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RESUMO

Acidente vascular cerebral (AVC) ¢ uma importante causa de morbimortalidade e a maioria €
de causa isquémica. AVCs de causa indeterminada (AVC criptogénico) sao responsaveis por 40% dos
AVCs isquémicos e a fibrilagao atrial oculta ¢ um possivel mecanismo fisiopatologico relacionado a
este subtipo. Como o subtipo cardioembdlico € associado com o pior prognostico comparado aos
demais, € relevante reconhecer possiveis marcadores de fibrilagdo atrial, ou sinais de cardiopatia atrial
nos AVCs criptogénicos. Nesse estudo nds revisamos indices de onda P no eletrocardiograma (forga
terminal da onda P em V1, duracdo da onda P e eixo da onda P), medidas de dilatacdo atrial no
ecocardiograma (didmetro atrial esquerdo e volume atrial esquerdo indexado) e a sua relagdo com os

AVCs isquémicos, particularmente com os criptogénicos.

ABSTRACT

Stroke is an important cause of death and disability, and most are due to ischemic cerebral
infarction. Stroke of undetermined etiology (cryptogenic strokes) accounts for up to 40% of ischemic
strokes and occult atrial fibrillation is a possible pathophysiologic mechanism related to this subtype.
As the cardioembolic subtype is associated with the worst prognosis compared to the others, it becomes
relevant to recognize possible markers of atrial fibrillation, or signs of atrial cardiopathy, in cryptogenic
strokes. In this study we review electrocardiogram P-wave indices (P-wave terminal force in V1, P-
wave duration and P-wave axis), echocardiogram measurements of atrial dilatation (left atrial diameter

and left atrial volume index) and their relation with ischemic strokes, particularly cryptogenic strokes.



Introduction

Stroke remains as the second leading cause of death and disability around the world and 70-
90% are due to ischemic cerebral infarction.! Stroke of undetermined etiology (cryptogenic strokes)
accounts for up to 40% of ischemic strokes’> and occult atrial fibrillation (AF) is a possible
pathophysiologic mechanism related to this subtype.® As the cardioembolic subtype is associated with
the worst prognosis compared to the others, it becomes relevant to recognize possible markers of AF,

or signs of atrial cardiopathy, in cryptogenic strokes.?

Epidemiology
Prevalence

Worldwide, the incidence of ischemic stroke is 68%, while the incidence of hemorrhagic stroke
(subarachnoid and intracerebral hemorrhage combined) is 32%, reflecting a higher proportion in low-
income population.* In the United States, the annual incidence of new or recurrent stroke is
approximately 795.000, of which 77% are first-ever strokes and 23% are recurrent strokes.’

In Brazil, stroke was responsible for 101.195 deaths which represents 8% of total deaths in
2017.° In Latin America, stroke incidence rates adjusted for age vary between 35 and 183 per 100.000

inhabitants, whereas, in Brazil, the rate is between 137 and 168 per 100.000.6

Population Characteristics

Women have a higher risk of stroke than men. The lifetime risk of stroke among those 55 to 75
years of age was 1 in 5 for women (95% CI, 20-21%) and 1 in 6 for men (95% CI, 14-17%).’

In the United States, blacks and Hispanics have an increased risk of stroke compared with
whites. An increased incidence of stroke has also been found among Mexican American compared with
non-Hispanic whites.®

In the United States, the incidence of small vessel strokes and cryptogenic strokes was twice

higher among blacks. Large vessel strokes were 40% more frequent in blacks compared to whites. The
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incidence of cardioembolic strokes was not significantly different in this population.” The age of
subjects affected by cryptogenic stroke seems inconsistent. A meta-analysis suggested that young age
(<50 years) is inversely associated with cryptogenic stroke (OR 0.6; 95% CI 0.4-1.0)'°, whereas other

registries have found similar rates between younger and older age groups.!!

Classification

The TOAST classification scheme for ischemic stroke attempts to classify them according to
the major pathophysiologic mechanisms that are recognized as the etiology of most ischemic strokes. It
assigns ischemic strokes to five subtypes according to clinical features and complementary exams,
including brain imaging, cardiac tests, neurovascular evaluations and prothrombotic state laboratory
evaluation. It is widely used and has good interobserver agreement.'?

The five TOAST subtypes of ischemic stroke are: 1) Large artery atherosclerosis, 2)
Cardioembolic, 3) Small vessel occlusion, 4) Stroke of other determined etiology and 5) Stroke of
undetermined etiology.

The last subtype, also known as cryptogenic stroke, includes cases where an etiology of stroke
cannot be determined with any degree of confidence, including those with two or more potential causes
identified and those with a negative or an incomplete evaluation.

A related concept is embolic stroke of undetermined source (ESUS), which is defined as a
nonlacunar brain infarct without proximal artery stenosis or cardioembolic sources. This concept
implies that a full standard evaluation was done, whereas the traditional definition of cryptogenic stroke

did not require full evaluation. Therefore, ESUS represents a subset of cryptogenic stroke.'3

Electrocardiogram — P-wave Indices
Abnormalities in atrial activation measured through analysis of P-wave morphology have been

associated with atrial remodeling'4, ischemic stroke'® and increased risk of atrial fibrillation.'® P-wave
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indices include P-wave axis, P-wave duration, advanced interatrial block and P-wave terminal force in

V1 (PWTFV1). Examples of P-wave indices are found on Figure 1.

P-wave terminal force in V1

It is a measure of left atrium activation. It is computed by multiplying the duration (ms) and the
depth (uV) of the downward deflection of the P-wave in lead V1.7

The first study to show an association between ischemic stroke and P-wave terminal force in V1
was a case-control study, published in 2005. In this study, when analyzed as a categoric variable, a
PWTFV1 >40ms.mm was associated with ischemic stroke after adjustment for other stroke risk factors
(OD 2.32; 95% CI 1.29-4.18), although it had low sensitivity and specificity (54 and 62% respectively)
and low positive and negative predictive values (51 and 64% respectively).'® When analyzed as a
continuous variable, a 2009 study demonstrated that PWTFV 1 was a predictor for atrial fibrillation (OR
2.1; 95% CI 1.8-2.4) and for ischemic stroke (HR 2.60; 95% CI 2.05-3.29).! A systematic and meta-
analysis review was published in 2017, reviewing 8 studies. When analyzed as a continuous variable
PWTFV1 was associated with ischemic stroke (OR per 1 SD change, 1.18; 95% CI 1.12-1.25) and
similar results were found when analyzed as a categorical variable (>40ms.mm, OR 1.59; 95% CI 1.10-
2.28).20

