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Introduction

1
introduCtion

Palpitations and light-headedness are common symptoms for patients to visit their 
general practitioner (GP).1,2 In the majority of patients no underlying cardiac disease is 
present. However, these symptoms might be indicative of (serious) cardiac arrhythmias, 
such as supra-ventricular re-entry tachycardia and atrial fibrillation. Those patients who 
do not have a (serious) cardiac disease may benefit by effectively ruling out a cardiac 
origin of their symptoms. A careful diagnostic approach therefore includes identification 
as well as rejection of possible cardiac causes of the symptoms.
Since episodes of palpitations and light-headedness are often of short duration or can 
occur in paroxysms, it is often difficult to establish a diagnosis during consultation as 
the symptoms rarely coincide with a visit to the GP. Also a simple 12 lead ECG seldom 
provides an answer when not recorded during the presence of symptoms. At present, 
in more than 30% of episodes of palpitations and light-headedness no diagnosis can be 
established after initial diagnostic workup.
A paradox exists for any GP when patients consult with palpitations or light-headedness. 
If the GP conducts a limited diagnostic work up a potentially life-threatening, yet treat-
able, cardiac disease might be overlooked. On the other hand, in some patients the GP 
may conduct too many diagnostic interventions in the absence of a cardiac disease. For 
instance, in patients suffering from anxiety or stress the GP might create an even more 
stressful situation, thereby increasing symptoms and anxiety.3-5

Previous research has shown that adequate diagnostic instruments for triage of patients 
presenting with palpitations and light-headedness are lacking in general practice.1,6 
Therefore, in this thesis, the focus will be on the additional value of continuous event 
recorders in the diagnostic work-up in general practice in patients presenting with symp-
toms in which a cardiac origin can be suspected.

EPidEmiology

The prevalence of palpitations is dependent on definitions and diagnostic methods 
used and vary substantially in different populations. In studies in primary care in the 
Netherlands approximately 8/1000 patients per year present a new onset of irregular, 
pounding and/or racing heartbeat, with women presenting twice as often as men.1 Some 
of the underlying arrhythmias that cause palpitations are significantly correlated with 
advancing age.7 8-11 For instance, the incidence of atrial fibrillation approximately doubles 
with each decade of adult life and ranges from 2-3 new cases per 1000 people per year 
between the age of 55 and 64, to 35 new cases per 1000 people per year between the age 
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of 85 and 94.12-14 In a population based study, the incidence of Paroxysmal Supraventricu-
lar Tachycardia (PSVT) was approximately 1-3 cases per 1000 persons. AV-nodal re-entry 
tachycardia (AVNRT) is more common in patients who are of middle age or older, while 
adolescents are more likely to have SVT mediated by an accessory pathway. The risk of 
developing PSVT was twice as high in women to men.15

EtiologiCal ClassifiCation

The aetiology of palpitations is divers. Palpitations may be caused by both cardiac and 
non-cardiac sources. Within these two sources, the following underlying causes can be 
distinguished.

1. Cardiac causes of palpitations

The clinical significance of the cardiac cause of palpitation depends upon the nature of 
the arrhythmia, the presence of cardiovascular co-morbidity and the possible conse-
quences of the arrhythmia in daily life. Palpitations can result from isolated ectopic beats, 
any bradycardia (frequency <60 beats/min), any tachycardia (frequency >100 beats/min) 
and from increased cardiac volume.
Supraventricula�tachycardias� (SVT) are the most frequently encountered arrhythmias in 
the GP setting. The most common form is a sinus tachycardia. Atrial fibrillation and or 
re-entry tachycardias are other possible diagnoses.
Sinus tachycardia usually is a physiological response to elevated metabolism during exer-
cise, pain, fever, panic or anxiety or a reaction to extracardiac pathology like anaemia or 
hyperthyroidism. It is never a cardiac disease on its own and is therefore considered a less 
relevant arrhythmia. Sinus tachycardia may in rare instances indicate cardiac pathology such 
as heart failure, when the damaged heart tries to fulfil demands by increasing its rhythm.
Atrial fibrillation (AF) is considered a relevant arrhythmia because of the sometimes 
concomitant output failure, the consequences for daily living and the elevated risk for 
arterial thrombo-embolism. It is an irregular tachy-arrhythmia characterized by uncoor-
dinated atrial activation. It often is secondary to damage to the heart (atherosclerosis or 
valve-abnormalities), but can also appear as lone atrial fibrillation. Differentiation can be 
made between paroxysmal, persistent and permanent atrial fibrillation. Although this 
differentiation has consequences with regards to rate- or rhythm control management, 
it has no consequences with regards to anticoagulation therapy. AF is associated with 
an approximately 5-times increased risk of stroke. Regardless of differentiation in parox-
ysmal, persistent and permanent atrial fibrillation, anticoagulation therapy is warranted 
depending on concomitant risk factors, expressed in the acronym CHA2DS2-VASc 16 12,17-20
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Supraventricular re-entry tachycardias are atrial flutter, atrial tachycardia and, in the AV 
junction, AV-nodal re-entry tachycardia (AVNRT).21,22 The latter is characterized by parox-
ysms of fast regular heartbeats with an acute beginning and ending. Another re-entrant 
SVT, Wolff-Parkinson-White (WPW) syndrome, is based on an atrio-ventricular re-entry 
circuit. The relevance of these re-entry tachycardias is that the symptoms often are dis-
abling. Atrial flutter is a regular atrial re-entry tachycardia, usually with a ventricular rate 
of about 150 beats per minute.17,23

Premature ventricular beats (PVC) and premature atrial beats (PAC) may cause concern. 
Further evaluation and therapy is seldom required after reassuring the patient.
Ventricular tachycardia is usually seen in the context of structural or ischemic heart 
disease, and may be triggered by adrenergic stimuli. Occasionally, however, ventricular 
tachycardia may originate from the (right) ventricular outflow tract in a structural normal 
heart, and is usually attenuated by adrenergic stimuli.
Bradycardia is seldom symptomatic and is only seen accidental when for other reasons an 
ECG is taken or patients complain of dizziness and/or light-headedness. In symptomatic 
bradycardia, reversible causes like hypothyroidism or side effects of the use of negative 
chronotropic medication should be excluded first. Otherwise the patient should be 
referred to specialist care for further evaluation and potential pacemaker therapy.24,25

2. Extra-cardiac causes

Palpitations originating from an extracardiac cause can present as a sinus tachycardia or 
a bradycardia.

2.a.�Psychiatric�causes
Palpitations occur in stressful situations and anxiety and can be a symptom of several 
psychiatric disorders including panic attacks, generalised anxiety disorder and depres-
sion.4,26,27 It is a key-symptom of a panic attack according to the DSM-IV. When palpita-
tions are associated with anxiety or panic it is frequently difficult for the patient and 
hence for the physician to discern whether the feeling of anxiety or panic preceded or 
resulted from the palpitations.
Some patients have a tendency to somatise their symptoms. Reassurance is important 
for these patients.26,28,29 As a result these patients might be at risk for extensive diagnostic 
testing and referral. This testing may intensify anxiety, thereby increasing symptom 
severity, inducing a futile circle.30-34 Heart rhythm disturbances itself also may induce 
anxiety and/or panic. Patients might erroneously be diagnosed and treated as primarily 
suffering from anxiety disorder, while in fact heart rhythm disturbances are causal to 
their symptoms.
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2.b.�Drug-induced�causes�and�habits
As palpitations may be drug-induced, history-taking should include a careful review of 
the patient’s drug use. Obvious examples are bradycardia caused by blocking eye drops, 
or tachycardia caused by broncho-dilating mimetics. Pro-arrhythmia may be seen with 
the use of anti-arrhythmic drugs. However, pro-arrhythmia can be seen with other drugs 
as well. For instance, diuretics may cause arrhythmias as a result of hypokalaemia-induced 
QT prolongation.
Stimulants such as caffeine and nicotine, or the use of illicit drugs (cocaine, amphet-
amines, cannabis etc.) can lead to sympathetic (hyper) activation and sinus tachycardia.35

2.c.�Metabolic�causes
A sensation of palpitation may stem from sinus tachycardia and/or increased cardiac 
contractility, both of which may have various causes: fever, orthostatic hypotension, hy-
povolaemia, hypoglycaemia, pheochromocytoma, thyroid pathology or anaemia among 
others. In case of uncertainty these diseases usually can be diagnosed or excluded by 
available diagnostic tools.31,36-38

diagnosing PalPitations

Electrocardiographic documentation of cardiac rhythm during symptoms provides an 
accurate diagnosis, but because in many patients symptoms are infrequent and episodic, 
GPs usually do not have the chance to make an ECG registration during an episode of 
palpitations. In case no symptomatic ECG is available GPs usually do not have further 
diagnostic tools to distinguish clinically significant paroxysmal arrhythmias from benign 
palpitations.5,38 Predictors from history taking and symptoms are not sensitive and spe-
cific enough to include or exclude clinically relevant cardiac diseases.29,31

otHEr diagnostiC mEtHods

When patient’s history and physical examination in combination with a standard 12 leads 
ECG recording cannot determine the cause of the symptoms, referral to a cardiologist 
might be considered. The cardiologist could employ a Holter device to aid in diagnosing 
these patients. The 12-lead Holter monitor is a continuous electrocardiographic device 
that monitors patients for 24 to 48 hours. The device’s results are afterwards evaluated 
by a cardiologist. As a Holter registers the heart rhythm continuously, sensitivity for 
recording rhythm disturbances is high but specificity remains low as the device is only 
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applied for a short period of time and palpitation episodes are often infrequent and the 
mere frequency of symptoms (palpitations) is in no way correlated to the severity of the 
underlying cause.
For some years now, Continuous Event Recorders (CER) have been proven effective in 
the investigations of palpitations in secondary care settings.22,32,39 Unlike Holter monitors, 
these devices require manual patient activation to record symptoms and can be used 
for extensive periods of time (i.e. 2 weeks to several months). Contemporary CERs exist 
in a variety of models. Storage possibilities vary from registration of only the event itself, 
registration of only the post event-rhythm, or registration of both pre- and post event 
rhythm.
The most common type of CER consists of a recorder (with a diameter of approximately 
6 cm) attached to the patient’s chest with two patch electrodes. These CERs can store 
multiple events over a period of time and are small and light, unlike the larger Holter 
monitor that restricts patients in their daily activities. CERs continually and digitally 
record a two lead ECG and only save the ECG registration when a patient chooses to 
activate the recorder following an episode of symptoms. The evolution of this technique 
made it desirable to evaluate the introduction of the CER in a primary care setting.

tHE BEat-trial

Introduction of CER into primary care offers the advantage of a quick entrance to an 
easy to use diagnostic method for patients who often are confronted with sometimes 
frightening symptoms. Introducing CER in general practice therefore could be of advan-
tage for two reasons: more adequate and more timely diagnostic management. Open 
access diagnostics provide a quick and easy way to management of more or less acute 
symptoms. The strategy might be more adequate because it is aimed at both demonstra-
tion as well as rejection of relevant somatic pathology. If the symptoms are not related 
with a cardiac cause, GPs can reassure patients without further diagnostic evaluation and 
referral.
However, when introducing a new diagnostic tool in any health care setting, it is essential 
to study the additional predictive value of the tool. Will the use of a CER generate more 
diagnosis and/or more diagnostic certainty? What are these diagnoses? And more spe-
cific: are more clinically relevant cardiac diseases diagnosed?
Considering the potential benefits, we set up the BEAT trial to determine the clinical 
usefulness of CER for establishing the diagnosis in new episodes of palpitations and/or 
lightheadedness in a general practice setting.
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The primary aim of the present study will be to evaluate whether GPs are able to es-
tablish a diagnosis more often when using a CER as compared to usual care. And, when 
this is the case, to find out whether a difference can be found concerning the nature 
of these diagnoses. Secondary aims are to determine which types of diagnoses will be 
found using the CER, the time needed to diagnose, and the number of days needed until 
relevant cardiac diagnoses can be established. Patients with palpitations experience a 
lower quality of life and experience more depression and anxiety than patients without 
cardiac complaints.40 Besides, a side effect of any diagnostic workup can be a reduction 
of quality of life (QoL) and/or reduction or increase of anxiety in patients. We studied 
the QoL of patients during and after the diagnostic phase and compared these with a 
healthy population.
Although several studies tried to find signs and symptoms that predicted the presence 
of cardiac disease in unselected patients with palpitations just few were identified and 
these lacked predictive power.2,31 Therefore we set out to determine which clinical signs 
and symptoms the GP presently uses to make an assessment. In addition we will examine 
in patients with palpitations which factors from history and physical examination can as-
sist GPs in identifying patients with a clinically relevant arrhythmia that is not detectable 
with a standard ECG.

outlinE of tHis tHEsis

In chapter 2 we describe the BEAT trial, a prospective randomised controlled trial evalu-
ating the diagnostic yield of the CER in the primary care setting as compared to usual 
care for patients with palpitations and/ or light-headedness presenting for the first time 
to the general practitioner.

In chapter 3 we explore the time needed to diagnose an episode, and the number of 
days needed until a relevant cardiac diagnosis can be established.

In chapter 4 we will study the effects on quality of life and possible anxiety reduction or 
arousal of a CER diagnostic work up and make a comparison with usual care.

In chapter 5 we analyze characteristics of patients, symptoms and signs that GPs use to 
determine the risk of patients for a serious cardiac disease. As reference standard we use 
the diagnosis, as established by the cardiologist that interpreted the CER registrations. 
Besides we tried to find a model to predict the existence of serious cardiac disease.
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In chapter 6, an overview of devices presently available for diagnosing patients suffering 
from palpitations is provided. The diagnostic yield of different devices is described and a 
guide to rational diagnostic testing is presented.

In chapter 7 we discuss the overall results of the BEAT trial and advantages and disadvan-
tages of using the event recorder in daily general practice. Furthermore we will discuss 
how to proceed with the CER in the general practice, including issues on feasibility, costs 
and the benefits of the CER.

Chapter 8 Summary, Nederlandse samenvatting

fig 1. CER
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aBstraCt

Background

Because palpitations and light-headedness often occur paroxysmally these complaints 
are difficult to diagnose. The hazards for a GP are too many diagnostic interventions for 
worried well and too few diagnostics for potentially life threatening complaints.

Objectives

Patient-activated memo event recorders have proved to be successful in diagnosing epi-
sodes of cardiac arrhythmias in secondary care. We tested the diagnostic yield of these 
devices in general practice.

Methods

A randomised clinical trial in general practice. Consecutive patients with complaints of 
palpitations or light-headedness were randomized to either usual care or usual care plus 
event recorder. The main outcome was the difference in explained episodes. Secondary 
outcomes were the differences in the number and character of cardiac diagnoses and the 
feasibility of the event recorder.

Results

There were fewer patients without a diagnosis in the intervention group (17% vs 38%; 
RR=0.5, 95% CI 0.3 to 0.7) and more patients with a cardiac diagnosis (67% vs. 27%: RR 
2.5, CI 1.8 to 3.5). More relevant cardiac arrhythmias were detected (22% vs 7%) with 
memo event recording than with usual care (RR 3.2, 95% CI 1.5 to 6.8).

Conclusions

Patient-activated loop recorders are feasible and effective diagnostic tools in patients 
with palpitations or light-headedness in primary care. More research into patient’s 
characteristics and selection criteria is needed to fine-tune the use of these devices in 
primary care.

Keywords: Arrhythmia, diagnosis, light-headedness, palpitations, randomized controlled 
trials.
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Diagnostic yield of patient-activated loop recorders

2
introduCtion

About 8/1000 patients per year visit their general practitioner (GP) with symptoms 
suggestive of a cardiac arrhythmia, such as palpitations, rapid heart rate, and feelings 
of light-headedness or fainting.1 Mostly the underlying condition is benign, but it can 
be a manifestation of a clinically significant arrhythmia. Establishing a diagnosis is 
often difficult because the medical history may not be accurate, 2 most complaints oc-
cur paroxysmally and the predictive value of many signs and symptoms is low.3,4 The 
investigation of choice is an ECG during a symptomatic period, but – even under optimal 
circumstances – this is only possible in about a third of patients.4 If an ECG is performed 
during symptoms, 48% of patients appear to have rhythm abnormality (19% of clinical 
relevance) compared with 20% (13% of clinical relevance) in the patients without an 
ECG.4 For GPs it is difficult to decide between referral for further investigations or watch-
ful waiting. The challenge for GPs is to identify those patients, who are at risk for cardiac 
morbidity without performing excessive tests on all patients. The pitfalls include missing 
a relevant cardiac diagnosis, excessive testing in worried but otherwise healthy persons, 
and incorrectly labelling of people with anxiety or panic disorder with consequent inap-
propriate treatment.5,6

In secondary care settings, the patient triggered continuous-loop event recorder (CER) is 
an effective tool for detecting arrhythmias associated with infrequent symptoms.7-9 It is 
more sensitive than the classic Holter method because it can be used for longer periods 
of time and normal daily activities are less disturbed.10 A non-randomised study among 
GPs reported that a cardiac diagnosis could be made in 30% of all consecutive patients 
presenting with palpitations during two weeks of monitoring with a patient activated 
recorder (RhythmCard), but no gain compared to usual care could be demonstrated.3 
Furthermore, ruling out a cardiac abnormality by documenting sinus rhythm during 
episodes of typical complaints can improve management in these patients.
The aim of this randomised study is to evaluate the feasibility and clinical usefulness 
of CERs for establishing the cause of new episodes of palpitations or feelings of light-
headedness in a general practice setting.

mEtHods

In the Dutch health care system all inhabitants are enlisted with a GP of their choice and 
in case of health related complaints or questions this physician will be the first to be con-
sulted. As a consequence Dutch GPs will receive an unselected case load of symptoms 
and signs.
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Consecutive patients who consulted their GP for a new episode of palpitations and/or 
light-headedness were recruited from October 1999 until June 2002. Palpitations were 
defined as any feeling of an abnormal heartbeat or rhythm. Light headedness was defined 
as feelings of faintness or going to faint. Patients younger than 18 years, fitted with a pace-
maker, being currently treated by a cardiologist, or needing immediate intervention and/
or referral were excluded. The need for immediate intervention/referral was at the clini-
cal judgement of the attending GP. Patients with clear syncope were excluded because 
they will not be able to activate the recorder. The GP obtained informed consent. GPs did 
not obtain an ECG, but sent participants to the research centre at the same day, where a 
standardised medical history and routine ECG was obtained. If the routine ECG did not 
show an explanation for their complaints, patients were computer randomised, stratified 
for their GP. Patients in the intervention group received a CER and usual care from their GP 
and patients in the control group received only usual care by their GP. The GP’s completed 
questionnaires relating patient’s complaints, GP diagnosis, referrals and interventions at 
baseline, six weeks (when the recording period was completed) and six months. The medi-
cal ethical committee of the Academic Medical Centre in Amsterdam approved the study.

Intervention

We used a Card Guard CG-6106 loop recorder. This recorder continuously registers and 
updates a two lead ECG. When a patient chooses to activate the recorder it stores infor-
mation 30 seconds before and 2 minutes after the moment of activation. A maximum of 
three registrations could be stored in the memory; hereafter an acoustic signal indicated 
that the memory was fully stored. Only after sending the ECGs by telephone, the memory 
could be overwritten.
The intervention group received a recorder and training on how to use the device. Pa-
tients were asked to wear the recorder continuously. For quality assurance patients made 
a training ECG at home and sent it by telephone to the research centre. If necessary, this 
procedure was repeated until a good quality ECG was obtained. Each week all patients 
had to send in a test ECG to ensure the event recorder was working well. The patients 
were instructed to make a recording and send it to the research centre every time they 
experienced symptoms similar to the ones for which they consulted the GP. They could 
use the CER for a maximum period of four weeks. The procedure was stopped earlier 
if an ECG was diagnostic or three good-quality recordings without abnormalities were 
obtained during symptomatic periods. All ECGs were sent to a central receiving facility 
and immediately assessed by trained health professionals who could take action if neces-
sary. In addition all the ECGs were reviewed and classified by an experienced cardiologist, 
who was informed about the symptoms of the patient. These reviewed results were sent 
to the GP.
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The GP maintained responsibility for patient care during the study in both the interven-
tion and control group and could use all regular health care interventions (including 
referral to cardiologists).

ECG findings, data collection, and analysis plan

If the event ECGs gave a clear explanation of the symptoms, patients were instructed 
to contact their GP. Arrhythmias were defined as all rhythms that were not normal sinus 
rhythm and between 60-100 beats per minute. A relevant arrhythmia was one for which 
treatment and/or further investigation was needed. This constituted one of the following: 
paroxysmal atrial fibrillation (AF), atrial flutter, atrial tachycardia, other supraventricular 
tachycardia (SVT), and ventricular tachycardia. Less relevant arrhythmias included pre-
mature beats (ventricular or atrial) and sinus tachycardia. We considered the outcome as 
inconclusive if patients did not have any symptoms during four weeks or if they were not 
able to register a good quality ECG during symptoms.
Our main outcome measure was the number of explained episodes in both groups, as 
registered by the GP after six months. We calculated that to detect a difference of 50% 
explained episodes in the control group and 70% in the intervention group 103 patients 
in each arm (α = 0.05 and β = 0.2)would be required. Our secondary outcomes focussed 
on the difference in frequency of (relevant) cardiac diagnoses between the intervention 
and control group. We assessed the feasibility of the patient loop recorder by examining 
the proportion of patients that were not capable to activate the recorder during symp-
toms or where the activation failed, and the proportion of recordings with inadequate 
quality to make a diagnosis.

Statistical methods

Statistical analysis was conducted using SPSS for Windows version 10. Analysis was on 
an intention to treat basis. To examine whether a difference in the distribution of diag-
noses after 6 months between the two interventions existed, we performed an overall 
chi-square test. We used relative risks and 95 % confidence intervals to quantify the dif-
ference in proportions of patients with a specific type of diagnosis between both groups.

rEsults

General characteristics

During the study period, 69 GPs sent 253 patients to the research centre. Their symptoms 
were rapid pulse (n=165), missed beats (n=131) and light-headedness (n=83). Only seven 
patients complained about pounding. In 3% of patients (8/253) a diagnosis was estab-
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lished with the initial routine ECG: atrial fibrillation (n=1), runs of ventricular extra systoles 
(n=4) and other rhythm abnormalities needing further investigation by a cardiologist (n= 
3). One patient was excluded because of an allergy to the stickers. The remaining 244 
patients were randomised. Baseline characteristics of these patients are given in table 1.

