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Can intraoperative TEE correctly measure residual shunt
after surgical repair of ventricular septal defects?
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Abstract

Purpose No groups have yet succeeded in identifying the

need for re-repair of residual shunt after surgical repair of

ventricular septal defect (VSD) based on quantitative

evaluation of the ratio of the pulmonary blood flow to the

systemic blood flow (Qp/Qs) by transesophageal echocar-

diography (TEE). Hence, we studied the accuracy of Qp/Qs

as estimated by intraoperative TEE.

Methods Twenty-six patients undergoing VSD closure

were studied. After separation from the cardiopulmonary

bypass, the presence and severity of residual leakage was

evaluated by color Doppler image, and the Qp/Qs (TEE-

derived Qp/Qs) was calculated by measuring the vessel

diameter and the velocity–time integral of the flow profiles

in the main pulmonary artery and left ventricular outflow

tract. Transthoracic echocardiography (TTE) was per-

formed at pre-discharge and at 6–12 months after the

correction to confirm the presence and severity of residual

leakage.

Results TEE detected only minor leakage, with no indi-

cation for re-repair, in 8 of the 26 patients. Nevertheless,

TEE-derived Qp/Qs varied from 0.57 to 2.07 and were

incorrect in 17 patients (65.4%). This meant that when

TEE-derived Qp/Qs was outside the acceptable range, the

patient was judged not to be in need of re-repair. TTE at

pre-discharge confirmed trivial leakage in 3 patients in

whom TEE had also identified similar leakages. These

leakages were not observed at the follow-up TTE.

Conclusion TEE-derived Qp/Qs lacks the accuracy

required to play a crucial role in quantitatively measuring

the severity of residual shunt, while two-dimensional TEE

can reliably detect residual leakage after VSD closure and

lead to optimal judgment on the need for re-repair.

Keywords Ventricular septal defect (VSD) �
Transesophageal echocardiography (TEE) �
Ratio of pulmonary blood flow to systemic blood

flow (Qp/Qs) � VSD closure � Residual leakage

Introduction

Transesophageal echocardiography (TEE) is very useful

and efficient for evaluating repairs after surgery for con-

genital cardiac diseases [1–5] and detecting the residual

leaks that frequently occur after the repair of ventricular

septal defects (VSDs) [2–5]. Yet criteria identifying the

need for re-repair of residual defects have not been clearly

outlined by quantitative shunt measurements by TEE.

Doppler echocardiography techniques have been used to

accurately estimate the ratio of pulmonary blood flow to

systemic blood flow (Qp/Qs) in various cardiac shunt

lesions in non-operating room settings [6–11]. One con-

ventional method applicable either before or after the repair

of a shunt lesion is to calculate the relative amounts of flow

passing through the pulmonary artery (PA) and left ven-

tricular outflow tract (LVOT) by measuring the velocity–

time integrals and luminal areas of the PA and LVOT. The

aims of this study were twofold: first, to evaluate the

accuracy of Qp/Qs estimated by the conventional method

based on TEE after correction of VSD; second, to assess
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the reliability of color Doppler imaging (CDI) as a method

for grading the severity of leakage and predicting the

absence of persistent residual leakage during the follow-up

period.

Methods

Patients

Twenty-six patients diagnosed with VSD were prospec-

tively enrolled in this study. This study was approved by

the institutional ethics committee with a waiver of the

requirement to obtain written informed consent from

patients older than 20 years old and the parents of the

younger patients. All cardiac surgeries (VSD closure with

Gore-Tex patch) were performed at the Niigata University

Hospital. All patients had undergone preoperative exam-

inations, including cardiac catheterization and transthoracic

echocardiography (TTE).

The VSD was located in the perimembranous region in

17 of the 26 patients. Among these 17 patients, 8 had an

outlet extension, 1 had an inlet extension, 1 had a right

coronary cusp prolapse (RCCP), 2 had a non-coronary

cusp prolapse (NCCP), and 4 had a pouched formation of

the septal leaflet (PSL). The VSDs in the other 9 patients

were of the outlet type, and RCCP was present in 7 of

those 9. Patent ductus arteriosus (PDA) and patent fora-

men ovale (PFO) were concomitantly present in 2 of the

26 patients. When pulmonary hypertension (PH) was

defined simply as a ratio of pulmonary pressure to sys-

temic pressure (Pp/Ps) that exceeds 0.5, PH was present

in 17 patients, including 8 with a Pp/Ps greater than 0.8,

and 2 with a pulmonary vascular resistance greater than

5 Wood’s Unit m-2. The VSD sizes were recorded in 14

patients preoperatively. By indexing the VSD size to the

body surface area, the method reported by Sabry et al.

