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Abstract. 
Aims. Screening of paroxysmal atrial fibrillation (PAF) after ischemic stroke and TIA is important. The ideal method is not known and studies of intermittent screening methods in particular are lacking. In this retrospective study we compared a shorter continuous screening method with an intermittent screening method. Methods. Since early 2011 our stroke unit has used two different methods of screening: either a 48-hour continuous screening with Holter monitor or a 21-day twice daily intermittent screening with a hand-held ECG recorder. Through the Swedish National Stroke Registry and medical records reviewing all screening episodes between 2011-02-01 and 2013-01-31 were collected and analysed.   Results. Of 386 screenings, 26 screenings were excluded leaving 360 screenings for the final analysis of which 114 screenings were made with hand-held ECG recorder and 246 with Holter monitoring. No significant difference between the groups concerning basic characteristics was observed. In the hand-held ECG recorder group a total of 13 PAF screenings (11.4%) were detected compared with 7 (2,8%) in the Holter group (
	
		
			
				𝑃
				=
				0
				.
				0
				0
				1
			

		
	
). Conclusions. A prolonged intermittent screening is a better method than a shorter continuous screening in terms of detecting PAF after ischemic stroke and TIA.
 

1. Introduction
Stroke is the third most common cause of death in most Western populations after coronary heart disease and cancer. The majority of these strokes are ischemic strokes for which atrial fibrillation (AF) is a major risk factor, conferring a fivefold increased risk [1]. This increased risk appears to be the same regardless of whether the atrial fibrillation is permanent or paroxysmal [2, 3]. Importantly, a diagnosis of atrial fibrillation after stroke usually results in secondary prophylaxis with oral anticoagulants, a highly effective treatment with a relative risk reduction of recurrence of 65% compared with placebo [4]. Furthermore, it has been suggested that paroxysmal atrial fibrillation (PAF) may be an underestimated cause of ischemic stroke [5, 6]. With the high efficacy of oral anticoagulants in mind, it is crucial to identify all significant PAF in order to achieve the best possible secondary prevention. Since PAF often is asymptomatic, it requires screening to be diagnosed [7]. In addition, screening for PAF after ischemic stroke was in a recent model shown to be cost effective [8].



Up until now in-patient continuous cardiac monitoring has been the most common method to identify PAF, usually for the first 24 or 48 hours after admission. The longer the screening is done, the better the yield is in terms of detected PAF [9, 10]. However, a long term continuous Holter screening strategy may be associated with lower compliance and technical problems [10, 11]; furthermore the amount of data to be analyzed increases. If other methods such as implantable loop recorders or pacemakers are considered, their potential downsides are cost and invasiveness [11]. With this in mind an intermittent screening is an attractive alternative method and recent studies have shown promising results [12, 13]. However, clinical data of efficacy of and feasibility in a routine clinical setting is lacking.
In our stroke ward we have used two different methods: a 48-hour Holter method and since early 2011 an intermittent long term screening method with a novel patient triggered event recorder. The aim of this retrospective study was to compare these two methods regarding efficacy and feasibility in a routine clinical setting of unselected stroke and TIA patients.
2. Material and Methods
The study population was retrospectively selected from the Swedish National Stroke Registry where all care episodes with TIA or stroke diagnoses are collected [14]. From this registry we selected all the hospital care episodes in the municipality of east Skaraborg during the decided time frame from the 1st of February 2011 to the 31st of January 2013, in total 1174 in-hospital care episodes. Of these 1174 care episodes screening for PAF was made in 375 cases. The decision whether to screen or not was made by the clinician and based on if the patient was considered suitable for anticoagulant treatment. Through medical records the reasons not to screen were obtained and are shown in Figure 1.


	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
			
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
				
				
				
				
				
				
				
				
			
			
				
			
			
				
			
			
				
				
				
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
			
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 1: Total number of screenings, 
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.


