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Abstract
With the declining use of the pulmonary artery catheter (PAC), transesophageal echocardiography (TEE) has become an appealing
alternative to obtain pulmonary artery pressure non-invasively using the simplified Bernoulli equation. The validation of this method in
the perioperative setting has been scarce with no clear recommendations about which view is the most accurate to estimate right
ventricular systolic pressure (RVSP).
Therefore, we performed a prospective, observer-blinded, diagnostic test accuracy study to assess the difference in systolic

pulmonary artery pressure (sysPAP) measuring both, invasively sysPAP and estimated RVSP with TEE in 3 different views: the mid-
esophageal (ME) 4Chamber, the ME right ventricular (RV) inflow-outflow and the ME modified bicaval view.
To show a clinically significant difference of at least 10% in RVSP, we included 40 cardiac surgical patients divided into 3

subgroups: Patients withmild tomoderate tricuspid regurgitation (TR) andmean PAP<25mmHg, patients with mild tomoderate TR
and mean PAP≥ 25 mm Hg, and patients with severe TR.
For the whole cohort, bias of estimated RVSP compared to measured sysPAPwas 5.27mmHg, precision was 7.96mmHg, limits

of agreement were�10.66 to 21.19 mm Hg. The best agreement between the 2 methods was found in patients with severe TR and
in the ME RV inflow-outflow and the modified bicaval view. Good Doppler signals were available in 35% and 46% in these views, and
in 20% in the ME 4 chamber view.
The estimation of the sysPAP by TEE cannot be considered reliable in the clinical perioperative setting. Only measurements that

provide a full Doppler envelope show sufficient precision to provide accurate estimations.

Abbreviations: ME =mid-esophageal, PAC = pulmonary artery catheter, RV = right ventricular, RVSP = right ventricular systolic
pressure, sysPAP = systolic pulmonary artery pressure, TEE = transesophageal echocardiography, TR = tricuspid regurgitation.
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1. Introduction

Pulmonary artery pressure is the key parameter to diagnose and
monitor pulmonary hypertension in cardiac surgical patients.[1]
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However, the use of the pulmonary artery catheter (PAC), which
has been declared the gold standard to measure pulmonary artery
pressure, has declined over the last decade.[2–4] Because of its
association with increased morbidity and mortality the insertion
rates dropped below 10% in some institutions.[2–5] However,
echocardiography can be used to obtain pulmonary artery
pressure non-invasively. The American Society of Echocardiog-
raphy has published guidelines for the echocardiographic
assessment of the right heart. The systolic pulmonary artery
pressure (sysPAP) can be achieved by using the simplified
Bernoulli equation. Therefore, the tricuspid regurgitant jet
velocity is used to obtain a right ventricular to right atrial
pressure gradient. Right ventricular systolic pressure (RVSP) can
be estimated by adding this pressure gradient to the right atrial
pressure. Right ventricular systolic pressure equals sysPAP if
pulmonary stenosis or right ventricular outflow obstruction do
not apply.[1,6,7] Early literature reports a close correlation
between Doppler-derived RVSP and measurements obtained
from direct heart catheterization in spontaneously breathing
patients,[8,9] but subsequent studies produced conflicting
results.[10–13] The majority of these trials compared Doppler-
derived RVSP using transthoracic echocardiography (TTE) and
the right heart catheterization was performed in outpatients with
non-simultaneous measurements, sometimes days or weeks
apart.[13] So far, there are only 2 studies comparing RVSP
obtained from transesophageal echocardiography (TEE). They
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also performed simultaneously right heart catheterization
measurements under general anesthesia. However, these 2
studies produced conflicting results and used different methodo-
logical approaches.[14,15] Cowie et al measured the correlation
between RVSP and sysPAP, while Soliman et al evaluated the
accuracy of RVSP to predict sysPAP within 10 mm Hg.[10,14,15]

Also, there are no clear recommendations which TEE view is
the most accurate to estimate RVSP.
Therefore, this study wanted to assess the difference in systolic

pulmonary artery pressure measured invasively with a pulmo-
nary artery catheter and the calculated right ventricular systolic
pressure using transesophageal echocardiography in 3 different
views: the mid-esophageal (ME) 4 Chamber view, the ME right
ventricular (RV) inflow-outflow view and the ME modified
bicaval view.
The primary outcome of the study was to determine the bias

and precision of estimated RVSP with TEE compared to
measured sysPAP with PAC.
As secondary outcomes the differences in bias and precision of

estimated RVSP and measured sysPAP between 3 subgroups of
patients with different mean pulmonary artery pressure thresh-
olds were investigated. Furthermore, differences of RVSP
estimations and TR signal quality in the 3 TEE views were
determined.
2. Methods

