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Abstract

Background: Intraoperative transoesophageal echocardiography (IOTEE) is an integral part of many cardiac surgical procedures
and is employed during major non-cardiac operations to monitor cardiac performance, particularly in high-risk patients. In the case
of elective coronary artery bypass grafting (CABG) procedures this examination is performed according to experience and availability
in a given centre.

Aim: To evaluate the value of IOTEE in monitoring left ventricular (LV) function in patients undergoing elective CABG with the use
of cardiopulmonary bypass (CPB).

Methods: In fifty five patients (mean 66 + 9 years), mean EuroSCORE: 4.5 + 2.9 scheduled for elective CABG in CPB, IOTEE was
performed after induction of anaesthesia, 5 and 30 min after weaning from CPB. Intraoperative parameters of LV function and volume
(EDV/BSA) were compared with the data obtained by transthoracic echocardiography (TTE) performed before and 30 days after
surgery.

Results: Significant depression of LV ejection fraction (LVEF) was found after induction of aesthesia (decline from 52.2 + 11.2%
t0 49.8 £ 11.5%, p = 0.003). Subsequent improvement of LVEF was noticed at 1-month follow-up (p = 0.01). The highest wall motion
score index (WMSI) (L5 + 0.43) was found after weaning from CPB, the lowest at follow-up (1.36 + 0.4). Change of EF and WMSI at
each stage of examination was significant (p < 0.001). Significant decrease of EDV/BSA was found 30 min after weaning from CPB
(decline from 53.5 + 23.2 to 49.1 + 21.9 ml/m2, p = 0.05). Significant depression of EF 5 min after weaning from CPB was detected
only in patients with CPB time longer than 120 min (decline of 4.2%, p = 0.001).

Conclusion: Intraoperative transoesophageal echocordiography during elective CABG allows one to control difficult stages
of the surgical procedure and to select patients at risk of perioperative haemodynamic deterioration. Our study supports the routine
application of IOTEE in elective CABG.
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Introduction

In the era of a widespread use of percutaneous
myocardial revascularisation, patients referred to a cardiac
surgeon usually suffer from a multi-vessel disease, low left
ventricular ejection fraction (LVEF) and have concomitant
disorders. Optimal management with such patients during
surgery and the postoperative period, even if operated
electively, presents a real challenge for the anaesthetic and
surgical team.

Intraoperative transoesophageal echocardiography
(IOTEE) is an integral part of many cardiac surgical
procedures and is employed during major non-cardiac

operations to monitor cardiac performance, particularly in
high-risk patients. In the case of elective coronary artery
bypass grafting (CABG) procedures this examination is
performed according to experience and availability in
a given centre.

The IOTEE enables complete assessment of cardiac
performance, including preload, changes in volume
of cardiac chambers according to heart cycle, LVEF and
cardiac output. The IOTEE is an essential method to detect
hypovolaemia and evaluation of the circulatory response
to volume load [1-3]. The echocardiographic assessment
of the dynamic disturbances of LV regional contractility is
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an even more sensitive examination to detect
intraoperative myocardial ischaemia than ECG [4-7].

The purpose of this study was to examine
the usefulness of IOTEE to monitor LV performance during
elective CABG performed with the use of cardiopulmonary
bypass (CPB). Changes in global as well as in regional LV
function were evaluated during consecutive stages
of the operation and were compared to the status at
baseline and one month after surgery. The impact of CPB
on the LV function parameters was also assessed.

Methods

Patients

This prospective study involved 55 consecutive patients
who underwent elective CABG with CPB between January
and September 2006. There were 18 (33%) women in
the examined group of patients. Clinical characteristics
of the studied population are outlined in Table I.

Anaesthesia

The same anaesthetic management was used in all
surgical patients: midazolam in a dose of 7.5 to 15 mg was
administered as pre-medication, then fentanyl, thiopental,
pancuronium and inhalatory sevoflurane for anaesthesia
induction.

Cardiopulmonary bypass — protocol and
technique

The CPB protocol was as follows: priming consisted
of Ringer solution 1000 ml + HAES 500 ml + mannitol
5 ml/kg, non-pulsatile flow approximately 2.4 |/min/m?2,
membrane oxygenator with an integrated heat exchanger.
Intermittent warm blood cardioplegic Calafiore solution [8]
was administered ‘antegrade’ — directly to the aortic root
(and/or directly to the coronary artery ostia or to earlier
performed aorto-coronary bypass grafts).

