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ATTACHMENT
CALCULATION OF 1992 UPDATE AMOUNTS
I. OVERVIEW OF PART B CALCULATION
A. RBRYVS Update Calculation

The Part B estimate of 1992 payments was derived by combining RBRVS rates for specific
CPT-4 codes of the most essential physician services for DRG 106 and DRG 107 with
estimates of other physician services typically occurring during the CABG surgical episode.

In determining the most typical mix of services for an inpatient heart bypass graft surgical
episode of care, 36 DRG 106 cases and 78 DRG 107 cases submitted from Saint Joseph’s
Hospital of Atlanta under the demonstration were reviewed. The most frequently occurring
CPT-4 codes were listed along with the average number of units or occurrences per case.
The CPT-4 code for the three graft bypass surgery was used as a conservative
representation of the typically occurring bypass surgery code. These are listed as follows:

Number of Service Units

CPT-4
DRG106 DRG107 Code

Surgery 1 1 33512
Arterial Cannulation 3 3 36620
Assistant Surgeon 1 1 33512ASQ
Anesthesiology 20 20 00562
Swan - Ganz Catheter 1 1 93503
Cardiac Catheterization 1 0 93547
Electrocardiogram 5.4 5.1 93000
Radiological Exam 1 view 5.8 6.4 ' 71010
Radiological Exam 2 view 2.8 29 71020
Initial Physical Exam 1 1 90220
(discontinued - replaced by 99223)
Intermediate Exam 4.4 4.4 99173
(discontinued - replaced by 99233) '
Follow-up Exam 3 3 90260

(discontinued - replaced by 99231)

Resource Based Relative Value Scale rates were derived by applying the method of
calculation described in the November 25, 1991 Federal Register (volume 56, No. 227) to the
bundle of physician services provided for a CABG surgical episode. The formulas for
calculation of the rates are written below. The data for these calculations were derived



from two sources. The carrier based units and units by CPT-4 code for work, practice cost
and malpractice expense are listed in the Federal Register. The Historical Payment Amount

was obtained from the Medicare Carrier for each hospital.
Formulas:

1. Fee Schedule Payment Amount Formula:

A= ((w*W)+(p*P)+(m*M))*F

Where:

w = Relative Value Unit by CPT4 code for Work

p = Relative Value Unit by CPT4 code for Practice Cost

m = Relative Value Unit by CPT4 code for Malpractice Expense
W = Carrier Based Geographic Cost Index for Work

P = Carrier Based Geographic Cost Index for Practice Cost

M = Carrier Based Geographic Cost Index for Malpractice Expense
F = National Conversion Factor

2. Transition Payment Amount Formula:

IfA>(115*B)thenY =(A-(0.15*B))
IfA<(08*B)thenY = (A +(0.15*B))

Else Y =B
Where:
A = Historical Payment Amount

B = Fee Schedule Payment Amount
Y = Transition Payment Amount

RBRYVS transition payment amounts were calculated for each CPT-4 code listed above for
your hospital.

The attached table shows the listing of historical payment amounts, RBRVS indices and the
calculated transition amounts for each of the CPT-4 codes listed above (see Table 1). Note
that these are the area wide amounts used by the Medicare Carrier and not hospital
specific.

Next, the hospital specific 1991 Medicare allowed charge amounts were obtained for
comparison with the transition amounts. Both the 1991 Medicare allowed amounts and the
1992 transition payment amounts were multiplied by the average number of units or
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services for each CPT-4 code and the differences between each payment amount calculated.
The sum of these differences became the RBRVS update amount (see Table 2).

B. Data Source for the Calculation of the Resource Based Relative Value Scale (RBRVS)
and Fee Schedule Payment Amount 2

The following section lists relevant data sources used in the calculation of the fee schedule
adjustment. The documentation used to calculate the RBRVS rates are contained in the
Federal Register, Volume 56, Number 227, Monday, November 25, 1991, Part II,
Department of Health and Human Services, Pages 59502 to 59819.

The Formula is contained in Addendum A pages 59629 to 59630, entitled Technical
Documentation/Explanation and Guide to Use of Physician Fee Schedule Tables.

Formula:

Payment= [(RVUw X GPClw) + (RVUpe X GPClIpe) + (RVUm X GPCIm)] X CF

RVUw = physician work relative value units for the service

RVUpe = practice expense relative value units for the service

RVUm = malpractice relative value units for the service

GPClw = geographic practice cost index value for physician work applicable in the fee
schedule area

GPClpe = geographic practice cost index value for practice expense applicable in the
fee schedule area

GPCIm = geographic malpractice cost index value for physician work applicable in the
fee schedule area '

CF = uniform national conversion factor

CF - uniform nation conversion factor = 31.001
found on page 59630, Federal Register November 25, 1991

The Relative Value Units (RVUs) and related information are contained in the Federal
Register November 25, 1991, Addendum B, pages 59635 to 59784.

For example:

HCPCS 33112 page B-37

Practice Mal-
Work Expense Practice Total
HCPCS RVUs RVUs RVUs RVUs
33512 26.41 38.61 6.76 71.78



1

The Geographic Practice Cost Indices by Medicare Carrier Locality are contained in the

Federal Register, November 25, 1991, Addendum C, Pages 59785 to 59790 which lists the
following:

Carrier Locality

, Practice Mal- .
Number Number Locality Name Work Expense Practice
1040 1 Atlanta, Georgia 0.975 1.022 0.752



IL. PART A PROSPECTIVE PAYMENT SYSTEM CALCULATION
A. Part A PPS Operating Rate Formula

The Part A update amount is the difference between the 1991 and 1992 DRG operating
amounts. The 1991 and 1992 DRG rates were derived by applying the method of
calculation described in the September 4, 1990 and August 30, 1991 editions of the Federal
Register. This amount contains the basic DRG rate plus adjustments for teaching costs and
disproportionate share cost and is calculated using the following formula:

DRG Operating Amount = [(DRGbp) + (DSP * DRGbp) + (IME * DRGbp)]

