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Aims Atrial fibrillation (AF) haemodynamics is less well studied due to challenges explained by the nature of AF. Until now, no 
randomized data are available. This study evaluates haemodynamic variables after AF induction in a randomized setting.

Methods 
and results

Forty-two patients with AF who had been referred for ablation to the University Hospital, Linköping, Sweden, and had no 
arrhythmias during the 4-day screening period were randomized to AF induction vs. control (2:1). Atrial fibrillation was 
induced by burst pacing after baseline intracardiac pressure measurements. Pressure changes in the right and left atrium 
(RA and LA), right ventricle (RV), and systolic and diastolic blood pressures (SBP and DBP) were evaluated 30 min after 
AF induction compared with the control group. A total of 11 women and 31 men (median age 60) with similar baseline 
characteristics were included (intervention n = 27, control group n = 15). After 30 min in AF, the RV end-diastolic pressure 
(RVEDP) and RV systolic pressure (RVSP) significantly reduced compared with baseline and between randomization groups 
(RVEDP: P = 0.016; RVSP: P = 0.001). Atrial fibrillation induction increased DBP in the intervention group compared with 
the control group (P = 0.02), unlike reactions in SBP (P = 0.178). Right atrium and LA mean pressure (RAm and LAm) 
responses did not differ significantly between the groups (RAm: P = 0.307; LAm: P = 0.784).

Conclusion Induced AF increased DBP and decreased RVEDP and RVSP. Our results allow us to understand some paroxysmal AF 
haemodynamics, which provides a haemodynamic rationale to support rhythm regulatory strategies to improve symptoms 
and outcomes.
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Introduction
Atrial fibrillation (AF) often results in haemodynamic consequences 
that cause subjective symptoms and consequently end up in emergency 
contact. This is of great importance, since AF, the cardiac flu, exists glo-
bally and impacts patients and healthcare systems worldwide.1,2

Over the decades, efforts have been made to clarify possible me-
chanisms that give clues to ‘symptomatic’ AF, in which different haemo-
dynamics during AF probably participate. The difficulties in 
understanding cause and effect in the on-and-off AF setting can partly 
be explained by challenges in evaluating AF vs. sinus rhythm (SR) in a 
practical model and a heterogenic population in terms of symptoms, 
comorbidities, and outcomes over time.

The two likely mechanisms for detrimental effects on haemodynam-
ics are fibrillatory atrial activation and irregular ventricular contractions. 
In normal SR, the atria contracts to optimize ventricular filling. In 
comparison, the disorganized electrical activity during AF results in 
very rapid (>300 b.p.m.) and often irregular atrial contractions. 
Consequently, loss of atrial-to-ventricular synchronization hampers 
ventricular filling through loss of atrial kick3 and decreases cardiac pre-
load. Additionally, ventricular irregularity, increased left atrial (LA) and 
right atrial (RA) pressure, neurohumoral activation, and autonomic im-
balance may all reduce cardiac output (CO).4–8

It is plausible that these mechanisms, at least partially, explain the de-
velopment of ‘subjective symptoms’ such as shortness of breath, fa-
tigue, and reduced exercise tolerance,5 which often impacts quality of 
life (QoL). Atrial fibrillation also usually affects blood pressure and sys-
temic circulation, in which ventricular irregularity may cause 

fluctuations in blood pressure and promote hypertension and other 
cardiovascular comorbidities.9 Atrial fibrillation can also impact the 
function of the cardiac autonomic nervous system, further affecting 
the haemodynamics of the heart.10

Sinus rhythm restoration, if maintained, can reverse the flawed car-
diac haemodynamics and may lead to symptom relief, enhanced QoL,11

and a more favourable outcome over time.
Clinical data/models empathizing with the haemodynamic effects of 

AF are few. This is probably explained by the difficulties of creating 
an ‘accurate model’ that allows measuring cardiac haemodynamics dur-
ing AF. As a result, computer modelling has emerged as a tool to hy-
pothesize haemodynamic outcomes in the setting of AF with or 
without different comorbidities.12

A better understanding of the haemodynamic changes caused by AF 
can have important clinical implications and provide clues for individua-
lized therapeutic strategies.