A recent study failed to show an association between PWTFV1 and ischemic stroke, due to low
interobserver and inter P-wave measurements (ICC 0.68, p <0.002), indicating significant under and
overestimation of PWTFV1.2! This parameter was not useful to detect paroxysmal atrial fibrillation
after stroke in subjects without atrial fibrillation history.?? In the context of cryptogenic stroke, there is
no consensus data regarding the usefulness of PWTFV 1. Although an association of increased PWTFV1
with incident cryptogenic or cardioembolic stroke independently of the presence of AF was
demonstrated,? this association only applied to cardioembolic and non-ESUS cryptogenic stroke in

younger patients.?*
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P-wave axis

It is a measure of the net direction of atrial depolarization and is determined by measuring the
positive and negative P-wave deflections on all limb leads and calculating the direction of electrical
activity. Abnormal P-wave is any value outside 0-75°.%

In a cohort study, abnormal P-wave axis was associated with increased risk of atrial fibrillation
after adjustment for traditional cardiologic risk factors.?® Moreover, this index was also independently
associated with ischemic stroke and this association seemed stronger in cardioembolic strokes.?” No
studies have been published up to date showing an association between cryptogenic stroke and abnormal
P-wave axis.

Recently, it has been proposed the inclusion of P-wave indices to improve ischemic stroke
prediction in individuals with atrial fibrillation?®. Of the P-wave indices considered (P-wave duration,
PWTFV1, P-wave axis, advanced interatrial block), only abnormal P-wave axis was associated with
ischemic stroke risk independent of CHA2DS;-VASc score. The P_CHA>DS>-VASc improved the C-
statistic (95% CI) from 0.60 (0.51-0.69) to 0.67 (0.60-0.75) in ARIC cohort?® and 0.68 (0.52-0.84) to

0.75 (0.60-0.91) in MESA (validation cohort)?°.

P-wave duration

It is a reflection of the time required for left and right atrial depolarization. It is measured from
the P-wave onset (conclusion of T-P segment) to return to baseline. Prolonged P-wave duration is
defined as >120ms."”

Studies have failed to show an association between P-wave duration and ischemic stroke.?®>!

Increased P-wave duration was an independent predictor of atrial fibrillation in patients with

cryptogenic stroke.*?
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Echocardiogram — Atrial Measurements

Enlargement of left atrium have been associated with atrial fibrillation, ischemic stroke and
death in several studies (Table 1). Left atrial volume index is a more robust parameter of atrial
dimension and superior to left atrial diameter and area in predicting cardiovascular outcomes in subjects
with sinus rhythm. A study comparing left atrial diameter, left atrial area and left atrial volume index
demonstrated that all three parameters were independently predictive of combined outcome of atrial
fibrillation detection, transient ischemic accident, stroke, myocardial infarction, congestive heart failure
or cardiovascular death. The overall performance for the prediction of cardiovascular events was
greatest for LA volume (area under the receiver operator characteristic curve: indexed LA volume 0.71;
LA area 0.64; LA diameter 0.59).3

After cryptogenic stroke, individuals with increased left atrial volume index and abnormal
markers of coagulation and hemostatic activation had a good predictive ability for the composite
outcome of atrial fibrillation, malignancy or recurrent stroke (area under curve 0.84).34 Both left atrial
diameter and left atrial volume index were independently associated with paroxysmal atrial fibrillation
and flutter detection in patients following post cryptogenic stroke with implantable loop recorders.?

A small study suggests that subjects with embolic stroke of undetermined source have left atrial
dysfunction and remodeling at rest and exercise in comparison to healthy, matched controls. ESUS
subjects have larger left atrial end-diastolic volume at rest and with exercise, a lack of response to
maximal exercise of left atrial ejection fraction and left atrial spherical remodeling assessed by 3D
echocardiogram.*¢

Subtle abnormalities in left atrial function can be detected by myocardial strain analysis by
speckle-tracking echocardiography. A retrospective case-control study analyzed left atrial reservoir
strain in individuals with cryptogenic stroke. Left atrial strain was significantly lower in cryptogenic
stroke subjects (30 = 7.3% vs 34 + 6.7%) and larger indexed left ventricular end-systolic volume (OR

1.04; 95% CI, 1.01-1.07) was independently associated with cryptogenic stroke.’’
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Future perspectives

It is unclear whether P-wave indices and left atrial dilatation assessed by echocardiography are
useful parameters in identifying subjects at higher risk of cardioembolic events in cryptogenic stroke.
If an association between abnormal P-wave indices, echocardiogram left atrial dilatation and worse
neurologic prognosis in cryptogenic stroke is found, this may represent markers of higher risk of
cardioembolic events. If those parameters, possible identifying patients with cardio atriopathy, might
play a small role in selecting patients for specific therapy, such as anticoagulation, remains to be

determined.

Conclusion
Both electrocardiogram and echocardiogram parameters, particularly P-wave terminal force in
V1 and left atrial volume index might be useful in identifying patients of higher risk of cardioembolic

events following an ischemic stroke of undetermined etiology.
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Table 1. Selected studies relating echocardiogram left atrium measurement with risk of ischemic stroke.

References

Echocardiogram
measure

Outcome

Adjusted effect estimates

Benjamin et
al.’8

LA diameter

Ischemic stroke and
death

Per 10mm increase in LA size:
RR of stroke 2.4 in men (95% CI
1.6-3.7) and 1.4 in women (95%
CI, 0.9-2.1)

Di Tullio et al.*°

LA diameter index

Ischemic stroke

Per 10mm/1.7m? (adjusted OR
147, CI  95% 1.03-2.11).
Association not present in women
and age>60y

Yaghi et al.*

LA diameter

Recurrent stroke

Moderate-severe LAE  was
associated with recurrent
cardioembolic or cryptogenic
stroke (HR 2.83, CI 95% 1.03-
7.81), but not total ischemic
stroke (HR 1.06, CI 95% 0.48-
2.30)

Yaghi et al.*!

LA diameter

Prevalent brain infarct
on MRI

Moderate- severe LAE was
associated with prevalent infarcts
(RR 1.22, 95% CI 1.04-1.44)

First ischemic stroke

Increased LAVI was predictor of
ischemic stroke (HR 1.63, CI

Barnes et al.® LAV and death 95% 1.08-2.46) and mortality
(HR 1.3, CI 95% 1.09-1.56)
Greater LA volume associated
Russo et al.43 LA volume Silent brain infarct on with subclinical cerebrovascular
' MRI disease (OR per SD increase 1.37,
CI 95% 1.04-1.80)
LAVI was greater in
Recurrent cardioembolic s‘;roke Versui NCE
Jordan et al.** LAVI cardioe;g}j)cii; stroke (1001;3689mk§r:ie’ telc;‘?iz’n ?rf g’sgls’

per mL/m?> (OR 1.09; 95% CI,
1.02-1.15)

AF: atrial fibrillation; CI: confidence interval; HR: hazard ratio; LA: left atrium; LAE: left atrial

enlargement; LAVI: left atrial volume index; NCE: non-cardioembolic stroke; OR: odds ratio; RR:

relative risk; SD: standard deviation.



