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Abstract

Handgrip exercise (HG) has been occasionally used as a stress test in echocardiography. The effect of HG on mitral regurgi-
tation (MR) is not well known. This study aims to evaluate this effect and the possible role of HG in the echocardiographic
evaluation of MR. 722 patients with MR were included (18% primary, 82% secondary disease). We calculated effective regur-
gitant orifice area (EROA) and regurgitant volume (RVOL) at rest and during dynamic HG. Increase in MR was defined as
any increase in EROA or RVOL. We analyzed the data to identify possible associations between clinical or echocardiographic
parameters and the effect of HG on MR. MR increased during dynamic HG in 390 of 722 patients (54%) (AEROA =25%,
ARVOL =27%). Increase of regurgitation occurred in 66 of 132 patients with primary MR (50%) and in 324 of 580 patients
with secondary MR (55%). This increase was associated with larger baseline EROA and RVOL, but it was independent from
other clinical or echocardiographic parameters. In secondary MR, dynamic HG led to a reclassification of regurgitation sever-
ity from non-severe at rest to severe MR during HG in 104 of 375 patients (28%). There was a significant association between
this upgrade in MR classification and higher New York Heart Association (NYHA) class (OR 1.486, 95%-CI 1.138-1.940,
p=0.004). Dynamic HG exercise increases MR in about half of patients independent of the etiology. Dynamic HG may be
used to identify symptomatic patients with non-severe secondary MR at rest but severe MR during exercise.
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Abbreviations RVOL Regurgitant volume

EROA Effective regurgitant orifice area sPAP Systolic pulmonary artery pressure

HG Handgrip TAPSE Tricuspid annular plane systolic excursion
HR Heart rate TTE Transthoracic echocardiograp

LA Left atrial

LV-EF Left ventricular ejection fraction

LVEDd Left ventricular end-diastolic diameter Background

LVEDs Left ventricular end-systolic diameter

MR Mitral regurgitation Handgrip exercise (HG) is a simple bedside maneuver to
NT-proBNP  NT-pro brain natriuretic peptide increase the intensity of murmur of mitral regurgitation
NYHA New York Heart Association (MR) during auscultation [1]. In addition, HG has been used
PISA Proximal isovelocity surface area in echocardiography as a means of stress test to identify
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exertion induced ischemia or exertion induced left ventricu-
lar diastolic dysfunction [2, 3]. Furthermore, HG has been
used in combination with dobutamine stress echocardiog-
raphy to identify patients with MR who would probably
benefit from percutaneous mitral valve repair [4]. However,
there is no existing data describing the effect of isolated HG
on the severity of MR.
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MR is the most common valvular heart disease and rep-
resents the second most common indication for valvular
heart surgery [5, 6]. In patients with heart failure, MR
is associated with an adverse prognosis [7]. Therapeutic
options are increasing due to evolving of transcatheter
techniques for MR treatment [8, 8]. Therefore, a precise
evaluation of the impact of MR on clinical symptoms is
essential. Exercise echocardiography has been described
to improve assessment of MR severity [9, 10]. It may also
be used to predict outcome in patients with heart fail-
ure and mitral regurgitation, as a large exercise-induced
increase in MR is associated with higher morbidity and
mortality [11]. However, performing an echocardiographic
study during dynamic exercise such as running on a tread-
mill or cycling on ergometer may not always be feasible
[12, 13]. The effect of HG exercise as an easy to per-
form method has not yet been systematically evaluated in
patients with MR.

In this single-center study, we examined the effect of HG
on MR in a large cohort of patients with different patholo-
gies and severities of the disease. We aimed to investigate
a possible role of HG in the echocardiographic evaluation
of MR.