2.1. Trial design and participants

This prospective, single-center, observer-blinded, diagnostic test
accuracy study was performed in accordance with the Declara-
tion of Helsinki and approved by the Ethical Committee of the
Medical University Vienna, Austria (registration number: 1113/
2017). The study was registered at clinicaltrials.gov, registration
number: NCT03117673, Registrar: Ulrike Weber. Written
informed consent was obtained from all subjects.
Patients older than 18years, undergoing elective cardiac

surgery under general anesthesia with clinically indicated TEE
and PAC were included. Exclusion criteria were right ventricular
outflow obstruction and any contraindications for TEE like
esophageal disease with known stricture, diverticuli, varices or
tumor, prior esophageal or stomach surgery or perforated viscus.
2.2. Baseline assessment

All patients received routinely monitoring with an arterial line
and a central venous catheter and PAC. The anesthetic technique
was general anesthesia with endotracheal intubation. TEE studies
were performed in supine position after induction of a propofol
and fentanyl based anesthesia, which was maintained with
sevoflurane. Standard vital parameters were recorded continu-
ously. The pressure transducers were located in the mid-thoracic
position, halfway between the sternum and operating table, as
recommended by recent guidelines.[16]

TEE was performed with a Vivid E9 Ultrasound system (GE
Vingmed; Horten, Norway) using a cT6 (3.0–8.0MHz, GE)
probe. A standard greyscale 2D image was acquired in every
view. Penetration, resolution and gain were optimized for each
patient, and the frame rate was 80 frames per second. Imaging
frequency ranged between 5 and 7 Megahertz. In patients with
atrial fibrillation, the mean of 5 consecutive measurements was
used for calculations.
2

2.3. Interventions and outcomes

All TEE studies and analyses were performed by experienced
operators, who were certified by the National Board of
Echocardiography. The RVSP was calculated using the modified
Bernoulli equation (RVSP=4 � v2+RAP), where v is the
maximum velocity of the tricuspid valve regurgitation jet
measured using continuous wave (CW) Doppler and RAP is
the right atrial pressure measured via the central venous line.
Windows used to measure the maximal tricuspid regurgitation
(TR) velocity were the mid-esophageal (ME) 4 chamber view, the
ME right ventricular (RV) inflow-outflow view and the ME
modified bicaval view. TR signal quality was classified in every
window according to envelope visibility as good (=3, complete
envelope), moderate (=2, partial envelope but prone to
extrapolation) or poor (=1, unreliable envelope) or no signal
(=0).[17] TR severity is assessed as absent, mild, moderate or
severe according to the American Society of Echocardiography
guidelines.[1,18] Severe TR was defined by the presence of a vena
contracta ≥7mm, reversed systolic hepatic vein flow, proximal
iso-velocity surface area (PISA) radius >9mm, and a very large
central jet or eccentric wall impinging jet.Mild TRwas defined by
a visual small jet, proximal iso-velocity surface area radius <5
mm, and systolic predominance of the hepatic vein flow.
Moderate TR was defined as TR not corresponding to the
definition of either mild or severe TR.[1,17,18] A predefined value
of mean PAP ≥25 mm Hg was considered elevated in agreement
with the current guidelines.[19,20] The following routinely
acquired right and left ventricular function metrics were also
assessed: tricuspid annular plane systolic excursion (TAPSE:<17
mm abnormal) and left ventricular systolic eccentric index (E:
I>1.2 defining an abnormal ratio, measured in the transgastric
mid-papillary short axis view).[17,21–23]
2.4. Randomization

Patients were divided into 3 groups according to measurement
from pulmonary artery catheter:
Patients withmild tomoderate TR and normal mean PAP (<25

mm Hg),[19,20] patients with mild to moderate TR and elevated
mean PAP (≥25 mmHg),[19,20] and patients with severe TR; [1,17]

