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ABSTRACT: Background and Purpose When atrial fibrillation (AF) is
first documented at the time of onset of acute stroke, it is difficult to
establish a temporal relationship between AF and stroke. Did AF
precede and precipitate the stroke, or did the arrhythmia appear as a
result of stroke? Following the course of the newly diagnosed AF
may help to clarify this relationship.Methods The Framingham Study
cohort of 5070 members, aged 30 to 62 years and free of
cardiovascular disease at entry, has been under surveillance for the
development of cardiovascular disease, including stroke. We followed
the course of AF, which was documented for the first time on or soon
after hospital admission for stroke.Results During 38 years of follow-
up, 115 of 656 initial stroke events occurred in association with AF:
89 had previously documented AF, 21 had AF discovered for the first
time on admission for the stroke, and 5 were admitted with sinus
rhythm but developed AF after admission. Of the 21 subjects with AF
diagnosed on admission, in 12 (57%) AF persisted thereafter (chronic

https://doi.org/10.1161/01.STR.26.9.1527


AF). Among the other 9 persons presenting with nonpersistent AF,
paroxysms recurred in 3 (14%) and became chronic AF in 4 (19%).
AF was transient and did not recur in only 2 persons (10%). Of the 5
subjects who developed AF after admission, AF was sustained from
the initial diagnosis in 2 and recurred in paroxysms or became
established as chronic in 3.Conclusions Ninety-two percent (24/26) of
subjects presenting with newly discovered AF at the time of acute
stroke continued to have this rhythm disturbance in a chronic or
paroxysmal form. In only 2 subjects (8%) was the arrhythmia short-
lived and nonrecurrent. These follow-up data suggest that in most
instances AF was probably the precipitant rather than the
consequence of stroke.
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pidemiological and clinical studies have generally confirmed that
atrial fibrillation (AF) constitutes a major risk factor for stroke.1
2 3 4 5 6 7 8 When AF is discovered for the first time on hospital

admission for stroke, it is difficult to determine the sequence of
events or the duration of this arrhythmia. Previous studies have
reported an imminent risk of stroke associated with new-onset AF.8 9

10 11 It has been suggested that the newly diagnosed AF was
responsible for most of the ischemic stroke events.10 12 On the other
hand, an alternative possibility was raised by Vingerhoets et al13 that
acute stroke may precipitate transient AF. AF is known to occur
transiently and to be precipitated by illness or by surgical procedures,
for example, acute myocardial infarction, pneumonia, bronchoscopy,
and coronary artery bypass grafting. However, the role of acute
stroke as a precipitant of transient AF remains elusive. Recognizing
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the prognostic and therapeutic implications of this issue and the
difficulty of determining the accurate time sequence of onset of AF
and stroke, we examined the course of the newly documented AF
after stroke in the Framingham Study. We determined how frequently
AF would persist after the acute phase of stroke, based on
surveillance of this general population sample. Through this approach,
we hope to provide a more complete picture of the relationship
between acute stroke and newly diagnosed AF.

SUBJECTS AND METHODS
The Framingham cohort of 5070 men and women, aged 30 to 62
years and free of cardiovascular disease and stroke at entry to the
study in 1948 to 1950, has been followed prospectively with biennial
examinations. Sampling procedures, response rates, and methods of
examination and follow-up have been published previously.14 On each
routine biennial examination, physical examinations and 12-lead
electrocardiograms (ECGs) were performed, and details surrounding
all interim illness were sought and reviewed. Surveillance was
maintained for cardiovascular disease and stroke by daily monitoring
of all admissions to the only local hospital to which most patients
were referred by their physicians. Since 1968, whenever possible,
the study neurologists have examined subjects in the hospital at the
time of acute stroke. If criteria for stroke were met, stroke subtype
was determined after review by a panel of investigators including a
neurologist.

AF was identified both at the time of biennial examination and on
interim hospitalizations and outside examinations. Onset was
considered to be the time of the first documentation on ECG without
prior history of AF. For those subjects in whom AF was discovered



for the first time on admission for stroke or during the acute hospital
stay, the course of AF was sought by scrutiny of ECGs and all
available medical information, including interim hospitalizations,
records of drugs used to control AF, data from visits to physicians,
and routine biennial examinations. All AF ECGs were reviewed and
verified by a cardiologist. Chronic AF was defined as AF that
persisted from the initial diagnosis. When there was reversion to
sinus rhythm, AF was considered paroxysmal. According to the
pattern, paroxysmal AF could be either transient for one single
episode only or recurrent for more than one episode.

