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Abstract

Ultrasound is used more and more in determining acute blood loss. This study is to compare tricuspid annular plane systolic
excursion (TAPSE) and mitral annular plane systolic excursion (MAPSE) measurement to determine volume loss pre and
post blood donation in healthy volunteers. The systolic, diastolic and mean arterial blood pressures and pulses of the donors
were measured in the standing and supine position by the attending physician, then, inferior vena cava (IVC), TAPSE and
MAPSE measurements were made pre and post blood donation. Statistically significant differences were found in systolic
blood pressure and pulse rate values that obtained in the standing position, and in the systolic blood pressure, diastolic blood
pressure, mean arterial pressure and pulse values that obtained in the supine position (p < 0.05). The difference between
IVC expiration (IVCexp) pre and post blood donation was 4.76 +2.94 mm, and the difference in IVC inspiration (IVCins)
was 2.73+2.91 mm. In addition, the MAPSE and TAPSE differences were 2.16 + 1.4 mm and 2.98 +2.13 mm, respectively.
Statistically significant differences were found between IVCins-exp, TAPSE and MAPSE values. TAPSE and MAPSE can
be helpful in the early diagnosis of acute blood loss.

Keywords Acute blood loss - Early diagnosis - Mitral annular plane systolic excursion - Tricuspid annular plane systolic
excursion

Introduction

Bleeding is a serious emergency condition that requires early
detection and appropriate intervention. Bleeding is the lead-
ing cause of preventable death, especially in acute trauma
patients [1]. Bleeding secondary to trauma is one of the most
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common causes of death in Americans aged 1-46 years [2].
Most patients can tolerate loss of up to 14% of blood volume
without any change in physical or vital signs [1]. Loss of
up to 15% of blood volume is called Class I bleeding. The
patient is usually asymptomatic and traditional vital signs
(blood pressure, pulse pressure, pulse rate, and respiratory
rate) are within normal limits [3]. In the sudden onset of car-
diovascular collapse, blood pressure drops without warning
and it may be too late to start life-saving therapy. Therefore,
early detection of acute bleeding is crucial to increase sur-
vival rates [4]. We need rapid and noninvasive tools to detect
bleeding at an early stage.

One of the most popular methods for assessing intravas-
cular volume status is ultrasound of the inferior vena cava
IVCUS) [5, 6]. Both cardiology and emergency medicine
societies especially recommend IVCUS to detect volume
status (bleeding) [7, 8]. However, the value of IVCUS in
detecting early bleeding is controversial in some studies
[9-12]. Therefore, there is a need for simple and reliable
methods that can be easily evaluated for the early detec-
tion of bleeding patients. While the right ventricle (RV) is
a neglected part of the heart, RV evaluation has recently
become current. Tricuspid annular plane systolic excursion
(TAPSE) is an echocardiographic parameter that provides
reliable information about RV function [13, 14]. While left
ventricular (LV) ejection fraction is often used to predict
LV systolic function, another marker is mitral annular plane
systolic excursion (MAPSE). Obtaining TAPSE and MAPSE
measurements using echocardiography is simple and less
dependent on image quality [15, 16]. These echocardio-
graphic parameters may be useful in the early detection of
acute blood loss. To the best of our knowledge, we could
not find any literature evaluating TAPSE or MAPSE in vol-
ume depleted patients. The aim of this study is to compare
TAPSE and MAPSE measurement to determine volume loss
before and after blood donation in healthy volunteers.

Material and methods

Study design and settlement

This single-center, prospective and cross-sectional study was
conducted at the Ege University Hospital blood center. The
study was approved by the ethics committee.