[6], 13 of the defects were classified as large and 1 was

classified as moderate.

In the surgeries to close the 26 VSDs, 14 of the defects

were approached for closure via the tricuspid valve (TV)

and 12 were approached via a main pulmonary arteriotomy

(PA-tomy).

TEE

A pediatric biplane probe (UST-52111S; Aloka, Tokyo,

Japan) was used for patients with body weights of less

than 15 kg and an adult multiplane probe (UST-5293S-5;

Aloka, Tokyo, Japan) was used for larger patients. After

separation from the cardiopulmonary bypass (CPB), two-

dimensional TEE with CDI was used to identify residual

leakage in the VSD repair. If residual leakage was detected,

its severity was qualitatively graded based solely on a

subjective visual assessment of the size of the jet on CDI.

A tiny jet clearly shorter than 3 mm in length was assessed

as a suspected leakage through the suture hole and graded

as trivial. A jet reaching approximately 3–5 mm in length

was graded as mild, and a greater jet accompanied by an

easily detectable suction flow in the left ventricle opposite

to the jet was graded as moderate. While trivial leakages

were considered acceptable, cases with residual shunts of

mild or greater severity underwent blood sampling from

the right atrium and pulmonary artery (PA) to calculate

blood gas analysis (BGA)-derived Qp/Qs. The following

formula was used to calculate the BGA-derived Qp/Qs

under conditions where blood oxygen saturation (SO2) of

pulmonary veins (SPVO2) was assumed to be 99% and

systemic arterial SO2 (SaO2) was substituted for SpO2:

BGA-derived Qp/Qs ¼ ðSaO2 � SRAO2Þ=
ðSPVO2 � SPAO2Þ:

In cases where the BGA-derived Qp/Qs was greater than

1.3, revision of the surgical repair was considered based on

the institutional policy. The diameter of the PA (PAD) and

the velocity–time integral of the systolic flow in the PA

(PA-VTI) were measured in the mid-esophageal ascending

aorta short-axis view (ME-aAo-SAX). Similarly, the

diameters of the left ventricular outflow tract (LVOTD)

and the VTI in the LVOT (LVOT-VTI) were measured in

the transgastric LV long-axis view (TG-LV-LAX), when

feasible. The PAD and LVOTD were measured at the main

PA trunk and just below the aortic valve at greatest

expansion during systole, respectively. Angle correction

was applied whenever the ultrasound was not completely

aligned with the blood flow in the VTI measurement. The

TEE-derived Qp/Qs was calculated by the following

formula:

TEE-derived Qp=Qs ¼ fðPADÞ2 � PA-VTIg=
fðLVOTDÞ2 � LVOT-VTIg:

These measurements were completed during periods of

stable cardiovascular conditions, and no surgical

procedures were allowed during this time in order to

avoid influencing Qp or Qs.

In the absence of significant leakage—more specifically,

in the absence of mild or greater leakage on CDI or a BGA-

derived Qp/Qs of greater than 1.3—we assumed that the

TEE-derived Qp/Qs had to be within the range from 1.0 to

1.3. Based on this assumption, a TEE-derived Qp/Qs fall-

ing outside of this range without significant leakage had to

be incorrect.

All of the TEE examinations were performed and eval-

uated by anesthesiologists who had passed the Examination

of Special Competence in Perioperative Transesophageal
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Echocardiography (PTEeXAM) and had been approved by

the Japanese Board of Perioperative Transesophageal

Echocardiography (JB-POT).

Postoperative course, pre-discharge TTE,

and follow-up TTE

All patients were followed postoperatively for 12 months

to watch for unfavorable events, including reoperation.

All patients underwent TTEs at pre-discharge and at

6–12 months after the correction to check for the presence

of residual leakage. The procedures were conducted by

pediatric cardiologists blinded to the intraoperative TEE

results.

Statistical analysis

Data were analyzed by Spearman’s rank correlation coef-

ficient, unpaired t test, and the Mann–Whitney U test.

P \ 0.05 was considered statistically significant.

Results

The demographics of the patients are summarized in

Table 1. The patients ranged from 3.9 to 58.9 kg (median

7.0 kg) in weight and from 3 months to 21 years (median

8.5 months) in age. Angle correction was applied for

measurement of the VTI in 16 cases for the PA and in all

26 cases for the LVOT, but the angle was less than 30� in

all of the measurements of the PA-VTI and in 16 of the

measurements of the LVOT-VTI.

Table 2 summarizes the intraoperative TEE measure-

ments and the presence of residual leakage by the pre-

discharge TTE and follow-up TTE.

