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Abstract
Background: Recent evidence suggests an elevated risk of cognitive impairment and 
dementia in individuals with atrial fibrillation (AF), irrespective of stroke occurrence. 
AF, known to reduce brain perfusion, particularly through silent cerebral ischemia, 
underscores the intricate relationship between cardiac and cerebral health. The heart 
plays a crucial role in supporting normal brain function, and rhythm control, a standard 
AF treatment, has demonstrated enhancements in brain perfusion. This systematic 
review aimed to examine published data concerning the influence of rhythm control 
on brain perfusion in patients with atrial fibrillation.
Methods: A systematic search for relevant studies was carried out in Scopus, PubMed, 
Cochrane Reviews, ProQuest, and EBSCOhost, spanning from their inception until 
April 30, 2023. Studies that specifically examined brain perfusion following any form 
of rhythm control in atrial fibrillation were included in the review.
Results: The review encompassed 10 studies involving 436 participants. Among 
these, six utilized electrical cardioversion for rhythm control. The majority (8 out of 
10) demonstrated that restoring sinus rhythm markedly enhances brain perfusion. In 
one of the two remaining studies, notable improvement was observed specifically in 
a region closely linked to cognition. Additionally, both studies reporting data on the 
Mini- Mental State Examination (MMSE) showed a consistent and significant increase 
in scores following rhythm control.
Conclusion: Successful rhythm control in AF emerges as a significant contributor to 
enhanced brain perfusion, suggesting a potential therapeutic avenue for reducing 
cognitive impairment incidence. However, further validation through larger prospec-
tive studies and randomized trials is warranted.
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1  |  INTRODUC TION

Atrial fibrillation (AF) is one of the most common heart rhythm dis-
orders. The incidence and prevalence of AF have tripled globally in 
the last 5 years and have reached the dimension of a 21st- century 
cardiovascular disease epidemic.1–3

There is growing interest in exploring the potential connection 
between atrial fibrillation and cognitive decline as well as dementia.4 
Numerous studies over the past decade, including several meta- 
analyses, provide growing evidence that patients with atrial fibril-
lation are at increased risk for cognitive impairment and dementia, 
even in the absence of stroke.5–10 Whether the link is causal is still 
an open question.5 It is intuitive to perceive the link between those 
conditions and brain hypoperfusion as an underlying mechanism.11

AF is known to reduce brain perfusion, and silent cerebral isch-
emia is considered the main mechanism for increasing cognitive 
risk.12 The study of brain perfusion is crucial for gaining essential 
insights into the functioning of the central nervous system.13 It helps 
us comprehend dysfunction in the brain, which is a leading cause of 
morbidity and mortality in Western societies.13 The intricate mech-
anisms of human cerebral circulation have attracted global research 
interest.14 Dysfunction of one or more of these mechanisms may 
contribute to the adverse brain events associated with AF.15

The brain receives 15% of total cardiac output and is highly depen-
dent on the normal functioning of the heart.16 When atrial fibrillation 
develops, there is a loss of atrial transport factor (“atrial kick”) leading 
to a decrease in cardiac output of up to 20%–30%.17 Evidence suggests 
that altered cardiac output, acute or chronic, leads to changes in cere-
bral circulation independently of other regulating parameters such as 
blood pressure and carbon dioxide levels.18 Ensuring brain perfusion is 
a priority during acute reductions in cardiac output.18

Rhythm control has been widely known as one of the main strat-
egies to treat AF. It was shown that cardioversion to sinus rhythm 
(SR) improves brain perfusion.19 Nevertheless, the evidence remains 
inconclusive regarding a direct causal effect. This systematic review 
aimed to assess whether rhythm control in atrial fibrillation plays a 
role in brain perfusion.

2  |  METHODS

This systematic review followed the 2020 Preferred Reporting Items 
for Systematic Review and Meta- Analyses (PRISMA) guidelines20 and 
was registered in the PROSPERO database with registration number 
CRD42023414229. This systematic review adheres to the PRISMA 
checklist, as detailed in Table S3, to ensure transparent reporting.