Methods
Study population

During the recruiting period, we screened all patients who
received transthoracic echocardiography (TTE) in our labo-
ratory. Every patient who was found to have MR, aside of its
pathology or severity, and was sufficiently able to perform
dynamic HG exercise was included. After completing the
echocardiographic study at rest, the patient was requested
to perform dynamic HG exercise. During the exercise,
images of mitral regurgitation were acquired and saved
for later evaluation. Due to the difficulty in applying the
proximal isovelocity surface area (PISA) method for MR
quantification in patients with a previous intervention on the
mitral valve (percutaneous or surgical), those patients were
excluded from the final analysis. Furthermore, patients in
whom the use of PISA method for MR quantification was not
suitable (e.g. very eccentric jet or multiple jets) were also
excluded. Finally, we included 722 patients with different
severities of MR.
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Transthoracic echocardiography

Echocardiographic studies were performed with patients lying
in left decubitus position. Examinations were performed using
commercially available echocardiographic system (Vivid E9.
General Electric Vingmed. Horten. Norway) and 2D transtho-
racic probe (MS5S. General Electric Vingmed. Horten. Norway).
Echocardiographic examinations were performed according
to recommended standards of the European association of
echocardiography [14]. In patients with atrial fibrillation, all
echocardiographic measurements were done over at least three
cycles and the average value of these measurements was deter-
mined to minimize variability. Apical 4-chamber view was used
for calculation of effective regurgitant orifice area (EROA) and
the regurgitant volume (RVOL) using the PISA method. Maxi-
mal instantaneous regurgitant flow was calculated as 2*m*r>*
V aliasings Where r was the maximal distance to the contour of
aliasing velocity Vyjiygn, With a hemispheric contour assumed.
EROA was obtained by dividing maximal instantaneous regur-
gitant flow by peak regurgitant velocity obtained by continuous-
wave Doppler [15]. We calculated EROA and RVOL of MR at
rest and during HG. Increase of MR was defined as any increase
in EROA or RVOL during dynamic HG exercise.

Other echocardiographic parameters such as left ventricu-
lar ejection fraction (LV-EF), left atrial area (LA), systolic
pulmonary artery pressure (SPAP) and tricuspid annular
plane systolic excursion (TAPSE) were calculated. The
association between these parameters and the effect of HG
on MR was assessed.

Handgrip technique

After completing the echocardiographic examination at rest,
patients were given a small, elastic, hand-sized training ball
in each hand and they were instructed to perform dynamic
HG exercise while still lying in left decubitus position.
Patients were advised to contract and open their hands in a
continuous manner to squeeze and release the ball repeat-
edly. The exercise was regularly continued for 3 min.

Additional information

Clinical characteristics of the patients including coronary
artery disease, New York Heart Association (NYHA) dysp-
nea classification, the presence of current or any history of
atrial fibrillation were obtained from the previous medical
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documents of the patients. Unless clinically indicated, coro-
nary artery disease was not newly investigated in the context
of this study. These characteristics were assessed to evaluate
a possible association between these factors and the effect
of dynamic HG on MR. NT-pro brain natriuretic peptide
(NT-proBNP) level was also evaluated to identify a possible
association between heart failure and the increase of MR
during dynamic HG [16, 17].

Data analysis

Clinical and echocardiographic data of the patients were ret-
rospectively analyzed. We classified patients according to
the etiology of disease into primary and secondary MR [18].
Analysis was carried out in all patients and in each of the
two groups separately. Finally, to investigate if HG exercise
would lead to an upgrade in classification of regurgitation
severity from non-severe MR at rest to severe MR during
HG, we performed an additional analysis. For this analy-
sis, patients who already had severe MR at rest (patients
with EROA >40 mm?, RVOL > 60 ml in primary MR and
EROA > 20 mm?, RVOL >30 ml in secondary MR) were
excluded [15, 19].

Statistical analysis

All statistical analysis was performed with SPSS software
(version 25, IBM Corp., Armonk, NY, USA) and MedCalc
software (version 19.1; Mariakerke, Belgium).

Categorical variables were summarized as count (percent-
age) and continuous variables as mean + standard deviation.
Distributions of continuous variables were compared with
t-test, association of categorical variables was assessed by
Pearson’s chi-square test. To find variables for prediction of
the increase in MR under HG univariate logistic regression
analysis was performed. p values <0.05 were considered
significant.

Results

Clinical characteristics and echocardiographic findings
of the patients are summarized in Table 1. Among these
patients, 132 were classified as primary MR (18%) and 590
as secondary MR (82%).

Effect of handgrip on heart rate.

During dynamic HG exercise, mean heart rate (HR)
increased from 72 + 12/min to 78 + 13/min. HR increased
during HG in 527 patients (73%) while in 195 patients
(27%) no increase of HR was observed. In patients with
primary MR, HR increased from 69 + 10/min to 76 + 13/

min (AHR =10.1%). In patients with secondary MR, HR
increased from 72 + 12/min to 78 + 14/min (AHR =8.3%)
(Table 1).

