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Abstract

Background
There is con�icting information regarding the impact of chronic atrial �brillation (AF) on the outcomes of
thrombolyzed patients with stroke. This study was designed to identify high-risk patients with chronic AF
who had undergone thrombolysis treatment and to explore whether the baseline National Institutes of
Health Stroke Scale (NIHSS) could be used to distinguish poor clinical outcomes in thrombolyzed
patients.

Methods
A total of 164 acute ischemic stroke patients with chronic AF were enrolled in this study. The patients
were categorized as having poor or favorable outcomes. A favorable 90-day outcome was de�ned as a
modi�ed Rankin Scale (mRS) score ≤ 2.

Results
Our study showed that the baseline NIHSS score of patients with poor functional recovery (mRS > 2) was
signi�cantly higher than that of patients with favorable outcomes (median 16 vs 12). Receiver operating
characteristic (ROC) curve analysis of modi�ed Rankin Scale(mRS) scores showed that a baseline NIHSS
score of 14 was the optimal threshold for predicting unfavorable outcomes in patients with chronic AF.
Multivariate logistic regression analysis showed that baseline NIHSS score > 14 was independently
associated with poor outcomes (odds ratio = 4.182, 95% con�dence interval 2.092–8.361).

Conclusions
Our study showed that stroke severity modi�ed the effect of chronic AF on the outcome of thrombolytic
therapy. The approach of stratifying stroke severity may be used to evaluate treatment strategies for
decision making in intravenous thrombolytic therapy for acute stroke with chronic AF.

Background
Despite reductions in mortality and long-term disability over the last decade, acute ischemic stroke (AIS)
remains the third leading cause of death and disability worldwide, causing enormous social and
economic consequences [1, 2]. AIS has a high incidence, especially in patients with atrial �brillation (AF)
[3]. AF is an independent risk predictor for ischemic stroke and raisesits incidence nearly 5-fold [4].
Patients with AF who suffer stroke appear to have worse outcomes (more disability and greater mortality)
than those who suffer ischemic stroke in the absence of AF [5–7].
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Early thrombolysis with intravenous recombinant tissue plasminogen activator (rtPA)can increase the
odds of good functional outcomes in AIS patients, and one in 3 ischemic stroke patients treated with
early thrombolysis achieves a signi�cant bene�t [8]. It is still controversial whether acute ischemic stroke
patients with AF should receive rtPA therapy, especially patients with chronic AF [9–11]. A study
demonstrated that patients with chronic AF had worse stroke outcomes after intravenous thrombolysis
than those without AF [12]. However, in this study, subgroup analyses were not performed to identify high-
risk patients with chronic AF who were vulnerable to adverse stroke outcomes with rtPA treatment.

We assumed that acute ischemic stroke severity might alter the effect of chronic AF on the outcome of
thrombolytic therapy. To date, however, there has been no study exploring the importance of strati�cation
by baseline National Institutes of Health Stroke Scale (NIHSS)score when evaluating the in�uence of
chronic AF on the outcomes of intravenous rtPA therapy. Given the above consideration, this study was
designed to identify high-risk thrombolysis recipients with chronic AF and to explore whether baseline
NIHSS scores could be used to predict poor clinical outcomes in thrombolyzed patients.

Methods
Between August 2017 and September 2020, consecutive chronic AF patients with acute anterior
circulation ischemic stroke who received rtPA treatment within 3 hours of symptom onset at Shengli
Oil�eld Central Hospital, an urban university tertiary hospital and national advanced stroke center, were
admitted to our study. Patients who underwent endovascular treatment were excluded. All thrombolyzed
patients were treated according to the standard protocol of the AHA/ASA guidelines [1]. Clinical
characteristics, including demographic characteristics, past medical history, drug usage, and baseline
NIHSS scores, were collected. This study was approved by the Shengli Oil�eld Central Hospital Ethics
Committee. AF was diagnosed by use of a 12-lead electrocardiogram. Persistent AF that was sustained
beyond 3 months was considered chronic.

All thrombolyzed patients underwent computed tomographyscans before treatment with rtPA treatment,
and the scans were repeated 24h later; additional computed tomography (CT) was also performed in
case of clinical deterioration. Symptomatic intracranial hemorrhage was de�ned as any apparent
extravascular blood in the brain or within the cranium that was associated with clinical deterioration, as
de�ned by an increase of 4 points or more in the score on the NIHSS[2]. Functional status was assessed
3 months after stroke onset using the modi�ed Rankin Scale (mRS). Patients were classi�ed as having
poor or favorable outcomes according to the mRS; a poor outcome was de�ned as an mRS score greater
than 2.