Study population

Donors who met the blood donation criteria and whose
complete blood count data were found suitable for blood
donation were included in the study. The patients included

in the study were planned according to the availability of the
personnel who will perform ultrasound procedure. Inclusion
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criteria were; volunteers aged 18—65 years, over 50 kg, with
hemoglobin > 13.5 g/dL (male) and > 12.5 g/dL (female)
who met the blood donation criteria. Exclusion criteria in
this study were; subjects with chronic obstructive pulmo-
nary disease, pulmonary hypertension, asthma, history of
valve surgery, arrhythmia, heart failure, tricuspid and mitral
insufficiency, right and left heart disease, volunteers with
technical limitations in imaging inferior vena cava, TAPSE
or MAPSE, and volunteers under the age of 18.

Study protocol and measurements

After obtaining written consent, the systolic, diastolic,
mean arterial blood pressures and pulse rate of the donors
were measured in sitting and supine positions before and
after blood donation by the attending physician. After a rest
period of at least 10 min, measurements were taken from the
antebrachial region. The same physician measured the height
and weight of each volunteer. Body mass index was calcu-
lated as weight [kilogram]/height? [meter]. Class 1 bleeding
is defined as a volume loss of up to 15% [approximately
750 mL] of total blood volume. One unit of blood taken at
the blood center was approximately 450 ml + 10%.

Volunteers included in the study were randomly selected.
After the basic measurements were made, IVC, TAPSE and
MAPSE measurements were made with a color Doppler
USG device (Philips Ultrasound system, Andover, USA)
equipped with 3.5-5 and 5 MHz frequency curvilinear and
phased array probes, respectively. Ultrasonographic IVC,
MAPSE and TAPSE measurements were made by an emer-
gency medicine specialist with a scientific background in
ultrasonography, who have organized European accredited
ultrasonography courses previously. IVC measurements
were taken from the subxiphoid region in the supine posi-
tion. By looking at the neighborhood of the liver and heart
through the subxiphoid window, it was seen that the inferior
vena cava and the right atrium merged. Measurements were
made from the image taken in M mode approximately 2 cm
distal from this junction point. In the measurements, the
diameters in expiration and inspiration were recorded. The
maximum IVC measurement is the IVC measurement from
the inner wall to the inner wall in the expiratory phase, while
the minimum IVC measurement is the inner wall to inner
wall measurement of the IVC in the inspiratory phase in the
M mode (Fig. 1).

To evaluate tricuspid annular plane systolic motion,
which gives important information about right ventricular
functions, M-mode tracing was taken from the point where
the tricuspid annulus meets the lateral free wall in the apical
four-chamber window while the patient is in the supine posi-
tion. Two movements towards the apex were observed in this
tracing. The first forward movement was the systolic move-
ment of the annulus, and the second positive wave was the
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Fig.1 The measurement of the Adult
inner wall diameter of the IVC S4-2

in the inspiratory and expiratory 29Hz
phase view in M mode 16cm
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low amplitude atrium systole. Taking the presystolic posi-
tion as the basal level in these two movements, the distance
between the basal and the peak gave the magnitude of the
systolic movement for systolic function (Fig. 2).

To evaluate the mitral annular plane systolic movement,
which gives important information about left ventricular
functions, an M-mode tracing was taken from the junction
of the mitral annulus and the lateral free wall in the apical
four-chamber window while the patient was in the supine
position. Two movements towards the apex were observed
in this tracing. The first forward movement was the systolic

Fig.2 Tricuspid annular plane
systolic excursion view in M
mode
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movement of the annulus, and the second positive wave was
the low amplitude atrium systole. Taking the presystolic
position as the basal level in these two movements, the dis-
tance between the basal and the peak gave the magnitude of
the systolic movement for systolic function (Fig. 3).

IVC, TAPSE and MAPSE measurements were repeated
3 times and the averages of all three measurements were
calculated for analysis. IVC, TAPSE and MAPSE measure-
ments took an average of 3 min for each patient. After the
initial USG measurements were completed, the volunteers
were allowed to proceed with the blood donation procedures.
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Fig. 3 Mitral annular plane sys-
tolic excursion view in M mode
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Blood donation procedures were completed in 10-15 min.
After donating 450 mL of blood and resting for 10 min,
IVC, TAPSE and MAPSE measurements were made without
changing the position of the volunteer. Vital sign measure-
ments were recorded similarly.