2.1  |  Search strategy

A systematic search for eligible studies was conducted independently 
by two authors, SR and AN, in Scopus, PubMed, Cochrane Reviews, 
ProQuest, and EBSCOhost databases from inception until April 30, 

2023. The research question is given as follows: “In patients with atrial 
fibrillation, does rhythm control result in improvements of brain perfu-
sion when compared with before or without rhythm control?” Brain per-
fusion is often quantified by cerebral blood flow (CBF), indicating the 
volume of blood passing through brain tissue per unit of time (typically 
expressed as mL/100 g of brain tissue/min).13 CBF is regulated by the 
careful interaction of chemical, metabolic, autoregulatory, neural, and 
systemic factors.15 However, measuring CBF directly in clinical settings 
is challenging, leading to the development of various methods, from 
minimal to highly invasive.13 Assessment of brain saturation is more fre-
quently performed.21 Prior studies have indicated a correlation between 
brain saturation and either brain perfusion or cognitive dysfunction.21 
Thus, the following keywords were used: “((rhythm control) OR (cardio-
version) OR (ablation) OR (rate control)) AND ((atrial fibrillation) OR (afib) 
OR (af)) AND ((brain perfusion) OR (cerebral perfusion) OR (cerebral 
blood flow) OR (cerebral oxygen saturation) OR (brain saturation)).”

2.2  |  Eligibility criteria

Studies focusing on brain perfusion after any rhythm control in atrial 
fibrillation were considered. The eligibility criteria included the fol-
lowing: (1) involving human participants diagnosed with atrial fibril-
lation, (2) involving patients receiving any rhythm control strategies, 
(3) reporting any measurement depicting brain perfusion before 
and after rhythm control, (4) a retrospective or prospective cohort, 
cross- sectional, or randomized controlled trial (RCT) study, and (5) 
full text available in English language. Studies that failed to fulfill the 
eligibility criteria were excluded.

2.3  |  Study selection and data extraction

Five authors, SR, AS, AN, MA, and RY, performed screening and select-
ing studies from all databases for inclusion independently. The decision 
is not visible to other reviewers (blinded) and is gathered altogether via 
Rayyan Systems Inc. A minimum of 3 similar decisions are needed to 
determine whether a study is included or excluded. Any disagreements 
between individual judgments will be discussed and resolved together. 
The selected studies were assessed to extract the following infor-
mation: first author's name and publication year, study design, study 
characteristics (country, study center, and study period), definition of 
variables, participant demographics and baseline characteristics (sam-
ple size and age), primary and secondary outcomes, and confounding 
variables. The primary outcome assesses changes in brain perfusion 
post- rhythm control. If applicable, the secondary outcome examines 
neurocognitive function. A significance level of p < .05 was applied.

2.4  |  Quality assessment

Included studies were assessed by two authors, RY and J, indepen-
dently through critical appraisal considering the risk of potential for 
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selection bias, information bias, measurement bias, or confounding 
using the National Institutes of Health Quality Assessment Tool for 
cohort and cross- sectional studies.22 Any discrepancies in the as-
signed scores were addressed through discussion, and the final qual-
ity assessment score for each study was obtained by averaging the 
scores from each reviewer.

3  |  RESULTS

3.1  |  Study selection

We found 691 studies in the initial database search. After removing du-
plicates and screening potentially eligible studies from each database 
and registry, 10 studies11,19,21,23–29 met our criteria and were included. 
In the final selection step, several studies were excluded.30–34 Among 
them, one study focused on comparing brain activities instead of as-
sessing brain perfusion before and after rhythm control.30 Another 
study specifically investigated brain saturation as a monitoring pa-
rameter during totally thoracoscopic ablation surgeries.31 Additionally, 
three studies solely compared neurocognitive function.32–34 The 
PRISMA flow diagram in Figure 1 illustrates the selection process. 
The selected studies underwent bias risk assessment, and the results 
are detailed in Table S1. Two studies were rated as “good,” while eight 
studies received a rating of “fair” in the assessment of quality.

