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Abstract Purpose: To evaluate
the hemodynamic monitoring capa-
bility and safety of a single-use
miniaturized transesophageal echo-
cardiography (TEE) probe left in
place in ventilated critically ill
patients. Methods: The probe was
inserted in 94 patients and designed to
be left in place for up to 72 h. Three
views were obtained: the superior
vena caval transverse, the mid-
esophageal four-chamber, and the
transgastric mid-papillary short-axis
views. Observational data on the
feasibility of insertion, complications,
image quality, and influence on
management were recorded and ana-
lyzed. Results: No failure of probe
insertion was observed. The naso-
gastric tube had to be removed in

17 % of cases. Image quality was

judged as adequate or optimal in
91/94 (97 %) of cases in the superior
vena caval view, 89/94 (95 %) of
cases in the four-chamber view, and
86/94 (91 %) of cases in the short-
axis view. The duration of monitoring
was 32 + 23 h, allowing 2.8 £ 1.6
hemodynamic evaluations per patient
that led to a mean of 1.4 £ 1.5 ther-
apeutic changes per patient. Among
the 263 hemodynamic assessments,
132 (50 %) had a direct therapeutic
impact in 62 patients (66 %). Two
patients developed lip ulceration from
the probe, and two patients had self-
limited gastric bleeding. Conclu-
sion: The single-use miniaturized
probe could be inserted in all patients.
Image quality was acceptable in the
majority of cases, and the information
derived from the device was useful in
making management decisions in
patients with hemodynamic failure on
ventilatory support. Further studies
are needed to confirm the good tol-
erance and to compare the new device
with other hemodynamic monitoring
techniques.
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Introduction

Transesophageal echocardiography (TEE) has gained
popularity and is increasingly used in the intensive care
unit (ICU) settings for the hemodynamic assessment of
patients with cardiorespiratory compromise [1]. TEE has
the unparalleled advantage of providing morphological
and functional information on the heart and great vessels
in real time in most ventilated critically ill patients,
thereby helping the ICU physician to guide acute man-
agement [2, 3]. In addition to its valuable diagnostic
capability, TEE provides useful information on both the
efficacy and tolerance of therapeutic changes decided by
the intensivist in light of the bedside interpretation of the
examination [4, 5]. Nevertheless, TEE suffers from sev-
eral limitations, such as the need for training of
intensivists who perform and interpret the study, the
requirement for a dedicated imaging system, and the
discontinuous nature of the hemodynamic assessment
requiring repeated probe insertion.

Recent improvements in electronics have allowed the
development of miniaturized TEE probes which promise
to provide a tool for hemodynamic monitoring in unstable
ventilated critically ill patients. These prototype devices
have not been widely used in the ICU and their diagnostic
ability and potential therapeutic impact, as well as their
tolerance, are still unknown. Accordingly, the present
pilot study was designed to evaluate the hemodynamic
monitoring capability and safety of a commercially
available single-use miniaturized TEE probe left in place
in ventilated ICU patients assessed for a cardiorespiratory
compromise.

Methods

This prospective multicenter study was approved by the
Institutional Ethics Committee of Amiens Teaching
Hospital that waived the need for informed consent
because the four participating centers routinely use TEE
for the hemodynamic assessment of ventilated ICU
patients with cardiopulmonary compromise as a standard
of care.

During a 4-month period, all patients requiring
mechanical ventilation for circulatory failure or acute
lung injury/acute respiratory distress syndrome (ARDS)
[6] and who required TEE for diagnosis and management
were eligible for the study. Circulatory failure was
defined as the presence of sustained hypotension (systolic
blood pressure less than 90 mmHg or a mean arterial
pressure less than 65 mmHg) associated with clinical
evidence of tissue hypoperfusion which required the use
of the vasopressors or inotropes. Patients were excluded if
they met at least one of the following criteria: age less
than 18 years, pregnancy, contraindication for a TEE

study. Blood pressure was continuously monitored inva-
sively in all patients.