Figure 1. Examples of P-wave indices measurements, A. P-wave terminal force in V1. B. P-wave

duration. C. P-wave axis.
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RACIONAL PARA O ESTUDO

A alta prevaléncia e morbimortalidade do AVC criptogénico torna necessario o reconhecimento de
marcadores relacionados a sua fisiopatologia, indicando individuos de maior risco cardioembolico.
Anormalidades atriais, tanto eletrocardiograficas, quanto ecocardiograficas estdo associadas a AVCs
isquémicos, porém o seu papel no subtipo criptogénico ainda ndo ¢ definido. O presente trabalho
pretende estudar uma associagdo entre parametros eletrocardiograficos da onda P (forca terminal em
V1, eixo e duragdo), parametros ecocardiograficos de dilatacdo atrial (didmetro e volume atrial
indexado) e pior prognostico neurologico em pacientes com AVC criptogénico, medido pela escala de

Rankin. (Figura 2)

AVC etiologia /v Dilatagdo do AE

indeterminada da f
(AVC criptogénico) \ + Aumfanto a forca
_, Marcadores de terminal da onda P
l FA/Atriopatia Aumento da

1 duragdo da onda P

Eixo anormal da

. e I
Causa cardioembdlica ! onda P

I Perspectivas Futuras

‘ AVC grandes vasos ‘ Nosso Estudo .
| (ARCADIA trial*)

‘ AVC pequenos vasos ‘ *

Anticoagulagao
‘ AVC cardioembdlico + _-——— === =

J Recorréncia
AVC outras etiologias de AVC

definidas

*Int J Stroke 2019, Feb;14(2):207-214

Figura 2: Esquema conceitual da associacido entre marcadores eletrocardiograficos e

ecocardiograficos de atriopatia e fisiopatologia no AVC isquémico.



19

REFERENCES

! Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S, Chiuve SE, Cushman M,
Delling FN, Deo R, de Ferranti SD. Heart disease and stroke statistics-2018 update: a report from the

American Heart Association. Circulation. 2018 Mar 20;137(12):e67.

2 Kolominsky-Rabas PL, Weber M, Gefeller O, Neundoerfer B, Heuschmann PU. Epidemiology of
ischemic stroke subtypes according to TOAST criteria: incidence, recurrence, and long-term survival in

ischemic stroke subtypes: a population-based study. Stroke. 2001 Dec 1;32(12):2735-40.

3 Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci A, Lau CP, Fain E, Yang S,
Bailleul C, Morillo CA. Subclinical atrial fibrillation and the risk of stroke. New England Journal of

Medicine. 2012 Jan 12;366(2):120-9.

4 Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett DA, Moran AE, Sacco
RL, Anderson LM, Truelsen T, O'Donnell M. Global and regional burden of first-ever ischaemic and
haemorrhagic stroke during 1990-2010: findings from the Global Burden of Disease Study 2010. The

Lancet Global Health. 2013 Nov 1;1(5):e259-81.

> Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, Floyd J, Fornage M, Gillespie C, Isasi
CR, Jiménez MC. Heart disease and stroke statistics-2017 update: a report from the American Heart

Association. Circulation. 2017 Mar;135(10):e146-603.

®DATASUS. Sistemas de informacdes sobre mortalidade (SIM). Brasilia: Ministério da Saude 2019.

http://tabnet.datasus.gov.br/cgi/deftohtm.exe?/cnv/obt10uf.def. Acessed Aug 01,2019).




20

7 Seshadri, S., Beiser, A., Kelly-Hayes, M., Kase, C. S., Au, R., Kannel, W. B., & Wolf, P. A. (2006). The

lifetime risk of stroke: estimates from the Framingham Study. Stroke, 37(2), 345-350.

8Morgenstern LB, Smith MA, Lisabeth LD, Risser JM, Uchino K, Garcia N, Longwell PJ, McFarling DA,
Akuwumi O, Al-Wabil A, Al-Senani F. Excess stroke in Mexican Americans compared with non-Hispanic

whites: the brain attack surveillance in Corpus Christi project. American journal of epidemiology. 2004

Aug 15;160(4):376-83.

9 Schneider AT, Kissela B, Woo D, Kleindorfer D, Alwell K, Miller R, Szaflarski J, Gebel J, Khoury J, Shukla
R, Moomaw C. Ischemic stroke subtypes: a population-based study of incidence rates among blacks

and whites. Stroke. 2004 Jul 1;35(7):1552-6.

19 Schulz UG, Rothwell PM. Differences in vascular risk factors between etiological subtypes of

ischemic stroke: importance of population-based studies. Stroke. 2003 Aug 1;34(8):2050-9.

' Nedeltchev K, der Maur TA, Georgiadis D, Arnold M, Caso V, Mattle HP, Schroth G, Remonda L,
Sturzenegger M, Fischer U, Baumgartner RW. Ischaemic stroke in young adults: predictors of outcome

and recurrence. Journal of Neurology, Neurosurgery & Psychiatry. 2005 Feb 1;76(2):191-5.

2Adams Jr HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh 3rd EE.
Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial.

TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993 Jan;24(1):35-41.



21

13 Hart RG, Diener HC, Coutts SB, Easton JD, Granger CB, O'Donnell MJ, Sacco RL, Connolly SJ,
Cryptogenic Stroke/ESUS International Working Group. Embolic strokes of undetermined source: the
case for a new clinical construct. The Lancet Neurology. 2014 Apr 1;13(4):429-38.

14 Ariyarajah V, Mercado K, Apiyasawat S, Puri P, Spodick DH. Correlation of left atrial size with p-

wave duration in interatrial block. Chest. 2005 Oct 1;128(4):2615-8.

15 Maheshwari A, Norby FL, Soliman EZ, Koene RJ, Rooney MR, O’Neal WT, Alonso A, Chen LY.
Abnormal P-wave axis and ischemic stroke: the ARIC study (Atherosclerosis Risk In Communities).

Stroke. 2017 Aug;48(8):2060-5.

16 Magnani JW, Johnson VM, Sullivan LM, Gorodeski EZ, Schnabel RB, Lubitz SA, Levy D, Ellinor
PT, Benjamin EJ. P wave duration and risk of longitudinal atrial fibrillation in persons> 60 years old

(from the Framingham Heart Study). The American journal of cardiology. 2011 Mar 15;107(6):917-21.

