
Abstract 

Skeletal and respiratory muscle dysfunction has been previ-
ously described in patients with other etiologic subgroups of pul-
monary arterial hypertension (PAH) but has never been investigat-
ed in patients with PAH due to congenital heart diseases (CHD).
This study aims to show the involvement of skeletal and respira-
tory muscles in these patients. This cross-sectional study included
patients with PAH due to CHD and healthy controls. Patients’
demographic properties, six-minute walk tests; shoulder abduc-
tion, handgrip, knee extension, and ankle dorsiflexion muscle

strength, maximum inspiratory (MIP) and expiratory pressures
(MEP) were measured. Deltoid, flexor digitorum superficialis,
and profundus, tibialis anterior and rectus femoris muscles were
visualized with ultrasonography and their cross- sectional areas
(CSA) were also measured in both groups. Twelve patients and 12
controls were included. Mean MIP was 104.22±32.57 cm H2O for
healthy participants while 61.33±29.74 cm H2O for patients
(p<0.001). For mean MEP, it was 100.08±26.05 cm H2O in
healthy participants and 69.75±39.79 cmH2O in controls
(p=0.004). When the strength of skeletal muscles was compared,
there were significant differences between the groups in all meas-
urements except for bilateral grip strength. In the correlation
analysis, MIP and MEP values showed no significant correlations
with clinical parameters. They showed significant moderate corre-
lations with skeletal muscle strength. When CSAs of the muscles
were compared, there were significant differences in all measure-
ments except for left FDS and FDP and bilateral rectus femoris.
This study showed that in patients with pulmonary arterial hyper-
tension due to CHD, respiratory muscle strength is significantly
worse than healthy participants. Patients had also significantly
worse skeletal muscle strength except for grip strength.

Introduction

Pulmonary arterial hypertension (PAH) is characterized by an
increase in mean pulmonary artery pressure at rest, together with
increased resistance in pulmonary vascular structures, and causes
right-sided heart failure. Connective tissue diseases, chronic
thromboembolic pulmonary hypertension (CTEPH), and congeni-
tal heart diseases (CHD) are the leading causes of PAH. PAH asso-
ciated with congenital heart diseases divided into 4 groups:
Eisenmenger syndrome, PAH associated with prevalent systemic
arterial to pulmonary shunts, PAH with small/coincidental defects,
PAH after defect correction [1,2].

It has been previously shown that respiratory muscles are
affected in patients with various subgroups of PAH and CHD
[2,4].However, the relationship between the strength of skeletal
muscle and respiratory muscles are less studied in patients with
CHD, and there are no data in patients with PAH due to CHD. The
extensive population of PAH patients, ranging from elderly
patients with CTEPH to younger patients with CHD or connective
tissue diseases, make it compulsory to study each PAH group
within themselves in such a context. Peripheral muscle abnormal-
ities, including skeletal and respiratory muscles, largely contribute
to the decreased quality of life and exercise capacity in patients
with all subclasses of PAH [5].In this regard, showing the involve-
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ment of skeletal muscles in adults with CHD would be important
in focusing on interventions to prevent a dysfunction early in the
course of the disease.

The hypothesis of this study is that patients with PAH due to
CHD have weaker respiratory muscles. The secondary aim is to
show the relationship between respiratory and skeletal muscle
strengths and ultrasound cross-sectional areas of examined mus-
cles together with other clinical parameters.

Materials and Methods

This study has been conducted between June 2019-January
2020 in a tertiary hospital Physical Medicine and Rehabilitation
and Pulmonary Vascular Diseases outpatient clinics. Patients
between ages 18-55 with PAH due to CHD were included in this
study that accepted to join the study protocol with informed con-
sent. Exclusion criteria were a history of musculoskeletal surgery
within the last six months, not being able to perform a 6-minute
walk test (6MWT), and a history of hospital admission for cardiac
decompensation within the last month. Age and sex-matched
healthy volunteers without any histories of musculoskeletal and
pulmonary pathology were also included in the study as a control
group. All participants were chosen to be right dominant. All par-
ticipants have given their written informed consent and the local
ethical committee approved the study.

Patients’ age, sex, height, weight, and body mass index (BMI),
and their systolic pulmonary arterial pressure measured via echocar-
diography were recorded. Patients 6MWTs were performed accord-
ing to the ATS/ERS criteria, using a 30 meters corridor [16].
Patients’ and controls’ skeletal muscle strengths were assessed with
baseline push and pull dynamometer (Fabrication Enterprises Inc.,
USA) with the ‘’break’’ test, where the tester firmly holds the
dynamometer and applies force against the subject’s body until it
begins to move. The reading represents the muscle strength “break”
point at which the subject could not overcome the tester’s force.
Shoulder abduction was measured with the patient seated, shoulder,

and elbow at 90 degrees flexion while the dynamometer placed
slightly above the tested upper extremity [7]. The tester positioned
behind the patients with the opposite hand on the opposite shoulder.
Knee extension was measured with the patient sitting, their legs over
the table edge while the measured lower extremity slightly extended.
The dynamometer was placed slightly above the ankle with the
tester in front of the subject [8]. Ankle dorsiflexion was measured
with the patient supine, and the dynamometer placed below the toe
on the foot measured [7]. Patients’ grip strength was measured using
Jamar dynamometer (Sammons Preston, Inc., Bolingbrook, IL,
USA) with the patient in sitting position, forearm neutral and the
elbow flexed 90 degrees beside trunk [9]. Maximum inspiratory
pressure (MIP), and maximum expiratory pressures (MIP) were
measured using the MicroRPM device (Vyaire, USA) according to
the ATS/ERS guidelines [10]. All measurements were done by a sin-
gle researcher three times and had an intraclass correlation coeffi-
cient (ICC) ranging from 0.96-0.99 for skeletal muscle strength,
0.83 for MIP, and 0.94 for MEP. The mean value of all three meas-
urements was used in the final analyses.

Ultrasonographic images of middle deltoid, flexor digitorum
superficialis (FDS), flexor digitorum profundus (FDP), rectus
femoris and tibialis anterior muscles were obtained by a blinded
ultrasonographer with 10 years of experience. A General Electric
ultrasound system (Loqiq 5 pro machine with a 6–18 MHz linear
array probe) was used. The image settings, time gain compensa-
tion, depth, and sector size were kept constant. Minimum pressure
with ample conductance gel was used to prevent altering muscle
thicknesses. Patients were analyzed sitting down, facing the ultra-
sonographer with their upper extremities resting on their lap for the
upper extremities and in supine position with knees extended and
ankles on neutral position for lower extremities. The deltoid mus-
cle was visualized 5 centimeters distal to the acromioclavicular
joint bilaterally [11]. FDS and FDP were visualized at the ½ length
of the forearm [12]. Rectus femoris was visualized at the middle
point between the greater trochanter and patella [13]. Tibialis ante-
rior muscle was visualized 5 centimeters below the patella lateral
to the tibia. The visualizations and the cross-sectional areas
(CSAs) measured for each muscle can be seen in Figure 1.

                             Article

Figure 1. The muscles visualized by the ultrasound; their
borders are marked with white. A) Deltoid B) Flexor digito-
rum superficialis and profundus C) Rectus femoris D)
Tibialis anterior Arrowhead: median nerve.
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Statistical analyses

Sample sizing was performed using G power. Based on a sim-
ilar study that showed a mean MIP of 80.7 ± 26.7 in the patient
group and 111.1 ± 29.9 in the control group, 12 participants in each
group were determined to be sufficient with an alpha of 0.05 and
80% power [14]. Basic descriptive tests were used for demograph-
ic properties. The distribution of the variables was evaluated using
Shapiro-Wilks testing and Q-Q plots. Since the data were observed
to be distributed normally, independent samples t-test was used to
determine group differences. For correlation analyses, Spearman
correlation was used despite the normality of the data due to the
lack of a linear correlation. A p-alue below 0.05 was considered
significant.

Results

Among a total of 35 patients that are followed with PAH due
to CHD, 13 were included in the study since they agreed to partic-
ipate in it. One patient had to be excluded due to accompanying
congenital upper extremity deformity. Therefore, 12 patients and
12 age and sex-matched controls were included in the final analy-
sis. Patients’ demographic properties are given in Table 1. Only
one patient had accompanying type 2 diabetes mellitus. The other
patients did not have any accompanying co-morbidities. Healthy
participants had significantly higher MIP and MEP values. Mean
MIP was 104.22±32.57 cmH2O (min 59.67 – max 159.00) for
healthy participants while 61.33±29.74 cmH2O (min 35.33 – max
135.67) for patients (p<0.001). For mean MEP, it was
100.08±26.05 cmH2O (min 84.00 – max 177.33) in healthy partic-
ipants and 69.75±39.79 cmH2O (min 23.67 – max 147.33) in con-
trols (p=0.004). When skeletal muscles’ strengths were compared,
there were significant differences between the groups in all meas-
urements except for bilateral grip strength. When CSAs of the
muscles were compared, there were significant differences in all
measurements except for left FDS and FDP and bilateral rectus
femoris (Table 2). In correlation analyses, MIP and MEP values
showed no significant correlations with clinical parameters. They

showed significant moderate correlations with skeletal muscle
strength. Mean MIP values did not significantly correlate with
muscle CSA, while MEP showed significant moderate correlations
with all muscle CSAs except rectus femoris bilaterally (Table 3).

Discussion

This study showed that in patients with PAH due to CHD, res-
piratory muscle strength is significantly worse than healthy partic-
ipants. Considering the normal predictive values that have been
defined in literature for MIP vary between 89.0 to 128.5 mmH20
and 81.9 to 111.8 mmH2O for MEP, patients’ values can still be
considered significantly worse [15,16]. Patients had also signifi-
cantly worse skeletal muscle strength except for grip strength. In
ultrasonography, most of the muscles observed to reflect these
changes by having a significantly lower CSA except for left finger
flexors and bilateral rectus femoris muscles. Studies that investi-
gate respiratory muscle strength in patients with PAH are scarce in
the literature. A study conducted in patients with PAH showed that
PAH patients had significantly less MIP and MEP values when
compared to healthy participants [17]. The study population con-
sisted of CTEPH and idiopathic PAH (IPAH) patients; therefore,
their mean age was higher. Although their results partially support
the current one, this study implements a more homogenous group
of patients with PAH. In contrast, their results also showed a cor-
relation of MIP and MEP values with the results of 6MWT, which
this study failed to demonstrate. Another study showed also
showed respiratory muscles are affected in patients with IPAH and
correlate with clinical parameters [3]. The discrepancy between
MIP/ MEP values and clinical parameters in this study can be both
due to the younger patient population and better functional levels,
which may show that the mechanics of respiratory muscles are
spared, and the limited number of patients included in the study.

It has been previously described that pulmonary hypertension
adversely affects skeletal muscle metabolism causing reduced
skeletal muscle mass, reduced volitional and non-volitional con-
tractility, reduced generated force, a fiber switch from type I to
type II, increased protein degradation through ubiquitin-protea-
some system activation, reduced mitochondrial functioning, and
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Table 1. Patient characteristics.

Patient no:        Age                    Sex               Diagnosis              BMI                   sPAP                 NYHA            6-minute walk test (meters)
                       (years)                                                                  (kg/m2)            (mmHg)              Class

1                                  24                              M                   Operated VSD                25.25                           35                               1                                                553.
2                                  27                               F                             ASD                         23.23                           30                               1                                                510.
3                                  27                              M                            ASD                         31.10                           25                               2                                                425.
4                                  44                               F                   Operated VSD                33.30                           45                               3                                                354.
5                                  30                               F                             VSD                         19.10                           20                               2                                                412.
6                                  28                              M                   Operated VSD                24.39                           30                               2                                                448.
7                                  41                               F                             VSD                         25.53                           55                               2                                                418.
8                                  51                              M                            ASD                         27.55                           58                               2                                                415.
9                                  44                               F                    Eisenmenger                 26.33                          129                              3                                                423.
10                                40                               F                   Operated ASD                25.00                           32                               2                                                479.
11                                42                               F                   Operated ASD                24.98                           45                               1                                                510.
12                                40                              M                            VSD                         22.66                          110                              2                                                444.
M, male; F, female; ASD, atrial septal defect; VSD, ventricular septal defect; BMI, body-mass index; sPAP, systolic pulmonary arterial pressure; NYHA, New York Heart Association.
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impaired activation-contractility coupling [18]. In addition to this,
generalized muscle dysfunction can occur due to the sympathetic
nervous system’s continuous activation due to limited cardiac out-
put in patients with IPAH [19]. Therefore, it is not surprising to see
significantly less skeletal muscle strength in the current study as in
concordance with current literature. Grip strength is also decreased

in patients with IPAH and showed correlation with respiratory
muscle strength [20]. When the literature about the skeletal muscle
strength in patients with CHD is investigated, it shows similar
results with decreased grip strength, decreased shoulder flexion
strength, and decreased number of heel-lifts [14,21,22]. Contrary
to the current literature, this study showed no differences between

                             Article

Table 2. Differences between healthy participants and patients. All values are mean (SD).

