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Abstract

Background. Atrial fibrillation (AFib) is the most common atrial tachyarrhythmia with multiple negative hemo-
dynamic consequences. Although there have been many studies on the effects of AFib on cardiac function, very few
have focused on changes in peripheral circulation during arthythmia. Therefore, the aim of the present study was to
determine the effect of the reversal of AFib to sinus rhythm (SR) on peripheral blood flow.

Material and methods. The forearm blood flow was determined by strain gauge plethysmography (EC 5R, Hokan-
son, Bellevue, USA) in hemodynamically stable 41 patients aged 63 + 12 years with paroxysmal or persistent AFib.
Venous capacity (VC), venous outflow (VO) and V5., index, arterial inflow (Al) and fast blood flow (FBF) were
measured. 24 patients underwent successful cardioversion. The assessment of peripheral blood flow, BP and HR was
performed during arrhythmia and then replicated within 7 day period after restoring of SR.

Results. At baseline, plethysmographic parameters, heart rate, systolic and diastolic BP did not differ significantly
for patients who underwent successful cardioversion vs. in those who failed to restore SR. Conversion of AFib to SR
did not change values of indices characterizing both venous and arterial vessels, values of systolic and diastolic blood
pressure, whereas heart rate was significantly reduced.

Conclusions. Restoration of sinus rhythm does not improve peripheral blood flow in hemodynamically stable pa-

tients with AFib in short term observation.
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Introduction

Atrial fibrillation (AFib) is the most common atrial
tachyarrhythmia, affecting about 3% of the adult
population [1, 2].

Atrial fibrillation reduces cardiovascular perfor-
mance through a variety of mechanisms, including
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loss of atrioventricular synchrony and atrial systole,
reduced ejection fraction during tachycardia and ir-
regularity of ventricular contractions [3].

Apart from the negative hemodynamic impact
on the heart muscle, AFib also affects peripheral
circulation function. A decrease in cardiac output,
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Figure 1. Plethysmography curve scheme (based on [9])

a drop in the aortic upstroke, decreased peripheral
muscle blood supply, finally increased filling of
cardiac chambers and large veins all result in acti-
vation of the adrenergic system with a subsequent
increase in catecholamine release. The increase
in peripheral vascular resistance associated with
peripheral vasoconstriction and centralization of
blood flow lead to activation of the renin-angio-
tensin-aldosterone system, starting a pathophysi-
ological cascade inevitably leading to the develop-
ment of heart failure [4].

Although there have been many studies on the
effects of AFib on cardiac function, very few have
focused on changes in peripheral blood flow during
arrhythmia [5-8]. Therefore, the aim of our study
was to assess peripheral blood flow during AFib and
after restoring sinus rhythm.

Material and methods

The participants of the study were selected among pa-
tients admitted to the Department of Hypertension
and Diabetology, and the Department of Cardiology
and Cardiac Electrotherapy of the Teaching Hospital
of Medical University of Gdansk, Poland. One of
the reasons for hospitalization was planned electri-
cal or pharmacological cardioversion. The inclusion
criteria included the stable hemodynamic clinical
condition and 12-lead ECG-confirmed AFib. The
only protocol-based study exclusions were hemody-
namic instability. Patients were fully informed about
the study protocol and gave their written consent.
The study was designed and conducted in accordance

with the Declaration of Helsinki, and was approved
by the local ethics committee (NKEBN/449/2004).

Forearm blood flow (cm’/min/100 cm’ tissue vol-
ume) was determined by strain gauge plethysmog-
raphy (EC 5R, Hokanson, Bellevue, USA). Patients
were first allowed to adapt to the horizontal position
for 10 minutes before plethysmography was initi-
ated. An elastic mercury sensor was placed on the
forearm of each patient. The wires connecting the
sensor to the plethysmograph were secured to the
forearm with adhesive tape at two points. The ex-
amined arm was placed on an armrest, at heart level.

Due to the difficulties in the assessment of pal-
mar circulation, the blood flow was interrupted for
30 seconds before the actual recording of the data.
This was achieved by the inflation to approximately
240 mm Hg of a small-size cuff placed around the
wrist. Next, the forearm venous system was occluded
through inflating a blood pressure cuff placed on the
subject’s arm to 50 mm Hg within 2-3 seconds (clas-
sic mode) or within 0.5 seconds (automatic mode).
In both methods, the pressure was rapidly released
from both cuffs after 2 minutes of data recording
after which the signal continued to be recorded for
another 30 seconds. In each participant, the mea-
surements were repeated several times, with the mea-
surements being interrupted by breaks of at least 5
minutes duration in order to allow for venous drain-
age of the limb.