Unadjusted baseline groups were compared using the Pearson χ2 test, the Mann-Whitney U test or the

2-sample t test depending on the nature and distribution of the data. Multigroup comparisons were
conducted using the Kruskal-Wallis one-way analysis. Receiver operating characteristic (ROC) curves
were conducted, and the predictive qualities of the NIHSS score was evaluated by the area under the ROC
curve (AUC). Dichotomized outcome measures were conducted using binary logistic regression.
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P < 0.05 was considered to be statistically signi�cant. Analyses were undertaken using the statistical
software SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

Results
A total of 164 patients with chronic AF who received rtPA treatment were included in the study. According
to the follow-up, 72 patients achieved favorable 90-day functional outcomes, whereas poor 90-day
functional recovery was found in 92 patients. Their characteristics is given in Table 1. There were no
signi�cant differences in age, sex, or medical history among the patients in the two groups. The baseline
NIHSS scores of patients with poor functional recovery (mRS > 2) were signi�cantly higher than those of
patients with favorable outcomes (median 16 vs 12).

Table 1
Comparison between favorable and poor outcome patients with chronic AF treated with rt-PA.

Characteristic Favorable outcome patients (n 
= 72)

Poor outcome patients (n 
= 92)

P
value

Age (years) median(IQR) 71(66–78) 68(62–78) 0.144

Male n(%) 42(58%) 56(61%) 0.742

Medical history, n(%)      

Hypertension 17(24%) 28(30%) 0.331

Diabetes mellitus 23(32%) 26(28%) 0.609

Previous stroke 21(29%) 19(21%) 0.208

Smoke 27(38%) 34(37%) 0.943

Medications, n(%)      

Anticoagulation use 3(4%) 7(8%) 0.558

Antiplatelet use 19(26%) 25(27%) 0.910

Glucose(mmol/L)
median(IQR)

8.4(6.7–9.8) 8.1(6.9–9.6) 0.749

Baseline NIHSS
median(IQR)

12(8–16) 16(12–21) 0.001

Symptomatic ICH, n(%) 5 (7%) 13 (14%) 0.144

AF atrial �brillation, rt-PA recombinant tissue plasminogen activator, IQR interquartile range, NIHSS
National Institutes of Health Stroke Scale, ICH intracranial hemorrhage

We established ROC curves and AUCs to evaluate the predictive qualities of NIHSS scores. The ROC curve
analysis showed that the AUC of baseline NIHSS for predicting unfavorable outcome at 90days was
0.708 (Fig. 1). ROC curve analysis showed that a baseline NIHSS of 14 was the optimal threshold for
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predicting unfavorable outcomes in patients with chronic AF. Using the cutoff value determined by ROC
curve analysis, patients with baseline NIHSS scores greater than 14 had a more unfavorable outcome at
day 90 than those with scores of 14 or lower (Fig. 2) (P < 0.001). When baseline NIHSS score of 14 was
used as a cutoff for predicting unfavorable outcomes in thrombolyzed patients with AF, it had asensitivity
of 67.57%, a speci�city of 63.16%, apositive predictive value (PPV) of64.10%, and a negative predictive
value (NPV) of 66.67%.

Univariate and multivariate logistic regression were used to identify baseline NIHSS scores associated
with unfavorable outcomes. Multivariate logistic regression analysis showed that baseline NIHSS score
of > 14 was independently associated with poor outcomes (OR = 4.182, 95%CI 2.092–8.361).

Discussion
The present study showed that acute ischemic stroke severity altered the effect of chronic AF on the
outcome of thrombolytic therapy.

We observed that severe stroke patients with chronic AF (baseline NIHSS score > 14) may be more prone
to developing poor outcomes than those with lower scores. To our knowledge, this is the �rst study to
identify stroke patients with chronic AF according to stroke severity and evaluate the signi�cance of this
distinction with respect to outcomes after thrombolytic treatment. Baseline NIHSS thresholds may be
used to evaluate treatment strategies for stroke patients with chronic AF.

Although international guidelines suggest thrombolysis treatment as a �rst-line treatment for eligible
patients when administered within 4.5 hours after the onset of stroke, only one in 3 patients treated by
thrombolysis achieves a signi�cant bene�t [13, 14]. It is still controversial whether acute ischemic stroke
patients with chronic AF should receive rtPA therapy. Raymond and colleagues found that patients with
chronic AF have worse stroke outcomes than do patients without AF, and the risk of poor outcomes was
greater in patients with a longer duration of AF, but those investigators were not able to perform
additional subgroup analyses to identify high-risk patients because of the small sample size[12].