Where:

DRGbp = DRG Base Payment

DSP = Disproportionate Share Adjustment
IME = Indirect Medical Education Adjustment

The DRG Base Payment is computed as follows:
DRG Base Payment = ([( LS * Wg ) + (nLS * COLA)] * (DRGwgt)
Where:

LS = Labor Share

nLS = Nonlabor Share

Wg = Wage Rate

COLA = cost of living adjustment
DRGwgt = DRG relative weight

Where Labor Share and Nonlabor Share are derived from:
IF [(NaLR+NaNLR) > (RaLR+RaNLR)]

THEN Labor Share = NalLR

AND Nonlabor Share = NaNLR

IF [(NaLR+NaNLR) < (RaLR+RaNLR)

THEN Labor Share = [(NaLR*.85) + (RaLR*.15)]

AND Nonlabor Share = [(NaNLR*.85) + (RaNLR*.15)]
Where:

NalR = National Adjusted Standardized Amounts for Labor
RalR = Regional Adjusted Standardized Amounts for Labor
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and
NaNLR = National Adjusted Standardized Amounts for Nonlabor
RaNLR = Regional Adjusted Standardized Amounts for Nonlabor

In calculating the Labor Share and Nonlabor Share for each hospital, the National Adjusted
Standardized Amounts for labor and nonlabor for large urban, or other urban areas is
compared with each hospital’'s Regional Adjusted Standardized Amounts for that hospital’s
large urban or other urban area. If the national amount for labor plus nonlabor exceeds
the regional amount for labor plus nonlabor, the labor share (or nonlabor share) equals the
national amount for labor share (or nonlabor share). If the combined national amount is
less than the combined regional amount, then the labor share (or nonlabor share) is equal
to 85 percent of the national amount plus 15 percent of the regional amount for labor
share (or nonlabor share).

B. Part A PPS Data Sources
1. Figures Used for the FY 1992 calculations:

The calculations for the Prospective Payment Rate for FY 1992 are based on the formula
described on pages 43248 and 43249 of the Federal Register, Volume 56, Number 169,
Friday, August 30, 1991. The same formula is used in the calculation of the Prospective
Payment Rate for FY 1991 which is described on pages 36077 to 36079 (see Table 3)

The 1992 calculations based on figures obtained from the Federal Register, Volume 56,
Number 169, Friday, August 30, 1991, Part IV, Department of Health and Human Services,
Pages 43196 to 43524.

The National Adjusted Standardized Amounts, Labor/Nonlabor are contained in Table la
on Page 43249, The figures for Large Urban hospitals are used. The Regional Adjusted
Standardized Amounts, Laber/Nonlabor for Large Urban areas were taken from Table 1b
on Page 43249. The Wage Index for Urban Areas is contained in Table 4a contained on
pages 43274 to 43279. The Relative Weights for DRG 106 and DRG 107 are contained in
Table 5 on page 43284. .

The Disproportionate Share (DSH) and Indirect Medical Education (IME) factors were
based on the hospital specific values developed by HCFA that were used in developing the
Fiscal Year Final Rules. The Disproportionate Share percentage is compiled from two
components, the SSI component and the Medicaid component. For the SSI component, a
list of disabled Social Security recipients receiving Supplemental Security Income (SSI) is
compiled and matched against the Medicare Provider Analysis and Review (MEDPAR)
files and the number of inpatient admission days for these individuals is counted per
hospital. A ratio is calculated of this number divided by the total number of inpatient
admission days for all Medicare patients. This ratio is the Medicare component of the
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DSH. The Medicaid component of the DSH is the ratio of the number of inpatient
admission days for all Medicaid patients listed in the hospital’s cost report to the total
number of inpatient admission days for all hospital patients. These two ratios are added
together to reveal the Disproportionate Share patient percentage for that hospital. Finally,
this DSH patient percentage is adjusted by the Medicare rules for Disproportionate Share
to determine the DSH payment add-on.

The figure used for the Indirect Medical Education (IME) factor is obtained from
information used by the Fiscal Intermediary for each hospital in pricing individual cases
without accounting for the year end audit adjustment. This information is reported to
HCFA as part of the Provider Specific File.

The Cost of Living Adjustment (COLA) for the continental United States is equal to 1.00.
2. Figures Used for the FY 1991 calculations:

The 1991 calculations are based on figures obtained from
Federal Register, Volume 55, Number 171, Tuesday, September 4, 1990, Par: III,
Department of Health and Human Services Pages 35990 to 36175 (see Table 3).

The National Adjusted Standardized Amounts, Labor/Nonlabor for large urban hospitals
for 1991 are contained on page 36079 in Table 1A. The Regional Adjusted Standardized
Amounts, Labor/Nonlabor for large urban areas are listed in Table 1b, page 36079. The
Wage Index for Urban Areas for FY 1991 is listed in Table 4a, pages Page 36104 to 36109.
The Relative Weights for DRG 106 and DRG 107 are listed in Table 5, Page 36114. The
Disproportionate Share and Indirect Medical Education factors for FY 1991 were derived
in the same manner as that for FY 1992 using the appropriate earlier dated files.

II1. THE 1992 GLOBAL PAYMENT UPDATE AMOUNTS

The DRG operating amounts for FY 1991 and FY 1992 were calculated (see Table 4).

The difference between these amount formed the Part A adjustment amount. This amount
was further adjusted by the RBRVS adjustment amount (Table 2) leaving the total 1992
update adjustment amount for each DRG. This amount was added to the 1991 global
price amounts for DRG 106 and DRG 107 to reveal the 1992 global payment amounts (see
Table 5).
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9.0 EVALUATION OF CLINICAL CORONARY ANGIOGRAPHY RESULTS
BY QUANTITATIVE ANGIOGRAPHY

9.1 Introduction
9.1.1 Rationale

Coronary angiography results are one of the major determinants of the choice of treatment
for coronary artery disease with CABG surgery, angioplasty, or medications. Accurate
assessment of coronary artery anatomy and the extent of disease is critical to sound clinical
decisions. At the same time, clinical interpretations of coronary angiograms involve considerable
subjective judgment and have been amply demonstrated to exhibit marked inter- and intra-
observer variations(ref). Hence, the potential exists both for errors in individual cases and for
systematic biases that lead to inappropriate choices of treatment.

