
INTRODUCTION

Echocardiography has been regarded as a ground area of the
cardiologist since the origin of this diagnostic method
nearly 50 years ago. Competence in echocardiography and
other ultrasound techniques is generally separated into four
distinct levels (Fig. 1). Emergency echocardiography repre-
sents only an entry level, the first very basic step in echo
competence, and it is considered to have a great potential in
the intensive care unit setting. Monitoring critical condi-
tions of haemodynamically unstable patients together with a
limited time factor can be a difficult task. Different from di-
agnostic echocardiography, a limited or focus assessment
echocardiography is devoted to answering very specific
clinical questions that are posed in response to a particular
differential diagnosis, using the minimum and most effi-

cient echo views and techniques. There are numerous
named goal focused examinations including FATE (Focus
Assessed Transthoracic Echocardiography), FEEL (Focused
Echocardiographic Evaluation in Life Support), FEER (Fo-
cused Echocardiographic Evaluation in Resuscitation Man-
agement), RUSH (Rapid Ultrasound for Shock and Hy-
potension), CAUSE (Cardiac Arrest Ultrasound Exam) and
BLEEP (Bedside Limited Echocardiography by Emergency
Physician), which differently describe examination se-
quences and limited scopes of interpretation (Faris et al.,
2009). The basis of these emergency protocols is quite simi-
lar to the FAST principle, which is well known in trauma
medicine (Beatty and Tayal, 2004). Emergency 2-di-
mensional echocardiography provides an excellent possibil-
ity to evaluate basic haemodynamic determinants, such as
preload, afterload, contractility, compliance and relaxation,
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Focus assessed echocardiography (FATE) provides an excellent possibility to evaluate basic
haemodynamic determinants, such as preload, afterload, contractility, compliance and relaxation,
by observing obvious pathology, assessing wall thickness and chamber dimensions, biventricular
function, and pleura, and relating the acquired information to the clinical situation. The goal of this
study was to evaluate the applicability of FATE protocol in cardiac ICU when it was performed by
inexperienced examiner. A total of 101 patients with acute myocardial infarction (AMI) were en-
rolled in the study. All AMI subjects were examined by two examiners with no previous experi-
ence in ultrasound using standard FATE protocol with addition of inferior vena cava (IVC) and
aortic views. Data collected by inexperienced examiners was compared with the data from echo-
cardiography performed by a cardiologist. We acquired a mean number of 5.75 ± 1.2 informative
echo windows for each patient of 7 used in protocol. Mean number of informative echo windows
acquired for one patient was greater in the non-smoker compared to no respiratory disease pa-
tient group (6.0 ± 1.2 vs 5.3 ± 1.8; p = 0.032). Quantitative echo measurements from inexperi-
enced examiners correlated with measurements conducted by a cardiologist: LVEDD (R = 0.74;
p < 0.01); IVSd (R = 0.71; p < 0.01); LVPWd (R = 0.61; p < 0.01). Substantial inter-observer
agreement was observed for evaluation of diastolic function (K = 0.68; p < 0.01) and presence of
pleural effusion (K = 0.76; p < 0.01).
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by observing obvious pathology, assessing wall thickness
and chamber dimensions, biventricular function, pleura and
relating the acquired information to the clinical situation.
The focus assessed transthoracic echocardiography (FATE)
protocol was developed to gather the above-mentioned in-
formation in a brief period of time and it can be applied to a
diverse ICU patient population. FATE is easily and quickly
learned and should meet the needs of those at the base of
the pyramid (Fig. 1). Echocardiography in the ICU is not
only a useful tool for analysing cardiac anatomy and func-
tion in patients with critical conditions, but it can also be a
life-saving tool in the form of echo-assessed interventions.
With the development of mobile, easily transportable echo
systems, the availability of echo in daily clinical practice
should increase further. An addition of transesophageal
echocardiography enabled the acquisition of images in clini-
cal situations when transthoracal views were non-infor-
mative, which is quite common in lung-tissue related com-
plications and postoperative patients in intensive care (Tsai,
2013).

The introduction of focus assessed transthoracic echocardi-
ography (FATE) protocols for intensive care specialists has
brought ultrasound into the first line in evaluating the criti-
cally ill patient. Unfortunately, there is still lack of trials
that can illustrate the effectiveness of FATE when it is per-
formed by inexperienced examiner, and comprehensive
guidelines for FATE implications that would describe the
boundaries of competence that are mandatory for intensive
care specialists. The goal of this study is to evaluate the ap-
plicability of FATE protocol in cardiac ICU when it is per-
formed by an inexperienced examiner.

