Metric #: 027
Effective: 3/11/2018

Comprehensive Echocardiographic Examination

Measure Description: This metric will assess the average completeness score, as measured by the
Comprehensiveness Exam Assessment worksheet (Appendix 1), of initial transthoracic echocardiograms
designated as complete studies (either inpatient or outpatient) for patients with hearts interpreted as structurally
normal

Numerator . .
The sum of the Comprehensiveness Exam Assessment worksheet (Appendix 1) scores
for all transthoracic echocardiograms included in the denominator.
Denominator The number of initial transthoracic echocardiograms designated as complete studies?
during the measurement period for patients with structurally normal hearts.
Denominator None
Exclusions
Denominator None
Exceptions
Definitions/Notes 1. Complete Studies- Studies that are identified as being focused, limited, or
incomplete due to either patient instability or patient agitation will not be
included.

Measurement Period Quarterly

Sources of Data Prospective flowsheet, retrospective review of stored echocardiographic images

Attribution This metric will be reported by each echocardiography laboratory performing
transthoracic echocardiography. The recommended optimal approach is for data to be
assessed quarterly by the laboratory director or their designate and reviewed with the
laboratory staff involved in the performance and interpretation of echocardiograms.

Care Setting Inpatient or outpatient

Rationale

Adequate image acquisition in echocardiography relies on a variety of components. The integration of two-
dimensional imaging, color Doppler, and spectral Doppler is required for a comprehensive echocardiographic
examination. A complete transthoracic echocardiogram is one that images all cardiac chambers, valves, and
great vessels from a series of multiple orthogonal views and performs Doppler assessment of antegrade and
retrograde flow across all cardiac valves, as well as the atrial and ventricular septa. Important echocardiographic
components, or elements, that are not identified on echocardiograms in a specific echocardiography laboratory
may result from limitations in image quality for a particular patient, incomplete delineation of the echo protocol
to ensure assessment of these elements, or incomplete training of those tasked with obtaining the images.
Assessment of the number of required elements identified as outlined in this quality improvement activity
provides a method to evaluate compliance with imaging standards and may suggest to the echo lab particular
processes that need revision.

Clinical Recommendation(s)
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1) Picard et al. American Society of Echocardiography Recommendations for Quality Echocardiography
Laboratory Operations. J Am Soc Echocardiogr 2011;24:1-10

“The standard integration of two-dimensional, color, and spectral Doppler modalities is required to provide a
comprehensive evaluation by TTE and TEE imaging. Assessment of the number of complete studies with all
components (two-dimensional, color, and Doppler) reported provides a method to estimate compliance with
current imaging standards. This should be measured for each sonographer annually.

A complete TTE or TEE study is one that images all cardiac chambers, valves, and great vessels from a series of
multiple views and performs Doppler assessment of antegrade and retrograde flow across all cardiac valves, as
well as the atrial and ventricular septa.”

2) Lai WW et al. Guidelines and Standards for Performance of a Pediatric Echocardiogram: A Report from the
Task Force of the Pediatric Council of the American Society of Echocardiography. J Am Soc Echocardiogr
2006;19:1413-30.

3) The IAC Standards and Guidelines for Pediatric Echocardiography Accreditation. Updated 8/2012.
“1.6.1.1B Complete Examination: Includes standard views from multiple planes including views of all cardiac
structures and selected extracardiac structures.”

4) Lopez L et al. Recommendations for Quantification Methods During the Performance of a Pediatric
Echocardiogram: A Report From the Pediatric Measurements Writing Group of the American Society of
Echocardiography Pediatric and Congenital Heart Disease Council. ] Am Soc Echocardiogr 2010;23:465-495

Challenges to Implementation

Time required identifying, selecting and reviewing echocardiograms.
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Appendix 1.
Comprehensive Exam Assessment WORKSHEET
Each worksheet is for ONE echo evaluation
Patient Name: Date of Birth:
Sonographer: Date of Study:
Interpreter: Location of Study:

Echo Machine:

Reviewer: Date of Review:

Time Spent for Review:

Indicate if each item listed is evaluated. Score as 1 for “Yes” response, O for “No”.

SITUS, VEINS, ATRIA

YES NO

0 0 Liver and stomach shown (transverse plane)

O O Cardiac position

0 0 IVC and aorta demonstrated in relation to spine (transverse plane)

] m] IVC, and SVC evaluated, imaging and color (in at least one view)(+/- azygous connection to SVC)
0 0 IVC connection to atrium documented in at least one view

0 0 Two left and two right pulmonary veins evaluated by color Doppler

0 0 Coronary sinus visualized

0 0 Atrial septum evaluated by imaging and color Doppler (in at least one view)
VENTRICLES

YES NO

] O Ventricular septum is evaluated by color Doppler (in at least two views)

0 0 Imaging for qualitative RV function assessment (in at least two views)

0 0 Imaging of LV function (in at least two views)

0 0 Evaluation adequate for measurement of LV end diastolic internal dimension or volume
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Evaluation adequate for measurement of LV end systolic internal dimension or volume

Evaluation adequate for measurement of LV end diastolic septal and ventricular end diastolic wall thickness or LV mass

LV Outflow evaluated by color Doppler/spectral Doppler (in at least one view)

RV Outflow evaluated by color/spectral Doppler (in at least one view)

AV VALVES, SEMILUNAR VALVES

YES

VESSELS

YES

NO

NO

TV imaging (adequate for measurement)/color/spectral Doppler (in at least one view)

TR jet evaluation by Doppler (in two views, if available)

MV imaging (adequate for measurement) /color/spectral Doppler (in at least one view)

MV in short axis (with and without color Doppler)

PV evaluated by imaging (adequate for measurement)/color Doppler/spectral Doppler (in at least two views)
AoV evaluated by imaging/color Doppler/spectral Doppler (in at least one view)

Coronary arteries evaluated by imaging/color Doppler in parasternal short-axis

Evaluation adequate for measurement of AoV/Ao root/Ao sinotubular junction diameters in parasternal long-axis

Branch PA’s evaluated by imaging/color Doppler/spectral Doppler (in at least one view)
Patent ductus arteriosus excluded in at least one view

Ascending Ao evaluated by imaging/color Doppler/spectral Doppler in at least one view
Ao Arch sidedness and branching evaluated by imaging/color Doppler

Ao Arch evaluated by imaging/color Doppler/spectral Doppler in suprasternal long-axis

Abdominal aorta evaluated by color Doppler/PW spectral Doppler in subxiphoid short axis/sagittal plane

TOTAL SCORE (Maximum = 30):
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Echocardiography Diagnostic Accuracy

Measure Description: The proportion of potentially preventable and clinically important inaccurate diagnoses
among congenital heart surgical patients.

Numerator

Number of congenital heart surgeries with one or more clinically important inaccurate
preoperative echocardiographic diagnoses2 (moderate clinical impact or greater3) that
are possibly preventable4 or preventable4 determined within 15 days after surgical
procedure.

Denominator

Number of congenital heart surgical patient who underwent preoperative
echocardiography during the measurement period

Denominator
Exclusions

e Non-primary cardiac operation preoperative echocardiograms (e.g. sternal
closure or wire removal or cannulation/decannulation for extracorporeal
support), preoperative studies performed from “outside” echocardiography
laboratories.

Denominator
Exceptions

None

Definitions/Notes

1. Preoperative echocardiogram: The echocardiogram or echocardiography report
that is primarily used for surgical planning or echocardiogram report that includes
the complete anatomic elements used for surgical planning.

2. Inaccurate Diagnoses: are defined as diagnoses that are unintentionally delayed,
wrong or missed as judged from eventual appreciation of the existing data or of
more definitive information.