Quantitative angiography using computerized edge detection techniques has been
demonstrated to yield highly reliable and reproducible results (ref). For this reason, the technique
has been used in a number of studies to evaluate the progression or regression of coronary artery
disease in response to dietary or invasive treatments (ref). Clinical applications have been limited,
however, and insufficient evidence is currently available to document the superiority of
quantitative angiography results in predicting responses to treatment.

The goals of this study are to:

1. quantify differences in estimates of the percent stenosis of lesions in the
coronary arteries by clinical interpretations and quantitative angiography;

2. document any systematic differences among participating hospitals in the
correlation between quantitative and visual estimates of the percent stenosis;
and

3. evaluate clinical cardiac catheterization reports for the presence of clinically
important information.

Previous studies have found that visual interpretations of coronary angiograms give systematically
higher estimates of the degree of luminal diameter narrowing than quantitative angiography
around the cutpoints for clinical decision-making (40 - 70 percent). Quantitative angiographic
estimates, on the other hand, are higher in the 80 - 90 percent range (ref). Our study extends
these findings by comparing clinical estimates both to quantitative estimates and to visual
estimates made by an investigator who is also skilled in quantitative angiography techniques.

The identification of systematic differences among hospitals in the relationships between
clinical and quantitative angiographic estimates would suggest the need to reexamine practice
patterns and consider the merits of adopting quantitative angiography techniques as the clinical
standard.

9-1
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9.1.2 Specific Objectives

1. Using quantitative angiography techniques, determine the percent diameter
stenosis, minimal luminal diameter, and the "normal" reference segment
diameter for the most severely obstructed lesion in each coronary artery or
major branch.

2. Determine the flow grade and collateral circulation for each artery examined.

3. Examine the differences between quantitative angiographic estimates of
‘percent stenoses, clinical estimates, and visual estimates made by the study
investigator (MG).

4. Examine the relationships of differences between quantitative angiographic and
clinical estimates for different degrees of stenosis.

5. Examine hospital and patient factors associated with differences between
quantitative and clinical estimates of the degree of stenosis.

6. Compare the characteristics of vessels that were bypassed with those that were
not bypassed.

7. Evaluate the relationships between the quality of angiograms and discrepancies
between clinical (venual) and quantitative angiographic estimates..

8. Evaluate the completeness of important clinical information in the
catheterization reports received from participating hospitals.

9.2  Study Design
9.2.1 Patient Samples

Twenty (20) coronary angiograms were randomly sampled from among patients who were
enrolled in the demonstration during 1993 at six of the seven participating hospitals. St. Lukes
Hospital/Texas Heart Institute chose not to participate in the study. All patients must have
received their coronary angiograms at the participating hospital but could have received it either
on the same admission during which CABG surgery was performed (DRG 106) or during an
earlier admission (DRG 107). Random sampling was performed from a list of eligible study
participants supplied by HCFA.

Hospitals sent angiograms and copies of the clinical cardiac catheterization and surgeon's
operative reports to Health Economics Research, Waltham, MA. These were logged and checked
against the list of sampled patients. They were then forwarded to the Quantitative Angiography
Core Laboratory at the Beth Israel Hospital, Boston, MA.
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9.2.2 Quantitative Angiography Laboratory

Quantitative angiography interpretations were performed by C. Michael Gibson, M.D.,
Director of the Angiography Core Laboratory, and his colleagues using an automated edge
detection algorithm(s). Dr. Gibson has served as the director of the TIMI 4 Angiographic
Laboratory and the Angiographic Core Laboratory for the Harvard Atherosclerosis Reversibility
Project ( HARP) (1-14). The Beth Israel laboratory has been in operation since 1991 and has
analyzed over 2,000 lesions from the U.S., and Canada.

The laboratory uses a DEC 5500 work station with software developed at the Brigham
and Women's and Beth Israel Hospitals. A SONY SME 3500 projector, capable of 4-fold
magnification of cineframes, was used for viewing and digitizing images.

9.3  Methods ,
9.3.1 Quantitative Angiography Procedures
9.3.1.1 Invoicing and Blinding Cinefilms

Cinefilms and cardiac catheterization and operative reports were invoiced as they were
received by the laboratory. Cinefilms were blinded to the hospital of origin by removing the
leader strip that contained identifying information and assigning a code number to both the film
and leader strip. Catheterization and operative reports were also blinded.

9.3.1.2  Identifying Critical Lesions

Catheterization and surgical reports were reviewed by an angiographer to identify the
location of the most critical lesion in each epicardial artery and to determine whether or not it was
bypassed. A second quantitative angiographer used this information when analyzing the cinefilm.
This procedure was designed to assure that the same lesions were being analyzed by quantitative
angiography as had been reported in catherization reports . All cinefilms were then over-read by
the Director or Associate Director of the laboratory. Results were recorded on the Angiographic
Core Laboratory Worksheet (see Appendix to Chapter 9).

Analysis was limited to the most severely narrowed lesion in each major epicardial artery
or branch. If several lesions were present in a given artery or branch, the one with the smallest
minimum lumen diameter was selected. The left main coronary artery was routinely analyzed.

The optimal single projection was selected that showed the stenotic segment in its greatest
severity without foreshortening or overlapping branches. End-diastolic frames were given
preference.

9.3.1.3  Quantitative Angiography Procedures and Definitions
Appendix 9 provides a detailed description of’ .
» Projections and items selection;

 Definitions of Segmental Coronary Anatomy;
e Flow Grade Assessment;
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» Assessment of Collateral Circulation;
» Quantitation Angiography Analysis.

9.3.1.4 Assessment of the Quality of Angiography

Each cinefilm was carefully examined and graded according to the following criteria as being
excellent, good, average, or poor.