Effect of handgrip on the severity of MR.

An increase in MR during HG exercise, defined as any
increase in EROA or RVOL, occurred in 390 patients (54%)
(Fig. 1). In these patients, EROA increased by 4 + 6 mm?
(25% of the baseline value) and RVOL by 7+9 ml (27% of
the baseline value). This increase was significantly associ-
ated with a larger baseline EROA at rest (OR 1.027, 95%-CI
1.008-1.045, p=0.004) and with a greater baseline RVOL at
rest (OR 1.015, 95%-CI 1.003-1.027, p=0.012). It was also
significantly associated with LA area (OR 1.025, 95%-CI
1.005-1.045, p=0.014). In contrast, there was no associa-
tion between the increase of MR during HG and any other
echocardiographic parameters including LV dimensions or
LV-EF. There was no association between this increase and
clinical parameters including NYHA dyspnea class, NT-
proBNP or atrial fibrillation (Table 2).

Differentiation between primary and secondary
MR.

We classified the patients in two groups based on the eti-
ology of MR. HG exercise increased regurgitation sever-
ity in 50% of patients with primary MR, and in 55%
with secondary MR. The extent of this increase was not
significantly different between patients with second-
ary MR (AEROA=4+6 mm?, 26% of baseline value;
ARVOL =7+9 ml, 28% of baseline value) and those with
primary MR (AEROA =3.5 +5 mm?, 20% of baseline value;
ARVOL =6.5+9 ml, 22% of baseline value) (p=0.261 for
AEROA and p=0.426 for ARVOL; respectively). There
was an association between this increase and LA size in
patients with primary MR (OR 1.025, 95%-CI 1.005-1.945,
p=0.040) but not in those with secondary MR (OR 1.018,
95%-CI 0.997-1.040, p=0.093). There was a significant
association between the increase of MR during HG and
baseline EROA and baseline RVOL at rest in patients with
secondary (OR 1.038, 95%-CI 1.015-1.061, p=0.001 and
OR 1.015 95%-CI 1.001-1.028, p=0.032; respectively)
but not in those with primary MR (OR 1.008, 95%-CI
0.980-1.036, p=0.593 and OR 1.018, 95%-CI 0.994-1.042,
p=0137; respectively). However, there was no associa-
tion between this increase of MR during HG and any other
echocardiographic parameters including LV dimensions or
LV-EF. Furthermore, there was no association between this
increase and clinical parameters including NYHA dyspnea
class, NT-proBNP or atrial fibrillation in any of the two
groups (Fig. 2, Table 3).
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Table 1 Clini.cal char.acteristics Variable All patients,  Primary MR,  Secondary MR,  p-value
and echocardiographic n=722 n=132 n=590
parameters.
Clinical characteristics
Age, years 72+12 68+ 16 73+10 0.001
Men, n 380 (52%) 44 (34%) 335 (57%) <0.001
CAD, n 490 (68%) 24 (18%) 466 (79%) <0.001
Atrial fibrillation, n 412 (57%) 63 (48%) 348 (59%) 0.051
NT-proBNP, pg/ml 334743696  1275+1310 3660+3837 <0.001
Hemoglobin, mg/dl 123+1.8 13.4+1.7 12+1.8 0.025
Creatinine, mg/dl 1.3+0.8 0.95+0.2 1.5+0.9 <0.001
NYHA class <0.001
I 188 (26%) 59 (45%) 129 (22%)
11 223 (31%) 36 (27%) 188 (32%)
111 271 (38%) 32 (24%) 241 (41%)
v 37 (5%) 6 (4%) 32 (5%)
Mean NYHA class 2.2 1.8 2.3 0.01
Beta-blocker, n 613 (85%) 91 (70%) 521 (88%) 0.01
Presence of HR increase during HG, n 527 (73%) 103 (78%) 432 (72%) 0.225
Mean increase of HR during HG, beat/min  6+8 T+8 6+8 0.118
Echocardiographic parameters
LV-EF, % 44+13 58+6 41+12 <0.001
LA area, cm” 26+7 23+7 26+8 <0.001
sPAP, nmHG 35+12 32+12 3611 0.005
TAPSE, mm 19+5 21+4 19+5 <0.001
EROA at rest, mm? 18+9 18412 17+38 0.324
EROA during HG, mm? 22+11 22+ 14 22+10 0.870
AEROA, mm? 4+6 355 4+6 0.261
RVOL at rest, ml 30+9 31+15 28+12 0.260
RVOL during HG, ml 37+17 38+19 37+16 0.676
ARVOL, ml 7+9 6.5+9 7+9 0.426
LVEDd, mm 53+9 48+6 54+10 <0.001
LVEDs, mm 41+12 33+7 43+12 <0.001
CAD coronary artery disease
EROA effective regurgitant orifice area
HG handgrip
HR heart rate
LA area left atrial area
LVEDd left ventricular end-diastolic diameter
LVED:s left ventricular end-systolic diameter
LV-EF left ventricular ejection fraction
NYHA New York Heart Association
RVOL regurgitant volume
sPAP systolic pulmonary artery pressure
TAPSE tricuspid annular plane systolic excursion
Effect of HG on the classification of MR severity. with primary disease, MR was classified as non-severe
(EROA <40 mm?, RVOL < 60 ml) in 125 patients at rest.
In order to evaluate if HG exercise may lead to a reclas-  In 7 of these patients (5%) there was an increase from non-