Feasibility and quality of memo-event recordings

During the study 682 ECGs were recorded by 127 patients. Of the 127 patients 104 (82%) 
had symptoms and made 214 recordings during symptoms (mean: 2 ECGs per person). 
One participant withdrew and another could not produce an ECG because of anxiety. No 
patients dropped out because of skin irritations. No ECG’s during symptoms were missed 

Excluded (n=9) 
.Diagnosis on standard 
ECG (n-8) 
.Allergy for stickers 
(n=1) 

Randomised
(n=244) 

At 6 months:
.Discontinued treatment (n=0) 
.Lost for follow-up (n=0) 
.Analyzed (n=117)

Usual care 
(n=117) 

External loop recorder 
(n=127) 

Assessed for 
eligibility with 
standard ECG 

(n=253) 

At 6 months: 
.Discontinued treatment (n=0) 
.Lost for follow-up (n=1) 
.Analyzed (n=126) 

figure 1. Flow chart



27

Diagnostic yield of patient-activated loop recorders

2

because of technical failure. All recorded ECG’s were of good quality. No emergencies 
occurred during the study.

Memo recorder diagnoses

An ECG diagnosis was established by the cardiologist in 104 (82%) of the patients in the 
intervention group (table 2). Arrhythmias were detected in 83 (65%) patients in the in-
tervention group. Relevant arrhythmias included SVT (n=12), paroxysmal AF (n=10). Less 
relevant arrhythmias included sinus tachycardia (n=19), ventricular extra systoles (n=34), 
and atrial extra systoles (n=6). A normal ECG-registration during three symptomatic 
episodes was found in 21 patients. In another 21 patients no symptoms occurred during 
the month of recording.

Diagnoses at six months follow up

We found no difference in the management by the GP between the intervention and 
control group with respect to referral rates and the number and types of additional 

table 1. General characteristics

event recorder
n= 127

usual care
n= 117

Age in years (mean) 50 49

Female gender no. (%) 94 (74%) 86 (74%)

Comorbidity
 diabetes mellitus
 ischemic heart disease
 hypertension #

 8  (6%)
12  (9%)
30 (24%)

 6  (5%)
 9  (8%)
14 (12%)

Time since first episode:
 < 7 days #
 7 days -3months
 3 months-1 year
 >1 year.

 1  (1%)
43 (34%)
34 (27%)
49 (38%)

 6  (5%)
41 (35%)
26 (22%)
44 (38%)

Duration of typical episode:
 <1 min
 1-5 min.
 6 min - 1 uur
 >1 uur
 various

24 (19%)
28 (22%)
25 (20%)
24 (19%)
26 (20%)

26 (22%)
27 (23%)
25 (21%)
19 (16%)
20 (17%)

Symptoms during episode*:
 rapid pulse
 Skipped beats
 Irregular pulse
 Light headedness
 Pounding

82 (36%)
78 (65%)
62 (49%)
46 (21%)
 4  (3%)

83 (32%)
53 (71%)
48 (41%)
37 (20%)
 3  (3%)

# P< 0.05
* some patients had more than one symptom
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investigations, although referrals to cardiology in the intervention group appeared more 
appropriate: in the intervention group 23 of the 25 (92%) referred patients had a cardiac 
problem, in the control group only 12 of the 21 (57%) patients (RR.1.6, CI = 1.1 to 2.4). 
(table 3).
The outcomes differed significantly (P< 0.001). GPs had no explanation for patients’ 
symptoms in 17% (n=22/127) of patients in the intervention group and in 38% (n=45/ 
117) of patients in the control group (RR = 0.5, CI = 0.3 to 0.7). After six months, GPs 
established a cardiac diagnosis in 31 patients in the control group (26.5%, CI= 0.18 to 
0.34) and in 85 patients in the intervention group (67.2%, CI= 0.59 to 0.75) (table 4). There 

table 2. Interpretation after six weeks of the ambulant ECG’s by the cardiologist

diagnosis number of ECg’s during 
complaints n (%) (n = 214)

number of patients
n (%) (n = 127)

relevant 51 24% 24 19%

 Atrial fibrillation 25 12% 10 8%

  supraventricular tachycardia not specified 23 11% 12 9%

 SAN-exit block 3 1% 2 2%

less relevant 128 60% 59 46%

 Sinus tachycardia 43 20% 19 15%

  Ventricular extrasystoles (< 3/30 secs) 73 34% 34 27%

 Atrial extrasystoles 12 6% 6 5%

no cardiac diagnoses 35 16% 44 35%

  Symptoms, no abnormalities on ECG 35 16% 21 17%

 No symptoms 21 17%

 No registrations 2 2%

table 3. The process of care during the six months of the study

intervention n 
(%) (n=127)

Control n(%)
(n=117)

differences (95% Ci)

Referral to specialist 46 36% 40 34% +0.02 (-0.09 to +0.14)

Cardiology 25 20% 21 18% +0.02 (-0.08 to +0.12)

Psychiatry/psychology 9 7% 12 10% -0.03 (-0.10 to +0.04)

Other specialism 11 9% 7 6% + 0.03 (-0.04 to +0.09)

Patients with additional investigations* 31 24% 36 31% -0.06 (-0.18 to +0.04)

Blood analysis 21 17% 24 21% -0.04 (-0.14 to +0.06)

Urine analysis 3 2% 3 3% <0.01 (-0.04 to +0.04)

Extra ECG 4 3% 8 7% -0.04 (-0.09 to +0.02)

X-thorax 3 2% 2 2% <0.01 (-0.03 to +0.04)

Other 14 11% 7 6% 0.05 (-0.01 to +0.11)

*some patients had more than one additional investigation
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was a significant increase of relevant cardiac diagnoses (RR= 3.2, CI = 1.5 to 6.8) in the in-
tervention group. All relevant diagnoses in the control group were found after referral to 
a cardiologist (n=5) or consultation at the first aid department (n=3). A striking difference 
between both groups in the frequency of the diagnosis ‘stress’ was found, in contrast 
with the clear cut psychiatric diagnosis of a panic disorder. In the intervention group 
differences between the diagnosis at 6 weeks and after 6 months are mainly explained 
by labelling by the GP of patients without a CER diagnosis or with a sinus tachycardia as 
having a psychiatric or stress-related problem.
After six months of follow-up GPs diagnosed 16 patients as having a psychological or 
psychiatric problem and were unable to register a diagnosis in 22 patients. There were 
four additional relevant cardiac diagnoses made by the GP after 6 months, compared 
with the diagnosis after ending the diagnostic process by the CER (table 2 and 4). One 
patient without a symptomatic intervention ECG appeared to suffer from a SVT and in 
one patient without a symptomatic intervention ECG atrial fibrillation was diagnosed. 
One patient initially diagnosed as having multiple extra systoles and one patient with a 
sinus tachycardia on the intervention ECG (both a less relevant arrhythmia) appeared to 
have atrial fibrillation. All changes to a relevant cardiac diagnosis were made after referral 
to a cardiologist during the six months follow-up period.

table 4. Diagnosis by GP after six months

diagnosis by gP at 6 months 
intervention group

(n = 127)

by gP at 6 months
control group

(n = 117)

relative risk
(confidence interval)

relevant
– Atrial fibrillation
– Supraventricular tachycardia
– Nodal escape rhythm
– SA block

28 (22%)
12 (9%)

15 (12%)

1 (1%)

8 (7%)
2 (2%)
4 (3%)
1 (1%)
1 (1%)

3.2 (1.5 – 6.8)

5.5 (1.3 – 24.2)

less relevant
– sinus tachycardia
– bradycardia
– ventricular extrasystoles
– atrial extrasystoles

57 (45%)
21 (16%)

–
34 (27%)

2 (2%)

23 (20%)
13 (11%)

3 (2%)
6 (5%)
1 (2%)

2.3 (1.5 – 3.5)

no cardiac diagnoses
– anemia, hyperthyreoidie
– anxiety/ panic disorder
– stress-related symptoms

19 (15%)
3 (2%)
7 (6%)
9 (7%)

41 (35%)
 4  (3%)
 8  (7%)
29 (25%)

0.4 (0.3 – 0.7)

no diagnoses 22 (17%) 45 (38%) 0.5 (0.3 – 0.7)

lost for follow up 1 (1%) –
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disCussion

This was the first comparative study of the use of an event-recorder in the diagnostic 
process in general practice. We introduced the event recorder as an extra diagnostic tool 
in general practice for patients with symptoms of palpitations and/or light headedness. 
Within 28 days 83% of the patients in the intervention group were able to register one 
or more episodes, which led to a firm cardiac explanation in 65% of all patients and to 
exclusion of a cardiac disease in 17%. In our intervention group more cardiac diagnoses, 
of which more appeared relevant were made than in previous, non randomised studies 
in general practice.3, 4 After six months the GP was able to explain 62% of the episodes of 
patients without an event recorder, compared to 82% in the intervention group. This is 
comparable with previous studies in secondary care.15

The most likely explanation for these findings is that GP’s missed (relevant) cardiac di-
agnoses in the control group because of the paroxysmal nature of the complaints and 
over-diagnosed stress related problems. Not discovering relevant cardiac diagnoses like 
atrial fibrillation can have serious consequences. Paroxysmal attacks have the same risk 
for stroke as permanent fibrillation.11 These patients require anti-coagulant treatment, 
while some need further evaluation by a cardiologist, as indicated by the Dutch guide-
line on atrial fibrillation. The benefit of identifying more diagnoses from the group of less 
relevant cardiac diagnosis is more difficult to value, but especially recording sinusrhythm 
or a ventricular extra systole during a typical episode can be helpful because it virtu-
ally rules out cardiac disease. This can be reassuring for both patient and GP, thereby 
avoiding unnecessary further testing and referral. We anticipated a lower referral rate in 
the intervention group, but as so many patients needed specialist care (as the diagnosis 
indicated the need for that) the referral rate in the intervention group was similar to 
the referral rate in the control group. Referrals however were more appropriate in the 
intervention group.
Some patients with (serious) cardiac abnormalities in the control group have probably 
been incorrectly labelled as having a stress related problem. This phenomenon has been 
mentioned before in secondary care. Palpitations are one of the more prominent somatic 
signs of panic attacks and anxiety. Treatment of the palpitations may lead to disappear-
ance of the stress related symptoms.12

Methodological limitations

It is unlikely that our findings have been generated by a large imbalance in patients with 
a cardiac abnormality despite randomisation. However, because we choose for a paral-
lel, randomised trial with a control group we did not ascertain the frequency of cardiac 
abnormalities in the control group. Therefore, we opted for a relatively long (>6months) 
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follow-up time, during which GPs were able to conduct all diagnostic procedures they 
thought necessary (including referral) and change their initial diagnosis. An alternative 
design would have been a single group design in which all patients receive the event 
recorder and then calculating the overall yield of the device. The results of such designs 
are often unconvincing because it remains unclear how many would have been detected 
with usual care. Therefore, we choose a randomised design to determine the extra yield 
in comparison to usual care.13 Another option would have been to randomise between 
memo-event recorder and referral to the cardiologist with Holter monitoring. The main 
problem associated with Holter monitoring is its low sensitivity in infrequently occurring 
symptoms and the yield of many aberrations with uncertain clinical consequences.14

Our stratified randomisation procedure was meant to create comparable groups of 
patients and not to frustrate GPs whose patients all could be randomised to the control 
group without stratification, but created some imbalance between the two groups. There 
was however no difference in baseline characteristics and there was also no difference in 
firm non-cardiac diagnoses in both groups.
We asked GPs to include every consecutive patient with palpitations or light headedness 
as a new complaint. This probably has led to a relative young study population. We con-
ducted a retrospective chart review after recruitment among 27 of the 69 participating 
GPs. About half of the eligible patients appeared not to be included. In a third of cases 
GPs forgot to include the patient in the trial (33%) and in under a quarter of the cases 
the GPs had another explanation for the symptoms (21%), mostly extra systoles. This 
selection bias may have led to a higher prevalence of relevant cardiac abnormalities in 
our study population, but did not affect the contrast between both parallel groups of 
patients.
We conclude that introduction in general practice of a patient activated memo event 
recorder is feasible and elucidated hidden morbidity with potential serious medical 
consequences. The ability to exclude cardiac problems is another strength of this tool. 
Further research is needed to refine the indications and taper its use in daily practice.
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aBstraCt

Background

Patient-activated continuous-loop event recorders (CER) are useful as a diagnostic tool in 
new episodes of palpitations and/or dizziness. So far no analysis of optimal duration for 
monitoring in unselected patients has been published.

Methods

During a period of 30 days we prospectively evaluated the time until diagnosis using CER 
in patients with symptoms of palpitations and/or dizziness in general practice.

Results

In total, 127 patients received an event recorder for a maximum duration of 30 days. 
Events were recorded by 104 patients (82 %), of whom 83 (78%) showed an arrhythmia. 
After two weeks, 75% of all diagnoses and 83.3% of all clinically relevant diagnoses could 
be established.

Conclusion

The yield of event recording in general practice diminishes with recording time. A mini-
mum recording time of two weeks seems necessary.

Keywords

Atrial fibrillation, cardiology, diagnostic tests, duration, telemedicine.
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introduCtion

Electrocardiogram (ECG) recording during complaints is the reference standard for 
establishing or excluding a cardiac diagnosis in patients with palpitations. Due to the 
paroxysmal nature of symptoms, a conventional ECG during complaints can only be 
made in about one-third of patients.1 When symptoms occur frequently, Holter monitor-
ing for one or two days might provide a diagnosis. In case of sporadic symptoms, patient-
activated continuous-loop event recorders (CER) allow for a longer observation period 
and have proven to be more efficacious than Holter monitoring.1-4 The optimal duration 
of event recording was found to be two to six weeks in selected populations.3-5 So far, 
no analysis of optimal monitoring duration in unselected patients with new episodes 
of palpitations or light-headedness has been published. The aim of this study was to 
evaluate prospectively the optimal duration of CER monitoring to establish any diagnosis 
and to establish the time needed to diagnose relevant cardiac arrhythmias.

mEtHods

Patients

The methodology of this study has been described in more detail previously.2 In sum-
mary, GP’s included consecutive adult patients with palpitations or dizziness and pro-
vided baseline data on a standard research form. Palpitations were defined as any feeling 
of abnormal heartbeat or rhythm. Dizziness was defined as a feeling of light-headedness, 
faintness or near-collapse. When a standard 12-lead ECG did not explain the patient’s 
complaints a CER was provided for a maximum period of 30 days.

Event Recorder

All patients received a loop recorder CG-6106 (Card Guard, Schaffhausen, Switzerland). It 
was programmed to store 30 seconds before and 2 minutes after activation by patient. 
Every time patients experienced the predefined complaints, an ECG-registration was 
made by the patient and sent by phone to the research center. End points were a con-
clusive abnormal ECG, or three normal ECGs during symptoms. An experienced cardiolo-
gist, who was informed about the patients’ complaints, reviewed all the recordings. If 
the cardiologist judged the ECG conclusive the patient was instructed to stop recording.

ECG findings

Arrhythmias were defined as all rhythms that were not normal sinus rhythm between 
60-100 beats per minute.6 Arrhythmias for which medical intervention or referral to a 
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cardiologist was needed were considered relevant [i.e., paroxysmal atrial fibrillation (AF), 
atrial flutter, atrial tachycardia, supraventricular tachycardia not specified and ventricular 
tachycardia]. Less relevant arrhythmias included ventricular or atrial premature beats, 
sinus tachycardia or bradycardia. Normal sinus rhythm was diagnosed when a patient 
recorded three symptomatic episodes with no ECG abnormalities, or when at least dur-
ing one symptomatic episode a normal sinus rhythm was recorded (without any other 
rhythm abnormality) after thirty days. The outcome was inconclusive if patients did not 
have complaints during the 30 days monitoring and if they were not able to record dur-
ing complaints, or when registrations were of poor quality.

rEsults

In total, 127 patients were enrolled. The average age was 50 (range 18-85) years; 94 
patients (74%) were women. Time between onset of palpitations and study enrolment 
varied from one week to 3 months (35%), 3 months to 1 year (27%) and longer then one 
year (38%). In the last month prior to enrolment, patients reported between one and >30 
episodes. A typical episode lasted from less than one minute (19%), 1-5 minutes (21%), 
6 minutes to 1 hour (21%) and longer than one hour (19%). Twenty-five patients (20%) 
were on cardiac medication (beta-blockers, Ca-antagonists and/or digoxin).
Two patients were not able to make a registration. A symptomatic episode was recorded 
in 104 patients (82%); 83 patients (65%) recorded an arrhythmia, of which 24 (29%) 
proved clinically relevant. In total, 13 relevant arrhythmias (54%) were recorded during 
the first week, and six (25%) during the second week. Fifty-nine patients (71%) registered 
a less relevant arrhythmia, of whom 30 (51%) during the first week of registration and 13 
(22%) during the second week. At three weeks CER monitoring, 23 (96%) of the relevant, 
and 50 (85%) of the less relevant arrhythmias were diagnosed (fig 1).
The number of episodes during the month prior to enrollment showed a small increase 
in the likelihood to obtain an early diagnosis (Hazard ratio 1.09, 95% confidence interval 
1.024-1.162).

disCussion

This study prospectively evaluated the time needed to establish a diagnosis using a CER 
in patients with palpitations. During 30 days, 104 patients (82%) were able to document 
a symptomatic episode. Of those 104 patients, 24 (23%) had a relevant arrhythmia and 
80 patients (77%) showed less relevant arrhythmia’s or sinus tachycardia. The chance of 
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finding a relevant arrhythmia diminished over time. In the last 15 days, during which 59 
patients carried a CER, four relevant arrhythmias were detected, and in the last 10 days 
just one. This phenomenon of decreasing diagnostic yield has been described previously 
in patients referred to a cardiology department.4;7 The clinical relevance of the arrhythmia 
proved to be the most predictive factor for early diagnosis.
The duration of monitoring in this study was limited to 30 days. If a patient registered 
a clinically less relevant arrhythmia that could explain his/her complaints, the registra-
tion was ended. During a follow-up period of 6 months, relevant arrhythmias (AF) were 
diagnosed in two patients who had been referred by the GP to the cardiologist. Both 
patients registered a less relevant arrhythmia during the registration period in this study. 
Thus, diagnosis of additional relevant arrhythmias with other methodologies or longer 
observation periods are possible. From this relatively small study, one can conclude that 
the diagnostic yield rapidly diminishes after three weeks (79% of relevant arrhythmias in 
2 weeks and 96% in 3 weeks). For longer periods of monitoring, the treating physician 
has to weigh the decreasing yield of diagnosis against the burden and costs of carrying 
a CER.

figure 1. The cumulative number and type of diagnosis diagnosed per day of CER monitoring; patients 
with no diagnosis have been removed from this figure



40

rEfErEnCEs

 1. Kinlay S, Leitch JW, Neil A, Chapman BL, Hardy DB, Fletcher PJ. Cardiac event recorders yield more 
diagnoses and are more cost-effective than 48-hour Holter monitoring in patients with palpita-
tions. A controlled clinical trial. Ann Intern Med 1996; 124(1 Pt 1): 16-20.

 2. Zwietering PJ, Knottnerus A, Gorgels T, Rinkens P. Occurrence of arrhythmias in general practice. 
Scand J Prim Health Care 1996; 14(4): 244-250.

 3. Hoefman E, van Weert HC, Reitsma JB, Koster RW, Bindels PJ. Diagnostic yield of patient-activated 
loop recorders for detecting heart rhythm abnormalities in general practice: a randomised clinical 
trial. Fam Pract 2005; 22(5): 478-484.

 4. Kinlay S, Leitch JW, Neil A, Chapman BL, Hardy DB, Fletcher PJ. Cardiac event recorders yield more 
diagnoses and are more cost-effective than 48-hour Holter monitoring in patients with palpita-
tions. A controlled clinical trial. Ann Intern Med 1996; 124(1 Pt 1): 16-20.

 5. Reiffel JA, Schulhof E, Joseph B, Severance E, Wyndus P, McNamara A. Optimum duration of trans-
telephonic ECG monitoring when used for transient symptomatic event detection. J Electrocardiol 
1991; 24(2): 165-168.

 6. Zimetbaum PJ, Kim KY, Josephson ME, Goldberger AL, Cohen DJ. Diagnostic yield and optimal du-
ration of continuous-loop event monitoring for the diagnosis of palpitations. A cost-effectiveness 
analysis. Ann Intern Med 1998; 128(11): 890-895.

 7. Zwietering PJ, Knottnerus JA, Rinkens PE, Kleijne MA, Gorgels AP. Arrhythmias in general practice: 
diagnostic value of patient characteristics, medical history and symptoms. Fam Pract 1998; 15(4): 
343-353.







Chapter 4
 Continuous event recorders 
did not aff ect anxiety or 
quality of life in patients 
with palpitations

Emmy Hoefman

Kimberly R Boer

Henk C.P.M. van Weert

Johannes B. Reitsma

Rudolph W. Koster

Patrick J.E. Bindels

Published in Journal of Clinical Epidemiology. 2007 Oct;60(10):1060-6.



44

aBstraCt

Objectives

Palpitations can generate feelings of anxiety and decrease quality of life (QoL) due to the 
fear of a cardiac abnormality. Continuous-loop event recorders (CER) have proven to be 
successful in diagnosing causes of palpitations but may affect patient QoL and anxiety. 
The aim of this study is to determine anxiety and health-related (HR)-QoL and evaluate 
the burden of carrying a CER in general practice populations.

Study Design and Setting

Patients (n= 244) participated in a randomized trial. One group (n= 127) carried a CET 
during 4 weeks. One hundred and seventeen patients formed the usual care (UC) group. 
State-Trait Anxiety Inventory (STAI) and the short Form-36 (SF-36) were administered at 
study inclusion, after 1, 6 months.