The tested single-use miniaturized (diameter 5.5 mm)
Federal Drug Agency-approved TEE probe has a Euro-
pean Community mark for 72-h of continuous use. The
device produces single-plane two-dimensional imaging
and has color Doppler capability (IMACOR, New-York
NY, USA). Anteflexion and retroflexion of the tip of the
probe are allowed. The probe is connected to a dedicated
echographic system which allows the recording of digital
loops and performance of basic two-dimensional mea-
surements of areas and distances. The miniaturized TEE
probe is inserted blindly, without additional sedation or
muscle paralysis, unless necessary, and is left in place
without a mouth piece for monitoring purposes at the
discretion of the attending ICU physician, according to
the patient’s hemodynamic status. The nasogastric tube
was checked routinely after probe insertion or removal to
rule out any displacement, and feed, if performed, was
continued.

All TEE assessments were performed by a highly
trained intensivist with expertise in critically care
echocardiography. Each hemodynamic assessment pur-
posely relied on three basic transversal TEE views
which were systematically screened in each patient for
each monitoring step, according to a previously vali-
dated protocol [7] based upon the imaging capabilities of
the miniaturized TEE probe (Fig. 1). Color Doppler
mapping was systematically used to detect regurgitant
flow at the level of the mitral, aortic, and tricuspid
valves, or to depict the presence of an anatomical
intracardiac shunt. No quantitative measurement was
performed. The visual interpretation of TEE studies used
the recent recommendations for performing critical care
echocardiography [8]. Briefly, six parameters were sys-
tematically assessed qualitatively in all patients: (1)
respiratory variation of the superior vena cava (absent,
minor, major) in the superior vena caval transverse view,
(2) left ventricular (LV) systolic function (normal,
moderately reduced, severely reduced) based on the
fractional area change visually assessed in the transga-
stric short axis view, (3) right ventricular (RV) size
(normal, moderately dilated, severely dilated) in the
mid-esophageal four-chamber view, (4) presence of a
paradoxical septal motion in the transgastric short axis
view, (5) presence of a pericardial effusion and of asso-
ciated cardiac tamponade, and (6) presence of massive
valvular regurgitation depicted by color Doppler flow
mapping. This standardized hemodynamic assessment
allowed the identification of major mechanisms of the
cardiopulmonary compromise thereby potentially alter-
ing ongoing therapy (Table 1).

In each patient, the number of attempts to adequately
insert the esophageal probe and the need to temporarily
withdraw the nasogastric tube were recorded. Image
quality obtained for each of the three TEE 0° views was
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Fig. 1 Three basic transverse
views used for hemodynamic
evaluation and monitoring. Left
picture of the single-use
miniaturized probe, compared
to an usual one. Right a mid-
esophageal four-chamber view
of the left ventricle.

b Transgastric short-axis view
of the left ventricle. ¢ Mid-
esophageal transverse view of
the superior vena cava. LV left
ventricle, RV right ventricle, LA
left atrium, SVC superior vena
cava, RPA right pulmonary
artery, Ao aorta

graded as inadequate (precluding any assessment of
hemodynamic parameters), adequate (not optimal but
sufficient to assess the predefined hemodynamic param-
eters), or optimal. The duration of TEE probe insertion for
hemodynamic monitoring and the number of hemody-
namic assessments during the monitoring period were
recorded. Therapeutic impact was defined as any thera-
peutic change directly related to the hemodynamic
evaluation during TEE monitoring. Conventional baseline
characteristics obtained upon admission were recorded:
age, SAPS II score [9], reason for ICU admission, and
ICU mortality. Any complication potentially related to the

prolonged esophageal intubation was recorded (e.g.,
bleeding, skin ulceration). The sponsor which provided
the single-use TEE probes and dedicated ultrasound sys-
tems used in the present study had no access to the data,
analysis, and did not participate in the drafting of the
manuscript.