In this randomized study, we aim to shed light on the acute impact of 
cardiac haemodynamics in patients eligible for radiofrequency ablation 
(RFA). We use a model that includes AF initiation and compare pres-
sure changes in the RA and LA, right ventricle (RV), and systolic and dia-
stolic arterial pressures (SBP and DBP), respectively.

Methods
Study design
This is a substudy of the SMURF (Symptom burden, Metabolic profile, 
Ultrasound findings, Rhythm, neurohormonal activation, haemodynamics, 
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and health-related quality of life in patients with AF) study.5 The design has 
been presented previously.13

The setting was randomized, controlled, and interventional, with an allo-
cation ratio of 2:1 in favour of the interventional group (AF initiation).

Participants
Between February 2012 and April 2014, patients with AF referred for RFA 
at the University Hospital in Linköping, Sweden, were eligible for participa-
tion in the current study. Patients with AF, age >18 years, with sufficient 
knowledge of the Swedish language, and referred for first-time RFA treat-
ment were eligible for inclusion.

Exclusion criteria included previous catheter or surgical AF ablation, pre-
vious or planned heart surgery, left ventricular (LV) ejection fraction (EF) 
<35%, ascertained acute coronary syndrome during the past 3 months, 
and any arrhythmia episodes in the last 4 days before RFA.

Informed consent and ethical considerations
The Regional Ethical Review Board of the Faculty of Health Sciences, 
Linköping, Sweden (registration number: 2011/40-31), approved the study 
protocol. All participants gave their written consent to participate in the 
study. This study complies with the Declaration of Helsinki.14

Trans-telephonic electrocardiogram
We used the Zenicor device (Zenicor Medical Systems, Stockholm, 
Sweden) to monitor eligible patients, which is well-validated15,16 and widely 
used in clinical practice to screen for AF and other arrhythmias.17,18

After the screening, eligible patients received written and verbal informa-
tion about the study and were equipped with trans-telephonic Zenicor 
electrocardiogram (ECG) devices. Registrations were made before ran-
domization by placing the thumbs on the Zenicor’s two measuring plates. 
The rendered 30 s rhythm strip was classified into one of four groups: 
SR, AF, atrial tachycardia, or not specified rhythm, using a centralized digital 
ECG database accessed by authorized personnel. Recordings were sent 
twice daily, and patients were instructed to send additional recordings with-
in 4 days of the planned RFA if subjective arrhythmia symptoms were 
experienced.

Randomization
Patients were randomized with a 2:1 allocation ratio at the time of catheter-
ization in favour of the intervention group. Blinding was not feasible due to 
the nature of the intervention.13

Subject measurements
Those who agreed to participate and fulfilled inclusion and exclusion criteria 
signed the informed consent and were included in the SMURF study. The 
patients were equipped with Zenicor devices. Those with ‘no arrhythmia’ 
4 days prior to the scheduled RFA were eligible for the haemodynamic sub-
study. Baseline evaluation included medical history, physical examination, 
ECG, trans-thoracic and trans-oesophageal echocardiogram, and a com-
puted tomographic scan of the heart, according to the clinical routine. If 
no arrhythmia episodes were registered by trans-telephonic ECGs, the re-
spective patient was randomized. Detailed subject measurements have 
been described previously.13,19 All patients fasted >6 h prior to the inter-
vention. We evaluated the euvolemic state through history, physical exam-
ination, and basic laboratory tests. A 2.5% glucose infusion was started upon 
arrival. Catheterization and RFA were performed during mild conscious 
sedation (propofol and remifentanil). Femoral sheaths were inserted in 
the right femoral vein (one short, two long). The two long sheaths (trans- 
septal, SL1) were perfused by heparinized saline (3 mL/h). An initial bolus of 
heparin, 100 IE/kg, was given after the trans-septal puncture and, from 
there, monitored and adjusted to achieve an activated clotting time of 
>350 s.

