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ABSTRACT
Background: Transthorécic echocardiography (TTE) plays a crucial role in the care of

- pediatric p;itients with heart disease. However, despite numerous recent tgchnological
advances, there has been little re-assessment of its accuracy. We sought to systematically
assess the dxagnosuc accuracy | of pediatric TTE in the current era.

Methods Data were prospecﬁlvely gathered in consecutive patients at a smgle institution.

TTE findings were compared to anatomic and hemodynamic cathetenzatmn/operatxve
findings. Twelve anatomic rcgions of the heart were assessed, and sensitivity, specificity, |
positive predictive value (PPV), negative predictive value (NPV) and likelihood ratios
were calculated. TTE preséure estimates were compared to clinically important
catheterization threshold values using ROC curve analysis. Predictors of diagnostic error,
including factors pertaim'ng to the patient, the performance of the study, and the
charactenstlcs of the reader, were examined usmg multiple logistic regresswn

Results: Data were obtained on 2,341 patients. Specificity was excellent for all anatomic
segments (>99%). Sensmwty was good overall (>95%), but less optimal for anomalies of
the syétemic veins (51%), pulxnona:y veins (67%), branch pulmonax"y arteries (74%) and
coronary arteries (46%). ’I’I‘E performed well at prediCting clinically signiﬁc.;mt

.catheterization threshold levejls. The odds of diagnostic error were increased if patient
imaging was judged to be prf‘oblenmtic (OR=3.1; 95% CI 2.3-4.1). An experienced echo
reader significantly reduced le error rate (OR=0.36; 95% C1 0.3-0.5).

Conclusions: Overall, pediatric TTE performs well as a diagnostic test. However,
qardiologists need to be co'?Fnizant of those anétomic regioﬁs where it has reduced

sensitivity, be aware of fact;brs influencing its accuracy, and choose appropriate echo
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cutpoints to impact clinical decision making.
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INTRODUCTION
Transthoracic echocardiography (TTE) plays an integral role in the care of pediatric
patients with heart disease in the current era. ' It is a convenient and safe test, and can be
. performed relatively easily in children with congenital and acquired heart disease. With the
* advent of advanced nvo~dimﬂ1:nsiona1 echocardiography in the ea;rly 1980’s, it became
intégral to the care of these paliients. Early studies demonstrated the value of 2-D echo in
the diagnostic evaluation of cixildren ﬁm heart disease. “'' The development of pulsed
wave, continuous wave and coior Doppler enhanced its diagnostic ability and led to further
assessments of its utility, both in making anatomical diagnoses, and in quantifying
gradients and pressures. 31215 gince it is a safe and convenient test éompared to invasive
cardiac catheterization, researchers examined its ability to repl;lcc cardlac catheterization
as the sole diagnostic modality for many heart lesions. '**’

With improVements. in 1§1e quality of color Doppler imaging and further advances in
ultrasound technology and reﬁnments in Doppler techniques, TTE’s diagnostic role in
more complex cardiac 1esion.; such as total anomalous pulmonary venous return, and in
deliﬁeatiﬁg smaller structures éuch as coronary arteries, became more entrenched. 22

This led to a number qf studies which looked at the utility of TTE alone prior to
operations in such lesions as complete AV canal defegts, ventricular septal defects, and
major congenital heart defects such as transposition of the greét arteﬁes and hypoplastic

left heart syndrome. 2%

However, in many cases, these studies were essentially looking at the utility of TTE

in clinical practice. In other words, how often did a preoperative diagnostic error on TTE




lead to a discrepancy which altered the clinical course and outcome of a patient. These are
in essence, quality assurance studies rather than diagnostic accurécy studies and were onlyr
truly able to evaluate the positive predictive value of TTE.