The characteristics of blood clots in patients with chronic AF are still controversial. Stroke patients with
chronic AF may have old, large emboli that are resistant to being dissolved with alteplase after reaching
intracranial vessels. Our study found that moderate stroke patients treated by thrombolysis may achieve
favorable outcomes, but severe stroke patients may not gain any obvious bene�t. The reason may be that
the emboli of moderate stroke patients split into small fragments after reaching intracranial vessels;
these patients would thus achieve signi�cant bene�t from alteplase treatment. On the other hand, old,
large emboli, which are unlikely to dissolve, may cause a sudden occlusion of large cerebral arteries and
may lead to severe stroke with a high NIHSS score. Accordingly, severe stroke patients with AF are
resistant to rtPA therapy.

Whether the characteristics of blood clots and their response to rtPA treatment are affected by the
chronicity of AF awaits further investigation. Postmortem pathological examination showed that cerebral
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arteries are mostly occluded by red thrombi in patients with cardioembolic stroke [15, 16]. Red thrombi
contain some �brin and erythrocytes which were found more vulnerable to tPA than other thrombi, with a
resultant easier to recanalize.However, the chronicity of AF may affect the characteristics of the culprit
clots and their resistance to rtPA treatment, and the components of the embolus may be organized and
calci�ed. Several studies have shown that clots associated with AF are more resistant to dissolution with
rtPA [17, 18].

Our study has several limitations. First, this study was a single-center study, and the current study
�ndings should be con�rmed by a multicenter study. Second, the composition of the emboli, which is
signi�cant for the identi�cation of pathophysiological changes, was unclear in chronic AF patients.
Finally, this study was merely observational, and further studies are required to elaborate on the
pathophysiological effects of thrombolysis on thrombi in patients with chronic AF.

Conclusions
In conclusion, our study showed that stroke severity modi�ed the effect of chronic AF on the outcome of
thrombolytic therapy. The approach of stratifying stroke severity may be used to evaluate treatment
strategies for decision making for intravenous thrombolysis for acute ischemic stroke with chronic AF.

Abbreviations
AF, atrial �brillation; NIHSS, National Institutes of Health Stroke Scale; mRS, modi�ed Rankin Scale; ROC
curve, receiver operating characteristic curves; OR, odds ratio; CI, con�denceinterval;AIS, acute ischemic
stroke; rtPA, intravenous recombinant tissue plasminogenactivator; AUC, area under the curve; PPV,
positive predictive value; NPV, negative predictive value.

Declarations
Ethics approval and consent to participate

All procedures involving human participants were in accordance with the 1964 Helsinki declaration and
its later amendments. This study was approved by the Shengli Oil�eld Central Hospital Ethics Committee.
Written informed consents were obtained from the patients. Consents for patients who were unable to
consent were provided by �rst-degree relatives.

Availability of data and material

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.



Page 7/10

Competing interests

The authors declare that they have no competing interests.

Funding

No �nancial assistance was received in support of the study.

Author’s contributions

MX conceived and designed the study, was involved in drafting the manuscript and provided research
funding. ZNW, HFS, YL, YLZ, and JX contributed to the study design, collected data and critically revised
the manuscript. RS collected and analyzed the data, performed the statistical analysis, and drafted and
critically revised the manuscript. All authors gave �nal approval for manuscript publication and agree to
be accountable for all aspects of this work.

Acknowledgments

Not applicable

References
1. Gorelick PB. The global burden of stroke: persistent and disabling. Lancet Neurol 2019;18: 417–8.

2. Ovbiagele B, Goldstein LB, Higashida RT, et al. Forecasting the future of stroke in the United States : a
policy statement from the American Heart Association and American Stroke Association. Stroke
2013; 44: 2361–75

3. Marini C, De Santis F, Sacco S, Russo T, Olivieri L, Totaro R, et al. Contributionof atrial �brillation to
incidence and outcome of ischemic stroke: results froma population-based study. Stroke
2005;36:1115–9.

4. Stroke Risk in Atrial Fibrillation Working Group. Independent predictors ofstroke in patients with atrial
�brillation: a systematic review. Neurology2007;69:546–54.

5. Wolf PA, Abbott RD, Kannel WB. Atrial �brillation as an independent risk factor for stroke: the
Framingham Study. Stroke1991;22:983–8.

