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Value of Intraoperative Transesophageal Echocardiography during tetralogy
of Fallot repair
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This study was performed to define a value of intraoperative transesophageal echocardiography (ITEE) during

tetralogy of Fallot (ToF) repair.

Methods. Intraoperatively 64 patients with ToF were examined by TEE before and after cardiopulmonary bypass

(CPB).

Results. All preoperative diagnosis were confirmed by ITEE, except two cases when ITEE excluded diagnosis of
PA branches’ stenosis and one case when additional muscular ventricular septal defect was detected. Was revealed
a strong correlation of PV annulus Z-score diameter by ITEE with intraoperative data (r=0,802; p<0.00001).
Significant RVOTO was detected by ITEE in two patients (3,1%) and three patients (4,7%) underwent a reoperation

on pulmonary branches due to ITEE data.

Conclusions. ITEE imaging is a valuable, safe and accurate tool for anatomical, hemodynamic, and functional

assessment during ToF repair.
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Transesophageal echocardiography is currently gaining
increasing popularity as a means of continuous cardiac
imaging during open heart operations [I, 2]. Its ability to
monitor ventricular’s function, valves’ abnormalities and
to assess the adequacy of surgical repair is well defined [3,
4]. TEE is suitable for intraoperative application and its
indications are extended to all situations in which detection
of abnormalities is needed. For this reason patients with
congenital heart defects should benefit most from the
intraoperative use of TEE. Experience of ITEE during
ToF repair, however, is limited mainly because of limited
availability of TEE and to the fact that adequacy of RVOT
reconstruction during ToF repair is based on measuring
of intracardiac pressures and sizing the RVOT with Hegar
dilators, whereas ITEE data is used only as an additional
tool [5].

We present our experience with two- dimensional color
Doppler TEE used intraoperatively in a series of patients
undergoing ToF repair in Ukrainian Children’s Cardiac
Center, Kyiv, Ukraine. This report focuses on the technical
feasibility of 2-D TEE and its potential advantages for the
cardiac surgeon.

Material and Methods. Between July 2016 and July
2018, 64 patients with ToF underwent total correction. All
patients were imaged by a Philips iE33 echocardiography
machine for TEE with a pediatric biplane transducer probe
used in patients of less than 15 kg body weight (Philips Ul-
trasound, Bothell, WA). TEE was performed before CPB in
order to reveal venricular sepyal defect (VSD), additional
morphological features of the right ventricular outflow tract

(RVOT), the RVOT obstruction level and the pulmonary ar-
tery annulus and the branches size.

Insertion of the probe was performed in the anesthetized
patient after endotracheal intubation, either blindly or under
direct visualization of the pharynx with the neck moderately
flexed. Advancement of the generously lubricated probe was
accomplished very gently in the flexible mode with the con-
trol unlocked. Transesophageal echocardiographic monitor-
ing was started before skin incision and continued through-
out the entire procedure, being temporarily suspended during
cardiopulmonary bypass to minimize the risk of esophageal
damage due to probe heating and temperature gradient dur-
ing this period. At the end of each procedure, just before
transfer of the patient from the operating room to the inten-
sive care unit, the probe was removed.

The quality of 2-D TEE was considered satisfactory in
all cases and there were no problems with probe insertion.

For evaluation of the VSD in terms of location, size, and
margins we used the following TEE views: midesophageal
4-chamber (ME 4 Ch, Figure 1), ME long-axis (ME LAX,
Figure 2), ME AV shortaxis (ME AV SAX, Figure 3), ME
right ventricular inflow-outflow (ME RYV in-out, Figure 4).
Color Doppler interrogation allowed to analyse the direc-
tion of flow across the VSD and to evaluate the potential
additional shunts (Figure 4).

To evaluate the anatomy of the RVOT we used ME RV
in-out (Figure 4), to interrogate the main and branch pul-
monary arteries the preferred planes were the ME ascend-
ing aortic SAX and upper-esophageal aortic arch SAX views
(Figure 6). Doppler techniques were applied to evaluate
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Figure 1. Midesophageal 4-chamber
(ME 4 Ch) demonstrates two ventricles and
atrio-ventricular valves

Figure 4. ME right ventricular inflow-outflow (ME RV in-out) demonstrates

tricispid valve, right ventricle and RVOT
(2D and Collor Doppler)
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Figure 6. ME ascending aortic SAX and upper-esophageal
aortic arch SAX views demonstrate pulmonary trunk and
pulmonary branches

the nature, location, and severity of the RVOT obstruction.
Color and Pulsed-wave Doppler assisted in localizing the
obstruction. Continuous-wave Doppler was used to evalu-
ate the severity of the RVOT obstruction by application of
the modified Bernoulli equation (4V2 = P1—P2) (Figure 5).
A peak jet velocity higher than 4 m/s (estimated gradient
exceeding 64 mm Hg) was considered to be severe in nature.