The study was conducted after the trans-septal puncture. Pressure zero-
ing was done in the middle of the sagittal thoracic diameter in the second 
intercostal space. We used a Cordis (MR-A1, 5F) high-flow multipurpose 
catheter for invasive pressure measurements and measured the LA pres-
sure followed by the RA and RV pressure during calm breathing and for 
at least 15 s. The measurements were analysed and stored using 

EP-workmate (St Jude Medical, Saint Paul, MN, USA). SBP and DBP were 
measured non-invasively throughout the procedure (Philips Easycare). 
Three repeated measurements presented as means were made at baseline 
vs. end of intervention, and blood samples were collected.

Intervention
After baseline intracardiac pressure measurements, the patients allocated 
to the intervention group were induced to AF with burst pacing using a cy-
cle length of 170–300 ms. Atrial fibrillation had to be sustained in 30 min 
and, if necessary, immediately re-induced. Subsequently, new intracardiac 
measurements were performed.

After baseline measurements, the patients allocated to the control group 
were observed for 30 min while in SR. After that, we performed new intra-
cardiac measurements.

RFA was performed after the measurements.13

Ablation procedure
All patients underwent antral pulmonary vein isolation with the ablation 
procedure described previously.13 Electrical disconnection of all pulmonary 
veins was verified by using standard pacing manoeuvres. The operator per-
formed additional ablation when necessary.

Endpoint
The endpoint of this study was to investigate the changes in pressure of the 
RA, LA, RV, SBP, and DBP, respectively, 30 min after the initiation of AF 
compared with the control group in patients eligible for RFA.

Statistical methods
The sample size calculation was based on a pilot study that preceded this 
study.5,13

The results indicated that 45 patients were needed to show statistically 
significant results.

Continuous variables were expressed as means ± standard deviation 
(SD). Non-normally distributed variables were presented as medians with 
interquartile range (IQR) and categorical data as counts with percentages 
in brackets. Baseline characteristics between randomized groups were 
tested for possible differences (t-test—normally distributed data, Mann– 
Whitney U-test—non-parametric data, and χ2 for categorical data).

The primary endpoint was tested with repeated-measure analysis of vari-
ance (ANOVA). Time was used as a within-subject factor, the randomized 
groups were used as a between-subject factor, and changes in pressure 
measurements in the randomized groups over time were studied (time ×  
randomization).

The repeated-measure ANOVA was corrected with the following 
co-variates: heart rate at baseline, age, hypertension, type of AF, and EF 
<50%.

Reported P-values were two-sided; a P < 0.05 was considered statistically 
significant. The analyses were performed using SPSS 25.0 (SPSS, Chicago, IL, 
USA).

Results
Patient inclusion flow and baseline 
characteristics
During the inclusion period, 338 patients were referred to the 
Department of Cardiology at Linköping University Hospital, Sweden, 
for first-time RFA of AF. Ninety-eight patients (29%) were eligible for 
the invasive part of the SMURF study and were screened with trans- 
telephonic ECG according to the study’s protocol. Of those, 42 pa-
tients were randomized and available for analysis (intervention n = 27 
and control group n = 15). Figure 1 presents the inclusion flow chart.

In total, 11 women and 31 men (median age 60; IQR 14) years were 
included. Baseline characteristics, baseline intracardiac pressure, and non- 
invasive pressure were similar between the groups (Tables 1 and 2). No 
differences in intracardiac pressures were observed depending on the 
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type of AF or diagnosis of hypertension at baseline. Approximately 
25 mL of 2.5% glucose was infused from catheterization until the trans- 
septal puncture. The mean doses of propofol and remifentanil from the 
start of catheterization to the end of the last pressure measurements 
were 23 (control) vs. 25 mg (intervention) and 163 vs. 210 mg remifen-
tanil, respectively. No patient received vasopressor drugs or fluid bolus 
infusion from catheterization until the last pressure measurement. The 
mean rate increased by 43 b.p.m. in patients induced to AF, whereas 
no change was observed in the control group.

