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Bridging the gap: Hybrid cardiac echo in the critically ill
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oint-of-care ultrasound often includes cardiac ultrasound. It is commonly used to evaluate cardiac function in critically ill patients
but lacks the specific quantitative anatomic assessment afforded by standard transthoracic echocardiography (TTE).We developed
the Focused Rapid Echocardiographic Examination (FREE), a hybrid between a cardiac ultrasound and TTE that places an empha-
sis on cardiac function rather than anatomy. We hypothesized that data obtained from FREE correlate well with TTE while provid-
ing actionable information for clinical decision making.
METHODS: F
REE examinations evaluating cardiac function (left ventricular ejection fraction), diastolic dysfunction (including early mitral
Doppler flow [E] and early mitral tissue Doppler [E′]), right ventricular function, cardiac output, preload (left ventricular internal
dimension end diastole), stroke volume, stroke volume variation, inferior vena cava diameter, and inferior vena cava collapse were
performed. Patients who underwent both a TTE and FREE on the same day were identified as the cohort, and quantitative mea-
surements were compared. Correlation analyses were performed to assess levels of agreement.
RESULTS: A
 total of 462 FREE examinations were performed, in which 69 patients had both a FREE and TTE. FREE ejection fraction was
strongly correlated with TTE (r = 0.89, 95% confidence interval). Left ventricular outflow tract, left ventricular internal dimension
end diastole, E, and lateral E′ derived from FREE were also strongly correlated with TTE measurements (r = 0.83, r = 0.94,
r = 0.77, and r = 0.88, respectively). In 82% of the patients, right ventricular function for FREE was the same as that reported
for TTE; pericardial effusion was detected on both examinations in 94% of the cases. No significant valvular anatomy was missed
with the FREE examination.
CONCLUSION: F
unctionally rather than anatomically based hybrid ultrasound examinations, like the FREE, facilitate decision making for criti-
cally ill patients. The FREE's functional assessment correlates well with TTE measurements and may be of significant clinical
value in critically ill patients, especially when used in remote operating environments where resources are limited. (J Trauma Acute
Care Surg. 2016;81: S157–S161. Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: D
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C ardiac dysfunction can lead to life-threatening hemody-
namic instability and requires accurate, efficient evaluation.

The optimal modality to evaluate cardiac function remains con-
troversial.When further insight about a patient's cardiac function
is needed, a transthoracic echocardiography (TTE) is often
used.1,2 TTE offers a noninvasive, nonradiating, point-of-care
option for evaluating cardiac function.3 The information gained
from the traditional TTE offers excellent anatomic information
but is commonly reported in a manner that does not facilitate
clinical decision making (i.e., fluid responsiveness, need for
inotropes or vasopressors). Furthermore, the formal TTE has lo-
gistic limitations, such as requiring a technologist to perform the
examination and a cardiologist to interpret the examination.
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Decreased availability combined with delays in reporting of a
study can limit the utility of TTE in the intensive care unit
(ICU) setting.4 The limitations of TTE are especially ger-
mane in antiaccess, area-denial military conflicts where
threats may necessitate the provision of critical care in re-
mote locations with limited resources.

Standard interpretation of TTE reports important ana-
tomic information but may fail to identify or provide details re-
garding essential hemodynamic parameters. While ejection
fraction (EF) is consistently stated, additional hemodynamic
data are not included on a standard TTE. Specifically, the TTE
does not typically address overall intravascular volume status
or the inherent ability of the cardiovascular system to respond
to a fluid bolus with an increase in stroke volume (SV).5 This
is a highly relevant and necessary information for any provider
charged with caring for critically ill patients.

There is a movement in emergency medicine and critical
care as well as surgery toward use of point-of-care ultrasound
(POCUS).1,6–9 POCUS allows the bedside provider to indepen-
dently perform ultrasound examinations and to answer specific
questions regarding the status of the patient in real time, facilitat-
ing immediate decision making. This allows early diagnosis,
real-time development of treatment strategies, image-guided in-
terventions to be made, and progress to be tracked via repeat im-
aging. The prototype example of this is a Focused Assessment
with Sonography in Trauma (FAST) examination.10 This same
principle can be applied to cardiac physiology with regard to
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fluid bolus and inotrope or vasopressor use. POCUS is sup-
ported by The American Society of Echocardiography as well
as the American College of Emergency Physicians11and has
been shown to improve treatment of critically ill patients.12–15