RESULTS
During 38 years of follow-up, 656 initial completed strokes occurred
in 292 men and 364 women. There were 115 strokes that occurred in
association with AF; 89 of them had prior documentation of AF, 21
had AF discovered for the first time on admission for the stroke, and
the other 5 subjects were in sinus rhythm on admission but developed
AF during the acute hospitalization for stroke (Figure). Among these
three groups, the distribution of sex and stroke subtype was not
significantly different from one another, but subjects with the first
documentation of AF on admission were older than the other groups
(Table 1).

Of the 21 subjects with acute stroke who were discovered for the
first time to have AF on admission, 57% (12/21) continued thereafter
to be in AF. In the other 9 subjects AF reverted to sinus rhythm; in 7
of them AF recurred in either a chronic (n=4) or paroxysmal (n=3)
form. AF was transient and nonrecurrent in only 2 subjects (Table 2
and Figure), 1 of whom presented with a primary cerebellar



hemorrhage and was the only patient with hemorrhagic stroke among
subjects with newly diagnosed AF.

Among the 5 subjects with first AF documentation 2 to 14 days
after admission, AF was sustained from the initial diagnosis (n=2) or
recurred in later course (n=3) (Table 2 and Figure).

DISCUSSION
It is not an uncommon clinical situation that AF is documented for the
first time at the time of hospital admission for stroke. In a hospital-
based retrospective study, 11 of 46 AF subjects with ischemic events
were diagnosed for the first time to have AF at the time of their
embolism.9 In a population-based hospital stroke registry, among 185
initial strokes associated with AF, 24 had the initial documentation of
AF at the time of admission for stroke.13 Similarly, in the present
study 21 of 115 stroke subjects with AF had this arrhythmia first
discovered on stroke admission. For these patients it was difficult to
establish whether AF was the consequence or the cause of stroke.

Investigations on the time course of AF for embolic complications
have demonstrated that the risk of stroke in subjects with AF seems
highest during the early months after the initial diagnosis of AF.8 9 10

15 This distinct clustering of strokes can be seen in both chronic AF9

10 and paroxysmal AF,8 as well as immediately after transition from
paroxysmal AF to chronic AF.8 It has been suggested that this
clustering of thromboembolic complications should be taken into
consideration when patients with AF are evaluated for stroke
prevention.8 10 11

On the other hand, numerous studies have described a variety of
cardiac arrhythmias including AF associated with acute stroke.16 17 18

19 20 21 22 23 24 25 While any attempt to attribute the onset of cardiac



arrhythmia to acute stroke should exclude the alternative possibility of
preexisting cardiac diseases, only a few studies have included
comparisons with prior history to document that the AF associated
with acute stroke actually was new.16 17 18 21 23 24 In these studies
AF was found in 4% to 7% of subjects with subarachnoid
hemorrhage23 24 26 and in 3% to 9% of those with other types of
stroke.16 17 18 21 However, the causal relationship between stroke
and AF was seldom discussed in detail. The report of Vingerhoets et
al13 was the first study to specifically address the hypothesis that
some patients with acute stroke might develop transient AF as a
consequence of the stroke. They compared 41 subjects with newly
diagnosed AF during hospitalization for stroke, including 24 with AF at
the time of admission and 17 with AF soon after admission, to stroke
subjects with prior history of AF (n=144) or with another
cardioembolic source (n=332). A higher frequency of primary
hematoma (9.8% versus 2.8% and 0.9%) and more involvement of
parietoinsular and brain stem areas were seen in the subjects with
newly diagnosed AF. The AF described was generally transient and
rarely recurred, a finding that was based on observations during
acute hospitalization (23 days on average; range, 3 to 77 days) and
considered evidence of cerebral arrhythmogenicity. Nevertheless, in
view of the fact that many persons with chronic AF experience this
arrhythmia intermittently before it becomes established, follow-up
data after stroke would be essential in addressing the significance of
“transient” AF at the acute stage of stroke. Unfortunately, such
information was not generally available in these studies.