17 Soliman EZ, Alonso A, Misialek JR, Jain A, Watson KE, Lloyd-Jones DM, Lima J, Shea S, Burke
GL, Heckbert SR. Reference ranges of PR duration and P-wave indices in individuals free of
cardiovascular disease: the Multi-Ethnic Study of Atherosclerosis (MESA). Journal of

electrocardiology. 2013 Nov 1;46(6):702-6.

18 Kohsaka S, Sciacca RR, Sugioka K, Sacco RL, Homma S, Di Tullio MR. Electrocardiographic left

atrial abnormalities and risk of ischemic stroke. Stroke. 2005 Nov 1;36(11):2481-3.

19'Soliman EZ, Prineas RJ, Case LD, Zhang ZM, Goff Jr DC. Ethnic distribution of ECG predictors of
atrial fibrillation and its impact on understanding the ethnic distribution of ischemic stroke in the

Atherosclerosis Risk in Communities (ARIC) study. Stroke. 2009 Apr 1;40(4):1204-11.



22

20 He J, Tse G, Korantzopoulos P, Letsas KP, Ali-Hasan-Al-Saegh S, Kamel H, Li G, Lip GY, Liu T.
P-wave indices and risk of ischemic stroke: a systematic review and meta-analysis. Stroke. 2017

Aug;48(8):2066-72.

21 Sajeev JK, Koshy AN, Dewey H, Kalman JM, Bhatia M, Roberts L, Cooke JC, Frost T, Denver R,
Teh AW. Poor reliability of P-wave terminal force V1 in ischemic stroke. Journal of electrocardiology.

2019 Jan 1;52:47-52.

22 Baturova MA, Sheldon SH, Carlson J, Brady PA, Lin G, Rabinstein AA, Friedman PA, Platonov PG.
Electrocardiographic and Echocardiographic predictors of paroxysmal atrial fibrillation detected after

ischemic stroke. BMC cardiovascular disorders. 2016 Dec;16(1):209.

23 Kamel H, Hunter M, Moon YP, Yaghi S, Cheung K, Di Tullio MR, Okin PM, Sacco RL, Soliman
EZ, Elkind MS. Electrocardiographic left atrial abnormality and risk of stroke: Northern Manhattan

Study. Stroke. 2015 Nov;46(11):3208-12.

24 Pirinen J, Eranti A, Knekt P, Lehto M, Martinez-Majander N, Aro AL, Rissanen H, Heliévaara M, Kaste
M, Tatlisumak T, Huikuri H. ECG markers associated with ischemic stroke at young age—a case-control

study. Annals of medicine. 2017 Oct 3;49(7):562-8.

25 Wagner G. Marriott’s Practical Electrocardiography. 11th ed. Philadelphia, PA: Lippincott Williams

and Wilkins. (2007).

26 Rangel MO, O'Neal WT, Soliman EZ. Usefulness of the electrocardiographic P-wave axis as a

predictor of atrial fibrillation. The American journal of cardiology. 2016 Jan 1;117(1):100-4.



23

27 Maheshwari A, Norby FL, Soliman EZ, Koene RJ, Rooney MR, O’Neal WT, Alonso A, Chen LY.
Abnormal P-wave axis and ischemic stroke: the ARIC study (Atherosclerosis Risk In Communities).

Stroke. 2017 Aug;48(8):2060-5.

28 Maheshwari, A., Norby, F. L., Roetker, N. S., Soliman, E. Z., Koene, R. J., Rooney, M. R,, ... &
Alonso, A. (2019). Refining Prediction of Atrial Fibrillation—Related Stroke Using the P2-CHA2DS2-

VASc Score: ARIC and MESA. Circulation, 139(2), 180-191.

2% Rosamond WD, Folsom AR, Chambless LE, Wang CH, McGovern PG, Howard G, Copper LS, Shahar E.
Stroke incidence and survival among middle-aged adults: 9-year follow-up of the Atherosclerosis Risk

in Communities (ARIC) cohort. Stroke. 1999 Apr;30(4):736-43.

30 Bjld DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, Greenland P, Jacobslr DR,
Kronmal R, Liu K, Nelson JC. Multi-ethnic study of atherosclerosis: objectives and design. American

journal of epidemiology. 2002 Nov 1;156(9):871-81.

31 Kamel H, Bartz TM, Longstreth Jr WT, Okin PM, Thacker EL, Patton KK, Stein PK, Gottesman RF,
Heckbert SR, Kronmal RA, Elkind MS. Association between left atrial abnormality on ECG and vascular

brain injury on MRI in the Cardiovascular Health Study. Stroke. 2015 Mar;46(3):711-6.

32 Acampa M, Lazzerini PE, Guideri F, Tassi R, Andreini I, Domenichelli C, Cartocci A, Martini G.
Electrocardiographic Predictors of Silent Atrial Fibrillation in Cryptogenic Stroke. Heart, Lung and

Circulation. 2018 Nov 16.



24

33 Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Y, Gersh BJ, Bailey KR, Cha SS, Seward JB.
Prediction of cardiovascular outcomes with left atrial size: is volume superior to area or diameter?.

Journal of the American College of Cardiology. 2006 Mar 7;47(5):1018-23.

34 Ellis D, Rangaraju S, Duncan A, Hoskins M, Raza SA, Rahman H, Winningham M, Belagaje S, Bianchi
N, Mohamed GA, Obideen M. Coagulation markers and echocardiography predict atrial fibrillation,

malignancy or recurrent stroke after cryptogenic stroke. Medicine. 2018 Dec;97(51).

35 Carrazco C, Golyan D, Kahen M, Black K, Libman RB, Katz JM. Prevalence and risk factors for
paroxysmal atrial fibrillation and flutter detection after cryptogenic ischemic stroke. Journal of Stroke

and Cerebrovascular Diseases. 2018 Jan 1;27(1):203-9.

36 Meisel K, Yuan K, Fang Q, Bibby D, Lee R, Schiller NB. Embolic Stroke of Undetermined Source: A

Population with Left Atrial Dysfunction. Journal of Stroke and Cerebrovascular Diseases. 2019 Apr 26.

37 Leong DP, Joyce E, Debonnaire P, Katsanos S, Holman ER, Schalij MJ, Bax JJ, Delgado V, Marsan
NA. Left atrial dysfunction in the pathogenesis of cryptogenic stroke: novel insights from speckle-
tracking echocardiography. Journal of the American Society of Echocardiography. 2017 Jan 1;30(1):71-

9.