To establish the parameters of blood flow through
the forearm the graphic method was used as pre-
sented in Figure 1.

Based on the plethysmography results we were
able to establish the following parameters describing
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venous flow: venous capacity (VC), venous outflow
(VO) and Vs,, index. In order to measure fast
blood flow (FBF), a so-called rapidly-filling cuff was
used. The hand circulation was cut off using the same
method as previously described. We have analyzed 10
measurements of 5-second duration, interrupted by
15-second breaks. Blood flow index was calculated as
the mean of results obtained in each of the measure-
ments.

Arterial inflow (AI) was calculated as a slope coef-
ficient of the line tangent to the plethysmography
curve in the initial phase of venous occlusion. FBF
was established on the basis of the slope coefficient
of the line determined through points of the pleth-
ysmography curve regarding the second and fourth
cardiac evolution.

Blood pressure (BP) measurements were per-
formed by an experienced observer using the aus-
cultatory technique. The cuff width was adjusted
to the arm circumference and it was positioned at
the level of the heart. For analysis average of 10
consecutive measurements were taken. The heart
rate (HR) was recorded using digital electrocardio-
graphic signal monitoring (PowerLab, ADInstru-
ments Inc.). All measurements were performed by
the same observer.

In patients in whom sinus rhythm was successfully
restored assessment of peripheral blood flow, BP and
HR values were reassessed within 7 days after suc-
cessful cardioversion.

Statistical calculations

All statistical analyses were performed using STA-
TISTICA package (StatSoft, Inc. 2014, version
12, www.statsoft.com.) The agreement of data
distribution with normal distribution was investi-
gated with the Shapiro-Wilk test. Mann-Whitney
test was employed to compare baseline blood pres-
sure and heart rate values between patients who
underwent successful cardioversion us. those who
did not. The differences between paired measure-
ments were tested against zero value. Group values
were compared by the Wilcoxon test for two de-
pendent samples.

Table 1. The frequency of comorbidities in patients with atrial
fibrillation (AFib)

Clinical condition / comorbidity Percentage of the studied
group (%)
Arterial hypertension 78
Ischaemic heart disease 56
Diabetes mellitus type 2 34
Heart failure 33
Post-operative AFib 25
Hyperthyroidism in history 20
Chronic kidney disease 2
Dyslipidemia 22
Previous transient ischemic stroke 2

Results

Forty one patients (85% men; mean age 63 + 12 yo;
BMI 28.9 + 4.7 kg/m’) were enrolled.

The frequency of occurrence of concomitant dis-
eases is presented in Table I. The most common
coexisting disease was arterial hypertension (78%).
The left ventricular ejection fraction assessed dur-
ing patient qualification for the study was 42.6 +
10.3%.

Twenty four patients underwent successful car-
dioversion. The assessment of peripheral blood flow,
BP and HR values was performed during arrhythmia
and then replicated within 7 day period after restor-
ing of sinus rhythm.

Blood pressure and heart rate values during AFib
and after restoring of sinus rhythm are presented in
Table II.

At baseline, heart rate, systolic and diastolic BP
did not differ significantly for patients who under-
went successful cardioversion vs. in those who failed
to restore sinus rhythm (84.5 + 20 bpm »s. 81.7 ¢
14.4 bpm; p = 0.30, 126 + 19.2 mm Hg »s. 123.9 =
10 mm Hg; p=0.67,77.8 £ 11.6 mm Hg »5. 78.7 +
5.8 mm Hg; p = 0.38, for HR, SBP and DBD, respec-
tively). Compared to measurements during AFib,
sinus rhythm restoration caused significant reduction
of heart rate (84.5 + 20 vs. 63.2 = 10.4; p = 0.001)

Table Il. Blood pressure and heart rate values in a patient with atrial fibrillation (AFib) and after restoring of sinus rhythm

Variable N AFib SR P-value
Mean = SD Mean = SD

HR [bpm] 24 84.5 + 20 63.2 =104 0.001

SBP [mm Hg] 24 126 = 19.2 1271 + 228 0.54

DBP [mm Hg] 24 778 = 11.6 73.3 £ 8.1 0.31

N — the number of patients; AFib — atrial fibrillation; SR — sinus rhythm; HR — heart rate; SBP — systolic blood pressure; DBP — diastolic blood pressure; SD — standard deviation
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Table Ill. Indices characterizing arterial and venous blood vessels measured during atrial fibrillation (AFib) and after the restoration of sinus

rhythm (SR)

