying electrocardio
graphic monitoring. Reports of research evaluating the
use of telemetry for hospitalized patients with COPD
are lacking. For example, patients with COPD demon
strating shortness of breath attributed to COPD exacer
bation accompanied by T-wave inversion in V1 through
V3 on ECG366 are not typically considered candidates
for immediate revascularization. Thus, if a patient with
COPD demonstrated ischemic abnormalities on telem
etry, the clinical response is unclear in the acute setting.
At this time, there is insufficient evidence to provide
recommendations for electrocardiographic monitoring
for patients with COPD.
Electrolyte Abnormalities
Abnormalities in potassium and magnesium levels can
cause changes on the ECG.
Potassium. Hypokalemia, the most common electro
lyte abnormality, is often the result of diuresis, but it may
also result from the administration of potassium-free
intravenous fluids, potassium loss from vomiting and
diarrhea, and other endocrine and renal mechanisms.368
Hypokalemia has been defined as K<3.5 mEq/L.369,370
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Recent attention has been given to the frequency of
arrhythmias among patients with pneumonia. Of 3068
hospitalized patients with pneumonia, 12% developed
a cardiovascular event (defined as pulmonary edema,
cardiac arrhythmia, or MI). Hyperlipidemia and severity
of pneumonia were associated with increased risk.353
Similar findings were reported from another study of
32 689 patients with pneumonia and no prior diagnosis
of a cardiac arrhythmia: 12% had a new diagnosis of
cardiac arrhythmia (AF, VT/VF, cardiac arrest, and symp
tomatic bradycardia) within 90 days of admission.354
Older age, history of heart failure, and need for me
chanical ventilation or vasopressors were associated
with more events. Perry et al355 studied 50 119 inpa
tients admitted with pneumonia and identified con
gestive heart failure (10.2%), arrhythmia (9.5%), MI
(1.5%), and stroke (0.2%) occurring primarily within
the hospitalization period but also up to 90 days after
the initial hospitalization.
Among 3921 patients with community-acquired
pneumonia, Viasus et al356 identified 8 risk factors for
acute cardiac events and mortality: age >65 years,
chronic heart disease, chronic kidney disease, tachycar
dia, septic shock, multilobar pneumonia, hypoalbumin
emia, and pneumococcal pneumonia. Patients with at
least 6 of these factors were deemed high risk and had a
21.2% occurrence of cardiac complications (P<0.001).
Overall, mortality was higher in patients who had acute
cardiac events. Thus, Viasus et al356 recommended elec
trocardiographic monitoring in patients with pneumo
nia who also had at least 6 of the identified risk factors.
This may be a reasonable recommendation given that
many patients with 6 of these risk factors, in addition to
acute pneumonia, may already be in the ICU.
The standard practice for electrocardiographic
monitoring for patients with pneumonia in the ICU is
not being questioned, despite a lack of prospective,
interventional studies evaluating outcomes of electro
cardiographic monitoring in the ICU. However, the ex
istence of a subset of high-risk patients on telemetry
units who directly benefit from electrocardiographic
monitoring is unknown. Further prospective study is
needed to determine whether telemetry monitoring
results in better outcomes in high-risk patients with the
use of a valid risk stratification tool or whether these
high-risk patients would meet criteria to be in the ICU
where electrocardiographic monitoring is already the
standard of care. At this time, evidence is lacking to
provide recommendations for continuous electrocar
diographic monitoring among non-ICU patients with
pneumonia.
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Various sources have classified hypokalemia with
slight differences but typically as mild (3.0–3.5 mEq/L),
moderate (2.5–2.9 mEq/L), or severe (<2.5 mEq/L).369
Although many noncardiac patients are asymptomatic
until potassium levels are <3 mEq/L,369 those with rapid
losses may be symptomatic sooner. It has been sug
gested recently that patients with heart failure main
tain a level of at least 4 mEq/L.370,371 Changes on the
ECG associated with hypokalemia are broadening of
the T waves, ST-segment depression, and prominent U
waves.368 A variety of arrhythmias have been associated
with hypokalemia, including first- or second-degree
atrioventricular block or AF. Ventricular arrhythmias
include PVCs, VT, TdP, VF, and cardiac arrest.370
Hyperkalemia occurs less commonly but is a wellknown challenge, primarily among patients with renal
dysfunction. Upper limits range from 5 to 5.5 mmol/L,
depending on the laboratory and institution.370
Changes on the ECG do not usually manifest until
serum potassium levels are >6.5 mmol/L.372 One of
the most common findings on ECG for patients with
hyperkalemia are nonspecific ST-segment abnormali
ties.373 Various sources have classified hyperkalemia
with slight differences but typically as mild (5.5–6.4
mmol/L), moderate (6.5–8.0 mmol/L), or severe (>8.0
mmol/L).374 This classification helps illustrate the pro
gressive effect on the ECG. As hyperkalemia progress
es, the T wave often (but not always) becomes peaked
(5.5–6.5 mmol/L), the PR interval lengthens (6.5–7.5
mmol/L), and the QRS widens (7.0–8.0 mmol/L).375
Bradycardia may occur in severe hyperkalemia as a re
sult of the extremely prolonged PR and QRS.373,375,376
Finally, a sine wave pattern, VF, and asystole or pulse
less electrical activity may be seen at potassium lev
els exceeding 10 mmol/L.372,374 It is important to note,
however, that electrocardiographic manifestations for
hyperkalemia vary among individuals and may not be
predictable.345,373,377
Magnesium. Magnesium deficiency is common, and
magnesium has been associated with benefit in treat
ing TdP. Differing normal values are reported, but <1.3
mEq/L is undisputedly low.372 Keren and Tzivoni378
described a number of incidences in which adminis
tration of magnesium bolus or infusion resolved TdP in
situations when it was preceded by both normal lev
els and hypomagnesemia. In an RCT among hospital
ized patients with heart failure, hypomagnesemia was
associated with more frequent ventricular arrhyth
mias, likely caused by diuresis; patients randomized to
receiving magnesium supplements intravenously dem
onstrated significantly fewer PVCs.379 A second RCT
reported significantly fewer PVCs after magnesium
supplements.380
Magnesium toxicity is less common but seen in
patients with renal dysfunction and as an iatrogenic
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overdose possible in pregnant women receiving mag
nesium for preterm labor.381 Magnesium levels of 2.5
to 5 mmol/L may manifest as prolonged PR, QRS, and
QT intervals; severely elevated levels of 6 to 10 mmol/L
may result in atrioventricular nodal conduction block,
bradycardia, hypotension, and cardiac arrest.372
In summary, use of electrocardiographic monitoring
among hospitalized patients with moderate and severe
imbalances of potassium or magnesium facilitates the
use of published algorithms to prevent or intervene for
lethal cardiac rhythms. In less severe electrolyte abnor
malities, if a 12-lead ECG demonstrates electric abnor
malities, continuous arrhythmia monitoring should be
considered.

Recommendation
1. Arrhythmia monitoring is recommended for
moderate and severe imbalance of potassium
or magnesium (Class I; Level of Evidence B).
Pediatric Considerations. Because the substrate of
scarred, hypertrophic myocardium is much less com
mon among children compared with adults, many
pediatric clinicians believe that electrolyte abnormali
ties are less likely to be associated with electrocardio
graphic abnormalities. However, insufficient published
data make specific recommendations for electrocardio
graphic monitoring for abnormal electrolytes in chil
dren difficult.
Drug Overdose
Overdose of drugs can occur purposely as an attempt
at suicide or through error, accident, or inexperience.
The drugs involved may be prescribed (for pain, anxio
lytics, antidepressants), industrial (inhalants), or illegal/
recreational (street drugs/club drugs). In addition, chil
dren can access and ingest medications of adults in the
household. Regardless of the particular drug or the cir
cumstances of the ingestion, all of these drugs have ar
rhythmogenic properties when consumed in toxic dos
es. The minimum toxic dose may be individually defined.
Psychotropic Drugs. Buckley et al382 compared 39
patients with serious arrhythmias (VT, SVT, or cardiac
arrest) with 117 patients without arrhythmias, all of
whom were admitted with overdose of tricyclic anti
depressants or thioridazines. Initial evaluation of QRS
duration and QTc interval to predict serious arrhythmias
was not helpful because they were prolonged in the
majority of both groups. Monitoring of prolonged QTc
is discussed in Section 1, Overview of QTc Monitoring,
and Section 2, Arrhythmias.
Opiates. Heroin, methadone, and oxycodone (in
either rapid-release or sustained-release formulations)
are used by individuals who may overdose by error or
design. Large doses of opiates cause central nervous
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Electrocardiographic Monitoring for Hospitalized Patients

Inhalants. The inhalation (“huffing,” “sniffing,” or
“bagging”) of substances such as toluene, butane,
propane, fluorocarbons, chlorinated hydrocarbons, or
acetone to experience an associated euphoria is com
monly done by children and adolescents. However, it
is an inexpensive high that is not limited to children.
When combined with alcohol or drugs such as ben
zodiazepines, barbiturates, or sympathetic stimulation,
inhalants can result in “sudden sniffing death syn
drome.”388 This syndrome is thought to be the cause
of at least 50% of the deaths resulting from inhalant
abuse and likely is attributable to a combination of
anoxia, vagal inhibition, and catecholamine surge.389
Prolonged use of toluene leads to renal dysfunction
and a potential acute presentation of metabolic aci
dosis and potentially Goodpasture syndrome, which
causes lung damage and renal failure.389

Downloaded from http://ahajournals.org by on September 2, 2018

Cocaine. Ventricular arrhythmias that occur early
after cocaine ingestion may be attributable to effects
on sodium channels, whereas ventricular arrhythmias
occurring later may be related to ischemia.390 Thus, it
is possible that electrocardiographic monitoring may
facilitate interventions for ischemia. Cocaine prolongs
the QT interval for several days after ingestion,391 requir
ing the avoidance of other QT-prolonging medications
during this time. In 84 of 107 deaths (81%) associated
with cocaine, no definitive cause was noted, leading
investigators to hypothesize that MI with VF was the
cause of unknown deaths among cocaine users.392
The most common symptom reported by cocaine
users is chest pain390 described as heavy in nature.393
Unfortunately, correlation of MI with ECGs has been
reported to be low in this population, so troponin mea
surement is essential.390 Risk stratification for observa
tion status versus inpatient admission using estab
lished criteria (eg, changes on the ECG and troponin)
is critical because although only 0.7% to 6%394,395 of
patients initially presenting with cocaine-induced chest
pain had a subsequent MI, among high-risk patients
admitted for evaluation, 24% had an MI and another
24% were diagnosed with unstable angina.395 AHA
guidelines recommend 9 to 12 hours of observation in
a chest pain unit for those patients with nondiagnos
tic electrocardiographic findings and negative cardiac
markers, whereas they recommend hospital admission
with continuous electrocardiographic monitoring for
high-risk patients.390
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Other Recreational Drugs. Overdose of stimulant
drugs such as 3,4 methylenedioxymethamphetamie
(ecstasy), methamphetamine, or substituted cathinones
(bath salts) commonly found at dance clubs and par
ties present challenges in the ED and in follow-up care.
Risks include tachyarrhythmias, bradyarrhythmias, MI,
hypothermia, hyperthermia, hypertension, acute neu
rological and psychological symptoms, and violent
behavior.396–399 Ingestion of γ-hydroxybutyrate, origi
nally developed as an anesthetic, may lead to excessive
depressant side effects. Patients admitted after taking
γ-hydroxybutyrate may have knowingly or unknowingly
also ingested other drugs and thus may have additional
side effects.400 Death is uncommon when appropriate
management is instituted.
Summary of Drug Overdose. All of the psychotropic
drugs, methadone, and the inhalants prolong the QT
interval and predispose patients to ventricular arrhyth
mias. Stimulants predispose to arrhythmias by activat
ing the sympathetic nervous system.396 The temperature
regulation effect of several of the drugs is an added
source of arrhythmogenesis.397–399 A majority of peo
ple who overdose have >1 drug in their system either
because they purposely took multiple drugs or because
the drug they knowingly took was mixed with other
drugs without their knowledge. Patients with drug
overdoses of these substances should undergo elec
trocardiographic monitoring until they are free of the
influence of the drug and are ready for discharge from
acute care. Specific recommendations for QTc monitor
ing are described in the QT section of these practice
standards and corresponding table (Table 6).

Recommendation
1. Arrhythmia monitoring is indicated until
the patient is free of the influence of the
drug(s) and clinically stable (Class I; Level of
Evidence B).
Hemodialysis
Although experts from the National Kidney Founda
tion: Kidney Disease Outcomes Quality Initiative Work
group401 called for automatic external defibrillators in
all outpatient hemodialysis clinics because the com
mon occurrence of fatal arrhythmias among patients,
electrocardiographic monitoring is generally not pro
vided in outpatient centers. In contrast, most hospitals
provide continuous electrocardiographic monitoring
for inpatients undergoing hemodialysis. The benefit
of monitoring of inpatients undergoing hemodialysis
is not known. Some inpatients receiving hemodialysis
demonstrate criteria for electrocardiographic monitor
ing as listed elsewhere in these practice standards. For
example, for inpatients with new acute renal failure
with severe electrolyte abnormalities (eg, hyperkalemia)
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system depression that often manifests in respiratory
depression.383 Methadone, in particular, may cause QT
prolongation384 that worsens with overdose because
of concomitant drug use, including methamphet
amine,384–386 benzodiazepines, or cannabis.386 In addi
tion, street heroin may be “cut” with cardioactive drugs
such as quinidine, diltiazem, cocaine, procaine, lido
caine, phenacetin, methorphan, or caffeine.387
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or acidosis, continuous electrocardiographic monitor
ing is recommended. Patients undergoing dialysis while
in the ICU receive electrocardiographic monitoring. Pa
tients being dialyzed for drug intoxication with proar
rhythmic drugs should have QT monitoring in addition
to arrhythmia monitoring. However, for stable patients
who are hospitalized for a procedure such as repair of a
clotted dialysis access or an orthopedic procedure, evi
dence is lacking on which to base recommendations for
electrocardiographic monitoring.
Reports addressing both atrial and ventricular ar
rhythmias among patients on hemodialysis have been
published. However, studies evaluating the use of elec
trocardiographic monitoring for patients on hemodi
alysis are limited. A high prevalence and incidence of
AF in patients on maintenance hemodialysis have been
identified through routine ECGs.402 Using the ICD re
mote monitoring function, investigators demonstrated
that AF was more frequent on hemodialysis days and
increased during the hemodialysis procedure.403 Abnor
mal ECGs, including QTc prolongation, are common
among patients on hemodialysis,404 and QT prolonga
tion has been identified as an independent predictor of
mortality for patients on hemodialysis.405 As described
in a review of 5 studies, SCD has been noted in patients
on hemodialysis, most commonly occurring during the
72-hour time frame between dialysis treatments and
within the first 12 hours after receiving a treatment.406
The Kidney Disease Workgroup401 provided guidelines
for evaluation of heart disease on initiation of dialy
sis, including baseline and annual ECGs; however, no
specific recommendations were provided for continu
ous electrocardiographic monitoring during inpatient
hemodialysis. Studies demonstrating the occurrence of
rhythm changes during dialysis that provided real-time
data to clinicians to confirm or modify care during he
modialysis were not identified. Further study is needed
to determine whether continuous electrocardiographic
monitoring is associated with improved outcomes for
patients receiving hemodialysis in non-ICU settings.
Patients with severe hyperkalemia or metabolic imbal
ance (such as in new, acute renal failure) or who are hos
pitalized for another condition for which a COR I indica
tion exists should have arrhythmia monitoring, including
possible QTc monitoring for QT-prolonging medication.

Recommendation
1. Efficacy of arrhythmia monitoring for all hospitalized patients receiving chronic hemodialysis is not well established (Class IIb; Level
of Evidence B).
Do Not Resuscitate/Do Not Intubate
There are no RCTs examining the uses or outcomes of
continuous electrocardiographic monitoring in patients
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who have requested do not resuscitate (DNR) or do not
intubate (DNI) status. It is important to note that a re
quest for DNR or DNI (or both) care limitations provides
only a very limited narrowing of care, even for severely
ill patients, and should be clearly delineated from pa
tients transitioned to comfort-focused end-of-life care
for whom monitoring would not be indicated. Monitor
ing in patients with DNR or DNI status would therefore
be indicated if it would guide therapy congruent with
the patient’s overall care wishes.
DNR or DNI status does not limit the use of other
treatments (eg, vasopressors, oxygen support, or elec
trolyte replacement) and can be suspended when sur
gery or invasive procedures are planned.407 As a result,
in patients with DNR or DNI status, clinical judgment
and evidence from other aspects of these practice
standards should be used to guide whether specific
electrocardiographic monitoring is used. Arrhythmia
monitoring may be considered if findings would trig
ger interventions consistent with patient wishes (eg,
rate control if symptomatic); practice standards for
related conditions could then be applied. Arrhythmia
monitoring is not recommended for patients when
data will not be acted on and comfort-focused care
is the goal. Ischemia monitoring can be useful if the
patient is a candidate for angiography with temporary
reversal of DNR status, as well as when electrocardio
graphic monitoring facilitates medication adjustment
to promote comfort.
Summary: Other General Medical Patients
There are a variety of patient populations for whom
clinician judgment is needed to decide whether they
are appropriate for an ICU, telemetry, or nonmonitored
unit. The clinician judges whether a patient is stable
using parameters such as blood pressure, heart rate,
oxygenation, mental status, and signs and symptoms
of angina. Certain patient conditions may be appropri
ate on medical-surgical and telemetry/progressive care/
step-down units versus the ICU, depending on hemo
dynamic stability. For example, Patient A with a gastro
intestinal bleed may be very appropriate for a medical
unit while receiving a transfusion and awaiting endos
copy. However, Patient B presents with a gastrointes
tinal bleed and associated SVT to the extent that she
has lightheadedness and chest pain. She may benefit
from being in a telemetry/progressive care unit with ar
rhythmia monitoring, as well as potential continuous
ST-segment monitoring for demand ischemia if there
is interprofessional agreement for this. Finally, Patient
C presents with a gastrointestinal bleed and hemo
dynamic instability to the extent that she needs vaso
pressors and thus belongs in an ICU until stabilized. A
similar approach can be taken by the clinician caring for
the patient with sepsis, for example, to decide whether
electrocardiographic monitoring is appropriate.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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SECTION 3: ORGANIZATIONAL
ASPECTS: ALARM MANAGEMENT,
EDUCATION OF STAFF, AND
DOCUMENTATION
In addition to knowing when electrocardiographic
monitoring is indicated (and when it is not), other con
siderations are relevant to ensure the effectiveness and
safety of monitoring. This section covers the following
as they relate to electrocardiographic monitoring: alarm
management, education of staff, and documentation.
Downloaded from http://ahajournals.org by on September 2, 2018

Alarm Management
Alarm Hazards
The myriad alarm-enabled medical devices in use today,
coupled with the large number of false or nonaction
able alarm signals, have created a noisy environment
prone to patient safety risks. The sources of a large
proportion of alarm signals in hospitals are electrocar
diographic monitors. In an observational study, Drew
et al50 reported a total of >2.5 million unique monitor
alarms in 5 ICUs over 31 days.
Since 2007, the ECRI Institute has published a
top 10 health technology hazards list that identifies
sources of danger involving medical devices and steps
to minimize the likelihood of adverse patient events.
Alarm hazards has been at or near the top of this list
since its inception.48,52,408 The Joint Commission made
alarm management the focus of a National Patient
Safety Goal that was phased in between 2014 and
2016. This should result in major efforts to improve
alarm management.409
Alarm signals are triggered by either patient or tech
nical issues. Patient alarms are specific to the clinical
status of the patient such as arrhythmias or low heart
rate. Technical alarms are triggered by equipment-re
lated problems such as impending telemetry battery
depletion.47 The priority of alarm signals is classified
according to the seriousness of the problem causing
the alarm-triggered event. High-priority alarm signals
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

require an immediate response; medium priority indi
cates that a prompt response is necessary; and lowpriority alarm signals indicate that clinician awareness
is required.
Alarm hazards include an array of problems that may
occur with alarm-equipped medical devices such as
electrocardiographic monitors. These interrelated haz
ards include alarm fatigue, inadequate alarm response,
and lack of a reliable alarm notification system.
Alarm Fatigue
Alarm fatigue occurs when clinicians are barraged by so
many false or nonactionable alarm signals that they be
come desensitized. False alarms occur when there is no
valid triggering event, whereas nonactionable alarms
correctly sound but for an event that has no clinical rel
evance.
Research indicates that 68% to 99% of alarm signals
are false or nonactionable.50, 200,410–412 The Joint Com
mission’s Sentinel Event database includes reports of 98
alarm-related events between January 2009 and June
2012. Of the 98 reported events, 80 resulted in death,
13 in permanent loss of function, and 5 in unexpected
additional care or extended hospital stay.49 From 2005
to 2008, the US Food and Drug Administration report
ed 566 deaths linked specifically to monitor alarms.54,413
Medical devices generate enough false and nonac
tionable alarm signals to cause a reduction in response
known as the “cry wolf” effect. Alarm signals are de
signed to interrupt and call attention to problems, but
if not clinically significant, they are distracting and in
terfere with the performance of critical tasks. Exces
sive false and nonactionable alarm signals have led to
desensitization, such that nurses develop mistrust with
the alarm system, may take unsafe actions like disabling
alarm systems,414–416 and are less likely to act on real
events.414–418
Inadequate Alarm Response
National surveys of healthcare providers indicate that
false and nonactionable alarms occur frequently, disrupt
patient care, and reduce trust, thereby causing staff to
take inappropriate actions such as disabling or ignoring
alarm signals.417,418 A delayed response to alarm signals
or no response at all compromises patient safety.419
Alarm response is affected by the rate of exposure
to nonactionable alarms, perceived alarm urgency, and
workload conditions. In an observational study using
video, the response time of nurses to alarm signals in
creased incrementally as the number of nonactionable
alarms in the preceding 120 minutes increased.420 Oth
er research indicated that the probability of respond
ing to an alarm signal is related to the perceived true
alarm rate. If an alarm signal is perceived to be reliable
90% of the time, the response rate will be ≈90%. Con
versely, if the alarm signal is perceived to be 10% reli
able, the response rate will be only ≈10%.55 Response
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Prescribers, nurses, and hospital administrators must
work cooperatively to identify the appropriate and safe
level of care for each patient without using electrocar
diographic monitoring as a surrogate for better staffing
ratios. It is reasonable to use telemetry monitoring for
general medical patients who have clinical symptoms
or electrocardiographic or laboratory abnormalities that
provide an indication for telemetry as outlined else
where in these practice standards. However, the utility
of continuous electrocardiographic monitoring in de
tecting life-threatening arrhythmias or ischemia in gen
eral medical patients is uncertain, and a cost-effective
approach remains to be determined.

Sandau et al

to alarms improves in low-workload conditions and
when staff has not developed mistrust for the alarm
system.416 Nurses adjust the order of their activities by
evaluating the urgency of the alarm in relation to the
condition of the patient and do not rely solely on the
alarm sounding.415
Minimizing nonsignificant alarm signals47,421–425 and
tailoring acoustic properties of audible alarm signals to
the urgency of the triggering situation are critical to im
proving alarm response.426,427
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Alarm Notification: Monitor Watcher Versus Medical
Device Data Systems
Various ancillary alarm communication methods have
been proposed to ensure that those providing care to
patients are notified of true and actionable alarms.
These methods include the use of monitor watchers
and medical device data systems (MDDSs) that route
alarms to the care provider’s wireless device using
alarm algorithms.428–430 The need for human oversight
in the interpretation of electrocardiographic monitor
ing data remains as important today as it was with the
advent of continuous electrocardiographic monitoring
>50 years ago.1
Funk et al431 demonstrated little to no difference
in patient outcomes when dedicated monitor watch
ers were used, although it is important to note that
this study was conducted 20 years ago. It is unknown
whether the structural changes in hospital-based
healthcare delivery involving consolidation into larger
health systems, trends of higher-acuity patients in the
non-ICU setting, and an increasing focus on alarm man
agement in the past 5 to 10 years may alter strategies in
favor of centralized monitoring with monitor watchers.
Despite the lack of studies to support the benefit of
human monitor surveillance, national surveys revealed
that this alarm notification strategy is used in 47% to
61% of hospitals.432 Monitor watchers may be based
on the unit, in a nearby ICU, or in a central remote loca
tion where monitors are watched from multiple patient
care units. Methods to communicate from a centralized
telemetry monitoring area to a bedside caregiver have
been studied. Use of a voice badge significantly short
ened the time to first contact, time to completion, and
rate of closed-loop communication, resulting in more
timely bedside care.433
The number of waveforms a monitor watcher can
effectively and safely observe is not known, although
a recent study used simulation to compare response
time of monitor watchers to VF over 5 different pa
tient loads (16, 24, 32, 40, and 48 patients). As patient
loads increased, response times increased significantly.
Frequency of failure to meet a response time goal of
<20 seconds was significantly higher in the 48-patient
condition than in all other conditions.434 The number
of waveforms observed is also dependent on the lay
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out and location of the screens, the type of monitor
ing and alarm notification system in use, alarm burden,
and whether the staff is expected to watch more than
electrocardiographic waveforms (eg, oxygen satura
tion measured by pulse oximetry [Spo2], end-tidal CO2,
blood pressure).
Potential monitor watchers have included nurses,
monitor technicians, nursing assistants, and unit secre
taries. The minimum educational preparation of moni
tor watchers, the content and length of orientation,
and the frequency of ongoing education and compe
tency evaluations vary widely.432
An MDDS, also known as middleware, can integrate
multiple alarms from various medical devices such as
monitors, patient call systems, ventilators, and infusion
pumps. An MDDS uses alarm escalation rules that al
low closed-loop communication. This alarm notification
system sends alarms from a primary to an ancillary no
tification device such as a telephone, pager, or voice
badge. It uses algorithms with slight delays to allow
alarm autocorrection before routing the alarm to the
designated caregiver. Many false alarms are caused by
patient movement or staff manipulation of the patient
when positioning or bathing. The slight alarm delay al
lows caregivers in the room to silence the alarm before
it is sent through the ancillary notification device, thus
reducing the number of false and nonactionable alarms
sent. However, before any ancillary notification system
is implemented, alarms must be properly managed to
reduce the alarm burden.430
Methods to Reduce Alarm Hazards
Research on methods to reduce alarm hazards is in its in
fancy. In its 2014 National Patient Safety Goals, The Joint
Commission emphasized that hospitals must identify the
most important alarms to manage on the basis of their
own internal situations.409 In response, hospitals are un
dertaking quality improvement (QI) projects to determine
the best ways to reduce alarm hazards in their specific
environments. The results of some of these QI projects
have been published.47,430,435–437 Often in QI projects,
hospitals have bundled their alarm interventions, thus
making it impossible to identify which intervention influ
enced the outcome.47,430,435,437 The following approaches
to reducing alarm hazards should be considered.
Interdisciplinary Committee
Interdisciplinary teams have been identified both in QI
projects47,435,436,438–440 and by experts441 as essential for
addressing alarm management. Typically, teams are
composed of nurses, physicians, clinical engineers,
quality and safety experts, information technology pro
fessionals, and senior hospital leadership.47,440 Some
teams also include a representative from the monitoring
equipment manufacturer438 and families of patients.436
In an integrative review, an interdisciplinary alarm man
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Recommendation
1. An interdisciplinary committee should be
instituted to address alarm management
(Class I; Level of Evidence C).
Alarm Data Assessment
A monitor alarm assessment includes a collection of
alarm signal data to identify the types of alarm conditions
that occur within the monitoring system.47,440 This can
be done through an MDDS with annotation,50 by direct
observation,423 or via video recording.410,443 The MDDS
can produce electronic reports of alarm data in multiple
formats such as in tables or graphs. It can handle an
unlimited number of alarms, which can be sorted by
frequency and duration and by unit, bed, or time. The
benefit of direct observation and video recording is the
ability to see actions taken by the caregiver in response
to alarm signals and to determine whether an alarm
signal is false or nonactionable. Assessment of alarm
data is essential in the evaluation of the effect of alarm
reduction interventions.

Recommendation
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1. Data should be used to guide decisions
about alarm management (Class I; Level of
Evidence C).
Default Alarm Presets
Default settings for monitor alarms are activated by
the alarm system without operator action any time the
monitor is turned on or a new patient is admitted. De
fault monitor alarm settings are preset by the manufac
turer but with most systems can be changed. Reviewing
alarm data is essential to standardizing monitor alarm
default settings. Alarm default settings need to be ex
amined carefully to eliminate nonactionable alarms such
as some PVC alarms and duplicative alarms, for exam
ple, AF and irregular heart rate. Studies have indicated
that adding a short delay before the alarm activates can
eliminate a significant number of nonactionable alarms,
especially related to Spo2 and ST-segment alarms.50,423,440
Standardizing monitor alarm default settings across sim
ilar populations (eg, intensive care, telemetry, pediatrics,
neonatal) is a reasonable strategy in alarm management
and has been successfully used in QI projects.440

Recommendation
1. Manufacturer alarm default settings should
be evaluated and adjusted as needed according to the population being monitored (Class I;
Level of Evidence C).
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

Alarm Customization
Monitor alarm customization, based on individual pa
tient need, has been shown to decrease the number
of nonactionable alarm signals.47,422,440 In a QI project,
revising default alarm settings, customizing alarms on
the basis of patient need, and providing nursing educa
tion resulted in a 43% reduction in high-priority alarm
signals. This QI project focused on the most frequent,
duplicative, and staff-perceived “nuisance” alarms.47

Recommendation
1. Protocols should be developed that encourage nurses to adjust alarms for individual
patients within established parameters
(Class I; Level of Evidence C).
Skin Preparation
Electric signals are transmitted via the epidermis to
reach the electrodes that sense their signal. As the
epidermal cells mature, they begin to degenerate.
The stratum corneum sheds millions of skin cells daily
and may be the source of some problems with the
quality of electrocardiographic tracings. Removing
this outer layer is important because the dead skin
cells contain dirt and oil that may increase skin imped
ance and compromise the cardiac signal.444 Conduc
tivity of the signal can be enhanced by proper skin
preparation before electrocardiographic electrodes
are placed.444,445
The purpose of skin preparation is to cleanse the area
to optimize signal transfer. Research,446 QI projects,435,437
and expert opinion445,447 have identified proper skin
preparation before electrocardiographic electrode ap
plication to optimize conductivity. The skin is prepared
by cleansing the area and wiping it with a dry wash
cloth.435,447 Alcohol should not be used because it dries
the skin and may diminish electric flow.447 Melendez
and Pino446 showed that interference was reduced with
proper skin preparation as one of their interventions.
However, they did not specifically identify their mode
of skin preparation. In addition, clipping excessive hair
before electrode application contributed to optimizing
signal acquisition.435,447

Recommendation
1. The skin should be prepared before electrode
placement (Class I; Level of Evidence B).
Electrocardiographic Electrodes and Lead Wires
Experts agree that old or dried electrodes, motion ar
tifact, and poor skin-electrode contact trigger moni
tor alarms and result in disruption in patient monitor
ing. One published QI project demonstrated that daily
electrocardiographic electrode changes decreased the
number of alarms per monitored bed by 46% in both
November 7, 2017
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agement committee was identified as key to selecting
alarm management strategies.442
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a cardiology care unit and a progressive care unit.435 In
another study that included an alarm annotation proto
col, only 9% of the false arrhythmia alarms were rated
as having poor signal quality.50 The integrity of monitor
ing can be maintained by using fresh electrodes that
are opened immediately before use. Results of a recent
single-center comparative-effectiveness study revealed
that disposable electrocardiographic lead wires were
associated with fewer technical alarms than reusable
lead wires.448

Recommendation
1. Evaluation of the integrity of electrodes and
lead wires and change of electrodes should
be done at a minimum of every 48 hours
(Class I; Level of Evidence C).
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Avoiding Unnecessary Electrocardiographic Monitoring
Despite the clearly defined electrocardiographic moni
toring criteria in the previous AHA practice standards,1
telemetry monitoring is overused. Studies that exam
ined appropriate electrocardiographic monitoring, on
the basis of the 2004 AHA practice standards criteria,
found that 35%449,450 to 43%56 of patients being moni
tored in non-ICU areas had no clinical indications for
doing so. In addition, baseline data from the PULSE trial
(Practical Use of the Latest Standards of Electrocardiog
raphy) revealed that 85% of patients in cardiac units
with no indication for monitoring were on a monitor.451
Telemetry discontinuation protocols following specific
criteria for monitor discontinuation have been used
to minimize false and nonactionable alarms.452 Others
have integrated the AHA practice standards1 into their
electronic ordering system on the basis of the right indi
cation for the right duration and found no apparent in
crease in mortality, cardiac arrest, activation of the rapid
response team, or life-threatening arrhythmias.59,453 Af
ter an intervention consisting of education and strat
egies to implement and sustain change in practice in
the PULSE trial, the proportion of appropriate telemetry
monitoring increased significantly.6
Policies and Procedures
Policies and procedures to guide practice for alarm
management are key to reducing alarm hazards and
are mandated as part of The Joint Commission’s Na
tional Patient Safety Goal.409 Policies and procedures
should include patient issues (eg, alarm limit de
faults, criteria for customizing alarm limits according
to patient condition) and system issues (eg, timing
of telemetry battery replacement, who replaces the
batteries).
The 2014 National Patient Safety Goal409 requires
policies and procedures on the following:
• Clinically appropriate settings for alarm signals
• When alarm signals can be disabled
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• When alarm parameters can be changed
• Who in the organization has the authority to set
alarm parameters
• Who in the organization has the authority to
change alarm parameters
• Who in the organization has the authority to set
alarm parameters to “off”
• Monitoring and responding to alarm signals
• Checking individual alarm signals for accurate set
tings, proper operation, and detectability
Education
Education about the purpose and proper operation
of alarm systems is part of the National Patient Safety
Goal.409 Education has also been identified in QI proj
ects47,439,440,454 and by experts as a critical part of the
process of alarm management. Education about alarm
management is beneficial on both an initial and ongo
ing basis for nurses and physicians.417,440,441 Ongoing
education should be budgeted when monitoring sys
tems are purchased.
Device Improvements
Although clinicians bear significant responsibility for
reducing alarm hazards, monitor manufacturers are
responsible for making monitors more intuitive, using
principles of human factors engineering. In discussing
the results of their large observational study, Drew et
al50 suggested the use of all available electrocardio
graphic leads to identify leads without artifact and
those with adequate QRS amplitude, prompts to help
in customizing alarm settings, and delays for certain
parameters before alarms are triggered. Some newer
monitors consider other parameters before alarming
such as considering blood pressure before alarming for
asystole.421 By incorporating information from other
parameters, a multiparameter alarm system can deter
mine a more reasonable hypothesis of the cause of an
alarm and suppress false alarms.
The ability to perform continuous ST-segment mon
itoring is limited by current electrocardiographic mon
itoring equipment. False and nonactionable alarms
from ST-segment monitoring could be reduced by
monitor enhancements such as adding customizable
delays for ST-segment alarms to allow autocorrection
of momentary threshold breaches caused by move
ment or position changes. Other potential improve
ments include redesigning ST-segment alarms so that
the monitor alarms only when ST-segment changes
occur in 2 contiguous leads and adding an option for
ST-segment alarms to be visual (low priority, flashing)
but not audible.
Although upgrading to the latest monitoring sys
tems with enhanced features has significant financial
implications, it may need to be a priority if it can re
duce alarm fatigue and enhance patient safety. How
ever, to avoid further alarm fatigue, caution needs
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Pediatric Considerations
As is the case in units serving adult patients, alarm sig
nals from electrocardiographic monitors are also ubiqui
tous in pediatric units, and most are false or nonaction
able.455 A number of issues unique to the monitoring of
pediatric patients may lead to excessive false or nonac
tionable alarms. Pediatric units care for patients whose
ages range from birth to young adulthood, resulting
in a heterogeneous population physically, intellectually,
and emotionally. Further confounding the situation, pa
tients may have an underlying condition in which their
developmental age is disparate from their chronologi
cal age. An infant or young child may have a develop
mentally appropriate substantial elevation in heart rate
when approached by an unfamiliar person or confront
ed by an unfamiliar situation. In addition, as the child
attempts to avoid an uncomfortable situation, monitor
electrode dislodgement or movement artifact may oc
cur. These developmentally appropriate responses may
trigger a false alarm that then has to be evaluated.
Alarm systems have preset default settings that are
broadly based on age.455,456 These default settings have
to be customized to the patient and evaluated fre
quently to minimize false alarms and to maximize the
detection of clinically relevant arrhythmias.436 Dandoy
et al436 described a QI project to test a team-based in
tervention to reduce alarms on a pediatric unit. They
reported that their intervention reduced the median
number of alarms per patient-day from 180 to 40. In
addition to customizing alarm settings, they recom
mend that electrodes be replaced daily with a pain-free
approach and monitors be discontinued when no lon
ger clinically indicated.
Recommendations for Further Research
More research focusing on signal quality, networking
of medical devices at the bedside, diagnostic alarms
and predictive warnings, usability of alarm systems,
creation of annotated clinical databases for testing,
standardization efforts, patient monitoring in non-ICU
and non–step-down unit settings, ancillary alarm noti
fication, and education of healthcare providers is rec
ommended.454 Research also needs to focus on which
interventions will reduce false or nonactionable alarm
conditions and the best approach to increasing the
specificity of an alarm condition without an unaccept
able loss of sensitivity.454
Arrhythmia algorithms are considered proprietary
by monitor manufacturers. However, biomedical engi
neers and clinicians need to have input into the condi
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

tions that will elicit alarm signals. Manufacturers should
make available the sensitivity and specificity of their ar
rhythmia algorithms. Future research and development
by manufacturers should include multiparameter alarms
(eg, consider blood pressure or Spo2 before alarming
for asystole), use of short delays to allow alarm signal
autocorrection, and autocustomization of alarm limits
according to patient status.
Consideration of the design of future research is
critical. RCTs are needed. Comparative-effectiveness tri
als would be the next step after RCTs. Studies must be
interdisciplinary, emphasizing collaboration across in
dustry, engineers, and clinicians. The focus needs to be
on meaningful patient outcomes rather than just on the
reduction of the number of alarms. Statistical power
may be lacking to detect the effect of interventions on
mortality and sentinel events. Large multicenter studies
and appropriate surrogates for outcomes are necessary.

Education of Staff
Education is a critical aspect of the process in electro
cardiographic monitoring.1,39,447,457,458 Adequate educa
tion is crucial for correct interpretation of electrocar
diographic waveforms and data and proper care of
patients undergoing continuous electrocardiographic
monitoring. Incorrect interpretation can result in un
necessary diagnostic or surgical interventions.5,38
Published reports note that both physicians and
nurses have performed poorly in the assessment of
rhythms from 12-lead ECGs or from continuous electro
cardiographic monitoring.458–461 Sobering findings were
reported by Viskin et al,462 who asked 902 physicians
from 12 countries to measure QT and to calculate QTc
in 4 sample ECGs. For the 2 electrocardiographic sam
ples with prolonged QTc, >80% of arrhythmia experts
were able to calculate the QTc correctly compared with
<50% of general cardiologists and <40% of noncardi
ologists. Fewer than 25% of general cardiologists and
noncardiologists were able to classify all QT intervals
correctly as either long or normal. In an examination
of cardiology versus noncardiology fellows in interpret
ing 12-lead ECGs, Novotny et al463 found that although
the rate of correct diagnosis was more frequent by car
diology fellows (70.1%) than noncardiology fellows
(55.0%), it was still inadequate.
Among nurses in a quasi-experimental study to im
prove QT-interval monitoring, Pickham et al458 found
that at baseline 94% of nurses were unable to calculate
the QTc interval. After education, this skill improved,
but still only half were able to calculate QTc correctly.
In a later multisite, quasi-experimental study to improve
QT-interval monitoring, Sandau et al464 augmented on
line education with computerized enhancements to
electronic health records to notify nurses of patients on
QT-prolonging medications and computerized calcula
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to be taken before alarm notifications are added to
electrocardiographic monitors (eg, specific respiratory
alarms that duplicate those on ventilators) without the
consensus of clinicians. It is wise to pilot test upgraded
monitors before fully incorporating them into the entire
hospital system.
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tion of QTc on the nurse entering QT and heart rate,
resulting in significantly improved QTc documentation.
In the PULSE trial, accuracy of documented arrhythmia
interpretation by nurses improved from 82% correct to
97% after an interactive online electrocardiographic
monitoring education program in the experimental
group.6 Both nurses465,466 and physicians467,468 report a
significant increase in knowledge with an educational
intervention for electrocardiographic monitoring.
Variable results are seen with pediatricians inter
preting 12-lead ECGs. Wathen et al469 found an 87%
concordance rate between emergency room pediatri
cians and pediatric cardiologists. However, in exam
ining accuracy rates with pediatric residents, Snyder
et al470 demonstrated no difference between senior
pediatric residents and interns, with complex arrhyth
mias being correctly interpreted only 28% (interns)
to 45% (pediatric residents) of the time. Crocetti and
Thompson471 found that pediatric residents who com
pleted a pediatric cardiology rotation were better able
to correctly interpret ECGs than those who had not
(P=0.001).
The ACC established standards for training fellows
in clinical cardiology for ECG and ambulatory ECG.472
The standards are based on the 6 general competencies
endorsed by the Accreditation Council for Graduate
Medical Education and the American Board of Medi
cal Specialties and endorsed by the American Board
of Internal Medicine with recommended time points
within the fellowship training for the competency to
be achieved, including 3000 to 3500 ECGs read within
36 months.472
Although such competencies do not currently ex
ist for nurses, patient care needs on each unit should
guide the clinical leadership team to identify the elec
trocardiographic monitoring priorities and to establish
content and processes for baseline and ongoing educa
tion.447 For example, a unit in which patients include
those undergoing ICD placement should have required
initial education and ongoing updates as technology
changes to support knowledge to assess both patient
and device appropriately (ie, including recognition of
antitachycardia pacing, overpacing, or underpacing).
Continuous electrocardiographic monitoring is per
formed in a wide variety of inpatient clinical areas and
managed by nurses, with the assistance of monitor
watchers in some facilities. Although it is recommended
that minimal electrocardiographic monitoring competen
cies be established for healthcare providers who monitor
patients, published competencies or educational stan
dards for nurses or monitor watchers are lacking.447,459
Elements to include in education related to electro
cardiographic monitoring include the following:
1. Goals of monitoring, that is, arrhythmia, ischemia,
and prolonged QTc. For example, for patients in
the early phase of ACS who are on continuous
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ST-segment ischemia monitoring, the goal is to
enable the clinician to identify myocardial ischemia
as soon as possible to promote rapid implemen
tation of reperfusion strategies and to optimize
patient outcomes. If the detection of ischemia is
the primary goal of monitoring, then nurses should
know to select the monitor lead(s) most likely to
reveal ischemic changes, in addition to, or instead
of, leads likely to be diagnostic of arrhythmias.
2. Electrode placement and skin preparation.
Although placement of electrodes is a critical
aspect of education because misplaced electrodes
can result in misdiagnosis and inappropriate treat
ment,39,447,473–478 it is commonly done incorrectly.
Studies have demonstrated that misplaced elec
trode placement of hospitalized patients ranged
between 20% and 80%.6,479 Among patients in
the PULSE trial,6 correct placement of the pre
cordial electrode (defined as being in any of the
correct V1–V6 sites) was only 20% at baseline but
improved to 59% immediately after the interactive
online educational intervention and to 65% 15
months later. Proper preparation of the skin before
placement of electrodes and regular replacement
of electrodes should also be part of education to
improve electrocardiographic monitoring and to
minimize false alarms resulting from artifact.
3. Interpreting electrocardiographic waveforms and
data. Interpreting waveforms and data includes under
standing normal and abnormal rhythms (Table 8),
general electrophysiological concepts (Table 9), and
specific monitoring skills (Table 10).1,447,460,480 The
content of electrocardiographic monitoring educa
tion needs to match the nature and complexity of
the patient population served. Unit nursing leaders
and educators are responsible for annually assessing
the content of ongoing education on the basis
of the electrocardiographic monitoring needs of
patients in their care.
4. Appropriate response to an electrocardiographic
abnormality.39,447,457,481 The appropriate response
to an observed electrocardiographic abnormal
ity will differ depending the team members, that
is, physician, advanced practice nurse, physician
assistant, staff nurse, or a monitor watcher, and
their scope of practice.447,457 For example, for a
patient with new AF, a monitor watcher would
inform the staff nurse, who would assess the
patient’s hemodynamic status and laboratory val
ues. The nurse would then notify the physician,
advanced practice nurse, or physician assistant,
who would take appropriate action. Education
also should include when to call a rapid response
team or a “code blue.” Case studies appropri
ate for the type of clinician may be helpful in
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Education* Related to Specific Abnormalities

Table 8.

Continued

Electrocardiographic abnormalities of acute myocardial ischemia

Normal rhythms

ST-segment elevation/depression

Sinus rhythm

T-wave inversion

Sinus bradycardia

Muscle or other artifacts simulating arrhythmias

Sinus arrhythmia

AF indicates atrial fibrillation; BBB, bundle-branch block; TdP, torsade de
pointes; VF, ventricular fibrillation; and VT, ventricular tachycardia.
*The content of electrocardiographic monitoring education needs to match
the nature and complexity of the patient population served. Unit nursing
leaders and educators are responsible for annually assessing the content of
ongoing education on the basis of the electrocardiographic monitoring needs
of patients in their care.
Updated from Table 4 in Drew et al.1 Copyright © 2004, American Heart
Association, Inc.

Sinus tachycardia
Intraventricular conduction defects
Right and left BBB
Aberrant ventricular conduction
Bradyarrhythmias
Inappropriate sinus bradycardia
Sinus node pause or arrest
Nonconducted atrial premature beats
Junctional rhythm
Atrioventricular blocks
  First degree
  Second degree
    Mobitz I (Wenckebach)
    Mobitz II
    Advanced (≥2:1)
   Third degree (complete heart block)
Asystole, pulseless electric activity
Sino-ventricular rhythm (eg, in severe hyperkalemia)
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Tachyarrhythmias
Supraventricular
  Atrioventricular nodal reentrant tachycardia, atrioventricular reentrant
tachycardia
  AF
  Atrial flutter
   Multifocal atrial tachycardia
  Atrial tachycardia
   Accelerated junctional rhythm
Ventricular
   Accelerated ventricular rhythm
   Nonsustained/sustained monomorphic VT
   Nonsustained/sustained polymorphic VT
   Prolonged QT interval–associated ventricular ectopy, TdP
  VF
Premature complexes
Supraventricular (atrial, junctional)
Ventricular
Pacemaker electrocardiography
Failure to capture
Failure to pace (no pacemaker output)
Failure to sense
Failure to capture both ventricles in biventricular pacing
(Continued )
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teaching the appropriate response to an observed
abnormality.39,481
Education about electrocardiographic monitoring
should be included in orientation and on an ongoing
basis, with both didactic content and clinically based
hands-on practice. Education should be matched to the
complexity of the monitoring needs of the patient pop
ulation served.39,447 However, no established standards
related to content breadth or depth or duration of a
course exist. Formal tests to determine knowledge and
skill readiness are usually institution specific; they are
rarely published with reports of validity or reliability. Go
odridge et al459 described their pilot study that resulted
in cessation of medical-surgical nurses providing elec
trocardiographic monitoring because of the low level of
accuracy of interpretation of cardiac rhythms. Although
some hospitals use unlicensed technicians to watch
monitors, evidence related to the appropriate education
and evaluation of their knowledge and skill is lacking.
Because education has an impact on cost and time,
e-learning has been investigated in addition to faceto-face learning. Ongoing education was evaluated in
the PULSE trial in which experienced nurses working on
cardiac units completed an interactive online electrocar
diographic monitoring education program that covered
the essentials of electrocardiographic monitoring and
arrhythmia, ischemia, and QT-interval monitoring. Mean
scores on a 20-item validated online test were low at
baseline (49.2% correct) but improved significantly to
70.2% correct after the intervention.6 Alternatively, in
vestigators studying the best method to teach secondyear medical students in their introductory class on
electrocardiographic material randomized “near-peer”
teaching (physicians in their second postgraduate year
using a 1-hour PowerPoint presentation) and e-learning
(including short multiple-choice assessments).482 Al
though both groups increased knowledge, the nearpeer group scored significantly higher (84%) than the elearning group (74.5%). A face-to-face component may
be important for students without prior knowledge of
ECG, whereas e-learning may be appropriate for build
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Table 9. Education* Related to General
Electrophysiological Concepts

Table 9.

Continued

NSTEMI

Automaticity
Physiological pacemakers

 Transient myocardial ischemia (including coronary spasm and effects of
body position changes mimicking ischemia)

Overdrive suppression

Syncope
Effects of common antiarrhythmic drugs, rate control vs rhythm control

Excitation

NSTEMI indicates non–ST-segment–elevation myocardial infarction.
*The content of electrocardiographic monitoring education needs to match
the nature and complexity of the patient population served. Unit nursing
leaders and educators are responsible for annually assessing the content of
ongoing education on the basis of the electrocardiographic monitoring needs
of patients in their care.
Updated from Table 5 in Drew et al.1 Copyright © 2004, American Heart
Association, Inc.

Refractory periods
Conduction
Conduction velocity
Concealed conduction
Anterograde and retrograde conduction
Sinus node physiology
Normal ranges of sinus rate with age

ing on existing knowledge; however, further study is
needed. Knowledge can be enhanced by collaborative
activities such as preceptorships, skill validations, and
case studies,16,481–486 and studies have demonstrated no
differences in knowledge or confidence with face-toface classes versus a hybrid approach (ie, online course
combined with face-to-face classes).482,487,488
Hospital, service line, or unit-based nurse educa
tors or clinical nurse specialists can provide this edu
cation.485,487,488 In addition, the manufacturer of the
monitors used should provide education related to
the equipment. With the purchase of new monitoring
equipment, the contract with the manufacturer should
include both initial and ongoing education.

Effects of autonomic tone
   Vasovagal reactions
   Resting/sleep
   Activity/exercise
Effects of drugs
Atrioventricular node physiology
Effects of atrial rate
Effects of autonomic tone
  Resting/sleep
  Activity/exercise
Effects of drugs
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Wide vs narrow QRS complexes
QT/U intervals

Recommendation

Relation to rate

1. Initial and ongoing education for correct
interpretation of electrocardiographic waveforms and data, congruent with type of
patients being cared for, is recommended
(Class I; Level of Evidence A).

Sex differences
Drug effects
Pause dependency
Observations with arrhythmias
Sustained vs nonsustained
Monomorphic vs polymorphic

Documentation

Hemodynamically stable vs unstable
Symptomatic vs asymptomatic
Association with heart disease vs no heart disease
Hemodynamic effects of arrhythmias
Influence of rate
Influence of heart disease
Influence of atrioventricular synchrony
Influence of left ventricular synchrony
Implantable devices
Function of electronic pacemakers, including biventricular pacemakers
Function of automatic defibrillators
Acute myocardial ischemia
 ST-segment elevation (anterior, septal, inferior, lateral, right ventricular;
ST recovery indicative of successful reperfusion; reperfusion arrhythmias;
intermittent reperfusion; leads on the ECG related to occlusion of 3
main coronary arteries)
(Continued )
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Very little research has been published on documenta
tion related to electrocardiographic monitoring, so the
following section is based primarily on expert opinion
and contemporary practice. Documentation of the ECG
is critical for diagnosis and to guide subsequent treat
ment. All rhythms that require immediate attention
should be preserved as actual tracings; written diagnos
tic statements alone are not adequate.1 Documentation
of actual electrocardiographic tracings so that they are
immediately available is particularly important as hospi
tals have transitioned to electronic health records.
Appropriate and timely documentation of electro
cardiographic waveforms is needed as a record of the
rhythm and the clinical context. For example, as dis
cussed in the syncope section, occurrence of symptoms
with a documented arrhythmia on monitoring is con
sidered a gold standard for the diagnosis of arrhythmia.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Education* Related to Specific Monitoring

Operation of monitoring system used in hospital unit (arrhythmia, STsegment, and QTc monitoring)
Recognition of limitations of computer algorithms
Proper skin preparation before applying electrodes
Landmarks for and importance of accurate electrode placement
Setting heart rate, ST-segment alarm parameters appropriately
Importance and procedure for customizing alarm parameters to unit and
patient needs
Measurement of heart rate
Measurement of intervals (use of manual and electronic
electrocardiographic calipers)
Diagnosis of specific rhythms, recognition of atrial activity, evaluation of
pauses
Recording of standard 12-lead ECG from monitor, including moving limb
lead wires from electrodes on torso to electrodes on limbs
Recording of atrial electrograms from postoperative epicardial wires
(including electrical safety)
Ability to intervene (unit protocols for responding to, reporting, and
documenting) for:
Defibrillation/cardioversion
Patient with bradycardia
Patient with tachycardia
Patient with syncope
Patient with cardiac arrest
Patient with implanted device (new or chronic)
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Patient with temporary transvenous pacemaker
Patient with transcutaneous pacemaker
*The content of electrocardiographic monitoring education needs to match
the nature and complexity of the patient population served. Unit nursing
leaders and educators are responsible for annually assessing the content of
ongoing education on the basis of the electrocardiographic monitoring needs
of patients in their care.
Updated from Table 6 in Drew et al.1 Copyright © 2004, American Heart
Association, Inc.

However, asymptomatic findings on monitoring, includ
ing asystole >3 seconds, Mobitz type 2 atrioventricular
block, ventricular arrhythmias, or rapid supraventricular
arrhythmias, when associated with syncope at other
times, have also been considered diagnostic.271 For some
patients, an arrhythmia may occur only within the first
few minutes of presenting to the ED. Furthermore, this
information may provide vital documentation for insur
ance reimbursement if an implantable device is indicat
ed. The patient’s activity, symptoms, and blood pressure
should be documented with the waveform strip, which
will provide valuable information about a patient’s toler
ance of the arrhythmia and activity or will be used to
guide medication adjustment or other intervention. If
the documentation of electrocardiographic waveforms
is done by a monitoring technician, it should be con
firmed by a qualified nurse. Care must also be taken
to verify that the lead identified on the waveform strip
accurately reflects the true electrode configuration on
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

the patient’s chest. This may facilitate differentiation of
aberrant conduction from PVCs.7 If electrocardiographic
monitoring is performed remotely, a system should be
in place for routine verification of electrode placement.
Some monitors are equipped to monitor only 1 pre
cordial lead at a time but allow the nurse to manually
change the position of the precordial electrode on the
chest to any of the 6 precordial leads. If this change is
made, the nurse must document the new lead selected
on the waveforms printed. Otherwise, it may appear
that the patient had a sudden change from a nega
tive (ie, V1) to a positive (ie, V6) QRS deflection. Correct
documentation of the lead used in monitoring is vital to
correct interpretation.
Typical expectations at hospitals include the follow
ing to be documented: rhythm, rate, PR interval, QRS
duration, and QT, as well as whether they are within
established parameters. Some hospital protocols expect
QTc documentation for all patients. The writing group
recommends that select patients receive QTc monitor
ing (Table 6). Documentation of a patient’s waveform
strip is typically expected on admission, on transfer to
a monitored unit, and every 8 hours. Additional docu
mentation of a waveform strip is typically expected for
any significant change in the patient’s rhythm or hemo
dynamic status, including before and after cardiover
sion.1 The waveform strip should be accessible to all
healthcare providers.
Thorough documentation for a significant arrhyth
mia includes events before and during the arrhyth
mia (eg, defibrillation, insertion of subclavian central
line), signs and symptoms that may be related to the
arrhythmia, vital signs, and interventions with patient
response. This documentation must be available to all
healthcare providers in a timely fashion so that a con
sulting cardiologist, for example, is able to access the
electrocardiographic waveform as a piece of compre
hensive assessment to guide the patient’s care.
Additional documentation is important for patients
with pacemakers and ICDs, including documentation of
any improper sensing or failure to capture, as well as an
estimated percentage of patient’s reliance on atrial or
ventricular pacing. It is important to have easy access to
the patient’s brand and type of device (pacemaker, ICD)
and settings to be able to discern whether the device is
functioning appropriately (eg, according to lower rate
limits, antitachycardia pacing capability). Temporary
pacemakers require more detailed documentation be
cause adjustments to settings may be made from shift
to shift. Documentation should include patient’s skin at
site of transcutaneous patches or wire exit sites.
As electronic health record systems evolve, methods
to save waveforms will vary. Some will seamlessly inte
grate with electrocardiographic monitors. For these, the
nurse will select an electronic waveform to be electroni
cally transferred into the electronic health record. As
November 7, 2017
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with any computer-generated diagnostic interpretation
of an ECG, computer-generated labels of arrhythmias
must be verified by the nurse. However, with many cur
rent electronic health record systems, personnel must
print out waveform strips from the monitors and tape
a paper copy into a paper chart in a format that can
then be electronically scanned into patient medical re
cords on a shift-to-shift basis. Similarly, portable moni
tor/defibrillator machines used in electric cardioversion
or emergency situations print out paper electrocardio
graphic strips; it is critical that these strips be quickly
and efficiently transferred onto a paper chart and
scanned per protocol into an electronic health record.
When a waveform strip is obtained for documentation,
care should be taken to verify that voltage standardiza
tion and paper speed are visible on the strip.
Other considerations for documentation are depen
dent on the type of electrocardiographic monitor used.
Many monitor systems have waveforms stored as full
disclosure, meaning the clinician can view waveforms
from several leads over the past several hours, allow
ing identification of when conversion from AF to sinus
rhythm occurred, for example. The documentation of
this event from full disclosure is helpful for evaluat
ing the effects of an antiarrhythmic medication over
time. Alternatively, documentation from full disclosure
memory may be helpful for evaluating for ST-segment
changes during a specific time period at night when a
patient experienced chest pain but did not tell the nurse
until morning. Finally, a 12-lead ECG obtained through
a continuous electrocardiographic monitoring system
should be clearly documented as such to avoid being
mistaken for a standard 12-lead ECG obtained from a
free-standing electrocardiographic machine.
Specific guidelines for frequency of ST-segment and
QTc documentation have already been provided in this
update to practice standards (Tables 3 and 6).

SECTION 4: IMPLEMENTATION OF
PRACTICE STANDARDS
The discussion of implementation of practice standards
into routine clinical care has 2 major aspects: the find
ings from past studies evaluating implementation of
electrocardiographic monitoring practice standards and
practical considerations for clinicians as they work to
implement practice standards. Designs of future re
search studies that implement practice standards re
quire thoughtful interprofessional collaboration to facil
itate rapid translation of research into clinical practice.

Findings From Past Studies of
Electrocardiographic Monitoring
The number of published evaluations of the original
1991 ACC/Emergency Cardiac Care Committee489 and
e324
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AHA1 electrocardiographic monitoring standards has
increased and has included QI projects,490 intervention
al research of electrocardiographic monitoring guide
lines,56–59,449,491 and more recently, an RCT.6 These stud
ies have addressed electrocardiographic monitoring for
chest pain, association of practice standards with pa
tient outcomes, practice standard use, and outcomes
evaluated in studies of electrocardiographic monitor
ing.
Electrocardiographic Monitoring for Chest Pain
Early reports included overuse of electrocardiographic
monitoring in the setting of chest pain in low-risk pa
tients, resulting in a shortage of monitored beds and
financial resources.492 Several investigators reported
that the use of validated risk stratification tools could
identify which patients admitted for possible ACS could
be considered low or very low risk; they advised that
electrocardiographic monitoring was not necessary for
these patients.106,492,493
Association of Practice Standards With Patient
Outcomes
Fålun et al58 evaluated the appropriateness and out
comes of telemetry use according to the 2004 practice
standards1 by evaluating the frequency and type of ar
rhythmias in patients in each of the 3 CORs for moni
toring. They found an overall arrhythmia rate of 33%
(COR I, 43%; COR II, 28%; COR III, 47%). Change in
management occurred in 25% of COR I patients, 14%
of COR II patients, and 29% of COR III patients. These
rates of change in care management were higher than
the 7% to 8% reported in other studies.491,494 Fålun
et al58 recommended revision of the 2004 practice
standards1 on the basis of their finding that nearly half
of COR III patients experienced arrhythmia events and
one third of these events resulted in changes in care
management. This may be related in part to the clas
sification of patients with syncope in COR III per 2004
standards. The current writing group gives a COR I rec
ommendation for arrhythmia monitoring for at least 24
hours for patients who, on the basis of presentation
characteristics, are admitted for syncope with suspect
ed cardiac origin. For those patients admitted for treat
ment of syncope with an identified cause, such patho
genesis should guide the use of arrhythmia monitoring.
Studies of the Use of Practice Standards for
Electrocardiographic Monitoring
Among published reports (Table 11) of studies evaluat
ing the use of practice standards for electrocardiographic
monitoring,1 the largest was the multisite PULSE trial.6
The PULSE trial was the only RCT and the only trial that
evaluated continuous ST-segment and QTc monitoring.
The PULSE trial revealed that appropriate use of elec
trocardiographic monitoring improved after the inter
vention of an interactive online education program and
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Published Reports of Use of Electrocardiographic Practice Standards

Source

Design/Findings

Kanwar et al (2008,
United States)
56

Dhillon et al57 (2009,
United States)

Fålun et al58 (2013,
Norway)

Outcomes Measured

Retrospective study to evaluate educational interventions to improve compliance
with AHA monitoring standards. Charts of patients admitted to telemetry units
were reviewed for 3 mo: before (n=972) and after (n=856) intervention. Education
included lectures to ED and internal medicine residents and faculty, NPs, PAs, and unit
clerks; included reminders via email, laminated cards, and posting. Unit clerks were
encouraged to call to confirm telemetry indication.

Evaluated for indications for QTc or STsegment monitoring: No.

Appropriate monitoring percentage: A significant increase was noted for percent of
patients with COR I/II indications for monitoring from before (57%) to after (71%)
intervention, with a trend for shorter LOS (4.3±4 to 3.8±3 d).

Safety: Not reported.

Retrospective study of patients (n=562) admitted to the telemetry unit. Guidelines
(based on the 1991 ACC/ECCC guidelines) were developed and implemented for
telemetry admissions. Orders for telemetry expired after 48 h unless renewed. Nurses
were encouraged to review need for telemetry daily and to confer with treating team.
Significantly higher arrhythmia events were noted in the “telemetry indicated” group
compared with the “telemetry not indicated” group.

Evaluated for indications for QTc or STsegment monitoring: No.

Appropriate monitoring percentage: Not reported.

Safety: No patients in the telemetry not
indicated group had a clinically significant
arrhythmia requiring a change in
management or further study.

Prospective observational study of a 3-mo consecutive sample of all telemetry patient
admissions with follow-up measurements at discharge from the hospital (n=1194).
Arrhythmias that might result in a change in management were recorded; monitor
watchers at a central monitoring station abstracted 64 variables that were reviewed
along with medical records. The overall arrhythmia rate was 33%; of all events, 54%
resulted in changes in care management.

Evaluated for indications for QTc or STsegment monitoring: No.

Patients were identified as COR I (18%), COR II (71%), and COR III (11%). These
patients experienced arrhythmias at the following rates: COR I, 43%; COR II,
28%; and COR III, 47%. Changes in care management occurred as follows:
COR I, 25%; COR II, 14%; and COR III, 29%. Nearly half of COR III patients
experienced arrhythmia events, and one third of them resulted in changes to care
management.
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Leighton et al490 (2013,
United States)

Appropriate monitoring percentage: 89%.

Safety: A large proportion of patients
with chest pain were confirmed as having
ACS at discharge, so although they were
originally assigned as COR II, they would
be upgraded to COR I.

Prospective QI project of patients admitted to telemetry on non-ICU or cardiac ward
units. Telemetry bed use was followed up 4 wk before and 4 wk after implementation
of electronic order sets on the basis of AHA 2004 practice standards.

Evaluated for indications for QTc or STsegment monitoring: No.

Appropriate monitoring percentage (on admission to telemetry):

Safety: No clinically significant arrhythmia
events occurred among those without
indications for monitoring.

Before (n=196): 65% of patients met guidelines.
After (n=156): 81% of patients met guidelines; however, at 48 h after admission:
13% of patients met guidelines.
Benjamin et al449 (2013,
United States)

Retrospective, descriptive, multisite study of 4 hospitals with non-ICU patients
receiving electrocardiographic monitoring in which telemetry bed use was examined
for 1 wk. In 35% of telemetry days, electrocardiographic monitoring was not
supported by clinical indication for monitoring.

Evaluated for indications for QTc or STsegment monitoring: No.

Appropriate monitoring percentage: 65% of telemetry-indicated days.

Safety: 3.1 arrhythmias per 100 d.
Cost: Estimated $53–$88.4 per patient
per day or $250 000/y savings for 400bed hospital (based on estimated 15–30
min of nursing time per patient per
shift=45–90 min/d).

Dressler et al59
(2014, United States)

Prospective study of revised telemetry order sets based on AHA practice standards
(2004) in which prescribers were required to select from a list of clinical indications,
each with a predetermined duration of monitoring. Order sets included nurse
assessment guidelines; nurses could request reorder of telemetry if patient was
believed to be unsafe (eg, unstable blood pressure). Mean daily number of patients
with telemetry ordered decreased by 70%.

Evaluated for indications for QTc or STsegment monitoring: None reported.

(Continued )
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Table 11.

Continued

Source

Design/Findings

Dressler et al
(2014, United States)
(Continued)
59

Outcomes Measured

Appropriate monitoring percentage: not reported.

Safety: Code blue, mortality, and rapid
response team activation rates remained
stable.
Cost: Estimated mean daily cost to deliver
telemetry was $53.44 per patient; mean
daily cost for non-ICU cardiac telemetry
decreased from $18 971 to $5772 on the
basis of estimated 19.75 min per patient
on telemetry-related tasks daily.

Funk et al6 (2017,
United States)

Prospective, multisite RCT in 17 hospitals with all patients in cardiac ICUs and
telemetry units (n=4587 patients; n=3013 nurses). Medical records of current patients
were reviewed to determine whether they had a COR I or II indication for arrhythmia,
ST-segment ischemia, and QTc interval monitoring and noted if the patient was being
monitored. Patient outcomes were assessed in 95 884 admissions.

Evaluated for indications for QTc or STsegment monitoring: Yes.

An online interactive education intervention for nurses was supplemented by
strategies to change practice led by nurse champions, including initiation by some
hospitals of protocols for QTc and ST-segment monitoring according to the 2004
practice standards.
Appropriate monitoring percentage: Appropriate monitoring increased significantly
immediately after the intervention and was sustained for 15 mo (66% at baseline
to 70% immediately after the intervention and 70% 15 mo later). Appropriate
ST-segment monitoring went from 56% at baseline to 67% immediately after the
intervention to 75% 15 mo later. Appropriate QTc monitoring was 13% at baseline
and 51% immediately after the intervention but dropped to 45% 15 mo later.

Safety: In-hospital MI declined
significantly immediately after the
intervention and was sustained 15 mo
later (2.4% to 1.9% to 1.5%). Mortality
ranged from 1.9%–3.1% and was not
associated with the intervention.

ACC/ECCC indicates American College of Cardiology/Emergency Cardiac Care Committee; ACS, acute coronary syndrome; AHA, American Heart Association;
COR, Class of Recommendation; ED, emergency department; ICU, intensive care unit; LOS, length of stay; NP, nurse practitioner; PA, physician’s assistant; QI,
quality improvement; and RCT, randomized clinical trial.
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strategies to implement and sustain change in practice,
and this improvement was sustained over time.6
Outcomes Evaluated in Studies of
Electrocardiographic Monitoring
Researchers evaluating preimplementation to postim
plementation of practice standards have some variabil
ity in their selection of outcome measures. Investigators
have used the number of rapid response calls as an out
come variable, but the number of calls alone is difficult
to interpret without contextual data. Reasons for the
call may be unrelated to electrocardiographic monitor
ing (eg, dyspnea, decreased cognition). Alternatively, a
rapid response call may be made because of a synco
pal episode that could potentially have been averted
if a patient had been monitored. A patient undergo
ing ischemia monitoring may have a nurse who calls
rapid response more quickly as a result of identification
of ST-segment changes with silent ischemia. Thus, the
number of rapid response calls could be unrelated to
electrocardiographic monitoring or could increase or
decrease as a result of appropriate monitoring.
Financial outcomes require thoughtful consider
ation. Dressler et al59 reported a 70% decrease in inap
propriate monitoring, with a resultant estimated cost
savings of $4.8 million annually. Although a cost reduc
tion of this magnitude was impressive for this site, it
may not be appropriate to generalize to other hospitals.
The amount of caregiver time for the management of
patients receiving electrocardiographic monitoring has
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November 7, 2017

never been rigorously quantified, so it is challenging to
provide accurate financial data. Leighton et al490 asked
nurse managers to estimate the amount of time and
supplies for monitoring, resulting in an estimated 15 to
30 minutes per patient per 8-hour shift. It may be help
ful to avoid reporting only aggregate data for the cal
culation of financial outcomes to permit more accurate
comparison across institutions. Although cost savings
have been reported, one must consider that a reduction
in monitored beds could potentially reduce revenue for
monitored beds while simultaneously increasing admis
sion to nonmonitored beds.
Finally, associations of the implementation of elec
trocardiographic monitoring practice standards with
patient outcomes such as mortality, in-hospital MI, and
outcomes of cardiac arrest have been reported (Ta
ble 11). Thoughtful examination of published studies
reporting implementation of electrocardiographic mon
itoring standards allows investigators to design robust
experimental studies. These studies must be adequately
powered to enable detection of rare patient outcomes
such as mortality and TdP.

Practical Considerations to Implementing
Practice Standards
When implementing electrocardiographic monitor
ing practice standards, the clinician needs to consider
a number of issues related to arrhythmia, ST-segment,
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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Arrhythmia: Practice Standards Embedded Into
Electronic Health Record Order Sets
Dressler et al59 reported that education on practice stan
dards alone was not enough to bring about increased
adherence. Instead, interprofessional education need
ed to be augmented with new electronic order sets for
prescribers and institution-wide guidelines for electro
cardiographic monitoring59 based on the practice stan
dards.1 This practice is increasingly common.490
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ST-Segment Monitoring: In-Hospital Protocols
to Promote Awareness, Education, and Use of
Standards
Through a national survey of cardiologists published in
2010, Sandau et al495 found that only 45% of practicing
cardiologists (n=200) were aware of ST-segment moni
toring practice standards, despite publications in 199914
and 2004.1 The cardiologists surveyed selected top bar
riers to use of this technology as concerns about falsepositive alarms, lack of understanding by nurses, con
cern for extra telephone calls resulting from inaccurate
monitoring, lack of understanding by other physicians,
and concern for extra cost or treatment caused by falsepositive alarms. In a single-site study, Sangkachand et
al481 identified top barriers for nurses’ use of continuous
ST-segment monitoring as similar to those of cardiolo
gists, with an additional barrier that prescribers did not
order it. Clinicians should share experience with imple
mentation of protocols39; identifying effective strategies
can enhance successful implementation at other sites.
QTc Monitoring: Electronic Alerts, Education,
Protocol, and Computerized Calculation
Investigators have recently used both alerts by pharma
cists and computerized alerts to identify hospitalized
patients receiving QT-prolonging medications. Ng et
al496 evaluated a pharmacist-led intervention (n=149 pa
tients), resulting in patients randomized to the interven
tion of pharmacist involvement and a specific QTc algo
rithm having less frequent QTc prolongation. Haugaa et
al497 evaluated an institution-wide (n=1145) QT alert sys
tem that identified ECGs with QTc ≥0.50 seconds, with
a “semi-urgent” e-mail alert to the prescriber. Tisdale
et al498 evaluated a computerized clinical decision sup
port system incorporating a validated risk score for QTc
prolongation to alert pharmacists when a QT-prolong
ing cardiac medication was prescribed for cardiac unit
inpatients (n=2400) and found a significantly reduced
risk of QTc prolongation and decreased prescribing of
noncardiac medications known to cause TdP, including
fluoroquinolones and intravenous haloperidol.498
In a quasi-experimental study of 4011 patients re
ceiving electrocardiographic monitoring in 10 hospitals,
Sandau and colleagues464 tested a 3-part intervention
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527

of online education for nurses, electronic notifications
to alert nurses when a patient received QT-prolonging
medication, and computerized calculation of QTc in the
electronic health record. They found that appropriate
QTc documentation increased significantly from baseline
(17.3%) to 3 months after intervention (58.2%), with a
further increase by 6 months after intervention (62.1%),
demonstrating that improvements persisted over time.

Conclusions
Electrocardiographic monitoring offers a number of
clinical benefits that are rarely evaluated in implemen
tation studies. First, electrocardiographic monitoring
is used to assess the response to medications for ar
rhythmias. Titration of the dose of medications such as
diltiazem, β-blockers, and dofetilide based on electro
cardiographic monitoring provides data for communi
cation among care provers (eg, prescriber, nurse, phar
macist, exercise rehabilitation professional), allowing
evaluation of heart rate changes with exercise or sleep.
Individualized dosing of QT-prolonging medications re
lies on monitoring QTc, which is usually not captured in
implementation studies.
The absence of abnormal findings on telemetry has
clinical relevance. For example, telemetry may be help
ful for the patient admitted with syncope with a sus
pected cardiac cause. It is typical that if no electrocar
diographic abnormalities are found, the patient may be
transferred to a neurological unit without electrocardio
graphic monitoring. Electrocardiographic monitoring
in the immediate post–pacemaker/ICD implantation
period is used to confirm the absence of undersensing
or oversensing of a device. Finally, the absence of STsegment changes may be helpful to verify reperfusion
after PCI and can be used to help distinguish between
a chest ache that is sometimes reported after stent ma
nipulation and signs of reocclusion.1 Although clinicians
must be mindful of the appropriate duration of moni
toring, the purpose and benefit of a brief prescribed
period of monitoring to confirm the absence of abnor
mal findings should not be overlooked. It is important
that careful consideration be given to the type of data
that may be useful to assess for relevant changes58 and
for interprofessional collaboration in the design of any
implementation protocols for ECG.56

SECTION 5: CALL FOR RESEARCH
The majority of recent studies reporting adherence to
practice standards have 2 main limitations: lack of evalu
ation for appropriate QTc monitoring and lack of evalua
tion for appropriate continuous ST-segment monitoring.
Researchers who evaluate only the indication for arrhyth
mia monitoring miss the opportunity to examine whether
patients are also receiving QTc monitoring while on QTNovember 7, 2017
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and QTc monitoring when developing new protocols as
electronic health records become more common.

Sandau et al

Table 12. Future Research Directions for
Electrocardiographic Monitoring

Table 12. Continued
Patient Population

Patient Population

Future Research Directions

Chest pain and ACS

What type of monitoring system and alarm
management approaches result in accurate
identification of ischemia with the fewest false and
nonactionable alarms?

Alarm management

What is the effect of the use of dedicated monitor
watchers on quality of care, patient outcomes,
and cost?
What are the best systems to notify direct
caregivers of alarms?

Does continuous ST-segment monitoring result in
earlier identification of ischemia for patients with
impaired ability to sense or communicate ischemia
(eg, those with diabetes mellitus or communication
or cognitive barriers)?

Should patients in noncardiac units (eg,
orthopedic) be monitored from a centralized
station? If so, is there a minimum knowledge base
for electrocardiographic monitoring for staff nurses
on noncardiac units who are providing direct care?

What is the effect of targeted temperature
management after cardiac arrest on the STsegment and QTc?

What is the effect of altering alarm parameters on
adverse patient outcomes?

What are the expected ST-segment changes after
open heart surgery (eg, restoration of normal ST
segment postoperatively)?

What are the most effective alarm sounds to
improve alarm response?

What is the optimal duration of monitoring for
adult and pediatric patients after cardiac surgery?

What is the best method to ensure alarm audibility/
secondary alarm notification?

Does continuous ST-segment monitoring result in
earlier identification of ischemia for patients after
heart transplantation because of impaired sensory
discrimination?

Is the use of multiparameter alarm algorithms
effective in reducing false alarms?
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Arrhythmias

Does prospective QTc monitoring for patients at
risk result in decreased TdP or mortality?

Syncope of
unknown origin

What risk stratification strategies are helpful in
identifying which patients with syncope benefit
from continuous electrocardiographic monitoring?

After
electrophysiology
procedures and
pacemaker/ICD
implantation

What is the timing of minor and major
complications after an electrophysiology procedure
and pacemaker/ICD implantation that require
arrhythmia monitoring?

ADHF

What risk stratification strategies are helpful in
identifying which patients with ADHF benefit from
continuous electrocardiographic monitoring?

Stroke

Does the risk of serious arrhythmia vary by type of
stroke (ie, embolic, hemorrhagic)?

How can monitor manufacturers enhance the
visibility of pacemaker spikes on telemetry?

Is the risk window for rapid intervention (ie, 24 h)
the same for patients who receive thrombolytics
and patients who do not?
Noncardiac medical
conditions (eg,
hemodialysis, sepsis,
gastrointestinal
bleed; postconscious
sedation)

In what subgroup of noncardiac patients is
electrocardiographic monitoring associated with
improved outcomes?

Electrolyte
abnormalities

What electrolyte abnormalities are serious enough
to warrant electrocardiographic monitoring for
adults and children?

Pediatric

What changes in alarm criteria can be used to
safely limit false-positive alarms?

What alternative surveillance monitoring methods
(oximetry, capnography) provide clinical benefit for
noncardiac patients outside the ICU?

How should automated algorithms be validated
across age groups?
Can wireless leads provide cost-effective, quality
monitoring (eg, patches as transmitters) for
pediatric and adult patients?
(Continued )
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What is the best way to increase the specificity of
alarms without a significant loss of sensitivity?
What is the best geographic setup for a unit with
no dedicated monitor watchers?

Does continuous ST-segment monitoring result
in earlier identification of ischemia for patients
deemed at high risk in the ACS continuum?

Major cardiac
interventions

Future Research Directions

November 7, 2017

Education of
physicians, NPs,
PAs, and staff
nurses

What education is necessary for initial competency
and subsequent maintenance of skills for
electrocardiographic monitor interpretation?

Implementation of
practice standards

What are the most collaborative, efficient,
and cost-effective methods for incorporating
practice standards for electrocardiographic
monitoring into electronic order sets? Who should
review for discontinuation of telemetry? How
often should orders be reviewed, and what criteria
should be used?
What is the impact of implementation of these
practice standards for electrocardiographic monitoring
on patient outcomes, alarms, cost, and bed use?

ACS indicates acute coronary syndrome; ADHF, acute decompensated heart
failure; ICD, implantable cardioverter-defibrillator; ICU, intensive care unit; NP,
nurse practitioner; PA, physician’s assistant; and TdP, torsade de pointes.

prolonging medications. Researchers wanting to assess
for appropriate ST-segment monitoring face a particular
challenge in study design for 2 main reasons. First, some
hospitals have not universally incorporated this practice
and related interprofessional education. Second, retro
spective designs are generally unable to capture whether
continuous ST-segment monitoring was used because
use of continuous ST-segment monitoring is not typically
documented on either paper waveform strips or any
drop-down menus in an electronic health record.
Throughout this statement, an attempt has been
made to highlight areas where there is limited evidence
on which to base clinical practice guidelines. Table 12 is
provided to highlight areas in particular need of targeted
studies. The considerable time, education, and cost asso
ciated with continuous electrocardiographic monitoring
is a call to action for the research needed to ensure that
we are providing the best-quality monitoring for those
who truly benefit from this diagnostic intervention.
Circulation. 2017;136:e273–e344. DOI: 10.1161/CIR.0000000000000527
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The Writing Group would like to recognize Dr. Kay Blum, who
died shortly before publication. Dr. Blum was appointed to
represent the American College of Cardiology for this scien
tific statement, and we sincerely appreciated her expert con
tribution to our phone discussions and manuscript.
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