In the present study we approached this issue by scrutinizing the
course of the newly diagnosed AF after stroke. We have assumed
that if AF was persistent or recurrent after the acute phase of stroke,



this arrhythmia was more likely to be a primary cardiac event rather
than a consequence of the acute stroke.

Among the 21 subjects in whom AF was documented for the first
time on stroke admission, more than half (12/21) were in chronic AF,
ie, AF persisted from the first documentation. Even if the AF was
paroxysmal initially (9/21), most of these subjects (7/9) had
recurrence of paroxysms or transition to chronic AF. If we exclude the
five in-hospital fatal subjects whose information regarding the course
of AF might be limited by the short observation period (within 3 to 25
days), 15 of 16 subjects who survived the first month after stroke
continued to have this rhythm disturbance. In subjects who remained
in AF after the acute phase of stroke, it seemed likely that AF led to
rather than resulted from the stroke.

It is notable that one of the two persons with transient AF only,
who was followed for nearly 3 years, was the only subject presenting
with intracerebral hemorrhage among the stroke subjects with newly
diagnosed AF. As described above, a predominance of primary
cerebral hemorrhage was seen in the series of Vingerhoets et al.13

Since primary intracranial hemorrhage is not likely to be precipitated
by AF, the newly discovered AF may have a different significance for
subjects with ischemic stroke and those with hemorrhagic stroke. The
question of whether common vascular disorders lead to AF and to
intracranial hemorrhage independently or the hemorrhage
predisposes to AF remains to be elucidated by further physiological
study and clinicopathologic correlation.

In the five subjects in whom sinus rhythm was recorded on
admission but AF appeared 2 to 14 days after the onset of stroke,
AF might not directly account for the stroke. In contrast to the finding
in the study of Vingerhoets et al13 that AF disappeared after a few
days in 16 of 17 persons with AF after admission, the arrhythmia in



our subjects was either persistent from the very onset or recurrent in
later course. In subjects who developed AF soon after stroke onset,
AF might be a manifestation of coexistent cardiovascular diseases
instead of a consequence of stroke.

Strengths and Limitations
All these subjects were derived from a population sample under
prospective long-term follow-up and systematic medical surveillance.
The population basis and availability of accurate information of the
prestroke and poststroke cardiovascular conditions in stroke subjects
enabled us to clarify the natural history of AF with less selection bias
than most of the hospital-based series. Unfortunately, the number of
cases in this study was small. Furthermore, the accuracy of
classification of AF is certainly affected by the length and intensity of
follow-up. A portion of our subjects (6/26) with newly discovered AF
died shortly after stroke onset (within 3 to 25 days), which inherently
weakened the ascertainment of the course of AF. For those who
survived the acute stage, we followed the course of AF by tracing all
medical details surrounding the interim hospitalizations as well as
biennial routine examinations. Nevertheless, without continuous ECG
monitoring, misclassification of the type of AF could have happened;
in particular, some paroxysms of AF might not be detected, and
accordingly we might overestimate the frequency of “transient AF.”
Despite this potential error of classification, because of the small
number of transient AF subjects in our study, the main finding is
unlikely to be altered.

In conclusion, our study showed that 92% (24/26) of the newly
discovered AF at acute stroke was sustained or recurred after the
acute stage. While we cannot state definitively that the AF was
present before the onset of stroke and precipitated the stroke, our



follow-up data wherein most of the subjects remained in AF suggest
that the newly documented AF seemed more likely to be a primary
cardiac event, with or without precipitating the stroke, rather than a
transient consequence of acute stroke. In addition to the substantial
risk of thromboembolism associated with AF, subjects with AF who
have had one or more embolic events are at high risk of further
emboli.27 The previous report of the Framingham Study10 also
indicated that recurrence after initial stroke occurred early and sooner
in persons with AF. Most subjects with newly diagnosed AF at the
time of nonhemorrhagic stroke should be strongly considered for
anticoagulant therapy.

Figure 1. Distribution of stroke subjects associated with atrial fibrillation (AF) according to time
of onset of AF. All but 2 of 26 subjects with AF first ascertained at the time of stroke had
subsequent recurrent or chronic AF.