Results

At baseline, patients reported greater anxiety and lower QoL than healthy populations. 
The CER group had three times more cardiac diagnoses than the UC group. No differ-
ences were found between CER group and UC group at 6 weeks. At 6 months, the UC 
group showed QoL improvement and less anxiety compared to the CER group. Type of 
diagnosis had influence, but did not fully explain these differences.

Conclusion

A CER does not negatively influence anxiety or QoL. Better outcomes in the UC group 
might be attributed to less cardiac diagnosis and more emphasis on psychological well-
being.

Keywords
Continuous event recorder; Quality of Life; Anxiety; Palpitations; STAI; SF-36.
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introduCtion

Yearly, approximately 8 per 1000 patients visit their general practitioner (GP) with com-
plaints of palpitations.1 The continuous-loop event recorder (CER) is increasingly used 
by GPs in the diagnostic workup of these patients because of its high diagnostic yield.2;3 
A recent study showed the CER to be an effective diagnostic tool in general practice, 
allowing the GP to diagnose almost twice as many episodes and detect three times more 
clinically relevant arrhythmias than with usual care (UC).3 Treatment of clinically relevant 
arrhythmias is warranted for the improvement of symptoms (mainly in supra-ventricular 
tachycardia (SVT) and atrial fibrillation (AF)) or prevention of stroke.4 The diagnosis of a 
less relevant arrhythmia or of the absence of an arrhythmia might, on the other hand, 
help in reassuring the patient.
In referred specialist populations, it has been shown that arrhythmias can cause con-
siderable anxiety and impair patients’ health-related quality of life (HR-QoL).5-7 Even 
when symptoms have been demonstrated not to have a cardiac origin, patients may 
still be apprehensive about having cardiac disease.8 Moreover, some patients remain 
symptomatic even after treatment and hence continue to suffer from reduced HR-QoL 
and increased anxiety.7;9;10 To date, many studies have focused on the effects of treatment 
strategies on HR-QoL in patients with palpitations and structural heart disease in the 
specialist setting.7;10-13 In contrast, the impact of diagnostic evaluation of palpitations on 
anxiety and HR-QoL has barely been evaluated.10 GPs are often concerned about actually 
causing anxiety in these patients, particularly because most of them ultimately do not 
suffer from cardiac disease.14 Therefore, before implementing this new diagnostic tool in 
general practice, it is important to determine the impact on anxiety and HR-QoL of using 
this CER in patients with palpitations.
We have tried to answer three questions: (1) to what extent do patients with palpitations 
report problems with anxiety and HR-QoL at baseline, compared to a healthy reference 
population? This allows us to understand to what extent palpitations decrease HR-QoL 
or increase anxiety before diagnosis and/or subsequent treatment. (2) Does having a 
CER for 30 days negatively affect anxiety or HR-Qol in the short-term (i.e., during the 
diagnostic process) and/or in the long-term (i.e., after finishing the diagnostic process 
and establishing treatment, if deemed necessary) in comparison to a strategy of UC in 
the general practice? (3) Does the type of diagnosis established by the CER negatively 
impact anxiety or HR-QoL?
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2. mEtHods

2.1. Study design

Sixty-nine GPs in both urban and suburban areas of the Netherlands were asked to enroll 
consecutive patients with new complaints of palpitations and/or lightheadedness into 
this prospectively randomized clinical trial (October 1999 to June 2002). Palpitations 
were defined as any feeling of an abnormal heartbeat or rhythm. Lightheadedness was 
defined as feelings of dizziness or of imminent fainting.

2.2. Patients

Patient enrollment, inclusion and exclusion criteria are described at length elsewhere.3 
In short, patients were computer randomized, stratified per GP. We conducted the trial 
according to the CONSORT-guidelines15 except for not blinding the GPs and patients.

2.3. Diagnostic strategies

Intervention-arm patients received UC by their GP, and additionally received a CER (Card 
Guard CG-6106) for a period of 1 month or until a diagnosis was established. Control-arm 
patients received only usual care by their GP.
The CER was attached to the patient’s chest with two patch electrodes; it weighs 35 
grams and its diameter is 55 mm. The CER records a continuous ECG, but stores it in its 
memory only when activated by the patient pressing a button. It can be carried in the 
pocket or attached to a belt during most activities. Patients send all ECG recordings by 
phone to a central receiving facility.

2.4. ECG findings

Arrhythmias were defined as all rhythms that were not between 60-100 beats per minute 
and not considered normal sinus rhythm. Differentiation was made between clinically 
relevant arrhythmias, for which medical intervention and/or further investigation by re-
ferral was advisable (paroxysmal atrial fibrillation (AF), atrial flutter, atrial tachycardia, su-
praventricular tachycardia not specified (SVT) and ventricular tachycardia), less relevant 
arrhythmias (premature beats (ventricular or atrial), sinus tachycardia and bradycardia) 
and normal sinus rhythm.

2.5. Data collection

The GPs completed case record forms (CRF) for the intervention-arm and control-arm 
patients relating the patient’s complaints, GP diagnosis, referrals and interventions at 
baseline, at six weeks (when the recording period was completed) and at six months. 
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Patients completed the State-Trait Anxiety Inventory (STAI) and the Short Form-36 (SF-
36) health survey at study inclusion, at 6 weeks and at 6 months.

2.6. Instruments

The STAI contains two 20-item scales covering current (state) and underlying (trait) 
anxiety. State anxiety was defined as a transient level of arousal associated with reactions 
to adverse situations. Trait anxiety was defined as an individual’s dispositional level of 
anxiety regardless of external stimuli.16 The STAI is a validated, concise, patient-completed 
generic questionnaire that allows differentiation between situational and trait anxiety 
through different recall periods. Scores for both the state anxiety and the trait anxiety 
scales vary from low-reported anxiety (a minimum of 20) to high-reported anxiety (a 
maximum of 80). We imputed for missing values, according to the STAI manual.16

The SF-36 health survey is a validated self-administrated scale, using standardized ques-
tions. These yield eight dimension scores: physical functioning (PF), role functioning 
physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), 
role functioning emotional (RE), and mental health (MH).17 All raw scale scores are linearly 
converted to a 0 to 100 scale, with higher scores indicating higher levels of functioning or 
well-being. The SF-36 has been translated and validated for a Dutch population.18

2.7. Statistical methods

For the STAI, baseline values are compared to a U.S. working population, as reference 
scores for the STAI are not available for a Dutch population.16 Baseline values for the SF-36 
are compared to a healthy Dutch population.18 Because of female preponderance in this 
study, gender stratified comparison of means and standard deviations are presented. As 
the mean age and distribution of our study patients and the Dutch reference population 
were about the same, no standardization for age was deemed necessary.
Repeated measurement analyses were used to study changes over time in anxiety and 
HR-QoL between the two study-arms. Linear mixed models were used to account for 
correlation of measurements within the same individual.19 No mathematical pattern 
was imposed on the covariance structure for measurements within the same individual 
(unstructured variance-covariance structure). Mean scores for each outcome were mod-
elled as a function of the intervention given (categorical with two levels), time since 
intervention (categorical with two levels), and the value of the measurement at baseline 
(continuous). The interaction between time and intervention was added to the model to 
test whether trends over time differed between the two intervention-arms.
To examine if the type of diagnosis influenced anxiety and HR-QoL, type of diagnosis 
(relevant, less relevant and other diagnosis, including psychological diagnoses, anxiety, 
and sinus rhythm) was added to the model.
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The Statistical Package of the Social Sciences, version 11.0.1 was used. Confidence 
Interval Analysis 2.0.0 (CIA, 2000, Trevor Bryant, University of Southampton) statistical 
program was used for baseline comparisons. P < 0.05 was considered to be statistically 
significant and Cohen’s guidelines were used to determine clinical relevance20;21.

3. rEsults

Two hundred forty-four patients were randomized to either CER (n=127) or to UC (n=117). 
Mean age was 50 years (SD ±14) in both arms. The majority of our patients were women 
(74%, Table 1). Two hundred thirty-eight patients had complaints of palpitations and/or 
light-headedness; six patients (4 control group and 2 intervention group patients) were 
included with complaints of only light-headedness. There were no significant differences 
between the two groups at baseline in respect to age, gender, number of episodes, and 
length of symptoms or average duration of episode (Table 1). As was previously conclud-
ed, the CER was an effective diagnostic tool; diagnostic findings after 6-months follow-up 
were different for the patients carrying a CER as compared to patients who received UC.3 
In the intervention group 28 (22%) relevant diagnoses, 57 (45%) less relevant diagnoses 
and 19 (15%) non-cardiac diagnoses were found (16 (12%) psychological diagnoses) 

table 1. Baseline Characteristics

Event recorder
n = 127

usual care
n = 117

Age mean (SD) 50 (14) 49 (13)

Female (%) 94 (74) 86 (74)

Time since first episode: n (%)

 < 7 days
 7 days -3 months
 3 months-1 year
 >1 year

1 (0.8)
42 (33)
35 (28)
49 (39)

6 (5)
42 (36)
25 (21)
44 (38)

Number of episodes last month: n (%)

 1-7 episodes
 8-30 episodes
 >30 episodes

40 (32)
56 (44)
31 (24)

28 (24)
53 (45)
36 (31)

Duration of typical episode: n (%)

 <1 min.
 1-5 min.
 6 min.-1 hour
 >1 hour
 Various

24 (19)
27 (21)
26 (21)
24 (19)
26 (21)

26 (22)
28 (24)
24 (21)
19 (16)
20 (17)

Abbreviation: SD = standard deviation



49

Anxiety and QoL in patients with palpitations

4
whilst only 22 (17%) patients remained undiagnosed. One patient was lost to follow-up. 
In the usual care arm 8 (7%) relevant diagnoses, 23 (20%) less relevant diagnoses and 41 
(35%) non-cardiac diagnoses were found (37 (32%) psychological diagnoses), whilst the 
remaining 45 (38%) patients were left undiagnosed.

3.1. Comparison to healthy reference population

A total of 226 patients (93%) completed STAI and the SF-36 baseline questionnaires. 
At baseline, the trial population reported more state anxiety among males (6.6 points 
higher) and among females (9.4 points higher) compared to the reference population 
(Table 2). Patients with palpitations also reported slightly more trait anxiety on average 
then a normal working population (mean difference of 2.5 for males and 5.1 for females).
For the SF-36, all domains were substantially lower at baseline in our study popula-
tion than in the healthy working population except for bodily pain (differences varied 
between 7.0 and 18.5 points; Table 2) and females (minimum difference was 4.8 and 
maximum difference among dimensions was 21.2; Table 2).

table 2. Comparison of the STAI and SF-36 at baseline

male female

patients at 
baseline

mean (sd) n

difference reference 
population

mean (Ci 95%)

patients
at Baseline

mean (sd) n

difference reference 
population

mean (Ci 95%)

stai*

Strait Anxiety 42.3 (9.4) 64 −6.6 (−9.2 – (−4.0)) 44.6 (11.8) 168 −9.4 (−11.3 – (−7.5))

Trait Anxiety 37.4 (9.0) 64 −2.5 (−4.8 – (−0.2)) 39.9 (11.3) 165 −5.4 (−6.9 – (−3.4))

sf-36**

Physical functioning 78.5 (19.0) 64 6.9 (1.71 to 12.3) 75.6 (22.2) 162 4.8 (0.7 – 8.9)

Role physical 60.2 (40.5) 64 18.5 (9.75 – 27.25) 56.4 (42.3) 163 17.4 (10.7 – 24.1)

Bodily pain 77.5 (23.4) 63 −0.2 (−6.1 -5.7) 72.4 (24.8) 166 −0.5 (−4.5 – 3.5)

Social functioning 77.7 (20.5) 64 8.30 (3.0 – 13.6) 71.1 (25.3) 168 10.9 (6.9 – 14.9)

Mental health 68.4 (15.1) 64 10.9 (6.77 – 15.0) 63.4 (18.9) 168 10.3 (7.23 – 13.4)

Role emotional 71.4 (41.0) 63 14.1 (6.3 – 21.9) 57.3 (44.5) 158 21.2 (14.8 – 27.6)

Vitality 55.0 (23.5) 64 16.9 (12.2 – 21.6) 50.6 (22.4) 168 13.7 (11.6 – 15.8)

General Health 59.1 (20.7) 49 12.5 (6.6 – 18.4) 61.5 (17.8) 164 8.4 (5.0 – 11.8)

Abbreviations: SD, standard deviation, CI, confidence interval
*Comparison of the STAI at baseline to a (US) working population (scale 20-80 with 80 as highest reported 
anxiety
**Comparison of the SF-36 at baseline to a (Dutch) healthy reference population (scores 0-100, highest 
scores indicating higher levels of well-being).
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3.2. Effect of the CER on Anxiety and QoL

One hundred and ninety (84%) and 194 (86%) patients returned the STAI questionnaire 
at 6 weeks and at 6 months respectively (Figure 1). The response rate for the SF-36 was 
83% (188/226) and 86% (195/226) at 6 weeks and at 6 months respectively. The main 
reasons for questionnaire non-response were: moving house, refusal and too many miss-
ing values in the returned questionnaires. No significant differences were found between 
respondents and non-respondents at baseline.

244 randomized patients 

CER intervention
N= 127 

Baseline response:
SF-36 = 119  
STAI  = 122 

6-week response:
SF-36 = 106 (89%) 
STAI  = 108 (89%) 

6-month response:
SF-36 = 103 (87%) 
STAI  = 103 (84%) 

Usual Care
N = 117  

Baseline response:
SF-36 = 107 
STAI = 107 

6-week response:
SF-36 = 82 (77%) 
STAI  = 82 (77%) 

6-month response:
SF-36 = 92 (86%) 
STAI  = 91 (85%) 

Reasons for non-response:
- 2 language difficulties; 
- 3 refused; 5 LTF 

- 8 refused
- 2 entered psychiatric facility 
- 2 died (1 tumor, 1 cardiac arrest) 
- 5 patients moved 
- 8 too many missing values 

- 3 refused 
- 2 entered psychiatric facility 
- 2 died (1 tumor, 1 cardiac arrest) 
- 5 patients moved 
-  3 for SF-36/ 4 for STAI too 
many missing values 

- 1 too ill (admitted to hospital)
- 4 refused 
- 3 too many missing values for 
(SF-36)

- 1 refused 
- 4 lost to follow-up (LTF) 
- 4 moved  
- 4 for SF-36/ 5 for STAI too 
many missing values  

- 6 refused  
- 6 patients moved/ LTF 
- 4 for SF-36/ 7 for STAI too 
many missing values 

figure 1. Patient accrual and response flowchart

3.2.1.�Anxiety
State and trait anxiety decreased minimally in both arms during the first 6 weeks, with 
no significant difference between the two treatment arms (mean state difference = 1.0, 
p = 0.42, mean trait difference = 0.5, p =0.64; Table 3). From 6 weeks to 6 months, patients 
reported approximately the same state and trait anxiety in the intervention arm, yet they 
reported less state and trait anxiety in the control arm, resulting in a significantly lower 
anxiety at 6 months (mean state difference = 2.9, p = 0.02, mean trait difference = 2.2, p 
= 0.03, Table 3).

3.2.2.�QoL
There were no significant differences between the treatment arms at 6-weeks follow-up 
for any of the SF-36 dimensions (Table 3). At 6-months follow-up, SF, VT and GH improved 
minimally or remained stable in the intervention arm, but improved in the control arm, 
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table 3. Mean STAI and Mean SF-36 scores compared per treatment arm controlling for baseline scores*+

intervention Control difference between groups

mean (sE) mean (sE) mean 
difference

95 % Ci

stai

State Modeled Baseline 44.4

Six weeks 42.8 (0.81) 41.8 (0.92) 1.0 −1,4 3,4

Six months 43.3 (0.82) 40.4 (0.89) 2.9 0.5 5.3+

Trait Modeled Baseline 39.4

Six weeks 39.3 (0.68) 38.8 (0.76) 0.5 −1.5 2.5

Six months 39.3 (0.68) 37.1 (0.73) 2.2 0.2 4.1+

sf-36

Physical 
functioning

Modeled Baseline 76.4

Six weeks 78.1 (1.5) 78.3 (1.7) −0.2 −4.6 4.2

Six months 75.9 (1.5) 78.4 (1.6) −2.5 −6.8 1.9

Role Physical Modeled Baseline 57.5

Six weeks 65.4 (3.3) 60.1 (3.7) 5..3 −4.5 15.1

Six months 65.1 (3.4) 67.0 (3.6) −1.9 −11.7 7.8

Bodily Pain Modeled Baseline 73.8

Six weeks 79.4 (1.8) 78.2 (2.1) 1.2 −4.2 6.6

Six months 76.9 (1.8) 78.2 (2.0) −1.3 −6.7 4.1

Social 
Functioning

Modeled Baseline 73.0

Six weeks 76.5 (2.0) 73.7 (2.2) 2.9 −.3.0 8.8

Six months 72.8 (2.0) 79.4 (2.2) - 6.6 −12.5 −.8+

Mental Health Modeled Baseline 64.7

Six weeks 67.7 (1.4) 68.4 (1.6) −0.7 −4.9 3.5

Six months 67.0 (1.4) 71.1 (1.5) - 4.1 −8.3 0.01

Role 
Emotional

Modeled Baseline 61.5

Six weeks 73.6 (3,7) 63.9 (4.2) 9.8 −1.1 20.7

Six months 69.5 (3.8) 69.6 (4.1) −0.1 −11.0 10.8

Vitality Modeled Baseline 51.8

Six weeks 56.3 (1.5) 55.9 (1.7) 0.5 −3.9 4.9

Six months 55.6 (1.5) 60.0 (1.6) −4.5 −8.8 −.012+

General Heath Modeled Baseline 60.5

Six weeks 60.3 (1.4) 60.5 (1.5) −0.2 −4.1 3.7

Six months 60.0 (1.4) 65.0 (1.5) −5.0 −8.9 −1.2+

Abbreviations:SE, standard error; CI, confidence interval
*Statistically significant at p ≤ 0.05.



52

showing a significant difference between the diagnostic arms at 6 months (SF mean 
difference = −6.6, p=0.027 , VT mean difference = −4.5; p = 0.044, GH mean difference = 
−5.0, p = 0.011).

3.3. QoL (SF-36) and anxiety (STAI) between diagnostic groups

Our trial revealed a significant increase in diagnostic yield for the intervention arm 
compared to the control arm.3 We hypothesized that receiving a diagnosis of a relevant 
arrhythmia may in itself negatively influence anxiety and/or HR-QoL. This could possibly 
explain the observed difference in anxiety and HR-QoL between the two diagnostic 
strategies. We tested our hypothesis by examining the effect of adding type of diagnosis 
to the models where significant differences were found; both state and trait anxiety, and 
the, SF, VT and GH subscales of the SF-36. There were no statistically significant differ-
ences in mean anxiety and mean HR-QoL between patients with and without a relevant 
arrhythmia (Table 4). Adding this information to the models did not, therefore, explain 
the difference in anxiety and HR-QoL found between the two diagnostic strategies (Table 
4).

disCussion

Patients with palpitations had more anxiety and lower HR-QoL than a general reference 
population. Patients reported more clinically relevant state and trait anxiety, as well 
as reduced HR-QoL on all SF-36 dimensions (except bodily pain), resulting in at least a 
moderate clinically relevant difference for both males and females. Consistent with the 
literature, males scored better than females at baseline.22

During this six-month study, anxiety and HR-QoL improved slightly for both study arms, 
mostly during the first 6 weeks. Patients received a CER for a maximum of 4 weeks and 
after 6 weeks there were no differences between CER and usual care patients. Carrying 
a CER did not increase anxiety, nor did it have a negative effect on QoL. After 6-months 
follow-up, however, more improvement was seen in patients who received usual care, 
compared to the intervention (CER) group. In the usual care group, anxiety decreased 
and HR-QoL improved, whereas the level of anxiety and QoL remained more or less 
stable in the CER group. Our post-hoc hypothesis for this observation was that it could 
be the effect of finding more clinically relevant cardiac abnormalities in the CER group. 
At 6 months, diagnoses are relatively new and the patients may still be adjusting to their 
subsequent treatment (i.e., medication or even surgery); however, adding diagnosis 
to our statistical model did not provide an adequate explanation, as might have been 
expected from earlier studies.23 We cannot rule out that the type of diagnosis in fact does 
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table 4. Comparing the original model results (Table 3) with a new model with diagnosis added

model without 
diagnosis

model with diagnosis diagnosis strength in model

mean 
difference 
between 
the arms

95 % Ci mean 
difference 
between 
the arms

95 % Ci diagnosis Estimate
*

P- 
value

State 2.9** 0.5 5.3 2.6 −0.0003 5.1 Relevant 
arrhythmia

1.8 0.33

Less relevant 
arrhythmia

0.5 0.76

Other diagnosis ∞ 0.9 0.56

Trait 2.2** 0.2 4.1 1.5 −0.6 3.7 Relevant 
arrhythmia

2.3 014

Less relevant 
arrhythmia

1.7 0.19

Other diagnosis ∞ 0.8 0.55

Social 
Functioning

−6.6** −12.5 −0.8 −7.2+ −13.6 −0.7 Relevant 
arrhythmia

−1.9 0.69

Less relevant 
arrhythmia

0.3 0.95

Other diagnosis ∞ −3.2 0.42

Mental 
Health

−4.1** −8.3 0.01 −4.2 −8.7 0.4 Relevant 
arrhythmia

−0.1 0.98

Less relevant 
arrhythmia

−2.7 0.34

Other diagnosis ∞ −3.0 0.28

Vitality −4.5** −8.8 −.01 −4.3 −9.0 0.5 Relevant 
arrhythmia

−1.4 0.69

Less relevant 
arrhythmia

−3.4 0.25

Other diagnosis ∞ −3.7 0.19

General 
Heath

−5.0** −8.9 −1.2 −5.3+ −9.5 −1.0 Relevant 
arrhythmia

−1.5 0.63

Less relevant 
arrhythmia

0.5 0.85

Other diagnosis ∞ −1.7 0.52

*Compared to no diagnosis found at all.
**+ Statistically significant at p ≤ 0.05.
∞ other diagnosis includes psychological diagnoses and sinus rhythm.
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explain the differences as the number of patients with a relevant diagnosis was relatively 
small in this study (leading to a possible lack of statistical power).
One asset of our study is the random assignment of patients; we expected the number 
of patients with an underlying cardiac abnormality to be comparable between the 
groups. The large difference in diagnostic yield makes it likely that a substantial number 
of psychological diagnoses in the UC patients are actually missed arrhythmias. This phe-
nomenon was described earlier in a specialist setting.24 One of the bodily symptoms of 
anxiety and panic is palpitations whilst the reverse can also be true, palpitations can also 
induce anxiety and panic.25 A double diagnosis in these patients might be warranted.
Compared to UC, seven patients carrying a CER for a month led to one extra diagnosis 
of atrial fibrillation or other supra-ventricular tachycardia. The diagnostic value of the 
CER in general practice seems well-proven3, and the clinical advantages of the CER in 
diagnosing arrhythmias should lead to less cardiac mortality and morbidity4. GPs can 
also be assured that, there is now ample evidence the CER does not aggravate patient’s 
anxiety or decrease patient’s HR-QoL.
Even though the CER can be a brief imposition to patients, we did not find a negative 
effect of carrying a CER on the HR-QoL of the patients. The improvement of anxiety 
and HR-QoL seen in the UC patients might be attributed to increased attention to the 
patient’s psychological well-being and daily functioning by the general practitioner, who 
diagnosed and treated more psychological problems in the UC patients, but probably 
left arrhythmias undiagnosed. In our opinion, however, underlying cardiac disease has 
to be diagnosed and treated in anxious patients as well, because of the negative clinical 
consequences in the long-run and because of the possibility of a double diagnosis.