Assessment by two-dimensional TEE identified the

leakage as minor, with no need for re-repair, in 8 of the 26

cases (7 had trivial leakage and 1 had mild leakage). Based

on this assessment, we initially presumed that the Qp/Qs

would be equal to or slightly greater than 1.0 in all of the

cases. Surprisingly, however, we found that the TEE-

derived Qp/Qs varied from 0.57 to 2.07, and was incorrect

in 17 cases (65.4%).

The TEE-derived Qp/Qs was significantly correlated

with the ratio of pulmonary artery pressure to systemic

pressure (Pp/Ps) in preoperative cardiac catheterization, the

peak velocity of PA flow, and the peak velocity ratio

(Fig.1). The TEE-derived Qp/Qs was not correlated with

the PAD, LVOTD, diameter ratio (PAD/LVOTD), peak

velocity of LVOT flow, or correction angle for measure-

ment of the PA and LVOT flow velocities. Before ana-

lyzing the acquired data, the 26 patients were divided into 2

groups based on the criteria set for these variables and for

the surgical approach (Table 3). The TEE-derived Qp/Qs

was significantly higher in patients with a preoperative Pp/

Ps of greater than 0.8 than in patients with a preoperative

Pp/Ps of less than 0.8, and significantly higher in patients

with a peak velocity ratio of greater than 1.5 than in

patients with a peak velocity ratio of less than 1.5

(Table 3). On the other hand, no significant differences

were observed between the error rates in the 2 groups

(Table 3).

The postoperative course was favorable in all but one

patient. The one patient with an unfavorable course

required a second operation due to dehiscence of the patch.

The pre-discharge TTE confirmed trivial leakage in 3

patients in whom trivial leakages had been detected by

intraoperative TEE. No leakage was observed during the

follow-up TTE of these 3 patients.

Discussion

In our study on patients undergoing surgery for repair of

VSDs, we found that quantitative measurement of Qp/Qs in

the immediate post-repair period was inaccurate and could

not be reliably used to decide the need for re-repair of

residual leakage.

Previous studies have suggested that Doppler echocar-

diography accurately estimates Qp/Qs in various cardiac

shunt lesions [6–11]. To our knowledge, however, this

echocardiographic modality has not been used intraopera-

tively to determine the indications for revision after cor-

rection for intracardiac shunt lesions. Several studies have

previously indicated that Qp/Qs evaluated by the conven-

tional method (the same method we employed in this

study) was excellently correlated with the Qp/Qs in cardiac

catheterization, with a correlation coefficient of greater

than 0.90 and a standard error of the estimate of about 0.20

[7, 10]. In addition, the method could accurately estimate

Qp/Qs even in subjects without shunt lesion [8]. The

transesophageal approach has never been applied for the

estimation of Qp/Qs in previous studies [6–11]. Several

studies, however, have demonstrated that intraoperative

TEE can accurately determine cardiac output either at the

PA, right ventricular outflow tract, LVOT, or aortic valve

by measuring VTI and the luminal area in patients under-

going cardiac or noncardiac surgery [12–17]. On this basis,

TEE may be a reliable measure for the estimation of Qp/

Qs. In an additional small experiment, we confirmed that

TEE-derived Qp/Qs was accurate over a wide range of left-

to-right shunt in a small number of patients. This was

achieved by comparing TEE-derived Qp/Qs either with

BGA-derived Qp/Qs simultaneously measured during the

pre-repair period in 3 patients with ASD or VSD, or with 1

in 3 patients without shunt lesion, based on the assumption
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that Qp is completely equivalent to Qs (data not shown). In

the presence of a large VSD such as those seen in the pre-

repair state, Qp/Qs can be easily affected by many factors,

including inspired fraction of oxygen, arterial tension of

carbon dioxide and mechanical ventilation; however, in the

presence of small defects these factors have less effect on

Qp/Qs. We considered, therefore, that this method could

differentiate VSD leakages necessitating re-repair from

minor leakages acceptable to be left without re-repair.

Though the measurement techniques we employed in our

study were similar to those used in the previous studies, the

errors in the TEE-derived Qp/Qs in our study can probably

be attributed to several factors specific to the post-repair

state.

First, flow turbulence in the PA is thought to a major

cause of measurement errors. In our study, nearly two-

thirds of the subjects (17/26) had an outlet-type defect or an

outlet extension of a perimembranous defect. The patch

attached to the right ventricular outflow tract (RVOT)

below the pulmonary valve disrupts the laminar blood flow

in these types of patients. PA-tomy, the surgical approach

selected in 12 patients in our study, might also cause tur-

bulence at suture lines and lead to pulmonary regurgitation.