MATERIALS AND METHODS

Study population. One hundred and one patients with AMI
(with symptoms from the onset of MI not more than 72
hours) were enrolled into the study. All of them were
treated at the Cardiology Intensive Care Unit of the Lithua-
nian University of Health Sciences Hospital from January
2014 to June 2014. The mean age of the study population
was 64.9 ± 12.9 years. Diagnosis of AMI was based on
standard clinical, electrocardiographical features and high-
sensitivity troponin I values. Factors associated with the pa-
tient that could influence image acquisition (age, body mass
index, history of smoking and respiratory diseases, mobil-
ity) were also evaluated by standard questionnaire. Written
informed consent was obtained from all patients, and the
study protocol was approved by the ethics centre of the hos-
pital.

Examiners. Two inexperienced examiners had an 8-hour
focus assessed ultrasound course with a practical part under
supervision of a cardiologist and intensive care specialist
with certification and experience in bed-side ultrasound.

FATE protocol. All AMI subjects were examined in the
Cardiology Intensive Care Unit by two examiners with no
previous experience in ultrasound using standard FATE
protocol (Holm et al., 2012) with an addition of inferior
vena cava and aortic views. Patients, if possible, were lo-
cated in supine position or on the left side. In case of sub-
optimal image quality the patients were turned 30° or 60° to
the left. Acquisition and evaluation of four basic echocar-
diographic views of FATE protocol (subcostal 4-chamber
(Fig. 2), apical 4-chamber (Fig. 3), parasternal long and

243Proc. Latvian Acad. Sci., Section B, Vol. 68 (2014), No. 5/6.

Fig. 1. Levels of competence in echocardio-
graphy as proposed by (Price et al., 2008).



short axis (Fig. 4), pleural (Fig.5)) as well as additional in-
ferior vena cava (Fig. 6) and aorta views were performed.
The number of acquired informative echocardiographic
windows was evaluated for all patients. Parasternal long
axis view was used to measure conventional echocardio-
graphic measurements (left ventricle end-diastolic diameter
(LVEDD), interventricular septum (IVSd) and left ventricle
posterior wall (LVPWd) end-diastolic diameters. Visual
evaluation of size (“normal“, “enlarged“) of four chambers
of the heart was performed. Diastolic function was evalu-
ated as “normal“, ”impaired relaxation”, “pseudonormal”or
“restriction” using pulse doppler mitral E/A wave ratio from
apical 4-chamber view. Presence of pericardium and pleura
effusions was evaluated using cardiac and pleural windows.
Data collected by inexperienced examiners was compared
with the data from echocardiography performed by a cardi-
ologist.

Statistical analysis. All statistical analysis was carried out
using the Software Package for Social Sciences (SPSS) ver-
sion 19.0 (SPSS, Chicago, IL, USA).

Continuous variables with normal distribution were ex-
pressed as means +-standard deviations (SDs). Continuous
variables were assessed using the paired sample Student’s t
test. For the echocardiographic measurements (LVEDD,
IVSd, LVPWd) data, correlation between inexperienced ex-
aminers and the cardiologists was examined by calculation
of Pearson’s correlation coefficient (R). Inter-observer
agreement between the inexperienced examiner and cardi-

ologist evaluations of heart chamber enlargement (“nor-
mal“, “enlargement“), presence of significant pericardium
and pleura effusions (“yes”, “no”) was examined using the
Kappa coefficient (K). A p value 0.05 was considered statis-
tically significant.

RESULTS

One hundred and one patients (24 women and 77 men) were
enrolled in the study. Patient age was 64.9 ± 12.9 years.

A mean number of 5.75 ± 1.2 informative echocardio-
graphic windows were acquired for each patient of 7 used in
protocol: subcostal (85.1%), IVC (85.1%), aortic (75.2%),
apical (83.1%), parasternal long (84.1%) and short (62.4%)
axis, pleura (100%) (Fig. 7).

