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Abstract

Purpose: To test the diagnostic power of Pocket Size Imaging Device (PSID) in detecting early signs of right heart
(RH) involvement in regular smokers (RS) free of overt cardiac involvement.

Methods: One-hundred-forty-three regular smokers and 51 healthy controls, comparable for age and sex,
underwent physical exam (PE), PSID exam and standard echocardiography. Based on a simplified Boston score,
≥1 of clinical signs (jugular venous distension, hepatomegaly, peripheral pitting oedema and abnormal pulmonary
sounds) were considered indicative of RH involvement. A composite score (1 to 4) obtained by summing the points
of four quantitative RH abnormalities detectable by PSID (inferior vena cava [IVC] dilatation, reduced IVC respiratory
variation, right ventricular dilatation and right atrial dilatation), was generated and ≥1 of PSID abnormal signs was
considered indicative of RH involvement.

Results: Boston score was not significantly different between the two groups. By using PSID, smokers exhibited
greater IVC diameter (p < 0.0001), right atrial diameter (p < 0.002) and higher PSID score (p < 0.005) than controls.
Compared to PE, the additional diagnostic power of PSID (≥1 abnormal sign of both Boston and PSID score) was
44.9 % in smokers. By dividing smokers in tertiles according to number of cigarettes per day, the third tertile showed
the largest values of both IVC and right atrial dimension. Differences were confirmed by standard echocardiography.
Reproducibility of PSID measurements and concordance of linear measurements between PSID and standard echo
measurements was very good except for concordance of right ventricular basal diameter.

Conclusions: PSID detects early ultrasound signs of RH involvement in regular otherwise healthy smokers in
comparison with PE.
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Introduction
An estimated 20 % of american adults are regular
smokers [1], without substantial prevalence changes
between 1998 and 2007 [2]. About 443,000 people in
United States and 695.000 in Europe die annually from
“smoking-related” illnesses [3, 4]. Cigarette smoking is a
main determinant of chronic obstructive pulmonary
disease (COPD), which leads to pulmonary arterial
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hypertension (PAH) in about 50 % of adults with advanced
COPD [5]. The sequence of changes leading to PAH in
current smokers begins at early stages with endothelial
dysfunction, induced by hypoxia, and inflammation
[6]. Right ventricular (RV) failure is a direct conse-
quence of PAH. The specific mechanisms underlying
the development of RV failure secondary to PAH are
unclear. RV afterload mismatch, myocardial ischemia,
microvascular dysfunction, and myocytes apoptosis
might be involved [7]. Given the difficulty of treating heart
failure with PAH, a primary need correspond to an early
identification of patients at risk of PAH and right heart
(RH) involvement. To date, early markers of RH
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involvement can be detected in preclinical stages by using
standard echocardiography and normal echocardiographic
reference values of right chambers size and of RV function
are recognized [8].
Pocket Size Imaging Device (PSID), an ultrasound

machine which cannot be classified as a standard
echocardiographic machine because of the impossibil-
ity of calculating cardiac volumes and quantifying
valvular flow by pulsed or continuous wave Doppler,
has a potential value as a screening tool [9], because
of its extreme manageability and possible use in mul-
tiple clinical settings. PSID has already shown good
feasibility and accuracy in detecting markers of RH
involvement [10]. Accordingly, the present study was
designed to assess whether PSID may be used to detect
early ultrasound signs and RH involvement in a popula-
tion of asymptomatic regular smokers with or without
PAH through a validation by standard transthoracic
echo-Doppler technology.

Methods
Study population
The study population included women and men
aged > 40 years, smoking cigarettes since at least
5 years, asymptomatic for dyspnea. The non-smokers
control group, recruited among the staff of the Federico II
University hospital, included healthy subjects who had never
smoked. Obesity (body mass index > 30 Kg/m2), arterial sys-
temic hypertension (systolic blood pressure > 140 mm Hg
and/or diastolic blood pressure > 90 mm Hg or current
antihypertensive treatment) and dyslipidemia (total
cholesterol > 200 mg/dL and or triglycerides > 150 mg/dl)
were not exclusion criteria in both the groups. Patients
with coronary heart disease, primary cardiomyopathies,
more than mild heart valve disease, atrial fibrillation,
congenital heart disease, autoimmune disease, diabetes
mellitus and any kind of renal and/or hepatic diseases
as well as patients taking beta-blocker drugs and/or
diuretics were excluded. The study protocol was approved
by the Institutional Ethical Committee of Federico II
University Hospital and written informed consent was
obtained from all participants.