The only reported complication was a case of cardiac tamponade 
needing pericardiocentesis. This complication occurred during the ab-
lation procedure but was unrelated to the invasive part of this study.

Atrial fibrillation initiation and its effects 
on intracardiac and non-invasive pressures
The RV end-diastolic pressure (RVEDP) and the RV systolic pressure 
(RVSP) significantly reduced after 30 min in AF compared with baseline, 
while they increased slightly in the control group. These reactions dif-
fered substantially between the randomization groups (RVEDP: 
P = 0.016; RVSP: P = 0.001; Figure 2 and Table 2). The RA and LA 

mean pressure (RAm and LAm, respectively) reactions did not differ sig-
nificantly between the groups (RAm: P = 0.307; LAm: P = 0.784; Table 2. 
Moreover, the DBP increased in the intervention group after the induc-
tion of AF compared with the baseline. This reaction differed signifi-
cantly from that of the control group (P = 0.02; Table 2 and Figure 2). 
The responses in SBP did not differ between the groups (P = 0.178; 
Table 2).

Discussion
This randomized AF initiation model examined the haemodynamical 
impact of AF in the first 30 min after induction. The intracardiac pres-
sures of the RA, LA, and RV and non-invasive blood pressures were 
measured. Interestingly, we observed a reduction of the RV pressures 
and an increase in DBP, unlike RA and LA pressures, which did not differ 
significantly.

Cardiac haemodynamics, in short
Normal SR implies a coordinated atrial contraction and facilitates 
optimal ventricular filling by contributing through the atrial contraction. 

Figure 1 Inclusion and randomization flow chart. AF, atrial fibrillation; EF, ejection fraction; RFA, radiofrequency ablation; pts, patients.
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The ‘atrial kick’ typically contributes to 20–30% of the ventricular filling 
volume and is pivotal in optimizing CO.3,4

In AF, the loss of coordinated atrial contraction disrupts the diastolic 
filling pattern. The ventricular filling becomes dependent on passive 
flow and may be further impaired or affected by age and other co-
morbidities exemplified by diabetes, valvular heart disease, heart failure, 
and ischaemic heart disease.

Consequently, AF can reduce ventricular preload, potentially com-
promising ventricular stroke volume and CO. A thorough understand-
ing of these alterations is crucial for clinicians to manage AF effectively, 
that is, to better understand symptoms, optimize treatment strategies, 
and mitigate potential complications of AF itself.

Previous research within this field is surprisingly sparse, with conflict-
ing results. The explanation for this is probably the nature of AF that 

makes it challenging to study. It reflects the heterogenic AF population 
in terms of symptoms and outcomes regardless of paroxysmal, persist-
ent, or more longstanding AF.

Atrial fibrillation initiation and the effect 
on intracardiac pressures
In 1995, Alboni et al.7 reported findings from a cohort of 15 patients 
with no organic heart disease, in which they compared cardiac haemo-
dynamics during SR to that of induced AF. Similar to our results, they 
observed significant reductions in RVEDP and RVSP. Two mechanisms 
probably explain these findings. First, the loss of atrial kick causes a de-
creased ventricular end-diastolic pressure, and second, the faster rate20

and irregular R-R intervals during AF, along with RV adaptability.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the two randomized groups (control and induction groups)