AFib SR
Variable N Mean = SD *p-value N Mean = SD **p-value
(17 vs. 24) (FAvs. SR, N = 24)

Al [y 3714

17 35=15 0.21

24 3814 24 4114 0.84
Ve 4 4412

17 47 +11 0.16

24 43*1.2 24 44+09 0.84
V0 4 36.5 = 18.4

17 385198 0.75

24 352+ 115 24 358 173 0.84
Vos 20 41 219+ 118

17 212115 0.78

24 22.4 £12.2 24 229 139 0.84
FBF10 40 3622

17 352 0.79

23 37x24 21 3317 0.19

N — number of patients; *p-value for the comparison during AFib between patients who underwent successful cardioversion vs patients who failed to restore sinus rhythm; **p-value for the comparison between
patients during AFib and after restoring of sinus rhythm; Al — arterial inflow [cm?/100 cm*/min]; VC — venous capacity [cm*/100 cm’]; VO — venous outflow [cm®/100 cm®/min]; Vs ,, — venous outflow between
0,5 and 2 s [cm*/100 cm*/min]; FBF10 — fast blood flow: mean of 10 measurements [cm®/100 cm*/min]; SD — standard deviation

and did not change blood pressure values (p = 0.54
and p = 0.307 for SBP and DBP respectively).

The magnitude of plethysmographic parameters
characterizing arterial and venous vessels collected
during AFib and after the restoration of sinus rhythm
is presented in Table III.

Similarly to BP and HR values, baseline plethys-
mographic parameters measured during AFib did
not differ in 24 patients who underwent successful
cardioversion and 17 patients who failed to restore
sinus rhythm.

In order to assess the impact of sinus rhythm
restoration on the magnitude of peripheral blood
flow, Wilcoxon test for dependent variables was used.
Arterial fast blood tended to be lower after the res-
toration of sinus rhythm but the difference was not
significant (p = 0.19). Also, no significant changes
were observed in remaining parameters characteriz-
ing both arterial and venous vessels in regards to the
examination performed during AFib.

Discussion

Strain-gauge plethysmography is a generally ac-
cepted, precise and simple method useful in inves-

tigating mechanisms of blood vessel regulation and
determining vascular resistance [9]. This method is
widely used in examining various pathological con-
ditions including both the arterial and venous parts
of the vascular system. Strain-gauge plethysmog-
raphy has been applied in diagnosing deep venous
thrombosis [10, 11], chronic venous insufficiency
[12, 13], assessment of hemodynamic changes and
effects of angioplasty, also in the assessment of the
impact of certain medications on peripheral blood
flow [14, 15].

In our study, strain-gauge plethysmography was
performed in each patient with AFib. Moreover, it
was repeated in patients in whom sinus rhythm was
restored. The registered parameters were arterial in-
flow (AI), venous capacity (VC), venous outflow
(VO), and venous outflow between 0.5-2 seconds
after seizing the venous occlusion (VO,5.,,). In the
data analysis, we included the average from 3 mea-
surements in each of the investigated parameters. The
fast blood flow values were calculated as a mean of
10 measurements.

In the performed analyses we demonstrated that
the values of the plethysmographic indices during
AFib in comparison to the values obtained after re-
storing sinus rhythm did not differ significantly.
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Amongst available literature, there is a limited
number of studies discussing the plethysmographic
assessment of peripheral flow in patients with AFib
[5-8]. What is more, only small groups of patients
were examined and the main aim of these investiga-
tions was the assessment of vasodilatation reserve and
analysis of the function of endothelium in patients
with arrhythmia and after restoring sinus rhythm.
Only one of the available reports talks about the in-
fluence of AFib on parameters characterizing venous
circulation. Kierkegaard and Norgren [8] assessed
blood flow in the distal lower limb with the use
of strain-gauge plethysmography in a group of 28
patients with AFib. They demonstrated that restor-
ing sinus rhythm resulted in an increase in venous
capacity and venous return, which was amplified in
patients whose arrhythmia was due to underlying
organic heart disease.

Gosselin and co-authors [5] analyzed blood flow
through the calf during rest and after exercise in 28
patients with chronic AFib, with repeat measure-
ments performed after restoring sinus rhythm. As
their investigative method, they have used strain-
gauge plethysmography, in which the inflation and
deflation of the cuff that temporarily cut off the
circulation were performed within 5 to 6 heartbeats.
In the quoted study the measurement was performed
three times: in each patient during AFib, in 23 pa-
tients after cardioversion and additionally, in a group
of 14 patients in whom the sinus rhythm persisted
for a month after cardioversion. In the last group
resting blood flow did not change (3.1 £ 0,7 v5. 3.7 +
1.4 cm’/100 cm’/min), however, the authors noted
a significant increase in exertional maximal blood
flow through the calf and an increase in the peripher-
al vasodilator reserve in comparison to the measure-
ments taken during AFib. During the examination
within 24 hours of cardioversion, they have not illus-
trated changes in blood flow through the calf neither
during exercise nor at rest. According to Gosselink,
we can conclude that restoring sinus rhythm lead to
an increase in plethysmography-assessed blood flow
in the calf after exercise that was distant in time.