sification of MR severity from non-severe MR at rest to  severe to severe MR (EROA >40 mm?, RVOL > 60 ml) dur-
severe MR during HG, we excluded patients who already ing dynamic HG (Fig. 3). There was a significant association
had severe MR at rest for this additional analysis. In patients ~ between baseline EROA and RVOL and this upgrade in the
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Fig. 1 Baseline echocardiographic apical 4-chamber view with color
Doppler (upper left) with continuous-wave Doppler assessment
(lower left) in a patient with secondary mitral regurgitation (MR).

classification of MR severity during HG. However, there
was no association between this upgrade in the classifica-
tion of MR severity and other clinical or echocardiographic
parameters in primary disease (Tables 4, 5).

In patients with secondary disease, MR was classified
as non-severe (EROA <20 mm?, RVOL < 30 ml) in 375
patients at rest. In 104 of these patients (28%) there was an
increase from non-severe to severe MR (EROA > 20 cm?,
RVOL >30 ml) during HG (Fig. 3). There was a significant
association between baseline EROA and RVOL and this
upgrade in the classification of MR severity during HG.
Furthermore, there was a significant association between
the severity of exertional dyspnea (NYHA class) and this
upgrade in the classification of MR severity (OR 1.486,
95%-CI 1.138-1.940, p=0.004). Moreover, intake of beta-
blocker was more common in patients with upgrade in

Handgrip

There was an increase of MR (upper right) with denser continuous-
wave Doppler signal during handgrip exercise (lower right)

the classification of MR severity than in patients with-
out this increase (94% vs 86%; p=0.026). There was no
association between this upgrade in the classification of
MR severity and any other clinical or echocardiographic
parameters in secondary disease (Tables 4, 5).

Discussion

The major findings of this study are (1) dynamic HG exer-
cise increases MR in about half of patients independent of
the etiology, (2) the absolute increase of MR during HG
is significantly associated with larger baseline EROA and
RVOL in patients with secondary MR and with more dilated
LA in those with primary MR, (3) dynamic HG exercise
changes the classification of MR severity from non-severe
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Table2 Association between clinical variables and echocardio-
graphic parameters and the increase of MR during HG in the study

population

Variable OR, 95%-CI p-value

Clinical variables
Age 1.008 (0.966-1.020)  0.211
Gender 0.920 (0.686-1.233)  0.576
Atrial fibrillation 0.988 (0.735-1.327) 0.934
NYHA functional classification 1.104 (0.936-1.302)  0.239
(per class)
NT-proBNP 1.000 (1.000-1.000)  0.442
HR at rest 1.000 (0.989-1.012)  0.949
HR during HG 1.002 (0.991-1.013)  0.710
Increase of HR during HG 1.005 (0.298-4.358)  0.849
Beta-blocker 1.774 (1.170-2.688)  0.218