Sample size

In the sample size calculation for this study, Cohen's effect
size coefficient which was used in the unknown situation
was used because, there was no literature information that
could provide prediction for the antecedent power analy-
sis. The two main hypotheses were resolved with a paired t
test. For the dependent t test, the Cohen medium effect size
(0.5), was minimum 45 people for the 95% power, and the
95% confidence interval. Since subgroup analyzes were also
planned, 60 volunteers were planned to be included in the
study. However, 5 volunteers were excluded because they
wanted to leave the study.

Statistichal analysis

Categorical data were expressed as frequency and percent-
age, continuous variables were expressed as mean and devia-
tion in parametric condition and median, minimum and max-
imum values in nonparametric condition for the presentation
of descriptive data. Compliance with the normal distribution
was checked with the Kolmogrov-Smirnov test.

In the baseline analytical evaluation, statistics of the
difference between repeated measurements before and
after blood donation were analyzed with the paired ¢ test
in the parametric condition and the Wilcoxon test in the
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nonparametric condition. The difference between IVC diam-
eter, TAPSE and MAPSE measurements measured before
and after blood donation was considered as a distinguish-
ing finding for hypovolemia. Analyzes were performed with
SPSS version 26.0 software (IBM Corporation, Armonk,
NY). In all statistical evaluations, the cutoff value of statisti-
cal significance was accepted as p <0.05 and 95% confidence
interval was used for the mean values of all parameters.

Results

Fifty five healthy blood donor volunteers who met the inclu-
sion criteria were included in the study. In this study, 50
(90.9%) of the volunteers were male and 5 (9.1%) were
female. The demographic characteristics of the volunteers
in the study and the average distribution of the blood volume
values obtained from the volunteers are given in Table 1.
When the vital signs that obtained before and after blood
donation were examined, statistically significant differences
were found in systolic blood pressure and pulse rate values
that obtained in the standing position, and in the systolic
blood pressure, diastolic blood pressure, mean arterial pres-
sure and pulse values that obtained in the supine position
(p <0.05). The difference between IVCexp before and after
blood donation was 4.76 +2.94 mm, and the difference in
IVCins was 2.73 +2.91 mm. In addition, the MAPSE and
TAPSE differences were 2.16 + 1.4 mm and 2.98 +2.13 mm,
respectively. Statistically significant differences were found
between IVCexp, IVCins-exp, TAPSE and MAPSE values
(» <0.05). Among other variables, there was no significant
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Table 1 Demographic characteristics, mean distribution of hemo-
globin and blood volume values

Mean +SD 95% CI for mean
Gender M/F (n, %) 50/5 90.9/9.1
Age (year) 36.09+9.74 33.46-38.72
Height (cm) 176.56 +8.06 174.38-178.74
Weight (kg) 85.71+12,14 82.43-88.99
Body mass index 27.48+3.35 26.57-28.38
Hemoglobin g/d 15.09+1.11 14.79-15.39
Blood voliime (L) 5.37+0.65 5.19-5.54
Blood loss (%) 8.52+1.13 8.21-8.82

M male, F female, cm centimeter, kg kilogram, SD standard devia-
tion, CI confidence 1nterval

difference between the values obtained before and after
blood donation (Table 2).

There was a positive and moderate correlation between
Delta VCI exp. and delta MAPSE (0.435, and a positive
and weak correlation between delta TAPSE and standing
systolic blood pressure (0.269) and these correlations were
statistically significant (p <0.05). There was no statistically
significant correlation between the pre- and post-proce-
dure changes of VCI, TAPSE (0.435-0.448) and MAPSE
(0.420-0.4830 variables and the pre- and post-procedure
changes of other variables (p >0.05) (Table 3).

