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EDITORIAL

Point-Of-Care Cardiac Ultrasound: is it time for
anesthesiologists to embrace and achieve competence?

That will never come into clinical practice, and | am
extremely doubtful because its clinical applications
require much time and give a good bit of trouble both to
the patient and practitioner.

J. Forbes — Preface for Laennec’s Treatise, 1823

The statement above refers to the introduction of the
stethoscope in clinical practice at the beginning of the 19th
century. It shows that every new technology needs to over-
come barriers before its acceptance. Point-Of-Care Ultra-
sound (POCUS) is a diagnostic modality adopted by several
specialties to help in the clinical evaluation of the patient
and the performance of several procedures. It has been
familiar in anesthesiology for a long time due to its role in
facilitating venous accesses and regional blocks.’

Given the inherent safety, portability, and relative cost-
effectiveness of POCUS compared to other imaging modali-
ties, it is unsurprising that this diagnostic tool is increasingly
getting attention in modern medical practice. The advent of
compact and versatile devices with enhanced image quality
and sophisticated features” — such as color, pulsed, and
continuous wave Doppler — has further advanced this trend.
For the anesthesiologist, it is crucial to comprehend the
wide range of POCUS applications,® covering cardiac, pulmo-
nary, gastric, abdominal, neurological, and airway assess-
ments. Such understanding facilitates the selection of the
appropriate modality, thereby optimizing patient manage-
ment and outcomes in the clinical scenario at hand.

Cardiac Point-Of-Care Ultrasound (C- POCUS) has the gen-
eral characteristics of other POCUS modalities (qualitative
assessment, simple execution) with the main objective of
helping the diagnosis and assisting in situations of hemody-
namic instability.* Based on a defined list of diagnoses, C-
POCUS can reliably detect or exclude the presence of car-
diac tamponade, myocardial ischemia, ventricular failure,
hypovolemia, gross valvular pathologies, pulmonary embo-
lism, and unexplained hypoxia. It can also be used in cases
of circulatory arrest® to evaluate and guide cardiopulmonary
resuscitation. It is essential to emphasize the enormous

https://doi.org/10.1016/j.bjane.2023.06.001

Check for
updates

difference between C-POCUS and a formal transthoracic
echocardiogram.® Although both use cardiac ultrasonogra-
phy, a formal echocardiogram is a much more comprehen-
sive and sophisticated diagnostic modality, requiring
extensive training and following well-defined guidelines for
acquiring, interpreting, and reporting exams’ contrary to a
focused qualitative assessment.

This issue of the Brazilian Journal of Anesthesiology dis-
cusses C-POCUS to assist hemodynamic monitoring, which is
one of the pillars for indicating its clinical use. Souza et al.®
used the suprasternal window to obtain the velocity time
integral (VTI) of the descending thoracic aorta as a surrogate
of cardiac output and compared it with the conventional
method of measurement obtained through the apical win-
dow. Their findings not only suggest a good correlation
between windows, but also that the proposed technique can
be learned with relative ease to be applied in the daily anes-
thetic practice. Despite being a small study, it highlights the
desired characteristics of the POCUS exam: quickness and
reliability to assist in the clinical decision-making process. In
other words, questions such as “Is this low output state
caused by hypovolemia (and a fluid challenge is warranted)
or by ventricular failure (in which case a fluid challenge not
only is the wrong answer but also potentially harmful)?” can
be answered swiftly and more accurately.

In another article, Roy et al.® discuss the variation of the
inferior vena cava (IVC) diameter through the Collapsibility
Index (Cl) obtained by imaging it in the subcostal view trying
to predict the occurrence of hypotension following spinal
anesthesia. Despite the absence of correlation between the
Cl and the percentage decrease in the mean blood pressure
(due to gaps in IVC ultrasound interpretation such as cardiac
function, thoracic and abdominal pressure, blood volume,
and vessel compliance),’ the article also discusses and
alerts the anesthesiologist about integrating several POCUS
modalities (cardiac, vascular, and pulmonary) to obtain a
complete assessment of the patient’s hemodynamic sta-
tus.”” Such strategy seems to be especially useful when
there is a multifactorial mechanism of hemodynamic

0104-0014/© 2023 Published by Elsevier Espafa, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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instability, including multiple types of circulatory shock at
the same time. POCUS may help providers to individualize
each patient’s pathophysiology and guide the most appropri-
ate strategy in order to normalize tissue perfusion.