Table 1. Distribution of Sex, Age, and Stroke Subtype in 115 Stroke Subjects Associated With
AF (Table view)

 Prior AF AF on Admission AF After Admission
No. 89 21 5
% men 37 48 60
Age range, y (median) 44-97 (75) 63-94 (82) 66-84 (72)
Stroke subtype, ischemic/hemorrhagic 86/3 20/1 5/0

AF indicates atrial fibrillation.

Table 2. Types of AF in 26 Stroke Subjects With Newly Diagnosed AF (Table view)



ARTICLE INFORMATION
Received April 25, 1995; revision received June 9, 1995; accepted June 9, 1995; published
online September 1, 1995.

Note
Reprint requests to Philip A. Wolf, MD, Boston University School of Medicine, Department of
Neurology, 80 E Concord St, B-608, Boston, MA 02118. E-mail wolf@med-neurog.bu.edu.

Affiliations
From the Department of Neurology, Boston University School of Medicine (H.-J.L., P.A.W.);
Cardiology Section, Boston City Hospital, Boston University School of Medicine (E.J.B.);
Department of Mathematics, Boston University (A.J.B., R.B.D’A.); and the Framingham Study,
National Heart, Lung, and Blood Institute, Framingham, Mass. .

Acknowledgments
This study was supported by grant 2-RO1 NS-17950-13 (National Institute of Neurological
Disorders and Stroke) and contract NIH-NO1-HC-38038 (National Heart, Lung, and Blood
Institute).

REFERENCES

Type of AF 21 Subjects With AF
on Admission

5 Subjects With AF After Admission

No.
(%)

Length of
Follow-up

No.
(%)

Day Poststroke at
Diagnosis of AF

Length of
Follow-up

Chronic AF 12
(57)

3 d-74 mo 2
(40)

3, 13 19 d, 1 mo

Recurrent paroxysmal AF 3
(14)

26 mo-100
mo

1
(20)

3 22 mo

Paroxysmal AF with
transition to chronic AF

4
(19)

4 mo-62 mo 2
(40)

2, 14 62 mo, 112
mo

Transient AF only 2
(10)

3 d, 32 mo 0
(0)

… …

AF indicates atrial fibrillation. For definitions of types of AF, refer to text.



1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke:
the Framingham Study. Stroke. 1991;22:983-988. Crossref. PubMed.

2. Cardiogenic brain embolism: the second report of the Cerebral Embolism Task Force.
Arch Neurol. 1989;46:727-743. Crossref. PubMed.

3. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor to stroke in the
elderly: the Framingham Study. Arch Intern Med. 1987;147:1561-1564. Crossref. PubMed.

4. Britton M, Gustafsson C. Non-rheumatic atrial fibrillation as a risk factor for stroke. Stroke.
1985;16:182-188. Crossref. PubMed.

5. Wolf PA, Dawber TR, Thomas HE Jr, Kannel WB. Epidemiologic assessment of chronic
atrial fibrillation and risk of stroke: the Framingham Study. Neurology. 1978;28:973-977.
Crossref. PubMed.

6. Friedman GD, Loveland DB, Ehrlich SP Jr. Relationship of stroke to other cardiovascular
disease. Circulation. 1968;38:533-541. Crossref. PubMed.

7. Tanaka H, Hayashi M, Date C, Imai K, Asada M, Shoji H, Okazaki K, Yamamoto H,
Yoshikawa K, Shimada T, Lee SI. Epidemiologic studies of stroke in Shibata, a Japanese
provincial city: preliminary report on risk factors for cerebral infarction. Stroke.
1985;16:773-780. Crossref. PubMed.

8. Petersen P, Godtfredsen J. Embolic complications in paroxysmal atrial fibrillation. Stroke.
1986;17:622-626. Crossref. PubMed.

9. Sherman DG, Goldman L, Whiting RB, Jurgensen K, Kaste M, Easton JD.
Thromboembolism in patients with atrial fibrillation. Arch Neurol. 1984;41:708-710.
Crossref. PubMed.

10. Wolf PA, Kannel WB, McGee DL, Meeks SL, Bharucha NE, McNamara PM. Duration of
atrial fibrillation and imminence of stroke: the Framingham Study. Stroke. 1983;14:664-
667. Crossref. PubMed.