ConClusion

As found in secondary care studies, general practice patients with palpitations show 
higher anxiety and impaired HR-QoL compared to reference populations.6;22 The CER is a 
safe and effective diagnostic tool, which does not aggravate feelings of anxiety or reduce 
HR-QoL in patients using it. From a clinical point of view there is no reason not to use the 
CER, even for patients with psychological problems.
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aBstraCt

Background

Palpitations and light-headedness are common symptoms that may be indicative of 
cardiac arrhythmias. Effective triage by the general practitioner (GP) might prevent 
delayed treatment or inappropriate referrals. The aim of this study was to determine the 
capability of Dutch GPs to assess the presence of cardiac arrhythmias and which signs 
and symptoms are used in predicting the presence of arrhythmias and which actually are 
related to the presence of arrhythmias.

Methods

A consecutive cohort of 127 patients presenting with palpitations and/or light headed-
ness to 41 GPs in the Netherlands underwent physical examination patient history and 
standard electrocardiogram. The GPs estimation of the probability of patients having 
an arrhythmia was compared with the diagnostic result of 30-days continuous event 
recording (CER). We assessed discriminating factors that can assist a GP in diagnosing an 
arrhythmia.

Results

No correlation was found between the GPs assessment of risk and actual diagnoses. 
GPs were more likely to predict an arrhythmia in patients who suffer from hyperten-
sion (p=0.049) or patients with a history of cardiovascular disease (p=0.006). Vasovagal 
symptoms (odds ratio (OR) = 2.91 95% confidence interval (CI) 1.1 to 7.6) and bradycardia 
(OR=4.2, 95% CI 1.3-14.0) were significantly more common in patients with a CER diag-
nosis of arrhythmia.

Conclusion

Prediction of arrhythmias by GPs based on history taking and physical examination alone 
is not accurate. These parameters are insufficient to decide which patients need further 
diagnostic evaluation. A diagnostic facility with low threshold for GPs is essential for an 
adequate diagnostic process in patients with palpitations and light-headedness.

Keywords: continuous event recorder, general practice, light headedness, palpitations, 
triage.
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introduCtion

Eight per thousand enlisted patients consult their general practioner (GP) every year 
complaining of new episodes of irregular heartbeats, pounding, and racing of the heart. 
Less than half of these patients will be diagnosed with an arrhythmia, of which the major-
ity will have a benign diagnosis.1-3 As some of these patients may have a serious cardiac 
arrhythmia that requires treatment, triage of these patients for further specialised diag-
nostic work-up or treatment is essential.
Cardiology textbooks and previous clinical studies emphasise the importance of the 
relation between signs, symptoms and medical history and clinically relevant arrhyth-
mias.3,4;5; 6,7 A standard 12-lead electrocardiogram (ECG) is readily available in general 
practice when any doubt remains after careful history taking and physical examination 
and provides a diagnosis when an arrhythmia is seen during symptoms. The majority of 
patients, however, does not experience symptoms during consultation and obtaining a 
symptomatic ECG most of the time is not possible.
In earlier empirical general practice based studies, several characteristics taken from 
medical history and physical examination were associated with relevant arrhythmias: 
age, gender, the use of cardiovascular drugs, regular palpitations, palpitations at work 
and during consultation and palpitations affected by sleeping.3,4 These associations 
however were not very strong and their overall value for establishing a diagnosis limited.
In this paper we aim to determine how accurately the GP can asses whether patients with 
complaints of palpitations and/or light-headedness suffer from cardiac arrhythmia and 
for whom further diagnostics are warranted, as well as to determine which factors from 
history-taking and physical examination the GP presently uses to make such an assess-
ment. In addition we examined, in patients with palpitations and/or light-headedness, 
which factors from history and physical examination can assist GPs in identifying patients 
with a clinically relevant arrhythmia.

mEtHods

Study design

The study was performed among 41 GPs practicing in different urban and suburban areas of 
the Netherlands from October 1999 to June 2002. Patients who consulted their GP with new 
complaints of palpitations and/or light-headedness were enrolled. These patients were in 
the intervention arm of a clinical trial, which included diagnostic workup using continuous 
event recording (CER). The methodology of this study is described in more detail earlier in 
this journal.8 Eligible patients underwent routine assessment that consisted of an interview, 
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physical examination and a 12-lead ECG. Patients were included in the study if the initial 
ECG was inconclusive. These patients received a CER for a maximum period of 30 days.

Instruments

The CER (Card Guard CG-6106 loop recorder) continuously records data, but stores only 
data when the patient manually activates the device. It then stores information 30 sec-
onds before and 2 minutes after activation. Patients were asked to activate the memory 
of the recorder when they experienced the symptoms for which they consulted their GPs. 
This CER diagnosis is used as the reference standard.
The GPs recorded 17 items from patients’ history, complaints and results of the physical 
examination. These items were based on previous literature or chosen on clinical grounds 
by our study group and included gender and age, the nature of the patients’ complaints, 
including duration of pre-medical period, number of episodes in the last month, the 
duration of a typical episode, character of palpitations.3,4,9-11 GPs also registered whether 
particular triggers initiated the complaints (emotional moment, stress, exertion or dur-
ing rest moments) and whether the symptoms included sweating or paleness (vasovagal 
signs). Risk factors for cardiovascular disease were recorded (including smoking, alcohol 
use, hypercholesterolemia, history of hypertension, 1st grade familiar cardiovascular 
disease and diabetes mellitus), prior cardiac disease and the use of cardiac medication 
was noted (ß-blockers, Ca-antagonists, Digoxin or any other anti-arrhythmic drug). From 
physical examination, body mass index (BMI), quality and rate of the pulse (at palpitation 
or auscultation) and blood pressure were recorded. At inclusion GPs made an estimation 
of the presence of an arrhythmia on a visual analogue scale from 0% to 100%. GPs were 
also asked to describe what their next course of action would have been if the CER, as 
part of the trial, was not available.

Outcomes

As reference standard, we used the rhythm, registered by the CER during complaints, 
similar as the ones for which the patient visited the GP. A CER is the instrument of choice 
in patients with paroxysmal symptoms and yield more diagnoses than the classical 
Holter registration. (2,7,9) The advantage of the CER over other diagnostic instruments 
is that the registration of an event is directly linked to experience of symptoms. As all of 
the study patients were symptomatic, we used a patient-triggered device to avoid false 
positive outcomes that would be likely with automated triggered event recorders. (12)
Arrhythmias were defined as all rhythms, which were not between 60-100 beats per 
minute and not considered normal sinus rhythm, recorded by the standard ECG or 
CER. Differentiation was made between clinically relevant arrhythmias, less relevant 
arrhythmias and normal sinus rhythm. Relevant arrhythmias were defined as rhythms 
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for which medical intervention and/or further investigation was advisable, including 
atrial fibrillation (AF), atrial flutter, atrial tachycardia, supra ventricular tachycardia not 
otherwise specified (SVT) and ventricular tachycardia. Less relevant arrhythmias were 
defined as arrhythmias, that explained patients complaints, but for which no specialized 
care was indicated, including premature beats (ventricular or atrial), sinus tachycardia 
and bradycardia. Normal sinus rhythm (SR) was defined as more than 3 recordings of SR 
during CER recording.8

The study was approved by the medical ethical committee of the Academic Medical 
Centre in Amsterdam.

Statistical analysis

Accurately� predicting� an� arrhythmia� by� the� GP. In a histogram, the correlation between 
the likelihood of an arrhythmia as assessed by the GP and the empirical probability of an 
arrhythmia after 30 days of CER was analysed. We used univariate analyses to determine 
which items from the history and physical examination GPs used to make this prediction. 
A p-value < 0.05 was considered statistically significant.

Actual� factors� predictive� for� arrhythmia. We identified in a univariate analysis possible 
indicators related to the probability of finding a relevant arrhythmia using Pearson chi-
square tests (p<0.1). Multivariate analysis for the detection of relevant arrhythmia was 
done using a logistic regression model.

rEsults

GPs included 253 patients. In eight patients, a diagnosis was established with the initial 
routine ECG: AF (n=1), runs of ventricular extrasystoles (n=4) and conduction abnor-
malities needing further investigation by a cardiologist (n=3). They were not further 
randomised for this study. From the two study groups, 127 patients were randomised 
to CER for 30 days. The majority (83/127) showed an arrhythmia during the registration 
period and 19% (24/127) of these patients were diagnosed with a relevant arrhythmia. 
The mean age of the patients was 50 years (SD ±14), 74% were female (Table 1). At 
baseline, the majority of patients (62%) had their first episode within the last year, and 
28% within the last 3 months before study entrance. Sixty percent of a patient’s typical 
episode tended to last more then 5 minutes.
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Accurately predicting an arrhythmia by the GP

At study inclusion, GPs were asked to predict the possibility of the presence of any�ar-
rhythmia,�not�only relevant arrhythmias. The GP predicted a 0% chance of the presence 
of an arrhythmia in four patients, all of who turned out to register an arrhythmia with 
the CER (one relevant arrhythmia, and three less relevant arrhythmias). In the lowest 
prediction-ranges (0-20%), four (3,1%) relevant arrhythmias and 24 (19%) less serious 
arrhythmias were found (Figure 1). Among the patients of whom the GP predicted a 50% 
or lower probability of having an arrhythmia, more than 50% of the relevant arrhythmias 
were found (14 of 24 patients). Finally, of the eight patients where the GP predicted a 
100% chance of arrhythmia, only five patients were actually diagnosed with an arrhyth-
mia, of which three with a relevant arrhythmia.
We asked GPs for their diagnostic policy if our trial would not have been conducted 
(Table 2). GPs deemed further diagnostic evaluation necessary in only 13 (54%) of the 
24 patients who turned out to have a relevant arrhythmia. Of the remaining 103 patients 
with a less relevant arrhythmia or no arrhythmia at all, further diagnostic evaluation 
would have been performed in 40 (39%) patients, of whom 28 would have been referred 
to a cardiologist. For 51 (49%) of these patients an expectant policy would have been 
chosen, while specific medication would have been prescribed to 12 patients.

table 1. Number and type of CER diagnoses

n %

Number of patients 127

Arrhythmia on CER 83/127 65

 Relevant diagnosis 24/83 29

  Supraventricular tachycardia not specified 12/83 14

  Atrial fibrillation 10/83 12

  SAN-exit block 2/83 2

 Less relevant diagnosis 59/83 71

  Sinus tachycardia 19/83 23

  Ventricular extrasystoles (< 3/30 secs) 34/83 41

  Atrial extrasystoles 6/83 7

No arrhythmia on CER 44/127 35

 Symptoms, but no abnormalities on ECG 21/127 17

 No symptoms during intervention period 21/127 17

 Failure to record 2/127 2
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Predictive factors for a clinically relevant arrhythmia

In the univariate analysis, only the presence of vasovagal complaints (sweating and 
paleness) during palpitations and the presence of bradycardia during examination were 
more frequently present among patients with serious arrhythmia than among the others 
(Table 3). These factors were included in a multivariate model. Based on previous litera-
ture3,4,9,10 age and cardiac medication were also included in the multivariate model. This 
multivariate analysis showed that age [odds ratio (OR) = 1.01 per year, 95% confidence 
interval (CI) 0.97-1.05] and cardiac medication (OR = 1.37, 95% CI 0.43-4.37) were not 
independently predictive for the presence of a relevant arrhythmia, while vasovagal 
symptoms reported by the patient (sweating and paleness) (OR = 2.92, 95% CI 1.12-7.62), 

table 2. GP policy if this trial was not available

Waiting, no 
intervention

treatment with 
medication

referral to 
cardiologist

other*

diagnosis

Relevant arrhythmia (n=24) 8 (33%) 3 (12%) 12 (50%) 1 (5%)

Less relevant
or no arrhythmia (n=103)

51 (49%) 12 (12%) 28 (27%) 12 (12%)

* Additional first line diagnostics

figure 1. Prediction of percentage cardiac arrhythmias by GP, and actual number of patients with a 
diagnosis
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table 3. Baseline characteristics; association between baseline characteristics and GPs prediction of a 
relevant cardiac arrhythmia (univariate analysis), to determine which factors GPs used the most to predict 
a serious arrhythmia.

Patient
n

mean probability
given by gP of an 

arrhythmia (%)

P-value* Patients with 
relevant 

arrhythmia (n=24)

P-value**

Age in quartiles 0.533 0.333

 18-41
 42-48
 49-60
 > 61

33
30
32
32

38
44
44
49

5 (15%)
3 (10%)
8 (25%)
8 (25%)

Test for 
trend

Gender 0.494 0.362

 Female
 Male

94
33

43
47

16 (17%)
8 (24%)

Time since first episode: 0.362 0.416

 Week-3 months
 3 months-1 year
 >1 year

43
35
49

44
38
47

6 (14%)
6 (17%)

12 (25%)

Test for 
trend: 
0.196

Number of episodes last month: 0.255 0.180

 1-7 episodes
 8-30 episodes
 >30 episodes

40
56
31

50
41
40

11 (28%)
7 (13%)
6 (19%)

Test for 
trend: 
0.317

Duration of typical episode: 0.122 0.367

 <1 min.
 1-5 min.
 6 min.-1 hour
 > 1 hour
 Variable

24
27
26
24
26

35
50
37
53
43

5 (21%)
8 (33%)
5 (21%)
4 (17%)
2 (8%)

Test for 
trend: 
0.102

Heart skipped a Beat 0.365 0.730

 Yes
 No

78
49

45
41

14 (18%)
10 (20%)

Runs of beats 0.442 0.235

 Yes
 No

82
45

45
41

18 (22%)
6 (13%)

Presyncope 0.760 0.857

 Yes
 No

72
55

43
45

14 (19%)
10 (18%)

Trigger / catalyst 0.004* 0.703

 Yes
 No

52
75

35
50

9 (17%)
15 (20%)

Palpitation during rest 0.187 0.925

 Yes
 No

71
51

40
47

13 (18%)
9 (17%)

Vasovagal symptoms
(Pale and/or sweating)

0.152 0.027*



67

Predictive value of history taking and physical examination

5

as well as bradycardia (OR= 4.24 95% CI 1.28-14.0) were predictive of a diagnosis of a 
relevant arrhythmia (table 4).
The overall strengths of these associations were minimal. Approximately 30% of patients 
with a relevant arrhythmia would have been missed as they scored negative on both of 
these predictors (bradycardia and vasovagal symptoms). GPs were more likely to predict 
a patient having an arrhythmia if they suffered from hypertension (GPs estimate patients 
with hypertension 11% higher than normotensive patients, p = 0.049) and if patients 
were known to suffer from cardiovascular disease (GPs estimate patients with cardiovas-
cular history 21% higher than patients without cardiovascular disease, p = 0.018) (Table 

table 3 (continued)

Patient
n

mean probability
given by gP of an 

arrhythmia (%)

P-value* Patients with 
relevant 

arrhythmia (n=24)

P-value**

 Yes
 No

49
78

48
41

14 (29%)
10 (13%)

Cardiovascular risk factor± 0.975 0.830

 Yes
 No

87
40

44
44

71 (69%)
16 (67%)

Cardiovascular disease in history 0.018* 0.363

 Yes
 No

12
111

63
42

1 (8%)
21 (19%)

Cardiac medication 0.767 0.195

 Yes
 No

25
102

45
43

7 (28%)
17 (17%)

Physical examination

Abnormal heart rate (HR) ∞ 0.919 0.016*

 Yes
 No

17
110

43
44

7 (29%)
10 (10%)

Body Mass Index 0.774 0.455

 Underweight/ normal
 Overweight
 Obesity

61
50
15

45
41
45

9 (15%)
11 (22%)
4 (27%)

Test for 
trend: 
0.215

Hypertension at PE 0.049* 0.976

 Yes
 No

42
85

51
40

8 (19%)
16 (19%)

*ANOVA p = 0.05, n.a. = not applicable, PE = physical exam
** Pearson’s Chi2 p= 0.05
± Cardiac risk factors included: smoking, alcohol, hypercholesterolemia, familiar risk (1st grade), history 
of hypertension and diabetes. In separate univariate analyses these risk factors individually were not 
significant predictors.
∞ Abnormal heart rate (HR) includes 16 patients with bradycardia (HR< 60) and 1 patient with tachycardia 
(HR> 100).
N= not always 127 or 24, if GPs did not fill inn the CRFs on that question.
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3). These factors were not actual predictors in the multivariate analysis for patients who 
actually had an arrhythmia (table 4).

disCussion

The aim of this study was to determine whether GPs were able to predict which patients 
were most likely to be diagnosed with an arrhythmia, after taking medical history and 
performing a physical and ECG examination. In addition we examined which factors 
from history and physical examination GPs use for their prediction and which factors 
empirically can assist GPs in identifying patients with a clinically relevant arrhythmia and 
who might need further diagnostic evaluation. From patients presenting to the general 
practitioner with palpitations and/or light-headedness and no diagnosis on the standard 
12-lead ECG, 20% showed a clinically relevant arrhythmia when evaluated with a CER. 
Of these, paroxysmal AF and other SVTs were the most commonly diagnosed clinically 
relevant arrhythmias. GP’s only predicted 50% of these patients correctly, meaning that 
only half of these patients would have been correctly referred for further diagnostic 
work-up, leaving half of these patients undiagnosed and thereby untreated (Table 2). On 
the other hand GPs would have referred 40 of the 127 patients to a specialist, of whom 
28 (70%) did not have a relevant cardiac problem. Using the CER doubles the finding of 
important diagnoses and possibly substantially reduces unnecessary referrals.
Two factors from history taking and physical examination contributed to the GPs sus-
picion of an arrhythmia: the presence of hypertension and a patient’s history of cardio-
vascular disease. From literature, it is known that these are commonly used factors in 
predicting arrhythmias.7,12-14 In this study neither of these factors had an association with 
the presence of an arrhythmia diagnosed by the CER.
Two factors increased the likelihood of having a relevant arrhythmia: bradycardia during 
consultation and vasovagal symptoms. If the GPs would have used these factors as a 
guide for further diagnostics 7 of the 24 patients with serious arrhythmias would not 

table 4. Predictive factors for a serious arrhythmia versus a less serious arrhythmia, sinus rhythm and no 
diagnosis (Multivariate logistic regression)

odds ratio 95%
Ci lower

95%
Ci upper

P-value

Age per 1 year increments 1.01 0.97 1.05 0.571

Vasovagal symptoms 2.85 1.11 7.31 0.029*

Abnormal heart rate (HR) 3.55 1.11 11.4 0.033*

Cardiac medication 1.42 0.45 4.47 0.551

*Statistical significance at p =0.05
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have been diagnosed because they scored negative on both predictive factors. There-
fore, the predictive power of these indicators is not strong enough to guide practical 
decision-making of the GP.
This is not the first study to show that GPs have difficulties to correctly diagnose patients 
using signs and symptoms.15 Evidence on diagnostic accuracy and precision is scant and 
hard to find16, but the literature suggests that physical examination and history taking 
alone may not be sufficient as triage instruments for patients with palpitations and light-
headedness.17

GPs were asked about their medical management in this trial situation. However, they 
could act differently in a normal practice situation. Besides, GPs are inclined to do more 
tests if a patient visits the physician for a second time with the same complaints. In this 
case, GPs may be more likely to install further diagnostic test. Therefore, we cannot rule 
out that eventually more patients would have been correctly diagnosed.
Although we asked GPs to include patients consecutively, the GPs were not fully com-
pliant with this. This might have biased our results, but effects on our analysis seem 
negligible, since the GPs did not make their selection on the basis of the probability of 
arrhythmias.9

A further limitation of this study was the small sample size, which inevitably results in 
a small number of possible predictors and low statistical power. For example previous 
research identified age and cardiac medication as relevant predictive factors for arrhyth-
mias, but in our model, neither age nor cardiac medication was a statistically relevant 
contributor. This could have potentially been caused by the limited number of patients 
in our study group.

ConClusion

This study confirmed that an accurate prediction by general practitioners of the pres-
ence of a (relevant) arrhythmia in patients presenting with palpitation and/or light-
headedness, with an inconclusive standard ECG, is not possible at this moment. GPs do 
not have an accurate instrument at hand to predict which patients might profit from 
further diagnostic evaluation. As our sample was small, further research is needed to 
develop accurate triage rules.
In cases where as standard ECG does not lead to a diagnosis, evidence suggests that a 
CER might be very helpful in the decision to treat or refer a patient. Reassuring a patient 
without using this diagnostic test might be premature.9 Therefore a low threshold for 
further diagnostic testing seems adequate.
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aBstraCt

Background/objectives

Symptoms suggestive of cardiac arrhythmias are a challenge to the diagnosis. Physical 
examination and a 12-lead ECG are of limited value, as rhythm disturbances frequently 
are of paroxysmal nature. New technologies facilitate a more accurate diagnosis. The 
objective of this study was to review the medical literature in an effort to define a guide 
to rational diagnostic testing.

Methods

Primary studies on the use of a diagnostic tool in the evaluation of palpitations were 
searched in MEDLINE and EMBASE with an additional reference check.

Results

Two types of studies were found: descriptive and experimental studies, which compared 
the yield of two or more devices or diagnostic strategies.
Holter monitors seemed to have less diagnostic yield (33%-35%) than event-recorders. 
Auto-triggered recorders detect more arrhythmias (72%-80%) than patient-triggered 
devices (17%-75%). Implantable devices are used for prolonged monitoring periods in 
patients with infrequent complaints or unexplained syncope.

Conclusion

The choice of the device depends on characteristics of symptoms and patients. Due to 
methodological shortcomings of included studies no evidence-based diagnostic strat-
egy can be proposed.
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introduCtion

Physicians commonly face patients with symptoms suggestive of cardiac arrhythmias, 
such as palpitations. However, as the majority of patients do not experience symptoms 
during consultation and medical history and physical examination are usually inconclu-
sive, diagnostic evaluation is difficult and further diagnostic tests are often indicated. An 
ECG during symptoms is considered to be the reference standard, but obtaining a symp-
tomatic standard ECG often is not possible.1 Increased emphasis on outpatient diagnosis 
and recent technical developments has created techniques that facilitate obtaining a 
symptomatic ECG of an ambulant patient.
A systematic literature search was performed to analyze the available monitoring tech-
niques to diagnose patients with symptoms of palpitations Based on this research and 
clinical reasoning we define a guide to rational diagnostic testing in these patients.

mEtHods

Search Strategy

We performed a literature search, using MEDLINE (01/1966-03/2007) and EMBASE (01/1988-
03/2007). The complete search strategy is available upon request from the corresponding 
author. Searches were limited to original studies in humans. We excluded letters and 
editorials. Languages other than German, French, English, Dutch or Italian were excluded.

Inclusion of studies

The first selection was on title and abstract. The article had to describe an original study 
on the use of a diagnostic tool, other than a standard ECG in the evaluation of adult out-
patients with complaints of palpitations. Duplicates and articles without abstract were 
removed. The search was supplemented by reference checking for any missing studies. 
Although we planned to include only prospective or transversal studies with a clear refer-
ence standard this did not prove to be feasible, so we included all original studies on the 
use of new technology, irrespective of study design.
Two authors (EH, HvW) independently assessed the methodology of the included stud-
ies, using the appropriate instruments and extracted data.2 In case of any disagreement, 
consensus was reached after extensive discussion.

End points

In a true diagnostic study the results of an index test are compared with the results 
of a reference test. However, when studying the results of new technologies, that are 
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supposed to be more sensitive and/or specific than existing ones, such study-designs 
not feasible.3 Therefore evaluation of such new technologies should focus on the clinical 
consequences.4 Thus adequate end-points of diagnostic studies in case of palpitations, in 
which a new technology is studied, can be ‘detected arrhythmias’ (with or without clinical 
consequences) or ‘explained symptoms’ (with or without consequences in management). 
These outcomes are different, as a detected arrhythmia does not necessarily explain the 
symptoms for which patients seek medical help, and not all arrhythmias are clinically 
relevant. On the other hand relevant arrhythmias do not always produce symptoms. 
Therefore we report both endpoints, detected arrhythmias as well as explained episodes, 
whenever possible. We use the term ‘relevant arrhythmia’ when treatment and/or further 
clinical evaluation is needed. We considered an arrhythmia relevant in case of (parox-
ysmal) atrial fibrillation (PAF), atrial flutter, artrial tachycardia, other supraventricular 
tachycardia (SVT), ventricular tachycardia or escape rhythm.
We intended to perform a meta-analysis, but as data could not be combined, studies are 
reported in a narrative form.

rEsults

The results of the search and subsequent assessment of identified studies are sum-
marized in figure 1. Our search yielded 1700 articles. After reading title and abstract 38 
articles were labelled potentially relevant.
Four reviews were excluded because these reviews were not systematic and included 
no original data. One reference could not be retrieved, even after mailing the author, 11 
articles did not describe a diagnostic method or included patients without palpitations. 
Reference checking yielded a total of six additional relevant articles. Finally 28 studies 
were available for analysis (Figure1). Performing meta-analysis did not prove to be pos-
sible, either due to clinical heterogeneity or due to methodological heterogeneity.

Available technologies

Our search yielded six different diagnostic devices, which currently are available to regis-
ter an ECG while the patient is ambulant (table 1).
1. Holter monitoring continuously records a 12 ECG-lead over a 24 to 48 hour period. 
Recently even up to 72 hours. Since 1960, it used to be the first choice for additional 
workup in detecting and quantification of suspected arrhythmias. To link ECG changes to 
occurring symptoms patients must keep up a diary during the monitoring period.
2. External event recorders without loop, also known as Trans Telephonic Monitoring 
(TTM) are a form of non-continuous ambulatory recordings. After activation by the pa-
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tient an ECG is recorded. The recorded event must be directly transmitted by telephone 
to a receiving center.
3. Event recorders with looping memory (continuous event recorders: CER) make a 
continuous one-lead recording, but the rhythm strip will only be saved when a patient 
activates the device. Most devices can be programmed to save pre-activation and post-
activation rhythm strips. Several designs are available, for example, with electrodes 
attached to the chest, with a device around the wrist or a hand held credit card design.

SEARCH 

MEDLINE EMBASE 

potentially relevant 
studies identified and 
screened for retrieval 

(n=1700) 

studies included for full 
text reading 

(n=38) 
studies excluded  

article not obtained 
(n=1),no original 

study (n=15) 
Total (n=16) 

 

studies in review
(n=28) 

reference checking
Adding 
(n=6) 

studies retrieved for 
evaluation 
 (n=1420) 

duplicates removed 
(n=280) 

 

studies excluded 
not fulfilling 
inclusion criteria 
(n=1382)

figure 1. Flow chart of studies through the stages of the review
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4. auto triggered event monitors with looping memory (at-CEr) automatically 
recognize (pre-specified) high or low heart rates and were introduced a few years ago. 
Several types of devices are now available5, R-Test Evolution (RTE) performs continuous 
ECG analysis combined with an automatic storage of abnormal events detected in a 
20-minute solid-state memory with autonomy of up to seven days. In addition, the patient 
can trigger a recording in case of symptoms. These functions can run simultaneously.
The most recent advancement in ambulatory arrhythmia monitoring is The mobile Car-
diac outpatient telemetry6. Patients wear three chest leads attached to a portable sen-
sor that continuously detects asymptomatic pre-specified arrhythmias and transmits the 
ECG data in real-time to a pocket-sized monitor at the patients home. If the algorithms 
in the monitor detect an abnormal heartbeat, the monitor automatically transmits the 
patient’s ECG data to the monitoring Center using wireless communications. Also away 
from home the device communicates continuously with the service center.
5. implantable autotriggered loop recorders (ilr) require a minor invasive procedure. 
Recording possibilities are the same as with non-implantable autotriggered loop record-
ers.7 Because external electrodes are not necessary the ILR can be used by patients for 
a long period of time (12 to 24 months). Currently, remote transmission capabilities are 
not available.
6. Pacemakers and Cardiodefibrillators are implanted primarily to pace and/or shock 
the heart. These devices can be programmed to detect and store rhythm abnormalities 
as well and send data to a remote receiving facility.8

The yield of available devices

The search yielded two types of studies. Descriptive (prospective and historical) cohort 
studies, describing the yield of a device in terms of explained episodes or diagnosed 
arrhythmias. The second type are experimental studies, which compare the yield of two 

table 1. Types of devices for specific patient groups and their complaints of palpitations

device Patient 
activated

automatic 
activated

memory duration leads

Holter monitor X 24-48 hours Variable till 
12-leads

Event recorder no-loop (TTM) X unlimited variable

Event recorder with loop (CER) X X unlimited 2-3 leads

Auto triggered event Recorder 
(R-test evolution, MCOT)

X X X 7 days 1-3 leads

Implantable loop recorder X X 12-24 
months

2-leads
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or more devices or diagnostic strategies in the same patient or in randomized groups of 
patients.
For all included studies we report on the aim, setting, inclusion criteria, completeness of 
follow-up, sample size documented, statistical analyses described and outcomes. In case 
of a randomised trial we used the quality criteria as mentioned by Jadad: 1) randomisa-
tion of participants; 2) blinding of patients, caregivers and those assessing outcome; and 
3) full description of withdrawals and dropouts.9

Descriptive studies

Of the 28 studies 12 were simple descriptive studies, which described the yield of Holter 
monitoring and event recording with and without loop in a group of patients. The study 
device serves as its own reference test and the outcomes are described in terms of 
proportions of patients in which a relevant or less relevant arrhythmia is diagnosed or 
changes in medical management have been implemented. These studies are described 
in table 2. The patients, included in these studies are not comparable and many studies 

table 2. Descriptive studies

source study design
aim

inclusion 
criteria

setting
gender/ 
mean age

instrument/
registration 
time

drop-
out

outcome and 
diagnoses

Holter

Erikson
1980

Retrospective, 
descriptive;
diagnostic 
yield

Palpitations, 
dizziness, falls 
breathlessness, 
chestpain, 
syncope

Tertiary care,
n=150
57% males
59 yrs

Portable 
one-channel 
cassette tape 
recorder

ND 29% relevant 
diagnoses,
46% manage-
ment change

Rana
1989

Retrospective, 
descriptive; 
diagnostic 
yield, man-
agement

Palpitations, 
dizziness, falls 
breathlessness, 
chestpain, 
syncope

Geriatric 
out-pts,
n= 252
Gender
60-92 years

Reynolds one 
channel ECG 
recorder,
24 hours

ND 12% relevant 
diagnoses,
10% manage-
ment change

McClennen 
2000

Retrospective, 
descriptive; 
diagnostic 
yield and cost

Palpitations, 
pre-syncope, 
cerebral 
ischemia, AF 
evaluation

Tertiary care,
n=164
74% males
59 yrs

2x24- hours 
Holter

ND Day 1: 19% rel-
evant diagnoses,
day 2: 3% rel-
evant diagnoses

Event recorder no loop

Safe
1990

Prospective 
descriptive; 
diagnostic 
yield

73 palpitations, 
6 dizziness, 3 
chest pain and 
palpitations 
standard ECG 
not diagnostic

Tertiary care,
n=82
62% males
17-76 yrs

CER, no loop, 
(stores 32sec.)
1 month

1 pa-
tient

23% diagnoses,
13% relevant 
diagnoses
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table 2 (continued)

source study design
aim

inclusion 
criteria

setting
gender/ 
mean age

instrument/
registration 
time

drop-
out

outcome and 
diagnoses

Assayag
1992

Retrospective; 
diagnostic 
yield

palpitations
41% cardio 
pathology

Tertiary care,
n=1287
37% males
52 yrs

CER no loop 196 
incom-
plete 
files

42% diagnoses

Schuchert
2002

Prospective
descriptive; 
diagnostic 
yield

Palpitations, 
Holter neg.,
43% cardio 
pathology

Out-pts,
n=55
38% males
46 yrs

One-channel 
ECG (hand 
held),
6 weeks

ND 32% relevant 
diagnoses

Shanit
1996

Prospective, 
descriptive; 
diagnostic 
yield

Chestpain, 
arrhythmia, 
hypertension, 
reassurance

Out-pts, 
n=2563
??
??

12 leads ECG 
(hand held)

ND 26% relevant 
diagnoses

Event recorder with memory loop

Summerton
2000

Prospective; 
diagnostic 
yield

Palpitations primary care 
pts,
n=139
33% male
45 yrs

rhythm card 
(hand held), 
no pre event 
memory
2 weeks

ND 30% diagnoses,
19% relevant 
diagnoses

Fogel
1997

Prospective; 
diagnostic 
yield, cost

Palpitations,
pre-syncope
25% cardio 
pathology

Out-pts,
n=184
31% males
44 yrs

Wrist CER
4 weeks

ND 66% patients 
with palpita-
tions, 43% rel-
evant diagnoses
palpitation most 
cost effective

Zimetbaum 
1998

Prospective; 
diagnostic 
yield, cost, 
diagnoses 
timing

Palpitations Out-pts,
n=112
26% males
52 yrs

CER
4 weeks

7 
patients, 
incom-
plete 
files

84% diagnoses 
<2weeks,
36% relevant 
diagnoses
two weeks cost-
effective

Brown 1987 Retrospective; 
diagnostic 
yield

Palpitations 
dizziness, 
syncope, ab-
normal Holter, 
symptoms after 
treatment
39% cardio 
pathology

Out pts,
n=106
58 yrs
??

CER
3 weeks

6 
patients, 
incom-
plete 
files

66% diagnoses,
7% relevant 
diagnoses

Wu Chih-
Cheng 2003

Retrospective; 
diagnostic 
yield

Palpitations, 
pre syncope, 
chest pain, 
dyspnoea
50% cardio 
pathology

Tertiary care
n=660
47% males
53 yrs

CER
30 days

Not de-
scribed

64%diagnoses,
palpitations 
group 66% 
diagnoses

ND = not described, AF = atrial fibrillation, CER = continuous event recorder
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described inclusion criteria superficially; patients mostly were tertiary care patients with 
a variable amount of (sometimes previously known) cardiac pathology. Event recording 
with loop seems to generate most diagnoses, but comparison of the results of these 
studies is methodologically not possible and would probably lead to false conclusions. 
Recommendations have to be based on studies, which compared the yield of two or 
more devices in the same or in randomized groups of patients.10,11,12,13,14,15,16,17,18,19,20,21

Comparative studies

These studies have in common that the outcomes of the studied devices are com-
pared with another diagnostic test. As in descriptive studies, combining of results was 
methodologically not possible in these studies because of the diversity of the studied 
populations and the variation in tested devices. Most patients were in tertiary care with 
a variable amount of (sometimes previously known) cardiac pathology. Many studies 
described inclusion criteria superficially although in more recent studies this is done 
more appropriate following a protocol. (table 3).

CER�vs.�Holter�monitoring
In six studies the CER is compared with Holter monitoring (24 to 48 hours). Registration 
time with the CER varied from one week to six months. The studied populations consisted 
of 50 to 100 patients, one study described 310 patients. The patient populations con-
sisted of primary-and secondary care patient groups. From the latter, about 41% of the 
patients had documented structural heart disease. Outcomes were described in terms 
of proportions of patients in whom a relevant or less relevant arrhythmia was diagnosed 
or in whom changes in medical management have been implemented. With the CER, a 
diagnosis was established in a range 21 to 62% of the studied patients, compared with a 
maximum of 30% with Holter monitoring. The CER was better in excluding arrhythmias 
during symptoms than with Holter monitor (34 and 2%, respectively).22,23,24,25,26,27

CER�vs.�ECG�monitoring
Records of 91 patients were reviewed. Within 30 days the CER was diagnostic in 37% of 
patients, while a 12-lead ECG was diagnostic in 10% of patients.28

CER�vs.�usual�GP�care
In a randomised trial the diagnostic yield of CER versus usual care in general practice 
was compared. Within one month 83% of the patients recorded an episode. The CER 
diagnosed 67% of patients with a cardiac arrhythmia, while the GPs diagnosed 27% of 
patients with a cardiac arrhythmia (P<0.05) after six months.29



82

table 3. Comparative studies

source study design
aim

inclusion 
criteria

setting
gender/

mean age

Blind-
ing ob-
server

drop-out instrument/
registration 

time

Proportion 
patients with 

diagnoses*

CEr vs Holter

Grodman 
1979

Prospective
comparative; 
diagnostic 
yield

Palpitations Out-pts
n=59
45% males
50 yrs

ND 19 failed 
transmit-
ting, 4 
failed for 
technical 
reason

CER (car-
diobeeper)
vs Holter, simul-
taneously
1 week

Holter 3 pts, CER 
3 pts, Holter and 
CER together 
9 pts

Visser
1984

Prospective,
comparative; 
diagnostic 
yield

Palpitations Out-pts
n=50
34% males
44 yrs

ND 3 pts, ND CER (car-
diobeeper) vs 
Holter, same 
patient group, 
max 6 wks

CER 62%, Holter 
12%

Scalvini
2005

Prospective 
randomized 
1:1; diagnostic 
yield

Palpitations,
41% cardiac 
pathology

tertiary 
care
n=310
24% males
52 yrs

no ND CER vs Holter at 
same time
7days

CER 52%, Holter 
48%

Kus
1995

Prospective 
cross over; 
diagnostic 
yield

Palpitations Tertiary 
care
n=100
34% males
55 yrs

ND 3 pts, 
technical 
reasons

First Holter than 
CER
max 25 days

CER 21%, Holter 
30%,. Exclusion 
diagnoses CER 
34% vs Holter 2%

Kinlay
1996

prospective 
randomised, 
crossover; 
diagnostic 
yield

Palpitations Out-pts
n=43
12% males
45 yrs

Blinded 
for data, 
results

2 pts, non 
compli-
ance

Post-event 
monitor (hand-
held) vs 48-hr 
Holter
3months

CER 67%*,
Holter 30%*

Klootwijk 
1986

Prospective
cohort; diag-
nostic yield

Palpitations
24-hr Holter 
twice neg.

Out-pts
n=100
??
??

NA ND First 2 * Holter, 
than CER
(Hand-held)
max 6 months

2* negative 
Holter, CER 48%,

CEr vs ECg

Wu Jenny 
1995

Retrospective; 
diagnostic 
yield,costs

Palpitations 
presyncope, 
syncope, 
dizziness

Out-pts
n=91
94% males
64 yrs

NA 5 pts from 
TTM; 5 in-
complete 
files

First Ambulatory 
ECG than CER
30 days

CER 37%, ECG 
10%

CEr vs gP care

Hoefman 
2005

Prospective; 
randomized 
1:1;  diagnos-
tic yield

Palpitations 
and/or dizzi-
ness

General 
practice
n=244
26% males
50 yrs

No 
blind-
ing

1 pt, non 
compli-
ance

CER/ usual care 
GP,
30 days

CER 67%, Usual 
care 27%
Significant*

Roche 
2002

Prospective; 
diagnostic 
yield

Palpitations 
and neg. 24-
hr Holter.
40% cardio 
pathology

Out-pts
n=65
69% males
63 yrs

NA   ND R-Test evolution 
(RTE) manual 
and automatic 
triggered
77 hours

AT-CER 80%, pt-
triggered 67%
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table 3 (continued)

source study design
aim

inclusion 
criteria

setting
gender/

mean age

Blind-
ing ob-
server

drop-out instrument/
registration 

time

Proportion 
patients with 

diagnoses*

CEr vs at-CEr

Martinez 
2004

Prospective; 
diagnostic 
yield

Palpita-
tions, dizzi, 
syncope, neg 
Holter
11% cardio 
pathology

Out-pts
n=96
52% males
37yrs

NA ND R-Test evolution 
(RTE) manual 
and automatic 
triggered
5.2 days

CER-mode 22%, 
automatic record-
ings 17%

Balmelli 
2003

Prospective; 
diagnostic 
yield

Palpitations, 
dizziness, 
syncope
52% cardio 
pathology

Out-pts
n=101
60% males
54 yrs

Cardio. 
blinded 
for 
results

ND R-Test evolution 
(RTE) manual 
and automatic 
triggered
7 days

Pt-triggered 37%, 
auto triggered 
63%, additional 
diagnoses in 
a-symptomatic 
pts 61%

Reiffel 
2005

Retrospective 
1:1:1; diagnos-
tic yield

Unknown Tertiary 
care
n=1800 
40% males

NA ND HM/CER/
AT-CER
30 days

AT-CER 71% , CER 
27% HM 6%

Rothman 
2007

Prospective 
randomized 
1:1;
diagnostic 
yield

Palpitations;
cardio 
pathology: 
MCOT 84%, 
CER 62%

Out-pts
n = 266; 
34% males, 
56 yrs

Double-
blinded 
to 
history 
,ran-
domisa-
tion

MCOT 
13 pts, 
CER 7 pts 
technical 
reasons, 
non-com-
pliance

AT-CER (MCOT),
CER
30 days

MCOT 41%
CER 15%*

Olson 
2007

Retrospective; 
palpitation 
n=76 syncope 
n=17, evalu-
ation ther. 
n=19; diag-
nostic yield

Palpitations, 
(pre)syncope, 
therapy eval-
uation,33% 
cardio 
pathology

Out-pts
n=122
43% males
58 yrs

NA ND MCOT, automatic 
mode patient-
triggered mode
Duration??

Palpitation 
group73% 
symptomatic 
diagnoses in 11% 
a-symptomatic 
diagnoses, previ-
ous diagnosed 
group 47%

CEr vs ilr

Ng 2003 Retrospective;
diagnostic 
yield

Palpitations, 
(pre)syncope

Tertiary 
care
n=50
44% males
54yrs

NA ND ILR (Reveal plus) 
automatic and 
Pt triggered
12 months

Auto-triggered 
10%, pt-
triggered 16%, 
inappropriate 
activation auto-
triggered mode

Giada 
2007

Prospective 
randomized 
1:1; diagnostic 
yield

palpita-
tions initial 
negative 
evaluation

Out-pts
n=50
34% males
47yrs

No 
blind-
ing

ND Conventional 
group: Holter, 
CER, electrophys.
vs ILR
12 months

conventional 
strategy group 
21%, ILR 73%*

*= p <0.05
NA = not applicable, ND = not described, GP = general practice, MCOT = mobile cardiac output telemetry, 
CER = continuous event recorder, ILR = implantable loop recorder, TTM = trans-telephonic monitoring, EP 
= electrophysiological testing, pts = patients
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AT-CER�(R-test�evolution)�vs.�patient-triggered�mode�of�the�AT-CER
In three studies with 262 (range 65 to 101) patients, automatic triggered mode was com-
pared to the patient-triggered mode of the device. In two of these studies, patients had a 
negative 24-hour Holter monitoring. All studies included selected patients with a history 
of pre-existent cardiac pathology. Registration time varied from 77 to 103 hours. With 
both modes of the device, in more than 80% of the patients (range 75%-88%) a diagnosis 
could be established. When compared to the patient-triggered mode, in all three studies 
the automatically triggered mode of the device found an additional amount of relevant 
diagnoses (range 11 to 17%).5,30,31

In a fourth larger study by Reifel et al32, with 1800 patients, the AT-CER was compared to 
the traditional CER and 24 hour Holter monitoring. Each group consisted of 600 patients. 
The patient group who used the AT-CER had a diagnostic yield of 71%, versus 27% with 
the patient triggered CER and 6% diagnosis with 24-hour Holter monitoring. Recording 
time of CER and AT-CER was one month.