Variables Control group (n = 15) Induction group (n = 27) P-value

Age 62 (IQR, 13) 58 (IQR, 14) NS

Female gender 5 (33%) 6 (22%) NS

BMI (kg/m2) 26.6 (IQR, 5.7) 26 (IQR, 7.1) NS
Paroxysmal AF 6 (40%) 12 (44%) NS

Hypertension 8 (53%) 8 (30%) NS

Diabetes mellitus 1 (7%) 1 (4%) NS
Heart failure 0 2 (7%) NS

Atrial flutter 1 (7%) 2 (8%) NS

CHA2DS2VASc 2 (IQR, 3) 1 (IQR, 2) NS
TIA 2 (13.3%) 1 (3.7%) NS

GFR < 60 mL/min/1.73 m2 4 (26.7%) 3 (11.1%) NS

Beta-blocker 9 (60%) 17 (63%) NS
AAD 4 (27%) 12 (44%) NS

ACEi or ARB 6 (40%) 6 (22%) NS

Amilodipine/felodipine 2 (13.3%) 0 NS
Potassium-sparing diuretics 0 2 (7.4%) NS

Furosemide 3 (20%) 4 (15%) NS

Thiazide diuretics 2 (13.3%) 3 (11.1%) NS
Statins 3 (20%) 9 (33.3%) NS

HR baseline (b.p.m.) 58 ± 11 63 ± 14 NS

Procedural time 188 ± 36 200 ± 45 NS
Complications 0 1 (4%) NS

Propofol (mg) 23 (IQR, 23) 25 (IQR, 22) NS

Remifentanil (mg) 163 (IQR, 125) 210 (IQR, 111) NS
Heparin (IE) 8770 ± 2230 8892 ± 1591 NS

Volume received during the procedure (mL) 412 ± 172 438 ± 189 NS

NT-proBNP (pg/mL) 92 (IQR, 144) 66 (IQR, 90) NS
MR-proANP (pmol/L) 97 (IQR, 47) 101 (IQR, 39) NS

LAVmax/BSA (mL/m2) 28.8 ± 8.4 25.9 ± 6.2 NS

RAVmax/BSA (mL/m2) 23 ± 10 19.8 ± 6.7 NS
RV EDA/BSA (cm2/m2) 8.9 ± 1.6 9 ± 1 NS

EF (biplane) % 63 ± 4 61 ± 5 NS

Normally distributed variables are presented as mean values ± SD, non-parametric variables as median values with IQR, and categorical data as counts and percentages. Results from 
t-tests for normally distributed variables, χ2 for categorical variables, and Mann–Whitney U-test for non-parametric variables are presented, and P-values <0.05 are considered 
statistically significant. The doses of remifentanil and propofol are the doses administrated from the time of catheterization until the last pressure measurement. 
AAD, anti-arrhythmic drugs; ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin-2 receptor blocker; BMI, body mass index; BSA, body surface area; 
CHA2DS2VASc, congestive heart failure, hypertension, age >75 years, diabetes, stroke, vascular disease, female sex; EF, ejection fraction; HR, heart rate; GFR, glomerular filtration 
rate; IQR, interquartile range; LAV, left atrial volume; MR-proANP, mid-regional fragment of the N-terminal precursor of atrial natriuretic peptide; n, number of patients; 
NT-proBNP, N-terminal fragment of prodromal B-type natriuretic peptide; RAV, right atrial volume; RV EDA, right-ventricle end-diastolic area; SD, standard deviation; TIA, transient 
ischaemic attack.
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In contrast, no significant changes were observed in another study, 
i.e. RV pressures did not differ in SR vs. AF and RV apical pacing in a highly 
symptomatic group of patients scheduled for atrioventricular-junction 
ablation.4 These varied observations may be explained by changes in pul-
monary blood flow dynamics during AF21 and different study populations.