11. Corbalan R, Arriagada D, Braun S, Tapia J, Huete I, Kramer A, Chavez A. Risk factors for
systemic embolism in patients with paroxysmal atrial fibrillation. Am Heart J.
1992;124:149-153. Crossref. PubMed.

12. Petersen P. Thromboembolic complications in atrial fibrillation. Stroke. 1990;21:4-13.
Crossref. PubMed.

13. Vingerhoets F, Bogousslavsky J, Regli F, Van Melle G. Atrial fibrillation after acute stroke.
Stroke. 1993;24:26-30. Crossref. PubMed.

14. Shurtleff D. Some characteristics related to the incidence of cardiovascular disease and
death: Framingham Study, 18 year follow-up. In: Kannel WB, Gordon T, eds. The
Framingham Study: An Epidemiological Investigation of Cardiovascular Disease.
Washington, DC: Dept of Health, Education, and Welfare; 1974:section 30. DHEW
publication NIH 74-599.

https://doi.org/10.1161/str.22.8.1866765
https://pubmed.ncbi.nlm.nih.gov/1866765/
https://doi.org/10.1001/archneur.1989.00520430021013
https://pubmed.ncbi.nlm.nih.gov/2662950/
https://doi.org/10.1001/archinte.1987.00370090041008
https://pubmed.ncbi.nlm.nih.gov/3632164/
https://doi.org/10.1161/str.16.2.3975954
https://pubmed.ncbi.nlm.nih.gov/3975954/
https://doi.org/10.1212/WNL.28.10.973
https://pubmed.ncbi.nlm.nih.gov/570666/
https://doi.org/10.1161/circ.38.3.533
https://pubmed.ncbi.nlm.nih.gov/5673605/
https://doi.org/10.1161/str.16.5.4049440
https://pubmed.ncbi.nlm.nih.gov/4049440/
https://doi.org/10.1161/str.17.4.3738942
https://pubmed.ncbi.nlm.nih.gov/3738942/
https://doi.org/10.1001/archneur.1984.04050180030011
https://pubmed.ncbi.nlm.nih.gov/6743058/
https://doi.org/10.1161/str.14.5.6658948
https://pubmed.ncbi.nlm.nih.gov/6658948/
https://doi.org/10.1016/0002-8703(92)90933-M
https://pubmed.ncbi.nlm.nih.gov/1615799/
https://doi.org/10.1161/str.21.1.2405547
https://pubmed.ncbi.nlm.nih.gov/2405547/
https://doi.org/10.1161/str.24.1.8418546
https://pubmed.ncbi.nlm.nih.gov/8418546/


15. Godtfredsen J. Atrial fibrillation: course and prognosis: a follow-up study of 1212 cases. In:
Kulbertus HE, Olsson SB, Schlepper M, eds. Atrial Fibrillation. Molndal, Sweden: A
Lindgren & Soner AB; 1982:134-147.

16. Yamour BJ, Sridharan MR, Rice JF, Flowers NC. Electrocardiographic changes in
cerebrovascular hemorrhage. Am Heart J. 1980;99:294-300. Crossref. PubMed.

17. Mikolich JR, Jacobs WC, Fletcher GF. Cardiac arrhythmias in patients with acute
cerebrovascular accidents. JAMA. 1981;246:1314-1317. Crossref. PubMed.

18. Goldstein DS. The electrocardiogram in stroke: relationship to pathophysiological type and
comparison with prior tracings. Stroke. 1979;10:253-259. Crossref. PubMed.

19. Dimant J, Grob D. Electrocardiographic changes and myocardial damage in patients with
acute cerebrovascular accidents. Stroke. 1977;8:448-455. Crossref. PubMed.

20. Norris JW, Froggatt GM, Hachinski VC. Cardiac arrhythmias in acute stroke. Stroke.
1978;9:392-396. Crossref. PubMed.

21. Rem JA, Hachinski VC, Boughner DR, Barnett HJM. Value of cardiac monitoring and
echocardiography in TIA and stroke patients. Stroke. 1985;16:950-956. Crossref. PubMed.

22. Lavy S, Yaar I, Melamed E, Stern S. The effect of acute stroke on cardiac functions as
observed in an intensive stroke care unit. Stroke. 1974;5:775-780. Crossref. PubMed.