In an attempt to rigorously investiga;e the diagnostic accuracy of TTE in the current
era, we chose to examine its accuracy by 12 anatomical segments, rather than solely by
overall diagnosis.‘ In this way, it allowed us to examine normal segments against the
invasive reference standard of cardiac catheterization and/or surgery, and hence allow us to
examine not just positive predifctive value, but also examine the sensitivity, specificity and
negative pfedictive value of TTE by anatomic segment.

Thus, this study sought to prospéctively estimate in consecutive patients the
diagnostic accuracy of TTE in the recent era, fdcusing on anatomic region, assessment of

cardiac hemodynamics, and the influence of procedural and interpretive factors on its

accuracy.
. METHODS
Study population
Consecutive pediatric patients §undergoing cardiac catheterization and/or surgery at a single

|

tertiary cardiac referral centcmf were prospectively enrolled over a six year period (1998
through 2003). Gathering of ﬁiese data formed part of an ongoing echocardiography QA
process. Consent was obtainaid from the institutional IRB to include these data in this

study.




Echocardiography versus reference standard
Findings at cardiac cathetedzaﬁon and/or surgery were considered to form the reference
standard. The surgical findings ‘were obtained by' the surgeon with direct inspection of the -
anafomical segments during the surgical procedure. On an ongoing weekly basis, verbal
contact was made by the director of echocardiography _and the head surgeon where all the
‘cases were discussed. Any discrepancies in any of the 12 segments between the
preoperative TTE and ihe surgical findings were recorded. The catheterization findings
were discussed during the weekly catheterization conference. Catheterization reference
standards included direct préssure and gradient measurements by catheters and aléo
findings on angiography. If the reference standard findings were unclear, clarification was
obtained during the catheterization conference. |

The immediate preoperétive TTE represented the index test. Findings Wt;re gleaned
from the echocardiogrélphy re;‘;ort. The pertinent positive and negative findings for all 12
anatomic segments were recorded in the database.
Anatomical regions |
Periprocedural surgical and caéheterization findings were compared with preoperative echo
ﬁndings.' Only éubjects whos¢ echocardiograms were performed at our institution were
included, to reduce operator ivau'iability. Twelve different intracardiac and extracardiac
regions and structures were systematically assessed. These included: 1) pulmonary veins,
2) systemic veins, 3) atrial septum, 4) atrioventricular valves, 5) ventricular septum, 6)
semilunar valves, 7) centfal pﬁlmonary artery, 8) branch pulmonary arteries, 9) coronary

arteries, 10) ductus artce:'x'iosus#J 11) aortic arch and strap vessels, and 12) aortopulmonary




' collateral vessels. Sensitivity, specificity, positive predictive value (PPV) and negative

v vi)rledictiVe value (NPV) were cdlculated. The likelihood ratios for a positive test (LR+) and
the likelihood ratios for a negative test (LR-), as well as 95% confidence intervals, were
) calculated using the followiné formulae: LR+ = sensitivity/ 1 — specificity; LR- = 1 ~

 sensitivity/ specificity. *°

o Cardiac hemodynamics

Findings at cardlac catheterizaﬁons were compared to the echo findings immediately prior
to the catheterization. Four heinodynamic measurements were considered: aortic stenosis
gradient, pulmonic stenosis gra%dient, aortic codrctation gradient, and RV kpre_ssure estimate.
The following cardiéc cathérization thresholds were chosen to represent clinically
meamngﬁd cutpoints to act as the reference standard (in other words tbreshold vaiues
which affected the patient’s management such as decision to balloon the aortic valve in a
panent \'mth aortic stenosis etc.): peak to peak aortic stenosis gradlent > 50 mmHg, peak to
peak pulmonic stenosis gradlent > 50 mmHg, aortic coarctanon gradient > 25 mmHg, and
. "RV pressure estimate > 2/3 s mic. Corresponding echocardiographic mdlces were used:
 the echo mean gradient for domc stenosis, the peak instantaneous pressure gradient for
pulmoﬁary stenosis, the peak corrected gradient for coarctation, and the peak syStolic RV
| pressure estimate dcnved from tricuspid regurgitation for RV pressure. lefermg cutpomts
were then created for each of the echocardmgraphxc indices to allow for ROC curve
analysxs. | |
" Factors affecting diagnostic ;ai:curacy