1. Uninterpretable:

2. Poor:

3. Average:

4. Good:

5. Excellent:

The primary endpoint cannot be analyzed secondary to exceedingly poor film
exposure or quality (i.e. no images on the film, inadequate injection of contrast
material, etc.).

The primary endpoint can be analyzed but the film quality is poor secondary to
under or overexposure, poor panning, poor engagement, poor contrast injection,
excess collimation, partial obscuration by diaphragm. The distinction between
TIMI grade one and two flow is hard or impossible to make because the
cinefilming is of inadequate duration to make the distinction. Injection begins
before cinefilming.

Adequate film quality. In some, but not all views, distal panning is adequate to
assess TIMI flow grade. Dye is occasionally injected prior to the beginning of the
cinefilming. Moderate overlap of vessels is present. Moderate obscuration of
lesions by the diaphragm.

Good film quality. During most injections there is adequate panning to assess
flow to the distal vasculature and collaterals if present. Dye is not injected prior to
the beginning of the cinefilming. Mild overlap of some vessels is present. Mild
obscuration of lesions by the diaphragm.

Excellent film quality. There is adequate panning to assess flow to the distal
vasculature of the infarct-related artery and collaterals if present. Dye is not
injected prior to the beginning of the cinefilming. The lesion is centered in the film
during some portion of the cinerun to minimize pincushion distortion for
quantitative analysis. The lesion is well layed out with no overlap of branches and
orthogonal views are obtained to show the lesion in its tightest dimension.

9.3.2 Review of Cardiac Catheterization Reports

Cardiac catheterization reports were abstracted for information on the clinical indication for the
angiogram, technical features of the procedure, and any complications. Variables assessed were:

 Clinical indication for coronary angiography

» Whether angiography was followed by failed angiography
» Whether an JABP had been inserted prior to angiography
»  Whether vasodilators were used during the procedure

« Type and amount of contrast

» Number of catheters used

» Fluoroscopy time as a measure of radiation exposure

9-4
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« Complications of the procedure

9.3.3 Clinical Data

Clinical data on sampled patients were obtained from the demonstration's core clinical database.

Variables assessed were:

9.4
94.1

» Age, sex and race of the patient

» Clinical presentation at the time of hospitalization

» Revascularization priority

 History of previous CABG surgery

+ Left ventricular ejection fraction

» Coronary artery anatomy

» Body surface area

» Number of conduits inserted during subsequent surgery

« Outcomes of CABG surgery: in-hospital mortality and whether a reoperation was
required during the CABG surgery admission

Data Analysis
Specification of Variables

Primary outcomes are differences between the degrees of stenosis reported in catheterization

reports versus those obtained by (1) quantitative angiography and (2) visual interpretations by the study
investigator. The study investigator's own interpretations represent a "standard" for visual interpretations
performed by a highly trained cardiologist not involved in the clinical process of care. A human
benchmark, we believe, is an important strength of the design, as the majority of hospitals do not have
access to quantitative angiography.

Variables are;

« Percent stenosis by the hospital's visual interpretation (HospVis%)
» Percent stenosis by quantitative angiography (Quant%)
 Percent stenosis by the investigator's visual interpretation (Invest%o)

Each variable is explored both as a continuous and as a categorical variable.

Analyses then explore:

« the difference between the percent stenosis by the hospital's visual interpretation and the
percent stenosis determined by quantitative angiography (HospVis% - Quant%)

« the difference between the percent stenosis by the hospital's visual interpretation and the
percent stenosis by the quantitative angiographer's visual interpretation (HospVis%-
Invest%)

« the relationship between each of these differences and the percent stenosis by
quantitative angiography.
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All other patient characteristics, clinical catheterization results, and quantitative angiography results are
analyzed in form they were collected. o

9.4.2 Descriptive Analyses
Descriptive results are presented for the total sample and by hospital for:

« the clinical characteristics of sampled patients
« information contained in the clinical catheterization reports
» quantitative angiography results

Significant differences among hospitals are analyzed by chi square analysis or t-tests as appropriate.
9.4.3 Regression Analyses

Multiple linear regressions examine patient and hospital factors associated with differences
between the hospital's visual interpretation and quantitative angiographic and the investigator's visual
interpretations. ’

Independent variables in these regressions include:

 hospital dummy variable

« patient's gender

» patient's age

 coronary artery system having the lesion

» clinical presentation of the patient at the time of the CABG surgery admission
« previous CABG surgery

= quantitative percent stenosis

« revascularization priority (emergent, urgent, or elective)

9.5 Descriptive Results
9.5.1 Clinical Characteristics of the Patient Sample

The clinical characteristics of patients in the quantitative angiography study are shown in Table 9-
1. Patient samples are similar to the overall population enrolled in the Heart Bypass Demonstration during
1993 (Table 9-2) except that fewer sampled patients received elective CABG surgery (41.2 percent v. 56.8
percent); fewer had presented for their admissions with stable angina (23.5 percent v. 28.7 percent,) and
more with AMI s (31.9 percent v. 24.1 percent,). In-hospital death rates were slightly higher in sample
patients (5.0 percent v. 4.2 percent). A possible reason for observed differences are that patients who
received their angiograms at outside hospitals were excluded from the sampling frame.

9.5.2 Catheterization Report Data

Results are presented in Table 9-3. Information on the clinical diagnosis or the indication for
angiography was missing from 24 percent of reports overall and from 45 percent and 50 percent of reports,
respectively, in Hospitals (TV and V). Where present, the clinical indication was stated to be stable angina
in 35 percent of patients, unstable angina in 34 percent, and post-myocardial infarction in 26 percent. This
proportion of patients with stable angina is higher than that reported in Table 9-1 (34 percent v. 23.5

9-6
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percent). This difference may be accounted for by patients who were admitted with unstable angina which
stabilized before coronary angiography.

Three patients underwent angiography with an IABP in place, and 8 patients received an
angioplasty which failed and necessitated urgent CABG surgery.

