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By Dr M Gustafsson

pocket ultrasound devices in heart failure: a useful tool 
for the identification of high risk individuals
In this article we discuss how miniaturized hand-held ultrasound devices can 
be used to identify subgroups of patients with severe heart failure who have 
a much higher risk of death or of being hospitalized within a period of less 
than two years.  The focus of the article is to demonstrate the importance of 
visualizing lung congestion using a quick, easy to learn, method.

BAckGroUNd: 
The diagnosis of heart failure can be defined as the pres-
ence of typical symptoms in conjunction with findings 
of cardiac dysfunction which explain the symptoms [1]. 
The condition is common in the general population, with 
an overall prevalence of about 2%,  which increases  with 
increasing age. 

The disease is often chronic and requires life-long medica-
tion as well as use of implantable defibrillators and/or resyn-
chronization devices to prolong life and relieve symptoms. 

Heart failure is also a dangerous condition with a high 
mortality. Both the burden of the symptoms and the degree 
of heart dysfunction are predictors of the risk of mortality [2].  

Typically, a physical examination is used in combina-
tion with laboratory data to follow the well-being of the 
patient and to guide therapy. As supporting techniques for 
such decision-making, imaging modalities such as chest 
X-ray, echocardiography and more recently, cardiac MRI 
are used routinely. 

However, such clinical assessment is plagued by the draw-
back of low precision in the confirmation or ruling-out of 
heart failure as a cause of symptoms [3]. In addition, the 
assessment of  cardiac function e.g.  by assessing  ejection 
fraction using  echocardiography or MRI does not correlate 
very closely with symptoms. Chest x-ray is of limited value in 
these patients and is no longer recommended for follow-up 
of heart failure. One hallmark of heart failure is  an increase 
in filling pressures to the heart leading to pulmonary conges-
tion or peripheral edemas, depending on whether a left- or 
right-heart chamber dysfunction predominates. 

Whereas congestion contributes to the well-known symp-
toms of heart failure, namely dyspnea, peripheral edemas 
and cyanosis as well as to clinical findings such as pulmo-
nary rales, increased respiratory rate, neck vein distention 
and more, it is notoriously difficult, even for an experienced 
physician, to correctly diagnose heart failure [4]. 

ULTrAsoUNd ExAMINATIoN of ThE LUNG  
cAvITY IN hEArT fAILUrE
For years  now the technique of ultrasound has been used 
to demonstrate pleural effusions as well as to guide their 
drainage. In fact, the lungs have been seen more as an 
obstacle for a successful ultrasound examination the heart. 
While the healthy lung does not lend itself to tissue imag-
ing due to its air content, its surface can readily be visual-
ized. The finding of visible lung surface sliding rules out 
pneumothorax at that particular location [5]. 

While the air content of the healthy lung is high, in 
many diseased states fluid replaces the air in the lung tis-
sue. In such cases, ultrasound diagnostics may be helpful 
to guide the clinician to a correct diagnosis. 

With regard to heart failure, ultrasound examination 
of the lungs has been shown to be able to reliably detect 
— and with high sensitivity —  the presence of interstitial 
edema. Ultrasound data correlate very well with other 
methods for the assessment of interstitial lung water such 
as CT-scans or lung impedance measurements 

Pulmonary hyper-hydration may arise from a number 
of causes [Table 1] and the findings must therefore be put 
into an appropriate context related to the clinical environ-
ment in order to correctly interpret the findings. 

ThE “coMET TAIL” ArTIfAcT (cTA)
Also known as B-lines (not to be confused with the well-
known radiological term Kerley B lines), comet tail artifacts 
(CTA) present as bright stripes that in ultrasound images, 
appear, move and disappear with the respiratory movement 
of the lung [6], [Figure 1]. CTAs occur in the vast majority 
of patients with pulmonary edema, regardless of its cause. 
Placing the ultrasound probe perpendicular to the chest wall 
in an intercostal space, immediately shows many CTAs in 
patients with lung congestion. CTAs can commonly be seen 
even when rales are not heard or have not yet been developed 
in the clinical exam. Typically CTA disappear after treatment 
with diuretics.    