Figure 2. ME long-axis (ME LAX)
shows interventricular septum and
long axis of aotic valve

Figure 3. ME AV short axis view (ME AV SAX)
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Figure 5. CW Doppler demonstrates the
residual gradient on RVOT after ToF repair

The aortic root was best evaluated by 2D and color flow
mapping across the AV and LVOT in a number of views, in-
cluding the ME AV SAX and ME AV LAX.

TEE was also valuable to evaluate for the presence of in-
tracardiac air and monitor the adequacy of cardiac deairing,
using the ME 4 Ch and ME LAX views.

After CPB ITEE allowed to evaluate the surgical inter-
vention and to assess a hemodynamically significant re-
sidual defects that may need revision. Additional contribu-
tions of TEE in the postbypass period include guidance of
the surgical revision if indicated, influences on anesthetic
and hemodynamic management by facilitating the choice
of appropriate pharmacological agents/other therapies, and
planning and optimization of postoperative care. After CPB
the following parameters were evaluated during ITEE: 1)
right and left ventricular function; 2) presence of tricuspid
regurgitation; 3) presence of any residual VSD; 4) presence
of residual RVOT obstruction; 5) presence of pulmonary
valve regurgitation and 6) presence of residual PA branches
stenosis.

Furthermore, in the patient with tetralogy of Fallot TEE
helped to monitor the effect of vasodilator therapy in weaning
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Table 1
Concomitant cardiac defects

Concomitant cardiac defects n % of all patients
Right Aortic Arch 12 19
Patent ductus arteriosus 8 12,5
Pulmonary artery branches stenosis 10 15,6
Left superior vena cava to coronary 3 47
sinus ’
Vascular ring 3 4,7
VSD multiple minimal 2 3
Anomalous origin of the left
coronary artery from right coronary 1 1,5
artery
Left superior vena cava to left

. 1 1,5
atrium
Right ventricle rhabdomioma 1 1,5
Situs inversus with dextrocardia 1 1,5

the patient from cardiopulmonary bypass. Variations of car-
diac function due to hypovolemia or hypocontractility were
instantaneously recognized by TEE in all patients, allowing
us to select the most proper treatment in each situation.

Results. During the interval of July, 2016 to July, 2018,
2D TEE was used intraoperatively in 64 children undergo-
ing ToF repair. There were 25 female and 39 male patients,
with median age at surgery of 7,0 months (within the range
0,9 — 41,7 months). With PV preservation were operated 48
patients (75%) and with transannular patch — 16 patients
(25%). By the echocardiographic examination, 42 (67,7%)
of 64 patients, were diagnosed with concomitant nonsignifi-
cant cardiac defects, the spectrum of which is presented in
Table 1.

All preoperative diagnosis were confirmed by ITEE, ex-
cept two cases when ITEE excluded diagnosis of PA branch-
es’ stenosis, that was proved by direct Hegar measurements
and one case when additional muscular ventricular septal
defect was detected. PV diameter was feasible by ITEE in
all patients before CPB. Was revealed a strong correlation of
PV annulus Z-score diameter by ITEE with intraoperative
data (r=0,802; p<0.00001). Significant RVOTO was detect-
ed intraoperativly in two patients (3,1%) patients. These two
patients had immediate surgical revisions in operating room
due to severe RVOTO according to pressures and ITEE
data. The first patient had a subpulmonary stenosis with a
maximum RVOT gradient of 80 mmHg by ITEE, Prv/Plv
ratio 1,1, intraoperative PV Z-score value of 0,4. The sec-
ond patient had a subpulmonary stenosis with a maximum
gradient of 27 mmHg by ITEE, Prv/Plv ratio 0,73, intraop-
erative PV Z-score value of 0,5. In both cases we returned to
the CPB and realized a more aggressive muscular resection
without transannular patch.