In our study comparison of plethysmographic pa-
rameters at rest in patients with AFib with values ob-
tained after restoring sinus rhythm did not reveal any
significant differences in peripheral blood flow. Even
though Gosselink et al. assessed blood flow through
the calf and the method they used is not identical
with strain-gauge plethysmography used in our study,
one could discuss that our results were comparable.

However, a method equivalent to ours was used in
two studies by Takashi and co-authors [6, 7]. They
aimed to assess the function of endothelium during

arrhythmia and after restoring sinus rhythm. Blood
flow through the forearm was assessed with the use
of a Hokanson EC-5R plethysmograph, additionally,
the parameters describing blood flow were analyzed
in a similar manner to fast blood flow in our study.
They have registered 5 seconds cycles interrupted by
15 seconds breaks and the mean of 4 measurements
was taken for analysis, while in our study the average
values of 10 measurements were used. Furthermore,
the forearm blood pressure cuff responsible for ve-
nous occlusion was inflated to 40 mmHg, while in
our study to 50 mm Hg.

In Takahashi’s first study published in 2001 [6],
the investigated group consisted of 27 patients with
AFib, amongst whom 13 had concomitant organ-
ic heart disease and 14 had lone AFib. Addition-
ally, they examined 12 patients with sinus rhythm,
matched for age and gender. At baseline, there was
no difference in forearm blood flow between patients
with AFib and patients from the control group. On
the day after cardioversion, no significant change in
blood flow was observed (2.45 + 0.80 vs. 2.74 + 0.73
cm’/100 cm’/min (p = 0.16) in 10 patients with
lone AFib and 2.58 + 0.73 vs. 2.84 £ 0.93 cm’/100
cm’/min (p = 0.19) in 11 patients with AFib and
underlying heart disease).

In Takahashi’s following publication from 2002
[7] 13 patients were qualified, 10 with lone AFib
and 3 with arrhythmia due to underlying organic
heart disease. In 10 patients in whom cardioversion
was performed successfully, plethysmography was
performed one day after restoring sinus rhythm. Au-
thors did not demonstrate a significant difference in
forearm blood flow after cardioversion in relation to
measurements performed during AFib (3.1 + 0.4 s.
3.4 +0.3 cm’/100 cm’/min).

Similarly to Takahashi observations, the data gath-
ered in this study did not demonstrate a significant
change in the values of arterial fast blood flow after
restoring sinus rthythm when compared to the results
obtained during AFib.

In our study, from the technical perspective, the
correct values of fast blood flow during arrhythmia
as well as during sinus rhythm were obtained in 23
patients. The values of fast blood flow were calculated
as a mean of 10 measurements. During AFib FBF 3.7
+ 2.4 cm®/100 cm’/min while after restoring sinus
thythm 3.3 + 1.7 cm’/100 cm’/min. These values
were not significantly different.

Strengths and limitations
All of the published studies which focused on the
assessment of the peripheral blood flow with the use
of strain gauge plethysmography in patients with
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AFib were carried out in very small groups. In our
study, 41 patients with AFib were examined. An-
other advantage of our study is the fact that the
measurements were repeated in a subgroup of 24
patients after restoring the sinus rhythm. However,
it is necessary to emphasize that none of the patients
enrolled in the study had lone AFib thus the present
results may be compared to limited data as previously
published.

There is also some limitation of assessment of pe-
ripheral blood flow in our study.

According to the protocol, patients were examined
twice — during AFib and within 2-7 days after re-
storing of sinus rhythm, so strain-gauge plethysmog-
raphy was repeated in a different period of time in
particular patients.

There is evidence that after cardioversion systolic
function of the left atrium is impaired (so-called
atrial stunning) and returns to normal function grad-
ually [16, 17]. We might assume then that uneven
time between measurements could affect the variable
hemodynamic effect of sinus rhythm restoring in
particular patients.

Conclusion

In short term observation restoration of sinus rhythm
does not improve peripheral blood flow in patients
with atrial fibrillation but with preserved effective-
ness of circulation.
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