Two different methods of screening were used: either a continuous 48-hour monitoring strategy with routine Holter monitors (DL 700/10, Braemar Inc.) or an intermittent strategy with a novel hand-held ECG recorder. The hand-held ECG recorder (ZenicorEKG-2; Zenicor Medical Systems AB) is a small rectangular box with two sensors and a display in the center. When applying the thumbs on the two sensors for 30 seconds a bipolar ECG corresponding lead 1 is created. Through mobile phone technology the ECG is transferred to a secure database from where it can be analyzed. The method has earlier been shown feasible for screening with high sensitivity and specificity with respect to diagnosing atrial fibrillation [15]. The method used was dependent on if hand-held ECG recorders were available at the ward preceding the start of the screening. If unavailable the patient was referred to the clinical physiology laboratory for a 48-hour Holter monitoring. Before the Holter monitor was hitched, a routine ECG was done. If atrial fibrillation was present on this ECG (
	
		
			
				𝑛
				=
				1
			

		
	
), it was considered a positive screening as it was a part of the Holter method.
Patients receiving the hand-held ECG recorder were instructed to perform rhythm recording twice daily for three weeks (during 1 February–21 March 2011 for 30 days) in addition to when experiencing arrhythmia symptoms, with each recording lasting 30 seconds. After the three weeks the patient was told to leave the device at the local primary care center that sent the device back to the ward, where a new patient was equipped.
The interpretations of the hand-held ECG recordings and Holter recordings were made by biomedical scientists at the clinical physiology laboratory. The biomedical scientists were continuously reviewing the hand-held ECG recordings and when a positive episode was detected, the screening was interrupted. If in doubt when interpreting the recordings the biomedical scientists had access to cardiologists for support. Neither the biomedical scientists nor the cardiologists were part of our study group.
The screening was considered positive for each method when an episode of atrial fibrillation lasting for 30 seconds or longer was captured, which is in accordance with current practice [16]. Episodes lasting less than 30 seconds were considered a negative screening outcome and these patients received no anticoagulation.
Of the 375 care episodes that were screened, 11 care episodes utilized both screening methods; that is, the total number of screenings was 386. The reason for using both methods was due to quality problems (
	
		
			
				𝑛
				=
				7
			

		
	
) and misunderstanding (
	
		
			
				𝑛
				=
				4
			

		
	
). Medical records and former ECG recordings were then scrutinized and exclusion criteria were applied (Table 1). The results of the screenings were then obtained from reviewing medical records and the database where the intermittent hand-held ECG recordings were collected. Patient characteristics were collected from the Swedish National Stroke Registry and from a careful review of medical records. When patients included in the final analysis had two care episodes with screening (
	
		
			
				𝑛
				=
				5
			

		
	
) or used both methods (
	
		
			
				𝑛
				=
				4
			

		
	
), they were still considered as two different observations.
Table 1: Reasons for exclusion.
	

	Exclusion criteria	Holter (
	
		
			
				𝑛
				=
				2
				5
				6
			

		
	
)	Hand-held (
	
		
			
				𝑛
				=
				1
				3
				0
			

		
	
)	 Total (
	
		
			
				𝑛
				=
				3
				8
				6
			

		
	
)
	

	History of atrial fibrillation*	8	3	11
	Lack of patient compliance/misunderstanding**	1	5	6
	Technical problems/qualitative problems**	1	5	6
	Premature screening interruption of other causes	0	3	3
	Total screening episodes excluded	10	16	26
	Screening episodes remaining	246	114	360
	



	
		
			

				∗
			

		
	
4/8 in the Holter group and 3/3 in the hand-held ECG group were screened positive; **if less than 24-hour recording, 12 hand-held ECG recordings were interpretable.


Statistical analysis was done using SPSS v.20. To compare the groups with respect to categorical variables a Pearson Chi-square test was performed, for normal distributed variables (age) a Student 
	
		
			

				𝑡
			

		
	
-test was performed, and for the nonnormal distributed variables (NIHss) a Mann-Whitney test was performed. A 
	
		
			

				𝑃
			

		
	
 value below 0.05 was considered statistically significant. The study was approved by the regional ethical review board in Gothenburg (registration number 580-13).
3. Results
Of a total of 386 screenings, 26 were excluded leaving 360 screening episodes to be analyzed (Table 1). Of the patients excluded due to a history of atrial fibrillation (
	
		
			
				𝑛
				=
				1
				1
			

		
	
), 4/8 in the Holter group and 3/3 in the hand-held ECG recorder group were screened positive.
A total number of 360 screenings in 351 patients with recent stroke and TIA were analyzed, of which 114 were made with the hand-held ECG recorder and 246 with Holter monitor. Their basic characteristics are shown in Table 2. None of the basic characteristics differed significantly between the groups although a tendency towards more men in the hand-held ECG recorder group could be observed (
	
		
			
				𝑃
				=
				0
				.
				0
				9
			

		
	
).
Table 2: Basic patient characteristics of screening (number of patients = 351).
	

