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Abstract

Strain echocardiography is able to detect subclinical ventricular systolic and diastolic dysfunction. Prolonged survival to
cystic fibrosis favors heart and vessel involvement. The purpose of the present study was to compare clinically stable adult
patients affected by cystic fibrosis without overt pulmonary hypertension with controls to evaluate right ventricular (RV)
systolic and diastolic function by means of strain and tissue Doppler imaging (TDI), respectively. 22 adults affected by cystic
fibrosis and 24 healthy volunteers matched for age and sex were enrolled. None had known cardiovascular risk factors or
overt pulmonary hypertension. All people underwent blood pressure measurement and transthoracic echocardiography.
Cystic fibrosis patients showed higher sPAP [median 25 (IQR 21-30) vs 22 (22-22) mmHg; p =0.02] and more frequent RV
diastolic dysfunction (p <0.001). Among cases, some RV systolic parameters were significantly altered than controls, such
as TAPSE [20 (18-24) vs. 23 (21-28) mm; p=0.001], FAC [34 (26—44) vs. 49 (48-50)%; p <0.001], midwall tissue strain
[—25.0 (—31.3 to —22.8) vs. —30.5 (—31.8 to —29.3)%; p=0.03], apical tissue strain [—22 (—29.3 to —19.0) vs. —30.5
(—32.8 to —28.3)%; p=0.001] and 2D strain [—22.0 (—25.1 to —19.0) vs. —29.5 (= 31.8 to —27.3)%; p <0.001]. Finally,
2D strain correlated with spirometric FEV1 (p=—0.463, p=0.03) and nearly with FEF25-75% (p=—-0.393, p=0.07). Our
study confirmed a RV subclinical systo-diastolic dysfunction in clinically stable patients affected by cystic fibrosis without
overt pulmonary hypertension nor cardiovascular risk factors. This may be due to systemic inflammation and temporary
recurrent pulmonary hypertension. We retain that RV 2D strain and TDI echocardiography could become an important tool
in the follow-up of these patients.
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Introduction

Cystic fibrosis (CF) is the most common life-threatening
autosomal recessive disease in Caucasian race, involving
approximately 1/2500 newborns. It is caused by more than
1900 different mutations of CF transmembrane conductance
54 Edoardo Sciatti regulator (CFTR) gene, located on the 7th chromosome and

edoardo.sc@tin.it codifying for a transmembrane chlorine channel. Typical
symptoms regard the pulmonological and gastrointestinal
systems. Despite the comorbidities and the severity of this
pathology, survival is still increasing; in fact, today about
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consequences in heart and blood vessels [2, 3]. Several stud-
ies have investigated heart morphology and function in this
disease, by means of echocardiography, scintigraphy, and
catheterization. In fact, cor pulmonale was the first heart
involvement described; it is linked to pulmonary hyperten-
sion due to structural and functional lung disease [4, 5].
Afterwards, various authors demonstrated right ventricular
(RV) dysfunction and abnormalities, while left ones remain
longer normal [6-12]. Newer echocardiographic techniques
allow to detect subclinical heart damage and dysfunction, in
particular strain echocardiography. To our knowledge, only
two studies have been carried out regarding left ventricu-
lar (LV) strain assessment, finding subclinical changes that
were correlated with the degree of pulmonary involvement
severity [13, 14]. Moreover, only two other works analyzed
RV strain in pediatric patients affected by CF, revealing
decreased systolic and diastolic properties [15, 16].

The purpose of the present study was to compare clini-
cally stable adult patients affected by CF without overt pul-
monary hypertension with controls to evaluate RV systolic
and diastolic function by means of strain and tissue Doppler
imaging (TDI), respectively.

Materials and methods
Subjects

We enrolled 22 patients affected by CF, followed up by the
Cystic Fibrosis Center, Pediatric Department, University of
Brescia and the Pulmonology Unit of ASST Spedali Civili
of Brescia, Italy. They were compared with 24 healthy vol-
unteers matched for age, sex and body mass index (BMI).
Cases and controls were accurately selected without known
cardiovascular risk factors or pulmonary hypertension. Eve-
ryone underwent blood pressure measurement and transtho-
racic echocardiography.

Blood pressure measurement

Blood pressure was assessed using a standard, calibrated
sphygmomanometer. The mean of three sitting and standing
blood pressure was recorded. The arm in which the highest
sitting diastolic pressures was found was the arm used for all
subsequent readings throughout the study. Every effort was
made to have the same staff member obtain blood pressure
measurements in each individual patient, at the same time
of day, using the same equipment. Systolic blood pressure
(SBP) was recorded when the initial sound is heard (phase
I of the Korotkoff sound), while diastolic blood pressure
(DBP) at the disappearance of the sound (phase V of the
Korotkoft sound). The cuff was deflated at a rate not greater
than 2 mmHg/s.
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Spirometry test

Lung function was measured evaluating slow vital capacity
(SVCQ), inspiratory capacity (IC), flow-volume curve with
evaluation of forced expiratory volume (FEV1), forced
vital capacity (FVC), Tiffeneau index (FEV1/SVC), mean
forced expiratory flow (FEF25-75%), plethysmographic
pulmonary volumes with calculus of total lung capacity
(TLC), functional residual capacity (FRC), residual vol-
ume (RV), carbon monoxide diffusing capacity (DLCO),
respiratory muscle strength (maximal inspiratory and
expiratory pressure: MIP and MEP).

Pulmonary function tests were obtained using V.. 22
pulmonary function analysis machines: spirometer with
mass flow meter and Autobox 6200 (Sensormedics, Yorba
Linda California). The American Thoracic Society guide-
lines were used to perform the tests of pulmonary func-
tion. The theoretical values used as reference were those
reported by ATS/ERS [17] and Zapletal [18].

Transthoracic echocardiography

Echocardiographic examinations were performed using
Vivid 7 machine (GE Healthcare, Milwaukee, Wiscon-
sin, USA) with a 3.5 MHz transducer. Digital loops were
stored on the hard disk of the echocardiograph for on-
line and off-line analyses and transferred to a workstation
EchoPac, Vingmed (GE Healthcare, Milwaukee, Wiscon-
sin, USA) for off-line analysis. Participants were studied
in the left lateral decubitus position and images acquired
from standard parasternal and apical windows. All stud-
ies were read by two echocardiographers blinded to all
patient information. The echocardiographic measurements
of the LV internal dimension, interventricular septal and
posterior wall diastolic thickness, left atrial area, peak E
wave and A wave of mitral inflow, septal and lateral peak
E’ of mitral annulus and ascending aorta dimensions were
performed off-line, according to the recommendations of
the American Society of Echocardiography [19, 20]. LV
volumes and ejection fraction were obtained by the modi-
fied biplane Simpson’s method.

RV end-diastolic and end-systolic areas were traced
to obtain RV fractional area change (FAC), calculated as
follows: (end-diastolic area — end-systolic area)/end-dias-
tolic area. Doppler of the tricuspid and mitral blood inflow
velocities was measured according to echocardiographic
guidelines [19, 21]. TDI analysis of the RV free wall at
the level of the tricuspid valve annulus was performed,
and the myocardial performance index (MPI) was calcu-
lated for each subject to measure the overall RV func-
tion [21]. E', A" and S’ waves were evaluated and E/A and
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E/E' ratios calculated [21]. These parameters were used to
grade RV diastolic dysfunction according to the guidelines
[21]. Isovolumic acceleration (IVA) was obtained dividing
isovolumic velocity by the time to reach it, as previously
described [22]. Tricuspid annular plane systolic movement
(TAPSE) was measured using M-mode acquisition in api-
cal four-chamber view on the lateral tricuspid annulus.
Systolic pulmonary artery pressure (SPAP) was obtained
adding right atrial pressure estimate to Bernoulli’s simpli-
fied equation on tricuspidal regurgitation jet velocity by
means of continuous wave Doppler, after excluding pul-
monary valve stenosis with the same Doppler technique.
The forward velocity profile, obtained by pulsed Doppler
in the RVOT close to the pulmonary valve, was used to
calculate the acceleration time (AT), defined as the time
from the onset to maximal velocity. Pulmonary hyperten-
sion was defined as sPAP > 35 mmHg and/or AT < 100 ms
[21]. For tissue and longitudinal 2D strain, images were
analyzed offline. The endocardial border of the RV was
traced from the apical four-chamber view. Tracking was
accepted only when the visual inspection and software
indicated adequate tracking for all segments. 2D strain
was measured manually for a six-segment RV model com-
prising basal, midwall, and apical segments of both the
ventricular septum and the RV free wall. 2D global longi-
tudinal ventricular strain also was obtained as the average
strain of the six segments, complying with the last recom-
mendations [23]. RV tissue strain (one dimensional) was
evaluated by means of tissue strain imaging (TSI). From
TDI apical four-chamber view, we placed three regions of
interest along the free lateral wall at basal, midwall, and
apical segments. The software elaborated the deformation
curves and we derived the longitudinal peak systolic strain
(LPSS) averaging five cardiac cycles.

Statistical analysis

All analyses were done using IBM SPSS Statistics 20 for
Windows (SPSS, Inc., Chicago, IL, USA). Continuous vari-
ables were visually tested by Q—Q plots and represented by
mean + standard deviation or median (interquartile range),
while categorical variables as frequency (n) and percent-
age of the sample. Independent samples Student’s ¢ test or
Mann-Whitney U test was performed to analyze the differ-
ence between means for continuous variables and y? test for
the difference between proportions (Fisher’s exact test for
dichotomous variables). Spearman’s bivariate correlation
was run between every RV echocardiographic parameter
and variables regarding pulmonary involvement (spiromet-
ric data and microbiological colonization) and inflamma-
tion (C-reactive protein). For all statistical tests, probability
values < 0.05 were considered significant.

Results

Demographic and clinical characteristics are shown in
Table 1. Patients and controls did not differ in age, BMI and
sex distribution. 15 patients out of 22 were males (68.2%)
while 17 healthy volunteers out of 24 were (70.8%; p=1).
No patient suffering from CF had secondary diabetes mel-
litus or any other CV risk factor. No patients were on CFTR
potentiators or correctors, or taking diuretics. C-reactive
protein was increased in the patient group (median 95 ng/L,
interquartile range 16-243 ng/L).

All people in the study population were normoten-
sive. Systolic blood pressure was not statistically different
between the two groups, while diastolic blood pressure was
slightly higher among patients than controls, as well as heart
rate. On the contrary, pulse pressure was similar between
the groups.

Spirometric data of the cases are displayed in Table 2
as percentage of theoretical values. They are typical of
pulmonary obstructive diseases. In particular, 14 patients
(63.6%) showed a FEF25-75% value < 60% and 13 (59.1%)
a FEV1<80%. Of them, three patients (13.6%) had a
value < 40%, four (18.2%) between 40 and 60%, and six
(27.3%) between 60 and 80%. Regarding chronic airways
microbiological colonization, in 11 patients (50.0%) Pseu-
domonas aeruginosa was found, in 3 (13.6%) methicillin-
resistant Staphylococcus aureus, and in 5 (22.7%) both
bacteria.

Left ventricular parameters are shown in Table 3. No
difference between patients and controls was found in its
dimensions except end-systolic diameter, which was sig-
nificantly higher in CF group (despite similar end-systolic
volume). Index LV mass was similar between the groups. All
people had a normal LV systolic function. Diastolic func-
tion calculated by transmitral Doppler flow revealed a mild

Table 1 Demographic and clinical characteristics of the study popu-
lation

Variable Cystic fibrosis Healthy controls p
(n=22) (n=24)
Age (years) 24 (21-30) 32(23-37) 0.8
Male sex 15 (68.2%) 17 (70.8%) 1
BMI (kg/m?)  22.0 (19.3-23.9) 22.2(21.0-24.2) 0.5
BSA (m?) 1.75 (1.56-1.89) 1.75 (1.68-1.88) 0.3
SBP (mmHg) 120 (111-130) 120 (110-130) 0.5
DBP (mmHg) 80 (70-80) 70 (60-75) 0.009
PP (mmHg) 50 (38-54) 50 (43-59) 0.3
HR (bpm) 81 (70-90) 68 (64-78) 0.01

BMI body mass index, BSA body surface area, SBP systolic blood
pressure, DBP diastolic blood pressure, PP pulse pressure, HR heart
rate
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Table 2 Spirometric data of the cystic fibrosis patients

Variable Cystic fibrosis (n=22)
VC (%) 82+22 (29-127)
FEV1 (%) 70427 (21-123)
FEF25-75 (%) 44427 (4-96)
FRC (%) 119+23 (88-169)
TLC (%) 103 +£13 (82-122)
RV (%) 161 +60 (88-287)
DLCO/VA adj (%) 109 +17 (72-137)
MIP (%) 98 +29 (28-157)
MEP (%) 65 +44 (24-243)

Data expressed as % of theoretical values; mean + standard deviation
(minimum-maximum)

VC vital capacity, FEVI forced expiratory volume in 1 s, FEF25-75%
forced expiratory flow at 25-75% of the pulmonary volume, FRC
functional residual capacity, TLC total lung capacity, RV residual vol-
ume, DLCO/VA adj diffusion capacity of the lung for CO divided by
the alveolar volume, MIP maximal inspiratory pressure, MEP maxi-
mal expiratory pressure

impairment in the first group with ten patients (45.5%) hav-
ing grade I and one (4.5%) grade II dysfunction (p <0.001),
probably justifying a higher LV end-systolic diameter. Nev-
ertheless, diastolic TDI waves on LV lateral wall found no
differences between the groups and E/E’ ratio was similar.
On the contrary, lateral " wave was higher in the first group.

Right chamber data are illustrated in Table 4. Several
parameters were statistically different between patients and
controls. Although without overt pulmonary hypertension,
CF patients had higher sPAP and lower TAPSE and FAC.

On the other hand, no difference was found in AT, MPI or
IVA. RV diastolic function evaluation revealed a largely
diffused dysfunction in CF patients: five (22.7%) patients
had grade I and eight (36.4%) grade II diastolic dysfunction.
Indeed diastolic £’ and A’ waves were statistically deeper
in the same group, and E/E' ratio was also higher. Apical
S" wave was reduced in CF patients, while basal and mid-
wall were similar. RV strain revealed further differences
between patients and controls: basal tissue strain was simi-
lar, while midwall tissue strain, apical tissue and 2D strain
were impaired. Finally, end-systolic right atrial area was sig-
nificantly larger in patients’ group. RV diastolic dysfunction
was globally present in about 40-60% of the patients, while
RV systolic dysfunction in 14-55%.

Among all tested correlations, only 2D strain showed a
significant association with FEV1 (p=-0.463, p=0.03) and
nearly with FEF25-75% (p=—0.393, p=0.07). Indeed, 2D
strain in patients who had FEV1 <80% was —20.4 3.9 with
respect to —24.2 +2.5% in those with normal FEV1 values
(p=0.02). Moreover, the group with FEF25-75% < 60%
had —20.7+4.0 and those with normal FEF25-75%
—24.2+2.7% (p=0.04). Finally, C-reactive protein corre-
lated with FEV1 (p=-0.452, p=0.035), but not with RV
parameters.

Discussion
The present study deals with adults affected by CF with-

out cardiovascular risk factors, secondary diabetes or overt
pulmonary hypertension. We found a preserved LV systolic

Table 3 Results from Variable

transthoracic echocardiography:
left ventricle

@ Springer

Cystic fibrosis (n=22)  Healthy controls (n=24) p
Mass index (g/m?) 99 (83-119) 101 (74-111) 0.6
End-diastolic diameter (mm) 48 (43-51) 47 (44-50) 1
End-systolic diameter (mm) 31 (28-33) 23 (23-29) <0.001
Interventricular septum thickness (mm) 10 (9-11) 10 (9-10) 0.4
Posterior wall thickness (mm) 8 (8-9) 9(8-9) 0.1
End-diastolic volume (mL) 65 (61-74) 65 (60-76) 0.9
End-systolic volume (mL) 23 (21-27) 23 (21-27) 0.9
Ejection fraction (%) 65 (60-65) 63 (60-67) 0.7
E wave (m/s) 0.72 (0.55-0.80) 0.61 (0.60-0.84) 0.8
A wave (m/s) 0.60 (0.45-0.77) 0.34 (0.33-0.44) <0.001
E/A 1.16 (0.84-1.63) 1.82 (0.58-2.07) <0.001
Deceleration time (ms) 208 (174-224) 170 (163-200) 0.09
Diastolic dysfunction 1: 10 (45.5%) 1: 0 (0.0%) <0.001
II: 1 (4.5%) 1I: 0 (0.0%)
E' wave (m/s) 0.11 (0.08-0.14) 0.11 (0.09-0.13) 0.7
A’ wave (m/s) 0.06 (0.05-0.08) 0.07 (0.04-0.08) 1
S’ wave (m/s) 0.09 (0.07-0.10) 0.06 (0.04-0.08) <0.001
E/IE 6.6 (4.6-8.6) 6.0 (4.8-8.1) 0.7
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Table 4 Re.sults from . Variable Cystic fibrosis (n=22) Healthy controls (n=24)