Incidentally, relatively high peak velocities ([1.5 m/s)

were observed in the PA profiles of 6 of the patients. None

of these patients, however, showed clear signs of flow

acceleration at the suture level or mild or greater pul-

monary regurgitation. In other studies conducted using the

same method for VTI measurement, the measurements

were based on Doppler flow velocities in which the spectral

widths at the peaks of the curves were less than 25% of the

peak velocities overall [6, 7]. Although we did not consider

the spectral width in measuring VTI, the velocities in some

of the patients probably satisfied the exclusion criteria

applied in those other studies. In animal studies, three-

dimensional visualization of pulmonary blood flow (PBF)

Table 1 The demographics of the studied patients

Case Age (mo) BW (kg) Cardiac catheterization Location Size Complicated

lesion

Concomitant

disease
Qp/Qs Pp/Ps Rp

1 29 14.9 1.3 0.25 1.6 Outlet RCCP

2 6 3.9 2.0 0.83 5.3 Peri Large Outlet ext. PFO, PDA

3 5 5 4.0 0.83 2.7 Outlet Large

4 8 6.9 2.5 0.51 1.9 Peri Large Outlet ext.

5 5 5.3 1.9 0.86 5.1 Peri Large Down synd.

6 7 4.5 3.0 0.56 3.0 Peri

7 48 13 1.2 0.17 1.7 Outlet Mod. RCCP

8 156 50.9 1.1 0.23 1.5 Peri PSL, NCCP

9 9 7.8 4.0 0.92 2.9 Outlet Large

10 7 6.3 3.5 0.86 4.4 Peri Large

11 16 9.7 2.2 0.46 2.4 Peri Outlet ext.

12 48 14 1.2 0.28 2.0 Peri RCCP, NCCP, outlet ext.

13 13 8.7 1.9 0.38 2.4 Peri Large PSL

14 39 14.1 1.2 0.23 1.7 Outlet RCCP

15 3 4 2.0 0.9 3.9 Peri Large Down synd.

16 18 11.3 1.7 0.3 1.5 Outlet RCCP

17 17 7.1 1.6 0.56 3.8 Peri PSL PDA

18 120 25.9 1.2 0.18 1.2 Outlet RCCP

19 132 53.4 1.3 0.15 1.7 Outlet RCCP

20 4 4.5 2.0 0.89 2.7 Peri Large

21 5 5.3 2.7 0.49 1.5 Peri Large PSL, inlet ext.

22 252 58.9 1.1 0.2 1.0 Outlet RCCP

23 8 6.3 3.4 0.63 2.3 Peri Large Outlet ext.

24 4 3.9 2.9 0.89 4.2 Peri Outlet ext.

25 8 5.3 3.0 0.69 3.0 Peri Large Outlet ext. PFO

26 7 6 3.4 0.41 0.9 Peri Large Outlet ext.

mo months, BW body weight, Qp/Qs ratio of pulmonary blood flow to systemic blood flow, Pp/Ps ratio of pulmonary blood pressure to systemic

blood pressure, Rp pulmonary vascular resistance, peri perimembranous, ext. extension, PDA patent ductus arteriosus, PFO patent foramen

ovale, synd. syndrome
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velocity profiles revealed spatial heterogeneity in the main

PA among normal subjects and subjects with PH, but

several characteristics of the spatial flow profiles were also

found to differ between the 2 groups [18]. In another study

yielding similar results, the spatial flow profiles varied

markedly between subjects and were altered by increases in

PAP or PBF [19]. Hence, the position of the sample vol-

ume and the presence of PH might influence the measured

VTI. These clinical findings in our patients are inconsistent

with the basic assumption of a flat profile PA flow in the

Doppler-based calculation.

Second, inaccurately measured PAD can be a cause of

error in calculation of flow. Given that the PAD is squared

in the formula for the Qp/Qs calculation, the errors in PAD

measurements may have magnified the errors of the mea-

sured Qp/Qs. In our study, PAD was measured as the

distance between inner borders of the PA wall in ME-aAo-

SAX during the greatest systolic expansion of the vessel.

Yet, in doing so, the parallel alignment of the walls to the

ultrasound often made it difficult to visualize the walls.

When this difficulty was encountered, the width of the

color signal of the PA flow on CDI was substituted for the

distance on the two-dimensional image. The accuracy of

the PAD measurements may be compromised by a fuzzy

definition of inner borders due to either suboptimal reso-

lution or the ‘‘bleed-through’’ phenomenon specific to CDI

[20]. Moreover, the dimension of the PA changes

throughout the cardiac cycle [21]. Automated cardiac flow

measurement, a method in which the color Doppler

velocity profiles are automatically spatially and temporally

integrated, requires fewer assumptions about the PA flow

profile or the PA dimensional change mentioned above.