	Parameter	Hand-held ECG recorder	Holter	All	
	
		
			

				𝑃
			

		
	
 value
	

	Number of screenings	114	246	360	—
	Ischemic stroke patients (%)	
								72.8	67.9	69.4	0.351
	TIA patients (%)	27.2	32.1	30.6	0.351
	TACI (%) 
	
		
			
				𝑛
				=
				2
				5
				0
			

		
	
	2.4	1.8	2.0	0.941
	PACI (%) 
	
		
			
				𝑛
				=
				2
				5
				0
			

		
	
	20.5	19.2	19.6
	LACI (%) 
	
		
			
				𝑛
				=
				2
				5
				0
			

		
	
	48.2	46.1	46.8
	POCI (%) 
	
		
			
				𝑛
				=
				2
				5
				0
			

		
	
	21.7	22.8	22.4
	Unclassified (%)	7.2	10.2	9.2
	Age (years), mean (range)	70.3 (41.9–86.6)	70.4 (42.4–89.6)	70.4 (41.9–89.6)	0.912
	Gender male (%)	67.5 	58.1	61.1	0.091
	Known diabetes mellitus (%) 	16.7	19.5	18.6	0.521
	Known hypertension (%)	58.8	56.1	56.9	0.631
	Previous stroke (%) 	16.7	11.4	13.1	0.171
	Ischemic heart disease (%)	15.8	13.4	14.2	0.551
	Current smoking (%)	23.7	19.5	20.8	0.371
	NIHSS at admission, median (quartiles) 
	
		
			
				𝑛
				=
				2
				5
				0
			

		
	
	2 (1–3)	2 (1–4)	 2	0.173
	



	
		
			

				1
			

		
	
Statistical analysis made with Chi-square; 2statistical analysis made with Students 
	
		
			

				𝑡
			

		
	
-test; 3statistical analysis made with Mann-Whitney 
	
		
			

				𝑈
			

		
	
 test.


In the Holter group 7 (2,8%) PAF screening were detected compared with 13 (11,4%) in the hand-held ECG recorder group (Table 3). The difference was highly significant (
	
		
			
				𝑃
				=
				0
				.
				0
				0
				1
			

		
	
).
Table 3: Detection of PAF with the two methods.
	

	Method used	Positive screening (
	
		
			

				𝑛
			

		
	
)	Negative screening (
	
		
			

				𝑛
			

		
	
)	All screenings total (
	
		
			

				𝑛
			

		
	
)	Detection rate (%)
	

	Hand-held ECG recorder (
	
		
			

				𝑛
			

		
	
)	13	101	114	11.4
	48-hour Holter monitoring (
	
		
			

				𝑛
			

		
	
)	7	239	246	2.8
	



The mean starting point for the screening in the Holter group was 14.2 days (median 6, range 0–94) after stroke onset. The mean recording time was 46.7 hours (range 24–48 hours) and the mean time of atrial fibrillation among the positive screenings was 12.3 hours (range 0,025–48 hours). In the hand-held ECG group the mean starting point was 4.1 days (median 2, range 0–38) after stroke onset. The total number of 30-second recordings was 5810, of which 955 (16.3%) exceeded the twice daily instruction. The mean number of recording episodes was 51 (range 3–137, median 48) and the mean time of screening duration was 22.2 days (range 1–48, median 21). The mean day of PAF detection after screening start was day number 8 (range 1–22) (Figure 2). The mean number of recording episodes with atrial fibrillation in each positive screening was 3.9 (range 1–11). When accumulating the time from the first to the last positive screening episodes among the patients with more than 1 positive screening episode (
	
		
			
				𝑛
				=
				1
				0
			

		
	
) the mean accumulated time of continuous positive recordings was 26 hours (Figure 3).


	


	


	
		


	
		


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	













Figure 2: Day after screening start of PAF detection by hand-held ECG recorder.




	















	
		


	


	
		


	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
	


	
		
			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	













Figure 3: Accumulated time from first positive recording until last positive recording in all positive screenings.