Procedures
In the same day (morning time between 9 and 11 am)
all the participants underwent sequentially the following
diagnostic steps:

1. A clinical history and complete physical exam
(including measurement of body weight and height,
blood pressure and heart rate) performed in our
outpatient clinic by a clinician (CS);

2. An ultrasound assessment by PSID (Vscan, GE,
Horten, Norway), performed in the same outpatient
clinic by two operators (VS-L or RE), blinded to the
physical examination;

3. A complete standard echo-Doppler assessment of
the right ventricle, performed in the echo-lab by a
cardiologist (MG) blind to both the physical exam
and PSID assessment.

Smokers were requested to do not smoke at least two
hours before the performance of the clinical exam and
cardiac ultrasound (PSID and standard echo) assessment.
The following four clinical signs of RH involvement

were considered during physical exam: jugular vein
distension, hepatomegaly with hepato-jugular reflux,
peripheral pitting oedema, pulmonary crackles. The sum
of the points of each sign (0 = absent, 1 = present) was
performed to generate a simplified Boston score, as
previously described [11].
The following four parameters of right heart involvement

were assessed by PSID: 1. maximal (end-expiration) inferior
vena cava diameter (IVC) in subcostal view [12, 13], 2. per
cent respiratory variation of IVC diameter in subcostal view
[12, 13], 3. right atrial (RA) maximal transverse middle
diameter in apical 4-chamber view [8], 4. RV maximal
transverse basal diameter (RV) in apical 4-chamber view
[8]. These four quantitative parameters were used to
generate a composite PSID score by summing the
points (0 = normal value, 1 = abnormal value) of each
parameter. The cut-off values chosen for abnormality
of each PSID parameters were the following:

� maximal (end-expiratory) IVC diameter > 2.0 cm [14],
� percent respiratory variation of IVC < 50 % [8, 14],
� RA maximal transverse middle diameter > 4.5 cm [8],
� RV maximal transverse basal diameter > 4.2 cm [14].

By standard transthoracic echo-Doppler exam we mea-
sured the same above mentioned four parameters and the
following additional parameters, determined according to
standardized procedures of our laboratory [15]:

� tricuspid annular plane systolic excursion (TAPSE) [8],
� tricuspid inflow E/A ratio,
� systolic velocity (s’), early diastolic (e’) and atrial (a’)

velocities of the tricuspid annulus by pulsed Tissue
Doppler,

� retrograde maximal gradient of tricuspid regurgitation
by CW Doppler [16], whenever present.

Both PSID and standard echocardiographic exams were
performed in left lateral decubitus position.

Statistical analyses
Statistical analysis was performed by SPSS package release
12 (SPSS Inc, Chicago, IL, USA). Data are presented as



Table 2 Clinical evaluation

Variable Controls
n = 51

Regular Smokers
N = 153

P

Jugular pressure (%) 0 (0) 8 (5.3) =0.03

Hepatomegaly (%) 1 (1.9) 5 (3.3) NS

Peripheral oedema (%) 1 (1.9) 4 (2.6) NS

Pulmonary cracles (%) 1 (1.9) 2 (1.3) NS

Boston Score 0.06 ± 0.2 0.10 ± 0.3 NS
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mean values ± SD. Inter-group comparison was obtained by
one-factor ANOVA and χ2 distribution with computation
of exact p value by Monte Carlo method. The intra-class
correlation analysis (rho) was used to test the concordance
of the main parameters measured by PSID and standard
echocardiographic machine and also intra- and inter-
observer reproducibility of PSID measurements. The null
hypothesis was rejected at a two-tailed p ≤ 0.05.