Table 2 Average distribution of
values obtained before and after

blood donation

Mean +SD 95% CI for Mean p
Delta SBP (pre-post donation) (stand) 11.22+11.09 (mm Hg) 8.22-14.22 0.000
Delta DBP (pre-post donation) (stand) -2.04+8.87 (mm Hg) —4.43100.36 0.109
Delta MAP (pre-post donation) (stand) 2.38 +8.61(mm Hg) 0.054.71 0.053
Delta PR (pre-post donation) (stand) —6.36+11.61 (bpm) —-95t03.22 0.000
Delta SBP (pre-post donation) (lying) 10.62+11.06 (mm Hg) 7.63-13.61 0.000
Delta DBP (pre-post donation) (lying) 2.62+8.65 (mm Hg) 0.28-4.96 0.044
Delta MAP (pre-post donation) (lying) 5.33+8.73 (mm Hg) 2.97-7.69 0.000
Delta PR (pre-post donation) (lying) 2.24+7.67 (bpm) 0.16-4.31 0.008
Delta IVCexp. (pre-post donation) 4.76 +2.94 (mm Hg) 3.97-5.56 0.000
Delta IVCins. (pre-post donation) 2.73+2.91 (mm) 1.95-3.52 0.000
Delta MAPSE (pre-post donation) 2.16+ 1.4 (mm) 1.78-2.54 0.000
Delta TAPSE (pre-post donation) 2.98+2.13 (mm) 2.41-3.56 0.000

Statistically significant results are marked in bold in the table

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, PR pulse rate, [VC
vena cava inferior, TAPSE tricuspid annular plane systolic excursion, MAPSE mitral annular plane systolic
excursion, SD standard deviation, CI confidence 1nterval, bpm beats per minute

Table 3 Correlation of

; Delta IVC Exp Delta IVC ins Delta MAPSE Delta TAPSE

differences between IVC,

TAPSE and MAPSE values r )4 r )4 r P r p

obtained before and after blood

donation with differences Delta MAPSE 0.435 0.001 0.048 0.728 1.000

between vital signs obtained in Delta TAPSE —-0.111 0420 -0.097 0483 —0.049 0.720 1.000

standing and supine position Delta SBP (standing) 0210 0.124 0127 0354 0088 0521 0269 0.047
Delta DBP (standing) 0.070  0.611 0.126  0.359 0.078 0.573 —0.131 0.342
Delta MAP (standing) 0.138 0314 0.141  0.304 0.091  0.508 0.026  0.850
Delta PR (standing) 0.077  0.578 0.066  0.631 0.128  0.353 0.037  0.786
Delta SBP (supine) 0.100 0467 —0.085 0540 -0.016 0.908 0.138 0314
Delta DBP (supine) —0.057 0.681 0.091 0.507 -—0.101 0.463 0.230  0.092
Delta MAP (supine) 0.008  0.951 0.009 0949 -0.039 0.775 0.134  0.331
Delta PR (supine) 0.257  0.058 0.094  0.496 0.258 0.057 -—0.004 0.975

Statistically significant results are marked in bold in the table

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, PR pulse rate, /VC
vena cava inferior, TAPSE tricuspid annular plane systolic excursion, MAPSE mitral annular plane systolic

excursion
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Discussion

In this study, we found that low VCI, TAPSE and MAPSE
values were effective in determining blood loss after
450 ml blood donation. As a main conclusion, we revealed
that the measurement of TAPSE and MAPSE can be useful
in the early detection of acute blood loss. In addition, we
found significant changes in systolic blood pressure and
pulse rate values vital signs before and after blood dona-
tion obtained in standing position, and in systolic blood
pressure, diastolic blood pressure, mean arterial pressure
and pulse rate values obtained in supine position.