One or more complications of catheterization were reported in 10 percent of patients and included
cardiac arrest in 1.7 percent of patients, AMI in 1.7 percent, increased angina in 3.4 percent, and a
hematoma in 2.5 percent. Those figures are almost certainly underestimates in view of the tendency to
under-report complications that occur during catheterization procedures. The fact that complications such
as 1 vessel angina, hematoma, or wound (puncture sites) are frequently observed after the patient leaves the
catheterization laboratory is another reason for underreporting complications.

The angiographic procedure was described in varying detail in catheterization reports. Data were
missing from a large number of reports, however, on certain aspects of the procedure. The type of contrast
agent was missing in 63.9 percent of cases. When present, 53.5 percent reported use of (more expensive,
but less allergenic) non-ionic agents, and 46.5 percent reported use of a ionic agent. The amount of
contrast agent used was missing from 85 percent of reports; and the amounts reported generally referred
only to bolus injections used for left ventricular angiography. Data on the types and numbers of catheters
used were missing in 48 percent of cases; when present the modal number of catheters was 3. Total
fluoroscopy time was recorded in only 6 percent of cases, even though radiation exposure is an important
risk factor. Use of a vasodilator was reported in 11.8 percent of cases; this figure almost certainly reflects
underreporting.

9.5.3 Quantitative Angiography Results

Table 9-4 describes qualitative findings. Angiographic quality was judged to be excellent in 7.6
percent of cineangiograms, good in 21 percent, and poor in 21 percent. Hospitals (IV and VI) had poor
quality angiograms in 35 percent of cases. Hospital (I) had the best overall quality of angiograms (good in
40 percent, average in 55 percent and poor in 5 percent). Catheter size was 7F in 54.6 percent of cases and
6F in 35.3 percent. The right coronary circulation was dominant in 89 percent of patients.

Quantitative angiographic results are summarized in Table 9-5. Data on percent stenosis was
available on all lesions in the LMCA but only to the tightest lesion in each epicardial coronary artery or
branch system. Only lesions with 10 percent or greater stenosis by hospital visual estimates are reported in
Table 9-5.

Analysis of 33 LMCA lesions revealed a mean stenosis of 41.1 percent and LMCA stenoses of 50
percent or greater in 42.5 percent of patients. LMCA lesions were isolated in 1.7 percent of patients and
were in an ostial location in 8.5 percent of patients. Nearly all (96.6 percent) LMCA lesions were
bypassed during CABG surgery.

A total of 317 lesions were examined in the left, circumflex and right coronary artery systems
(LCRA). Of'these, 20.5 percent represented total occlusions; 32.8 percent were of 70-99 percent stenosis;
and 31.5 percent were 50-69 percent stenosis. A higher proportion of left coronary artery lesions were
bypassed than in the circumflex or right systems (94.6 percent v. 80.5 percent and 81.4 percent,
respectively).

9.54 Differences Between Quantitative Angiographic and Visual Interpretations of
the Percent Stenosis

Quantitative angiographic estimates are compared to the hospitals' visual and the mvestigator's
visual estimates in Table 9-6. In all coronary arteries, the mean percent stenosis is highest by the hospitals'
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visual interpretations, and lower by quantitative angiography. The investigator's visual interpretations are
intermediate but are much closer to quantitative angiography.

In the left main coronary artery, stenosis of 50 percent or more was found by quantitative
angiography in 42.5 percent of lesions, in 54.6 percent by investigator visual estimates, and in 62.8 percent
by hospital visual estimates. In the epicardial arteries, the proportions of lesions with 70-99 percent
stenosis are 57.2 percent, 50.9 percent, and 32.8 percent, respectively, by the three techniques.
Corresponding values for 40-69 percent lesions are 19.4 percent, 22.7 percent, and 41.6 percent. Hence,
hospital visual estimates are substantially higher around the threshold for clinical decision-making (> or =
70 percent) and are correspondingly lower below this level. This finding is especially striking in the left
coronary artery system where visual inspection "sees" much more occlusion in the 80-99 percent range.

Differences in percent stenoses between quantitative angiographic and the hospitals' visual
interpretations (HospVis% - Quant%), overall and by hospital, are presented in Table 9-7. Results are
based on 317 lesions in the epicardial arteries and 33 lesions in the LMCA . The overall mean differences
between the hospitals' visual estimate and the quantitative estimates was 9.2 percent in epicardial arteries
and 11.9 percent in the LMCA. In epicardial arterics, the distribution of differences included 45.8 percent
of lesions within + or - 10 percent by the two techniques and 26.1 percent that were 20 percent or more
higher by hospital visual estimates. In the LMCA, corresponding figures were 33.3 percent and 42.4
percent.

Patterns varied considerably among hospitals. Mean differences in the epicardial arteries were
highest in Hospitals (I, IV, and V) (16.8 percent, 14.6 percent, and 12.6 percent, respectively) and lowest
in hospital (IT) (-3.4 percent). The small numbers of lesions analyzed in the LMCA prevent meaningful
comparisons among hospitals.

Differences between the hospitals' visual interpretations and those by the investigator (HospVis% -
InvestVis%) are presented in Table 9-8. In the epicardial arteries, the hospitals' visual estimates are higher,
but the mean difference is less than for (HospVis% - Quant%) (4.6 percent v. 9.2 percent). The same
hospitals exhibit extreme patterns as above. Inthe LMCA, the mean difference between HospVis% and
InvestVis% is similar to that between HospVis% and Quant%.

Figures 9-1 and 9-2 display cumulative distributions of percent stenosis by the three measurement
techniques for the LMCA and epicardial arteries, respectively. For the LMCA, the hospitals' visual
estimate is the highest at every level of stenosis, though the difference from the investigator's visual
estimates is small for lesions of 80 percent or greater. The quantitative angiographic estimate is lowest at
every level of stenosis, and the investigator's visual estimate is intermediate. The proportion of lesions with
50 percent stenosis or greater is 27.2 percent by Quant%, 33.4 percent by InvestVis percent, and 48.6
percent for HospVis percent. Hence, more than 20 percent of patients would be deemed to have "critical"
lesions by the hospital than by quantitative angiography.

Findings in epicardial arteries are similar except the difference between HospVis percent and
InvestVis percent are much smaller throughout than in the case of the LMCA. The proportion of lesions
with 70 percent stenosis or greater is 53.3 percent by Quant percent, 71.3 percent by InvestVis percent, and
77.5 percent by HospVis percent. The implication is that 24.2 percent more lesions would be deemed to
have "critical" stenoses by the hospitals' estimates.

9.5.5 Differences Among Measurement Techniques According to the Severity of Stenosis

Tables 9-9 and 9-10 examine relationships between (HospVis percent - Quant percent) and
(HospVis percent - Invest percent) , respectively, and the degree of stenosis estimated by quantitative
angiography. In the epicardial arteries, hospitals' visual estimates show a graded relationship to the extent
of stenosis for both comparisons. For HospVis percent - Quant percent (Table 9-9) the mean difference
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falls from 25 percent when the degree of stenosis by quantitative angiography is <-40 percent, to 13.6 to
15.1 percent range when it is 40 - 69 percent, and to 8.5 percent when it is 70 - 79 percent. Differences
become negative for stenoses of 80 - 99 percent indicating higher estimates by quantitative and investigator
visual estimates at high levels of obstruction. Median differences followed similar patterns. For
HospVis% - InvestVis% (Table 9-10) mean differences are smaller but show essentially the same trend on
the LMCA, patterns are similar.

956 Decision to Bypass a Lesion Versus the Severity of Stenosis

The decision to bypass a particular lesion at the time of CABG surgery depends on the severity of
the stenotic lesion by angiography or as it appears at surgery, the clinical condition of the patient, and the
availability of suitable venous or arterial grafts. Though the decision is multifactored, angiographic results
play a major role.

Table 9-11 presents data, overall and by hospital, on the relationship between percent stenosis and
whether the lesion was bypassed in epicardial arteries. "Innocent bystander" lesions in the LAD were
excluded if a LMCA lesion was bypassed.

Hospital visual interpretations are those that guide decision-making. Overall, 90 percent or more
of lesions were bypassed if obstructions were 50 percent or more. Nearly two-thirds of lesions with 50-59
percent stenosis were bypassed, and 50 percent or more of lesions with less than 50 percent stenosis. Only
83 percent of totally obstructed arteries were bypassed, probably due to small distal luminal diameters or
poor runoffs. Patterns varied widely among hospitals. Hospitals (II, IV, and VI) bypassed nearly all
lesions, while Hospital (V) bypassed only three quarters of all lesions.

Results for quantitative angiography reflect the lower percent stenosis recorded by this technique in
the range that govern clinical decision-making (40-70 percent). For example, two-thirds of lesions with
stenoses of <10 percent to 49 percent by quantitative angiography were bypassed, and 89 percent of lesions
with stenoses of 50-59 percent were bypassed. '

9.5.7 Effects of Angiography Techniques on Differences Between Hospital Visual and Quantitative
Estimates

Table 9-12 presents findings for cineangiogram quality, catheter size, and vessel diameter. The
incidence of positive differences 20 percent or greater is markedly lower when the angiogram is of excellent
quality compared to poor quality (12.5 percent v. 28.6 percent). Similarly, the incidence of negative
differences of 11 percent or greater is also higher for this comparison (4.2 percent v. 11.2 percent). These
findings persist for positive differences of 20 percent or greater when the combination of excellent plus
good angiograms is compared to average plus poor angiograms (25.8 percent v. 48.6 percent) but are small
for negative differences of (14.0 percent v. 16.1 percent).

Use of larger catheters (7F or 8F) appear to be associated with fewer large positive discrepancies
(21.4 percent v. 33.9 percent) but more negative discrepancies (14.3 percent v. 3.3 percent) than when
smaller catheters are used (5F or 6F).

The distribution of minimum luminal diameters is too skewed toward lesions of less than 2 mm to
draw meaningful conclusions (233 of 256 total lesions had MLD of <2mm). An analysis distinguishing
lesions of 1 mm and 2 mm is needed. Findings with respect to average luminal diameter are inconclusive.
Smaller (<2mm) and larger (>=3mm) show similar patterns of positive and negative discrepancies.
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9.6 Multivariate Results

Multivariate analysis-of-variance methods was used to test for differences between the stenosis
estimates of cardiologists at the six demonstration hospitals and the quantitative angiography and visual
estimates of the expert who reevaluated the angiographic films. Two dependent variables were constructed
based on (a) the difference between the hospital's reported levels of stenosis and quantitative angiographic
estimates (hospital vs. quantitative difference); and (b) the difference between the hospitals' estimates and
an expert's visual estimates (hospital vs. visual investigator difference).

The primary focus of the analysis is on the extent of systematic differences between the hospital
and evaluator interpretations of stenosis. In order words, does the average difference in stenosis readings
vary systematically from hospital to hospital, implying that some cardiologists in facilities tend to "see"
more stenosis than other sites.

Analysis-of-variance methods were used to test the null hypothesis of no systematic differences in
readings across the six hospitals. Dummy variables were created for each hospital, and the percent of
variance explained by the set of dummies was determined. Joint F-tests were used to determine whether the
separation of the readings into six hospital sets explained a statistically significant amount of the variation.
Hospital regression coefficients were estimated showing the mean absolute differences in readings between
the hospital's and expert interpretations.

To allow for the possibility that systematic errors in interpretation may be affected by other patient
variables, several were controlled for, including

* artery system (left, right, circumflex, or left main coronary artery);

* clinical presentation (stable angina, unstable, angina, AMI, or asymptomatic);
* admission priority (elective, urgent, emergent);

* sex (male, female);

* previous CABG;

* patient age;

* percent stenosis.