Results
The characteristics of the study population are listed in
Table 1. Sex distribution, age, body mass index, blood
pressure and heart rate were comparable between the
two groups.
Table 2 summarizes the data resulting from clinical exam:

Boston score was not significantly different between the
two groups. The frequence of regular smoker exhibiting
at least one clinical sign included in the computation
of Boston Score was 11.3 % (n = 6).
Table 3 reports the PSID findings: IVC diameter

(p < 0.0001) and RA diameter (p < 0.002) were both
higher in regular smokers than in controls. Also
PSID score was higher in regular smokers (p < 0.0001).
PSID (at least one abnormal ultrasound parameter)
extended the detection of RH abnormalities in 86 patients
(56 %) in our regular smokers, with an additional
diagnostic power of 44.9 % (Fig. 1).
Table 4 reports parameters of right heart obtained

by standard echo-Doppler examination: IVC diameter
(p < 0.0001) and RA diameter (p < 0.02) were again
significantly greater in regular smokers than in controls.
Tricuspid regurgitation peak gradient (found in 35
controls and in 128 smokers) and estimated pulmonary
arterial systolic pressure did not differ significantly between
the two groups.
Additional analyses were performed by dividing the

group of smokers in tertiles according to the number
of cigarettes smoked per days (43 smoking 1 to 10
Table 1 Characteristics of study population

Variable Controls n = 51 Regular Smokers n = 153 P

Sex (M/F) 24/27 80/71 NS

Age (years) 56.0 ± 7.8 55.5 ± 8.7 NS

BMI (Kg/m2) 26.7 ± 4.2 26.7 ± 3.9 NS

Systolic BP (mm Hg) 131.1 ± 14.1 132.5 ± 19.3 NS

Diastolic BP (mm Hg) 79.2 ± 10.1 79.0 ± 10.0 NS

Heart rate (bpm) 70.7 ± 8.9 70.9 ± 10.2 NS

Hypertension (%, n) 50.9 (26) 49.7 (76) NS

Obesity (%, n) 15.7 (8) 17.0 (26) NS

Diabetes (%, n) 13.7 (7) 13.1 (20) NS

Dyslipidemia (%, n) 37.3 (19) 37.9 (58) NS

BMI = Body mass index, BP = Blood pressure
cigarettes/day, 82 smoking 11–20 cigarettes/day and
28 smoking > 20 cigarettes/day). By these analyses
both IVC and RA dimension were significantly larger
in the third tertile (Fig. 2) whereas IVC respiratory
reactivity and RV diameter did not differ significantly
among the three tertiles. These results were confirmed
also using measures derived from standard echo Doppler
exam.
Table 5 shows the intra-class relation coefficients of

linear measurements of the right heart between PSID
and standard echocardiographic machine: the ρ value
was excellent except for RV basal diameter. Also the
reproducibility of PSID measurements (data not
shown in table) was optimal: rho IVC diameter = 0.96
intra and 0.93 inter-observer, % IVC respitatory vari-
ation = 0.97 and 0.96 respectively, RA diameter = 0.98
and 0.96, RV diameter = 0.92 and 0.95).

Discussion
PSID is a novel, ultraportable ultrasound machine which
provides black and white and colour flow imaging in
real-time and allows to calculate only linear measure-
ments and areas of the heart structures. PSID has been
already used to complement and extent physical exam
[9, 10, 17–20]. Its main cardiac applications include
eye-ball quantitation of left ventricular (LV) function
[10, 21], detection of LV [9, 19, 21] and RV abnormalities
[9], pericardial effusion [9, 21], valve regurgitations [9, 21],
aneurysms of abdominal aorta [22] and pleural effusion
Table 3 PSID evaluation

Variable Controls
n = 51

Regular Smokers
n = 153

P

IVC diameter (cm) 1.32 ± 0.3 1.59 ± 0.4 <0.0001

Respiratory Variation (%) 51.0 ± 8.3 48.9 ± 9.9 NS

RA diameter (cm) 3.13 ± 0.5 3.39 ± 0.5 <0.002

RV basal diameter (cm) 3.35 ± 0.5 3.49 ± 0.5 NS

PSID Score 0.27 ± 0.5 0.65 ± 0.7 <0.005

IVC dilation (%, n) 2 (1) 8.5(13) <0.05

Pathological % resp
variation (%, n)

5.9 (3) 17 (26) =0.03

RA dilation (%, n) 0 (0) 3.3 (5) =0.07

RV dilation (%, n) 3.9 (2) 2.6 (4) NS



Fig. 1 Head to head comparison of the rate of regular smokers with
at least one abnormality in simplified Boston score and PSID score.
PSID additional diagnostic power appears to be of 44.9 %