Mean number of informative echocardiographic windows
acquired for each patient was greater in non-smokers com-
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Fig. 2. Subcostal 4-chamber view (adapted from
http://www.fate-protocol.com/ with permission by Eric Sloth). LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Fig. 3. Apical 4-chamber view (adapted from
http://www.fate-protocol.com/ with permission by Eric Sloth). LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Fig. 4. Parasternal long (A) and short (B) axis views (adapted from
http://www.fate-protocol.com/ with permission by Eric Sloth). Ao, ascend-
ing aorta; LA, left atrium; LV, left ventricle; RV, right ventricle.

Fig. 5. Pleura view and transducer positions (adapted from
http://www.fate-protocol.com/ with permission by Eric Sloth). Positions:
1, subcostal; 2, apical; 3, parasternal; 4, pleural.

Fig. 6. Inferior vena cava view (adapted from
http://www.fate-protocol.com/ with permission by Eric Sloth). IVC, infe-
rior vena cava; RA, right atrium.



pared to that of the no-respiratory disease patient group (6 ±
1.2 vs 5.3 ± 1.8; p = 0.032). No statistically significant dif-
ference was observed when comparing obese vs normal
body mass index (p > 0.05) and mobile vs static patient
groups (p > 0.05).

Quantitative echocardiographic measurements from inexpe-
rienced examiners correlated with measurements made by a
cardiologist: LVEDD (R = 0.74; p < 0.01); IVSd (R = 0.71;
p < 0.01); LVPWd (R = 0.61; p < 0.01).

Substantial inter-observer agreement between inexperienced
examiners and cardiologist was observed when evaluating
diastolic function (K = 0.68; p < 0.01) and presence of pleu-
ral effusion (K = 0.76; p < 0.01). Only slight agreement be-
tween inexperienced examiners and cardiologist was ob-
served when evaluating heart chamber enlargement (K =
0.12; p < 0.01).

DISCUSSION

Acquisition of significant number informative echocardio-
graphic windows is first very important step of evaluating
haemodynamically instable patients. Our data suggest that
simplicity and effectiveness of FATE protocol enables the
examiner to obtain a sufficient number of echocardio-
graphic windows for one patient. Therefore, one of the first
studies associated with FATE protocol illustrates that one or
more informative echocardiographic windows were ob-
tained in 97% of patients (Jensen et al., 2004). A lesser
number of acquired parasternal short axis windows, which
are useful for eye-bulling segmental contraction of left ven-
tricle and observation of paradoxical interventricular sep-
tum movement during pulmonary embolism, may not be the
serious limitation, because this information usually could be
fully derived from other echocardiographic windows. There
are also not many intensive care unit and patient associated
factors that may seriously impair image acquisition. Ac-
cording to our findings, only patient respiratory system fac-
tors (smoking, documented lung-tissue associated diseases)
significantly impaired image acquisition in the cardiac in-

tensive care unit. However, the environment of general in-
tensive care unit and cardiothoracic surgery intensive care
unit may present a more diverse set of patient and environ-
mental factors, such as mechanical ventilation, sitting posi-
tion, chest trauma, pneumothorax and pleural drains. A
study by Jakobsen CJ et al. evaluated image acquisition
during the postoperative period of aortic valve replacement
surgery, and showed that sufficient quality images were ob-
tained from 100% of patients before operation, 88% of pa-
tients on the first postoperative day and in 97% at discharge
(Jakobsen et al., 2007). Despite the postoperative factors
that interfere with image quality, such as pleural air and
drains, evaluation using FATE protocol can support the in-
formation acquired using invasive and clinical monitoring,
both in preoperative and postoperative periods (Jakobsen et

al., 2007).

Interpretation of images acquired and specific measure-
ments is the next step, which requires a set of echocardio-
graphic knowledge and experience in focus assessed ultra-
sound. Visual evaluation of heart chamber enlargement by
inexperienced examiners had only slight agreement with
cardiologist quantitative evaluation, and thus quantitative
measurement of various echocardiographic dimensions
could be a more useful approach for inexperienced examin-
ers when evaluating dilation of heart chambers and wall
thickness. On the other hand, our study included only pa-
tients with acute myocardial infarction, where significant
enlargement of chambers is not a common finding. The fea-
sibility of FATE protocol when evaluating ejection fraction
and left ventricle function was shown previously (Moore et

al., 2002). Another study showed that limited training (a 3-h
training course and 5 h of hands-on training) of non-cardio-
logists ICU residents without previous knowledge in ultra-
sound appeared to be a feasible and efficient way to solve
simple clinical questions using focus assessed echography
(Vignon et al., 2007).