Statistical analysis

Continuous variables are expressed as mean + standard
deviation.
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Table 1 Main qualitative transesophageal echocardiographic findings associated with distinct hemodynamic profiles observed in the

study population

Echocardiographic Views Hypovolemia LV failure Acute cor pulmonale® Cardiac
findings tamponade
ASVC SVC, 0° Major Absent Absent Absent
LV fractional area Short-axis, 0° Normal or Moderately or severely Normal Normal
contraction reduced reduced
RV size Four-chamber, 0° Normal Normal or dilated Dilated + paradoxical Reduced
septal motion
Pericardial effusion Short-axis and four-  Absent Absent Absent Major
chamber
Number of patients (%) — 39 (41) 18 (19) 4 (4) 3(3)

ASVC respiratory variation of the superior vena cava

* Acute cor pulmonale was defined as right ventricular dilatation and paradoxical septal motion

Results

Ninety-four patients (60 % men, mean age 64 + 15 years
SAPS II 58 4+ 21) were studied. Eighty-one patients
(86 %) had circulatory failure (septic shock in 57 patients,
cardiogenic shock in 7 patients, post-resuscitation syn-
drome in 13 patients, hemorrhagic shock in 4 patients),
and the remaining 13 patients (14 %) were ventilated for
ALI/ARDS. All patients were sedated and fully adapted
to the ventilator, and 14 patients (15 %) were paralyzed.
ICU mortality was 49 %.

The miniaturized single-used TEE probe was suc-
cessfully inserted at the first attempt in 78 patients
(83 %), and required removal of the nasogastric tube in
the remaining 16 patients (17 %) to enhance probe
insertion. No additional sedation or paralysis was
required. Image quality for the three transverse TEE
views is detailed in Fig. 2. Four-chamber and short-axis
views were considered as optimal in 68 patients (72 %)

[J Inadequate quality [ Adequate quality M Optimal quality
80

70

60
50

40

30

20

Number of patients

10

1]

SVC transverse
view

Mid-esophageal
4-chamber
view

Transgasfric
mid-papillary
short axis view

Fig. 2 Image quality of the three transverse views obtained using
the single-use miniaturized TEE probe in 94 ventilated patients
with cardiopulmonary compromise. Quality was graded as inade-
quate (precluding any assessment of hemodynamic parameters),
adequate (not optimal but sufficient to assess the predefined
hemodynamic parameters), or optimal

and in 60 patients (64 %), respectively. The superior vena
caval transverse view was deemed optimal in 61 patients
(65 %). All views were concomitantly graded as optimal
in 42 patients (45 %), 2/3 views in 20 patients (21 %),
and 1/3 view in 19 patients (20 %). A full hemodynamic
evaluation could be performed in 85 % of patients. No
difference in image quality was observed according to
gender or body mass index. Hemodynamic diagnoses
based on TEE assessment are reported in Table 1. No
patient had massive valvular regurgitation.

The mean period of TEE monitoring using the single-
use miniaturized probe was 32 =+ 23 h, allowing a mean
of 2.8 £ 1.6 hemodynamic evaluations per patient that
led to a mean of 1.4 £ 1.5 therapeutic changes per
patient. Among the 263 hemodynamic assessments, 132
(50 %) had a direct therapeutic impact in 62 patients
(66 %), as follows. Fluid loading was performed in 39
patients (41 %), and inotropic or vasopressor support was
initiated or increased in 18 patients (19 %) and 13
patients (14 %), respectively. In eight additional patients
(8 %), catecholamines were tapered.
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Fig. 3 Distribution of individual values for duration of hemody-
namic monitoring using the single-use transesophageal
echocardiographic probe in the overall population, according to
different durations. Among the 17 patients in whom the probe was
left in place for 0-6 h, 71 % quickly died
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In 17 patients (18 %), the period of monitoring with
the single-use miniaturized probe was 6 h or less (Fig. 3),
allowing a mean of 1.6 &£ 1.0 hemodynamic evaluations
per patient that led to a mean of 0.7 & 0.7 therapeutic
changes per patient. In 59 % of patients, the single-use
probe had a therapeutic impact. In the remaining 77
patients (82 %), the period of monitoring with the single-
use probe was more than 6 h (mean 39 £ 21 h) (Fig. 3).
The mean number of hemodynamic evaluations per
patient was 3.0 £ 1.6, leading to a direct therapeutic
impact in 52 patients (68 %). The mean number of ther-
apeutic changes per patient was 1.6 £ 1.6.

Minor self-limited gastric bleeding without relevant
clinical consequence was observed after TEE probe
insertion in two patients. In one of these patients, upper
endoscopy revealed an esophageal ulceration. In two
additional patients, a mechanical ulceration of the superior
lip was observed, due to prolonged contact of the minia-
turized TEE probe. Technical dysfunction of the single-use
TEE probe precluding further imaging occurred in two
patients who had already been monitored for 48 h.

Discussion

This multicenter pilot study showed that the tested single-use
miniaturized TEE probe was easy to insert, well tolerated
when inserted for several days for monitoring purposes, and
useful for guiding therapeutic management of ventilated
patients with cardiopulmonary compromise. TEE image
quality allowed hemodynamic monitoring because 85 % of
patients underwent a hemodynamic evaluation based on our
previously validated standardized qualitative assessment of
central hemodynamics [7]. The mean duration of TEE probe
insertion (approximately 32 h) reflects the need of hemo-
dynamic monitoring during the initial course of the
cardiopulmonary failure in our critically ill patients.
Importantly, hemodynamic assessments resulted in an
immediate alteration of ongoing therapy in two-thirds of the
patients. Therapeutic impact predominantly consisted in
fluid loading, but also helped the attending physician in
guiding inotropic or vasopressor support.

The technical limitations of the single-use miniaturized
TEE probe accounted for the lower overall imaging quality
when compared to that usually obtained with a conventional
multiplane TEE probe. This explains why hemodynamic
evaluation was not possible to perform in 15 % of patients.
In addition, the absence of spectral Doppler capability
precluded any quantification of blood flow and cardiac
output. Although the miniaturized TTE probe has color
Doppler capability, it is not reliable for a precise assessment
of the severity of wvalvular regurgitations but only
allows the identification of massive regurgitant jets. These
substantial technical limitations, which preclude the perfor-
mance of a comprehensive hemodynamic assessment, are

counterbalanced by the ability to leave the miniaturized TEE
probe in place for monitoring purposes over many hours. One
postulate of our study was that this new system, despite its
ability to measure diameters and areas, has to be used dif-
ferently for hemodynamic monitoring than a regular probe,
with a pure qualitative approach. Whether and how the new
system may be combined with conventional multiplane TEE
or with other methods of hemodynamic monitoring remains
to be studied. A similar qualitative approach to hemodynamic
assessment has been previously validated with a larger
pediatric monoplane TEE probe used by intensivists without
previous knowledge in ultrasound, after limited training [10].
They used a four-chamber and transgastric short-axis view of
the heart with the measurement of LV fractional area change.
TEE-assessed LV volume status and systolic function led to a
fluid challenge or the initiation of cardioactive agent in 40 and
in 9 of 100 studied patients, respectively. No therapeutic
impact was observed in the remaining 51 % of patients [10].
The lower therapeutic impact reported in that study when
compared to the present series is presumably related to the
absence of assessment of RV function and cardiac preload-
responsiveness, and to the single rather than serial hemody-
namic assessment.