38 Benjamin EJ, D’Agostino RB, Belanger AJ, Wolf PA, Levy D. Left atrial size and the risk of stroke and

death: the Framingham Heart Study. Circulation. 1995 Aug 15;92(4):835-41.

39 Di Tullio MR, Sacco RL, Sciacca RR, Homma S. Left atrial size and the risk of ischemic stroke in an

ethnically mixed population. Stroke. 1999 Oct;30(10):2019-24.



25

40 Yaghi S, Moon YP, Mora-McLaughlin C, Willey JZ, Cheung K, Di Tullio MR, Homma S, Kamel H, Sacco
RL, Elkind MS. Left atrial enlargement and stroke recurrence: the Northern Manhattan Stroke Study.

Stroke. 2015 Jun;46(6):1488-93.

41 Yaghi S, Bartz TM, Kronmal R, Kamel H, Gottdiener J, Longstreth WT, Elkind MS. Left atrial
diameter and vascular brain injury on MRI: The Cardiovascular Health Study. Neurology. 2018 Sep

25;91(13):e1237-44.

42 Barnes ME, Miyasaka Y, Seward JB, Gersh BJ, Rosales AG, Bailey KR, Petty GW, Wiebers DO,
Tsang TS. Left atrial volume in the prediction of first ischemic stroke in an elderly cohort without atrial

fibrillation. InMayo Clinic Proceedings 2004 Aug 1 (Vol. 79, No. 8, pp. 1008-1014). Elsevier.

43 Russo C, Jin Z, Liu R, Iwata S, Tugcu A, Yoshita M, Homma S, Elkind MS, Rundek T, DeCarli C,
Wright CB. LA volumes and reservoir function are associated with subclinical cerebrovascular disease:

the CABL (Cardiovascular Abnormalities and Brain Lesions) study. JACC: Cardiovascular Imaging.

2013 Mar 1;6(3):313-23.

4 Jordan K, Yaghi S, Poppas A, Chang AD, Mac Grory B, Cutting S, Burton T, Jayaraman M,
Tsivgoulis G, Sabeh MK, Merkler AE. Left Atrial Volume Index Is Associated With Cardioembolic
Stroke and Atrial Fibrillation Detection After Embolic Stroke of Undetermined Source. Stroke. 2019

Jun 13:STROKEAHA-119.



ARTIGO ORIGINAL PARA PUBLICACAO



Full title of the manuscript
Association of electrocardiographic atrial abnormalities, echocardiographic atrial

dilatation and prognosis in cryptogenic stroke

Full names of all authors
Eduardo Gatti Pianca'?, Luiz Gustavo Bravosi da Rosa', Pedro Tregnago Barcellos?,
Sheila Cristina Ouriques Martins!, Murilo Foppa'+?, Mauricio Pimentel'?, Angela Barreto

Santiago Santos'?

The department and institution where work was performed, as well as the
affiliations of the individual authors.

!Cardiology Division - Hospital de Clinicas de Porto Alegre

ZPost-Graduate Program in Cardiology and Cardiovascular Sciences, Medical School,

Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

Grant support.
This study was supported by the Research Incentive Fund, Hospital de Clinicas de Porto
Alegre (FIPE/HCPA), Brazil.

Name, address, phone and fax numbers and e-mail address of the author to whom
communications regarding the manuscript should be directed.

Corresponding author:

Eduardo Gatti Pianca

Hospital de Clinicas de Porto Alegre — Cardiology Division

Rua Ramiro Barcelos, 2350, Room 2061 90035-903 — Porto Alegre — RS — Brazil
FAX: +555133111230

epianca@gmail.com

A shortened version of the title to be used as a running title

Increased left atrium and cryptogenic stroke



Abstract

Background and Purpose: It is unknown whether electrocardiogram P-wave
abnormalities and echocardiography left atrial dilatation are useful to identify more
disabling cryptogenic strokes. We evaluated the association between electrocardiographic
P-wave abnormalities and echocardiographic left atrial measures with neurological
disability in patients with cryptogenic stroke.

Methods: A retrospective cohort study included 143 hospitalized patients with
cryptogenic stroke. Patients were classified according to modified Rankin scale at
hospital discharge and in 3 months. Electrocardiographic P-wave abnormalities analyzed
were P-wave terminal force, axis and left atrial enlargement. Echocardiogram left atrial
measurements analyzed were diameter and volume index.

Results: The study population had a mean age of 63.4 + 14.2 years and 53% were female.
According to the modified Rankin scale, 70 patients were classified as Rankin score < 2
and 73 patients as Rankin score > 2. Among the P-wave electrocardiogram parameters,
there was a higher proportion of patients with left atrial enlargement assessed by
downward deflection criteria in Rankin > 2 in 3 months (5.1% in Rankin <2 vs. 17.2%
in Rankin > 2, p=0.02). Considering the echocardiogram parameters, the proportion of
abnormal left atrial volume index was higher in Rankin > 2 group than Rankin <2 (25%
in Rankin <2 vs 48% in Rankin > 2, p=0.01). This difference remained significant after
adjustment for age and gender (p=0.02) and this trend was also shown when analyzed as
a continuous variable. At 3 months following hospital discharge, similar results were
found with higher proportion of abnormal left atrial volume index in Rankin > 2 group
(22% in Rankin < 2 vs 36% in Rankin > 2, p=0.02).

Conclusion: Our study demonstrated an association between increased left atrial volume

index and more disabling cryptogenic stroke, whereas the only electrocardiogram P-wave



abnormality to show this association was left atrial enlargement assessed by downward

deflection criteria.



Introduction

Stroke remains as a prevalent cause of death and disability around the world and
70-90% are due to ischemic cerebral infarction.! Stroke of undetermined etiology
(cryptogenic strokes) accounts for up to 40% of ischemic strokes? and occult atrial
fibrillation (AF) is a possible pathophysiologic mechanism related to this subtype.® As
the cardioembolic subtype is associated with the worst prognosis compared to the others,
become relevant to recognize possible markers of AF, or signs of atrial cardiopathy, in
cryptogenic strokes.?

Atrial cardiopathy, characterized by morphologic and physiologic changes in the
atria, may increase the risk of paroxysmal AF, thrombus formation and embolization.* P-
wave abnormalities in electrocardiogram, particularly P-wave terminal force in lead Vi
(PWTFV)), are useful markers that can be used to stratify the risk of incident ischemic
stroke.’ Left atrial dilatation, assessed by left atrial volume index (LAVI), in transthoracic
echocardiography, independently predicted AF after stroke in patients without prior AF
history.°

Modified Rankin scale (mRS) is the primary outcome scale used in most acute
stroke trials to identify more disabling stroke.” This scale includes the entire range of
functional outcomes from no symptoms to death, it has strong correlation with measures
of stroke infarct volumes, and its use has demarcated effective and ineffective acute stroke
therapies in trials, as even a single-point change on the mRS is clinically relevant.?