Emergency department patients with non-traumatic causes
of hypotension have a high mortality rate and accurate etio-
logical factor identification that is critical for the optimal
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Fig. 7. Percentage values of acquired
protocol windows in each position.



choice of treatment is a difficult task for a physician (Moore
et al., 2002; Jones et al., 2004). The difficulty of predicting
patient haemodynamics accurately based solely on clini-
cal evaluation is well documented (Eisenberg et al., 1984).
One of the goals of emergency protocols is to evaluate ma-
jor haemodynamic determinants, and well-timed evaluation
may contribute to correct clinical response to the situation.
Elements of significant importance to the clinician at the
bedside include the assessment of left ventricle (LV) func-
tion, evaluation of the patient's volume status, and the pres-
ence or absence of pericardial effusion and/or tamponade
physiology (Artntfield and Millington, 2012). Substantial
inter-observer agreement when evaluating pericardial effu-
sion shows that focus assessed protocols may contribute
significantly for differential diagnosis, even when it is per-
formed by inexperienced examiner. Commonly used focus
assessment echocardiography protocols include views that
are suitable for detection of pericardial effusion and it may
greatly supplement unreliable clinical findings (Levine et

al., 1991; Mandavia et al., 2001), but appropriate training of
physicians is needed to assess the contribution of existing
pericardial effusion to the haemodynamic instability, be-
cause even large effusions may not be associated with pa-
tient haemodynamic collapse. On the other hand, where im-
aging is limited, small but haemodynamically significant
effusions may be missed (Price et al., 2008).

Systematic and comprehensive opinion that ultrasono-
graphy skills should become an essential part of emergency
and intensive care physician training programmes is also
well established and basic skills are easy to learn. Recent
developments also open a huge field for further research
about which clinical conditions could be diagnosed with
echocardiography protocols with great feasibility and mini-
mal false negative deviations by a non-cardiologist with
sufficient training in the field. There is still lack of compre-
hensive guidelines for focus assessed ultrasound implica-
tions in intensive care that would describe the boundaries of
competence that are mandatory for intensive care or emer-
gency physicians.

REFERENCES

Arntfield, R. T., Millington, S. J. (2012). Point of care cardiac ultrasound ap-
plications in the emergency department and intensive care unit: A review.
Curr. Cardiol. Rev., 8 (2), 98–108.

Beatty, M. A., Tayal, V. S., Marx, J. A., Tomaszewski, C. A., Thomason, M.
H. (2004). FAST (focused assessment with sonography in trauma) accurate
for cardiac and intraperitoneal injury in penetrating anterior chest trauma.
J. Ultrasound Med., 23 (4), 467–472.

Eisenberg, P. R., Jaffe, A. S., Schuster, D. P. (1984). Clinical evaluation
compared to pulmonary artery catheterization in the hemodynamic assess-
ment of critically ill patients. Crit. Care Med., 12 (7), 549–553.

Faris, J. G., Veltman, M. G., Royse, C. F. (2009). Limited transthoracic
echocardiography assessment in anaesthesia and critical care. Best Pract.

Res. Clin. Anaesthesiol., 23 (3), 285–298.

Holm, J. H., Frederiksen, C. A., Juhl-Olsen, P., Sloth, E. (2012). Peri-
operative use of focus assessed transthoracic echocardiography (FATE).
Anesth. Analg., 115 (5), 1029-1032.

Jakobsen, C. J., Torp, P., Sloth, E. (2007). Perioperative feasibility of imag-
ing the heart and pleura in patients with aortic stenosis undergoing aortic
valve replacement. Eur. J. Anaesthesiol., 24 (7), 589–595.

Jensen, M. B., Sloth, E., Larsen, K. M., Schmidt, M. B. (2004). Transthoracic
echocardiography for cardiopulmonary monitoring in intensive care. Eur.

J. Anaesthesiol., 21 (9), 700–707.

Jones, A. E., Stiell, I. G., Nesbitt, L. P., Spaite, D. W., Hasan, N., Watts, B.
A., Kline, J. A. (2004). Nontraumatic out-of-hospital hypotension predicts
inhospital mortality. Ann. Emerg. Med., 43 (1), 106–113.