In the staging of bleeding; blood pressure, pulse, pulse
pressure, respiratory rate, state of consciousness and
amount of urine output are used. However, these symp-
toms are poor indicators of acute blood loss and response
to treatment [17, 18]. Various shock indices based on vital
signs have been used in the triage of trauma patients and in
determining the severity of shock, but it has been shown
that the use of these indices based entirely on physiologi-
cal parameters is limited in estimating the outcome in
trauma patients [19]. Tomo et al. used noninvasive volume
assessment methods to predict acute blood loss in healthy
volunteers donating blood. No change was detected in the
pulse rate after blood loss, and the decrease in SBP, DBP
and MAP values were found to be statistically significant
[20]. In the study of Giilliipinar et al., the diameter of the
inferior vena cava and TAPSE measurement were com-
pared to determine the volume loss in healthy volunteers
donating blood. In this study, it was found that there was
a decrease in SBP measured before and after blood dona-
tion, standing and supine position, and an increase in pulse
rate, and the difference was statistically significant [21].
Rouhezamin et al. evaluated the accuracy of the internal
jugular vein waveform to detect the early stage of hem-
orrhagic shock in blood donor volunteers. In this study,
it was found that there was a decrease in SBP and little
increase in heart rate after blood loss, but the difference
was not statistically significant and reliable [22].

In our study, after approximately 450 ml of blood loss,
there was a decrease in SBP values and a slight increase in
pulse rate values measured while standing, a decrease in
SBP, DBP, MAP values and a slight increase in pulse rate
measured in supine position. Although the difference was
statistically significant, the obtained values were within
normal limits.

It has been reported that various sonographic param-
eters decreased before the changes in traditional vital
signs used to determine acute blood loss [21, 23, 24]. The
inferior vena cava (IVC) is a vessel that changes in size
and shape with changes in intravascular volume. IVCUS
is a noninvasive way of assessing volume status in acute
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situations. Johnson et al. performed ultrasound measure-
ments of [VC diameter during simulated severe bleed-
ing using low body negative pressure. They showed that
IVC diameter measurement is important and the diameter
decreases during blood loss [24]. Lyon et al. aimed to pro-
vide a noninvasive measure of circulating blood volume
by measuring the change in IVC diameter associated with
blood loss. In healthy blood donors, IVC diameters were
measured before and after blood donation during inspira-
tion and expiration. On average, there was a decrease of
approximately 5 mm in both IVCe and IVCi after 450 mL
blood donation. They showed that IVC diameter measure-
ment is a reliable indicator of blood loss even in small
amounts (450 mL) [6]. Resnick et al. evaluated the useful-
ness of ultrasound for detecting early signs of hemorrhagic
shock in healthy volunteers, compared with changes in
vital signs. In this study, changes in vital signs and IVC
diameter after approximately 500 cc blood loss in healthy
volunteers were found to be clinically insignificant [9].
In a study by Olsen et al. investigating the relationship
between changes in cardiac output (CO) caused by con-
trolled bleeding and IVC diameter in healthy volunteers, it
was found that IVC collapsibility index and IVCe were not
correlated with the magnitude of hemodynamic response
in early bleeding. The sensitivity of serial IVC diameter
measurements has been reported to be approximately 80%
for detecting early blood loss [12]. In our study, the delta
IVC expiratory diameter was 4.76 +2.94 mm and the delta
IVC inspiratory diameter was 2.73 +2.91 mm. These find-
ings of ours showed a significant decrease in the inspira-
tory and expiratory diameters of the IVC and was consist-
ent with the literature. However, IVCUS may be associated
with ventilator settings (high PEEP and/or low tidal vol-
ume), patient's inspiratory efforts (noninvasive ventilation/
CPAP), lung hyperinflation (Asthma/COPD exacerbation),
cardiac events that impede venous return (right ventricular
infarction and It has been reported that it cannot accurately
predict the fluid response in cases of cardiac tamponade)
and increased abdominal pressure (intra-abdominal hyper-
tension). Although IVC diameter measurement is useful
on patients, it may not be applicable to a large number
of intensive care or emergency room patients [25]. The
search for a potentially alternative parameter to IVC for
assessing volume response continues.