23. Andreoli A, di Pasquale G, Pinelli G, Grazi P, Tognetti F, Testa C. Subarachnoid
hemorrhage: frequency and severity of cardiac arrhythmias: a survey of 70 cases studied
in the acute phase. Stroke. 1987;18:558-564. Crossref. PubMed.

24. Stober T, Anstatt T, Sen S, Schimrigk K, Jager H. Cardiac arrhythmias in subarachnoid
haemorrhage. Acta Neurochir (Wien). 1988;93:37-44. Crossref. PubMed.

25. Eisalo A, Perasalo J, Halonen PI. Electrocardiographic abnormalities and some laboratory
findings in patients with subarachnoid haemorrhage. Br Heart J. 1972;34:217-226.
Crossref. PubMed.

26. Shuster S. The electrocardiogram in subarachnoid haemorrhage. Br Heart J.
1960;22:316-320. Crossref. PubMed.

27. Flegel KM, Hanley J. Risk factors for stroke and other embolic events in patients with
nonrheumatic atrial fibrillation. Stroke. 1989;20:1000-1004. Crossref. PubMed.

https://doi.org/10.1016/0002-8703(80)90343-9
https://pubmed.ncbi.nlm.nih.gov/7355693/
https://doi.org/10.1001/jama.1981.03320120018018
https://pubmed.ncbi.nlm.nih.gov/7265425/
https://doi.org/10.1161/str.10.3.462510
https://pubmed.ncbi.nlm.nih.gov/462510/
https://doi.org/10.1161/str.8.4.898240
https://pubmed.ncbi.nlm.nih.gov/898240/
https://doi.org/10.1161/str.9.4.675750
https://pubmed.ncbi.nlm.nih.gov/675750/
https://doi.org/10.1161/str.16.6.4089926
https://pubmed.ncbi.nlm.nih.gov/4089926/
https://doi.org/10.1161/str.5.6.775
https://pubmed.ncbi.nlm.nih.gov/4432256/
https://doi.org/10.1161/str.18.3.3590246
https://pubmed.ncbi.nlm.nih.gov/3590246/
https://doi.org/10.1007/BF01409900
https://pubmed.ncbi.nlm.nih.gov/3414415/
https://doi.org/10.1136/hrt.34.3.217
https://pubmed.ncbi.nlm.nih.gov/4111390/
https://doi.org/10.1136/hrt.22.3.316
https://pubmed.ncbi.nlm.nih.gov/14446343/
https://doi.org/10.1161/str.20.8.2756532
https://pubmed.ncbi.nlm.nih.gov/2756532/


Sections

1. Abstract
2. Subjects and Methods
3. Results
4. Discussion

1. Strengths and Limitations
5. Article Information

1. Note
2. Affiliations
3. Acknowledgments

6. References

LIST OF ILLUSTRATIONS

1. Figure 1



Figure 1. Distribution of stroke subjects associated with atrial fibrillation (AF) according to time
of onset of AF. All but 2 of 26 subjects with AF first ascertained at the time of stroke had
subsequent recurrent or chronic AF.



Table 1. Distribution of Sex, Age, and Stroke Subtype in 115 Stroke Subjects Associated With
AF

 Prior AF AF on Admission AF After Admission
No. 89 21 5
% men 37 48 60
Age range, y (median) 44-97 (75) 63-94 (82) 66-84 (72)
Stroke subtype, ischemic/hemorrhagic 86/3 20/1 5/0

AF indicates atrial fibrillation.



Table 2. Types of AF in 26 Stroke Subjects With Newly Diagnosed AF

Type of AF 21 Subjects With AF
on Admission

5 Subjects With AF After Admission

No.
(%)

Length of
Follow-up

No.
(%)

Day Poststroke at
Diagnosis of AF

Length of
Follow-up

Chronic AF 12
(57)

3 d-74 mo 2
(40)

3, 13 19 d, 1 mo

Recurrent paroxysmal AF 3
(14)

26 mo-100
mo

1
(20)

3 22 mo

Paroxysmal AF with
transition to chronic AF

4
(19)

4 mo-62 mo 2
(40)

2, 14 62 mo, 112
mo

Transient AF only 2
(10)

3 d, 32 mo 0
(0)

… …

AF indicates atrial fibrillation. For definitions of types of AF, refer to text.
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