Schiano-Lomoriello et al. Cardiovascular Ultrasound  (2015) 13:33 Page 4 of 7
[23]. PSID could be used also as a screening tool for early
detection of cardiac involvement in subclinical stages of
heart diseases [9], a potentiality which has been poorly
investigated.
The present study is the first to apply PSID to the

detection of preclinical markers of RH involvement in
asymptomatic regular smokers and reveals that PSID
might be useful as a screening tool in this specific
clinical setting. We demonstrate that PSID can add
useful information to the simple physical exam of these
Table 4 Standard Echo Doppler Data of the right ventricle

Variable Controls n = 51

Tricuspid regurgitation gradient (mmHg)* 20.6 ± 5.5

PAPs (mm Hg)* 25.5 ± 5.5

IVC diameter (cm) 1.33 ± 0.31

Respiratory Variation (%) 51.2 ± 8.42

RA diameter (cm) 3.20 ± 0.42

RV basaldiameter (cm) 2.89 ± 0.45

RV longitudinal diameter (cm) 6.09 ± 0.69

TAPSE (cm) 23.1 ± 3.45

Tricuspid E/A ratio 1.16 ± 0.33

Tricuspid annular s’ (cm/s) 0.14 ± 0.3

Tricuspid annular e’ (cm/s) 0.12 ± 0.3

Tricuspid annular a’ (cm/s) 0.14 ± 035
subjects who represent a high risk population for develop-
ment of PAH and RV failure.
The choice of PSID measurements of right heart we

used in the present study has a solid rationale. Maximal
diameter and percent respiratory variation of IVC have
prognostic value in patients with PAH [12, 24], a recog-
nized complication of smoking habit, with the intermedi-
ate condition of COPD [5]. The diameters of the right
atrium and right ventricle are also used in the clinical
practice as markers of RA and RV dilation respectively [8].
We also generated a composite PSID score determining
the total amount of abnormalities for each measurement
according to cut-off values of current echo recommenda-
tions [8, 14] and comparing this PSID score to the purely
clinical simplified Boston score.
Among the examined parameters, IVC respiratory

variation and RV diameter did not differ between the two
groups, by using both PSID and standard echocardiog-
raphy. This is likely due to the very early assessment, well
before initial symptoms and signs associated with the
presence of PAH [12, 25, 26]. However, the evidence of
higher IVC size in regular smokers was strengthened by
the higher RA diameter. While it is difficult to attribute
the increased size of these two parameters to an early
increase of RA pressure, it is possible to conceive that
nicotine, as a venoconstrictor and sympatethic nervous
activator, could have induced central shifting of splanchnic
venous blood flow towards IVC and right atrium, causing
both to become plethoric. Chronic smokers can have a
sustained chronic increase in sympathetic nerve activity
due to blunted baroreflexes [27].
The PSID composite score, generated after using recog-

nized clear-cut abnormal values of the four chosen param-
eters (IVC size and respiratory reactivity, RA and RV
diameter) was significantly higher in regular smokers than
in controls. In contrast, the simplified Boston score did
Regular Smokers n = 153 P

20.6 ± 6.4 NS

26.6 ± 7.1 NS

1.59 ± 0.36 <0.0001

48.7 ± 10.6 NS

3.43 ± 0.57 <0.02

3.02 ± 0.47 NS

6.15 ± 0.77 NS

23.6 ± 3.99 NS

1.15 ± 0.44 NS

0.13 ± 0.2 NS

0.12 ± 0.3 NS

0.15 ± 0.35 NS



Fig. 2 IVC and RA size of regular smokers according to tertiles of cigarettes smoked per day. RA = Right atrial, IVC = Inferior vena cava
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not recognize any significant difference between the two
groups. By comparing Boston and PSID score in smokers
(at least 1 abnormal sign/parameter included in both the
scores), PSID showed a 44.9 % increase in the capacity of
detecting RH involvement in our regular smokers.
The simple physical exam has obvious limitations for

diagnosis of heart involvement in subclinical cardiac
diseases [28, 29]. A novel clinical approach including
the additional support of hand-held echocardiography
was already proposed [30–34] and refined combining
physical exam and PSID, by a purely visual, clear-cut
assessment of main parameters [10]. The present
study further extends these findings and the potential
indications for the use of PSID.
An additional finding of our study is provided by the

analyses we performed dividing the smoker population
according to tertiles of daily smoked cigarettes. These
analyses was done to highlight possible graduality effect
of smoking habit on PSID parameters. Both IVC and RA
diameter were larger in the third tertile, i.e. in smokers
of more than 20 cigarettes/day. These results, found also
by using standard echo machine, highlight further the well
known negative effect of cigarette smoking on cardiac and
Table 5 Intra-class correlation analysis between PSID and echo
standard measurement