This method correlates outstandingly with oximetry in

determining Qp/Qs, with an accuracy comparable to that of

the conventional pulsed Doppler method [22]. Nearly two-

thirds of the patients (17/26) in our study had PH, and the

PH was severe in 8 cases. This suggests that several

patients with markedly dilated PA were included in the

Table 2 The intraoperative measurements and the results of TTE at discharge and follow-up in all of the patients

Case Residual leakage TEE-Qp/Qs pVPA (m/s) pVLVOT (m/s) pV ratio PAD (mm) LVOTD (mm) D ratio Discharge TTE F/U TTE

1 None 1.02 0.90 0.65 1.38 13.2 13.6 0.97 None None

2 Mild 1.09 1.00 0.60 1.67 8.9 13.2 0.67 Trivial None

3 None 1.89 1.15 0.80 1.44 7.9 6.8 1.16 None None

4 Trivial 0.93 1.00 0.75 1.33 10.7 11.1 0.96 Trivial None

5 Trivial 2.05 1.40 0.80 1.75 11.7 10.8 1.08 None None

6 Trivial 1.96 1.60 0.70 2.29 10.8 12.2 0.89 None None

7 None 1.14 1.80 0.80 2.25 10.9 13.7 0.80 None None

8 None 0.57 0.70 1.00 0.70 19.4 19.4 1.00 None None

9 None 1.73 0.90 0.45 2.00 14.7 14.2 1.04 None None

10 Trivial 1.22 0.65 0.80 0.81 15.7 9.0 1.74 Trivial None

11 None 1.34 1.10 1.20 0.92 12.6 10.5 1.20 None None

12 None 1.21 1.60 0.80 2.00 11.2 15.2 0.74 None None

13 None 1.24 0.70 0.80 0.88 14.3 11.4 1.25 None None

14 None 0.86 0.75 0.70 1.07 11.7 13.4 0.87 None None

15 Trivial 1.42 1.10 1.00 1.10 8.3 9.0 0.92 None None

16 None 1.30 1.80 1.00 1.80 10.6 13.4 0.79 None None

17 None 1.36 0.80 0.50 1.60 12.2 11.2 1.09 None None

18 None 1.54 1.80 1.00 1.80 15.9 18.4 0.86 None None

19 Trivial 1.38 1.45 1.00 1.45 16.9 20.7 0.82 None None

20 None 1.50 1.00 0.50 2.00 8.3 9.6 0.86 None None

21 None 1.26 2.00 0.80 2.50 6.1 9.4 0.65 None None

22 None 0.94 0.65 0.80 0.81 18.9 17.6 1.07 None None

23 Trivial 1.13 0.75 0.85 0.88 13.5 11.7 1.15 None None

24 None 2.07 1.15 0.50 2.30 11.1 10.9 1.02 None None

25 None 0.79 0.75 0.90 0.83 14.4 12.1 1.19 None None

26 None 1.48 0.60 0.60 1.00 12.9 10.6 1.22 None None

Qp/Qs ratio of pulmonary blood flow to systemic blood flow, pVPA peak velocity of pulmonary artery flow, pVLVOT peak velocity of left

ventricular outflow tract flow, pV ratio ratio of pVPA to pVLVOT, PAD pulmonary artery diameter, LVOTD left ventricular outflow tract diameter,

D ratio ratio of PAD to LVOTD, TTE transthoracic echocardiography, F/U follow-up
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population. Dilated PA might cause greater errors in PAD

measurement, as larger measurements are involved and the

changes in size are greater throughout the cardiac cycle.

Incidentally, TEE-derived Qp/Qs correlated with preoper-

ative Pp/Ps, but not with the PAD or PAD/LVOT ratio. Our

results suggest that the lack of accuracy in the TEE-derived

Qp/Qs in our patients with PH might be chiefly related not

to the inaccurate measurements of the PAD, but to the

abovementioned heterogeneity of the PA flow profiles.

Cloez et al. [7] conclude their paper by emphasizing that

high-quality Doppler signals are necessary for accurate and

reliable measurements of the Qp/Qs, regardless of the

methods used.