Basic cardiac POCUS examinations address direct con-
cerns such as hypovolemia, cardiac function, presence of peri-
cardial effusion, tamponade physiology, and obvious valvular
abnormalities. More advanced examinations include Doppler
assessments of blood flow, dynamic assessments of cardiac con-
traction and relaxation, calculation of cardiac output (CO)/car-
diac index, pulmonary hypertension, and inferior vena cava
(IVC) collapsibility. At the R Adams Cowley Shock Trauma
Center in Baltimore, Maryland, a uniquely formulated quantita-
tive echocardiogram called a Focused Rapid Echocardiographic
Examination (FREE) is used. The FREE is the primary tool for
hemodynamic assessment at this busy trauma center. It is a hy-
brid of the POCUS cardiac echo and the anatomic assessment
of the TTE. It was designed specifically to address hemody-
namic status.1 The FREE includesmeasurements and calculations
found on TTE as well as SV, CO, cardiac index, IVC diameter
(IVCd), and change in internal jugular diameter with change in
position. These additional findings provide information on car-
diac function, diastolic dysfunction, and the inherent ability of
the heart to respond to a fluid bolus with an increase in SV.16

The FREE is performed by the bedside intensivist and
used primarily to guide management decisions regarding the
fluid resuscitation as well as addition of inotropes or vasopres-
sors or to confirm ongoing interventions. In previous studies,
the FREE examination has been deemed useful by the consult-
ing primary team for 95% of patients and results in a manage-
ment change 57% of the time.16 The FREE has been studied
in comparison with the pulmonary artery catheter, has been
found to have excellent agreement,17 and has essentially re-
placed the pulmonary artery catheter as a viable, noninvasive re-
suscitation tool in some centers.2,17,18

The FREE has significant potential as an adaptable, mo-
bile, low-cost diagnostic modality that can be used in a wide va-
riety of operational environments. We hypothesized that data
obtained from FREE correlates well with TTE in terms of ana-
tomic data, while providing additional functional cardiac data
that can be considered for clinical decision making.

PATIENTS AND METHODS

With institutional review board approval, a prospectively
collected database of all patients who underwent a FREE at a
shock trauma center was retrospectively reviewed. A 1-year
sample was selected from January 2013 to December 2013 for
evaluation. Patients who underwent both a FREE examination
and formal TTE on the same calendar day were included
(n = 69). All patients were surgical or trauma admissions. All
FREE examinations were performed on a portable cardiovascu-
lar ultrasound machine (Philips CX 50, Andover, MA) using a
phased array probe. The examinations were performed by
ultrasound-trained critical care physicians and interpreted by a
single surgical intensivist (S.B.M.). All TTE examinations were
performed and interpreted by the cardiology service. The final
imaging interpretations and measurements compared were EF,
left ventricular outflow tract (LVOT), left ventricular internal
S158
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diameter in diastole (LVIDd), E (E-wave, representing the early,
passive filling of the left ventricle on pulse wave doppler), and
lateral E′ (wave representing passive filling on tissue Doppler
imaging).

The FREE Examination
The FREE, as described earlier, is a hybrid of the point-of-

care examination and TTE. Similar to the TTE, the FREE re-
quires four standard views: the parasternal long (PSL),
parasternal short, four-chamber, and subxyphoid view. Within
these views, further hemodynamically relevant measurements
are made and interpreted in the context of the patient's clinical
status.1 In the PSL view, LVOT size is measured as well as
LVIDd. The contractility and global function of the left heart
can also be visualized in this view. By combining these measure-
ments with Doppler flow across the aortic valve in the four-
chamber view, SV can be obtained, thus providing CO and car-
diac index.17 The four-chamber view also provides visualization
of both the right and left heart for a qualitative assessment, as
well as measurement by tissue Doppler (E′) through the lateral
mitral annulus.Thismeasurementprovides assessmentof left heart
stiffness and the diastolic function of the heart. The subxyphoid
view provides visualization of the diameter of the IVC, which
can provide information regarding fluid status.1 Volume assess-
ments of the internal jugular vein are made using a high-
frequency transducer over the internal jugular vein in the neck.