The RV received less attention than the left ventricle,
and was considered a useless region for a long time due to
its retrosternal location, very complex structure and shape
[26]. TAPSE measurement is one of the easiest methods that
can be applied in bedside examination to evaluate RV sys-
tolic function and hence RV ejection fraction [27]. TAPSE
is easy to measure, repeatable, and has unique properties
derived from the forces that contribute to RV preload and
afterload [28]. Regarding TAPSE, there are many studies
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conducted on pulmonary hypertension, pulmonary embo-
lism, heart failure, severe sepsis and septic shock, acute
myocardial infarction and critically ill patients [29, 30].
MAPSE is an echocardiographic technique that is increas-
ingly used to evaluate LV function. The MAPSE measure-
ment is simple, less sensitive to optimum image quality,
and can be easily applied even by novice practitioners with
little training in ECO [13]. MAPSE has been used in criti-
cally ill patients in shock, acute pulmonary embolism, acute
myocardial infarction, mechanically ventilated patients, and
sepsis [30, 31]. Interestingly, MAPSE and TAPSE, which
are used as markers of LV and RV systolic function, have
not been used, although IVC studies have been performed
to detect early signs of hemorrhagic shock [22]. In addi-
tion, pulmonary hypertension, congestive heart failure, and
some congenital abnormalities that affect RV function may
affect TAPSE values. These abnormalities were not found in
the patients included in the study [32]. Recently, Giilliipinar
et al. showed that TAPSE is a reliable bedside test and can be
used in the early detection of acute blood loss in a prospec-
tive and cross-sectional study comparing IVC diameter and
TAPSE measurement to determine blood loss in healthy vol-
unteers donating blood [21]. In this study, in healthy volun-
teers who were blood donors, the delta TAPSE value before
and after blood donation donation was 2.98 +2.13 mm and
the delta MAPSE value was 2.16 + 1.4 mm and the changes
were found to be statistically significant.

While our study provides a new perspective on the diag-
nosis of trauma patients, it has shown that MAPSE and
TAPSE measurements are also useful in addition to IVC in
detecting patients with early stage hemorrhagic shock. We
think that measurement of both TAPSE and MAPSE may
help the emergency physician to better diagnose and man-
age patients in hypovolemic shock patients. We also believe
that serial measurement of changes in MAPSE and TAPSE
in determining blood loss or ongoing blood loss can assist
clinicians in the diagnosis and treatment of these patients.

Limitations

The general limitations of our study are the limited num-
ber of subjects and the low female/male ratio. In addition,
neurohormonal changes that occur as a result of accident
or injury can affect both vital signs and MAPSE and IVC
values. Therefore, the variables we measure should be tested
on real patients. Besides, our study was based on the basis
of variation between the two measurements, not on a single
measurement. Future prospective studies should evaluate
the advantages and weaknesses of TAPSE and MAPSE in
trauma patients. The absence of a video recording operator,
although the operator who performed the MAPSE and IVC
measurements was blind to the group, is another limitation.

Conclusion

Although significant differences are observed between the
measurements of vital parameters both before and after
donation, it should be known that the measured values are
in the normal range and no single measure is informative.
Although this information means that acute blood loss
can be detected even with simple clinical parameters, fur-
ther clinical evaluation and examination is needed for the
detection of subclinical blood loss. TAPSE and MAPSE,
which are rapid, easily reproducible and noninvasive echo-
cardiographic parameters, can be helpful in defining of
acute blood loss.

Funding No funding was received to support data acquisition or prep-
aration of this position paper. The research data is confidential and
unsuitable.

Data availability statement The data used in this study is inaccessible
and not suitable for use for confidentiality or security reasons. How-
ever, it is guaranteed that the data on which the results of the research
are based are properly stored and can be reviewed if necessary.