4. Discussion
In this retrospective study we have shown that intermittent long term screening yields more than short term continuous screening in terms of detecting paroxysmal atrial fibrillation among patients with recent stroke or TIA. A shorter continuous screening of 48 hours is not enough to exclude a potential PAF, missing 3/4 of those who would have been diagnosed with a longer intermittent screening. The novel hand-held ECG recorder was proven feasible for performing the intermittent recordings with low exclusion rates due to compliance and technical problems. This result accords with previous studies [12, 13] but has now been confirmed in a routine clinical setting.
The study has limitations. Firstly, the timing of the screening start differed between the groups, probably due to the referral related delay of Holter monitoring initiation. Our knowledge of how this affects the detection rate is scarce. In the EMBRACE study (presented at the 2013 International Stroke Conference, Honolulu, Hawaii, available at http://my.americanheart.org/idc/groups/ahamah-public/@wcm/@sop/@scon/documents/downloadable/ucm_449046.pdf) 80% of the PAF: 
	
		
			

				𝑠
			

		
	
 was detected during the first two weeks after screening start, and other studies have shown similar results [17]. Nevertheless, that the yield of the screening is most fruitful during the first two weeks is not equivalent to the assumption that the yield is dependent on timing of screening start after the index event. For instance, in the EMBRACE study the screening started about 70 days after stroke, would the yield be better or worse if it would have started 40 days after stroke? Secondly, in a retrospective study a potential selection bias is a limitation. One may argue that the clinician most probably took stroke severity and stroke characteristics into consideration when choosing screening method. However, that no significant difference could be found between the groups including NIHSS points and OCSP classification further supports the presumption that the screening methods were assigned depending on availability, limiting the probability of a selection bias. Thirdly, since epidemiological studies have shown that atrial fibrillation is more frequent in men, the observed tendency towards more male subjects in the hand-held group could have affected the final result [18]. Nevertheless, there is no evidence that gender predicts the detection of paroxysmal atrial fibrillation after stroke [19, 20].
The detection rate in other studies has been varied. In a review from 2011 the detection rate ranged from 1,0% to 13.9 in studies done with unselected stroke and TIA populations depending on the length of screening [11]. These figures imply that our figure of 11.3% in the long intermittent screening group may reflect a reasonable yield when choosing a longer screening. Our yield of 2.8% in the short term screening group was low compared with these figures and lower than expected. However, many of the patients in the Holter group had short episodes of supraventricular tachycardia, some of which were irregular with no certain p-waves, but all had duration of less than 30 seconds. In other studies the cutoffs have been set at five or ten seconds which might partially explain the difference in detection rate [14, 19].
The exclusion rate in both groups due to compliance and technical problems was low, although it was higher in the hand-held ECG group compared to the Holter group. In an intention to screen analysis the detection rate would drop to 10.5% in the hand-held ECG group but the difference between the groups would still be statistically significant. This finding stresses the feasibility of the hand-held ECG recorder in a clinical setting. Nevertheless, in a setting of more severe strokes, the dropout rates due to compliance problems might be higher. Among the patients excluded owing to a history of atrial fibrillation, the hand-held ECG recorder had a higher sensitivity of rediscovering PAF, which is in accordance with the overall results.
The mean duration of the intermittent screening exceeded the instructed 21 days, including all positive screenings prematurely interrupted. This can partly be explained by the 30-day screening instruction during the first seven weeks of the study period and partly by the fact that the patients keep the equipment longer than they are instructed to. Although most detections occurred during the first week (Figure 2), detections were made throughout the whole period. The ideal duration of screening is not known and this area, along with other questions of screening design, needs further research.
Finally we want to address the question of atrial fibrillation burden and absolute stroke risk, which is an area of ongoing debate with partially conflicting results in studies presented [5, 21, 22]. The exact amount of atrial fibrillation burden cannot be assessed with intermittent screening and we have no firm evidence of an increased stroke risk starting from 30 seconds of atrial fibrillation. However, when reflecting the fact that all positive screenings but three had more than one positive screening in a row (Figure 3), it seems that we are catching longer PAF episodes.
5. Conclusion
In conclusion, a longer intermittent screening strategy is preferable to a shorter continuous screening strategy. With its advantages, an intermittent screening with a hand-held ECG recorder is a tempting novel approach to increase PAF detection after TIA and ischemic stroke. Many questions about screening design, PAF detection predictors, and net clinical benefits of oral anticoagulant treatment in patients with screening detected PAF remain, which require future studies to be answered.
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