It 1is wunclear whether electrocardiogram P-wave abnormalities and
echocardiography left atrial dilatation are useful to identify more disabling cryptogenic
strokes. We test the hypothesis that abnormal P-wave axis, increased P-wave terminal

force and left atrial enlargement obtained by electrocardiogram, and increased LA size



by echocardiogram, possibly linked to cardioembolic phenomenon, are associated with

worse neurologic functionality in patients with cryptogenic stroke, assessed by mRS.

Methods
Study Population

This retrospective cohort study included all patients aged > 18 years who were
hospitalized for ischemic stroke and classified as TOAST of undetermined etiology
(cryptogenic stroke), at Hospital de Clinicas de Porto Alegre, a tertiary teaching hospital
in Southern Brazil, from January 2012 to April 2015. Only patients with an available
digitalized electrocardiogram (ECG) were enrolled. We excluded patients with atrial
fibrillation and atrial flutter history. Of the 210 patients with cryptogenic stroke, 143
patients were included in this study (Figure 1). This study was conducted in accordance
with the standards set out in the Declaration of Helsinki, and its protocol was approved
by the institutional Research Ethics Committee. The data that support the results of this
study are available from the corresponding author on request.

Patients were classified according the degree of disability at hospital discharge
and in 3 months following hospital discharge, using a modified Rankin scale applied by
a neurologist. Patients that missed the 3 month’s medical appointment were considered
to have the same Rankin scale at hospital discharge. Stroke subtype was categorized
according to TOAST classification after physical examination, laboratorial tests,
electrocardiogram, echocardiogram and neuroimaging. Comparisons were made between
patients with a non-disabling stroke (Rankin score < 2) and patients with disabling stroke

(Rankin score > 2).°

Electrocardiogram and echocardiogram analysis



The ECGs were saved as a pdf file and analyzed by a single investigator (EGP)
using EP Calipers software, version 1.17. Heart rhythm, P-wave axis, P-wave’s duration
and amplitude in DII lead, and P-wave terminal force in V1 lead were measured (Figure
2). Abnormal P-wave axis was considered when > 75° or < 0°'°, Increased P-wave
terminal force was defined as > 4000uV-ms.!" Left atrial enlargement was defined as a
P-wave duration > 120ms in DII lead (length criteria) or a downward deflection of the P-
wave in lead V1 > 0,1mV (downward amplitude criteria)!?. Sinus rhythm was defined as
positive in leads I, I and aVF and negative in lead aVR'?. Intraobserver variability for P-
wave terminal force was assessed in 20 select studies. The intraclass correlation
coefficient was 0.995 (95% CI, 0.992-0.999) and the coefficient of variation was 4%.

Echocardiogram images were obtained using Aplio 300 (Toshiba Medical
Systems, Tokyo, Japan), Philips iE33 (Philips, Bothell, Washington), Vivid 7 (General
Electric, Milwaukee, Wisconsin, USA) ultrasound systems, equipped with 4 to 2 MHz
sectorial transducers. 2-Dimensional cine loops and static images were recorded
according to a specific protocol. Images were read off-line in a dedicated workstation
(ComPACS, Medimatic Srl, Italy), by a single observer (EGP). Left atrial diameter was
measured on parasternal longitudinal bidimensional image and left atrial volume was
measured at the end-ventricular systole from apical 4-chamber and apical 2-chamber
views, just before the mitral valve opening, utilizing the Simpson’s method.!* All
measurements and definition of cut-offs were performed using an average of 3
consecutive cardiac cycles, according to recommendations from the American Society of
Echocardiography.'* Left atrial volume was indexed by body surface area utilizing Du
Bois formula.'> Abnormal left atrial volume index defined as greater than 34mL/m?,
abnormal left atrial diameter defined as greater than 4cm and abnormal left atrial diameter

index defined as greater than 27mm/m2.'# Intraobserver variability for LAVI was



assessed in 20 select studies. The intraclass correlation coetficient was 0.98 (95% CI 0.96-

0.99) and the coefficient of variation was 7.8%.

Statistical Analysis

All normally distributed data were displayed as mean and standard deviation, and
non-normally distributed data were displayed as median and interquartile range. Shapiro-
Wilk’s test was performed to evaluate the normality of distribution of each variable.
Categorical data were shown as a total number and proportion. We compared
demographic, clinical characteristics and left atrium (LA) morphology data (at hospital
discharge and in 3 months following hospital discharge) between groups using two-
sample t-test with unequal variance or Wilcoxon rank-sum and 2. Multivariate logistic
regression analysis was performed to adjust for demographic characteristics (age and
gender). All statistical analyses were performed with IBM SPSS Statistics version 23. P-

values < 0.05 were considered statistically significant.

Results

Of the 1077 patients hospitalized for ischemic stroke in this period, 19% (n=210)
had cryptogenic stroke and of that, 143 patients had available ECG and were in sinus
rhythm. The study population (n=143) had a mean age of 63.4 + 14.2 years and 53% were
female. According to the modified Rankin scale applied at hospital discharge, 70 patients
were classified as Rankin score < 2 and 73 patients as Rankin score > 2. Baseline
characteristics of this study population are described in Table 1. Overall, patients with a
Rankin score > 2 were elderly and mostly women (62%) than Rankin < 2, with similar
for most clinical parameter beyond the expected difference in the CHA>DS,-VASc score

and NIHSS at admission.



Hospital Discharge

Most of the P-wave electrocardiogram abnormalities (left atrial enlargement
length criteria, P-wave terminal force and axis) were no different between groups at
hospital discharge. Although it was not statistically significant, there was a higher
proportion in left atrial enlargement assessed by downward deflection in patients with
Rankin > 2 (6% in Rankin < 2 vs. 15% in Rankin >2, p=0.07) (Table 2). Considering
the echocardiogram parameters, left atrial diameter did not differ between groups (3.8 +
0.5 cm in Rankin <2 vs 3.9 + 0.6 cm in Rankin > 2, p=0.61), even when we compared
only the proportional of patients with abnormal LA diameter (Table 2). This difference
remained significant after adjustment for age and gender (p=0.02). And, this trend was
also shown when left atrial volume index was analyzed as a continuous variable (Figure

3).