Third, inaccurate flow profiles and vessel diameters can

also be a source of error in measuring systemic blood flow

(Qs). While 10 of our patients had RCCP or NCCP, none of

them showed any significant aortic regurgitation. Unlike the

peak velocity of the PA flow, the peak velocity of the LVOT

was low and had a spectral width which probably accounted

for less than 25% of the peak velocity. Yet angle correction

was more frequently applied in measuring the LVOT

velocities, and the angle in obtaining the LVOT flow was

larger than that in obtaining the PA flow. This occurred due

to the frequent substitution of the TG-LV-LAX with the

mid-esophageal aortic valve long-axis view to obtain the

LVOT flow. In the majority of the cases (22/26), the pedi-

atric biplane probe was used in our study. The use of a

biplane probe can constitute an important reason for the

inability to visualize TG-LV-LAX or align the ultrasound to

the blood flow. Yet, in our study, the angle correction

applied to the patients with the biplane probe was quite

similar to that applied to the patients with the multiplane

probe, both in frequency and in size. Darmon et al. [12],

meanwhile, used a biplane probe to indicate the accuracy of

Doppler echocardiography in the quantification of cardiac

output measured at the aortic valve using the TG-LV-LAX

view. In other studies, the angle correction was either pro-

hibited or kept to less than 20� [6–8]. Yet, in our study, the

accuracy of the TEE-derived Qp/Qs was not improved when

patients requiring an angle correction of greater than 30�
were excluded. It remains unclear whether the cross-sec-

tional area of the LVOT can be assumed to be circular under

conditions where the outlet-type VSD is closed with a patch,

and this could also affect the accuracy of the measurements.

The aortic dimension also changes throughout the cardiac

cycle, but to a lesser degree than the PA dimension [21].

Having failed to improve the accuracy of the TEE-

derived Qp/Qs by excluding any of the individual factors,

we conclude that the causes of the inaccuracy were mul-

tifactorial. The number of patients studied was too small to

elucidate the influence of each factor by multivariate

analysis.

On the other hand, our study also strongly suggested that

qualitative evaluation of residual leakage by two-dimen-

sional TEE with CDI is reliable in determining the need for

re-repair of a residual leakage. Every leakage that had been

determined by intraoperative TEE to be too minor for re-

closure disappeared spontaneously before the follow-up

TEE. Furthermore, no significant residual leakage lasting

up to the follow-up period ever resulted from detection

failures of the TEE.

The incidence of residual leakage after separation from

CPB in our study was 31%. This is comparable to the rates

observed after VSD closure for isolated simple VSD in 2

other studies with large sample volumes, namely 25 and

33% in the reports by Dodge-Khatami et al. [23] and Yang

et al. [24], respectively. Our incidence of 12% at pre-

discharge was far more favorable than the incidences of

35 and 34% in those reports, and our 0% incidences at

Fig. 1 Correlations of the TEE-related Qp/Qs with the preoperative

Pp/Ps, pVPA, and pV ratio. Patients without residual shunt are shown

as white circles and patients with residual shunt are shown as black
circles. The TEE-derived Qp/Qs correlated with the preoperative Pp/

Ps (upper panel), pVPA (middle panel), and pV ratio (lower panel).
Qp/Qs ratio of the pulmonary blood flow to the systemic blood flow,

Pp/Ps ratio of the pulmonary pressure to the systemic pressure, pVPA

peak velocity of PA flow, pV ratio ratio of pVPA to pVLVOT
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follow-up also compared favorably with the 9% incidence

at the median follow-up of 3.1 years in the former report

by Dodge-Khatami et al.

Dodge-Khatami et al. [23] reported that defects of less

than 2 mm are likely to close spontaneously. Yang et al.

concluded that defects on CDI measuring more than 4 mm

in diameter predicted the need for immediate reoperation,

while 3 mm defects were potentially significant and

required additional intraoperative hemodynamic evaluation

[24]. Though our measurements of the sizes of the jets were

inexact, our method of grading the leakage based on sub-

jective judgment by anesthesiologists experienced with

TEE was certainly stricter than the actual measurements in

the other two reports. Thus, our method exhibited excellent

reliability in predicting the absence of residual leakage in

the follow-up period.

In conclusion, two-dimensional TEE can reliably detect

residual leakage after corrective surgeries for VSD and

lead to optimal judgment on the need for re-closure.

However, the TEE-derived Qp/Qs lacks the accuracy

required to play a crucial role in quantitatively measuring

the severity of residual shunt.

References

1. Muhiudeen IA, Silverman NH, Anderson RH. Transesophageal

transgastric echocardiography in infants and children: the sub-

costal view equivalent. J Am Soc Echocardiogr. 1995;8:231–44.