Parameter                                           Healthy participants         Patients               Mean        Standard error        95% CI               p-value
                                                                       (n=12)                      (n=12)           difference      of difference

Age (years)                                                                    37.25 (9.44)                      36.50 (8.78)                   0.75                           3.72                     6.97 – 8.47                      0.84
BMI                                                                                  27.54 (4.10)                      25.70 (3.72)                   1.83                            1.6                       1.47-5.15                        0.26
R shoulder abduction power (kg)                            10.69 (1.12)                       5.15 (2.07)                     5.54                           0.69                      4.11- 6.98                    <0.001*
L shoulder abduction power (kg)                             9.91 (1.29)                        5.27 (2.23)                     4.64                           0.75                      3.07-6.21                    <0.001*
R grip power (kg)                                                         33.16 (5.63)                     27.33 (12.44)                  5.83                           3.96                     2.41- 14.08                       0.15
L grip power (kg)                                                         32.16 (7.11)                     24.90 (12.85)                  7.25                           4.28                     1.64-16.16                       0.11
R knee extension power (kg)                                   11.33 (2.04)                       6.18 (1.38)                     5.15                           0.73                      3.62- 6.68                    <0.001*
L knee extension power (kg)                                    10.91 (1.71)                       4.57 (1.12)                     6.34                           0.61                      5.06-7.61                    <0.001*
R ankle dorsiflexion (kg)                                            8.36 (1.38)                        3.27 (1.11)                     5.08                           0.53                      3.99-6.18                    <0.001*
L ankle dorsiflexion (kg)                                             8.25 (1.21)                        3.06 (1.30)                     5.18                           0.53                      4.09-6.28                    <0.001*
MIP (mmH2O)                                                             104.22 (32.57)                   61.33 (29.74)                 42.88                         13.04                   15.75-70.02                  <0.001*
MEP (mmH2O)                                                            100.08 (26.05)                   69.75 (39.79)                 30.32                         13.90                    1.40-59.24                     0.004*
R deltoid CSA (mm2)                                                540.25 (128.08)                 329.80 (91.50)               210.45                        48.42                       109.43-                      <0.001*
                                                                                                                                                                                                                                                311.46                              
L deltoid CSA (mm2)                                                476.91 (132.11)                         359.70                       117.21                        51.56                  9.65 – 225.77                   0.03*
                                                                                                                                        (104.38)                                                                                                                                 
R FDS CSA (mm2)                                                     538.55 (107.29)                 438.00 (83.95)               100.66                        41.74                  13.59-187.74                    0.03*
L FDS CSA (mm2)                                                       407.83 (89.78)                  359.60 (60.44)                48.23                         33.37                   21.39-117.6                       0.2
R FDP CSA (mm2)                                                      422.33 (51.87)                  353.20 (51.86)                69.13                         28.56                   9.54-128.72                     0.03*
L FDP CSA (mm2)                                                 534.75 (74.22)                  490.30 (75.46)                48.23                         33.37                  21.39- 117.76                    0.16
R rectus femoris CSA (mm2)                        539.41 (129.49)                         431.30                       108.11                        59.44                       15.88 –                         0.08
                                                                                                                                        (149.47)                                                                                        232.12                              
L rectus femoris CSA (mm2)                        502.41 (102.24)                         429.20                        73.21                         56.09                       43.80 –                          0.2
                                                                                                                                        (159.27)                                                                                        190.23                              
R TA CSA (mm2)                                                  785.25 (128.86)                         602.30                       182.95                        53.53                  71.27- 294.62                  0.003*
                                                                                                                                        (120.19)                                                                                                                                 
L TA CSA (mm2)                                                   793.91 (112.67)                         607.40                       186.51                        46.38                       89.76 –                       0.001*
                                                                                                                                        (102.75)                                                                                        283.26                              
BMI, body-mass index; R, right; L, left; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure; CSA, cross-sectional area; FDS, flexor digitorum superficialis; FDP, flexor digitorum profundus; TA, tib-
ialis anterior muscle; *significant differences.