Levine, M. J., Lorrell, B. H., Diver, D. J., Come, P. C. (1991). Implications of
echocardiographically assisted diagnosis of pericardial tamponade in con-
temporary medical patients; detection before hemodynamic embarrass-
ment. J. Amer. Coll. Cardiol., 17 (1), 59–65.

Mandavia, D. P., Hoffner, R. J., Mahaney, K., Henderson, S. O. (2001). Bed-
side echocardiography by emergency physicians. Ann. Emerg. Med., 38

(4), 377–382.

Moore, C. L., Rose, G. A., Tayal, V. S., Sullivan, D. M., Arrowood, J.
A., Kline, J. A. (2002). Determination of left ventricular function by emer-
gency physician echocardiography of hypotensive patients. Acad. Emerg.

Med., 9 (3), 186–193.

Price, S., Nicol, E., Gibson, D. G., Evans, T. W. (2006) Echocardiography in
the critically ill: current and potential roles. Intensive Care Med., 32 (1),
48–59.

Price, S., Via, G., Sloth, E., Guarracino, F., Breitkreutz, R., Catena,
E., Talmor, D. (2008). Echocardiography practice, training and the accredi-
tation in the intensive care: document for World Interactive Network Fo-
cused on Critical Ultrasound (WINFOCUS). Cardiovasc Ultrasound, 6

(10), 49.

Tsai, S. K. (2013). The role of transesophageal echocardiography in clinical
use. J Chin Med Assoc., 76 (12), 661–672.

Vignon, P., Dugard, A., Abraham, J., Belcour, D., Gondran, G., Pepino,
F., Marin, B., François, B., Gastinne, H. (2007). Focused training for
goal-oriented hand held echocardiography performed by noncardiologist
residents in the intensive care unit. Intensive Care Med., 33 (10),
1795–1799.

246 Proc. Latvian Acad. Sci., Section B, Vol. 68 (2014), No. 5/6.

FOKUSÇTÂ EHOKARDIOGRÂFIJA, KO SIRDS ÍIRURÌIJAS INTENSÎVÂS TERAPIJAS NODAÏÂ VEIC NEPIEREDZÇJUÐI
SPECIÂLISTI

Fokusçtâ ehokardiogrâfija (EhoKG) ir lieliska metode, lai izvçrtçtu galvenos hemodinamikas râdîtâjus: sirds priekðslodzi, pçcslodzi, mio-
karda kontraktilitâti, tâ spçju iestiepties un atslâbt, miokarda sieniòas biezumu, sirds kambaru izmçrus un funkciju, kâ arî novçrtçt pleiras
telpu, iegûto informâciju piemçrojot konkrçtai klîniskai situâcijai. Pçtîjuma mçríis bija novçrtçt fokusçtâs EhoKG iegûtos datus, to veicot
nepieredzçjuðam speciâlistam sirds íirurìijas intensîvâs terapijas nodaïâ. Pçtîjumâ iekïauts 101 pacients ar akûtu miokarda infarktu, kuriem
divi speciâlisti bez iepriekðçjas pieredzes ultrasonogrâfijas izmeklçðanâ veica fokusçto EhoKG pçc standarta protokola, papildus izmantojot
apakðçjâs dobâs vçnas un aortâlos skatu logus. Iegûtie dati tika salîdzinâti ar profesionâla ehokardiogrâfista fokusçtâs EhoKG izvçrtçjumu.
Katram pacientam tika iegûti 5,75 ± 1,2 informatîvi EhoKG skatu logi no iespçjamiem septiòiem. Tos labâk izdevâs redzçt nesmçíçtâjiem
un pacientiem bez respiratorâ trakta saslimðanâm (6.0 ± 1,2 vs 5,3 ± 1,8; p = 0,032). Kvantitatîvie EhoKG mçrîjumi, kurus veica
nepieredzçjis ITN speciâlists, korelçja ar tiem, kurus veicis pieredzçjis EhoKG kardiologs: kreisâ kambara beigu diastoliskais diametrs
LVEDD (R = 0,74; p < 0,01); starpkambaru defekts IVSd (R = 0,71; p < 0,01); kreisâ kambara mugurçjâs sienas izmçrs LVPWd (R = 0,61;
p < 0,01). Lîdzîgi dati tika iegûti arî, izvçrtçjot diastolisko funkciju (K = 0,68; p < 0,01) un ðíidrumu pleiras telpâ (K= 0,76; p < 0,01).
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