During the whole TEE examination the examiners were
blinded to the pulmonary artery pressures measured by PAC.
This was done by a patch that covered just the pulmonary artery
measurement on the monitor during the TEE examination. After
the examination the patch was removed. A study nurse wrote
down all hemodynamic measurements which included: systolic,
diastolic and mean pulmonary artery pressure, pulmonary artery
wedge pressure (PCWP), cardiac output, heart rate, systolic,
diastolic and mean arterial blood pressure. Study measurements
were performed after induction of anesthesia (before start of
surgery, before opening of the sternum and pericardium) and
after surgery during skin closure (after closure of sternum and
pericardium) in the operation room to allow hemodynamic stable
and comparable conditions. All TEE measurements were stored
electronically for offline analysis.
2.5. Statistics

The primary outcome of the study was the bias and precision of
calculated RVSP with TEE compared to measured sysPAP with
PAC. The current literature [8,24–27] provided no information on
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possible differences in bias and precision of the measurement
between patients with normal, and elevated mean PAP, and those
with severe TR, so our sample size considerations are based on
the whole cohort. Based on currently published RVSP-distribu-
tions to show a clinically significant difference of more than 10%
[13,14] with a power of 80%, 33 patients in total had to be
included. This estimation was based on a one-tailed comparison
and a probability of error of first kind of 0.05, and was calculated
using G∗Power 3.1.9.2. To allow for dropouts and uncertainty in
this calculation, at least 39 patients in total were calculated for
inclusion.
All data were tabulated case-wise and pair-wise (i.e., PAC and

TEE measurements) Quantitative data are expressed as mean +/-
SD if normally distributed or as medians and interquartile ranges
(IQRs) if not normally distributed. Qualitative variables are
presented as absolute and relative frequencies. Measurements
from the best obtainable of the 3 TEE views were used for
analysis. According to the method described by Bland and
Altman [28] we assessed agreement between measurements: The
mean difference (bias, d) as a metric for the systematic
measurement error, the SD of the differences (precision, s),
and the limits of agreement (d±2s) as metrics for scatter were
calculated. Bland-Altman plots were used for graphical repre-
sentation.
For primary analysis, the whole cohort was used. For

secondary analysis, patients with mean PAP <25 mm Hg and
mean PAP ≥25 mm Hg, and those with severe TR were analyzed
separately. Differences between TR signal quality and of RVSP
calculations between the 3 TEE views were analyzed accordingly.
Inter-rater agreement for the maximum velocity of the

tricuspid valve regurgitation jet were assessed in all patients
independently and offline by an additional echocardiographer.
Intra-class correlation coefficient was calculated for each
individual view. Inter-observer agreement was calculated by
Table 1

Baseline characteristics and hemodynamic measurements.

Factor
All patients

n=40

Mild to mode
and mean PAP <

N=14

Age (yrs) 67.2±10.7 (35–83) 69.6±10.4
Gender m/f 24/16 8/6
Height (cm) 170.8±9.4 (152–185) 169.7±10.7 (1
Weight (kg) 78.9±11.9 (53–98) 77.3±13.6
BSA

∗
(kg/m2) 1.9±0.2 (1.5–2.2) 1.9±0.2 (1.

ASA† score 3±0 (3–3) 3±0 (3–
Hemodynamic measurements
sysPAP‡ (mm Hg) 38.2±10.9 (21–68) 29.3±5.5 (2
CVPx (mm Hg) 12.7±3.5 (7–27) 10.4±2.4
PCWPjj (mm Hg) 15.6±6.8 (2–33) 10.9±5.4
MAP¶ (mm Hg) 74±13.1 (51–104) 71.4±10.6

Surgical procedure
Valve procedure 29 9
CABG# 3 1
CABG + valve 8 4

Mean± standard deviation (minimum – maximum).
∗
BSA = body surface area.

† ASA = American Society of Anaesthesiologists.
‡ Systolic pulmonary artery pressure.
x Central venous pressure.
jj Pulmonary capillary wedge pressure.
¶ Mean arterial pressure.
# CABG = coronary artery bypass graft.
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using interclass correlation coefficients (ICCs) and a 95%
confidence interval (95% CI).
Statistical analysis was performed using Stata 12 for Windows

(Stata Corp, College Station, TX).
3. Results

Forty cardiac surgical patients were included in this study, who
received either valve or coronary artery bypass graft (CABG)
procedures or a combination of both. Table 1 presents their
baseline characteristics and hemodynamic parameters. Adequate
image quality was available in 40 patients before surgery and in
25 patients after surgery. Reasons for inadequate image quality
were artefacts from newly inserted mechanical valves during
surgery. In these 65 echocardiographic examinations a total of
195 measurements of the right ventricular systolic pressure were
performed. Inadequate Doppler signals due to lack of regurgita-
tion jet were detected in 4 out of 195 measurements only for the
modified bicaval view.
For the whole cohort, the bias (mean difference) of RVSP

calculated from TEE measurements as compared to sysPAP
measured by the PAC was 5.27 mm Hg, the precision (standard
deviation of the differences) was 7.96mmHg, and limits of
agreement were �10.66 to 21.19 mm Hg.
Results revealed relevant differences between groups with mild

to moderate TR and mean PAP <25 mm Hg or mean PAP ≥25
mmHg, and those with severe TR.Measurement in patients with
mild to moderate TR and mean PAP <25 mm Hg showed a bias
of 4.97mmHg, a precision of 7.41mmHg, limits of agreement of
�9.84 to 19.78 mm Hg, in those with mean PAP ≥25 mm Hg a
bias of 6.63mmHg, a precision of 9.07 mm Hg, limits of
agreement�11.50 to 24.76 mmHg, whereas in those with severe
TR, a bias of 2.20 mm Hg, a precision of 5.24 mm Hg, limits of
agreement of�8.28 to 12.68mmHgwere found. See Figure 1 for
rate TR
25 mm Hg

Mild to moderate TR
and mean PAP ≥25 mm Hg

N=17
Severe TR

N=9

(49–83) 62.1±10.9 (35–77) 73±6.1 (64–81)
12/5 4/5

52–185) 171.6±9.4 (157–182) 171.1±7.9 (160–185)
(53–97) 78.8±11.7 (63–98) 81.6±10.4 (65–95)
5–2.1) 1.9±0.2 (1.6–2.2) 1.9±0.2 (1.7–2.1)
3) 3±0 (3–3) 3±0 (3–3)

1–42) 40.4±6.5 (32–58) 44.8±12.9 (28–68)
(7–15) 13.6±1.9 (10–16) 13±2.7 (9–18)
(2–20) 16.4±5.1 (7–23) 21.2±7.3 (12–33)
(51–83) 74.1±14.3 (58–104) 76.1±14.7 (57–97)

12 8
2 0
3 1
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Figure 1. Bland-Altman plot of agreement between right ventricular systolic
pressure (RVSP) and systolic pulmonary artery pressure (sysPAP) for the 3
subgroups. Each symbol represents 1 measurement. Dots represent patients
with mild to moderate tricuspid regurgitation (TR) and mean pulmonary artery
pressure (meanPAP) <25 mm Hg, squares represent patients with mild to
moderate TR and meanPAP ≥25 mm Hg, triangles represent patients with
severe TR. Solid line marks bias, dotted lines mark limits of agreement.

Figure 2. Bland-Altman plot of agreement between right ventricular systolic
pressure (RVSP) and systolic pulmonary artery pressure (sysPAP) for the 3
different mid-oesophageal standard views. Results by source of best
measurement: Each symbol represents 1 patient. Dots represent patients
where source of best measurement was the ME RV inflow-outflow view,
squares represent the ME 4 chamber view, and triangles represent the ME
modified bicaval view. Solid line marks bias, dotted lines mark limits of
agreement.
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a Bland-Altman plot of results by groups of patients and Figure 2
for a Bland-Altman plot of results by source of best measurement.
Accuracy improved when only patients with good Doppler

signals were included:
In those patients, bias, precision, and limits of agreement were

2.12 mm Hg, 6.62 mm Hg, �11.12 to 15.35 mm Hg for the
whole cohort; 1.14mmHg, 4.65mmHg,�8.16 to 10.44mmHg
for those with mean PAP <25 mm Hg; 5.14 mm Hg, 8.89 mm
Hg, �12.64 to 22.91 mm Hg for those with mean PAP ≥25 mm
Hg; �0.69 mm Hg, 2.54 mm Hg, �5.77 mm Hg to 4.38 mm Hg
for those with severe TR.
Table 2 presents the signal quality of the tricuspid regurgitation

jet in the 3 different TEE views. Figure 3a-c further represents
examples of the tricuspid regurgitation jet in all 3 TEE views.
A sensitivity analysis of excluding all patients with atrial

fibrillation resulted no relevant changes: bias 6.01 mm Hg,
precision 8.08mmHg, limits of agreement �10.15 to 22.18 mm
Hg.
Regarding inter-rater reliability, intra-class correlation (ICC)