It is possible that the location of the lesion, the extent of stenosis, or other factors may affect the ability of
interpreters to accurately measure the degree of stenosis. The "gold standard" for percent stenosis was the
quantitative angiography reading.

Analyses of variance were conducted on all epicardial arteries as a group and then on a pooled
sample that included the left main coronary artery. Two models were estimated on each dependent
variable. The first analysis included all potentially confounding variables in evaluating differences across
hospitals. This is the most powerful test of hospital differences since it controls for all other possible
explanations of systematic differences. However, because of extensive collinearity among potentially
confounding variables, it may not be possible to derive accurate estimates of the individual effects. Hence,
a deleted model was run in each case based on variables found to be statistically significant (at 10%) in the
complete model. The full set of hospital dummies was also included in the second model.

Table 9-13 presents the results of eight models. The first set of four models explain differences in
interpretation for lesions in the epicardial arteries alone. For this analysis, complete data were available on
279 lesions. More observations were available in the reduced models due to unreported data. The second
four models are based on all arteries including left main stenosis. This sample is larger and includes 309
lesions with complete data.

In Model 1 that compares the hospital's interpretation with the quantitative interpretation, Type 1
sums of squares (not shown) indicated that hospital site was significantly related to mean differences before
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any other variables were controlled for (F = 12.8, p<.01). Type I sums of squares, however, showed a
major reduction in the explanatory power of site once all other confounding factors were included.
Nevertheless, site remained a highly significant predictor (F = 5.5, p<.01).

Turning to the coefficients reported in the table, ceteris paribus, Hospital I (in the intercept) had a
mean overestimate of the degree of stenosis by 34.2 percentage points. (The overall average overestimate
vs. quantitative angiography was 8.7 points.) Two hospitals exhibited significantly lower differences:
Hospital I was nearly 14 points lower than Hospital I; and Hospital III was almost 8 points lower. The
other three institutions were 1-4 points lower, but their difference was not statistically different from
Hospital L.

Of patient-level variables, only percent stenosis was found to be significantly related to the
differences between hospital and quantitative interpretations. Its coefficient of -.34 (p<.01) implies that
every 10 percentage point increase in the degree of stenosis resulted in an improvement in hospital accuracy
(relative to quantitative angiography) of 3.4 percentage points. Greater error occurred when the degree of
stenosis was less. Both a squared stenosis term and categorical stenosis terms were included to test for a
nonlinear relationship. The squared term was quite insignificant, implying a linear relationship throughout
the relevant range of stenosis. An interaction of hospital site with percent stenosis was insignificant
(F=0.95; p=.45), implying that, in general, sites did not experience different gradients with respect to
degree of stenosis. If anything, hospital I showed a greater overestimate, ceferis paribus, allowing for
different slopes by site.

Dropping all insignificant variables and rerunning the analysis of variance (see Model 2) resulted
in slight increases in the differences between Hospital I (in the intercept) and the other hospitals. Hospital
VI became significantly lower (~5.87 points) versus Hospital I. The stenosis coefficient was unaffected.

The results for Models 3 and 4 comparing the hospital's visual interpretation with the expert's own
visual interpretation are similar, The F-tests for hospital site and percent stenosis were still significant at
the 1 percent level. It should be noted, however, that the mean difference has fallen from 8.70 t0 4.12
percentage points. Hospital I continues to have a relatively high overestimate of stenosis (39.40 points)
compared to one other site, controlling for degree of stenosis and other factors. After insignificant
variables are excluded, however, the intercept coefficient falls below its value in Model 2. Hospital II
continues to understate the degree of stenosis significantly relative to Hospital I (by 10.96 points in Model
3 and 13.30 points in Model 4). Except in Model 4, Hospital Il and the other three hospitals were not
significantly different from Hospital I using the expert visual standard. The level of stenosis had smaller
quantitative effects on the error in Models 3 and 4 but still its coefficient was quite significant. Hospital
site-stenosis interactions were statistically significant (p=.07) but are not reported as they had no effect on
the basic conclusions. '

Results including the left main coronary artery are reported in Models 5-8 in Table 9-6. The
results are very similar compared to those based on other arterial groups. In Model 5, Hospital 1 tended to
overestimate the degree of stenosis by roughly 23 points. Hospital II tended to overestimate stenosis by 12
points less than Hospital I while all other hospitals overestimated by about as much as Hospital I.

According to Model 5, hospitals tended to overestimate the degree of stenosis in the epicardial
arteries by 8-10 percentage points relative to the left main artery (in the intercept). The degree of stenosis
continued to exhibit a highly significant, negative, relationship.

The reduced Model 6 produced only minor changes in the hospital and system coefficients.
Hospital III now shows a 6.4-point (lower) difference relative to Hospital L.

Interhospital differences are reduced somewhat when the hospitals' and expert's visual estimates
are compared. Hospital III no longer significantly underestimates stenosis relative to Hospital L. Limited
evidence suggests Hospital VI may overestimate stenosis relative to I, although this difference disappears in
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the reduced Model 8. When comparing hospital visual with investigator visual interpretations, only right
artery stenosis tended to be overestimated consistently compared to the left main.

9.7 Conclusions

1. The random sample of patients whose cineangiograms were evaluated by quantitative angiography was
approximately of the universe of patients operated upon in 1993 in the demonstration.

2. Many cardiac catheterization reports are incomplete with respect to clinical indications for the
catheterization and data relevant to the procedure. These data may be recorded elsewhere in the
patient's chart, but they need to be readily available to evaluate the risks and costs of the procedure,
and, in some cases, to interpret the cineangiogram.

3. Angiographic quality was poor in a substantial (5 - 35 percent) of cases. The fact that quality of the
film was associated with the magnitude of discrepancies between the hospitals' interpretations and
quantitative angiographic estimates underscores the importance of greater attention to angiographic

quality.