3. Clinical Impact

Clinical Impact Clinical Correlate Example
Minor No change in patient Undiagnosed left superior vena
management or clinical cava to intact coronary sinus
course; no adverse discovered intra-operatively in
outcome patient undergoing surgery for
patent ductus arteriosus
ligation
Moderate Alteration in patient Undiagnosed patent ductus
management or clinical arteriosus but closed at surgery
course without adverse in patient undergoing
patient event ventricular septal defect closure
Severe Adverse event contributing | Inaccurate diagnosis of atrial
to patient injury; or error septal defect contributing to
contributing to the performance of unnecessary
performance of an cardiac surgery; Missed
unnecessary/additional diagnosis of anomalous origin
invasive procedure; or of left coronary artery
error that contributed to contributing to a myocardial
patient demise infarction and death

4. Preventability






Preventability Definition Example

Preventable Error is preventable if An echocardiogram image
accurate diagnosis is clearly demonstrates a patent
expected by the available ductus arteriosus by 2D and
images, imaging modality color Doppler but the study is

and/or imaging conditions interpreted as no patent ductus
(i.e. the diagnosis is readily | arteriosus

apparent on study images
but is not reported)

Possibly Possibly preventable if an Failing to diagnose an

reventable accurate diagnosis may be .
P & y aortopulmonary window due to

expected by incomplete 2D and lack of color

echocardiography and/or Doppler interrogation of the

imaging conditions but ma
ging i y aorta and pulmonary artery
have required a reasonably
different technique such as
complete anatomic sweep

or use of color Doppler

Not preventable Accurate diagnosis is not “Failure” to image a ligamentum
possible if the images, arteriosum contributing to a
imaging modality, or vascular ring or “failure” to

imaging conditions do not diagnose coronary artery
permit diagnosis anomaly by transthoracic
echocardiogram during active
CPR

Measurement Period

Quarterly

Sources of Data

Preoperative echocardiographic findings/report will be compared to findings from
other tests (e.g., cardiac catheterization, cardiac magnetic resonance imaging, cardiac
computed tomography), operative observations, subsequent echocardiographic
examinations, autopsy and outpatient clinic records up to 14 days* following the date
of the cardiac surgery. Data regarding presence of diagnostic error, severity and
contributors as learned from quality improvement meetings can be another source.
*time frame can be limited to duration of admission

The recommended optimal approach is that if an inaccurate diagnosis is determined to
be present, the categorization of clinical impact (severity) and preventability will take
place during each echocardiography laboratories’ quality meeting

Attribution

The echocardiography laboratory would collect, review, categorize and report their
own data internally.

Care Setting

Outpatient or inpatient

Rationale

Quiality in diagnostic imaging is critically related to diagnostic accuracy.






Inaccurate imaging findings may adversely impact patient safety and/or alter patient management.
Quality review is required of echocardiography laboratories for accreditation.

Patient risk factors for diagnostic error include weight < 5 Kg, moderate or complex anatomy, uncommon heart
disease. Situational risk factors include echocardiograms performed and interpreted overnight and during
weekends and unsedated children <36 months. Common anatomic features involved with diagnostic error include
coronary arteries, aortic arch/branching and pulmonary veins.

Clinical Recommendation(s)

ACC/AHA guidelines

Spertus JA, et al; ACCF/AHA Task Force on Performance Measures. ACCF/AHA new insights into the methodology
of performance measurement: a report of the American College of Cardiology Foundation/American Heart
Association Task Force on performance measures. J Am Coll Cardiol. 2010 Nov 16;56(21):1767-82

Other guidelines:

Benavidez OJ, Gauvreau K, Jenkins KJ, Geva T. Diagnostic errors in pediatric echocardiography: development of
taxonomy and identification of risk factors. Circulation. 2008 Jun 10;117(23):2995-3001

Stern KW, Gauvreau K, Geva T, Benavidez OJ. The impact of procedural sedation on diagnostic errors in pediatric
echocardiography. J Am Soc Echocardiogr. 2014 Sep; 27(9):949-55.