transthoracic echocardiography:

right chambers sPAP (mmHg) 25 (21-30) 22 (22-22) 0.02
TAPSE (mm) 20 (18-24) 23 (21-28) 0.001
TAPSE< 17 mm 3 (13.6%) 0 (0.0%) 0.1
AT (ms) 120 (100-154) 140 (125-145) 0.3
MPI 0.40 (0.35-0.56) 0.42 (0.39-0.45) 0.7
IVA (cm/s?) 39(2.6-4.3) 3.9 (3.6-4.0) 0.7
FAC (%) 34 (26-44) 49 (48-50) <0.001
FAC<35% 12 (54.5%) 0 (0.0%) <0.001
E wave (cm/s) 0.56 (0.43-0.59) 0.59 (0.53-0.75) 0.02
A wave (cm/s) 0.44 (0.37-0.53) 0.30 (0.21-0.36) <0.001
E/A 1.30 (0.97-1.47) 2.43 (1.44-2.88) <0.001
Deceleration time (ms) 227 (200-274) 178 (165-200) <0.001
Diastolic dysfunction 1.5 (22.7%) 1: 0 (0.0%) <0.001

1I: 8 (36.4%) 11: 0 (0.0%)

E' wave (cm/s) 0.10 (0.08-0.14) 0.06 (0.04-0.11) 0.001
A’ wave (cm/s) 0.10 (0.08-0.12) 0.13 (0.12-014) <0.001
Basal S’ wave (cm/s) 0.13 (0.11-0.15) 0.14 (0.12-0.18) 0.2
Basal S’ wave <9.5 cm/s 5(22.7%) 0 (0.0%) 0.019
Midwall " wave (cm/s) 0.11 (0.09-0.13) 0.12 (0.10-0.16) 0.2
Apical S" wave (cm/s) 0.08 (0.07-0.09) 0.12 (0.10-0.16) <0.001
EIE 4.9 (3.6-7.0) 4.2 (3.1-5.8) 0.001
E/E'>6 9 (40.9%) 0 (0.0%) <0.001
Basal tissue strain (%) —25.5(—34.0to —21.0) —29.0 (—30.0 to —28.0) 0.2
Midwall tissue strain (%) —25.0(—=31.3t0—22.8) —30.5(-31.8t0 —29.3) 0.03
Apical tissue strain (%) —22.0(—29.3t0 —19.0) —-30.5(—32.8to —28.3) 0.001
2D strain (%) —22.0(—25.1t0 —19.0) —29.5(-31.8t0 —27.3) <0.001
2D strain> —20% 7 (31.8%) 0 (0.0%) 0.003
Right atrial area (cm?) 15 (14-15) 11 (9-12) <0.001

sPAP systolic pulmonary artery pressure, TAPSE tricuspid annular plane systolic excursion, MPI myocar-
dial performance index, /VA isovolumic acceleration, FAC fractional area change

function and morphology and a slight diastolic dysfunc-
tion, thus confirming previous studies’ results [6-8]. Vice
versa, we demonstrated a subclinical involvement of the
right chambers. In particular, SPAP was significantly higher
(albeit these patients had no pulmonary hypertension) and
diastolic function frequently impaired (40-60%), as meas-
ured by transtricuspidal Doppler flow and TDI on RV free
wall. Moreover, RV systolic function parameters were more
altered in patients than controls (14-55%), such as TAPSE,
FAC (apical) S" wave and strain parameters, thus confirm-
ing the aforementioned studies [9, 10, 12, 15, 16]. Some
variables were not different between cases and controls, in
part because of the small number of patients enrolled and
in part because of the heterogeneity of CF manifestations in
some of them.