3 Months Follow Up

At 3 months following hospital discharge, 143 individuals were analyzed. There
were 8 deaths and 14 individuals who lost follow-up. Considering P-wave
electrocardiogram abnormalities, only the proportion of patients with left atrial
enlargement assessed by downward deflection criteria was higher in Rankin > 2 group
(5.1% in Rankin < 2 vs. 17.2% in Rankin > 2, p=0.02). Similar echocardiographic results
were found, with higher proportion of abnormal LA volume index in Rankin > 2 group
(22% in Rankin < 2 vs 36% in Rankin > 2, p=0.02) (Table 3), even after adjustment for

age and gender (p=0.03).

Discussion



To our knowledge, this is the first study to suggest an association between left
atrial dilatation, left atrial enlargement assessed by downward and more disabling
cryptogenic stroke. Besides that, we did not find any differences among the other P-wave
abnormalities or left atrial diameter between groups with different degree of neurologic
disability. These findings suggest that left atrial volume index could be a marker in
identifying patients with more disabling cryptogenic stroke.

Previous studies have described the association between several abnormal P-wave
parameters, identified by ECG, and ischemic stroke, as markers of atrial cardiopathy.'®
However, in our population with cryptogenic stroke, most P-wave abnormalities analyzed
(abnormal P-wave terminal force and axis) were not associated with more disabling
cryptogenic stroke. Even that studies have shown that abnormal P-wave terminal force
could be used as a predictor of stroke,’ this parameter was not useful to detect paroxysmal
atrial fibrillation after stroke in subjects without atrial fibrillation history® and have poor
inter-observer reliability.!” In the context of cryptogenic stroke, there is no consensus data
regards the usefulness of PWTFV;. Although an association of increased PWTFV; with
incident cryptogenic or cardioembolic stroke independently of the presence of AF was
demonstrated,'® this association only applied to cardioembolic and non-ESUS
cryptogenic stroke in younger patients.!” Therefore, PWTFV, could not recognize the
complex cardioembolic phenomenon per se and other parameters should be used to assess
the risk of AF and cardioembolic events in these individuals. Left atrial enlargement
assessed by ECG was an independent predictor of one month stroke outcome in an
African population®®. A thorough search of the relevant literature yielded no articles
associating left atrial enlargement parameters and cryptogenic stroke. Left atrial

enlargement downward deflection in Vi criteria is more specific than length criteria to



detect left atrial dilatation compared to echocardiogram (93% vs. 88%)?! and this
difference may explain the findings in our study.

Left atrial volume index is a more robust parameter of atrial dimension and
superior to left atrial diameter and area in predicting cardiovascular outcomes in subjects
with sinus rhythm.?? An association between LAVI and cardioembolic stroke as well as
atrial fibrillation detection in patients with embolic stroke of undetermined source was
described in a recent study.?? Our study showed that patients with abnormal LAVI had
more disabling cryptogenic strokes, and a possible explanation to this phenomenon is that
LAVI is a marker of atrial cardiopathy and may itself represent an independent risk for
cardioembolic strokes and have a higher chance of undetected atrial fibrillation. Even the
previous randomized trials did not show any benefit for secondary prevention with
anticoagulants after cryptogenic stroke,?*?°> maybe this benefit could be demonstrated in
a subgroup with atrial cardiopathy, as shown in a post hoc analysis of one of these trial.
However, this hypothesis needs to be tested and one currently underway trial can help us

on this discussion.2¢

Limitations

Several limitations should be noted. We used a single-center database of a tertiary
hospital which limits the external validation of our study. Moreover, our sample size
might not be big enough to show small differences between groups. Finally, the
retrospective cohort design indicates an association between LAVI and more disabling

cryptogenic stroke and precludes drawing conclusions about causality.

Conclusion

10



Our study demonstrated an association between increased left atrial volume index,
left atrial enlargement downward deflection criteria and more disabling cryptogenic
strokes. Prospective larger studies are necessary to confirm if these findings can identify

patients who could benefit more of any diagnostic test or specific therapy.
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Figure and Table Legends
Table 1. Population characteristics.

Data expressed as number (%), mean + standard deviation and median [interquartile
range]. T-Student test was performed to compare means and Wilcoxon rank-sum test was
performed to compare medians. y? test was performed to compare categorical variables.
ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker;
BMI: body mass index.

Table 2. Comparison of P-wave and atrial echocardiogram parameters between Rankin
groups at hospital discharge.

x? test was performed to compare categorical variables. LAE: downward criteria defined
as a downward deflection of the p wave in lead V1 greater than 1 mV. LAE: length criteria
defined as a duration of the p wave greater than 120ms in lead II. Abnormal P-wave axis
defined as > 75° or < 0°. Abnormal P-wave terminal force defined as greater than
4000uV-ms. Abnormal left atrial volume index defined as greater than 34mL/m?2.
Abnormal left atrial diameter defined as greater than 4cm. Abnormal left atrial diameter
index defined as greater than 27mm/m?. LAE: left atrial enlargement.

Table 3. Comparison of P-wave and atrial echocardiogram parameters between Rankin
groups at 3 months.

x? test was performed to compare categorical variables. LAE: downward criteria defined
as a downward deflection of the p wave in lead V1 greater than 1 mV. LAE: length criteria
defined as a duration of the p wave greater than 120ms in lead II. Abnormal P-wave axis
defined as > 75° or < 0°. Abnormal P-wave terminal force defined as greater than
4000uV-ms. Abnormal left atrial volume index defined as greater than 34mL/m?2.
Abnormal left atrial diameter defined as greater than 4cm. LAE: left atrial enlargement.

Figure 1. Flowchart of the study.
ECG: Eletrocardiogram.

Figure 2. A: Eletrocardiogram measurement of P-wave terminal force in lead V1.
B: Echocardiogram measurement of atrial volume in apical 4 chambers view.
C: Echocardiogram measurement of atrial volume in apical 2 chambers view.

Figure 3. Rank-sum comparison of left atrial volume index between Rankin groups at

hospital discharge.
Data expressed as median [interquartile range].
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Table 1.