Statistical Analysis
The covariance (correlation) between variables was calcu-

lated with the Pearson product moment correlation.19 Confi-
dence intervals (CIs) for correlations were calculated based on
Fisher's transformation. Bland-Altman plots were constructed
to evaluate the difference between paired variables versus their av-
erage.20 In addition, concordance correlation coefficients were
calculated to determine agreement between FREE and ECHO
(echocardiography) continuous data using the method of Lin.21

Concordance correlation coefficients offer the advantage of mea-
suring both precision and accuracy to determine how far the ob-
served data deviate from a line of perfect concordance. All tests
were performed in Stata version 11.2 (Stata Corp, College Sta-
tion, TX). A p < 0.05 was considered statistically significant.

RESULTS

Data consisted of 69 patients who underwent both a TTE
and FREE on the same calendar day from January 2013 to
December 2013. Sixty-one percent of the cohort was male,
and the average age was 63 years. No differences were noted in
sex, body surface area, or age between groups receiving a FREE
examination (from the entire FREE database) and those getting
both a TTE and FREE examination. This choice is most often cli-
nician preference. Each patient in the cohort had a traditional TTE
performed and interpreted by the cardiology service as well as a
FREE performed by a surgical intensivist or cardiac sonographer.

In the PSL view, the left heart was evaluated for LVOT size
and LVIDd. When comparing the FREE measurements with the
criterionstandard, theLVOTandLVIDdcorrelatedwellwithaPear-
son product moment correlation of r = 0.83 (p = 0.05; CI,
0.72–0.89) and r = 0.94 (p = 0.81; CI, 0.90–0.97). Bland-Altman
plots were constructed to evaluate the difference between the
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 1. Agreement between FREE versus ECHO for LVOT,
Pearson r = 0.83 (p = 0.05; CI, 0.72–0.89).

Figure 3. Agreement between FREE versus ECHO for E′.
Pearson r = 0.77 (p = 0.64; CI, 0.63–0.86).
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paired variables (Figs. 1 and 2). No fixed bias was detected, and
the level of agreement was satisfactory.

The four-chamber view provided information regarding
the diastolic dysfunction of the heart and was evaluated measur-
ing E and lateral E′. These parameters from the FREE correlated
strongly with the TTE (r = 0.77, p = 0.64, CI, 0.63–0.86;
r = 0.88, p = 0.26, CI, 0.59–0.84) (Figs. 3 and 4).

The left ventricular EF is expressed as a percent after
interpreting all views obtained in the FREE. The EF estimated
by the FREEwhen compared with that of the TTEwas evaluated
and showed excellent correlation as well as concordance with a
Pearson r of 0.89 (p = 0.84; CI, 0.82–0.93) (Fig. 5).

In the assessment of right ventricular function, aortic
valve anatomy and mitral valve anatomy were congruent in
82%, 83%, and 83% of the patients. No hemodynamically sig-
nificant valvular anatomy was overlooked (Fig. 6).

DISCUSSION

The results of this study show that a hybrid echo, such as
the FREE, provides an acceptable anatomic evaluation when
Figure 2. Agreement between FREE versus ECHO for LVIDd
Pearson r = 0.94 (p = 0.81; CI, 0.90–0.97).

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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compared with the criterion standard TTE. Comparable anat-
omy, in addition to the hemodynamic answers gained with hy-
brid echo, can translate to better patient care, especially in
medical scenarios involving prolonged field care, delayed evac-
uation, prolonged rotary and fixed wing evacuations, prolonged
entry operations by sea or air, and search and rescue of injured in
a hostile territory.

The FREE bridges the diagnostic gap left by standard
TTE, as its findings are hemodynamically interpreted, versus
identification of anatomic variants.1 The FREE is dually
equipped to provide both important pieces of information, and
this study lends evidence that it can do without compromising
accuracy. Previous studies have determined that POCUS can
be a useful tool for evaluating fluid status in both the ICU and
trauma setting.18,22

Assessment of volume status demonstrates the usefulness
of the hybrid echo, and volume measurements were compared
for accuracy in this study. One accepted surrogate for preload
is LVIDd. LVIDd, when interpreted along with IVCd, can indi-
cate whether a patient is euvolemic, hypovolemic, or fluid
Figure 4. Agreement between FREE versus ECHO for Lateral E′.
Pearson r = 0.88 (p = 0.26; CI, 0.59–0.84).
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Figure 5. Agreement between FREE versus ECHO for EF.
Pearson r = 0.89 (p = 0.84; CI, 0.82–0.93).