3.2  |  Study characteristics

We included ten studies in our analysis, with a total of 436 partici-
pants (Table 1). Among these studies, seven were cohort studies, 
and three were cross- sectional studies. They were published be-
tween 1989 and 2023 and conducted in various countries, includ-
ing Russia,23 Croatia,24 Japan,11,25 Iceland,19 Denmark,26 Poland,27 
Belgium,28 Germany,29 and Italy.21

Eight of the studies11,21,23–26,28,29 involved patients with parox-
ysmal or persistent AF lasting less than 1 year, while the other two 
studies19,27 diagnosed AF using only electrocardiography (ECG). In 
terms of rhythm control, nine studies utilized mechanical strategies, 
and one study27 employed a pharmacological approach (amiodarone). 
Among the mechanical strategies, six used electrical cardioversion 
(ECV),19,21,24,26,28,29 and the other three employed radiofrequency 
ablation (RFA) or cryoballoon techniques.11,23,25 Brain perfusion was 
reported as the measure of CBF in seven studies,11,19,23–27 cerebral 
tissue oxygen saturation (SctO2) in two studies,28,29 and tissue he-
moglobin index (THI) in one study.21 Table S2 provides details on the 
definitions used in these studies.

3.3  |  Outcomes

The results of brain perfusion before and after rhythm control, as 
well as neurocognitive measurements after sinus restoration, are 

presented in Tables 2 and 3, respectively. Studies included meas-
ured regional CBF (rCBF), total CBF, SctO2, and THI. Eight studies 
reported a statistically significant improvement in brain perfusion 
following the restoration of sinus rhythm.11,19,23,24,26–29 One study 
indicated significant improvement in only one brain region, while 
overall improvement was deemed insignificant.25

Among the studies reviewed, only two reported on the per-
centage of perfusion improvement.23,28 Efimova et al23 demon-
strated an average increase in rCBF of 11.5% (p = .01) in the right 
inferior frontal, 5% (p = .007) in the left superior frontal, and 6% 
(p = .005) in the left temporal cortex compared to baseline values. 
Genbrugge et al28 observed an increase in SctO2 values, with a 
maximum elevation of 6% above baseline SctO2 values (p < .001) 
following restoration of sinus rhythm. Conversely, no immedi-
ate change in SctO2 was noted after cardioversion when sinus 
rhythm was not restored, with a maximum observed increase 
of 2% (p = .287).28 Additionally, SctO2 values 4–6 weeks post- 
unsuccessful cardioversion were even lower compared to baseline 
(p = .041).28

In the cohort studies, follow- up periods varied in the short term 
from immediately after rhythm control to <3 months and in the mid- 
term to <6 months. Both short- term and mid- term follow- up periods 
showed significant increases in brain perfusion after sinus rhythm 
restoration.11,19,23–26,28 One study reported an increase in CBF at 
1 month and continued to increase significantly at 6- month fol-
low- up.11 One study reported a significant increase in SctO2 imme-
diately after successful ECV, but there was no significant difference 
in the follow- up at weeks 4–6 compared to baseline.28 Three studies 
reported AF recurrence during the follow- up period. All three stud-
ies indicated no significant change in brain perfusion compared to 
baseline.11,24,28

Neurological testing was conducted in four of the studies to 
evaluate cognitive deficits or improvement before and after rhythm 
control in AF.23–25,28 Two studies reported a positive impact on cog-
nitive function following RFA.23,25 Both studies demonstrated im-
provement in the Rey Auditory Verbal Learning Test (AVLT), which is 
used to assess immediate verbal memory, delayed memory, learning, 
and attention.