Periprocedural surgical and c{ltheteﬁzation ﬁndings weref.comparedv with preoperative echo
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‘ ﬁndings. We included interprétation of echocardiograms performed at .outside referral

- institutions fbr this portion of the study. Significant echo’ on;issions (such as not reporting
a normal pulmonary venous retu.m)‘ were treated as diagnostic discrepancies. A number of
procedural and Mmreﬁve ffactors which might affect diégnostic accuracy were
- prospectively evalﬁatéd. Thesgf‘included: patient age, the time interval between the echo to
’the reference standard, the presence of a requisition form, whether the study was recorded
- dlgmtally or on tape, the opetator (sonographer verses cardiology fellow), whether the echo
attending was required to obtain further images themselves, whéther the patient was judged
to be problematic by the scannér at the time of the study (eg. difﬁéult acoustic windows,
- hmlted by surgical dressings, patient agitation, or patié;:}t awoke from sedation), whether
the patient was sedated versus not sedated, whethef the instituﬁon performing the echo
does greater than 4600 echoca%c\liograms per year, and whether the echo was interpreted by

an experienced echocardiograi)her (i.e. a dedicated echo attending with more than thfee
years experience at a tertiar; pédiatric cardia;: center). Simple' logistic régréssion was
’bérfomied on each of these vsariables, with the odds of diégnostic error as the dependent
~ variable. These independent variables were then entéred into a multiple iogistic regression

model to find the factors which best explained the odds of diagnostic error.

’ RESULTS
During the study period,k over 40 000 echocardiograms were performed (40,206). Of this
total, 5 497 were read as completely normal (14%). In all, 2,341 sﬁbjects (6%) ‘ﬁnderwent

reference standard testing dméng this time. There was a wide spectrum of congenital heart

i
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disease lesions among the 2,341 patignts. These vary from a simple atrial septal defects
and ventricular septal defects, to more complex forms of congenital heart disease such as
transposition of the great arteries and hypoplastic left heart syndrome (a typical
vconsecutive surgical sample from a tertiary referral pediatric cardiac center over a 6 year
period).

Thus, 2,341 subjects had matched echocardiograms and surgical and/or
catheterization procedures. The median age of the patients‘v\vas one year (interquartile
'i;ange = 63 days to 5 years). The reference standard used was surgery alone (56%),
catheterization glone (40%), and both (4%). The median time interval between the
echocardiogram and the reference test was 22 days.

Anatomical regions

One thousand nine-hundred and eighty two subjects had their preproéedural
echocardiograms perforﬁed at our institution. The sensitivity, specificity, PPV, NPV,
LR+ and LR- of echo by anatomic region are provided in Table 1. Overall, the specificity
was excellent for all segments. However, the sensitivity was less optimal when evaluating
the systemic veins, pulmonary veins, branch pulmonary arteries, coronary arteries and
aortopulmonary collateral vessels. The reduced sensitivity for these regions is a reflection
of the proportion of false négatives. Some of the more common specific anatomic
diagnoses missed included: LSVC to the coronary sinus, PAPVR to the SVC, circumflex
coronary artery off the right coronary artery and aberrant right subclavian artery. All the
segments have a LR+ of greater than 10. This means that a positive test will significantly

increase the posttest probability of true disease. The likelihood ratios for a negative test
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were less optimal (> 0.2) for the pulmonary veins, systemic veins, coronary arteries, and

aortopulmonary collateral vessels. This means that a negative test for these segments did

not significantly decrease the probability of true disease.