Benavidez OJ, Gauvreau K, Geva T. Diagnostic errors in congenital echocardiography: importance of study
conditions. J Am Soc Echocardiogr. 2014 Jun; 27(6):616-23.

Challenges to Implementation

1. Data collection and re-review of images requires time

2. Adjudication of discrepancy of imaging findings and other data will need to be fairly determined during
Ql meetings

3. This metric is not useful for centers that do not perform cardiac surgery
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Appendix: Case Review Process (Figure 1)

e This quality improvement activity will involve preoperative echocardiograms from patients presenting for
congenital heart surgery.

e Data Collection Strategies
o  Full Review: 100% of cardiac surgical cases

o Sample Review: 25 consecutive surgical cases with preoperative echocardiograms performed at
the participating laboratory reviewed quarterly (100 cases annually)

e Surgical cases under review would be entered into a Non-Invasive Quality Improvement Database (NIQID)
or spreadsheet (Figure 2)

e Secondary case review of the preoperative echocardiographic images for patients presenting for congenital
heart surgery.

o Staff cardiologists/cardiology fellows/trained sonographers from the echocardiography group will
perform this review.

o The preoperative echocardiographic findings will be compared to findings from other tests (e.g.,
cardiac catheterization, cardiac magnetic resonance imaging, and cardiac computed tomography),
intraoperative observations, subsequent echocardiographic examinations, and autopsy and
outpatient clinic records up to 15 days following the date of the cardiac surgery.

= |n many centers the preoperative echocardiograms undergo a secondary review prior to a
child having cardiac surgery

e A case suspected of having an inaccurate diagnosis (candidate cases) would be identified and noted in the a
Non-Invasive Quality Improvement Database or spreadsheet

e Among the candidate cases, the relevant clinical and image data related to the inaccurate diagnosis will be
presented at a monthly Non-Invasive Quality Improvement Seminar

e A consensus based review of the case and the ensuing discussion will be used to finalize categorization of
the inaccurate diagnosis type, severity, preventability and contributor. (Benavidez, et al. Circulation 2008)

e Surgical cases under review with a minimum dataset would be entered into a Non-Invasive Quality
Improvement Database or spreadsheet

o Minimal data set includes age, initial diagnosis, presence of diagnostic error, anatomic segment of
diagnostic error, final diagnosis, clinical impact, preventability and primary contributor

o The finalized categorization will be entered into NIQID
e Reporting Strategies

o Diagnostic Error Rate: Total number of preoperative cases with clinically important, potentially
preventable diagnostic errors over the total number of preoperative echocardiograms

o Diagnostic Accuracy Rate: Total number of preoperative cases with accurate diagnoses over the
total number of preoperative echocardiograms





Clinical Events Surveillance Events

15 days post- Case review
congenital heart

surgery

Secondary image review:

» Comparison of pre-operative echocardiogram
findings to:
o Pre-operative cardiac catheterization
o Pre-operative cardiac MRI
o  Operative inspection
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Consensus based case
discussion and
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Data entry into Non-
Invasive Quality
Improvement form

Figure 1: Diagnostic Accuracy case identification and categorization
process






Figure 2. Example spreadsheet — minimal dataset

Patient Age Initial Accurate Final Method of Clinical Preventability | Contributor
diagnosis | Diagnosis? | diagnosis discovery impact
1J1/1/2001 14 Normal No Coarctation Review of Moderate Preventable Mis-
year echocardiogram identification
of study
images
AB 1 ASD No ASD Subsequent Minor Possibly Incomplete
2/2/2013 year | secundum secundum | echocardiogram preventable examination
and of the
muscular ventricular
VSD septum
DC 4 ASD Yes ASD - -- --
3/1/2010 | years | primum primum
and cleft and cleft
mitral mitral
valve valve