2. Stevenson JG, Sorensen GK, Gartman DM, Hall DG, Rittenhouse

EA. Transesophageal echocardiography during repair of con-

genital cardiac defects: identification of residual problems

Table 3 Comparisons of the TEE-derived Qp/Qs and the error rate

Variables Criteria TEE-derived Qp/Qs Criteria TEE-derived Qp/Qs Statistical analysis

Error rate Error rate

Minor leakage - 1.29 ± 0.38 ? 1.40 ± 0.41 NS

66.7% 12/18 62.5% 5/8 NS

Qp/Qs B2 1.25 ± 0.35 [2 1.41 ± 0.42 NS

64.3% 9/14 66.7% 8/12 NS

Pp/Ps \0.8 1.19 ± 0.32 C0.8 1.62 ± 0.37 P \ 0.01

61.1% 11/18 75.0% 6/8 NS

Rp \4 1.27 ± 0.35 C4 1.61 ± 0.53 NS

68.2% 15/22 50.0% 2/4 NS

Peak PA velocity \1.5 1.30 ± 0.41 C1.5 1.40 ± 0.31 NS

75.0% 15/20 33.3% 2/6 NS

Peak LVOT velocity \1.0 1.34 ± 0.40 C1.0 1.26 ± 0.35 NS

60.0% 12/20 83.3% 5/6 NS

Velocity ratio \1.5 1.16 ± 0.34 C1.5 1.52 ± 0.36 P \ 0.05

71.4% 10/14 58.3% 7/12 NS

PAD \15 1.37 ± 0.38 C15 1.13 ± 0.38 NS

61.9% 13/21 80.0% 4/5 NS

LVOTD \15 1.37 ± 0.38 C15 1.13 ± 0.38 NS

61.9% 13/21 80.0% 4/5 NS

Diameter ratio \1 1.30 ± 0.30 C1 1.34 ± 0.46 NS

58.3% 7/12 71.4% 10/14 NS

PA angle correction - 1.31 ± 0.40 ? 1.33 ± 0.39 NS

60.0% 6/10 68.8% 11/16 NS

LVOT angle correction B30 1.47 ± 0.33 [30 1.22 ± 0.40 NS

81.8% 9/11 53.3% 8/15 NS

Surgical approach TV 1.24 ± 0.35 PA 1.42 ± 0.42 NS

64.3% 9/14 66.7% 8/12 NS

TEE-derived Qp/Qs are presented as mean ± standard deviation, and the error rates are presented as percentage and number of patients. The

unpaired t test and Mann–Whitney U test were used for comparisons of the TEE-derived Qp/Qs and the error rate between 2 groups, respectively

Qp/Qs ratio of pulmonary blood flow to systemic blood flow, Pp/Ps ratio of pulmonary blood pressure to systemic blood pressure, Rp pulmonary

vascular resistance, PA pulmonary artery, LVOT left ventricular outflow tract, PAD PA diameter, LVOTD LVOT diameter, TV tricuspid valve

J Anesth (2010) 24:343–350 349

123



necessitating reoperation. J Am Soc Echocardiogr. 1993;6:356–

65.

3. Sheil ML, Baines DB. Intraoperative transesophageal echocar-

diography for paediatric cardiac surgery—an audit of 200 cases.

Anaesth Intensive Care. 1999;27:591–5.

4. Rosenfeld HM, Gentles TL, Wernovsky G, Laussen PC, Jonas

RA, Mayer JE Jr, Colan SD, Sanders SP, van der Velde ME.

Utility of intraoperative transesophageal echocardiography in the

assessment of residual cardiac defects. Pediatr Cardiol. 1998;19:

346–51.

5. Galli KK, Gaynor JW, DeCampli WM, Karl TR, Splay TL,

Rychik J. The impact of intraoperative transesophageal echo-

cardiography on reinstitution of cardiopulmonary bypass fol-

lowing surgery for congenital heart disease. Cardiol Young.

2001;11(Suppl 1):76.

6. Sabry AF, Reller MD, Silberbach M, Rice MJ, Sahn DJ. Com-

parison of four Doppler echocardiographic methods for calcu-

lating pulmonary-to-systemic shunt flow ratios in patients with

ventricular septal defect. Am J Cardiol. 1995;75:611–4.

7. Cloez JL, Schmidt KG, Birk E, Silverman NH. Determination of

pulmonary to systemic blood flow ratio in children by a simpli-

fied Doppler echocardiographic method. J Am Coll Cardiol.

1988;11:825–30.

8. Dittmann H, Jacksch R, Voelker W, Karsch KR, Seipel L.

Accuracy of Doppler echocardiography in quantification of left to

right shunts in adult patients with atrial septal defect. J Am Coll

Cardiol. 1988;11:338–42.