All (n=143) | Rankin < 2 (n=70) | Rankin > 2 (n=73) | p-value
Age, years (mean = SD) 63.4+£14.2 60.6 £13.8 66+ 14.2 0.02
Female sex 76 (53%) 31 (44%) 45 (62%) 0.04
BMI, kg/m? (median + IQR) 28.2 [24.4-30.8]| 28.7[25.9-31.1] | 27.1[23.4-30.8] | 0.11
Co-morbidities
Hypertension 116 (81%) 53 (76%) 63 (86%) 0.11
Diabetes 45 (32%) 21 (30%) 24 (33%) 0.71
Cigarette smoking 53 37%) 25 (36%) 28 (38%) 0.74
Obesity 13 (9%) 8 (11%) 5 (7%) 0.34
Heart failure 5 (4%) 3 (4%) 2 (3%) 0.61
Ischemic heart disease 16 (11%) 7 (10%) 9 (12%) 0.66
Previous stroke 32 (22%) 14 (20%) 18 (25%) 0.5
Chronic kidney disease 9 (6%) 4 (6%) 5 (7%) 0.78
Cancer 7 (5%) 5 (7%) 2 (3%) 0.22
Prosthetic heart valve 4 (3%) 2 (3%) 2 (3%) 0.97
Thrombolitic therapy 25 (18%) 12 (17%) 13 (18%) 0.92
NIHSS at admission 3[0-7] 1[0-4] 6 [2-10] 0.01
CHA,DS,-VASc (median £ IQR) 2.9 [2.0-4.0] 2.0 [1.0-4.0] 3.0 [2.0-4.8] 0.004
Left atrium echocardiogram characteristics
Diameter, cm (mean + SD) 3.85+£0.54 3.83+0.54 3.89+0.54 0.61
Diameter index, cm/m?* (mean + SD) 22+0.34 2.1£0.3 23+04 0.02
Volume, mL (mean + SD) 57.2+21 55.9+£22.1 60.2 +18.2 0.34
Volume index, mL/m* (mean = SD) 31.3+10.8 29.9 + 10.4 342+ 11,1 0.051
Medications in use
Acetylsalicylic acid 49 (34%) 23 (33%) 26 (36%) 0.73
Clopidogrel 5 (4%) 1 (1%) 4 (6%) 0.19
Warfarin 3 (2%) 1 (1%) 2 (3%) 0.58
Diuretic 45 (32%) 22 (31%) 23 (32%) 0.99
Statin 43 (30%) 19 27%) 24 (33%) 0.46
Beta-blocker 35 (25%) 12 (17%) 23 (32%) 0.05
ACEI/ ARB 85 (59%) 38 (54%) 47 (64%) 0.22
Amiodarone 2 (1%) 1 (1%) 1 (1%) 0.98
Calcium channel blocker 20 (14%) 8 (11%) 12 (16%) 0.39
Digoxin 2 (1%) 1 (1%) 1 (1%) 0.98
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Table 2.

Eletrocardiogram parameters All (n=143) | Rankin < 2 (n=70) | Rankin > 2 (n=73) | p-value
LAE: downward amplitude criteria | 15 (11%) 4 (6%) 11 (15%) 0.07
LAE: length criteria 48 (34%) 23 (33%) 25 (34%) 0.86
Abnormal P-wave terminal force 46 (32%) 22 (31%) 24 (33%) 0.85
Abnormal P-wave axis 19 (13%) 8 (11%) 11 (15%) 0.52
Echocardiogram parameters

Abnormal left atrial volume index | 42 (36%) 15 (25%) 27 (48%) 0.01
Abnormal left atrial diameter 68 (48%) 31 (44%) 37 (51%) 0.44
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Table 3.

Eletrocardiogram parameters All (n=143)| Rankin < 2 (n=79) | Rankin > 2 (n=64) | p-value
LAE: downward amplitude criteria| 15 (11%) 4 (5.1%) 11 (17.2%) 0.02
LAE: length criteria 48 (34%) 30 (38%) 18 (28.1%) 0.21
Abnormal P-wave terminal force 46 (32%) 23 (29.1%) 23 (35.9%) 0.39
Abnormal P-wave axis 19 (13%) 9 (11.4%) 10 (15.6%) 0.46
Echocardiogram parameters

Abnormal left atrial volume index | 42 (36%) 17 (25.4%) 25 (52.1%) 0.03
Abnormal left atrial diameter 68 (48%) 36 (45.6%) 32 (50%) 0.59
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Figure 3.
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APENDICE
Ficha de Coleta

1.Ntimero do prontuario:

2. Caracteristicas
2.1 Data de nascimento:
2.2. Sexo: (1) Masculino (2) Feminino
2.3. Peso:
2.4 Altura:
2.5 Cor: (1) Branca (2) Preta (3) Parda (4) Indigena

3. Comorbidades
3.1 HAS: (0) Nao (1) Sim
3.2 DM: (0) Nao (1) Sim
3.3 Cardiopatia isquémica: (0) Nao (1) Sim
3.4 Insuficiéncia Cardiaca: (0) Nao (1) Sim
3.5 AVC prévio: (0) Nao (1) Sim
3.6 Protese valvar: (0) Nao (1) Sim
3.7 Dislipidemia: (0) Nao (1) Sim
3.8 Tabagismo: (0) Nao (1) Tabagista ativo (2) Ex-tabagista
3.9 Etilismo: (0) Nao (1) Sim
3.10 DPOC: (0) Nao (1) Sim
3.11 DRC: (0) Nao (1) Nao-dialitico (2) Dialitico
3.12 Neoplasia: (0) Nao (1) Sim
3.13 Obesidade: (0) Nao (1) Sim

4. Medicacoes em uso
4.1 AAS: (0) Nao (1) Sim
4.2 Varfarina: (0) Nao (1) Sim
4.3 NOAC: (0) Nao (1) Sim
4.4 Clopidogrel: (0) Nao (1) Sim
4.5 Estatina: (0) Nao (1) Sim
4.6 Beta-bloqueador: (0) Nao (1) Sim



4.7 IECA/BRA: (0) Nao (1) Sim

4.8 Amiodarona: (0) Nao (1) Sim

4.9 Bloqueador Canal de Calcio: (0) Nao (1) Sim
4.10 Digoxina: (0) Nao (1) Sim

4.11 Diurético: (0) Nao (1) Sim

4.12 Nitrato: (0) Nao (1) Sim

5. Caracteristicas AVC
5.1 Data internacao:
5.2 Data alta:
5.3 Trombodlise: : (0) Nao (1) Sim
5.4 Rankin alta:

5.5 Rankin 3 meses:

6. Eletrocardiograma

6.1 Data ECG:

6.2 Frequéncia cardiaca

6.3 Ritmo de base: (1) Sinusal (2) Fibrilagao atrial (3) Flutter atrial (4) Marca-
passo (5) Outro

6.4 Eixo onda p:

6.5 Duracao onda p:

6.6 Amplitude onda p:

6.7 PWTFV1 duracao:

6.8 PWTFV1 amplitude negativa:

6.9 Duracao QRS:

6.10 Intervalo PR:

6.11 Zona inativa: (0) Nao (1) Sim

7. Ecocardiograma
7.1 Data Ecocardio:
7.2 AE diametro PLAX:
7.3 AE volume A4C:
7.4 AE volume A2C:



