


Diagnostic Yield and Symptom–Rhythm Correlation of 24-Hour Holter Monitoring: A Cross-Sectional Study

Abstract
Background : Twenty-four-hour ambulatory electrocardiography (Holter) is a cornerstone of non-invasive arrhythmia investigation. However, its diagnostic yield varies widely due to the sporadic nature of symptoms, creating challenges in clinical decision-making.
Objective : This study aimed to evaluate the diagnostic yield of 24-hour Holter monitoring and analyze the electro-clinical correlation in patients presenting with palpitations, presyncope, or syncope at a tertiary care center in Marrakech.
Methods : We conducted a cross-sectional descriptive and analytical study on 140 consecutive patients (122 outpatients and 18 inpatients) at the Mohammed VI University Hospital, Marrakech, from September 2024 to June 2025. Indications were classified into three groups: Palpitations, Dizziness/Presyncope, and Syncope. Diagnostic yield was defined as the detection of an arrhythmia explaining the symptom or a major electrical anomaly requiring intervention. Statistical analysis was performed to correlate symptom types with arrhythmia mechanisms. Statistical analysis, utilizing Pearson’s Chi-square and Fisher’s exact tests, was performed to correlate symptom types with arrhythmia mechanisms.
Results : The mean age of the population was 52.6 ± 12.1 years, with a female predominance (57%). The overall diagnostic yield was 19.2% (27/140). Although 64.2% (90/140) of patients reported symptoms during the recording period, a positive electro-clinical correlation was established in only 30% (27/90) of these symptomatic patients. Palpitations were significantly associated with disorders of excitability (tachyarrhythmias) (P <.01), whereas dizziness/presyncope was strongly predictive of conduction disorders (bradyarrhythmias) (P <.01). Incidental findings, such as asymptomatic high-grade atrioventricular block, were detected in 2.9% of patients.
Conclusion : The 24-hour Holter monitor provides a diagnostic yield of approximately 20% in our practice. Its major utility lies in excluding rhythmic causes during reported symptoms, thereby offering significant reassurance value. The strong statistical association between symptom type and arrhythmia mechanism aids in clinical stratification. However, negative examinations in high-risk patients, particularly those with syncope, warrant prolonged monitoring strategies.
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Introduction
Paroxysmal symptoms such as palpitations, dizziness, and syncope represent one of the most frequent reasons for consultation in daily cardiology practice. Although often benign, these symptoms can sometimes be the inaugural manifestation of potentially life-threatening or disabling cardiac arrhythmias [1]. The major challenge for the clinician lies in the exact electrical documentation of the event, a fundamental condition for guiding appropriate therapy.
For over half a century, 24-hour ambulatory electrocardiographic monitoring (Holter ECG) has remained the "Gold Standard" first-line investigation for these patients [2]. Its widespread availability and non-invasive nature make it an essential tool in both primary and specialized care. However, its true diagnostic yield remains a subject of debate in the literature, varying considerably between series—typically from 15% to 35%—mainly due to the sporadic nature of symptoms which often fall outside the limited 24-hour recording window [3].
Beyond simple anomaly detection, the central issue is electro-clinical correlation. The presence of an arrhythmia on the tracing does not necessarily explain the patient's symptom; conversely, the occurrence of a symptom without electrical translation possesses a crucial diagnostic value of exclusion. This dissociation between "subjective perception" and "electrical reality" constitutes a daily dilemma that directly impacts therapeutic decision-making [4].
In the context of North African medical practice, few recent data have specifically evaluated the contribution of this test according to different symptomatic profiles. The objective of this study is to evaluate the diagnostic yield of 24-hour Holter ECG and to analyze the quality of electro-clinical correlation in a cohort of 140 patients referred to the Cardiology Department of Mohammed VI University Hospital in Marrakech. We also aim to identify clinical profiles predictive of specific arrhythmia types to optimize the prescription of this investigation.
Clinical Symptom Definitions: To standardize patient classification, presenting symptoms were defined based on current clinical guidelines:
· [bookmark: _GoBack]Syncope: Defined in accordance with the European Society of Cardiology (ESC) guidelines as a transient loss of consciousness (TLOC) due to cerebral hypoperfusion, characterized by a rapid onset, short duration, and spontaneous complete recovery [5].
· Presyncope (including severe dizziness): Defined as a state resembling the prodrome of syncope, presenting with a feeling of impending faintness or loss of consciousness, but without actual progression to TLOC [5].
· Palpitations: Defined as a conscious, often uncomfortable awareness of the heartbeat, frequently described by patients as a rapid, fluttering, or pounding sensation in the chest [6].