Contrary to our findings, the Alboni group reported an increased 
LAm. We think our results are more ‘likely true’ based on the reduced 
RV pressures. An explanation for the opposite could be less atrial dis-
tensibility due to AF. However, this is more likely to occur over time 
and not in paroxysmal settings. Another explanation for the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Differences in reactions ofright atrium mean pressure, left atrium mean pressure, right ventricular systolic 
pressure, and right ventricular end-diastolic pressure in both randomized groups

Baseline 95% CI 30 min after induction 95% CI Ptime×randomization

RAm control n = 12 10.3 7.8–12.8 10.6 7.7–13.4 0.307
RAm intervention n = 26 9.4 8–10.8 9.1 7.8–10.3

LAm control n = 13 15.2 12.5–17.8 14 10.9–17.1 0.784

LAm intervention n = 26 14.8 13–16.6 13.9 12.5–15.2
RVSPcontrol n = 12 29.7 26.1–33.3 33.4 29.8–37.1 0.001
RVSPintervention n = 25 32.6 30.4–35 28.9 26.8–31

RVEDPcontrol n = 12 8.1 5.9–10.3 8.7 5.6–11.7 0.016
RVEDPintervention n = 25 8 6.6–9.4 6.8 5.6–8

SBPcontrol n = 15 135 125–146 132 124–141 0.178

SBPintervention n = 27 129 124–135 132 124–139
DBPcontrol n = 15 75 70–80 74 70–78 0.02
DBPintervention n = 27 75 71–80 82 77–88

Results from repeated-measure ANOVA within-subjects contrast tests. A P-value <0.05 was considered to be statistically significant. The intracardiac and systemic pressures are 
presented as means with 95% CI and measured in mmHg. Bold values denote statistical significance (P < 0.05). 
ANOVA, analysis of variance; CI, confidence interval; DBP, diastolic blood pressure; LAm, left atrium mean pressure; RAm, right atrium mean pressure; RVEDP, right ventricular 
end-diastolic pressure; RVSP, right ventricular systolic pressure; SBP, systolic blood pressure.

Figure 2 The effect of atrial fibrillation initiation in (A) right ventricular end-diastolic pressure, (B) right ventricular systolic pressure, (C ) left atrial 
mean pressure, and (D) diastolic blood pressure. AF, atrial fibrillation; RV, right ventricular; LA, left atrial.
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contradictory outcomes may be that changes in atrial pressures during 
AF initiation are highly dynamic and can vary depending on the phase 
and timing of the arrhythmia.5,10,17 Of note, all these observations 
are done in a laboratory setting with minimal influence from gravity 
in supine positions after 30 min of AF. Thus, it is unclear if these changes 
apply to activities during everyday life in an upright position. About RA 
pressures, our observations were concordant with the findings of 
Alboni.7

More recently, Dusik et al.22 presented the haemodynamical impact 
of AF and atrial tachycardia in terms of pulmonary hypertension (PH) in 
an observational cohort (controls n = 7, PH n = 10, LV heart failure n =  
10). Their main observations were that patients with AF when restored 
to SR had an increased cardiac index within the AF group irrespective of 
PH and increased RV pressure in the LV heart failure group after ar-
rhythmia termination. Compared with our data, similar observations 
were observed regarding RV mean pressure in the control and PH 
groups after arrhythmia termination. The difficulties in creating a real- 
life model to evaluate the haemodynamics in AF have formed the basis 
of computer modelling: One model,23 using parameters calibrated for a 
25-year-old male (75 kg, height 175 cm), induced AF resulted in re-
duced CO, SV, EF and increased LV end-diastolic pressure, LA pressure, 
and pulmonary vein pressure, but the right chambers seemed less af-
fected. In comparison, some of our results disagree (RAm, LAm, DBP, 
RVEDP, RVSP), suggesting difficulties in creating an accurate model in 
this setting. Additionally, the heterogeneity of real-life comorbidities 
clarifies the challenges of creating computer models.23,24

Atrial fibrillation initiation and the effect 
on blood pressure
Blood pressure and its fluctuations are thoroughly evaluated in SR and 
are generally an interplay between heart-rate variability, CO, respir-
ation, total peripheral resistance, and the autonomic system. In our set-
ting, we aimed to evaluate the impact of AF in terms of SBP and DBP.