Variable Intra-class Correlation
(rho)

95 % Confidence
Interval

Lower
bound

Upper
bound

IVC diameter (cm) 0.894 0.860 0.919

IVC percent variation 0.932 0.910 0.949

RA diameter (cm) 0.806 0.745 0.853

RV basal diameter (cm) 0.472 0.304 0.599
vascular structure [6]. They point out that this effect is
proportional to the intensity of nicotine exposure [27].
Globally, the results of the present study are reinforced

by the good intra- and inter-observer reproducibility of
PSID measurements and by the good intra-class relation
coefficients between PSID and standard echo measure-
ments of the right heart. These coefficients were very
good for all the quantitative parameters analyzed, with the
exception of RV diameter. The difficulty of obtaining a
definite border delineation of RV chamber size in apical
4-chamber view by using PSID can explain the weakness
of RV diameter using PSID.

Study limitations
The main limitation of the use of PSID in the explored
clinical context was the impossibility of obtaining a non
invasive estimation of tricuspid regurgitation gradient
and of pulmonary arterial pressure. This contributes to
differentiate substantially PSID from a standard echo
instrumentation. Accordingly, we a priori decided to
do not use the simple color assessment of tricuspid regur-
gitation in our composite PSID score. Although tricuspid
regurgitation can be visualized by color Doppler of PSID,
the diagnostic accuracy of PSID in distinguishing marginal
from clinically significant regurgitation has been found to
be poor [10, 20], mainly because of the fix pulse-repetition
frequency of PSID which debars an effective graduation of
valvular regurgitations.
Another limitation corresponds to the lack of any kind

of estimation of RV systolic function and of RA volume
by using PSID. Very recent 2015 echo recommendations
on chamber quantification encourage the use of RA
volume as the most reliable parameter of RA size [35].
However, volumes cannot be estimated by PSID and our
study was conceived before the publications of these new
recommendations.



Schiano-Lomoriello et al. Cardiovascular Ultrasound  (2015) 13:33 Page 6 of 7
The lack of data on lung function tests (e.g. spirometry)
and on biomarkers (BNP and/or pro-BNP), not performed
because of the screening nature of our asymptomatic
smokers, could have been useful to better refine the clinical
picture of these subjects and could be considered as a
further study limitation.

Conclusions
We demonstrate that the prompt technology of PSID
provides the ability of detecting RH involvement in regu-
lar asymptomatic smokers. These data are consistent
with an early RV longitudinal dysfunction observed in
young, asymptomatic smoker buy using standard echo
and strain rate imaging [36]. Changes of both IVC and
RA size found in our asymptomatic smokers could be
explained on the basis of the venoconstrictor effects of
nicotine, able to shift the venous blood flow towards the
right venous circulation, thus inducing a IVC overload.
PSID might be therefore proposed as an useful screening
tool in this clinical setting.

Competing interests
The authors declare thay they have no competing interests.

Authors’ contributions
VS-L and RE carried out the ultrasound PSID studies and drafted the manuscript,
CS carried out clinical data and drafted the manuscript, GdS designed and
revised the study, MG carried out standard echocardiograms, designed and
revised the study. All authors read and approved the final manuscript.

Author details
1Hypertension Research Center (CIRIAPA), Federico II University Hospital, Naples,
Italy. 2Department of Translational Medical Sciences, Federico II University
Hospital, Naples, Italy. 3Department of Advanced Biomedical Sciences, Federico
II University Hospital, Via S. Pansini 5,bld 1, Naples 80131, Italy.

Received: 25 April 2015 Accepted: 23 June 2015

References
1. Centers for disease control and prevention. Cigarette smoking among

adults – United States 2007. MMWR. 2008;57:1221–6.
2. Sarna L, Bialous SA, Sinha K, Yang Q, Wevers ME. Are Health care Providers

Still Smoking? Data From the 2003 and 2006/2007 Tobacco Use
Supplement-Current Population Surveys. Nicotine Tob Res. 2010;12:1167–71.

3. CDC. Smoking-attributable mortality, years and potential life lost, and
productivity losses – United States, 2000–2004. MMWR. 2008;45:1226–8.