4  |  DISCUSSION

This study systematically examined the scientific literature on how 
rhythm control affects brain perfusion in patients with atrial fibril-
lation.14 Research on human cerebral circulation, vital for brain 
function, grapples with complexities in modeling hemodynamics 
and oxygenation.35 Factors such as blood flow velocity distribu-
tions, oxygen transport, cerebral autoregulation, vascular compli-
ance, and multiple vascular contributions complicate the task.35 
Two categories of measurement methods, direct and indirect, ad-
dress this complexity.14 Direct methods employ contrast agents in 
techniques such as SPECT, PET, MRI, xenon CT, and arterial spin 
labeling (ASL) MRI, quantifying CBF, cerebral blood volume, and 
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metabolic rate of oxygen.14,35 Indirect techniques, including NIRS, 
transcranial Doppler, and phase- contrast MRI, measure physiolog-
ical parameters reflecting cerebral perfusion.14,35 AF significantly 
impacts perfusion by disrupting the regularity of diastolic and sys-
tolic timing, leading to beat- to- beat variability in cardiac output 
and decreased CBF.36,37 This impairment in CBF, despite normal 
stroke volume, may result in cerebral hypoperfusion, particularly 
as AF progresses.36 Notably, flow- mediated dilation improves after 
cardioversion and catheter ablation, indicating some reversibility 
of arrhythmia- induced dysfunction.36,38 Our analysis indicates 
that rhythm control may enhance brain perfusion, supported by 7 
studies11,19,23–27 with direct measurement and 3 studies with indi-
rect measurement.21,28,29 The indirect methods encompass SctO2 
and THI. Previous studies have revealed a positive correlation 
between SctO2 levels and cerebral perfusion pressure, as well as 
cognitive function.29 Meanwhile, THI assesses the concentration 

of total hemoglobin in tissues, indicating alterations in local cer-
ebral tissue blood volume, thereby offering an indirect measure 
of local microvascular perfusion.21Of all the studies, the success 
rates for improving brain perfusion through rhythm control strate-
gies were as follows: ablation, 66.7% (2/3); ECV, 83.3% (5/6); and 
amiodarone, 100% (1/1).

These findings are attributed to various factors. Initially, re-
storing sinus rhythm alleviates the hemodynamic decline from 
AF, boosting brain perfusion. Takahashi et al. further investigated 
changes in CBF based on heart rhythm during MRI scanning in 
both AF- SR and SR- SR groups.11 They found that CBF continued to 
increase over 6 months following ablation, extending beyond the 
initial 1- month period if SR is maintained. The sustained elevation 
in CBF postablation implies that the higher CBF in SR group can-
not be solely because of inherent differences between SR and AF 
rhythms from the baseline.

F I G U R E  1  PRISMA flowchart depicting the detailed steps of study selection.

Records identified from
databases and registers: (n = 
564)

Scopus (n = 191)
Pubmed (n = 83)
Cochrane Reviews (n = 45)
ProQuest (n = 174)
EBSCOhost (n = 198)

Records removed before 
screening:

Duplicate records removed 
(n = 127)

Records screened (title and 
abstract) after duplicates 
removed: (n = 564)

Records excluded**
Irrelevant topic (n = 261)
Foreign language (n = 1)
Wrong study design and 

publication type (n = 65)
Wrong population (n = 220)

Reports sought for retrieval
(n = 17) Reports not retrieved

Editorial comment (n = 1)
Wrong drug (n = 1)

Reports assessed for eligibility
(n = 15)

Reports excluded:
Did not compare brain 
perfusion before and after 
rhythm control (n = 5)

Studies included in review
(n = 10)

Identification of studies via databases and registers
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In three studies comparing CBF between AF and SR groups at 
baseline,23,24,27 only one study demonstrated higher values in the 
SR group.23 The absence of baseline differences in brain perfu-
sion between AF patients and control subjects suggests that, in 
the long term, other cardiovascular comorbidities such as hyper-
tension may also play a role.24,39 Factors such as advanced age, 
the use of antihypertensive medications, high cholesterol levels, 
and active smoking were identified as significant confounders for 
the reduction in CBF.40 Moreover, comparing the SR group with 
paroxysmal AF only may yield no difference, as individuals with 
paroxysmal AF often exhibit more efficient heart and circulatory 
system function than those with chronic AF.27 Although distur-
bances in cerebral circulation occur during paroxysmal AF, they 
typically do not lead to clinical signs of brain ischemia.27 This is 
supported by study findings indicating a significant increase in 
CBF (13.7%) in patients with nonparoxysmal AF who were free 
from atrial tachyarrhythmias after ablation, while insignificant 
changes were observed in the paroxysmal group.11