Echocardiographic examination

Transthoracic (TTE) as well as TEE examinations were
carried out using the same Hewlett-Packard Sonos 2500
echocardiograph equipped with a sector 2.5-3.5 MHz probe
(TTE) and a multi-plane transoesophageal 5 MHz one. All
examinations were done by the first author of this
manuscript. Echocardiographic record (on VHS tape) was
used for further measurements and calculations were done
in five study stages. Baseline TTE study was performed on
the day prior to surgery (stage 1), and follow-up TTE
control 30 days after the operation (stage V).

Three IOTEE acquisitions were carried out:

1. just prior to chest opening and CPB installation (stage Il),
2. 5 min after CPB disconnection (stage IlI),
3. 30 min after CPB termination (stage IV).

Detailed examination comprised standard projections

performed according to the ASE/SCA protocol [9].

The following parameters of LV performance were
analysed: end-diastolic volume/body mass area (EDV/BSA),
LVEF, wall motion score index (WMSI). All measurements
and calculations of both TTE and IOTEE were carried out
according to the guidelines of the European Society
of Cardiology (ESC, EAE) and American College
of Cardiology (ACC, ASE) published in the 2006 report [10].

Measurements of LV volume and EF were carried out
using the Simpson formula for a two-plane ellipse. In
the I0TEE, four- as well as two-chamber mid-oesophageal
views were used to evaluate aforementioned parameters
(Figure 1). Additionally, to assess LV apical segment regional
contractility a long-axis gastric view was employed.

Statistical analysis

The results are expressed as means and standard
deviation. The values of EF, WMSI, EDV/BSA in
the consecutive study stages were compared using the 2

Table I. Characteristics of the examined group of

patients
Age [years] 66.1 (£ 9.41)
Gender 37-M (67%), 18-F (33%)
EuroSCORE mean 4.53 (+ 2.87),

min. 0 max. 10

Risk factors

arterial hypertension 43 (78%)
diabetes mellitus 20 (36%)
renal failure 15 (27%)
peripheral atherosclerosis 15 (27%)
gastrointestinal ulcer 10 (18%)
respiratory failure 9 (16%)
previous stroke 3 (5%)
heart failure 11 (20%)
obesity 15 (27%)
hyperlipidaemia 50 (91%)
smoking 32 (58%)
Previous myocardial infarction 40 (72%)
inferior 33 (73%)
anterior 12 (27%)
History of PCl 15 (27%)
Coronary angiography
2-vessel CAD 19
3-vessel CAD 32
4-vessel CAD 4
LM stem 7
LV ejection fraction [%)] 52.2 (+11.23)
< 50% 23
< 40% 8
< 30% 2
WMSI 1.46 (+ 0.43)

Abbreviations: CAD — coronary artery disease, LM — left main,
LV — left ventricle, WMSI — wall motion score index
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Figure 1. TEE — mid-oesophageal four-chamber view
— LVESV measurement

test, and when a correlation between analysed factors was
assessed, univariate analysis of variance with repeated
measurements was used. The impact of CPB on EF
changes was studied using bivariate analysis of variance

Table Il. Intraoperative data

with repeated measurements. Statistical functions and
the ‘data analysis module’ of the EXCEL package were
employed for statistical calculation.

Results

A summary of the perioperative clinical course and
information regarding the types of grafts are presented in
Table Il.

Nine (18%) patients required catecholamine adminis-
tration during cardiopulmonary support termination. Only in
one case was intra-aortic counterpulsation introduced.
Perioperative myocardial infarction was noted in one subject
on day 4 following surgery. There were no deaths during
surgery. Meanwhile, one patient died in the early
postoperative period (day 5).