Echocardiographic parameters
EROA at rest 1.027 (1.008-1.045)  0.004
RVOL at rest 1.015 (1.003-1.027)  0.012
LV-EF 0.995 (0.985-1.006) 0.411
LA area 1.025 (1.005-1.945)  0.014
sPAP 1.002 (0.989-1.015)  0.801
TAPSE 0.996 (0.968-1.024)  0.760
LVEDd 1.001 (0.995-1.027)  0.176
LVEDs 1.006 (0.991-1.023)  0.330

EROA effective regurgitant orifice area

LA area left atrial area

LVEDd left ventricular end-diastolic diameter
LVED:s left ventricular end-systolic diameter
LV-EF left ventricular ejection fraction
NYHA New York Heart Association

RVOL regurgitant volume

sPAP systolic pulmonary artery pressure

TAPSE tricuspid annular plane systolic excursion

MR at rest to severe MR during HG in about one third of
patients with secondary MR with a significant association
between this reclassification and the severity of exertional
dyspnea in this subgroup.

General cardiovascular response to exercise has been
described in detail [20]. However, this response may vary
according to the type of exercise. Cardiovascular response
to static exercise such as static handgrip or weightlifting
is different from response to dynamic exercise such as
swimming or running. Dynamic exercise causes a rel-
evant increase in heart rate, cardiac output, and oxygen
consumption with lesser effect on blood pressure. In con-
trast, isometric exercise causes mainly an increase in blood
pressure with lesser effects on other parameters [21]. HG

@ Springer

exercise is further divided into static, also known as sus-
tained HG, where the hand is continuously and constantly
contracted against a given resistance, and dynamic HG,
also known as repeated hand-squeeze where the hand is
contracted and opened continuously. Louhevaara et al.
compared the cardiorespiratory response to each type
of HG exercise and did not find any difference regarding
blood pressure, heart rate or ventilatory gas exchange [23].
The extent of these hemodynamic effects of HG is deter-
mined by the intensity of the contraction and its duration
[24]. In patients with primary MR, there is only limited
data regarding the role of exercise echocardiography [25].
However, the effect of exercise on secondary MR is more
investigated. Because the response to exercise in patients
with cardiomyopathies is different from normal subjects,
exercise leads to a volume and pressure overload on the
left ventricle, causing its dilation and consequently an
increase in secondary mitral regurgitation. This effect was
observed in several studies [26]. Regarding static exercise,
Keren and colleagues reported that static HG caused a
significant increase in the severity of secondary MR in 17
patients with advanced heart failure [27]. However, this
study was performed before the era of modern medical
treatment or device-assisted heart failure therapy, which
are known to improve MR in patients with heart failure
[26]. The role of repeated hand-squeeze or dynamic hand-
grip exercise as a mix between static and dynamic exercise
on MR is not known.

Our study showed that dynamic HG exercise increased
mitral regurgitation in some patients. Nonetheless, this
effect and its extent were extremely variable among the
study population. Comparing these results to the study of
Lancellotti et al., which examined the impact of dynamic
exercise (bicycle exercise) on the severity of secondary MR,
we saw a qualitatively similar, but quantitatively lesser effect
of dynamic HG on MR compared to dynamic exercise [11].
In that study, a mean increase in EROA of 8 + 10 mm? dur-
ing exercise was noticed, compared to a mean increase in
EROA of 4 +6 mm? during dynamic HG in our study. A
variable effect of dynamic exercise on MR was also seen,
as EROA decreased in some patients. Furthermore, our
results showed that there was quantitatively more increase
of regurgitation during HG in patients with more severe
MR with larger baseline EROA and RVOL at rest, which
was also comparable to the results from Lancellotti et al.
[11], as EROA increased by > 13 mm? in 48 of 51 patients
with severe secondary MR (EROA >20 mm?) at rest in their
study. However, this comparison was only intended to give
an idea about the similar effects of dynamic exercise and
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Fig.2 Baseline effective regurgitant orifice area (EROA) and its
increase during handgrip (HG) exercise in patients with primary
(upper left) and secondary mitral regurgitation (MR) (upper right)

dynamic HG on MR and does not replace a head-to-head
comparison of the two methods.

In clinical practice, the absolute increase of MR dur-
ing HG may not play a major role but rather the exercise
induced change in the classification of MR severity. Accord-
ing to the recent guidelines, severe MR at rest, in presence
of other findings, is an indication for intervention [19]. But
change in the classification of MR severity during dynamic
HG may particularly be important in symptomatic patients
with non-severe MR at rest. Our study showed that dynamic
HG changed the classification of regurgitation severity from
non-severe MR at rest to severe MR in about one third of
patients with secondary MR. This effect was especially
seen in symptomatic patients with exertional dyspnea and it
was significantly associated with the severity of exertional
dyspnea (NYHA class). This finding implies that dynamic

Secondary MR
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and corresponding baseline regurgitant volume (RVOL) and its
increase during HG exercise in patients with primary (lower left) and
secondary MR (lower right)

HG exercise during echocardiography may identify patients
with non-severe secondary MR at rest, which may turn to
severe MR during exertion. This is an important result and it
may be the cornerstone for prospective studies assessing the
prognostic importance of this finding and its role in deciding
further management. The association between HG induced
reclassification of MR severity and baseline EROA and
RVOL is reasonable, as only less increase of these values is
needed to upgrade the classification of regurgitation severity
in patients with borderline MR at rest. As mentioned before,
the effect of exercise on primary MR is not well established.
Our results showed that dynamic HG had a similar effect on
regurgitation in both primary and secondary MR, as MR
increased by 20-28% in about half of the patients in both
groups. However, in patients with primary MR, dynamic
HG leaded to an upgrade in the classification in MR severity
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Table 3 Association between clinical variables and echocardiographic parameters and the increase in MR during HG in patients with primary

and secondary MR
Variable Primary MR Secondary MR
OR, 95%-CI p-value OR, 95%-CI p-value
Clinical variables
Age (per year) 1.008 (0.987-1.029) 0.460 1.006 (0.991-1.021) 0.417
Gender (men) 1.157 (0.979-1.335) 0.950 0.933 (0.673-1.295) 0.680
Atrial fibrillation 1.095 (0.552-2.173) 0.796 0.953 (0.685-1.326) 0.775
NYHA functional Classification (per class) 0.923 (0.632-1.349) 0.680 1.128 (0.936-1.361) 0.266
NT-proBNP 1.000 (1.000-1.000) 0.872 1.000 (1.000-1.000) 0.450
Increase of heart rate during HG 0.495 (0.045-5.432) 0.565 1.946 (0.354-10.710) 0.444
Beta-blocker 2.033 (0.949-4.354) 0.066 1.610 (0.965-2.686) 0.068
Echocardiographic parameters
EROA at rest (per mm?) 1.008 (0.980-1.036) 0.593 1.038 (1.015-1.061) 0.001
RVOL at rest (per ml) 1.018 (0.994-1.042) 0.137 1.015 (1.001-1.028) 0.032
LV-EF 1.084 (0.992-1.183) 0.073 0.995 (0.983-1.008) 0.450
LA area (per cm?) 1.056 (1.003-1.113) 0.040 1.018 (0.997-1.040) 0.093
sPAP (per mmHg) 1.010 (0.980-1.040) 0.526 0.999 (0.985-1.014) 0.933
TAPSE (per mm) 0.975 (0.906-1.048) 0.493 1.003 (0.972-1.035) 0.842
LVEDd (per mm) 1.057 (0.998-1.120) 0.557 1.005 (0.988-1.022) 0.582
LVEDs (per mm) 1.045 (0.990-1.103) 0.114 1.001 (0.988-1.015) 0.852

EROA effective regurgitant orifice area

LA area left atrial area

LVEDd left ventricular end-diastolic diameter
LVED:s left ventricular end-systolic diameter
LV-EF left ventricular ejection fraction
NYHA New York Heart Association

RVOL regurgitant volume

sPAP systolic pulmonary artery pressure

TAPSE tricuspid annular plane systolic excursion

to be severe during HG in only 5% of patients. Nonethe-
less, it should be mentioned that dynamic HG in patients
with primary MR led to an increase in mean EROA from
18 +9 mm? to 22+ 11 mm? (Table 1). This change led to
a conversion of classification from mild to moderate MR
in patients with primary disease. It should be emphasized,
that there was small subgroup of patients with primary MR
(5%), who developed severe MR during HG (Table 5). In
this subgroup baseline EROA was 34 + 5 mm?, which meant
MR was already moderate at rest. These individuals were
statistical outliers within the complete sample of patients
with primary MR, who had a mean EROA of 18 +9 mm? at
rest. However, as mentioned before, the role of exercise test
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in the evaluation of primary MR is not well established and
should be further investigated.

A major constraint on the implementation of HG as a
stress test in clinical routine might be the inconsistent
intensity of contractions applied by different patients. The
intensity of HG is usually measured as a percentage of the
maximal voluntary contraction, which is a very subjective
factor and is variable among patients [26-29]. Therefore, this
intensity is expected not to be the same in the heterogeneous
group of patients with MR. This may explain the variable
effect of HG on MR in our study population.

It is common to withdraw beta-blockers before an exer-
cise stress test. In our study population, 85% of patients were
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Fig. 3 Effect of handgrip (HG) exercise on the classification of regur-
gitation severity in primary and secondary mitral regurgitation (MR)

taking beta-blockers due to different indications. Although
an increase in MR during HG was not significantly asso-
ciated with a parallel increase in heart rate, as mentioned
above, it cannot be ruled out that beta-blockers may have
reduced the hemodynamic responses to HG and conse-
quently its effect on the severity of MR. The finding, that
intake of beta-blocker was associated with an upgrade in the
classification of MR severity during HG in patients with sec-
ondary MR must be interpreted with caution. First, there was
no significant association between intake of beta-blocker and
the increase in MR during HG as shown in Tables 2 and 3.
Secondly, in patients with secondary MR, there was a large
difference in sample size between those with (n=521) and

without beta-blocker (n=69). A further study to evaluate the
physiologic cardiovascular response to dynamic HG exercise
in patients taking beta-blockers with and without withdraw-
ing this medication may be of interest.

Conclusively, our study proves that dynamic HG, like
dynamic exercise, increases MR to a variable extent in some
patients and it therefore might be used in echocardiographic
evaluation of MR, especially in symptomatic patients with
moderate MR at rest.

Limitations

Although this is the first study to describe the effect of
dynamic HG as a simple, bedside exercise method on MR
in a large cohort of patients, we acknowledge that it has
some limitations. The major limitation of this study is the
lack of prognostic outcome data in patients with HG-induced
increase in MR as well as the lack of the data comparing
the effect of HG against the effect of dynamic exercise on
the severity of MR. However, we believe that the results of
this study may represent the basis for further research in
this field. Another limitation is that classification of MR
severity was only based on measurements of EROA and
RVOL. Although quantification regurgitation severity using
the PISA method remains the most recommended way to
evaluate MR, this method may not be feasible in all patients.
Furthermore, changes in blood pressure during HG were
not reported. Finally, except for beta-blocker, the medical
therapy of the patients was not described.

Conclusions

Dynamic HG exercise, as an easy to perform method during
echocardiography, increased regurgitation severity in about
half of patients with MR independent of the etiology. In
patients with secondary MR, HG exercise led to a reclassi-
fication of regurgitation severity from non-severe MR at rest
to severe MR during HG in about one third of the patients.
This effect was more evident in patients with exertional
dyspnea and corresponded significantly to the NYHA dysp-
nea class. Therefore, dynamic HG may be used to identify
exercise induced severe MR in symptomatic patients with
moderate MR at rest.
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Table 4 Comparison of clinical characteristics and echocardiographic parameters between subgroups of patients with non-severe MR at rest and
during HG and patients with non-severe MR at rest and severe MR during HG

Variable Non-severe MR at Non-severe MR atrest ~ p-value Non-severe MR at Non-severe MR atrest  p-value
rest and during HG  and severe MR during rest and during HG  and severe MR during
HG HG
Pathology Primary Primary secondary secondary
Number of patients 118 7 271 104
Clinical characteristics
Age, years 68+17 67 +24 0934  73x11 75+10 0.272
Men, n 37 (32%) 4 (57%) 0.158 134 (49%) 51 (49%) 0.944
Atrial fibrillation, n 55(47%) 4 (57%) 0.588  146(54%) 64 (61%) 0.242
NYHA functional classifi- 0.256 0.020
cation, n
I 54 (47%) 2 (28%) 81 (30%) 17 (16%)
1I 33 (28%) 1 (14%) 90 (33%) 33 (32%)
1 26 (22%) 3 (44%) 88 (33%) 49 (47%)
v 4 (3%) 1 (14%) 11 (4%) 5 (5%)
Beta-blocker, n 80 (68%) 5(71%) 0.854 232 (86%) 98 (94%) 0.026
Presence of HR increase dur- 93 (79%) 5(71%) 0.645 195 (72%) 75 (72%) 0.975
ing HG, n
Mean increase of HR during 7+8 1013 0.357 6+7 6+8 0.902