4. European Commission. Attitudes of Europeans Towards Tobacco. Special
Eurobarometer 385 / Wave EB77.1 – TNS Opinion & Social (May 2012).
http://ec.europa.eu/public_opinion/index_en.htm.

5. Zakynthinos E, Daniil Z, Papanikolaou J, Makris D. Pulmonary hypertension
in COPD: pathophysiology and therapeutic agents. Curr Drug Targets.
2011;12:501–13.

6. Messner B, Bernhard D. Smoking and cardiovascular disease: mechanisms of
endothelial dysfunction and early atherogenesis. Arterioscler Thromb
VascBiol. 2014;34:509–15.

7. Voelkel NF, Quaife RA, Leinwand LA, Barst RJ, McGoon MD, Meldrum DR, et al.
Right ventricular function and failure: report of a National Heart, Lung, and
Blood Institute working group on cellular and molecular mechanisms of right
heart failure. Circulation. 2006;114:1883–91.

8. Lang R, Bieng M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al.
Recommendations for chamber quantification: a report from the American
Society of Echocardiography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the
European Association of Echocardiography, a branch of the European
Society of Cardiology. Eur J Echocardiogr. 2006;7:79–108.

9. Sicari R, Galderisi M, Voigt JU, Habib G, Zamorano JL, Lancellotti P, et al. The
use of pocket sixe imaging device: a position statement of the European
Association of Echocardiography. Eur J Echocardiogr. 2011;12:85–7.

10. Galderisi M, Santoro A, Versiero M, Lomoriello VS, Esposito R, Raia R, et al.
Improved cardiovascular diagnostic accuracy by pocket size imaging device
in non-cardiologic outpatients: the NaUSiCa (Naples Ultrasound Stethoscope
in Cardiology) study. Cardiovasc Ultrasound. 2010;8:51.

11. Di Bari M, Pozzi C, Cavallini MC, Kitzman DW, Innocenti F, De Alfieri W, et al.
The diagnosis of heart failure in the community. Comparative validation of
four sets of criteria in unselected older adults: the ICARe Dicomano Study.
J Am Coll Cardiol. 2004;44:1601–8.

12. Kircher BJ, Himelman RB, Schiller NB. Non invasive estimation of right atrial
pressure from the inspiratory collapse of the inferior vena cava. Am J
Cardiol. 1990;66:493–6.

13. Jue J, Chung W, Schiller NB. Does inferior vena cava size predict right atrial
pressures in patients receiving mechanical ventilation? J Am Soc
Echocardiogr. 1992;5:613–9.

14. Rudski LG, Lai WW, Afilalo J, Hua L, Hua L, Handschumacher MD, et al.
Guidelines for the echocardiographic assessment of the right heart in
adults: a report from the American Society of Echocardiography endorsed
by the European Association of Echocardiography, a registered branch of
the European Society of Cardiology, and the Canadian Society of
Echocardiography. J Am Soc Echocardiogr. 2010;23:685–713.

15. Innelli P, Esposito R, Olibet M, Nistri S, Galderisi M. The impact of ageing on
right ventricular longitudinal function in healthy subjects: a pulsed Tissue
Doppler study. Eur J Echocardiogr. 2009;10:491–8.

16. Galderisi M, Nistri S, Mondillo S, Losi MA, Innelli P, Mele D, et al. Working
Group of Echocardiography, Italian Society of Cardiology. Methodological
approach for the assessment of ultrasound reproducibility of cardiac
structure and function: a proposal of the study group of Echocardiography
of the Italian Society of Cardiology (Ultra Cardia SIC) part I. Cardiovasc
Ultrasound. 2011;9:26.

17. Cardim N, Fernandez Golfin C, Aubele A, Toste J, Cobos MA, Carmelo V, et al.
Usefulness of a new miniaturized echocardiographic system in outpatient
cardiology consultations as an extension of physical examination. J Am Soc
Echocardiogr. 2011;24:117–24.

18. Prinz C, Dohrmann J, van Buuren F, Bitter T, Bogunovic N, Horstkotte D,
et al. Diagnostic performance of handheld. echocardiography for the
assessment of basic cardiac morphology and function: a validation study in
routine cardiac patients. Echocardiography. 2012;29:887–94.

19. Michalski B, Kasprzak JD, Szymczyk E, Lipiec P. Diagnostic utility and clinical
usefulness of the pocket echocardiographic device. Echocardiography.
2012;29:1–6.