9. Marx GR, Allen HD, Goldberg SJ, Flinn CJ. Transatrial septal

velocity measurement by Doppler echocardiography in atrial

septal defect: correlation with Qp:Qs ratio. Am J Cardiol.

1985;15:1162–7.

10. Mahmood M, Haque SS, Siddique MA, Ahmed CM, Hossain Z.

Doppler evaluation of left to right shunt (Qp/Qs) in patients with

isolated ventricular septal defect (Vsd). Mymensingh Med J.

2007;16:181–6.

11. Kosecik M, Sagin-Saylam G, Unal N, Kir M, Paytoncu S. Non-

invasive assessment of left-to-right shunting in ventricular septal

defects by the proximal isovelocity surface area method on

Doppler colour flow mapping. Can J Cardiol. 2007;23:1049–53.

12. Darmon PL, Hillel Z, Mogtader A, Mindrich B, Thys D. Cardiac

output by transesophageal echocardiography using continuous-

wave Doppler across the aortic valve. Anesthesiology. 1994;80:

796–805.

13. Maslow A, Comunale ME, Haering JM, Watkins J. Pulsed wave

Doppler measurement of cardiac output from the right ventricular

outflow tract. Anesth Analg. 1996;83:466–71.

14. Savino JS, Troianos CA, Aukburg S, Weiss R, Reichek N.

Measurement of pulmonary blood flow with transesophageal two-

dimensional and Doppler echocardiography. Anesthesiology.

1991;75:445–51.

15. Perrino AC Jr, Harris SN, Luther MA. Intraoperative determi-

nation of cardiac output using multiplane transesophageal echo-

cardiography: a comparison to thermodilution. Anesthesiology.

1998;89:350–7.

16. Zhao X, Mashikian JS, Panzica P, Lerner A, Park KW, Comunale

ME. Comparison of thermodilution bolus cardiac output and

Doppler cardiac output in the early post-cardiopulmonary bypass

period. J Cardiothorac Vasc Anesth. 2003;17:193–8.

17. Roewer N, Bednarz F, Dziadzka A, Schulte am Esch J. Intraop-

erative cardiac output determination from transmitral and pul-

monary blood flow measurements using transesophageal pulsed

Doppler echocardiography (abstract). Anesthesiology 1987;67:

A639.

18. Katayama H, Henry GW, Lucas CL, Ha B, Ferreiro JI, Frantz EG,

Krzeski R. Three-dimensional visualization of pulmonary blood

flow velocity profiles in lambs. Jpn Heart J. 1992;33:95–111.

19. Lucas CL, Henry GW, Ferreiro JI, Ha B, Keagy BA, Wilcox BR.

Pulmonary blood velocity profile variability in open-chest dogs:

influence of acutely altered hemodynamic states on profiles, and

influence of profiles on the accuracy of techniques for cardiac

output determination. Heart Vessels. 1998;4:65–78.

20. Bashein G, Detmer PR: Principles of Doppler ultrasound. In:

Sidebotham D, Merry A, Legget M, editors. Practical perioper-

ative transesophageal echocardiography. 1st ed. Edinburgh,

Butterworth-Heinemann; 2003. p. 33–44.

21. Loeber CP, Goldberg SJ, Marx GR, Carrier M, Emery RW. How

much does aortic and pulmonary artery area vary during the

cardiac cycle? Am Heart J. 1987;113:95–100.

22. Ueda Y, Hozumi T, Yoshida K, Watanabe H, Akasaka T, Takagi

T, Yamamuro A, Homma S, Yoshikawa J. Non-invasive auto-

mated assessment of the ratio of pulmonary to systemic flow in

patients with atrial septal defects by the colour Doppler velocity

profile integration method. Heart. 2002;88:278–82.

23. Dodge-Khatami A, Knirsch W, Tomaske M, Pretre R, Bettex D,

Rousson V, Bauersfeld U, Kanter KR. Spontaneous closure of

small residual ventricular septal defects after surgical repair. Ann

Thorac Surg. 2007;83:902–6.

24. Yang SG, Novello R, Nicolson S, Steven J, Gaynor JW, Spray

TL, Rychik J. Evaluation of ventricular septal defect repair using

intraoperative transesophageal echocardiography: frequency and

significance of residual defects in infants and children. Echo-

cardiography. 2000;17:681–4.

350 J Anesth (2010) 24:343–350

123


	Can intraoperative TEE correctly measure residual shunt after surgical repair of ventricular septal defects?
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Patients
	TEE
	Postoperative course, pre-discharge TTE,  and follow-up TTE
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