Materials and Methods
Study Design and Population
This was a cross-sectional, observational, descriptive, and analytical study conducted at the Cardiology Department of the Mohammed VI University Hospital, Marrakech, Morocco. The study period extended from September 2024 to June 2025. We included a consecutive series of 140 patients aged >18 years referred for 24-hour Holter ECG monitoring. The cohort predominantly comprised outpatients (n=122, 87.1%) evaluated in the ambulatory clinic prior to monitor placement, alongside a minority of inpatients (n=18, 12.9%) monitored during their hospital stay.
Inclusion criteria were defined as the presence of unexplained paroxysmal symptoms, categorized into three groups: (1) Palpitations, (2) Dizziness/Presyncope, and (3) Syncope. Patients with permanent pacemakers, implantable cardioverter-defibrillators (ICDs), or those unable to provide informed consent were excluded from the study.
Recording Protocol
All patients underwent continuous 24-hour Holter ECG monitoring using standard digital recorders available in the department. A "symptom diary" was provided to each patient with strict instructions to record the precise nature of symptoms, the time of onset, and associated activities. Patients were encouraged to maintain their routine daily activities during the recording period to maximize the probability of capturing a spontaneous event.
Data Analysis
Holter tracings were analyzed in a partial-blind manner by experienced cardiologists and subsequently cross-referenced with the symptom diary to establish electro-clinical correlations.
Overall Diagnostic Yield was divided into two distinct categories to ensure methodological rigor:
· 1. Symptom-Driven Diagnostic Yield (Causal): The detection of an arrhythmia that fully explained the reported symptomatology with a strict temporal correlation.
· 2. Incidental Diagnostic Yield: The identification of a major electrical anomaly requiring therapeutic intervention (e.g., complete atrioventricular [AV] block, pauses >3 seconds, sustained ventricular tachycardia), completely independent of the reported symptoms.
Electro-Clinical Correlation was classified as:
· Positive: Strict temporal coincidence between the reported symptom and a rhythm anomaly.
· Negative: Reported symptoms occurring concomitantly with sinus rhythm (normal or physiological sinus tachycardia).
Arrhythmia Classification:
Anomalies were categorized into two pathophysiological mechanisms:
· Disorders of Excitability/Impulse Formation: Including premature ventricular contractions (PVCs) Lown Grade ≥ 2, VT, atrial fibrillation (AF), and supraventricular tachycardia (SVT).
· Disorders of Conduction/Impulse Generation: Including severe bradycardia (<40 bpm), pauses (>2s), and high-grade AV block.
Statistical Analysis
Data analysis was performed using SPSS software (Version 26.0, IBM Corp., Armonk, NY). Continuous variables are expressed as mean ± standard deviation (SD), and categorical variables are presented as frequencies and percentages. Comparisons of diagnostic yield and arrhythmia profiles between symptomatic groups were performed using Pearson’s Chi-square test (X²) or Fisher’s exact test for small sample sizes. A P-value of <.05 was considered statistically significant. To quantify the strength of these associations, effect sizes were estimated using Odds Ratios (OR) with 95% Confidence Intervals (CI).

Results and Discussion
Demographic and Clinical Characteristics
The study included 140 consecutive patients with a mean age of 52.6 ± 12.1 years. The population exhibited a female predominance, with 57% women (sex ratio M/F = 0.75). The primary indications for Holter monitoring were distributed as follows: Palpitations (n=102, 72.8%), Dizziness/Presyncope (n=29, 20.7%), and Syncope (n=9, 6.4%).
Symptom Diary Analysis and Electro-Clinical Correlation
Analysis of patient diaries revealed a significant discrepancy between clinical perception and electrical data. During the 24-hour recording, 90 patients (64.2%) reported experiencing their typical symptoms, while 50 patients remained asymptomatic.
Among the 90 symptomatic patients, a positive electro-clinical correlation (simultaneous arrhythmia explaining the symptom) was established in only 27 patients (30%). In the majority of symptomatic patients (n=63, 70%), the ECG tracing at the time of complaint showed sinus rhythm, reactive sinus tachycardia, or minor non-significant anomalies, effectively ruling out a rhythmic origin for the symptoms at that specific moment.
Diagnostic Yield by Indication
The overall diagnostic yield of Holter ECG in our series was 19.2% (27 formal diagnoses out of 140 patients). Subgroup analysis (Table 1) showed no statistically significant difference in yield between the "Palpitations" group and the "Dizziness/Presyncope" group (19.6% vs. 20.7%, P >.05). The yield in the "Syncope" group appeared lower (11.1%), although this result must be interpreted with caution due to the small sample size (n=9).
Table 1: Diagnostic Yield of Holter ECG according to the presenting symptom
	Indication (Motif)
	No. of Patients (N)
	Documented Arrhythmia (N)
	Yield (%)

	Palpitations
	102
	20
	19.6%

	Dizziness / Presyncope
	29
	6
	20.7%

	Syncope
	9
	1
	11.1%

	TOTAL
	140
	27
	19.2%


Arrhythmia Spectrum and Clinical Profiles
The distribution of identified arrhythmias varied significantly according to the motive for consultation (Table 2). Statistical analysis revealed two distinct profiles:
· "Excitability" Profile (Associated with Palpitations): Disorders of excitability (tachyarrhythmias) were strongly correlated with palpitations (P <.01). Among the 20 positive diagnoses in this group, 19 were tachycardic in nature (PVCs, non-sustained VT, SVT, AF). Patients presenting with palpitations had a significantly higher likelihood of an excitability disorder being detected compared to other symptoms (OR = 95.0; 95% CI: 4.67 – 1931.2).
· "Conduction" Profile (Associated with Dizziness and Syncope): Conduction and automaticity disorders were the predominant etiology in patients presenting with symptoms of cerebral hypoperfusion (P <.01). In the Dizziness group, 5 out of 6 positive diagnoses were bradycardic (Pauses, Sinoatrial Block, severe bradycardia). Patients presenting with dizziness/presyncope were exceptionally more likely to be diagnosed with a conduction disorder than those with palpitations (OR = 95.0; 95% CI: 4.67 – 1931.2). The sole positive syncope case was a High-grade AV Block.








Table 2: Correlation between Symptom Type and Arrhythmia Type
	Variables
	Palpitations (n=102)
	Dizziness / Presyncope (n=29)
	Syncope (n=9)
	P-value
	OR (95% CI)

	Positive Holter (Total)
	20 (19.6%) 
	6 (20.7%) 
	1 (11.1%) 
	NS 
	--

	Type of Anomaly:
	
	
	
	
	

	"Excitability Disorders"
	19 
	1 
	0 
	<.01 
	95.0 (4.67–1931.2)*

	"Conduction Disorders"
	1 
	5 
	1 
	<.01 
	95.0 (4.67–1931.2)"