Figure 6. Agreement between FREE versus ECHO for right
ventricular dysfunction, presence of effusion, and valvular
anatomy.
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overloaded. The hybrid echo takes these measurements, interprets
them, and then places them in categories identifying patients as
being normal, underfilled, dysfunctional, or vasodilated. Once de-
termined, more dynamic measures included in the FREE, such as
SV variation and IVCd change, can provide insight into patients'
inherent volume responsiveness. The FREE reports these find-
ings as “likely” or “unlikely” volume responsive, ideally guiding
the clinician at the bedside.18,23,24 This information is immedi-
ately accessible to a clinician requesting the study or interpreted
at the point of care. Standard TTE does not afford clinicians this
insight or the immediate feedback to guide clinical management.
Ferrada et al.18 demonstrated that a quantitative echo performed
and interpreted by an intensivist is useful for evaluating cardiac
function. In this study, bedside evaluation performed by a
noncardiologist (a FREE) altered management in 57% of the pa-
tients. The most frequent change in management prompted by in-
terpretation of the FREE was fluid resuscitation, followed by
continued monitoring and diuresis.

Noncardiologist physicians performed the FREE exami-
nations in this study. These critical care specialists underwent
ultrasound training specifically directed toward bedside echo-
cardiography and were trained by certified echocardiographers.
As the applicability of point-of-care cardiac ultrasound–guided
resuscitation continues to be demonstrated, many educational
programs are seeking to define the optimal training curricula
for this technology, and the need for educational guidelines in
the critical care setting is clear.13,14 Ferrada et al.25 demonstrated
that limited TTE can be performed accurately by trauma attend-
ings with minimal training. Vignon et al.6 concluded that a
12-hour training program dedicated to noncardiologist residents
without ultrasound experience provided enough basic echocardiog-
raphy skills to provide competence of a basic bedside examination.
More information is needed to determine the training requirements
for performing quantitative examinations such as the FREE, but
for military providers preparing to deploy, obtaining training for
the FREE would be much more cost-effective than training for
TTE.At our institution, after performing a 1-month rotation, critical
care providers are able to obtain the required echocardiographic
views for the FREE and formulate a functional interpretation.
S160
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POCUS studies commonly use a basic examination and
ultrasound platform without cardiac capability. The FREE re-
quires advanced measurements and machine capable of
obtaining the requisite views. Not all institutions have a sophis-
ticated critical care ultrasound department with formal training
in echocardiography, and the capital expenditure may seem
daunting. However, our data argue that a noncardiologist can ac-
curately perform an advanced examination, thereby saving the
considerable expense of telemedicine and down-range or up-
range support from cardiologists.

Our study has several limitations. The time frames be-
tween examinations, while on the same calendar day, were not
standardized. Profound hemodynamic changes can transpire
over short intervals in an ICU, and our datawould be more accu-
rate if examinations had been closer temporally. In addition, we
perform echocardiography commonly in our center, and famil-
iarity with the technique is ubiquitous. This data are from a sin-
gle center, a noted limitation, and therefore, this level of
correlation may not be as likely in centers with less expertise.
While relying on a local expert for quality assurance and confir-
matory ultrasound interpretation, FREE examinations are most
often performed by critical care fellows or staff. Again, single-
center expertise not only may limit generalizability but also
speaks to the ability to train physicians to proficiency even
within the clinical demands of a busy hospital.

CONCLUSION

This study confirms that a hybrid cardiac echo such as the
FREE can accurately assess cardiac function and anatomy when
quantitatively compared with formal TTE. The unique feature of
the FREE is that it can assess a patient's hemodynamic status and
can provide additional information to guide the clinical manage-
ment of a critically ill patient. Accurate measurements can be ob-
tained by a noncardiologist, and these data can impact care.
Further studies are warranted to evaluate the use of the hybrid
echo on clinical outcomes and to identify the ideal protocols
for training and safe use. In a future operational environment
fraught with uncertainty and unique challenges, the FREE
stands as a portable, practical, and cost-effective diagnostic op-
tion for critically ill patients.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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