�. Lamassa M, Di Carlo A, Pracucci G, Basile A M, Trefoloni G, Vanni P, et al. Characteristics, outcome,
and care of stroke associated with atrial �brillation in Europe: data from a multicenter multinational
hospital-based registry (The European Community Stroke Project).Stroke 2001; 32: 392-8.

7. Jørgensen H S, Nakayama H, Reith J, Raaschou H O, Olsen T S. Acute stroke with atrial �brillation.
The Copenhagen Stroke Study., Stroke 1996; 27: 1765-9.

�. Saver JL, Gornbein J, Grotta J, Liebeskind D, Lutsep H, Schwamm L, et al. Number needed to treat to
bene�t and to harm for intravenous tissue plasminogen activator therapy in the 3- to 4.5-hour
window: joint outcome table analysis of the ECASS 3 trial. Stroke. 2009;40:2433–2437.



Page 8/10

9. Kimura K, Iguchi Y, Yamashita S, Shibazaki K, Kobayashi K, Inoue T.Atrial �brillation as an
independent predictor for no early recanalizationafter IV-tPA in acute ischemic stroke. J Neurol Sci.
2008;267:57– 61.

10. Kimura K, Iguchi Y, Shibazaki K, Iwanaga T, Yamashita S, Aoki J. IVtPA therapy in acute stroke
patients with atrial �brillation. J Neurol Sci.2009;276:6–8.

11. Frank B, Fulton R, Weimar C, Shuaib A, Lees KR, for the VISTA Collaborators.Impact of atrial
�brillation on outcome in thrombolyzed patients with stroke:evidence from the Virtual International
Stroke Trials Archive (VISTA). Stroke2012;43:1872–7..

12. Seet RCS, Zhang Y, Wijdicks EF, Rabinstein AA. Relationship between chronic atrial �brillation and
worse outcomes in stroke patients after intravenous thrombolysis. Archives of Neurology
2011;68:1454–8.

13. Adams HP, Jr, del Zoppo GJ, Alberts MJ, et al. Guidelines for the early management of adults with
ischemic stroke: A guideline from the American Heart Association/American Stroke Association
Stroke Council, Clinical Cardiology Council, Cardiovascular Radiology and Intervention Council, and
the Atherosclerotic Peripheral Vascular Disease and Quality of Care Outcomes in Research
Interdisciplinary Working Groups: The American Academy of Neurology a�rms the value of this
guideline as an educational tool for neurologists. Stroke 2007; 38: 1655–711.

14. del Zoppo, Saver JL, Jauch EC, et al. Expansion of the time window for treatment of acute ischemic
stroke with intravenous tissue plasminogen activator: A science advisory from the American Heart
Association/American Stroke Association. Stroke 2009; 40: 2945–8

15. Ogata J, Yutani C, Otsubo R, Yamanishi H, Naritomi H, Yamaguchi T, et al. Heart and vessel
pathology underlying brain infarction in 142 stroke patients. Annals of Neurology 2008;63:770–81.

1�. Castaigne P., Lhermitte F., Gautier J C., Escourolle R., Derouesné C. Internal carotid artery occlusion. A
study of 61 instances in 50 patients with post-mortem data. Brain 1970; 93(2), 231-258.

17. Shi ZS, Loh Y, Walker G, Duckwiler GR. MERCI and Multi MERCI
Investigators.Endovascularthrombectomy for acute ischemic stroke in failed intravenous
tissueplasminogen activator versus non-intravenous tissue plasminogen activatorpatients:
revascularization and outcomes strati�ed by the site of arterialocclusions. Stroke 2010;41(6):1185-
92.

1�. Kimura K, Iguchi Y, Yamashita S, Shibazaki K, Kobayashi K, Inoue T. Atrial �brillationas an
independent predictor for no early recanalization after IV-t-PA inacute ischemic stroke. J Neurol Sci
2008;267(1-2):57-61.

Figures



Page 9/10

Figure 1

Association of mRS outcome at 90 days with use of alteplase in patients with baseline NIHSS scores
≤14 and those with baseline NIHSS scores of >14. Each box of the horizontal bar corresponds to the
mRS category speci�ed by the color code. Numbers in each box denote the percentage of patients having
the mRS score corresponding to the box. mRS, modi�edRankin Scale; NIHSS,National Institute of Health
Stroke Scale.

Figure 2
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The ROC curve analysis showed that the area under the curve (AUC) of baseline NIHSS scores for
predicting unfavorable outcomes at 90 days was 0.708. ROC curve,receiver operating characteristic curve.