CER�vs.�AT-CER�(by�MCOT)
In a randomised trial the diagnostic yield of CER versus AT-CER (by MCOT), was tested 
during 30 days in 266 patients. Previous Holter monitoring was non-diagnostic. With 
the Autotriggered mode, an arrhythmia was detected in 41% of the patients, compared 
with15% in the CER group.33

Diagnostic�yield�in�automatic�vs.�patient-triggered�mode�using�an�MCOT-CER
Olson et al.34 reviewed records of 122 patients, evaluated with an MCOT AT-CER. An ar-
rhythmia was recorded in 73% of the patients with new onset palpitations. In 11% of the 
patients, an automatic registration of an asymptomatic arrhythmia occurred.
In patients with previously diagnosed arrhythmias, an arrhythmia was documented in 
47%. Documentation of these arrhythmias was automatically triggered in 63%, and 41% 
of the arrhythmias remained asymptomatic.

Automatic�implantable�loop�recording�(ILR)�versus�patient-triggered�recordings
Ng et al.35 compared the diagnostic yield of patient-triggered vs. automatic activation 
mode of the ILR in 50 patients. Using patient-triggered mode, arrhythmias occurring 
simultaneously with symptoms were registered in 16% of the patients. No relevant ar-
rhythmias were detected by auto-activation only. The effectiveness of auto-activation to 
detect arrhythmia was reduced due to a high rate of inappropriate activation (83%), due 
to under- and over-sensing of the device. Withdrawals were not described.
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ILR�vs.�conventional�strategy
Giada et al.36 studied 50 patients in whom initial cardiologic evaluation did not yield a 
diagnosis. The diagnostic yield of the ILR was randomly compared to conventional strat-
egy (24-holter recording, a 4-week period of CER, and/ or electrophysiological testing if 
the previous 2 strategies yielded negative results). A diagnosis was obtained in 5 patients 
(21%) of the conventional strategy group: two patients were diagnosed with a CER and 
3 patients were diagnosed with electrophysiological studies. With the ILR, in 19 patients 
(73%) arrhythmias were documented within one year.

disCussion

We searched for studies, evaluating the clinical utility of available technologies to diag-
nose palpitations and found six different groups of devices with different application 
characteristics. Twenty-eight studies were identified. Most of these studies described 
the yield of a specific device in a small group and of mostly highly selected patients. 
Therefore many of the studies are not very informative. Comparative studies provided 
more information, but most studies suffered from methodological shortcomings. Advise 
on which device to use for which problem or for which patient therefore is not straight-
forward and mainly based on the frequency of symptoms and the consideration of 
whether or not patients feel palpitations. When diagnosing palpitations and a standard 
ECG does not provide an explanation of the symptoms, Holter monitoring can be used 
when a patient has very frequent (daily) symptoms, an event-recorder (auto- or patient-
triggered) can be used when a patient has weekly symptoms. In symptomatic patients 
patient-activated devices preferred above autotriggered devices as the relation between 
symptoms and ECG abnormalities is clear. Autotriggered devices may more often detect 
an abnormality of the rhythm, but as direct linkage to perceived symptoms is missing, 
these devices are less well capable of explaining symptomatic episodes, unless used in 
the patient-triggered mode. Besides, the patient triggering can be used to demonstrate 
that the rhythm is not abnormal during symptoms, thus providing reassurance to anxious 
patients (and to their physicians because of exclusion of relevant arrhythmias). When a 
patient cannot operate the device (co-morbidity, old age) an autotriggered recorder or 
MCOT can be used. A second reason for an auto triggered device is palpitation of an 
irregular pulse without the patient feeling any irregularity in case of possible PAF.

Limitations

Cardiac monitoring devices are described in the literature with different names. Although 
we tried to perform a maximal sensitive search strategy, some studies may have been 
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missed. Many of the identified studies are of weak methodology and comparison of the 
results of the studies is hazardous. The lack of true diagnostic studies is not just caused 
by weak methodology however, but also by the lack of an accepted reference standard. 
Obtaining a registration of a rhythm that shows abnormalities might be considered as 
a reference standard, but linking of such an abnormality to symptoms is not without 
uncertainties and sometimes even wrong.
CERs come in a variety of models. As the design of the devices may influence capability 
and readiness of recording arrhythmias, this may in part explain the observed differences 
in diagnostic yield.

ConClusion

Recent developments in ambulatory ECG recording offer the opportunity to diagnose 
most symptoms of palpitations, also in ambulant patients and in primary care. The choice 
of the device depends on frequency and character of the symptoms and is not evidence-
based. Infrequent paroxysmal asymptomatic arrhythmias can best be documented 
using an AT-CER or an ILR for an extended period. In primary care patient-triggered 
event recording has the advantage of a direct link between arrhythmias and symptoms, 
which makes it possible to not only diagnose relevant arrhythmias, but also demonstrate 
harmless rhythm disturbances (as sinus tachycardia) as an explanation of symptoms to 
the patient. When asymptomatic episodes are suspected or patients are incapable to 
operate the device an auto-triggered device is preferred.
Future research should focus on comparison of different devices in homogenous patient-
groups. The outcome should be reported in two ways: explained episodes and clinically 
relevant arrhythmia.
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introduCtion

The studies described in this thesis evaluate the introduction of a new tool to diagnose car-
diac rhythm disturbances in general practice. Until now, generally available diagnostic tools 
lacked sufficient predictive power to enable GPs to perform an adequate diagnostic evalu-
ation of patients presenting with palpitations and/or lightheadedness in daily practice.1 At 
the time this study was started, two types of mobile recorders were available: 24-48 hour 
continuous recorders (Holter), and intermittent or event recorders, that could be used for a 
longer time frame.2,3 The recorder that seemed most adequate for diagnosing intermittent 
symptomatic episodes was the continuous event recorder (CER). Before implementing this 
new diagnostic tool into general practice, we studied the diagnostic performance of a CER 
for evaluating patients presenting with the aforementioned symptoms in general practice. 
In this chapter the main findings of the studies are discussed in the light of methodological 
issues and recommendations for future research and health care are presented.

main findings

In patients presenting with palpitations and/or lightheadedness, we compared usual 
care with the CER as an additional diagnostic tool in patients in whom cardiac disease 
was excluded, based on a standard 12-lead electrocardiogram (ECG) or by physical exam 
In both strategies, usual care group versus CER group, the final diagnosis as established 
by the participating GPs was chosen as the primary outcome of this study. At 6 months, 
this outcome was compared between the two strategies. Secondary endpoints were 
differences in the number of explained episodes and type of the arrhythmia, as well 
as time needed to diagnose an episode. An inventory of the capability of GPs to assess 
the presence of cardiac arrhythmias, and which clinical signs and symptoms were used 
in predicting the presence of arrhythmias was done in order to optimize selection of 
patients for future application of the CER. Finally, the influence of the CER on quality of 
life (QoL) and induction of anxiety in patients were evaluated.
GPs were able to explain 62% of the episodes of patients without the use of a CER, 
compared to 82% in the intervention group with the CER. Also, the type of final diag-
nosis differed between both groups. After 6 months of follow up, more relevant cardiac 
diagnoses were established in the patients of the intervention group compared to usual 
care group (22% versus 7%). In the intervention group more often atrial fibrillation (AF) 
and supraventricular tachycardia (SVT) was diagnosed, in the usual care group more 
psychological problems were established by the GPs. We considered these differences to 
be of clinical relevance.4
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In the intervention group, at two weeks, 79% of all relevant arrhythmias were diagnosed 
and 73% of all less relevant arrhythmias. At 3 weeks, 96% of all relevant and 85% of the 
less relevant arrhythmias were recorded. Therefore, with a 2-3 weeks registration time, 
the burden of carrying the device and diagnostic yield are best balanced.5

At baseline, all patients in both groups reported greater anxiety and lower quality of life 
(QoL) than a healthy population. At 6 weeks there were no differences found in anxiety 
and QoL between the CER group and the usual care group. At 6 months the usual care 
group showed an improvement in QoL and less anxiety compared to the CER group 
although both groups had improved. The type of final diagnoses influenced both anxiety 
and quality of life but could not fully explain these differences.6

GPs had no specific clinical parameters on which they can base their diagnosis. <GPs 
have referred 40 out of 127 patients to a specialist, of whom 28 patients (70%) did not 
have relevant cardiac problems. Accurate prediction of the presence of an arrhythmia in 
patients presenting with palpitations is difficult without the use of additional diagnostic 
instruments like a CER.7

The conclusion from an extensive literature search was that Holter monitors have a lower 
diagnostic yield than event recorders. Automatically triggered recorders detect more ar-
rhythmias than patient triggered devices. The choice of the device not only depends on 
the characteristics of the symptoms and the patient, but also on the aim of the diagnostic 
process.8

gEnEral Points of disCussion

Study design

A hierarchical approach to the assessment of new diagnostic technology has been advo-
cated and used in the field for many years by various researchers.9 This approach entails 
assessment of technical development, diagnostic performance, diagnostic and possible 
prognostic effects, effectiveness, patient and societal outcomes and cost effectiveness of 
the new technology.
Technical development of the CER was performed and appropriately tested by Card 
Guard, the manufacturer of the CG-6106 loop recorder. This recorder continuously 
registers and updates a two lead ECG. When a patient chooses to activate the recorder 
it stores information 30 seconds before and 2 minutes after the moment of activation. 
A maximum of three registrations can be stored in the memory, hereafter an acoustic 
signal indicate that the memory is fully stored. Only after sending the ECGs by telephone 
could the memory be overwritten.
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The next step would be assessment of test characteristics. New diagnostic tests are usu-
ally evaluated in a diagnostic accuracy study design.10 In such a study the index test is 
compared with a reference standard. Although this type of design may be recommended, 
it was not feasible in the BEAT trial. An ECG registration during actual complaints is often 
regarded as the most optimal or acceptable reference standard. ECG registration during 
complaints, activated by the patient is precisely what an event-recorder is providing. 
Therefore the CER, although introduced as the index test, also served as the reference 
standard.
The design of a (open label) randomised clinical trial was chosen.11-13 Usual care was com-
pared with a diagnostic strategy that included the introduction of a CER as an additional 
diagnostic tool in general practice. In both strategies, the final diagnosis as established 
by the participating GPs, with or without the availability of the CER, and not the diagnosis 
as provided by the CER per se, was chosen as the primary outcome measure of this study. 
Advantages of such a design are that not only ‘test-characteristics’ are assessed, but also 
the impact of using the new diagnostic tool on health and health care.

Alternative designs and their limitations

An alternative design to the RCT, would have been to provide all patients in the usual 
care group afterwards with a CER as well (a variation on a cross-over design). But this 
design would have been corrupted by time, as GPs would know that patients in the 
usual-care group would be evaluated with a CER 6 months after the first consultation for 
their complaints. GPs might adept their diagnostic strategy, knowing that after a while 
patients in the usual-care group would be evaluated anyhow.
Another alternative would have been to use the new diagnostic strategy in all patients 
but only directly provide the test results to the treating physician and patient for those 
randomly assigned to the intervention strategy and provide the results of the CER after 
finishing of the study in the usual care group. We judged this strategy not ethical, nor 
feasible, due to a possibly important and clinically relevant delay in the usual care group. 
Moreover, providing results after for example six months (at the last registration moment 
of the study) would have changed usual care, as GPs would have been informed of results 
of usual-care patients during the trial, thereby discovering a possible effect of the CER-
strategy.

Limitations of the RCT-design

Blinding patients and treating physicians for the type of intervention was not possible. 
Also, we judged blinding of GPs not desirable, as we were not interested in the diagnostic 
information per se, but in the consequences associated with the whole strategy. GPs 
therefore had to be informed of the results of the CER-monitoring.
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Current clinical practice was used as the control strategy for the study. We recognize that 
current clinical practice is, in many instances, more unstructured and documentation 
of relevant information may be lacking. Performance in the context of a study might 
help structure and streamline clinical practice, initiate collection of relevant information, 
and enhance communication between physicians mutually and between physicians and 
their patients. Therefore usual care during our trial period might have been more intense 
than common practice because for all patients the GPs had to register an extensive medi-
cal history and physical examination. The net effect in the context of the trial would be a 
decrease in the difference between usual care and the intervention group.
We used a stratified randomization procedure, whereby we stratified for GP, to make sure 
that every GP has an equal amount of patients in the intervention group as well as in the 
control group.

Generalizibility of the results

The study was performed in a heterogeneous group of both urban and suburban GP 
practices from different parts of the Netherlands (Amsterdam, Almere, Breda, Etten Leur). 
Sixty nine GPs participated. Because of this diversity of GP practices and patients, the 
BEAT study provides a fair reflection of the average Dutch GP practice and their patients.
All recordings made with the CER were assessed by a staff member of the department 
of cardiology of the Academic Medical Center of Amsterdam. The yield of the CER re-
cordings may therefore be lower in standard clinical practice, where the recording is not 
supervised. Another small study suggested, however, that the diagnostic yield of the 
device was also high in a non-supervised setting.14

We asked GPs to include every consecutive patient with palpitations and/or light-head-
edness as a new complaint. In the Netherlands 8/1000 patients consult the GP yearly 
with complaints of palpitation. Palpitations are most prevalent in patients above the age 
of 45, with a peak incidence in the very old.15 Our study population had a rather young 
mean age (51 years) and a majority of female patients (74%). This mean age corresponded 
with the mean age of the populations from 28 reviewed studies in the systemic literature 
search. Across all studies, the mean age of the populations was between 45-55 years and 
the majority of patients was female.8

So it appears that a different group of patients is included in trials including our trial. 
Therefore, we decided to conduct a retrospective chart review on recruitment among 
27 of the 69 participating GPs. From the chart review, it appeared that about half of the 
eligible patients were not included. In one third of these cases, GPs forgot to include the 
patient in the trial (33%). In less than a quarter of the cases (21%) the GP was convinced of 
the diagnosis after history taking and physical examination and did not want the patient 
to be included in our study anymore The group of patients included consisted of patients 
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in whom the GP was uncertain about the diagnosis. This may have led to a relatively 
younger group of patients, in whom an arrhythmia was not an obvious diagnosis. This 
selection process probably led to the inclusion of patients who would otherwise have 
been referred to a cardiologist for diagnostic workup and who would benefit from the 
introduction of a CER as an additional diagnostic tool in general practice in the future. 
Anyhow, this selective inclusion did not affect the contrast between both parallel groups 
of patients.

imPliCations for mEdiCal PraCtiCE

The significance of diagnosing palpitations

In the BEAT study, the CER was used in 127 patients and paroxysmal atrial fibrillation (PAF) 
was demonstrated in 12 patients. In the usual care group (n = 117), PAF was diagnosed 
in two patients (9% versus 2% respectively). Diagnosing PAF is clinically as important as 
diagnosing permanent AF, because both forms of AF share an equal burden of morbid-
ity and mortality and increase the risk of death, congestive heart failure and embolic 
phenomena, including stroke.16 The mortality rate of patients with AF is about twice the 
mortality rate of patients with a normal sinus rhythm.17 AF is associated with a near 5 
fold increase in the rate of ischemic stroke and one in every 6 strokes occurs in a patient 
with AF.18 Besides, it is known that stroke associated with AF is more severe than ischemic 
stroke due to other causes. This increased stroke severity is independent of advanced 
age and other stroke risk factors, and is related to greater volumes of more severely 
hypoperfused tissue, leading to larger infarct size and greater risk of severe hemorrhagic 
transformation.19-21

Therefore primary concern in patients with AF is the prevention of stroke and diagnosing 
AF should be followed by secondary preventive treatment to lower stroke risk.22 Patients 
with AF and an additional risk-factor for stroke qualify for oral anticoagulant treatment. 
Vitamin K antagonists reduce the risk of stroke with more than 60%, aspirin with about 
20%.23 New oral anticoagulants such as the thrombin inhibitor dabigatran or the FXa 
antagonists apixaban and rivaroxaban have been shown to be very promising for the 
prevention of stroke, and may replace vitamin K antagonists in the long run.24,25

In older (>65yr) asymptomatic patients with AF, there seems little need to pursue sinus 
rhythm [AFFIRM]. For these patients a (lenient) rate control suffices.24,26 However, in 
younger patients as well as in older patients who remain symptomatic despite rate con-
trol a rhythm control strategy is advocated. This may require cardioversion, antiarrhyth-
mic drug therapy, or ablation therapy. Apart of that, adequate therapy of concomitant 
cardiac diseases is required.24,27
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Quality of life in AF-patients may be considerably impaired, mainly because of their in-
ability to perform normal daily physical activities due to risk of, or exacerbation of symp-
tom.28 One-third of AF-patients experience anxiety or depression, significantly correlated 
with diminished QoL.29-31

Differences in diagnoses between the two study groups

Compared to the usual care group, more relevant arrhythmias were diagnosed in the CER 
group, and less psychiatric diagnoses were made. In 35% of patients in the usual care 
group, the GP thought of anxiety, panic disorder and stress related problems, compared 
to only 15% in the intervention group. Due to randomization, we expected an equal 
number of patients with psychiatric problems in the intervention and control group. An 
explanation for the differences in diagnoses between control and intervention group 
patients (less psychiatric diagnoses, more cardiac diagnoses in the intervention group) 
could be misclassification by the participating GPs. This phenomenon has also been ob-
served in a study by Lessmeier et all, where in a retrospective survey of 107 consecutive 
patients re-entry paroxysmal supra-ventricular tachycardia (PSVT) was not recognized by 
initial medical evaluation in 59 (55%) of 107 patients referred for electro physiologically 
guided therapy. Prior to eventual identification of PSVT, physicians (non psychiatrist) at-
tributed symptoms to panic, anxiety, or stress in 32 (54%) of those 59 patients. Females 
were more likely than males to have symptoms ascribed to psychiatric origin (65% vs 
32%).32

Mumford identified physical symptoms without a likely organic disease as main reason 
in 15% of consultations in primary care.33 It is known from literature that the majority of 
palpitations are medically benign. Weber and Kapoor found that only 43% of patients 
with complaints of palpitations had a cardiac origin.34 In our study, we observed that 
patients at baseline had an elevated anxiety level and lower QoL compared to healthy 
populations. It is to be expected that patients with complaints of palpitations visiting 
a physician will be apprehensive for having a heart disease.6 Patients with ongoing 
complaints of palpitations, will have the tendency to seek help repeatedly as long as a di-
agnosis is not established. These patients might undergo a variety of, often unnecessary, 
diagnostic procedures with very limited diagnostic and therapeutic value.1 The introduc-
tion of CER in general practice could diminish this risk of excess diagnostic procedures 
and unnecessary referrals.
In patients with complaints of palpitations the awareness of heartbeat may trigger 
anxiety attacks. These sensations (which may result from a normal extrasystole, physi-
cal exertion, emotions, or an ingested substance like caffeine) are experienced by the 
patient as threatening. This triggers arousal, which in turn increases heartbeat and sets 
up a cycle.35,36 This phenomenon could explain the elevated anxiety level and lower QoL 
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in our study group. This group of patients is often referred to as patients with medically 
unexplained physical symptoms (MUPS) and in those patients GPs in the usual care group 
might have considered a psychiatric diagnosis more often than GPs from the intervention 
group, especially when a probable diagnosis was established with the use of the CER.
Another explanation could be the co-existence of two disorders at the time of presenta-
tion of the complaints; patients can suffer from cardiac as well as psychiatric problems 
and the GP might only recognize one of those. Recognition of a rhythm disturbance is 
facilitated by the CER in the intervention group, and not in the control group of patients.37

The total number of relevant and less relevant diagnosis in the intervention group is 
much higher. We assume that part of the patients labeled with psychiatric symptoms in 
the usual care group would probably have been diagnosed by CER with an arrhythmia 
either relevant or less relevant.
Using the CER as an additional diagnostic tool to exclude or include cardiac causes of 
palpitations will be helpful for both patient and doctor. From the patient’s point of view a 
explanation for their symptoms by the general practitioner without referral to specialist 
secondary care is considered an important advantage. In our study most arrhythmias 
turned out to be benign without the need of further workup by a cardiologist. Thus, with 
the use of a CER many patients could stay under the care of the GP, thereby reducing 
referrals to secondary care and maybe preventing psychiatric labeling of the symptoms.
When during episodes of palpitations, minor or no rhythm disturbances were registered, 
rhythm strips of the CER provided the GP with means for adequately reassuring patients. 
It is an objective and lucid way of reassuring patients that there is not a cardiac cause for 
their complaints.

imPliCations for futurE rEsEarCH

Costs

Our study did not include costs involved when adding the device as a diagnostic tool 
in everyday general practice. The last few years some areas in the Netherlands started 
implementing the CER in daily care. The average costs for using a CER during two weeks 
is about 190 euro’s per patient (price level 2011).
One method to reduce the cost will be to better select patients who would benefit most 
of a diagnostic work-up with a CER. Some other studies did look for these correlations be-
tween patient- and symptom characteristics and the risk of having serious arrhythmias, 
but no study succeeded in identifying characteristics with enough predictive power.34,38-41

The intervention group of the Beat study existed of only 127 patients, also resulting in 
a low statistical power and a small number of possible predictors for having a relevant 
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arrhythmia. To increase power, a much larger study has to be performed. Until these 
predictors for the presence of relevant arrhythmias are known, the results of our study 
suggest a best practice is to hand out a CER to all patients with palpitations in whom the 
results of the initial evaluation are negative (which occurs more frequently in paroxys-
mal, short-lasting palpitations) in order to distinguish between relevant and less relevant 
palpitations rather than selecting patients based on certain signs or symptoms.. Further 
research is needed to determine what the costs of the CER are for patient, doctor and 
society, and whether the use of this additional diagnostic tool in general practice is cost 
effective.

Duration

In our study the time-frame to record was based on timeframes used in other stud-
ies.40,42,43 In the literature there is no consensus about the optimal duration of recording 
with a CER. In our study the diagnostic yield rapidly diminished after two weeks. In two 
weeks 79% of all relevant arrhythmias were diagnosed.5 For longer periods of monitoring 
it is important to weight the decreasing yield of the CER against the burden to carry 
a device, or charge the healthcare system with lengthy registrations. Since our studied 
group was small, cost-effectiveness for the optimal time-frame should be studied in a 
larger cohort study.

Applicability of the CER

Since we started the BEAT study, new recorders have been developed. These new digital 
recorders are capable of automatic activation based on heart rate and irregularity com-
bined with patient triggered activation and simultaneous multichannel recording (from 
1 to12 channels). These possibilities will expand the traditional uses of ambulatory ECG 
for arrhythmia detection. These advances, in addition to the availability of inexpensive 
large storage capacities, and long-term continuous high-quality ambulatory ECG moni-
toring, have opened new potential uses for the CER in special populations. For example 
as a screening tool for patients with a-symptomatic AF. A-symptomatic AF or silent AF 
seems common and may have the same prognostic implications as symptomatic AF. 
Little is known about demographic features and prognostic information in patients with 
a-symptomatic AF. It is usually diagnosed incidentally during routine physical examina-
tions, pre-operative assessments or population surveys. Some studies in elderly patients 
reported an incidence of a-symptomatic AF of between 10% and 40%.44-46 The CER with 
the automatic activation function can be used for a diverse population, for instance 
patients with hypertension and a certain age that are at risk of having AF. It might be of 
mayor interest to perform a community wide study to document silent AF and this way 
reduce the risk on stroke by appropriate pharmacological interventions.47
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imPliCations for gEnEral PraCtiCE.

The BEAT study showed that the CER is a safe and effective additional diagnostic tool to 
evaluate complaints of palpitations or light-headedness in general practice. It provides 
high-quality diagnostic information in a short period of time. For the GP, the high degree 
of specificity achieved by requiring the patient to activate the device at time of symptoms 
is important. This may result in early detection of arrhythmias, and adequate filtering 
and priority grading of referrals for patients requiring further investigation while reduc-
ing the load of unnecessary referrals for primary diagnosis. Furthermore, the absence 
of abnormalities registered during paroxysms of palpitations may provide reassurance 
to patient as well as to GP. To identify patients at a high risk for relevant arrhythmias, 
thereby facilitating selective use of CER, more research is needed.
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summary

At the end of the nineties many new technologies to assist general practitioners in 
diagnosing a number of common diseases were introduced in general practice. One of 
these new technologies was a device to diagnose rhythm abnormalities of the heart: the 
patient activated continuous event-recorder (CER). Before that time a Holter monitor was 
the device of first choice. A Holter had disadvantages; one of the main disadvantages 
was the limited time period of use. A CER could be used for weeks and therefore should 
be appropriate to diagnose paroxysmal rhythm disturbances, even if these disturbances 
only happened once in a few days.
The studies presented in this thesis analyzed the introduction of a CER in Dutch general 
practice. The main objective was to assess the diagnostic effectiveness of the CER in 
patients, presenting to their general practitioner with complaints of palpitations or light-
headedness, compared to usual care. Both symptoms can be (but need not be) manifes-
tations of a rhythm abnormality, in which case the CER could be suitable to register an 
ECG during such episodes of complaints and provide a diagnosis.
To make an estimation of the added value of the CER we also set out to determine the 
capability of general practitioners to assess the probability of a serious arrhythmia in a 
given patient and to compare this assessment by the GP to the rhythm as registered by 
the CER. Besides we tried to identify predictors that might help GPs in their assessment 
of the presence of an arrhythmia. As carrying a CER might provoke feelings of anxiety 
we evaluated the quality of life and anxiety in patients using the device for diagnosing 
palpitations.
We set the registration period at one month, but in the literature several time frames 
are used ranging from one week tot six weeks. As carrying a CER interferes with normal 
daily activities it is important to identify an optimal registration period. Therefore we 
also estimated the optimal registration period for a CER. As a last chapter we performed 
a systematic review in order to evaluate empirical evidence for the diagnostic utility of 
available devices that are used to evaluate heart rhythm. The goal was to define circum-
stances and types of patients where available devices would contribute most in evaluat-
ing patients with complaints of palpitations.

Chapter 1

This chapter presents a general overview of arrhythmias and their clinical diagnosis. It 
provides an outline of the difficulties GPs face in diagnosing patients with complaints of 
palpitations or light headedness. An overview of the research questions and the study 
design is presented.
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Chapter 2

Patient-activated continuous event recorders (CER) have proved to be successful in diag-
nosing episodes of cardiac arrhythmias in secondary care. We tested the diagnostic yield 
of these devices in general practice. We conducted a randomized clinical trial in a primary 
care setting; 253 consecutive patients in urban and suburban Dutch primary health care 
centres were enrolled between1999-2002. Patients were included who consulted their 
GP for a new episode of palpitations and/or light headedness. Eligible patients were sent 
them to a central research facility, where a standardised medical history and routine ECG 
were obtained. When the routine ECG did not show an explanation for the symptoms, pa-
tients were stratified for their GP and randomised by a computer program; 127 patients 
entered the intervention group and 117 were randomised to the control condition. In 
eight patients a diagnosis was established with the initial routine ECG, one patient was 
excluded because of an allergy to the CER stickers. All patients continued to receive usual 
care by their family physician, but patients in the intervention group also received a CER 
for a maximum of four weeks. GPs were informed about the findings of the CER.
The main outcome was the difference in explained episodes. Fewer patients ended the 
study period without a diagnosis in the intervention group, compared to the usual care 
group (17% vs. 38%; RR=0.5, 95% CI 0.3 to 0.7) and more patients in CER-group were 
diagnosed as having their complaints caused by a cardiac arrhythmia (67% vs. 27%: 
RR 2.5, 95%CI 1.8 to 3.5). Secondary outcomes were the differences in the number and 
character of cardiac diagnoses. We made a distinction between relevant diagnoses (di-
agnoses that needed further diagnostic work-up or therapy) and less relevant diagnoses 
(diagnoses for which the GP could reassure patients). More relevant cardiac arrhythmias 
were detected with CER than with usual care (22% versus 7%), RR 3.2, 95% CI 1.5 to 6.8). 
Patient-activated loop recorders proved to be effective diagnostic tools in patients with 
palpitations or light-headedness in primary care.

Chapter 3

In this chapter we wanted to ascertain the optimum registration time needed to asses 
a diagnosis. We prospectively evaluated the duration of event recording in the 127 pa-
tients who received the CER for a maximum 30 days (the intervention group of the study). 
Events were recorded by 104/127 patients (82 %) of whom 83 (65%) showed an arrhyth-
mia. After two weeks 87.5% of all relevant diagnoses could be established and 75% of all 
relevant and less relevant diagnoses were registered. The most predictive variable for the 
time until diagnosis appeared to be the relevance of the diagnosed arrhythmia. Of the 
possible predictors, known on beforehand by the GP, only the number of paroxysms with 
palpitations during the months before the start of the study showed a small increase 
in the likelihood to obtain an early diagnosis (hazard ratio 1.09, 95% CI 1.02-1.16). The 
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chance of finding a relevant arrhythmia diminished over time. During the last 14 days 
only 4/24 additional relevant arrhythmias were detected. A minimum registration period 
of two weeks seems adequate.

Chapter 4

focuses on the possible presence of feelings of anxiety and decrease of quality of life 
(QoL) due to fear or presence of a cardiac abnormality. We wanted to determine HR-QoL 
and anxiety in patients presenting with palpitations and light-headedness and evaluate 
the effect of carrying the CER. We administered the Short Form-36 (SF-36) and State-Trait 
Anxiety Inventory (STAI) at study inclusion, after 6-weeks and after 6-months. A total of 
226/244 patients (93%) completed STAI and the SF-36 baseline questionnaires. For the 
STAI, baseline values were compared to U.S. working population, as reference scores 
for the STAI are not available for a Dutch population. Baseline values for the SF-36 were 
compared to a healthy Dutch population. Because of female preponderance in this study, 
gender stratified comparisons of means and standard deviations were presented. As the 
age of our study patients and the Dutch reference population were about the same, no 
standardization for age was deemed necessary. Repeated measurement analyses were 
used to study changes over time in anxiety and HR-QoL. Linear mixed models were used 
to account for correlation of measurements within the same individual. As in specialist 
studies, general practice patients with palpitations showed impaired QoL and higher 
anxiety, compared to a healthy working population, for both males and females. Dur-
ing the study QoL and anxiety improved in both groups of patients, predominantly in 
the first 6 weeks. After six months more improvement was measured in the group of 
patients who received usual care than in the event recording group. A hypothesis for 
this observation was that it could be the effect of finding more clinically relevant cardiac 
abnormalities in the CER group. Patients might still have to adjust to their subsequent 
treatment. Unexpectedly, type of diagnosis did not account for any of these reported 
differences.
After diagnosis and treatment, QoL improved and anxiety decreased for all patients, but 
on some dimensions improvement was significantly less for patients diagnosed with the 
event recorder. However, as QoL improved and anxiety diminished when carrying a CER 
we can conclude that the CER did not generate feelings of anxiety or loss of Quality of 
Life.

Chapter 5

With reference to the results we found with the CER in former chapters, we were aware 
that effective triage by the general practitioner (GP) might prevent delayed treatment or 
inappropriate referrals. In this chapter we wanted to determine how Dutch GPs assessed 
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the presence of cardiac arrhythmia, which signs and symptoms were used in predicting 
the presence of an arrhythmia and which signs and symptoms actually were related to 
the presence of relevant arrhythmias.
The cohort of 127 patients who used the CER for one month was used for this part of 
the research. The GPs recorded 17 items from patients’ history and results of the physical 
examination at inclusion and estimated the presence of an arrhythmia on a continuous 
scale from 0% to 100%. GPs were also asked to describe what their next course of action 
would have been if the CER, as part of the trial, was not available. The GPs estimation 
of the probability of patients having an arrhythmia at inclusion was compared with the 
diagnostic result of 30-days continuous event recording.
Of the patients presenting to the GP with palpitations and/or light-headedness and no 
diagnosis on the standard ECG, 20% showed a clinically relevant arrhythmia when evalu-
ated with a CER. GPs predicted 50% of these patients correctly, meaning that only half 
of these patients would have been correctly treated or referred for further diagnostic 
workup, leaving half of these patients untreated. GPs would have referred 40 of the 127 
patients to a specialist, of whom 28 (70%) did not have a relevant cardiac problem. Using 
the CER doubled the finding of important diagnoses and possibly substantially reduced 
unnecessary referrals.
Furthermore, two factors from history taking and physical examination contributed to the 
GPs ‘suspicion’ of an arrhythmia: the presence of hypertension (p=0.049) and a patient’s 
history of cardiovascular disease (p=0.006). In this study, neither of these factors had an 
association with the presence of an arrhythmia diagnosed through the use of the CER. In 
a multivariate model with the presence of a relevant arrhythmia on the CER-registration 
as dependant variable, only vasovagal symptoms (OR=2.92, 95% CI 1.12-7.62) as well 
as bradycardia (OR= 4.24, 95% CI 1.28-14.0) were predictive of a diagnosis of a relevant 
arrhythmia. The overall strength of these associations however was rather weak. Also in 
previous studies only a weak association between signs and symptoms and intermittent 
arrhythmias was shown. It turned out that history taking and physical examination alone 
is not sufficient for accurately diagnosing arrhythmias.

Chapter 6

Finally the last chapter describes the results of a structured review of available devices 
to diagnose palpitations. Due to the diversity of research done, it proved not possible to 
conduct a meta-analysis and as a result we presented the results narratively. We formu-
lated a recommendation, aimed on type of patients and type of complaints. The choice 
of the device depends on frequency and character of the symptoms and is not based 
on evidence, but on clinical reasoning. Holter monitoring can be used when a patient 
has very frequent (daily) symptoms. When symptoms occur occasionally event recording 
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can be used. Contrary to Holter monitoring a patient triggered recorder offers a direct 
link between the occurrence of symptoms and the registration of the rhythm. Therefore 
patient triggered event recording has the advantage of not only diagnosing relevant 
arrhythmias, but also of demonstrating harmless events as explanation of the symptoms 
of the patient. When asymptomatic episodes are suspected or patients are incapable to 
operate the device, an auto-triggered device is preferred.

Chapter 7

In the final chapter, the results and their implications for Dutch General Practice are dis-
cussed. A reflection on these findings, as well as on research methodology, is provided. 
The chapter ends with recommendations for future research and implications for clinical 
practice.
The main conclusion of this study is that the CER is a safe and effective additional diag-
nostic tool to evaluate complaints of palpitations or light-headedness in general practice. 
It provides high-quality diagnostic information, in a short period of time. For the GP it is 
important that a patient activated CER not only can be used to diagnose an arrhythmia, 
but also provides reassurance to patients as well as to GPs when no abnormalities are 
found during paroxysms of palpitations. The CER thereby assists to minimise the chance 
of missing of a relevant arrhythmia and tapers the referral process. As our results are 
dependant of the randomisation process, replication of our findings is necessary in a 
larger population. One of the methods to reduce costs might be to identify patient- or 
complaint characteristics that are predictive for establishing a diagnosis or finding a rel-
evant arrhythmia. As our group was relatively small also the optimal registration period 
might be subject to further study.
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Eind twintigste eeuw kwamen, dankzij voortschrijdende technologische ontwikkelingen 
een aantal nieuwe technieken op de markt, die huisartsen behulpzaam kunnen zijn bij 
de diagnostiek van een aantal veel voorkomende aandoeningen. Een van die nieuwe 
technieken betrof een apparaatje, waarmee hartritmestoornissen zouden kunnen wor-
den vastgesteld: de door de patiënt zelf geactiveerde ‘event-recorder’ (CER). Tot dan werd 
de Holter recorder veel gebruikt, maar deze heeft als nadeel dat de registratie zich slechts 
uitstrekt over enige dagen. Een CER kan gedurende een aantal weken worden gebruikt 
en zou daarom geschikt moeten zijn om aanvalsgewijze klachten, die kunnen wijzen op 
een ritmestoornis vast te stellen, zelfs indien de klachten slechts spaarzaam optreden.
Het onderzoek, dat in dit proefschrift gepresenteerd wordt, bestudeerd de introductie 
van de CER in de Nederlandse huisartspraktijk. Het primaire doel was om vast te stellen 
of aanvullende diagnostiek met behulp van de “patient geactiveerde event recorder” 
(CER) bij patiënten met klachten van hartkloppingen en /of lichtheid in het hoofd, in 
huisartsgeneeskundige praktijk meerwaarde bood ten opzichte van de bestaande situ-
atie. Beide klachten kunnen wijzen op hartritmestoornissen en de CER zou dus geschikt 
moeten zijn om een ECG tijdens een aanval van hartkloppingen of lichtheid in het hoofd 
vast te leggen en daarmee duidelijkheid te verschaffen over de eventuele aanwezigheid 
van hartritmestoornissen.
Om de meerwaarde van de CER te schatten ten opzichte van de bestaande zorg, verge-
leken we tevens de inschatting van de huisartsen op het bestaan van een ritmestoornis 
bij een bepaalde patiënt met de diagnose, zoals die kon worden vastgesteld op basis 
van de CER-registraties bij diezelfde patient. Ook analyseerden we achteraf of bepaalde 
kenmerken van de patiënt, diens klachten of bevindingen bij lichamelijk onderzoek de 
huisarts zouden kunnen helpen een afweging te maken bij de inschatting van de kans op 
aanwezigheid van een ritmestoornis.
Omdat nadere diagnostiek soms gepaard gaat met gevoelens van angst en vermindering 
van kwaliteit van leven legden we de kwaliteit van leven en de mate van angst gevoelens 
vast met behulp van gevalideerde vragenlijsten. Voor dit onderzoek is een registratiepe-
riode van een maand aangehouden, hoewel in de literatuur verschillende registratietij-
den gebruikt worden, variërend van 1 tot 6 weken. Omdat het dragen van een CER de 
normale dagelijkse activiteiten beïnvloedt, is het belangrijk de optimale registratietijd te 
bepalen . Daarom bestudeerden we eveneens de optimale registratieperiode.
In het laatste hoofdstuk is een systematische literatuurstudie uitgevoerd om empirische 
evidentie te verzamelen ten aanzien van het gebruik van de diverse apparaten, die kun-
nen worden gebruikt om hartritmestoornissen vast te stellen.
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In het eerste hoofdstuk wordt een overzicht van de verschillende soorten ritmestoornis-
sen gegeven. Het beschrijft de problemen die huisartsen hebben om een patiënt met 
klachten van hartkloppingen en/of lichtheid in het hoofd te diagnostiseren. Tevens 
worden de onderzoeksvragen en de studieopzet gepresenteerd.

Hoofdstuk 2

De CER bleek in specialistische setting meer ritmestoornissen te diagnosticeren dan een 
klassieke Holter. In deze studie is de diagnostische opbrengst van het apparaat in de 
huisarstgeneeskundige setting getest. We voerden een gerandomiseerd onderzoek uit 
in 69 huisartsenpraktijken. Tussen 1999 en 2002 werden 253 patiënten geincludeerd.
Huisartsen includeerden patiënten, die hen consulteerden met nieuwe klachten van 
hartkloppingen en of lichtheid in het hoofd en stuurden deze patiënten naar een 
centraal onderzoek centrum, waar een gestandaardiseerde anamnese en routine ECG 
werden vervaardigd. Wanneer het standaard ECG geen verklaring voor de klachten op-
leverde, werden de patiënten gestratificeerd voor hun huisarts en gerandomiseerd door 
een computerprogramma; 127 werden gerandomiseerd voor de interventiegroep, 117 
patienten werden gerandomiseerd voor de controlegroep. Bij 8 patienten werd bij het 
maken van het uitgangs ECG al een diagnose gesteld. Een patient werd geexcludeerd op 
basis van allergie voor de stickers. Alle patiënten bleven onder de normale zorg van de 
huisarts, maar patiënten die gerandomiseerd waren voor de interventiegroep gebruikten 
daarnaast een CER gedurende 4 weken. Huisartsen werden na beëindiging van de CER 
registraties van de uitslag op de hoogte gebracht.
De primaire uitkomst was het verschil in verklaarde episodes. Minder patiënten ein-
digden zonder diagnose in de interventiegroep dan in de groep met de normale zorg 
(17% vs 38%; RR=0,5; 95% CI: 0,3 tot 0,7). Bij veel meer patiënten uit de interventiegroep 
werd een cardiale diagnose gesteld. (67% vs 27%; RR2.5;95% CI: 1.8 tot 3.5). Secundaire 
uitkomsten waren onder andere het verschil in aantal en soort diagnose. Er is een on-
derscheid gemaakt in relevante diagnoses (die patiënten die verwijzing en/of verdere 
behandeling behoefde) en minder relevante diagnoses (diagnoses waarbij de huisarts 
de patient kon geruststellen). Meer relevante diagnoses werden gevonden (22% vs 7%) 
met de CER in vergelijking met de gewone standaard zorg door de huisarts (RR 3.2; 95% 
CI: 1.5 tot 6.8). Door de patiënt geactiveerde loop recorders bleken een haalbaar en ef-
fectief diagnostisch instrument te zijn bij patiënten met hartkloppingen en/of lichtheid 
in het hoofd in de huisarstgeneeskundige setting.
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Hoofdstuk 3

In dit hoofdstuk werd de optimale registratietijd vastgesteld die nodig is om een diag-
nose te stellen. Prospectief is de benodigde registratietijd geëvalueerd in een groep van 
127 patiënten die gedurende 30 dagen de CER met zich mee hebben gedragen (de in-
terventiegroep van de studie). Er waren bij 104/127 patiënten registraties (82%) gemaakt 
tijdens het hebben van de voor hen specifieke klachten. Bij 83 (65%) patiënten was een 
ritmestoornis zichtbaar op de ritmestrook.
Binnen 2 weken was 87% van alle relevante ritmestoornissen geregistreerd. In totaal 
waren 75% van alle relevante en minder relevante ritmestoornissen vastgelegd. De 
meest waardevolle voorspeller voor een snelle diagnosestelling bleek de ernst van de 
ritmestoornis te zijn. Van de mogelijke voorspellers vooraf bekend bij de huisarts, gaf 
alleen de frequentie van het aantal paroxysmale klachten een lichte verhoging van de 
likelihood om een snellere diagnose te stellen (hazard ratio 1.09; 95% CI: 1.024-1.162). De 
kans een relevante ritmestoornis te registreren nam af in de tijd. Gedurende de laatste 14 
dagen werden slechts 4/24 extra relevante ritmestoornissen geregistreerd. Een registra-
tieperiode van 2 weken lijkt een goed advies.

Hoofdstuk 4

In dit hoofdstuk werd gekeken of de patiënten die deelnamen aan deze studie, eventueel 
verhoogde gevoelens van angst hadden of een verminderde kwaliteit van leven. Dit zou 
kunnen worden veroorzaakt door de angst voor de aanwezigheid van een hartritme-
stoornis. Er is gekeken of het ongemak van het dragen van de CER angstinductie en 
verminderde kwaliteit van leven gaf . De hiervoor gebruikte vragenlijsten zijn de SF36 en 
de state-trait anxiety inventory (STAI). Deze zijn door de patiënten ingevuld bij de start 
van de studie, na 6 weken en na 6 maanden. Twee honderd vier en veertig patiënten 
waren voor de studie geincludeerd. In totaal hebben 226/244 patiënten (93%) de STAI 
en de SF36 vragenlijsten ingevuld. Voor de STAI zijn de uitgangswaarden vergeleken met 
een gezonde werkende populatie uit de Verenigde Staten. Deze werden gebruikt omdat 
voor de STAI geen Nederlandse referentie populatie beschikbaar was. Voor de SF36 
zijn de uitgangswaarden vergeleken met een gezonde Nederlandse populatie. Omdat 
de vrouwen in deze studie in de meerderheid waren, is er gestratificeerd op geslacht. 
Gemiddelden en standaarddeviaties zijn tevens gepresenteerd. Omdat de gemiddelde 
leeftijd en spreiding van onze studiepopulatie overeen kwam met de Nederlandse refe-
rentiepopulatie was standaardisatie voor leeftijd niet noodzakelijk. Om veranderingen 
in tijd voor angst en HR-QoL tussen de twee studie groepen te bepalen hebben we 
gebruik gemaakt van analyse van herhaalde metingen. Lineair gemixte modellen zijn 
gebruikt om de correlatie te meten binnen dezelfde persoon. Net als in 2e lijn studies is 
vastgesteld, vertoonden 1e lijn patiënten eveneens een verhoogde angst waarde en een 
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verminderde kwaliteit van leven bij inclusie in de studie vergeleken met een gezonde 
werkende populatie. Dit was zowel bij mannen als bij vrouwen het geval. Gedurende de 
studie nam de kwaliteit van leven voor beiden groepen toe en de angst nam enigszins 
af. Dit speelde zich voornamelijk af gedurende de eerste 6 weken. Na 6 maanden was 
het herstel meer toegenomen in de groep patiënten die de normale zorg van de huisarts 
hadden gekregen vergeleken met de interventie groep. Een hypothese voor deze ob-
servatie zou kunnen zijn dat door het feit dat er in de interventiegroep meer relevante 
ritmestoornissen gevonden zijn, patiënten nog moesten wennen aan het feit dat ze 
daadwerkelijk een hartaandoening hadden en daarvoor behandeld moesten worden. 
In tegenstelling tot onze verwachting gaf het soort diagnose geen verklaring voor dit 
verschil. Na het stellen van een diagnose en het instellen van de behandeling verbeterde 
de kwaliteit van leven voor alle patiënten ten opzichte van de start van de studie en 
had een vermindering van angst plaatsgevonden. In sommige dimensies was de ver-
betering significant minder voor de patiënten gediagnostiseerd in de interventiegroep. 
Desalniettemin kunnen we concluderen dat ook in de interventiegroep de kwaliteit van 
leven verbeterde en de angst reduceerde zodat we kunnen vaststellen dat de CER geen 
negatieve invloed heeft gehad op de kwaliteit van leven en geen angst induceerde.

Hoofdstuk 5

Met de resultaten die we in vorige hoofdstukken hebben beschreven kunnen we 
vaststellen dat met effectieve triage door de huisarts een vertraagde behandeling of 
onterechte verwijzingen voorkomen kunnen worden. In dit hoofdstuk is gekeken hoe 
de Nederlandse huisartsen vaststellen of er sprake kan zijn van hartritmestoornissen. 
Welke symptomen of aanwijzingen vanuit de anamnese of lichamelijk onderzoek werden 
gebruikt om een aritmie te voorspellen en welke symptomen en aanwijzingen bleken 
daadwerkelijk aanwijsbaar voor een ritmestoornis.
Voor dit deel van de studie is een cohort van 127 patiënten gebruikt welke gedurende 1 
maand de CER gebruikten. De CER diagnose werd gebruikt als referentie standaard. De 
huisartsen legden 17 items vast uit zowel anamnese als lichamelijk onderzoek. Er werd de 
huisartsne gevraagd op het moment van inclusie een voorspelling te doen op een schaal 
van 0-100% wat de kans zou zijn dat de te includeren patiënt een hartritmestoornis zou 
hebben, uitgaande van anamnese, lichamelijk onderzoek en de uitslag van het standaard 
ECG. Zij werden tevens gevraagd om te beschrijven wat zij gedaan zouden hebben met 
de patiënt mocht deze studie niet beschikbaar zijn geweest. De voorspelling van de 
huisarts op een hartritmestoornis werd vergeleken met de diagnose gevonden met de 
CER na 30 registratie dagen. Van de patiënten aangemeld bij de huisarts met klachten 
van hartkloppingen en/of lichtheid in het hoofd en geen afwijking op het standaard ECG 
bleek 20% een relevante ritmestoornis te hebben. De huisartsen hadden hiervan 50% 
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correct voorspeld, wat betekende dat slechts de helft van de patiënten juist verwezen 
zou zijn voor verdere diagnostiek en de helft van de patiënten dus onbehandeld zou 
zijn gebleven. Huisartsen zouden 40 van de 127 patiënten verwezen hebben naar een 
specialist, waarvan bij 28 (70%) patiënten uiteindelijk geen cardiale diagnose gesteld zou 
kunnen worden. Door het gebruik van de CER zijn het aantal diagnoses met relevante 
ritmestoornissen verdubbeld en zijn onnodige verwijzingen verminderd.
Twee factoren vanuit anamnese en lichamelijk onderzoek droegen bij aan de verdenking 
van de huisarts op een ritmestoornis; de aanwezigheid van hoge bloeddruk (p=0.049) en 
het hebben van een cardiovasculaire voorgeschiedenis (p=0.006). In deze studie kwam 
bij geen van beide symptomen een associatie met de aanwezigheid van een aritmie ge-
diagnostiseerd met de CER naar voren. Deze bovengenoemde factoren zijn opgenomen 
in een multivariaat model waarbij de aanwezigheid van een relevante ritmestoornis op 
de CER registratie als onafhankelijke variabele genomen is. Uiteindelijk bleken alleen 
vasovagale syptomen (OR=2.92, 95% CI 1.12-7.62) en bradycardie (OR=4.24, 95%CI 1.28-
14.0) voorspellers te zijn voor de diagnose van een relevante ritmestoornis. De overall 
sterkte van deze associatie was overigens minimaal. Dit komt overeen met andere studies 
waarbij ook een zwakke relatie tussen intermitterende ritmestoornissen en hun sympto-
men werd gevonden. Het bleek dat de voorspelling door huisartsen op de aanwezigheid 
van wel of geen ritmestoornis, gebaseerd op alleen anamnese en lichamelijk onderzoek, 
onvoldoende was om een juiste diagnose te kunnen stellen.

Hoofdstuk 6

Het laatste hoofdstuk beschrijft de resultaten van de bestaande apparaten waarmee 
diagnoses gesteld kunnen worden bij patiënten met klachten van paroxysmale hartklop-
pingen. Tijdens dit onderzoek bleek dat er een grote diversiteit bestond in soorten onder-
zoek waardoor een meta analyse niet uitvoerbaar bleek. Dientengevolge hebben wij de 
studies afzonderlijk weergegeven. Er is een aanbeveling gedaan voor het gebruik van de 
diverse recorders, uitgegaan van de soort patiënt en klachten die geregistreerd kunnen 
worden. De keuze van recorders hangt af van de frequentie en het soort klachten. Deze 
zijn niet gebaseerd op bewijzen, maar op klinische relevantie. Holter monitoring kan 
gebruikt worden bij frequent aanwezige symptomen (dagelijks). Wanneer symptomen 
meer sporadisch voorkomen kan de CER beter gebruikt worden. De CER heeft als voor-
deel ten opzichte van Holter monitoring, dat een directe samenhang aan te tonen of uit 
te sluiten is tussen de symptomen en de geregistreerde aritmie. Een voordeel is dat niet 
alleen relevante ritmestoornissen geregistreerd kunnen worden, maar ook onschuldige 
aritmieen welke een verklaring voor de klachten kunnen geven. Wanneer een patiënt 
wordt verdacht van het hebben van a-symptomatische episodes of de patiënt is niet in 
staat de recorder te bedienen, heeft een auto-triggered apparaat de voorkeur.
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Hoofdstuk 7

In dit laatste hoofdstuk worden de belangrijkste bevindingen per hoofdstuk besproken 
en hun implicaties voor de Nederlandse huisartsen praktijken. Er wordt een reflectie op 
deze bevindingen gegeven evenals op de methodologie.
De belangrijkste conclusie van deze studie is dat de CER een veilig en effectief aanvul-
lend diagnostisch instrument is om klachten van hartkloppingen en/of lichtheid in het 
hoofd in de huisartsenpraktijk te evalueren . Het levert hoge kwaliteit diagnostische 
informatie op in een kort tijdsbestek. Voor de huisarts is het belangrijk dat de CER niet 
alleen gebruikt kan worden om een ritmestoornis aan te tonen, maar ook, als er geen af-
wijkingen gevonden worden, als geruststelling voor zowel de huisarts als voor de patiënt 
. Daarnaast helpt de CER bij het verminderen van gemiste relevante ritmestoornissen en 
zorgt het voor een gerichter verwijsbeleid.
Omdat onze bevindingen geheel afhankelijk zijn van de randomisatie procedure is het 
aan te raden de studie resultaten te herhalen in een grotere patiënten populatie. Verder 
onderzoek zou zich moeten richten op de kosten van het gebruik van de CER in de 
huisartsenpraktijk. Een van de methoden waarmee de kosten zouden kunnen worden 
gereduceerd, is het bepalen van patiënt karakteristieken of klacht karakteristieken die 
voorspellend zijn voor het vinden van een relevante ritmestoornis, of het bepalen welke 
patiënten de meeste baat zouden hebben bij het dragen van een CER gedurende een 
bepaalde periode. Omdat onze studiepopulatie relatief klein was zou ook de optimale 
registratieperiode een onderwerp voor een vervolg studie kunnen zijn.
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Nawoord

A
naWoord

Aangekomen bij het nawoord, waarschijnlijk het eerste hoofdstuk dat u opslaat, wil ik 
wat gedachten verwoorden over het verloop van mijn wetenschappelijke wereldreis. 
Als promovendus voelde ik me vaak een zeiler die de overkant van de oceaan moest 
bereiken. Soms was het akelig windstil, andere momenten had ik de wind in de rug.
Maar ik was geen solozeiler. Promoveren is teamwerk. Dankzij de juiste mensen die me ad-
viseerden en faciliteerden hield ik de juiste koers en kwam ik op mijn eindebestemming.

Allereerst gaat mijn dank uit naar alle patiënten die gedurende een half jaar zijn ach-
tervolgd met apparaten en formulieren. Deze patiënten waren nooit in het onderzoek 
terechtgekomen zonder de medewerking van de 69 deelnemende huisartsen die 
participeerden bij de inclusie. Met name in Almere, Breda en Etten-Leur mocht ik altijd 
gebruik maken van de praktijkruimtes van de huisartsen. Dank voor uw vertrouwen en 
ondersteuning.

Professor Schade, bij u vond ik altijd een luisterend oor. Ik hoop dat u, inmiddels gepensi-
oneerd maar niet minder druk dan voorheen, als voorzitter van de commissie plaats kunt 
nemen in de corona. Dank dat ik bij u op de afdeling mocht promoveren.

Henk, aanvankelijk mijn copromotor en intussen promotor, jij had in het begin enige 
reserves deze studie met mij aan te vangen. Even leek dit ook gegrond toen ik halver-
wege de inclusieperiode aankondigde met mijn gezin naar België te verhuizen. Ik ging er 
vanuit dat dit voor mij het einde van de studie zou betekenen. Maar jij vond dat ik in de 
gelegenheid gesteld moest worden het onderzoek af te maken. Mede dankzij een groep 
enthousiaste huisartsen uit Breda en Etten-Leur, kon ik de intake van patiënten enigszins 
naar het zuiden verleggen. Desondanks zat ik twee jaar lang twee keer per week om vier 
uur ‘s ochtends in de auto om mijn werk op het AMC te kunnen doen. Uiteindelijk is het 
onderzoek mooi afgerond en het doel ervan bereikt. De event recorder werd opgenomen 
in het pakket van de zorgverzekeraars. Al die jaren stond je, kritisch achter mij en maakte 
op de gekste momenten tijd vrij om te overleggen. Dankzij jouw onverschrokkenheid en 
vertrouwen heb ik dit boek af gekregen.

Patrick, jij was nog maar net professor op de afdeling Huisartsgeneeskunde toen ik kwam 
solliciteren. Met nog jeugdige onbevangenheid stapte je in dit avontuur. Ik denk dat 
ik grotendeels door jouw positieve kijk de kans kreeg deze studie verder op te zetten. 
Zelden liet je merken dat mijn aanpak niet echt een gebruikelijke, of misschien niet eens 
een haalbare manier van promoveren was. Je maakte altijd tijd in je drukke agenda om 
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samen te kunnen komen voor overleg. Ook in Rotterdam, waar je jaren later ging werken, 
bleef je bereikbaar voor advies.

Ru, dank voor de vele malen dat ik bij je binnen kon lopen. Je was eigenlijk te druk maar 
maakte toch tijd om ECG’s te beoordelen. Enthousiast over de resultaten, was jouw aan-
wezigheid bij de vergaderingen stimulerend en positief.

We zijn gestart met Frido als statisticus, maar al snel heeft Hans deze taak overgenomen.
Hans, ik weet niet waar jij al die jaren de tijd vandaan hebt gehaald om punctueel bij alle 
vergaderingen aanwezig te zijn. Jouw methodologische input en kritische benadering 
van elk artikel waren essentieel.

Niek, altijd vrolijk en enthousiast, het was een feest om met jou door het land bij de patiënten 
de intake te doen. Met een vriendelijk woord voor alle patiënten wist je hen op hun gemak 
te stellen, waarna ze vol vertrouwen met de event recorder aan de slag gingen. Zonder jouw 
onvoorwaardelijke vertrouwen in een goede afloop was het niet gelukt om zowel in Am-
sterdam als Almere, Breda en Etten-Leur de uitgifte van de event recorder te waarborgen.
Ietje, dank voor je administratieve hulp.

Alle collega’s op de afdeling, ik ben jullie dankbaar voor jullie nimmer aflatende interesse 
in het wel en wee van de studie en bijbehorende zorgen. Ik kon altijd een van jullie bellen 
als er op afstand iets geregeld moest worden.
Anne, Christine, Helen, Marjan, Marjoke het was leuk jullie als collega’s om me heen te 
hebben.

Petra, als kamergenoot heb ik enorm met je geboft. Je stuurde mij bij mijn spss kennis. 
Stoïcijns, je verbazend over mijn ideeën. Naast je eigen werk altijd helpend met adviezen 
rond het opbouwen van systemen om uiteindelijk statistische bewerkingen goed te kun-
nen laten verlopen.

Kimberly, op een van de breekpuntmomenten was jij er. Je leende mij aanvankelijk drie 
maanden lang je kennis om me te ondersteunen bij de statistiek. Uiteindelijk zijn het er 
heel veel meer geworden. Als een wervelwind ging je door de getallen. Na ons eerste 
gesprek had ik bij thuiskomst in België al vier mailtjes met vragen en suggesties liggen. 
Dankzij jouw “all or nothing” mentaliteit kwamen er meerdere artikelen tot stand.

Het revalidatiecentrum in Breda, waar ik nu alweer ruim drieënhalf jaar werk, ben ik 
dankbaar voor het vertrouwen dat ik kreeg, de kansen die mij zijn geboden en de vrijheid 
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om me te kunnen ontwikkelen. Jan-Willem, als medisch directeur sta je niet alleen als 
collega en supervisor voor me klaar, maar ben je altijd geïnteresseerd in mijn promotie-
onderzoek. Dank voor je steun.
Het oncologieteam, dank voor jullie expertise en inzet, waardoor we nu het voortouw 
mogen nemen bij de implementatie van de landelijke richtlijn oncologische revalidatie.

Frits en Marco, ik ben jullie blijven verbazen met de opleidingen en studies die ik besloot 
te doen. Bij momenten van twijfel wisten jullie me altijd te motiveren door te gaan. Het 
is fijn al mijn hele leven zulke broers aan mijn zijde te weten.

Papa en mama, dank voor jullie nooit aflatende vertrouwen in mij, terwijl ik trede na 
trede op de maatschappelijke en wetenschappelijke ladder nam. Dank voor jullie inzet 
waar dat maar kon en voor jullie onvoorwaardelijke steun, waardoor ik in vrijheid kon 
komen tot de keuzes die ik heb gemaakt.
Papa, wat had ik dit laatste moment graag samen met jou beleefd. Wat zou je ervan heb-
ben genoten. Mama, ik heb bewondering voor de manier waarop jij jezelf en je gezin 
gaande weet te houden, ondanks de leegte die papa heeft achtergelaten.

Bob, Tim en Max, de ‘monosyllabels ’ werden jullie in Nashville genoemd. Jarenlang 
vroegen jullie je af of ik überhaupt wel dokter was en wanneer ik dan toch eindelijk eens 
afstudeerde. Ook jullie moeten de nodige hobbels in het leven nemen en dat betekent 
vaak kiezen op elkaar en doorzetten. Bob, na vele scholen in de diverse landen te hebben 
doorlopen, ga je toch weer opnieuw naar school. Door vol te houden, zul je er komen. 
Tim, nog even en dan ben je door je middelbare school heen. Je hebt alles in je om een 
prachtige toekomst tegemoet te zien. Max, lachend kwam je ter wereld en nog steeds 
ben je de vrolijke Benjamin van het gezin. Drie totaal verschillende mensen, met jullie ei-
gen kwaliteiten op weg om drie schitterende individuen geworden. Ik ben trots op jullie.

Lieve Marco, werken in de medische sector is niet altijd even gemakkelijk als je beiden 
ambities in dezelfde richting hebt. Ondanks jouw drukke programma heb je me nooit 
een strobreed in de weg gelegd om ook mij mijn hart te kunnen laten volgen. Natuurlijk 
had je grote twijfels over de realiseerbaarheid van de diverse projecten die ik aanving, 
maar dankzij jouw steun kreeg ik altijd de ruimte mijn ideeën waar te maken. Heel veel 
dank voor alle tekstuele ondersteuning tijdens de jaren dat ik mijn artikelen moest pu-
bliceren. Ik zal beloven niet te veel meer te publiceren in de toekomst. Alweer een kwart 
eeuw samen. Hopelijk zullen we er ooit een halve eeuw van kunnen maken. Dikke kus.
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Abbreviations

A
AF: Atrial Fibrillation
AVB: Atrio-Ventricular Block
AVNRT: AV-Nodal Re-entry Tachycardia
AT-CER: Auto- Triggered Event Monitor

BEAT: Beleids Evaluatie Ambulante Telemetrie
BP: Bodily pain

CER: Continuous Loop Event Recorder
CRF: Case Record Form
CI: Confidence Interval

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders-fourth edition

EPS: Electrophysiological Study
ECG: Electrocardiogram
ER: External Recorder

GP: General Practitioner
GH: General Health

HR-QoL: Health Related Quality of Life
ILR: Implantable Loop Recorder
MH: Mental Health
OR: Odds Ratio

PVC: Premature Ventricular Contractions
PAC: Premature Atrial Contractions
PF: Physical Functioning

RF: Role Functioning
RE: Role Functioning Emotional
RTE: R-test Evolution

ST: Sinus Tachycardia
SVT: SupraVentricular Tachycardia
SB: Sinus Bradycardia
SHD: Structural Heart Disease
SF: Social Functioning
SF-36: Short Form-36

TTM: Trans-telephonic Monitoring

UC: Usual Care group
VT: Vitality

WPW: Wolff-Parkinson-White syndrome
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Curriculum Vitae

A
Emmy Hoefman werd geboren op 24 Mei 1960 te Utrecht.
In 1977 behaalde zij haar MAVO diploma en in 1979 haar HAVO diploma.
Na enige tijd Frans studeren aan de Université de Nice, begon zij in 1980 aan de Mensen-
dieck opleiding in Amsterdam.
In 1985 startte zij samen met Margo Breukel een Mensendieck praktijk in Vinkeveen, en 
werkte daarnaast van 1985 tot 1987 part-time als stewardess bij de KLM.
Na het volgen van het colloquium doctum aan de Vrije universiteit van Amsterdam, 
begon zij in 1987 de studie geneeskunde aan de Universiteit van Amsterdam. Tijdens de 
doctoraalfase was zij werkzaam als student assistent bij de vakgroepen Huisartsgenees-
kunde en Anesthesie, en tevens werkzaam als ECG laborante op de afdeling Cardiologie.
In 1995 behaalde zij, in aanwezigheid van haar zoons Bob en Tim, het artsexamen.
Hierna deed zij onder leiding van dr. Maarten Hulshof onderzoek bij de afdeling Ra-
diotherapie naar ‘de relatie van de hoogte van het PSA en bot- en CT-scan stagering bij 
prostaatkanker’.
In 1996–1997 verbleef zij, vanwege een ICIN fellowship van haar echtgenoot Marco 
Alings, met gezin in Nashville, Tennessee, alwaar de jongste zoon Max werd geboren. 
Tijdens die periode werkte zij onder leiding van prof. Peter Wright enige tijd op de afde-
ling Pediatric Infectious Diseases aan de VanderBilt University.
Na in de periode 1998-1999 werkzaam te zijn geweest als consultatiebureau arts in de 
regio Gooi en Vechtstreek, werkte zij van 1999 tot 2003 als promovenda bij de vakgroep 
Huisartsgeneeskunde van de Universiteit van Amsterdam aan de BEAT studie.
Om als dyslecticus vervolgens het schrijfproces van een proefschrift te overleven, volgde 
zij van 2002 tot 2007 een opleiding aan de Academia Beeldende Kunsten Borsbeek.
Vanaf 2009 tot heden is zij werkzaam als arts Revalidatiegeneeskunde bij revalidatie-
centrum Revant te Breda.



Our�deepest�fear…

Our deepest fear…

Our deepest fear is not that we are inadequate.

Our deepest fear is that we are powerful beyond measure.

It is our light, not our darkness that most frightens us.

We ask ourselves, Who am I to be brilliant, gorgeous, talented, fabulous?

Actually, who are you not to be?

You are a child of God.

Your playing small does not save the world.

There is nothing enlightened about shrinking so that other people 

won’t feel insecure around you.

We are all meant to shine, as children do.

We were born to make manifest the glory of God that is within us.

It’s not yust in some of us; it’s in everyone.

And as we let our own light shine, we unconsciously give other people 

permission to do the same.

As we are liberated from our own fear, our presence automatically 

liberates others.

 Marianne�Williams