Changes in the echocardiographic LV function
parameters in the consecutive study stages are
summarised in Figures 1-4 and in Table Il

A significant (p = 0.003) decrease in LVEF from 52.2% in
stage | to 49.8% in stage Il (@anaesthesia induction) was
observed. In the following study stages, LVEF systematically
increased (see Figure 2 and Table Ill). There were significant

Intraoperative data Skin-to-skin time [min] 226.7 (+ 59.9)
CPB time [min] 90.0 (+53.7)
Aorta cross-clamping time [min] 48.4 (£32.7)
IOTEE study time 43,0 (+5.1)
Grafts
number/patient [%)] 1 1(1.8%)
2 20 (36%)
3 32 (58%)
4 2 (3.6%)
Arterial grafts [%]
LIMA — LAD 96.4
LIMA -D1 3.6
LIMA - CX 1.8
CK-MB after surgery [ng/ml] 47.1(+90.3)

Table Ill. Changes in the echocardiographic parameters of left ventricular performance in consecutive study

stages
Stage | Stage Il Stage lll Stage IV Stage V
EF (%) —all pts 52.2 +11.2* 49.8 £+ 11.5* 51.0 £ 11.9* 52.9 + 10* 55.1+9.5*
WMSI 146 + 0.4* 147 + 0.4* 15 +0.43* 142 + 0.41* 136 + 0.4*

Number of dysfunctional

segments 356 (38%) 380 (41%)

384 (41.1%) 334 (35.7%) 266 (28.4%)

EDV/BSA [ml/m?] 52.7 £20.3** 53.5+23.2 51.9 + 20.2 49.1+21.9* 514 +18.0
EF in pts with CPB < 60 min 59.5+11.2 55.8+12.5 59.6 +10.6 611+8.7 612+7.6
EF in pts with CPB 61-120 min  49.8 +9.3 48.2+10.8 48.9+9.1 50.1+8.2 535+73
EF in pts with CPB > 120 min 451+10.1* 434 +7.4* 40.9 +11.2* 458 +6.7* 48.7 +12.2*

*p < 0.001, **p < 0.05 between stages | and IV

Abbreviations: CPB — cardiopulmonary bypass, EF — ejection fraction, WMSI —
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LVEF  changes between phases Il and IV
(p=10.004), Iland V (p < 0.001) as well as between | and V
(p = 0.013). Univariate analysis of variance showed that
changes of LVEF in the consecutive stages of the study
reached high statistical significance (p < 0.001).

The mean value of WMSI increased from baseline
(stage 1) reached a peak value in the period directly after
disconnection of CPB (stage Ill) and then systematically
decreased (Table I11). Differences between examined stages
were proved to be of statistical significance in the y 2 test:
between phases Il and IV (p = 0.009), | and V (p = 0.003),
Il'and V (p < 0.001), Il and V (p < 0.001) as well as
between IV and V (p = 0.041).

Generally, in the examination on day 30 following
surgery (phase V), improvement in myocardial contractility
was recorded in 90 (25.3%) dysfunctional segments.
Univariate analysis of variance revealed that changes in
WMSI in the consecutive study stages reached a very high
level of statistical significance (p < 0.001).

A significant difference between EDV/BSA mea-
surements was found only at stage IV of the study
(p = 0.05). There was a marked drop in the value of this
parameter within 30 minutes after disconnection of CPB
(stage of the chest closure) by 7% as compared with
the baseline value (see Figure 3, Table Il).

Examined subjects were split into three subgroups
according to CPB duration:
 up to 60 min (18 subjects — 32.7%),

* 61-120 min (26 patients — 47.2%),
« exceeding 120 min (10 individuals — 18%).

It was noted that patients with the highest baseline
LVEF had the shortest CPB time, while those with
the lowest LVEF had the longest CPB period. The
differences between groups were significant (p < 0.001).
The LVEF differed in the consecutive operation stages
between the examined groups (see Figure 4, Table II1).
However, those differences were not significant in
the group with the shortest CPB time (and simultaneously
with the highest LVEF). In the group with intermediate
CPB duration a significant improvement in LVEF was noted
in the study stage V (p = 0.014). Thus, CPB not
exceeding 120 min did not cause a marked LVEF drop in
the early postoperative period (stages Il and IV), whereas
longer CPB duration was associated with a significant
(p = 0.001) decrease in LVEF by 4.2%.