Cardiac hemodynamics

- One thousand and thirty six patients had matched echocardiograms and cardiac

catheterizations. The median interval between echo and catheterization was 21 days. Thirty
five percent of the catheterizations were performed under general anesthesia, and 65%
under sedation.

There were 108 patients with valvar aortic stenosis. Mean echo cutpoint gradients

were compéred to a catheterization pcék»to»peak gradient threshold of > 50 mmHg The

resultant ROC curve is shown m Figure 1. Higher echo meaﬁ gradiént cutpoints resulted in
lower sensitivity but higher s}»wiﬁoity. There were 154 patients with valvar pulmonic
stenosis. Peak instantaneous pf&'essure gradients were compared to a catheterization peak-
to-peak gradient threshold of 2 50 mmHg. The ROC curve (Fig. 2) shows that a higher

echo cutpoint . results in decreased seﬁsitivity. There were 69 patients with aortic

- coarctation. Peak corrected echo gradients were compared to a catheterization peak-to-

peak gradient threshold of > 20 mmHg. The ROC curve is shown in Figure 3. The echo
derived RV pressure estimate was compared to a direct catheterization measurement of >
2/3 systemic pressure in 162 patients with a spectrum of congenital heart disease. The

resultant ROC curve shows that the echo cutpoint of 2/3 systemic pfessure is close to the

flexion point of the curve, wnh reasonably good sensitivity and specificity (Figure 4).
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Factors affecting diagnostic accuracy
The method of image storage was digital in 17%, reflecting a transition to digital archiving
during the course of this study A requisition form was present 97% of the time. The
proportion of studies done solely by sonographers was 57%, by fellows 29%, and with
additional imaging by an attending in 32%. Eighty-five percent of the echocardiograms
-were performed at a center doing > 4000 echb’s per year. Sixty-six percent of the studies
were interpreted by an experienced echocardiographer. The patient was judged to be
| problematic 16% of the time by the person performing the study.

The odds of diagnostic error for each of the independent study and interpretation
variables are dembnstrated in Table 2. Univariate predictors that increased the odds of
diagnostic error included digital versus tape recording (OR 1.28, CI 0.96-1.69), 1f the
patient was judged problematijc (OR 2.28, CI 1.74-2.98), and if the patient was sedated
~ (OR 1.22, CI 0.69-2.16). Uni\fvariate predictors that reduced the odds of diagnostic error
included a high volume institution (OR 0.69, CI 0.52-0.93), an echo reader that trained at a
high volume institution (OR 0.64, CI 0.48-0.85), and an experienced echo reader (OR 0.43,
CI10.34-0.53). |

Table 3 demonsuates‘ the final multiple logistic regression model which best
explained the overall djagnosﬁic error rate. ‘If the patient was judged to be problematic at
the time of the study, there was a 3-fold increased risk of diagxaostic error (CI 2.27-4.09).
An experienced echo reader décreased the error rate by 64% (OR 0.36, CI 0.28-0.47). The
odds of diagnostic error Were increased w1th dlgltal acquisition (OR 1.38, CI 1.01-1.90).

Both the presence of a mquisiﬁon slip and the performance of the study at a high volume

e
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center resulted in a decreased error rate, which did not reach statistical significance (OR

0.63, C10.33-1.22; OR 0.76, CI 0.38-1.5 respectively).

DISCUSSION
This study confirms that transthoracic echocardiography performs very well as a diagnostic
 test in pediatric patients with heart disease, exhibiting excellent specificity and negative
predictive value. It has reduced sensitivity and positive predictive value for certain
extracardiac anatomic regions such as branch pulmonary arteries, coronary arteries,
pulmonary veins and systemic veins. It can accurately predict important cardiac
hemodynamics obtained at cathctcrization, dependent upon threshold echocardiographic
cutpoints. The diagnostic ermr rate is significantly raised when patients are judged
problematic at the time of i;naging, and is reduced when studies aie interpreted by
experienced readers. |
Accuracy by anatomical region
Similar to this study, other investigators have reported a higher rate of diagnostic errors
when evaluating extracardiac structures. Tworetzky et al. looked at 503 children with
major congemtal heart diseases such as transposition of the great arteries, tetralogy of
Fallot, double chamber right ventricle, interrupted aortic arch, aortic coarctation,
atrioventricular septal defect, fruncus arteriosus, aortopulmonary septal defect and totally
anomalous pﬁhnonary venous return.”’ This was a similar sampie as our study. These
investigafors found that 82% of the subjects underwent surgery after echocardiography

alone. They did not strictly assess accuracy, but rather recorded the number of errors made:
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| bybechocardiography when compared to catheterization and/or surgery; They classified

these as major errors if they necessitated a change in: the operative procedure, or minor if
_they did not. In the echocardiogr;zphy-alone group, diagﬂostic‘ errors were made in 19 out
’ of '412, 8 major and 11 minor. They found that the single most cofn’nion type of significant
. diagnostic error was incorrect definition of the coronary artery anatomy in patients with
 transposition of the great aﬁeﬁes (13 cases). This is similar to the findings in our study.
| Methodologically, this study ixﬁlized error rate, and there was significant potential for

;'eriﬁcation bias. In addition, ;;they did not use sensitivity, spéciﬁcity, PPV and NPV in
* their analysis.

Pfammatter et al. examined 209 oﬁen—heart procedures over a 30 month study
period. ﬁonivasivg prooperati\{e diagnosis using echoc;ardiography exclusively was done in
142 patlents (68%). Of these, the surgeons were conﬁ'onted with a previously undlagnosed
finding in 12 patients (8.5%) and unexpected ﬁndmgs were obtamed at cathetenzatlon in 4
subjects (6%) Similar to our study, €ITOrs Were more common when assessing extracardiac
‘ struétures such as tﬁe coronar); érteries and pulmonary aﬁd systemic veins (such as missing
partial anomalous pulmonary gvenous return and a left sx}peﬁor vena éava). 28 Again, the
investigators calculated an error rate as opposed to utiﬁzing the more rigorous methods of
assessmg accuracy

The hkehhood ratios from our study show that if echo detects any anatomical
abnormality, it s;gmﬁcanﬂy raises the post-test probability of true disease. However, when
assessing‘ éxﬁacardiac structures such as systemic and pulmonary veins, branch pulmonary

arteries, coronary arteries aﬁd collateral vessels, a normal echo (negative test) less
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optimally reduces the post-test probability of true disease. Hence, sonographers should
- take kparticular care when imaging these structures, and echocardiographers should be
| particularly vigilanf when evaluating these regions. ’
Asse’ssme’nt of cardiac hemodynamics
’frevious studies have looked at correlaﬁons between echocardiographic measures of
cardiac hemodynamics and inv}asive measurements. Typi‘cally these have been in the form
of “artiﬁcial” ’simultaneous véﬁdation étddies under controlled conditions. > * In this
‘sfudy, however, echocardiograiahic values and catheterization values were éompared under
“reél world” conditions ﬁhefe the ’dyata were obtained during routine preoperative
assessment. In our analyses, rather than evaluating how well echo can mimic cardiac
catheterization measures, we utlhzed ROC curve analyses to evaluate a range of echo
cutpoints. These then allows:, clinicians to “trade-off” sensitivity verses specificity,
depending on thé clinical scénario and positively impact management decisions. For
- _instance, 1t may be more beneﬁclal to use a mean echo aortic stenosis gradient of 60
mmHg as a threshold for takmg a patient for balloon angloplasty, since it is highly specific
at predxctmg a catheterization gradxent of >50 mmHg. If one used 50 mmHg as an echo
thrcshold, th1$ would result in more “false posmves” (in other words, patxents who in the
caﬂletenzaﬂon lab have peak—to-peak gradxents lcss the 50 mmHg, and have the
| angmplgsty ahorted). These pqtlents would have then undergone gencrgl anesthesia and a
cardiac catheteriiation need1e§sly. These same pﬁnciples can be applied to pulmonic
sténosis, aortlc cégtctation and the assessmént of right ventricular pressure. In this waj,

clinicians can utilize the ROC!curves and pick the optimal cutpoints to use, dependent on