Another explanation for how rhythm control could impact brain 
perfusion is through the enhancement of cardiac outputs (COs). 
Efimova et al23 observed a 15% improvement in CO (p = .0015) and 
a 6% increase in average left ventricular ejection fraction at 3 months 
after ablation and pacing. This aligns with Genbrugge et al's28 findings, 
suggesting that a sudden increase in CO following successful ECV is 
positively associated with SctO2. This could be attributed to atrial and 
ventricular resynchronization, restoring atrial booster pump function 
and preventing atrioventricular valve regurgitation.28 The return of 
SctO2 to baseline values at 4–6 weeks may result from a decreased CO 
or a delayed activation of cerebral autoregulation.28 In the latter case, 
the cerebral autoregulation mechanisms were assumed to be tran-
siently stunned by the sudden increase in CO after successful ECV.28

There are various mechanisms explaining improved CBF follow-
ing different rhythm control strategies. Catheter ablation, consid-
ered the gold standard, not only maintains SR but also denervates 
the epicardial ganglionated plexi through direct thermal injury.11 The 
effects of catheter ablation on endothelial function or inflammation 
may further impact brain perfusion by modulating autoregulation of 
cerebral arteries and arterioles.25,41 In contrast, Kedzo's examina-
tion of factors related to this pathophysiology found no decrease in 
vWF values after restoring sinus rhythm, suggesting that endothelial 
dysfunction may not be the primary mediator of cerebral perfusion 
improvement.24 On the other hand, cardioversion, both electrical 
and pharmacological, significantly reduces hypoperfusive and hy-
perperfusive/hypertensive microcirculatory events in cerebral cir-
culation.21,24 Therefore, the enhancement of brain perfusion in sinus 
rhythm can be attributed to the restoration of contractile atrial func-
tion, improved diastolic filling of the ventricles, and reduced heart 
rate variability.21,24

Two studies found no significant improvement in brain perfusion 
with rhythm control, but these results do not contradict the other 
eight studies. Tatewaki et al25 observed improved cognitive domains 
and regional CBF in the left retrosplenial cortex following AF abla-
tion. This cortex plays a crucial role in cognitive functions affected 
in early Alzheimer's disease.25 The authors propose that restoring 
sinus rhythm corrects autonomic hyperactivity, enhancing vascular 
reactivity and blood flow in the posterior cingulate cortex, a region 
vulnerable to autoregulation dysfunction.25 Secondly, although 
Saglietto et al21 found no significant mean THI differences pre-  and 
post- ECV, sinus rhythm restoration significantly reduced extreme 
single- beat hemodynamic events in cerebral microcirculation. Inter- 
beat THI variability, reflecting perfusion changes in cerebral micro-
circulation, significantly varied after cardioversion, emphasizing the 

TA B L E  3  Secondary outcomes.

Study Participants/total AF sample
Neurocognitive measurement 
index Summary of findings

Efimova et al, 201223 17/17 AVLT, digit span forward- 
backward, token test, digit 
symbol test, DCT, TMT, and 
CFT

Radiofrequency ablation followed by 
pacemaker implantation had a positive 
effect on cognitive function in all 
patients (p < .01 in all indexes, except 
DCT < 0.05; TMT- B < 0.05; and 30 min 
CFT < 0.05).

Kedzo et al, 202324 Successful ECV = 15/25 Patient- Reported Outcomes 
Information System (PROMIS) 
Cognitive Function index

No change in cognitive function in 
patients without arrythmia recurrence 
after ECV (p = .46).

Tatewaki et al, 202325 8/8 MMSE, WAIS, TMT, and AVLT 
recognition (total recall, 
learning, and forgetting)

Improvements in a broad spectrum of 
cognitive domains (MMSE (p = .023), 
WAIS digit symbol (p = .008), 
and recognition AVLT total recall 
(p = .023)).

Genbrugge et al,202028 Successful ECV = 19/69
Unsuccessful ECV = 4/69

AVLT, MMSE, TMT, and symbol 
codding

No difference was observed in extensive 
neuropsychological functioning before 
and after ECV, independently if ECV 
was successful or not.