Discussion

Apart from the Swan-Ganz catheter, IOTEE is another
useful tool for cardiac anaesthesiologists. It enables dynamic
monitoring of haemodynamic patients’ status and
modification of therapeutic management. Its value in cardiac
surgery has been gaining significance, especially after some
limitations of monitoring with the Swan-Ganz catheter were
revealed. Also, there is often a shortage of other visualisation
modalities in the operating theatre [11-14].
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Figure 2. Changes in value of ejection fraction
(EF%) in consecutive stages of the study

54 T T T T T

51 :_

EDV/BSA

49 |

48 F

47 L i 1 1 1 I
stage | stage |l stage Il stage IV stage V

Figure 3. Changes in value of left ventricular
end-diastolic volume index in consecutive stages
of the study
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Figure 4. Variability of ejection fraction in relation
to cardiopulmonary bypass time
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Echocardiographic monitoring of acute haemodynamic
disturbances during cardiac surgical procedures,
assessment of the cardiac congenital malformation
corrections and valve reconstructive surgical treatment
were included as recommendations of class | in
the American and European Heart Associations guidelines
[15]. In this study the usefulness of IOTEE in monitoring
of LV performance changes during the consecutive stages
of elective CABG procedures was confirmed (recom-
mendation of class Ila). A comparison of data either
perioperative or one month after surgery enabled analysis
of LV performance not only during CPB, but also after
anaesthesia induction and more detailed evaluation
of the final operative outcome.

Our study involved patients with multi-vessel disease,
the majority had remote myocardial infarction and
moderate operative risk according to EuroSCORE
classification. More than half of the examined subjects
(58%) had LVEF > 50%. The low mortality rate in our
patients as well as the low percentage of patients that
required both catecholamine support and intra-aortic
balloon counterpulsation introduction in the early
postoperative period may be explained by the relatively
preserved LV function.

The two-plane Simpson method was used intentionally
to evaluate EF and volume of LV in all examinations. It
enabled the results of TTE studies carried out before and
after surgery to be compared with intraoperative results.
Owing to the careful selection of the appropriate
echocardiographic views and avoiding shortening of the LV
long dimension in the transoesophageal study, the findings
in TTE and TEE are quite comparable [10, 16, 17]. In the daily
clinical practice in the operating theatre, a transgastric
view in the short axis is the most commonly employed
and widely recommended echocardiographic view to
calculate LV global function. Systolic-diastolic variability
of LV cross-sectional area at the level of the papillary
muscles (fractional area change — FAC) correlates with LVEF
[2, 7, 10, 13]. Moreover, the Simpson method is also
recommended in patients with regional myocardial
contractility disturbances [10]. However, this method is
more time-consuming, requires more experience, but is
more accurate and similar to the real status.

Controversies may arise from comparison
of the parameters describing LV function and volume
between TTE and TEE. However, a combination of both TTE
and TEE techniques is accepted, although used rarely
[10, 16]. Performing all examinations using TEE in all
patients was a possible alternative, although it could give
rise to some ethical doubts.

Additionally, the reliability of our results was improved
by the fact that all echocardiographic studies were
performed by the same person.

Bergquist et al. examined accordance of LV
performance evaluation during 75 CABG procedures, first

Kardiologia Polska 2009; 67: 5

done by five experienced cardiac anaesthetists (using
a transoesophageal probe) and then completed by ‘off-line’
assessment by two experienced specialists in
echocardiography. They found only moderate accordance
of the LV systolic function assessment. If accepting error
of 10%, accordance was reached in 75% of the studied
cases. Specificity of the regional function assessment was
between 50 and 100% and was found to be higher in
the cases without any contractility disturbances, especially
severe forms such as akinesis or dyskinesis. High
accordance was noted in assessment of cardiac chambers
filling (p < 0.001) [18].

Our study revealed that the most pronounced and
statistically significant decrease of EF was noted after
anaesthesia induction. The LVEF value similar to
the baseline one was achieved within 30 min after
disconnection of CPB (stage IV). Impairment of LV
performance following anaesthesia induction revealed
specific haemodynamic instability in patients with coronary
artery disease at that time. It was characterised by
a decrease in systemic blood pressure, tachycardia induced
by stress related to general anaesthesia and endotracheal
intubation, an impact of the anaesthetic agents and a low
coronary flow reserve in patients undergoing CABG
[19-22]. It was found that conventional ECG monitoring did
not reflect properly the extent of LV dysfunction
accompanying intubation and anaesthesia induction;
the attempts of pharmacological prophylaxis of such
adverse effects using nitroglycerine infusions were also
tested [23, 24]. Brinke et al. compared haemodynamic
parameters of LV function in patients referred for cardiac
surgical operation while awake (i.e. coronary angiography)
and after anaesthesia induction. As in our patients,
a significant EF decrease after administration
of the anaesthetic drug accompanied by a slight increase
in diastolic LV volume was noted [21].