HG, (beat/min)
Echocardiographic parameters

LV-EF, % 58+6 60+2 0362 43+13 40+12 0.059
LA area, cm? 23+7 26+7 0303 25+8 25+7 0.882
sPAP, mmHg 32+12 38+18 0433  35+12 35+11 0.799
TAPSE, mm 21+5 207 0.807 19+6 19+5 0.211
EROA at rest, mm? 15+6 34+5 <0.001 12+4 15+2 <0.001
EROA during HG, mm? 18+7 51+9 <0.001 14+4 23+4 <0.001
RVOL at rest, ml 28+11 52+10 <0.001 22+8 26+6 <0.001
RVOL during HG, ml 34+14 74+15 <0.001 26+38 39+9 <0.001
LVEDd, mm 48+6 547 0231  54+10 52+11 0.850
LVEDd, mm 32+7 37+3 0.129  44+12 43+2 0.473

EROA effective regurgitant orifice area

LA area left atrial area

LVEDd left ventricular end-diastolic diameter
LVED:s left ventricular end-systolic diameter
LV-EF left ventricular ejection fraction

NYHA New York Heart Association,

RVOL regurgitant volume,

sSPAP systolic pulmonary artery pressure

TAPSE tricuspid annular plane systolic excursion
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Table 5 Association between clinical variables and echocardiographic parameters and the upgrade in MR severity calssification from non-severe

MR at rest to severe MR during HG in patients with primary and secondary MR

Variable Primary MR Secondary MR
OR, 95%-CI p-value OR, 95%-CI p-value
Clinical variables
Age (per year) 0.998 (0.955-1.043) 0.934 1.012 (0.991-1.034) 0.272
Gender (Men) 0.343 (0.073-1.609) 0.175 1.034 (0.651-1.610) 0.918
Atrial fibrillation 1.527 (0.327-7.124) 0.590 1.316 (0.830-2.084) 0.243
NYHA functional Classification (per class) 1.947 (0.872-4.341) 0.104 1.486 (1.138-1.940) 0.004
NT-proBNP (per 100 pg/nl) 1.007 (0.821-1.236) 0.947 1.070 (0.992-1.153) 0.078
Increase of heart rate during HG 0.672 (0.123-3.672) 0.646 1.008 (0.609-1.668) 0.975
Beta-blocker 1.187 (0.220-6.401) 0.842 2.675 (1.096-6.533) 0.031
Echocardiographic parameters
EROA at rest (per mm?) 2.485 (0.999-6.184) 0.050 1.308 (1.209-1.415) <0.001
RVOL at rest (per ml) 1.239 (1.090-1.409) 0.001 1.065 (1.032-1.100) <0.001
LV-EF 1.277 (0.790-2.066) 0.318 0.983 (0.966-1.001) 0.060
LA area (per cm?) 1.055 (0.952-1.170) 0.303 1.002 (0.973-1.032) 0.881
sPAP (per mmHg) 1.033 (0.979-1.090) 0.235 0.798 (0.983-1.023) 0.798
TAPSE (per mm) 0.980 (0.834-1.151) 0.805 0.970 (0.925-1.017) 0.210
LVEDd (per mm) 1.161 (1.015-1.328) 0.209 0.998 (0.976-1.020) 0.849
LVEDs (per mm) 1.098 (0.975-1.217) 0.131 9.996 (0.977-1.014) 0.635

EROA effective regurgitant orifice area

LA area left atrial area

LVEDd left ventricular end-diastolic diameter
LVED:s left ventricular end-systolic diameter
LV-EF left ventricular ejection fraction

NYHA New York Heart Association

RVOL regurgitant volume

sPAP systolic pulmonary artery pressure

TAPSE tricuspid annular plane systolic excursion
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