Abbreviations: AVLT, Rey Auditory Verbal Learning Test; CFT, complex figure test; DCT, Bourdon- Wiersma dot cancellation test; ECV, electrical 
cardioversion; MMSE, Mini- Mental State Examination; TMT, trail making test; WAIS, Wechsler Adult Intelligence Scale.
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greater impact of AF- induced disturbances on distal cerebral circu-
lation compared to the systemic district.21

4.1  |  Secondary outcomes: discussion

Chronic brain hypoperfusion is suggested as a potential mechanism 
linking AF to cognitive decline.19 Three contributors to this decline 
are silent cerebral ischemia, inflammation, and altered cerebral blood 
flow.37 In our analysis of four studies on rhythm control's impact on 
cognitive function or neuropsychological functioning in AF, only two 
showed a positive effect.23,25

Efimova et al and Tatewaki et al23,25 observed improvements 
across various cognitive domains following AF ablation. This find-
ing is supported by Jin's study, which demonstrated a significant 
enhancement in cognitive function (assessed using the Montreal 
Cognitive Assessment) in an AF ablation group at 3 months and 
1- year postablation.42 Another prospective study involving 74 
Japanese patients who underwent AF ablation reported signifi-
cant improvements in scores for MMSE, immediate recall, delayed 
recall, constructional visuospatial ability, and Trail Making Test 
(TMT) 6 months after ablation therapy.34 RFA of the atrioventric-
ular node followed by pacemaker implantation has been shown 
to increase left ventricular ejection fraction, systolic function, 
and cardiac outputs.23 Tatewaki notes that the AF group initially 
showed lower cognitive function than normal controls, but life-
style factors were not adjusted for.25 Shared risk factors for AF 
and cognitive impairment include aging, smoking, hypertension, 
diabetes, sleep apnea, physical inactivity, vascular disease, inflam-
mation, and heart failure.43 The authors speculate that AF- related 
adverse factors and CO may contribute to cognitive recovery after 
ablation therapy.25

The two other studies utilizing ECV reveal insignificant differ-
ences in cognitive functions post- successful ECV.24,28 However, the 
interval between the pre-  and post- cardioversion MRI examinations 
was only a few weeks. This time frame is likely insufficient to detect 
differences, as improvements have been observed over a more ex-
tended period.44 A prior study recommends a minimum of 3 months 
for assessing long- term neuropsychological functioning.45

4.2  |  Limitations

This study represents the inaugural systematic review concentrat-
ing on the correlation between rhythm control in atrial fibrillation 
and cerebral perfusion. We tried to synthesize the most signifi-
cant findings from existing studies to date. The investigation of 
whether sustaining SR can potentially defer the onset of brain at-
rophy or cognitive decline warrants further exploration, despite 
the intriguing results obtained in this study. However, it is crucial 
to recognize the study's limitations. The inclusion of studies with 
a limited sample size and diverse types of AF may introduce se-
lection bias. Additionally, variations in rhythm control strategies 

and approaches to measuring brain perfusion exist across stud-
ies. While we attempted to mitigate this issue by clearly defining 
the terms in each study for the reader's consideration, address-
ing these limitations remains essential. The recommendation for 
future study is for more targeted and specific research focusing 
on the specific type of AF, brain perfusion parameters, and more 
direct measurement methods.

5  |  CONCLUSION

The findings from this study align with the understanding that ad-
dressing the hemodynamic decline induced by AF can positively im-
pact brain perfusion. This systematic review suggests that successful 
rhythm control in AF holds promise as a therapeutic intervention for 
enhancing brain perfusion and potentially mitigating cognitive de-
cline. However, to establish this link conclusively and inform clinical 
practice, it is imperative to conduct larger- scale prospective studies 
and randomized trials. These endeavors will contribute valuable in-
sights into the nuanced interplay between rhythm control, cerebral 
perfusion, and cognitive function, paving the way for more targeted 
and effective therapeutic approaches in the management of AF- 
associated cognitive impairment.
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