An improvement in LV contractility following CABG is
associated with abatement ‘stunning’ or ‘hibernation’
of ischaemic myocardial areas. We observed in our patients
a marked increase in WMSI (contractility compromise) at
the study stage Ill (directly after CPB completion) followed
by gradual improvement. This is consistent with
the findings of some other authors. Bortone et al. noted
an improvement in WMSI at 30 min after disconnection
of CPB in 50 patients who underwent CABG [25]. Mavi et
al. assessed either global LV systolic or regional function
in 25 patients undergoing CABG 5 and 30 min after CPB
and eventually one month after surgery. They noted a 13%
drop in EF and an increase in WMSI by 15% at the 5th
minute after cardiopulmonary bypass disconnection. Then,
these parameters improved gradually to reach the baseline
values 30 min after CPB completion, and further
improvement in follow-up was observed [26]. A study
performed using a similar monitoring system by Simon et
al. showed a decrease of EF by 17% directly after CPB
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disconnection [27]. The authors highlighted the impact
of the method of intraoperative myocardial protection
(various cardioplegic solution types) on the study findings.

However, Szulczyk et al. found that sudden LV
contractility improvement following CABG was temporary,
while permanent improvement in systolic LV function was
observed within follow-up but later than 3 months after
surgery. It may be associated with run-down of recruited
faint reserves of ‘hibernated’ myocardium [11].

During CABG procedures, the myocardium is subjected
to ischaemia several times. The most important factors
causing myocardial ischaemia include aortic cross-clamping
(particularly the period between cross-clamping and heart
asystole induced by the cardioplegia infusion and between
subsequent doses of cardioplegia administration), surgical
manipulations, volume and pressure overload, and low
perfusion pressure during cardiopulmonary bypass.
Moreover, reperfusion defined as time to restoration
of the optimal perfusion and reoxygenation (restoration
of supply with oxygenated blood) may paradoxically
augment ischaemic injury to the myocardium.

Extracorporeal circulation is one technique
of myocardial protection against ischaemia and reperfusion
injuries. Nowadays, operations involving CPB still form
a majority of cardiac surgical procedures. However, CPB is
associated with a risk of complications related particularly
to the hormonal and inflammatory response. Cardiac
function directly after disconnection of the CPB is thus
a result of the beneficial impact of revascularisation and
post-perfusion injury. The latter not uncommonly requires
catecholamine administration or intra-aortic balloon pump
employment in the early postoperative period. In our
patients, the expected adverse impact of CPB and
ischaemia on systolic cardiac performance was observed
only in patients with the longest CPB time (> 120 min). An
additional factor of negative outcome was the most
pronounced EF impairment in this group. The significant
decrease in EF seen directly after CPB disconnection was
fortunately only temporary.

In our study no additional important factors such as
severity of the coronary artery disease, concomitant
surgical procedures, or EuroScore result that might impact
on CPB time prolongation or might have an association
with low EF at baseline in the group with the longest CPB
time were analysed.

Changes in diastolic LV volume corresponding with
preload and LV compliance in the consecutive stages were
inconsiderable. The IOTEE confirmed the observation
of marked decrease in LV volume during thoracic cavity
closure related to oedema of cardiac, mediastinal and lung
tissues that in cases of longer operation may lead to
so-called ‘intrathoracic tightness syndrome’.

Every operation performed with CPB is associated with
a dislocation of large amounts of fluid from the vascular
bed to the extravascular space. In extreme cases

of prolonged CPB interstitial oedema may be so
pronounced that closure of the thoracic cavity may be
found impossible (due to a significant decrease in systemic
flow). This procedure is then postponed, even by many
hours. Monitoring LV diastolic volume by means of IOTEE
is useful not only to detect but also to control
management of this serious complication.

In this study, many other advantages of IOTEE use such
as monitoring of air microbubbles or other embolic material
in the cardiac chambers (8 patients in the examined
group), evaluation of unexpected valvular changes in
structure and impairment of their function were not
analysed. They are beyond the scope of this study and
they require separate discussion.

To conclude, IOTEE is very useful in the evaluation
of cardiac performance and its changes during CABG with
CPB. It enables identification of the operation stages that
are associated with the highest risk of cardiac performance
impairment.