According to the cited studies, we hypothesize that right
heart involvement in CF patients without overt pulmonary
hypertension could be explained by two mechanisms. First,
systemic inflammation along with hypoxemia, oxidative

stress and consequent endothelial dysfunction are able to
affect ventricular contractility and relaxing properties, thus
altering the examined parameters [8]. Interestingly, CF
patients had higher DBP and heart rate. It is conceivable
that chronic inflammation causing oxidative stress on the
arterial wall and endothelial dysfunction is the cause of a
slightly higher blood pressure; as a consequence, heart rate
may increase in parallel with myocardial work. Second,
subclinical, recurrent and temporary pulmonary hyperten-
sion due to lung pathology progression could progressively
damage RV properties even in well-controlled patients. It is
possible that both mechanisms coexist and potentiate each
other [24]. Since the increasing life expectancy, it becomes
necessary to discover and assess early signs of myocar-
dial involvement through echocardiography. Therefore, we
retain that RV TDI and 2D strain echocardiography could
become an important tool in the follow-up of these patients.
In particular, 2D strain overcomes most of the limitations
inherent in conventional echocardiography, given that it
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is independent of cardiac translation; also it is angle and
load independent, thus allowing accurate quantification of
regional and global myocardial functions, being potentially
useful to better refine the systo-diastolic RV dysfunction.
Myocardial remodeling is a process not yet fully understood
which leads to loss of function and fibrous tissue deposition.
Early subclinical ventricular fibrosis is the initial sign of
myocardial damage in cardiovascular disease. Other diag-
nostic tools can be useful in this regard. Echocardiography
may be completed by means of integrated backscatter (IBS)
imaging, which is able to study myocardial fibrosis [25].
In addition, contrast-enhanced cardiac magnetic resonance
imaging (CMR) is considered the non-invasive gold standard
to detect myocardial fibrosis, but is less widely available and
expensive [26]. Several biomarkers can also help to detect
myocardial fibrosis, such as miRNA-21 [27], ST2 and galec-
tin-3 [28]. Although no therapies are able to reverse this
process, the myocardial interstitium as a site of fibrosis is
the focus of research efforts [29]. More in general, right
heart dysfunction has a negative prognostic impact, but to
date no specific therapies have been developed [30]. Indeed,
we can only suggest that patients showing altered systolic
and/or diastolic RV parameters could undergo more frequent
controls and prevent a more rapid clinical worsening. Never-
theless, further studies are needed to explore the pathologic
significance and implications of these findings.

Strength of our study is the careful selection of adult
patients without cardiovascular risk factors nor overt pul-
monary hypertension. In this way, we have been able to iden-
tify RV echocardiographic alterations linked to CF itself.
Nevertheless, our cohort was characterized by a great dam-
age in expiratory flows at low level of pulmonary filling,
as expressed by FEF25-75%, meaning peripheral airways
largely involved in lung remodeling. Minimum value is 4%
of theoretical one and indicates a severe lung damage. More-
over, FEV1 is the “gold standard” parameter in the follow-up
and in the prognosis estimation of CF patients. It represents
the patency to airflow of the larger airways. Again, mini-
mum value is 21% and suggests a severe impairment. For
the first time we demonstrated a correlation between FEV 1
and RV 2D strain and a tendency to association between
FEF25-75% and RV 2D strain. We retain that these results
are very important because 2D strain is an important tool
to globally appreciate RV systolic performances and nearly
approximates its contractility. On the one hand, these asso-
ciations confirm the RV subclinical impairment during the
disease, but on the other hand, they are able to suggest that
RV 2D strain could be a very useful tool to identify patients
with a worse prognosis in a pre-clinical phase of RV failure.
Future larger studies regarding RV 2D strain ability to pre-
dict CF prognosis are needed.

Finally, we think that some of these clinically stable
patients with normal sPAP could show exercise-induced
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pulmonary hypertension, as it was recently demonstrated
in systemic sclerosis [31]. In this way, echocardiographic
registration during exercise could be an interesting test to
investigate the second mechanism cited above and to be used
to prevent unfavorable evolutions of this pathology. At the
time of enrolling patients with normal echocardiography and
no heart failure symptoms did not routinely undergo exercise
echocardiography. A targeted study is needed to test this
hypothesis.

Our study suffers from some limitations. First, the small
number of patients in the cohort, which prevent us from find-
ing important correlations regarding, for example, microbio-
logical colonization and RV echocardiographic parameters.
Second, we lack a direct correlation between RV echocardio-
graphic parameters and disease outcome. Third, biomarkers
related to RV or LV dysfunction (e.g., natriuretic peptides)
are not available in this study to confirm our results.

Concluding, we demonstrated in a small cohort the wide
presence of RV echocardiographic alterations in both sys-
tolic and diastolic functions in CF patients. Moreover, we
found an inverse correlation between RV 2D strain and
FEV1, suggesting another tool to discover those patients
who may benefit from a closer follow-up.
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