Three patients (4,7%) underwent a reoperation due to
intraoperative TEE data of significant pulmonary branches

stenosis. Two patients had satisfactory RV/LV pressures and
direct measurements after CPB and hadn’t ITEE signs of
significant pulmonary branches stenosis, nevertheless they
have progressed before discharge. We believe a transannu-
lar patch may deform the pulmonary branches due to the
absence of closing mechanism in pulmonary valve position,
severe pulmonary regurgitation and RVOT aneurysm for-
mation.

The residual ventricular septal defects were detected in-
traoperatively after CPB in 10 patients (15,6%) which were
nonsignificant and did not require immediate surgical revi-
sion.

After tetralogy of Fallot repair mean intraoperative gra-
dient through the RVOT measured by TEE was 23,6+13,6
mmHg that correlated good with mean intraoperative gra-
dient (21,5+10,1 (mmHg)) measured by direct measure-
ments and with data at discharge transthoracic echocar-
diography (28,7+15,1 (mmHg)) (r=0,628 and r=0,5186,
respectivly). Intraoperatively PV insufficiency was seen in
33 patients (51,5%) with mild degree in 13 patient, moder-
ate — in 9 patients and severe — in 1 patient. At discharge PV
insufficiency was revealed in 55 patients (85,9%) with mild
degree in 30 patient, moderate — in 8 patients and severe -
in 6 patients.

Discussion. The results of this study show the potential
advantages of the intraoperative use of TEE during ToF re-
pair. Transoesophageal echocardiograms are important ad-
junctive tests in patients with tetralogy of Fallot, with the
images being collected using sweeps similar to those provid-
ing transthoracic echocardiograms.

Intraoperative transoesophageal echocardiograms are
routinely performed in patients undergoing cardiac surgi-
cal repair of tetralogy of Fallot [1, 2]. The most common
indications are during open heart surgery and when there
are unsatisfactory transthoracic images. It helps in cardiac
visualization when transthoracic images are not obtain-
able or are deemed inadequate. Preoperatively, these im-
ages aid in the confirmation of the intracardiac anatomy.
They should not be considered the initial diagnostic test,
as delineation of the intracardiac anatomy should be com-
pleted usually by transthoracic echocardiography, prior
to entering the operating suite. The postoperative TEE
echocardiograms are used to confirm successful surgical
repair. They should exclude residual atrial or ventricular
septal defects, residual obstruction in the right ventricular
outflow tract, assess the degree of pulmonary or tricuspid
regurgitation, and evaluate the right and left ventricular
function following the repair. A routine, systematic, ap-
proach to TEE will allow the clinician to evaluate effec-
tively all the intracardiac anatomy [4, 6]. Moreover, ITEE
permits uninterrupted monitoring of cardiac performance
throughout the surgical procedure and therefore evalua-
tion of the effectiveness of any inotropic or vasoactive drug
administered [7]. The advantage of ITEE over intraoper-
ative epicardial 2-D echocardiography is poor surface con-
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tact and heart compression with consequent arrhythmias
are avoided and temporary discontinuation of the operation
is not required.

Some of the contraindications for transoesophageal
echocardiography include oesophageal abnormalities or
prior oesophageal surgery, active gastrointestinal bleeding
or coagulopathy, respiratory decompensation or inadequate
control of the airway, or abnormalities of the cervical spine
or pharynx [8].

Conclusions. ITEE imaging is a valuable, safe, feasible,
and accurate tool for anatomical, hemodynamic, and func-
tional assessment in patients with ToF during surgical repair.
TEE offers the advantage of permitting visualization of the
operative procedure in real time and provides guidance for
the surgeon in making decisions inside the operating room.
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3HauyeHHs iHTpaonepauiiHOi Yepe3CcTpaBOXiAHOI exoKapaiorpadii npu kopekuii TeTpaan Panno
bopogiHosa O. C.
Y «HaykoBO-NpakTUYHUIA MeAUYHUI LEHTP AMTAYOI Kapaionorii Ta kapaioxipyprii MO3 Ykpainu» (Kuis)

JocmimkeHHs OyJI0 IPOBEACHO IS BU3HAYCHHS LIHHOCTI BHYTPIIIHBOOIIEPAIliifHOI Yepe3CTPaBOXiTHOI eXoKapIio-
rpadii (ITEE) nig yac kopexkuii rerpanu ®anno (ToF).