However, it should be noted that while in most cases 
CTAs represent increased interstitial lung fluid in a heart 
failure population, they are also seen in certain diseases of 
the lung [7].
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LEArNING how To pErforM  
ULTrAsoUNd scANs of ThE LUNG
Fortunately, it is very easy to learn how 
to carry out a basic assessment for pul-
monary edema. In fact, as suggested by its 
description as “the kindergarten of ultra-
sound” [8], most healthcare professionals 
can learn how to carry out the procedure 
in a short time. 

After this basic technique has been  
mastered, the demonstration of pleural 
effusion, which is  another hallmark sign of 
heart failure, is admittedly somewhat more 
difficult but nevertheless still reasonably 
easy for beginners to learn as the experi-
ence in our clinic shows. 

hANd-hELd ULTrAsoUNd
The purely clinical evaluation of patients is 
neither sensitive nor specific for the diag-

nosis of congestion.  Any improvement in 
diagnostic procedures  is therefore more 
than welcome. One trend that looks to have 
high potential in this context is the minia-
turization of electronic ultrasound devices.

In recent years, hand-held ultrasound  
devices have seen significant development. 
(In fact the Vscan device from GE Helath-
care was ranked by the prestigious Time 
Magazine as being the 14th most important 
invention when it was launched in 2009). 
It has given rise to much attention ever 
since.  The number of papers published in 
the medical literature describing the use 
of hand-held ultrasound devices currently 
stretches to several hundred. 

A principal advantage of hand-held ultra-
sound systems is of course their portability 
— they can be used almost anywhere. The 
diagnostic performance of these devices is 

excellent, and they give surprisingly good 
image quality. In addition there is a strong 
correlation between results obtained with 
hand-held devices and those from high-end 
ultrasound machines in some (but not all)  
clinical settings.

oUr ExpErIENcE: ThE IMporTANcE of 
LUNG coNGEsTIoN IN hEArT fAILUrE 
In a cohort of 104 patients selected from 
our outpatient heart failure clinic, we 
acquired  ultrasound recordings from five 
positions on the chest, representing the 
thoracic surface projection of each major 
lung lobe [Figure 2]. The dorsal lower chest 
was also scanned for the presence of pleural 
effusion. All data were obtained using a 
hand-held device (Vscan, GE Healthcare). 
All patients were in the process of phar-
macological up-titration to reach the treat-
ment goals as described in current Euro-
pean guidelines for heart failure [1].

In this ambulatory population, 27% of 
the patients showed visible CTAs on their 
lung scans, and 8% had pleural effusion. 
At follow-up (median time 530 days), it 
was found that patients with CTA and/
or pleural effusion clinically fared much 
worse than patients without such findings, 
with there being a 3-4 fold increased risk 
of death or hospitalization [9]. Impor-
tantly, this prognostic difference between 
the groups of patients, (namely those with 
CTA and/or pleural effusions and those 
without) remained significant even if other 
major known prognostic indicators were 
corrected for. It thus appears that the pres-
ence of CTA and the assessment of pleural 
effusion bring valuable additional prognos-
tic information to the clinical evaluation of 
heart failure patients. 

who shoULd cArrY oUT  
ThE  LUNG scANs ?
In another study, we investigated the 
hypothesis that nurses, who were previ-
ously inexperienced in ultrasound diagnos-
tics, could nevertheless satisfactorily carry 
out lung scans with reasonable accuracy 
after only a relatively a short (4 hour) intro-
duction to, and training in the technique. 
The reason for choosing nurses specialized 
in heart failure in the current study was 
that, in our clinic the majority of visits for 
clinical evaluation and for the up-titration 

FigUre 1.  The left panel shows two typical comet tails separated by a darker area. During examination these 
move with respiration in a characteristic way. 
The right panel shows an image of the pleural cavity containing large amounts of pleural effusion (black area).

TaBle 1 Some causes of extravascular lung water. 
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of medication to reach treatment goals were 
already nurse-based. 

In our study, the inter-observer agreement 
in CTA quantification reached a substantial 
level (Kappa 0.7) between novice and expert 
after only a short introductory course [10].