Our results are consistent with those of previous findings, such that 
SBP is lower and DBP is higher in AF than in SR. However, we must con-
sider that it is challenging to measure BP correctly in AF.25–27 In general, 
using the mean out of three repeated measures is recommended, as we 
did in our study. Blood pressure is usually measured by way of auscul-
tation using the sphygmomanometric method or semi-automatically 
through oscillometric techniques. Even though accepted, their preci-
sion in AF has been questioned. In sphygmomanometric BP measure-
ments, the irregular R-R intervals disrupt the correlation of the first 
and fourth or fifth Korotkoff sound representing SBP and DBP, respect-
ively. The oscillometric method is based on the spindle-like oscillo-
metric pressure pulse (OPP) during SR and is not validated in the AF 
population. Notably, the shape of the OPP is heart-rate dependent, 
and when it is >90 b.p.m., the OPP becomes more irregular and signifi-
cantly underestimates SBP.28 So far, three systematic reviews reported 
reliable BP in AF29–31 and one the opposite32 in the AF population (aus-
cultatory vs. oscillometric, the former reference).

An invasive evaluation of blood pressure and AF was recently pub-
lished by Olbers et al.9 They evaluated the interplay between AF and 
BP in patients scheduled for a coronary angiogram (SR n = 12, AF 
n = 21) and assessed beat-to-beat systolic and diastolic blood pressures 
in different locations. They reported markedly evaluated blood pres-
sure variability in AF patients, which was more pronounced in DBP 
(×6) vs. SBP (×2). Office BP came out lower when compared with cor-
responding invasive measurements and was more prominent in the AF 
group. In comparison, Sramko et al.33 reported decreased SBP in an AF 
simulation model.

When summarized, SBP after AF induction is trending to lower va-
lues contrasted with a rise in DBP. Further arguments for these findings 
could be sympathetic nerve activity that results in peripheral vasocon-
striction and causes an increase in DBP in addition to the effect on heart 

rate.10,34 Other possible explanations for the observed rise in DBP may 
be increased systemic vascular resistance through decreased RV pres-
sure35 and the limited effluence due to shorter diastole during the often 
faster and irregular heart cycles.7

Clinical and investigational importance
To the best of our knowledge, this is the first controlled randomized 
study using a model of AF initiation evaluating haemodynamic changes 
following 30 min of induced AF. Our study, showing no differences in 
LA and RA pressures, increased DBP, and reduced RV pressures in 
the first 30 min, contributes to a better understanding of some AF 
haemodynamics.

From a clinical perspective, our results support the haemodynamic 
rationale to support rhythm regulatory strategies such as catheter ab-
lation or the use of anti-arrhythmic drugs, as also shown in other studies 
examining the haemodynamics of AF.36–38 However, more research is 
needed to confirm these hypotheses and determine the clinical signifi-
cance of these findings.

Limitations
Our study is a single-centre randomized study with a relatively small 
sample size representing a healthy AF population in a design that prob-
ably excludes differential bias concerning baseline characteristics and a 
euvolemic state. However, extrapolation of our results to the general 
AF population must be done cautiously. The AF initiation model used 
denotes a simulation of the haemodynamic consequences of AF over 
a limited time interval. Examining haemodynamic parameters for 
more extended periods after AF initiation and a more rigorous invasive 
protocol would have provided valuable information. However, this was 
considered unethical and unsafe, and additional parameters were not 
included in the protocol.

Conclusions
In a model mimicking the onset of a paroxysm of AF, we observed a sig-
nificant increase in heart rate, a decrease in RVEDP and RVSP, and an 
increase in DBP. This is the first human randomized study to examine 
cardiac haemodynamics after AF initiation. Our results concur with 
those of previous findings and allow us to understand the paroxysmal 
AF haemodynamics better, which provides the haemodynamic ration-
ale to support rhythm regulatory strategies to control symptoms and 
improve outcomes.
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