-
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the clinical decision (i.e. the trade-off between sensitivity and specificity).
Factors affecting diagnostic accuracy

Investigators have explored factors which affect the accuracy of pediatric

echocardiograms. In a‘study by Stanger et al, pediatric echocardiograms performed in adult

echo labs were evaluated for their accuracy. > Sixty-six pediatric patients who underwent

echocardiograms at adult faciliﬁes had repeat echocardiograms done at a tertiary pediatric

cardiac refe:ral center. The adillt echocardiographic diagnoses were compared with either
 catheterization and/or surgery, or with echocardiographic verification by blinded duplicate-
observer review (done by pediatric cardiologists). In 35 of 66 adult lab echocardiograms
(53%), moderate or major dizi@ostic errors occurred (71% were interpretive, 17% were
technical, and 11% both). However, the overall ’number of subjects in the study was small,
and not all the findings were verified by the reference standard of ’sufgery or
catheterization. Another stud& in Australia looked ét the diagnostic error rate among
echocérdiograms undertaken by individuals other than pediatric cardiologists. ** Similarly,
they found diagnostic errors in 47 out of 110 patienté (44% of the externally studied
group).

We explored a number of factors which might impact accuracy, some of which are
specific to a tertiary training facility. Age did not impact diagnostic accuracy. This could
be explained by the deterioration. in image quality as patients age, which may offset the
degree of complexity which is more common in neonates. A requisition form helped to
- “decrease the error rate, likely by increasing the care with which specific areas were

examined, and hence indirectfy raising the pre-test probability. This was not statistically
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significant, possibly since the vast majority did have requisition forms (which is a policy of
f‘our laboratory). Digital acquisition appeared to ‘increase the error rate in this study.
" However, our lab transitioned to a digital lab,ne& the end of the study period, and thus this
| "might reflect a relative inexperience at the time. It did not appear to matter whether a
- cardiology fellow or sonographer pefformed the study, or whether furthef imaging needed
~ to be obtained by the echo attending. The most significant factor which increased the error
- rate was whether the patient was judged to be problematic ét the time of the study. The
most cited reasons for this were lack of sedation, restlessness, poor acoustic windows, or
the presence of surgical dressmgs This highlights how important it is to optimize imaging
| conditions in pediatric paﬁents. Our echo lab has a policy of sedating patients bétwcén the
ages of 1 month to 4 years for complete studies, which ‘helps to ensure optimal imaging
conditions. The effect of voiume of echocardiograms per year was examined (by
comparing volumes’ between referral centers). The accuracy was better in centers
-performing greater than 4000 pediatric echocardiograms per year.
We investigated echo iintelpretatioﬁ factors. Studies interpreted by echo readers
ﬂ who trained at higher volume éenters (>4000 studies per year), appeared to have a lower
error rate. In addition, experiem;:ed echo readers who were deﬁned as “echo subspecialists”
| | (> 3 years as a dedicated echo attending at a tertiary cardiac center), had lower diagﬁostic
discrepaﬁcy rates.
Strengths and Limitations
The main strength of this study was that the data Wé:c gathered prospectively as part of a

quality assurance process. This ensured the completeness of the refcréncc test findings
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(cardiac catheterization and findings at sﬁrgery). In addition, the patients were collected
consecutively, which helped to avoid selection bias. Finally, the signiﬁcant number of
patients collected helped to improve the precision of the findings.