20. Culp BC, Mock JD, Chiles CD, Culp Jr WC. The pocket size echocardiograph:
validation and feasibility. Echocardiography. 2010;27:759–64.

21. Gianstefani S, Catibog N, Whittaker AR, Ioannidis AG, Vecchio F, Wathen PT,
et al. Pocket-size imaging device: effectiveness for ward-based transthoracic
studies. Eur Heart J Cardiovasc Imaging. 2013;14:1132–9.

22. Dijos M, Pucheux Y, Lafitte M, Réant P, Prevot A, Mignot A, et al. Fast track
echo of abdominal aortic aneurysm using a real pocket-ultrasound device
at bedside. Echocardiography. 2012;29:285–90.

23. Lisi M, Cameli M, Mondillo S, Luzzi L, Zacà V, Cameli P, et al. Incremental
value of pocket size imaging device for bedside diagnosis of unilateral
pleural effusions and ultrasound-guided thoracentesis. Interact Cardiovasc
Thorac Surg. 2012;15:596–601.

24. Austin C, Alassas K, Burger C, Safford R, Pagan R, Duello K, et al.
Echocardiographic assessment of estimated right atrial pressure and
sex predicts mortality in pulmonary arterial hypertension. Chest.
2015;147:198–208.

25. Bendjelid K, Romand JA, Walder B, Suter PM, Fournier G. Correlation
between measured inferior vena cava diameter and right atrial pressure
depends on the echocardiographic method used in patients who are
mechanically ventilated. J Am Soc Echocardiogr. 2002;15:944–9.

26. Brennan JM, Blair JE, Goonewardena S, Ronan A, Shah D, Vasaiwala S, et al.
Reappraisal of the use of inferior vena cava for estimating right atrial
pressure. J Am Soc Echocardiogr. 2007;20:857–61.

27. Middlekauff HR, Park J, Moheimami RS. Adverse effects of cigarette and non
cigarette smoke exposure on the autonomic nervous system. Mechanisms
and implications for cardiovascular risk. J Am Coll Cardiol. 2014;64:1740–50.

http://ec.europa.eu/public_opinion/index_en.htm


Schiano-Lomoriello et al. Cardiovascular Ultrasound  (2015) 13:33 Page 7 of 7
28. LokCE MCD, Ranganathan N. The accuracy and interobserver agreement
in detecting the gallop “sounds” by cardiac auscultation. Chest.
1998;114:1283–8.

29. Wray NP, Friedland JA. Detection and correction of house staff error in
physical diagnosis. JAMA. 1983;249:1035–7.

30. Spencer KT, Anderson AS, Bhargava A, Bales AC, Sorrentino M, Furlong K, et al.
Physician-performed point-of-care echocardiography using a laptop platform
compared with physical examination in the cardiovascular patient. J Am
CollCardiol. 2001;37:2013–8.

31. Tsutsui JM, Maciel RR, Costa JM, Andrade JL, Ramires JF, Mathias Jr W.
Hand-carried ultrasound performed at bedside in cardiology inpatient
setting - a comparative study with comprehensive echocardiography.
Cardiovasc Ultrasound. 2004;2:24.

32. Kimura BJ, Scott R, DeMaria AN. Accuracy and cost-effectiveness of
single-view echocardiographic screening for suspected mitral valve prolapse.
Am J Med. 2000;108:331–3.

33. Vourvouri EC, Poldermans D, Schinkel AF, Koroleva LY, Sozzi FB, Parharidis
GE, et al. Left ventricular hypertrophy screening using a hand held
ultrasound device. Eur Heart J. 2002;23:1516–21.

34. Giannotti G, Mondillo S, Galderisi M, Barbati R, Zacà V, Ballo P, et al.
Hand-held echocardiography: added value in clinical cardiologic assessment.
Cardiovasc Ultrasound. 2005;3:7.

35. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the american society of echocardiography and
the European Association of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2015;16:233–71.

36. Eroglu E, Avdin S, Yalniz F, Kalkan AK, Bayrak K, Degertekin M. Chronic
cigarette smoking affects left and right ventricular longitudinal function in
healthy young subjects: a Doppler myocardial imaging study.
Echocardiography. 2009;26:1019–25.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	Procedures
	Statistical analyses

	Results
	Discussion
	Study limitations

	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References