We purposely performed qualitative hemodynamic
assessments because this approach was best suited for
short, repeated evaluations required by a monitoring sys-
tem and in accordance with the technical characteristics of
the tested single-use monoplane TEE probe. In addition,
the simple yet robust TEE patterns used in the present
study for monitoring purposes have previously been vali-
dated in ventilated patients with septic shock against a
more comprehensive and quantitative assessment [7].
Because both the diagnostic capacity and therapeutic
impact of any imaging modality are heavily influenced by
the experience of the operator, data obtained in this pilot
study by experienced intensivists with expertise in critical
care echocardiography [8] may have overestimated the
capacity of the proposed functional, qualitative TEE
monitoring of central hemodynamics, if conducted by
novice operators.

In the current study, two self-limited gastric bleedings
and two mechanical lip ulcerations were observed during
the prolonged esophageal insertion of the single-use TEE
probe. The relatively sharp tip and rigidity of the minia-
turized TEE probe may account for these mild adverse
events which did not require specific treatment. Although
it has been shown that the prolonged insertion (up to 12 h)
of a conventional TEE probe in dogs generated esopha-
geal pressure less than 10 mmHg without gross or
microscopic damage to the esophageal wall on pathologic
examination [11], TEE is neither used for nor considered
a true long-term hemodynamic monitoring system. In
contrast, the miniaturized single-use TEE probe tested
herein is the size of a nasogastric tube and therefore is
adequately suited for prolonged insertion. Importantly,
between hemodynamic assessments, the TEE probe
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should be maintained in a neutral position, because
maximal anteflexion of its tip may generate esophageal
probe contact pressure of up to 17 mmHg [11].

Our study has several limitations. First, no side-by-
side comparison was performed between the examina-
tions performed with the single-use miniaturized TEE
probe and a conventional multiplane probe. Even though
TEE image quality allowed hemodynamic monitoring in
85 % of patients, all views were optimal in only 45 % of
patients and hemodynamic evaluation was unavailable in
15 % of patients. We can anticipate that the greater
imaging quality of conventional TEE would have pro-
vided additional information which could have influenced
the therapeutic management of our patients. Moreover,
preload responsiveness was assessed in the transverse
view of the great vessels, whereas the visual estimation of
respiratory variations of the superior vena cava has been
described in the longitudinal 90° view [12]. Second,
therapeutic impact of the single-use TEE probe was
probably underestimated because it was restricted to
therapeutic changes directly related to the information
provided by TEE hemodynamic monitoring. However, in
most hemodynamic evaluations in which TEE had no
direct therapeutic impact, this monitoring allowed the
confirmation that ongoing treatment was well adapted to
the hemodynamic profile. Third, we cannot extend our
results to other ICU practices because the current inves-
tigators all have an extended experience in conducting
TEE studies [2, 4, 5]. Accordingly, the use of the tested
miniaturized single-use TEE probe in less experienced
hands may not provide similar information, and may
therefore have a lesser therapeutic impact. The learning
curve required for a novice operator to efficiently conduct
a hemodynamic monitoring using the tested device
remains to be determined. Fourth, gastric fibroscopy was
not systematically performed in our patients and the probe
was left in place for an average of 32 h only. Conse-
quently, the reported adverse events potentially related to
the prolonged use of the miniaturized TEE probe may
have been underestimated. Nevertheless, no side effect
requiring a specific treatment was reported in this series.
Fifth, the nasal insertion has not been tested in the current

study, as was previously done with another miniaturized
monoplane, multiple-use, TEE probe [13]. Finally, inter-
observer reproducibility was not tested, but all
investigators were experts in TEE with extensive expe-
rience in this area.

In conclusion, in expert hands, the tested single-use
miniaturized TEE probe provided relevant information for
the hemodynamic monitoring of ventilated ICU patients
with cardiorespiratory compromise and had a therapeutic
impact in the majority of patients. Further studies are
needed to confirm the tolerance of long-term insertion of
this miniaturized TEE probe, to determine the learning
curve required for its proper use by ICU physicians who
are novices in ultrasound, and to compare the new device
with other hemodynamic monitoring techniques before
making any recommendations. Future technical
improvement of the tested device promises to further
increase the clinical value of this novel ultrasound-based
functional approach to hemodynamic monitoring.
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