Study limitations

1. A low number of patients in the examined group and
a low proportion of subjects with impaired EF.

2. A relatively short period of follow-up limiting conclusive
remarks with respect to the prognostic value
of the observed changes in LV performance.

3. To confirm repeatability of the IOTEE results it would be
necessary to carry out the inter-observer variability test.

Our experience indicates that intraoperative
echocardiography should be performed more often than
nowadays also during elective CABG.
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Monitorowanie funkcji lewej komory u chorych
poddanych planowej chirurgicznej rewaskularyzacji serca
w krazeniu pozaustrojowym. Znaczenie echokardiografii
Srodoperacyjnej
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Streszczenie

Wstep: Srodoperacyjne echo przezprzetykowe (IOTEE) jest jedng z istotnych czeéci wielu operacji kardiochirurgicznych i stosowane
jest podczas zabiegéw niedotyczacych serca w celu monitorowania czynnosci hemodynamicznej, szczegélnie u chorych wysokiego
ryzyka. W przypadku chorych poddawanych planowe] operacji pomostowania naczyi wieficowych (CABG) metoda ta jest stosowana
w zaleznosci od doswiadczenia zespotu leczacego i dostepnosci w danym osrodku.

Cel: Zbadanie przydatnosci IOTEE w monitorowaniu funkcji lewej komory (LV) podczas planowych operacji CABG w krazeniu
pozaustrojowym (CPB). Ocenie poddano zmiany globalnej i regionalnej funkcji LV podczas kolejnych etapéw operacji w poréwnaniu
z badaniem przedoperacyjnym oraz miesiac po operacji. Przeanalizowano wptyw CPB na zachowanie sie parametréw funkcji LV.

Metody: Grupe badang stanowito 55 chorych (66,1 + 9 lat), EuroSCORE: 4,5 + 2,9, kwalifikowanych do planowego CABG.
Wykonywano dwa badania przezklatkowe (TTE) — wstepne i 30 dni po operacji, oraz trzykrotnie badanie IOTEE — przed podtaczeniem
do CPB oraz 5 i 30 min po odtgczeniu od CPB. Oceniano nastepujace parametry funkgji LV: frakcje wyrzutowa (EF%) mierzong metoda
Simpsona dla dwuptaszczyznowej elipsy, wskaznik kurczliwosci WMSI oraz wskaznik objetosci rozkurczowej (EDV/BSA).

Wyniki: Wykazano istotny spadek EF po indukcji znieczulenia (z 52,2 + 11,2 do 49,8 + 11,5, p = 0,003), a nastepnie systematyczny
jej wzrost 0 2,9% (p = 0,01) miesiac po operacji. Najwyzsza wartos¢ WMSI (1,5 + 0,43) stwierdzono bezposrednio po wyjsciu z CPB,
a najnizsza w badaniu kontrolnym (1,36 + 0,4). W jednoczynnikowe] analizie wariancji zmiany EF% oraz WMSI na kazdym etapie
badania byty znamienne statystycznie (p < 0,001). Istotna zmiana EDV/BSA miata miejsce jedynie 30 min po wyjsciu z CPB (spadek
7 53,5 + 23,2 do 49,1 + 21,9 ml/m2, p = 0,05). Negatywny wptyw krazenia pozaustrojowego na funkcje LV zaobserwowano tylko
u chorych, u ktérych czas CPB byt rowny lub dtuzszy niz 120 min (spadek wartosci EF% bezposrednio po odtaczeniu od CPB o0 4,2%,
p = 0,001).

Whioski: Srédoperacyjna echokardiografia przezprzetykowa jest wysoce przydatna w ocenie funkcji serca i jej zmian podczas
operacji rewaskularyzacji serca w krazeniu pozaustrojowym. Umozliwia wyodrebnienie etapéw operacji, ktére wiaza sie z najwiekszym
ryzykiem pogorszenia funkgcji serca. Zdobyte doswiadczenia wskazuja, ze echokardiografia srédoperacyjna powinna by¢ stosowana
szerzej niz dotad przy planowych operacjach rewaskularyzacji serca.

Stowa kluczowe: rewaskularyzacja chirurgiczna serca, krazenie pozaustrojowe, funkcja serca, srédoperacyjna echokardiografia
przezprzetykowa
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