coefficient was 0.989 (95% confidence interval 0.979–0.994) for
the ME 4 chamber view, 0.991 (0.983–0.995) for the ME RV
inflow-outflow view, and 0.979 (0.959–0.989) for the ME
modified bicaval view, and 0.984 (0.971–0.992) for individual
best obtainable view in each patient.
No adverse events or hemodynamic instability in any patient

were observed.
4. Discussion

Our results indicate that general agreement between systolic
pulmonary artery pressure measured by pulmonary artery
4

catheter and transesophageal Doppler echocardiography is
rather poor.
The best agreement for the RVSP measured by TEE and the

reference standard was found in the subgroup of patients with
severe TR. When comparing 3 different mid-esophageal TEE
views, the ME RV inflow-outflow and the modified bicaval view
showed the best agreement.
TR signal quality was also rated better in the RV inflow-

outflow view and in the modified bicaval view compared to the 4
chamber view. However, good Doppler signals with a full TR
envelope (signal quality=3) were only available in 35%and 46%
of all measurements in these views, and in 20% in the ME 4
chamber view.
Soliman et al observed in a similar study setting with 33 cardiac

surgery patients adequate Doppler signals with a full envelope in
56% of their patients. Adequate signals were most often found in
the right ventricular inflow-outflow view and the modified
bicaval view, as in our study.[14] Overall, they also reported a
poor agreement between TEE and PAC measurements of sysPAP
with accurate Doppler-derived measurements in only 55% to
75% of the time.[14] However, they did not distinguish between
patients with different mean pulmonary artery pressure thresh-
olds or TR severity.
The fact that the mobility of the echocardiographic probe is

limited can complicate obtaining an optimal alignment between
the tricuspid regurgitant jet and the Doppler interrogation beam.
In our study this became obvious in the ME 4 chamber view,
where a near-parallel alignment of the ultrasound beamwasmore
difficult because it resulted in inferior signal quality compared to
the other views. Varying chamber dimensions such as left



Table 2

Presents the median tricuspid regurgitation signal quality and the frequency in absolute numbers and proportion (%) of good Doppler
signals (3, complete envelope visible) in the 3 different transesophageal echocardiographic views.

Four chamber view Right ventricular inflow-outflow view Modified bicaval view

Mild to moderate TR and mean PAP <25 mm Hg n=25 1
7/25 (28%)

2
11/25 (44%)

2.5
12/25 (48%)

Mild to moderate TR and mean PAP ≥25 mm Hg n=29 1
4/29 (14%)

2
6/29 (21%)

2
12/29 (41%)

Severe TR
n=11

2
3/11 (27%)

3
7/11 (64%)

2.5
6/11 (55%)

All
n=65

1
13/65 (20%)

2
23/65 (35%)

2
30/65 (46%)

Figure 3. A–C: Examples of the tricuspid regurgitation jet in the 3 TEE views: the ME 4 chamber view (A), the ME RV inflow-outflow view (B), and the ME modified
bicaval view (C).

Mora et al. Medicine (2021) 100:33 www.md-journal.com
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Figure 3. (Continued).
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ventricular hypertrophy, but also large volume shift can account
for these difficulties.[1,10]

Obviously, signal quality seems to be crucial. The best
agreement of RVSP measurements by TEE and sysPAP measure-
ments with the PAC was observed in the subgroup analysis of
those measurements with good signal quality (=3) and a full
tricuspid regurgitant jet envelope. This subgroup analysis
revealed a smaller bias with more narrow limits of agreement
than in the overall cohort. Further, the ME RV inflow-outflow
andMEmodified bicaval view demonstrated better signal quality
and also better agreement between the 2 measurement methods
compared to the ME 4 chamber view. Also, the subgroup
with severe TR also showed better signal quality than the other
2 groups and the best agreement between the TEE and PAC
measurements.
Because the modified Bernoulli equation only requires the

insertion of themaximal velocity of the tricuspid regurgitant jet, it
is also possible to calculate RVSP with moderate (=2, partial
envelope but prone to extrapolation) or poor (=1, unreliable
envelope) signal quality. Considering our study results and the
ones by Soliman et al, the echocardiographer should aim for the
best possible signal quality.
However, our results are in contrast to those of Cowie et al