Meroau. Y nepion 3 nurHs 2016 poky mo numnens 2018 poky 64 nauieHTH OyJIM paguKaabHO ITPOOIEPOBaHi 3 TPUBOLY
terpoau Panno. Bei mamientn 6ynn ooctexxeHi 3a nornomoroto ITEE no Ta micis mrydHoro KpoBoooiry, a Takox 3a J10-
TIOMOTOIO MPSIMUX BUMipIOBaHb CEPLIEBUX CTPYKTYp Ta TPadi€HTIB THCKY. IHTpaomnepalliitHi exokapmiorpadiuHi gaHi mo-
PIiBHIOBJIMCS 3 iHTpaomnepaliiHUMU rpaliEHTaMu Ta exoKapaiorpadivHUMU JTaHUMU TIPYU BUTTHCIII.

PesyabraTu. byno npoonepoBaHo 25 mauieHTiB XiHOYOi cTaTi Ta 39 mailieHTiB YOJIOBIUOI CTaTi, CEpeaHiil BiK SIKUX
cknaB 7,0 micauis (y mexax Bin 0,9 no 41,7 micsuiB). I3 30epexxeHHsIM KJiaraHa JereHeBo1 apTepii 0yJi0 MpoornepoBaHO
48 mauienTis (75%), i3 TpaHCaHYJISIPHOIO IIACTUKOIO — 16 matienTiB (25%). Bci mepenonepatiiitHi giarHo3u 6yB miaTBep-
mxeHi metonoM ITEE, 3a BuHsITKOM ABOX BuIankiB, Koau ITEE BUKIIIOUMB 1iarHO3 CTEHO3Y TiJIOK JIereHeBO1 apTepii, 1110
OyJ10 TiATBEpIKEHO Oe3rmocepeHiM BUMipIOBaHHSIM 3a IOITIOMOTOI0 po3liuploBadiB Hegar, Ta oqHOro BUMNaaKky, Kojau 0yB
BUSIBJICHUI JONATKOBUI M’ SI30BUiA AeDeKT MiXKIIUTyHOUYKOBOI ITeperopoku. byjio BCTAHOBIEHO CUIbHUI KOpETSLiHW i
3B’S130K Z-Score IiaMeTpy KjallaHa JIeTEHeBOI apTepii, BuMipssHoro 3a nonomoroi TEE, 3 iHTpaonepaniitHuMu 1aHUMKI
(r=0,802; p<0,00001). Metrogom ITEE BusiBunu 3Haunuiit RVOT y nBox nauieHTiB (3,1%), ki nmotpeOyBaiu HeraitHOI
Xipypri4Hoi KopeKliii B orepariiiHiii 3aii. Tpu nmamientu (4,7%) notpedyBajiv IOBTOPHO Orepallil yepe3 iHTpaoIiepariiiHi
TEE naHi mpo BaxKi CT€HO3U TiJIOK JereHeBO1 apTepii, sIKi OyJIM TOBTOPHO BiAKOpUIOBaHi 6e3 Biizny 3 omnepaliiiiHoi. by-
JIO BUSIBJIEHO TTOMipHUI KOpeJIsILiiHuiA 3B 130K iHTpaonepauiiiHoro rpamieHTa yepe3 RVOT, BuMipsiHoro 3a 10romMoroto
TEE, 3 iHTpaonepaliiHUM rpalieHTOM TIpU MPSIMOMY BUMIpIOBaHHI Ta 3 TpaHCTOPaKaJbHUMU eXoKapaiorpadiyHuMu
JTAaHUMM Ha MOMEHT BUITMCKU (23,6%13,6 MM pT. CT. mopiBHSAHO 3 21,5£10,1 MM pT. cT. Ta 23,6£13,6 MM pT. CT. TIOPiBHSIHO
328,7%x15,1 mm pT. cT.; r=0,628 i r=0,5186 BimmosigHO).

Bucnoskn. ITEE € ninHuM, 6e3ne4HUM i TOUHUM iHCTPYMEHTOM JJIsI aHATOMiYHOI, reMOAMHAMiYHOI Ta (pyHKIIiO-
HaJIbHOI OLIIHKY TAIiEHTIB Mix yac XipypriuHoi kopekiii Terpaau ®amno. TEE nponoHye nepeBaru, 1o 103BOJISIIOTH Bi-
3yajlizyBaTU poOOTY ceplid Il Yac omepallii B pexXrMi peaJbHOT0 4acy Ta JOIOMAararoTh Xipypry y OpUMHSTTI pilleHb
Oe3rnocepeIHbO B OTepalliliHii.

Karwmoei caosa: mempada @anno, padukansha Kopekyis, inmpaonepayiiina yepe3cmpasoxiona exoxapoioepagis.