Declarations

Conflict of interest The authors and participating institutions have no
conflicts of interest related to this article.

Ethical Statement The study was approved from Medipol University
Non-Invasive Clinical Research Ethics Committee for the study permit;
date/no: 06/08/2021/ E-10840098-772.02-3664.

Human and animal rights statement and Informed consent Signed
informed consent and permissions were obtained from the participants
for the study.

References

1. Johnson AB, Burns B (2020) Hemorrhage. StatPearls [Internet].
StatPearls Publishing

2. Chambers JA, Seastedt K, Krell R et al (2019) “Stop the bleed”:
a US military 1nstallation’s model for implementation of a rapid
hemorrhage control program. Mil Med. https://doi.org/10.1097/
TA.0b013e3181744b03

3. Kortbeek JB, Al Turki SA, AliJ et al (2008) Advanced trauma
life support, the evidence for change. J Trauma Acute Care Surg
64:1638-1650

4. Rein B, Elstad M (2016) Nathalie Linn Anikken Holme, Erling.
Eur J Appl Physiol 116:2187-2196

5. Pasquero P, Albani S, Sitia E et al (2015) Inferior vena cava
diameters and collapsibility index reveal early volume depletion
in a blood donor model. Crit Ultrasound J 7:1-7

6. Lyon M, Blaivas M, Brannam L (2005) Sonographic measure-
ment of the inferior vena cava as a marker of blood loss. Am J
Emerg Med 23:45-50

7. Rudski LG, Lai WW, Afilalo J et al (2010) Guidelines for the
echocardiographic assessment of the right heart in adults: a

@ Springer


https://doi.org/10.1097/TA.0b013e3181744b03
https://doi.org/10.1097/TA.0b013e3181744b03

1550

Internal and Emergency Medicine (2023) 18:1543-1550

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

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. ] Am Soc Echocar-
diogr 23:685-713

Labovitz AJ, Noble VE, Bierig M et al (2010) Focused cardiac
ultrasound in the emergent setting: a consensus statement of the
American Society of Echocardiography and American College of
Emergency Physicians. J Am Soc Echocardiogr 23:1225-1230
Resnick J, Cydulka R, Platz E et al (2011) Ultrasound does not
detect early blood loss in healthy volunteers donating blood. J
Emerg Med 41:270-275

Corl K, Napoli AM, Gardiner F (2012) Bedside sonographic
measurement of the inferior vena cava caval index is a poor pre-
dictor of fluid responsiveness in emergency department patients.
Emerg Med Australas 24:534-539

Orso D, Paoli I, Piani T et al (2020) Accuracy of ultrasonographic
measurements of inferior vena cava to determine fluid responsive-
ness: a systematic review and meta-analysis. J Intensive Care Med
35:354-363

Juhl-Olsen P, Vistisen ST, Christiansen LK et al (2013) Ultra-
sound of the inferior vena cava does not predict hemodynamic
response to early hemorrhage. ] Emerg Med 45:592-597

Dutta T, Aronow WS (2017) Echocardiographic evaluation of the
right ventricle: clinical implications. Clin Cardiol 40:542-548
Marwick TH, Chandrashekhar Y (2017) The right ventricle: unfor-
gettable with imaging. JACC Cardiovasc Imaging 10(10):1289
Hu K, Liu D, Herrmann S et al (2013) Clinical implication of
mitral annular plane systolic excursion for patients with cardiovas-
cular disease. European Heart J Cardiovasc Imaging 14:205-212
Miller D, Farah MG, Liner A et al (2004) The relation between
quantitative right ventricular ejection fraction and indices of tri-
cuspid annular motion and myocardial performance. J] Am Soc
Echocardiogr 17:443-447

Mackenzie CF, Hu P, Sen A et al (2008) Automatic pre-hospital
vital signs waveform and trend data capture fills quality manage-
ment, triage and outcome prediction gaps. AMIA Annu Symp
Proc 2008:318-322