The problem of verification bias is usually unavoidablg in situaﬁoné where the
| reference standard‘ is invasive, fand when it is performed as a result of the index test. For
.insta.nce‘, the echocardiograms i'ead as normal obviously would not be verified by cath or
surgery. However, since this study assessed the regions systematically, often our normal
ﬁndings (like normal systemic venous return) were confirmed when the reference standard
was performed for the other more significant anatomic abnormalities (such as an ASD or
VSD). We feel that this helped fo minimize the impact of veriﬁ;ation bias on our findings.

The surgeons and the catheterizers were not blinded to the echo repérts,,and this
could have influenced interpr@tation of the reference standard. However, results from
direct inspection by the sﬁrgéon (for example of a VSD) and invasively measured
catheterization data and angiography, we feel are not prone to significant diagnostic bias.

- Multiple echocardiographers were responsible for reading the TTE’s which were
incorporated in this study. Th1s likely introduced inter-observer variability. Howéver, this
did allow us to make corjnparisons between the levels of experience of the
echocai'diographers. In addition{, the incorporation of multiple echocardiographers in fact
incréases the external validity and generalizability of the findings. Finally, these findings
are in the setting of a single tertiary pediatric cardiac center, and may not be applicable to

other tertiary centers, or to other pediatric cardiology settings.
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Conclusions

Overall, pediatric transthoracic echocardiography pérfoﬁns well as a diagxostic test.
However, cardiologists need to be cognizant of those anatomic regions where it has
V reduced sensitivity, be aware of factors influencing its accuracy, and choose appropriate

echo cutpoints to impact clinical decision making.
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TABLES

i

Table 1. Comparison of Diagnostic Accuracy of Transthoracie Echocardiography by

Anatomic Reoion m 2,341 subjects with matched cchocardiograms and surgicyl andfor

catheterization procedures,

Sensitivity  Specificity ey MNPV LR +ve LR -ve
(%) {%0) (%) (%}
Pulinonary O 7 0.9 0.0 9a 3 6a7 033
Veins (64.6-68.7)  (998-100) (95.7-97.3) (98.9-09.7)  (518-858)  {(D.2-0.6)
Syslenne 512 999 \ s O8.9 12 (.49
Weing (49.0-334)  (99.E-I00)  (94.53-96.3) (98.5994)  (384-087} {1).3-0.8)
Atrial 8.0 G99 0g.7 N QA .02
Seplum (97.4-98.6) (928-100) (994999 (99.3-999)  (B35-1150)  (0.01-0.43)
AV Valves W7 989 b C 97 (.02
(97.0-958.3) (99 7-1000  (9E8-9%0) (993999} (B31-1148)  (0LO1-0.03)
Ventriculbar U89 5 891 947 329 {3.0H
Seplum (U8.4-09.3)  (99.3-909) (98.6-99.3) (99.4-99.9)  (282-383)  (D.01-0.02)
Semitunar 083 LR b Q.6 442 N0z
Valves (O7.7-U8.9)  (99.6-100) (98.7-99.5) (99.3-09.0)  (419-376)  (0.0]-0.04)
Man PA 98 4 99 8 B8 949.8 492 0.2
(7.8-98.  (99.6-100%  (U83-002) (995994  (419%576) (D01-0.03)
Branch FA's 741 SH 803 SRR L 45 {1.26
(F2U-76.0)  (99.1-99.7)  (K47-87.8) (98.3-993)  (117-187)  (0.14-0.49)
Coronary 45.8 269 55.0 449.3 2 {1.54
Arleries (43.6-484))  {99.0.09.8) {528-37.1) (98.9-006)  (68-123) (0.3-0.9)
PTIA L7 R G948 6.7 (6.0 489 (.02
(9719841 (99.6-1000  (95.9-97.5)  (92.7-100) {(416-574y  (0.01-0.05)
Aarhic Arch 83.1 99.5 94.0 Us.2 Lty 0.17
(R1.4-84.7) (99 1-9%8) (D35-8955) (B7.0-9BE)  (133-205) (0.09-D.33)
Collateral E 100 L DR ind {36
Wasgels (33.3-37.3)  (99.9-100)  (99.9-100)  (98.5-09.4)  (255-485)  (0.4]-1.00)