They compared 100 measurements of RVSP with TEE with
sysPAP from a PAC and demonstrated a strong correlation (r=
0.98) with minimal bias and narrow limits of agreement (�5 to
+5mm Hg) across a broad range of pulmonary pressures. They
used a different methodical approach and whether evaluated
signal quality or divided the patients into subgroups or defined
which and how many views they used for the measurements.
Although they stated that they were able to measure RVSP with
TEE in all patients.[15]

The strengths of this study include that blinded TEE
estimations of RVSP were performed, simultaneously to PAC
measurements of sysPAP under general anesthesia. In contrast to
6

the majority of TTE studies, that compared measurements that
were taken at different time points hours or days apart.[10,13]

The calculation of RVSP also depends upon an accurate
estimate of right atrial pressure. Echocardiographic estimations
of right atrial pressure are often inaccurate and may account for
the majority of error in RVSP estimation in TTE studies.[10,11,13]

Our study used direct central venous measurements as real-time
estimate of right atrial pressure. Both the right atrial pressure and
pulmonary artery pressure transducers were at the same level and
therefore our measurements were independent of transducer
position. Accurate and simultaneous measurement of the central
venous pressure in the modified Bernoulli equation for estimation
of RVSP is crucial to reliable calculation of this parameter.[15]

Further, our study accounted for stable hemodynamic conditions
with as less direct surgical manipulation as possible, as all
measurements were taken under general anesthesia before
sternotomy and pericardiotomy and after surgery during skin
closure after closure of sternum and pericardium. Nevertheless,
our results showed a relatively high bias with wide limits of
agreement in our measurements. SysPAP is dependent on cardiac
output, heart rate, volume status and pulmonary vascular
resistance, a variation of these parameters can happen on a
beat-to-beat basis especially under general anesthesia in the
operating theatre, because there they are further influenced by
volume shifts, surgical manipulation, mechanical ventilation and
anesthetic drugs.[14,15,29] Therefore, they could easily account for
the reported discrepancy between the 2 measurement methods.
In this trial TEE measurements were performed in all 3 mid-

esophageal standard views in every patient and an independent
offline analysis was done by an additional echocardiographer to
evaluate inter-rater reliability. The intra-class correlation coeffi-
cient showed that the TEE measurements are reproducible, with
the best values in the ME RV inflow-outflow view, although
general agreement between TEE and PAC measurements
remained weak. Soliman et al received similar results for intra-
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class correlation coefficients for peak tricuspid regurgitation
velocity, but did not evaluate them for every single TEE view.[14]

This study was also planned according to sound diagnostic test
accuracy-methodology, and performed a priori sample-size
calculations to avoid type II error of declaring to difference
between methods of measurement due to too small sample size.
Further, our study was the first one that performed a subgroup

analysis between 3 subgroups of patients with different mean
pulmonary artery pressure thresholds and TR severity.
This subgroup analysis demonstrated that severe TR had the

best precision regardless of the degree pulmonary artery pressure.
4.1. Limitations

With a pulmonary artery catheter in situ, the incidence of
tricuspid regurgitation can be elevated. Studies report an increase
of tricuspid regurgitation by 48%, and also TR severity, which
may account for our ability to find at least some tricuspid
regurgitation in all patients.[15,29]

Only 3 standard mid-esophageal views were evaluated in this
study, but no additional transgastric or deep-transgastric views.
A recent study showed that these standard views allowed to
acquire tricuspid transvalvular blood flow in an orthograde
fashion in 51% of their patients, and that the additional
transgastric and deep-transgastric views provided no further
improvement.[30]

Our study indicates that estimation of sysPAP by trans-
esophageal Doppler echocardiography cannot be considered
reliable in the overall clinical perioperative setting in ventilated
patients under general anesthesia. Therefore, only TEE measure-
ments that provide a good signal quality with a full Doppler
envelope show sufficient precision to provide accurate readings.
Our study demonstrated that a good signal quality was only
achieved in less than half of our TEE measurement. Trans-
esophageal views with the best signal quality were the ME RV
inflow-outflow and modified bicaval view and should therefore
used as first line views for estimation of the sysPAP. The results of
this study conclude that TEE measurements cannot be used as a
diagnostic tool for treatment decisions or used superior to PAC
measurements, but may be an important screening tool for
pulmonary hypertension intra-operatively. Taking into account
that the use of the PAC is vanishing as a standard monitoring
during cardiac surgery, we recommend that this information
should be combined with further echocardiographic parameters
such as right ventricular hypertrophy and dysfunction, valvular
disease, left ventricular diastolic failure and the patient’s
history.[10]
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