*Comparison of Excitability Disorders between Palpitations and other symptoms.
"Comparison of Conduction Disorders between Dizziness/Presyncope and Palpitations.
NS: Non-Significant
Incidental Findings
Beyond the strict symptom-based diagnostic yield, Holter monitoring detected severe anomalies in 4 patients (2.9%) who reported no symptoms at the time of the electrical event. These incidental findings included cases of Sinoatrial Block (SAB), ventricular hyperexcitability, and High-grade AV Block, necessitating therapeutic adjustment despite the absence of contemporaneous symptoms. Furthermore, while our analysis primarily focused on dysrhythmias, 24-hour Holter monitoring also holds significant value in detecting silent myocardial ischemia. Particularly in older patients presenting with tachyarrhythmias, simultaneous ST-segment depression can occasionally be observed as an incidental finding, reflecting rate-related demand ischemia [7]. Recognizing these asymptomatic ischemic changes is a crucial secondary benefit of ambulatory monitoring that may prompt further coronary evaluation. 
Diagnostic Yield: Comparison with Literature
In our series of 140 patients, the overall diagnostic yield (documented causal arrhythmia) was 19.2%. This result is in close agreement with international data, confirming that the 24-hour Holter remains an indispensable first-line tool, albeit one with moderate sensitivity. Our findings for palpitations (19.6%) are consistent with those reported in the reference meta-analysis by Hoefman et al. which reported a yield of roughly 21.6% [3]. Regarding syncope, our detection rate of 11.1% corroborates data from the 2018 ESC Guidelines [5]. which highlight the typically low yield of 24-hour Holter monitoring (< 10%) for this often sporadic symptom.
Symptom-Rhythm Dissociation: The Value of Exclusion
A major finding of our work is the high prevalence of symptomatic patients without concomitant arrhythmia (70% negative correlation). Far from being a diagnostic failure, this data holds capital clinical value [4]. According to Zimetbaum and Josephson [1], demonstrating normal sinus rhythm during a complaint allows for the formal exclusion of a rhythmic etiology, redirecting the diagnosis toward extra-cardiac causes (such as anxiety or dysautonomia) and preventing inappropriate antiarrhythmic medication. This "negative utility" is as valuable as a positive finding in preventing iatrogenic harm and narrowing the differential diagnosis. Conversely, the detection of severe anomalies in 2.9% of asymptomatic patients emphasizes that the "symptom diary" is imperfect and systematic analysis of the entire recording is mandatory.
Clinical Profile and Predictability
We observed a statistically significant association (P <.01) between the nature of the symptom and the mechanism of the arrhythmia. Palpitations are highly predictive of excitability disorders, whereas dizziness/presyncope is predominantly associated with conduction disorders. This validates the approach of the 2021 ESC Guidelines [8] on cardiac pacing . Our results suggest that "dizziness" in older patients should prompt a priority search for sinus node dysfunction or AV conduction disease, whereas frank syncope, due to its low yield on 24-hour monitoring, often requires prolonged monitoring strategies if the initial Holter is negative.
Limitations and Perspectives
The main limitation of this study is the 24-hour duration of monitoring. Recent advancements in ambulatory monitoring have introduced novel modalities such as adhesive patch monitors, which can provide continuous recording for up to 14 days, significantly increasing the diagnostic yield for intermittent arrhythmias [9]. Furthermore, for high-risk patients with infrequent syncope, current guidelines now emphasize early consideration of Implantable Loop Recorders (ILRs) over repeated short-term monitoring [5]. These devices offer long-term monitoring (up to 3 years) and have demonstrated superior diagnostic accuracy in unexplained syncope compared to conventional Holter monitoring [10].
Conclusions
The 24-hour Holter ECG remains a pivotal examination at Mohammed VI University Hospital, Marrakech, with a diagnostic yield of approximately 20%. Our study highlights a strong electro-clinical dissociation: the majority of reported symptoms are not rhythmic, offering significant "reassuring value" that aids in avoiding unnecessary treatments. However, the significant association between presyncope and bradycardia, and the potential for silent severe findings, justifies its systematic use. For patients with unexplained syncope and a negative 24-hour Holter, prolonged monitoring strategies represent the necessary next step in the standard of care.
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