PPV — posinve predictive value, NPV

teat, [ R-ve = likelihood ratio of @ negative ekl 93% conlidencs intervals are shown in brackers.

pepative pradictive value, T RAve = likelihood ratie ol a posinve



Table 2. Univariate Predictors of Iiagnostie Error of Transthoracie Echocardiography,

Odds Rativ  Std. Ervor  P-value  95% C.L
Matienl age (days) 1.0} (LOM2 0161 (199-1 11
Time [rom echo (o reference (.99 (LG {151 0.99-1.00
standard {dava)
Presence of a requisition forim {h64 {.21 .16 (+34-1.2
Digital verses tape recording 1.28 .18 .97 (1.96-1 .64
study performed by sonosrapher .99 {11 0.497 (., 79-1.23
Study performed by cardiology 0.87 0.1t 024 h67-1.11
fellon
Additonal images obained by (.78 0,11 0.07 {1.39-1.02
ceho attending
Pattent judged problemane al fime 278 {131 “0000% 1 74-2.98
of study (hy operalor and/or
reader)
Palient cooperalive vorses estless (.84 0.16 (.44 (0.63-1.25
Patiend sedated verses nol scdatad 8 {1.36 {0.44 0.69-2.16
Institution performing ccho docs = 0.69 011 {10167 (3.52-0.493
4000 echos per yeur
Echo reader tratned at tertiary 0. G4 0.{ {102 (.48-0.85
pediatric cardige center dotng =
4000 cchos por year
Echo reader with > 3 vears {143 {103 00 (L3444153

capericnee as dedicated echo
allending al a lertiary pediatrie

cardiae center

# Povalue =k03



Tabie 3. Multivariate Regression Model Predicting Diagnostic Lrror of Transthoracic

Lchocardiography,

Oilds Ratio  Sul. Error P—value  953% C.L
Feho reader with = 3 weurs (36 .03 <0000 L25-047
experience i dedicated cehao
attending at a fertary pediatric
cardiace cenler
Ingital verses tape recording 1.38 0,22 {045+ 111,54
Prezsence of a requisition form (.03 021 (3 N (1.35:) .22
Institution performing echo does > (.76 327 143 (138-1.30
40100 cchas per year
Pudiend judged problematic at time 3405 {40 <(hO01*  2.27-4.09

of study (by operator andfor

reader)

¥ Povalue =003



FIGURE LEGENDS
Figure 1, ROC curve depicning the accuracy of different echocardiographic mean gradicnt
culpoints at predicting a catheterization-dernived peak-lo-peak gradicnt of =30mmllg in

patients wath aortic stenoesis (echo vaiues arc in mmfTg).

Figure 2. RO curve depicting the accuracy of difterent peak echocardiographic gradient
cutpoints at predicting a catheterization-derived peak-1o-peak gradsent ol =30mmHgz in

patients with pulmonic sienoss {echo values arc i mmHg).

Figure 3. ROC curve depicting the accuracy of difterent peak echocardiographic gradient
cutpoints at predicuny a cathelenyation-derived peak-to-peak gradient of Z23mmily in

paticnts with acitic coarctation (echo valucs arc in mmtlg).

Figure 4. ROC curve depieting the accuracy of different echocardiographic cutpomt valuces
of RV pressure denved (rom tricuspid regurgitation compared to catheternzation
measuraments ol RV pressure {echocardiographic values arce provided as a proportion of

syateniic pressure ).
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Figure 1

AORTIC STENOSIS
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Ligure 2

PULMONIC STENOSIS
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Figure 3

AORTIC COARCTATION
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Figure 4

RV PRESSURE
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