Wo CC, Shoemaker WC, Appel PL et al (1993) Unreliability of
blood pressure and heart rate to evaluate cardiac output in emer-
gency resuscitation and critical illness. Crit Care Med 21:218-
223. https://doi.org/10.1097/00003246-199302000-00012

. Barnes R, Clarke D, Farina Z et al (2018) Vital sign based shock

scores are poor at triaging South African trauma patients. Am J
Surg 216:235-239

Tomo A, Pekdemir M, Ozturan IU et al (2021) Use of noninvasive
volume assessment methods to predict acute blood loss in sponta-
neously breathing volunteers. Clin Exp Emerg Med 8:9
Giillipinar B, Aytemiz F, Karagoz A et al (2022) The role of
tricuspite annular plane systolic excursion as a marker of hypo-
volemia in healthy blood donor volunteers. Am J Emerg Med
51:320-324

@ Springer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Rouhezamin MR, Shekarchi B, Akerdi AT et al (2019) Internal

jugular vein waveform; a new insight to detect early stage of hem-
orrhagic shock. Bull Emerg Trauma 7:263

Johnson BD, Schlader ZJ, Schaake MW et al (2021) Inferior vena
cava diameter is an early marker of central hypovolemia during
simulated blood loss. Prehosp Emerg Care 25:341-346

Akilli B, Bayir A, Kara F et al (2010) Inferior vena cava diameter
as a marker of early hemorrhagic shock: a comparative study. Turk
J Trauma Emerg Surg 16:113-118

Via G, Tavazzi G, Price S (2016) Ten situations where inferior
vena cava ultrasound may fail to accurately predict fluid respon-
siveness: a physiologically based point of view. Intensive Care
Med 42:1164-1167

Friedberg MK, Redington AN (2014) Right versus left ventricu-
lar failure: differences, similarities, and interactions. Circulation
129:1033-1044

Innocenti F, Palmieri V, Stefanone VT et al (2021) Prognostic
stratification in septic patients with overt and cryptic shock by
speckle tracking echocardiography. Intern Emerg Med 16:757—
764. https://doi.org/10.1007/s11739-020-02545-3

Kaul S, Tei C, Hopkins JM et al (1984) Assessment of right ven-
tricular function using two-dimensional echocardiography. Am
Heart J 107:526-531. https://doi.org/10.1016/0002-8703(84)
90095-4

Tello K, Axmann J, Ghofrani HA et al (2018) Relevance of the
TAPSE/PASP ratio in pulmonary arterial hypertension. Int J Car-
diol 266:229-235

Lahham S, Lee C, Ali Q et al (2020) Tricuspid annular plane of
systolic excursion (TAPSE) for the evaluation of patients with
severe sepsis and septic shock. West ] Emerg Med 21:348

Matos JD, Balachandran I, Heidinger BH et al (2020) Mitral annu-
lar plane systolic excursion and tricuspid annular plane systolic
excursion for risk stratification of acute pulmonary embolism.
Echocardiography 37:1008-1013. https://doi.org/10.1111/echo.
14761

Ahmad H, Mor-Avi V, Lang RM et al (2012) Assessment of right
ventricular function using echocardiographic speckle tracking of
the tricuspid annular motion: comparison with cardiac magnetic
resonance. Echocardiography 29:19-24

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1097/00003246-199302000-00012
https://doi.org/10.1007/s11739-020-02545-3
https://doi.org/10.1016/0002-8703(84)90095-4
https://doi.org/10.1016/0002-8703(84)90095-4
https://doi.org/10.1111/echo.14761
https://doi.org/10.1111/echo.14761

	Comparison of tricuspid and mitral annular plane systolic excursion in determination of acute blood loss in healthy volunteers
	Abstract
	Introduction
	Material and methods
	Study design and settlement
	Study population
	Study protocol and measurements
	Sample size

	Statistichal analysis

	Results
	Discussion
	Limitations
	Conclusion
	References