Table 3. Correlations between mean maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP) and other parameters.
All values are Spearman’s rho.

Clinical                sPAP     6-minute  emPHasis-10  R mean     L mean   R mean  L mean    R mean       L mean         R mean          L mean
parameters                          walk                             shoulder   shoulder     grip        grip         knee           knee            ankle              ankle
and muscle                          test             score      abduction abduction                              extention   extension   dorsiflexion   dorsiflexion
power

MIP                              -0.36             -0.36                   -0.30               0.63**           0.65**         0.47*         0.47*           0.63**              0.59*                  0.59*                    0.51*
MEP                              0.01              -0.21                   -0.33                0.43*             0.50*         0.84**       0.75**           0.49*              0.55**                0.54**                  0.55**
CSA                  R middle  L middle         R FDS         L FDS       R FDP     L FDP  R rectus  L rectus     R tibialis      L tibialis
                          deltoid     deltoid                                                                            femoris    femoris     anterior      anterior

MIP                               0.38              0.28                    0.18                  0.24                0.39             0.23            0.31             -0.02                 0.37                  0.56**
MEP                           0.55**          0.61**                0.63**              0.43*            0.59**        0.59**         0.34              0.26                 0.49*                 0.72**
R, right; L, left; CSA, cross-sectional area; FDS, flexor digitorum superficialis; FDP, flexor digitorum profundus; *p<0.05; **p<0.001.
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grip strength. This might be due to involving patients exclusively
with the right dominance. However, the other muscles’ results are
parallel to the existing literature, showing an apparent decrease in
skeletal muscle strength even in young patients with relatively
mild disease and good functional status. Therefore, it would also
be essential to document the long-term effects of skeletal muscle
strength training on both peripheral skeletal muscles and respirato-
ry muscles in these patients. Previously described changes in the
skeletal muscles in patients with PAH are based on advanced
molecular studies that showed changes in the muscle structure.
Techniques used in these studies may be too advanced and costly
to be used in current daily practice. Curiously, the changes in mus-
cle structure in patients with PAH had never been investigated with
musculoskeletal ultrasonography. Ultrasonography is a non-inva-
sive and easy to apply method that does not take much time to per-
form. Therefore, it can be a suitable way to give an idea about the
current status of both skeletal muscle and respiratory muscle
strength in patients with PAH due to CHD. Especially ankle dorsi-
flexion and shoulder abduction, and their visualized muscles
showed significant changes between groups and correlated with
respiratory muscle strength according to this study’s results.
Therefore, they can be used as a surrogate to document and follow
up muscle strength in patients with PAH due to CHD. However,
patients with PAH consist of various etiologies, especially patients
with CTEPH are significantly older. Advanced age will undoubt-
edly affect the skeletal muscle cross-sectional area in ultrasonog-
raphy and skeletal muscle strength. A similarly designed study
must be performed in all PAH subgroups for generalizability.

One limitation of this study is its cross-sectional nature.
Although musculoskeletal ultrasonography shows promising leads
about its relationship with respiratory muscle strength, its utility as
a follow-up criterion is yet to be determined. Another limitation is
the patient population. To keep the ultrasonography findings as
homogenous as possible, younger patients with a certain diagnostic
criterion of PAH have been recruited. One associated limitation is
the lack of pulmonary function test data, since this patient popula-
tion does not require regular pulmonary function testing. As dis-
cussed before, this approach is necessary to demonstrate the
changes in muscle but revokes the chance to generalize this study’s
results to the all PAH population.

Conclusions

This study showed that in patients with pulmonary arterial
hypertension due to CHD, respiratory muscle strength is signifi-
cantly worse than healthy participants. Patients had also signifi-
cantly worse skeletal muscle strength except for grip strength.
Combined, the overall muscle involvement can be due to systemic
muscular involvement, similar to other diseases that alter the car-
diac output. The involvement of skeletal muscles can be shown
reliably via ultrasonography in this patient population.
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