Even though it is widely used across various medical
fields, the opportunities for POCUS training and the require-
ments for achieving proficiency and certification show con-
siderable disparity between specialties. In anesthesiology,
this variability is particularly pronounced. There is a press-
ing need for formal training curriculum within most medical
residency programs, both in and outside Brazil. Additionally,
rigorous evaluation and certification processes are essential
to ensure appropriate proficiency in this critical skill.?

Regarding the general POCUS curriculum’® and the spe-
cific domain of C-POCUS,”"? it is anticipated that anesthesi-
ologists in training demonstrate the ability to: '

1) Recognize the clinical indication of the test: resuscita-
tion, hemodynamic monitoring, and assistance in per-
forming procedures.

2) Show basic knowledge of physics for image acquisition
and what to do to optimize it.

3) Know the equipment, the different types of probes, and
when and why use them.

4) Understand and perform probe movements (rotation,
tilting, sweeping, angling, rocking) to acquire the best
image for each evaluated structure.

5) Report the examination findings clearly and concisely to
other professionals caring for the patient and document
them in the medical record for possible follow-up.

6) Recognize the limitations of the exam and know when to
request a comprehensive examination.

7) Know the basic anatomy of the heart, great vessels, coro-
nary irrigation, and inferior vena cava.

8) Recognize and effectively obtain the most used windows
for a focused cardiac examination: long and short para-
sternal, long and short subcostal, and apical four cham-
bers.

9) Recognize and integrate the most common causes of
hemodynamic instability in the perioperative period: size
and function of the left and right ventricle (qualitative
analysis), presence of pericardial effusion, gross valve
alterations.

10) Integrate the findings with the ultrasonographic pulmo-

nary examination and assessment of the inferior vena
cava diameter.

The challenges of structuring learning opportunities in
accordance with the requirements, associated with the eval-
uation and certification of anesthesiologists, have significant
obstacles. These difficulties not only prevent a greater num-
ber of professionals from achieving proficiency, but also
obstruct the integration of POCUS training into residency
programs. The Brazilian Society of Anesthesiology (SBA) has
been promoting workshops of C-POCUS for their members
aiming to spread this knowledge among Brazilian anesthesi-
ologists and residents.

Broadly, training programs proposed by societies both
within and outside the field of Anesthesiology'*'” are based
on the following principles: formal didactic activities and
use of simulators; creation of a minimal supervised exam
portfolio (30—40 exams for C- POCUS); competency
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assessment (formative and summative feedback); and main-
tenance of competence acquired through a minimum num-
ber of exams performed annually at the end of the training.

Upon completion of the training, it is expected that the
trainee holds the capability to acquire accurate and infor-
mative images, sufficient for proper interpretation. Further-
more, after reading these images, the physician should be
able to make appropriate clinical decisions, avoiding both
excessive interpretation and the oversight of crucial diagno-
ses.

Another important topic currently under discussion is
when to start the POCUS training. The global tendency is to
start it during medical school as a general competence
before choosing a specialty. Still, this trend needs to be bet-
ter evaluated due to the lack of guidelines and standards.'®

There is no doubt that POCUS, in general, is a diagnostic
modality that will be increasingly used and explored in our
specialty. The concept of “whole body ultrasound” (WHO-
BUS), with the objective of increasing the speed and accu-
racy of the evaluation of critically ill patients, is already
used postoperatively in several intensive care units where
there is the integration of C- POCUS in the assessment of
causes of hemodynamic instability and pulmonary US to
diagnose causes of hypoxemia, besides abdominal US to
assess causes of oliguria and optic nerve sheath diameter to
evaluate intracranial pressure (ICP)."”

It is essential that anesthesiologists, who deal with unsta-
ble patients during their routine, feel comfortable in recom-
mending, performing, and interpreting this examination.
Not only it provides real-time insights into the causes of the
hemodynamic decompensation but allows for continuous
monitoring of responses to the implemented therapeutic
interventions. To achieve this, mechanisms must be created
to offer an adequate training and evaluation curriculum for
anesthesiologists already working in clinical practice and for
future generations.
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Is the combination of oral midazolam and ketamine as
preanesthetic medication a safe and effective practice?

Preoperative anxiety is very common in subjects who will
undergo surgery, mainly children. Preoperative anxiety in
children may manifest in different ways: some will verbalize
what they are feeling, while others will have specific stress
related behavior. In general, stress associated anxiety is
related to fear of separation from parents, fear of
experiencing pain, fear of not surviving the procedure,
among other sources of worries."

Anxiety may have two different manifestations: state and
trait anxiety. While state anxiety is a transitory and emo-
tional behavior that fluctuates over time, varies in intensity
and includes feelings of tension, apprehension, nervousness,
and worry; trait anxiety refers to a personality trait that
remains stable over time.”> Reducing anxiety in children
undergoing surgery is important both for compassionate rea-
sons as well as to increase their cooperation during anesthe-
sia induction. However, it may also reduce the risk of
postoperative emergence delirium and behavioral changes,
as we will discuss further.” Interestingly, patients with high
levels of preoperative state anxiety are particularly vulnera-
ble to severe pain after surgery.”

Children with a higher degree of preoperative anxiety are
also at greater risk of presenting maladaptive behavior in
the postoperative period. Among these behaviors we may
observe irritability, separation anxiety, nightmares, feeding
problems, night crying, disobedience, and nocturnal enure-
sis. These behavioral changes may persist for up to one year,
while negative memories of the perioperative period may
persist into adulthood. "®

The hypothalamic-pituitary-adrenal axis is activated by
the stress caused by anxiety. This activation determines an
increase in the glucocorticoid plasma level and may contrib-
ute to changes to the immune system with increased risk of
infections.” Anesthetic premedication is one of the most
helpful tools for reducing stress in children. Various drugs
and dosage forms may be used as premedication, including
oral midazolam and ketamine.” Midazolam is currently one
the most used premedication drugs in pediatric practice.®

https://doi.org/10.1016/j.bjane.2023.05.004

Check for
updates

Midazolam is a water-soluble drug that can be adminis-
tered orally, intranasally, sublingually, rectally, intramuscu-
larly, or intravenously. It has fast onset, with duration of
action of approximately 30 min, generally not interfering
with vital signs in doses below 0.5 mg.kg~'.%- These charac-
teristics make midazolam suitable as premedication, in spe-
cial for children. The bioavailability of midazolam is on
average 36%, with a very broad range (971%)."° Its use as a
premedication drug is associated with 60 to 80% of good
responses, while in dental surgery the success rates are
even lower.’ For this reason, and to improve its success
rate, other drugs may be associated to midazolam as
premedication.

Ketamine has been studied as an adjuvant drug added to
midazolam in the perioperative period. The rationale for
the coadministration of these two drugs as premedication is
the assumption that midazolam anxiolysis is added to the
sedative and analgesic properties of ketamine, not increas-
ing side effects."" Ketamine is a dissociative general anes-
thetic that, when used and in a lower dose, can be an
analgesic. It is a racemic mixture, although more recently S-
ketamine is commercially available. The latter may be asso-
ciated with fewer side effects, although it is a two to four
times more potent analgesic than the original compound.
The bioavailability of oral S-ketamine is estimated to be
11%, suggesting that the first hepatic passage plays an
important role, while the racemic compound has an oral
bioavailability of 17 to 24%."?

Oliveira Filho et al published an interesting systematic
review and meta-analysis in the BJAN on the use of oral
midazolam alone and in combination with ketamine in
the preoperative period for children. Their studied
primary outcomes were anxiety and sedation levels, child’s
behavior during separation from parents, face mask accep-
tance, and venipuncture. Twenty studies were included in
the meta-analysis, with a total of 1540 patients. Oral mida-
zolam associated to ketamine was administered in 834 sub-
jects, while 706 received only midazolam. "

0104-0014/© 2023 Published by Elsevier Espafa, S.L.U. on behalf of Sociedade Brasileira de Anestesiologia. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Unexpectedly, adding oral ketamine to midazolam did not
improve anxiolysis. However, the probabilities of obtaining a
better outcome was higher among patients who received
the combination of both drugs for sedation, including behav-
ior during parental separation, facial mask acceptance and
venipuncture outcomes. Treatments did not differ regarding
the probabilities of occurrence of adverse effects, including
perioperative nausea and vomiting, hallucinations, exces-
sive salivation, diplopia/nystagmus, or oxygen desaturation.
Only one included study evaluated excessive sedation, head-
ache, tachycardia, bradycardia, involuntary movements,
hiccoughs, and delayed recovery, without observing differ-
ences among groups.

It is noteworthy that the association of these drugs can
produce different (or more pronounced) anxiolysis and anal-
gesia effects depending on the administered doses of each
drug, the pharmaceutical presentation, and the characteris-
tics of the studied population. According to Oliveira Filho et
al, there is a great variation in the doses used for both drugs,
from 0.2 t0 0.75 mg.kg "' for midazolam, and from 1 to 6 mg.
kg~ for ketamine, as well as the use of different pharma-
ceutical formulations.”" The oral midazolam solution has
adequate bioavailability for administration by this route,
but when the parenteral presentation is used orally, changes
in the solution’s pH may occur, causing medication bioavail-
ability and absorption changes interfering in the effective-
ness of midazolam.'*

The authors of the study concluded that, due to the small
effect sizes, high within-study risk of bias, high methodologi-
cal and statistical heterogeneity, and high risk of publication
bias found in meta-analyses, a weak level of recommenda-
tion is provided for replacing oral midazolam alone with oral
combinations of midazolam and ketamine for the preanes-
thetic medication of pediatric surgical patients. "

It is important to note that some groups of patients bene-
fit from more powerful sedation and analgesia in the prean-
esthetic period, especially those with high levels of anxiety,
changes in behavior and sociability, cognitive deficits, or
the need for awake venopuncture. In this scope, in another
study presented in the BJAN, Penna et al demonstrated that
patients with autism spectrum disorder (ASD) are a group
with special needs in terms of anesthetic care, requiring
individualized care from the preoperative period to
hospital discharge, with the aim of making the hospital
experience less traumatic and as comfortable as possible.’

In the past 20 years, there has been a significant increase
in the prevalence of ASD, mainly due to greater knowledge
and better diagnostic methods for this condition. ASD is a
neurodevelopmental disorder, present from birth and persis-
tent throughout life, which causes impaired social interac-
tion, communication and isolation problems, behavioral
disturbances, disorders of the sensory sphere, as well as
altered motor skills. Sensory disorders are represented by
inadequate responses to tactile and proprioceptive stimuli
and by altered pain perception. '

In the study by Penna et al, the need to use effective pre-
anesthetic medication for dental treatment under general
anesthesia in patients with ASD is evident, mainly justified
by the difficulties in approaching these patients in the con-
ventional way, both for dental treatment and preanesthetic
management. In this parallel, double-blind, controlled, ran-
domized clinical trial, the authors included 64 persons with
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ASD aged 2—-59 years scheduled for dental care under gen-
eral anesthesia. The primary objective was to compare the
degree of sedation, and the secondary outcomes were the
need for physical stabilization to obtain intravenous access,
time to wake up, and the occurrence of adverse events. The
sample was randomized to receive preanesthetic medication
with an oral solution of midazolam alone 0.5 mg.kg (maxi-
mum 15 mg) or receive oral midazolam 0.5 mg.kg™' (maxi-
mum 15 mg) associated with oral S-ketamine 3 mg.kg™
(maximum 300 mg)."

The results are consistent with those observed in the sys-
tematic review and meta-analysis by Oliveira Filho et al.,"
in which the level of sedation achieved by the oral associa-
tion of S-ketamine and midazolam promoted better seda-
tion, with an increase in the probability of Ramsay > 3,
compared to midazolam alone. The association was also use-
ful from an analgesic point of view, facilitating venous
access without requiring physical restraint. The association
of midazolam and S-ketamine did not cause an increase in
the time of awakening or the occurrence of adverse events
when compared to midazolam alone.™

Based on these results, from both studies presented in
this edition of BJAN, the association of ketamine and
midazolam is an interesting alternative in preanesthetic
medication, when a powerful sedative and anxiolytic effect
is desired, especially in patients who are not very coopera-
tive or with disorders related to socialization or sensory
changes, in which the benefit of analgesia provided by keta-
mine is welcome. However, larger and new studies are
needed comparing similar drug doses and presentations
(formulations) in larger populations, in healthy individuals,
in order to conclude that this association is superior from
the point of view of sedation and anxiolysis, as well as,
devoid of adverse events and prolonged awakening time in
other clinical settings.
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Non-invasive Introduction: Transthoracic echocardiography is a safe and readily available tool for noninvasive
monitoring; monitoring of Cardiac Output (CO). The use of the suprasternal window situated at the sternal
Echocardiogram; notch can be an alternative approach for estimating blood flow. The present study aimed to
Cardiac output; compare two methods of CO calculation. We compared the descending aorta Velocity-Time
Doppler Integral (VTl) measurement from the suprasternal window view with the standard technique to
ultrasonography determine CO that uses VTl measurements from the LVOT (Left Ventricular Outflow Tract) view.

We also aimed to find out whether after basic training a non-echocardiographer operator can
obtain reproducible measurements of VTl using this approach.

Methods: In the first part of the study, 26 patients without known cardiovascular dis-
eases were evaluated and VTl data were acquired from the suprasternal window by a
non-echocardiographer and an echocardiographer. Next, 17 patients were evaluated by an
echocardiographer only and VTl and CO measurements were obtained from suprasternal and
apical windows. Data were analyzed using the Bland and Altman method (BA), correlation and
regression.

Results: We found a strong correlation between measurements obtained by a non-expert and an
expert echocardiographer and detected that an inexperienced trainee can acquire VTI measure-
ments from the suprasternal window view. Regarding agreement between CO measurements,
data obtained showed a positive correlation and the Bland and Altman analysis presented a
total variation of 38.9%.

* Study conducted at the Hospital das Clinicas da Universidade Federal de Minas Gerais - HC/UFMG.
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Conclusion: Regarding accuracy, it is likely that TTE (Transthoracic Echocardiogram) measure-
ments of CO from the suprasternal window view are comparable to other minimally invasive
techniques currently available. Due to its user-friendliness and low cost, it can be a convenient
technique for obtaining perioperative hemodynamic measurements, even by inexperienced

operators.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Cardiac Output (CO) is essential for oxygen supply to tis-
sues and CO calculation has an important role in patient
management during anesthesia and critical care.”? CO mea-
surements by thermodilution via Pulmonary Artery Catheter
(PAC) is the most frequently used technique to obtain clini-
cal reference and comparative values,”? albeit randomized
studies in critically ill patients assessing this method did not
show improvements in mortality.“-® Furthermore, the risks
related to the technique prompted a reduction in its use, and
currently clinicians are inclined to use more accurate and
less invasive methods to provide hemodynamic management
for patients undergoing major surgeries.>’8

To date, there is no available gold standard method
for obtaining noninvasive or minimally invasive measure-
ments of CO due to the lack of accuracy and precision
in measurements.”’ Among the methods and technolo-
gies available in recent years, Doppler echocardiography
(Doppler-based) has been a valuable tool to assess and quan-
tify CO. The method uses the principle that the blood flow
velocity determined by Doppler sound waves is evenly dis-
tributed in the cross-sectional area of the vessel it passes
through. Thus, the cross-sectional area times the mean flow
velocity (Velocity-Time Integral - VTI) equals the volume
of blood that passes through the vessel (Systolic Volume -
SV).>19.1" When this volume is multiplied by the heart rate,
the value of CO is obtained.

In clinically stable patients, Doppler-based CO mea-
surements performed by an experienced cardiologist have
reliable accuracy when compared with CO measurements
using the PAC thermodilution method.® 2" In 1984, study-
ing patients without stenotic or regurgitant valve injury,
Lewis et al validated the Doppler-based determination of
the flow in the Left Ventricular Outflow Tract (LVOT) to cal-
culate SV and CO." In addition to providing noninvasive
cardiac output determination, this tool is very useful for ER
and ICU practitioners, as they can proficiently perform basic
echocardiography exams to assess ventricular function and
fluid status after fairly short training in the acquisition and
interpretation of images."

Perioperatively, the standard CO measurement using the
LVOT cross-section area from the parasternal long axis view,
multiplied by the VTI of the LVOT flow obtained from the 5-
chamber apical window is not practical or feasible, because
of patient position on the operating table and the pres-
ence of sterile drapes.™ In this situation, calculating the
VTl of the descending aorta from the suprasternal win-
dow can be an alternative for CO determination. Thus,
the main objective of this study was to compare VTI mea-

surements of blood flow by Doppler ultrasonography in
the descending aorta from the suprasternal window of the
transthoracic echocardiogram with VTI measurements of the
LVOT flow, which is the standard approach for measuring CO.
We believe there is a significant correlation between the
measurements obtained from both windows by a special-
ized echocardiographer, and that a non-echocardiographer
operator (3"year anesthesiology resident) will obtain sat-
isfactory CO measurements from the suprasternal window,
after basic training comprising a 12-h practice under profes-
sional guidance and performing at least 30 CO measurements
on 15 different volunteers.

Methods

Selection of participants

The study was conducted after approval of the Ethics and
Research Committee of Hospital das Clinicas, UFMG CAAE
05997118.9.0000.5149. Data were acquired at two different
sessions, from May to June 2019. We included volunteers
with over 18 years of age, from both sexes, able to under-
stand and cooperate during all phases of measurements.
We excluded subjects presenting history of cardiovascular
disease and/or previous cardiac surgery and offering tech-
nical impediments to perform the measurements due to
anatomical features (one participant was excluded due to
silicone implanted prosthesis). Eventually we included 26
volunteers in the analysis in the first part of the study, in
which VTI data were acquired from the suprasternal window
by an inexperienced operator and by a specialist echocar-
diographer. In the second part of the study, 17 patients
were examined only by the specialized echocardiographer
with VTl and CO data acquisition from the suprasternal
and apical windows. During all ultrasound measurements,
Noninvasive Blood Pressure (NIBP) and pulse oximetry were
monitored, and Heart Rate (HR) and mean arterial pressure
were recorded by an Omni 612 monitor manufactured by
Omnimed.

Echocardiographic Doppler measurements

Echocardiographic data were acquired using the US Philips
Epiq 7 and Philips CX50 equipment (Philips Ultrasound Sys-
tems, Bothell, WA) and a 2-5 MHz sector transducer. In the
first part of the study, measurements were performed by
two operators in sequence, one specialized echocardiogra-
pher with extensive experience in the method (ECO) and one
without experience (non-ECO). Both operators acquired VTI
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Figure 1
from VTI after proper alignment.

measurements by Continuous-Wave Doppler (CW) from the
suprasternal window. As the patient was in a supine position,
this window was considered satisfactory when the aortic
arch image was captured in its long axis, with the views of
the takeoff of the innominate, left common carotid and left
subclavian arteries. In the second part of the study, only the
specialized echocardiographer performed measurements of
VTI by continuous-wave Doppler from the suprasternal win-
dow and pulsed-wave Doppler in LVOT from the 5-chamber
apical window, in addition to the measurement of the LVOT
diameter (LVOTd) from the long axis parasternal window,
with the volunteer in the left lateral position. The follow-
ing equation was used to calculate the LVOT cross-section
area: A = 0.785 x (LVOTd).? The cardiac output value was
calculated in the classic way, that is, using the VTI obtained
from LVOT times area of LVOT times heart rate at the time
of the exam, as in the equation: CO = VTl x A x HR. In
addition, cardiac output was calculated with the VTIs from
the suprasternal window using the area value obtained from
LVOT. The rationale for not using the descending aorta diam-
eter was that the literature has documented well that the

Echocardiographic image with the suprasternal window captured by an inexperienced operator. Measurements obtained

lateral resolution of the ultrasound is unfit to measure the
diameter of the descending aorta."”

Data analysis

Data were analyzed using SPSS version 20 and MedCalc
version 19.0.5. The normality of data distribution was con-
firmed using a Kolmogorov-Smirnov test. Data are reported
as mean =+ standard deviation.

Pearson’s correlation coefficient was used to verify
the association among variables. To analyze the agree-
ment between the measurements of VTl obtained from the
suprasternal window with the measurements of VTI of LVOT
obtained from the 5-chamber apical view we used the Bland-
Altman analysis, a scatter plot of the difference between the
means of the methods in relation to their mean and standard
deviation.'® The cardiac output estimated with the measure-
ment of VTl acquired from the suprasternal window was also
submitted to linear regression analysis. The level of signifi-
cance adopted was 5% (p < 0.05 was considered statistically
significant). The significance of the sample was tested a pos-
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Table 1 Characteristics of patients (mean + standard

deviation).

Age (years) 29+ 6 30.71 £ 7.1

Height (cm) 1.72 +£ 0.09 1.72 + 0.09

Weight (Kg) 67.56 +11.35 68.44 4+ 10.52

Gender (F/M) 12 (46.2%) / 7 (41.2%) /
14 (53.8%) 10 (58.8%)

teriori by the GPower software, and satisfactory power was
found (> 80%).

Results

Table 1 shows the characteristics of the volunteers evalu-
ated in the two parts of the study. Column 1 shows the
26 participants evaluated by both researchers and column
2 shows the 17 participants evaluated from different win-
dows by the same echocardiographer. Cardiac output was
calculated using the formula: CO = VTl x A x FC (where
VTI = Integral Velocity-Time; A = vessel cross-section area;
HR = Heart Rate). Figure 1 shows an example of an image
captured from the suprasternal window by an inexperienced
operator during VTI measurements.

The r correlation between VTI measurements obtained
by the two operators from the suprasternal window with the
CW Doppler was 0.85. The analysis using the Bland Altman
plot indicated an error percentage of 27.3% for the mea-
surements made with the CW Doppler with a 95% limit of
agreement, between 3.7 cm and 4.1 cm (Fig. 2).

Regarding agreement of the VTIs acquired from the api-
cal and suprasternal windows, the sample with 17 evaluated
participants showed satisfactory power. The r correlation
between VTI at LVOT and VTI from the suprasternal win-
dow was 0.52. The Bland-Altman analysis showed a bias of
5.66 cm.s~!, with 95% limit of agreement, between 0.79 cm
and 12.11 cm and an error percentage of 52.6% (Fig. 3).

CO was calculated using the measurement of VTI from
the suprasternal window with the CW Doppler and the cross-
section area of LVOT. Then this CO value was compared to the
standard determination of CO from LVOT. The r correlation
between both determinations was 0.78 with adequate signif-
icance, and the regression equation obtained was: standard
CO = 587.58 + 0.68 x CW suprasternal CO. The Bland-
Altman analysis presented bias of 1459.3 mL with 95% limit
of agreement, between 428.2 mL and 2490.4 mL and an error
percentage was 38.9% (Fig. 4).

Discussion

When a new technique for measurement of a clinical vari-
able is introduced, it is usually compared to an established
reference technique. Usually, the implementation of the
new technique depends on its degree of agreement with the
reference technique and the potential benefits offered by
the new method.'® Our study revealed that that the limits of
agreement (or proportion of the mean CO also described as
error percentage) after the Bland Altman analysis was 38.9%
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Figure 2 Correction plot between continuous VTI measure-
ments performed by an experienced (ECO) and inexperienced
(non-ECO) operator.

when the measurements of CO obtained with echo Doppler
from the suprasternal technique was compared to the stan-
dard technique of measurement from the LVOT. Critchley
and Critchley established that the variation between a new
method of CO measurement and the reference method is
acceptable if the limits of agreement between them are
less than 30%.2° However, although Bland Altman is a use-
ful tool for describing the limits of agreement between two
methods of measurement, conclusions about acceptability
between the techniques are a matter of opinion and not just
sci