While a short introduction to the tech-
nique may be sufficient to enable novice 
health professionals to carry out satisfactory 
lung ultrasound scanning, more intensive 
training can— as might be expected — fur-
ther improve diagnostic performance. For 
the evaluation of heart failure congestion, 
the clear benefit of  such additional training 
was the added ability to estimate the size and 
respiratory variation of the vena cava inferior 
(VCI), a central clue to estimate the filling 
pressures to the right atrium. In practice we 
found that approximately 20-25 individual 
examinations of  v cava inferior were needed 
before reliable recordings of the VCI could 
be obtained routinely. 

coNcLUsIoN
Echocardiography is a cornerstone in the 
diagnostic workup of heart failure and the 
technique is sufficiently well  developed 
to enable analysis of most aspects of heart 
function. However, in addition to the issues 
of cost, another disadvantage of echocar-
diography is that it can take a long time to 
learn and master the practical technique. 
Moreover, even if accurately measured, data 
on cardiac function such as ejection fraction 
correlate poorly with patient symptoms. The 
difficulties in quantifying cardiac function 
by echocardiography for comparative serial 
assessments are well known.

In this context, the assessment of the 
congestive consequences of heart failure as 
an adjunct to such techniques may add fur-
ther information and may provide a closer 
association with variations in symptoms. 
In contrast to echocardiography, the pres-
ence of CTA is a semi-quantitative finding 
that is either “present or not” and marks the 
transition between a non-congestive and a 
congestive state. As such, it is also easier to 
compare results with prior findings. 

The use of hand-held ultrasonic exami-
nation techniques for the assessment of lung 
and the pleural cavity may therefore be a 
reasonable, simple and beneficial method in 
the evaluation of patients with heart failure. 
The existence of signs of lung congestion 
identifies patients with increased mortality 
and morbidity, so creating an opportunity to 
better identify such high risk patients. Lung 
scans can also be performed after relatively 
short training periods for the ultrasonogra-
pher, but their value will be even greater as 
experience increases.

While other papers (e.g. [11]) in the pub-
lished literature show that short educational 
training courses are sufficient to enable 
echocardiograms with hand-held devices 
for estimating left ventricular function to 
be carried out with reasonable accuracy, it is 
evident that the smaller device does not per 
se make an ultrasound examination such 
as an echocardiogram easier to interpret. 
Much attention has therefore been directed 
as to who exactly should use these devices. 
For cardiac evaluation, a dedicated e-learn-
ing site for certification is available [12].

In contrast to echocardiography, the use 
of hand-held ultrasound to assess CTAs or 
pleural effusion is not only particularly easy 
to learn, but, in addition, has the advantage 
that such identification of the presence of 
CTAs in the lung scans can provide impor-
tant information on the prognosis of the 
patient. Even after adjustment for known 
predictors of heart failure prognosis such as 
natriuretic peptides this conclusion remains.  

ThE fUTUrE
In addition to their excellent portability, cur-
rently available hand-held devices provide a 
useful access to ultrasound at low cost. The 
systems do not however add functionalities 
that are not provided on high end equip-
ment. In fact the reverse is true, with instead 
simplicity of use being the sole additional 
feature. Recently, algorithms for automated 
assessment and quantification of CTA have 
been developed and have shown promis-
ing results [13]. Moreover, automated heart 

motion algorithms have also been devel-
oped for these devices [14]. If such algo-
rithms are incorporated into future devices, 
variability may be reduced and diagnostic 
precision improved. 

While the cost of hand-held ultrasound 
equipment is already much lower than ever 
before, it can be expected that in the future 
such devices will cost even less, thus making 
the technique available to an even broader 
range of healthcare professionals and medical 
students as a personal companion/competi-
tor or equivalent to the stethoscope. Hand-
held ultrasound devices are not only suitable 
for heart failure patients, but they can also 
be used as a general diagnostic purpose tool. 

In our department hand-held ultrasound 
lung scanning is now routine, which we see 
as an indicator of the future applicability of 
the use of hand-held ultrasound devices. 
It is our opinion that such tools should be 
made available to all students in the basic 
curriculum of their medical training. 
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FigUre 2. Probe positions used in the current study .
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