4. The hospitals' estimates of the percent stenosis are greater than quantitative angiographic estimates at
all levels of stenosis in both the LMCA and epicardial arteries. Differences become smaller, however,
at higher degrees of stenosis. The mean percent difference, though not the distribution of lesions
among stenosis ranges, actually becomes negative in the 80-99 percent range. In epicardial arteries,
24.2 percent more lesions are classified as having "critical" stenoses of 70 percent or greater by the
hospitals' interpretations than by quantitative angiography. In the LMCA, this figure for "critical"
lesions greater than 50 percent is 21.4 percent. ,

5. Hospital visual estimates of the percent stenosis are also greater than expert visual estimates.
Differences are less, however, than for quantitative angiography. In the epicardial arteries, 6.2 percent
more lesions have "critical" stenoses by hospitals' estimates, and, in the LMCA, this figure is 15.2

percent.

6. Multivariate regressions find that hospital site is significantly associated with differences between
hospital visual and quantitative angiographic estimates and also with differences between hospital
visual and investigator visual estimates. Of the six hospitals that provided films, one systematically
understated the degree of stenosis. Among the rest, three systematically overstated the degree of
stenosis while two others were 5-8 points lower depending on whether a quantitative or visual gold
standard was used. Percent stenosis by quantitative angiography is negatively associated with the
magnitude of the difference. Overestimations of the percent stenosis are greater for epicardial lesions
than they are for LMCA lesions. Other patient variables do not explain significant amounts of the
variance.
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Quantitative Angiography Procedure and
Definitions



APPENDIX 9

QUANTITATIVE ANGIOGRAPHY PROCEDURES AND DEFINITIONS

Projection and Frame Selection

High quality angiographic projections minimize vessel foreshortening, minimize vessel
overlap, and minimize motion blur. The following angiographic projections were given
preference.

Left main: the anterior/ posterior projection or the RAO caudal view.

Left anterior descending artery: the RAO cranial projection secondary views
included the LAO cranial and the left lateral view.

Circumflex and Obtuse Marginals: the RAO caudal or LAO caudal projections.

Proximal RCA: the LAO straight projection.

Mid-RCA: the RAO straight projection or lateral projection.

PDA and Posterolateral: the AP cranial projection.

Reference was given to end-diastolic frames in the analysis, but occasionally other
frames were used to minimize vessel overlap, motion blur, or foreshortening. The end-
diastolic frame is defined as the frame that immediately precedes the first systolic motion of the
heart. A uniform phase of the cardiac cycle is analyzed because of the large frame-to-frame
variability in a cineangiogram (1).

Definitions of Segmental Coronary Anatomy

The coronary anatomy is divided into the following defined segments:

Left main (LM): extends from the origin of the left coronary artery to the
bifurcation into the left anterior descending and circumflex arteries.
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Proximal left anterior descending artery (L1): extends from the bifurcation of the
left main coronary artery to the origin of the first diagonal.

Mid left anterior descending artery (L2): extends from the origin of the first
diagonal artery to the origin of the third diagonal artery.

Distal left anterior descending artery (L3): extends from the origin of the third
diagonal to the termination of the left anterior descending artery. If there
is no third diagonal branch, the left anterior descending artery can be
divided into three equal portions.

First diagonal artery (D1): the first branch off of the left anterior descending
artery which supplies the anterolateral wall of the left ventricle.

Second diagonal artery (D2): the second branch off of the left anterior descending
artery which supplies the anterolateral wall of the left ventricle. In an
RAO projection, this artery often arises where the left anterior
descending angles toward the apex.

First septal artery (S1): the first branch off of the left anterior descending
supplying the septum. Originates in either the proximal or the mid left
anterior descending artery.

Second septal artery (52): the second branch off the left anterior descending
supplying the septum. Usually ongmates in the mid left anterior
descending artery.

Intermedius (I): an artery whose origin bisects the origins of both the left anterior
descending artery and the circumflex artery. When an intermedius
branch is present, the left main will be seen to trifurcate in the LAO
caudal projection, and the intermedius artery is the middle artery at this
point of trifurcation.

Proximal circumflex artery (C1): extends from the origin of the circumflex off of
the left main to the origin of the first obtuse marginal branch.
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Mid circumflex artery (C2): extends from the origin of the first obtuse marginal to
the origin of the second obtuse marginal. If there is no second obtuse
marginal branch, this is the first half of the circumflex artery extending
past the origin of the first obtuse marginal.

Distal circumflex artery (C3): extends from the origin of the second obtuse
marginal to the termination of the circumflex artery. If there is no second
obtuse marginal artery, this is the distal half of the circumflex artery after
the origin of the first obtuse marginal.

First obtuse marginal artery (OM1): the first branch off of the circumflex artery
supplying the lateral wall of the left ventricle.

Second obtuse marginal artery (OM2): the second branch off of the circumflex
artery supplying the lateral wall of the left ventricle.

Third obtuse marginal artery (OM3): the third branch off of the circumflex artery
supplying the lateral wall of the left ventricle. '

Left posterolateral artery (LPL): in left dominant or balanced systems this is the
distal continuation of the circumflex artery. It originates before the left
posterior descending artery.

Left posterior descending artery (LPDA): in left dominant or balanced systems this
is the distal continuation of the left circumflex artery supplying septal
perforators the base of the heart. This branch is distal to the origin of the
left posterolateral, and lies to the observers left of the posterolateral
branch in the LAO caudal projection.

Proximal right coronary artery (R1): extends from the ostium of the right coronary
artery to the RV branch. If the RV branch is not apparent, then this is one
half of the distance to the acute marginal branch.

Mid right coronary artery (R2): extends from the origin of the RV branch to the
origin of the acute marginal. Alternatively, if the right coronary branch is
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not obvious, this is the second half of the distance from the origin of the
right coronary artery to the origin of the acute marginal branch.

Distal right coronary artery (R3): extends from theorigin of the acute marginal to
the origin of the posterior descending artery.

Right posterior descending artery (RPDA): in right dominant or codominant
systems, this vessel runs in the posterior interventricular groove and
supplies septal perforator branches.

Right posterolateral artery (RPL): this is the distal continuation of the right
coronary artery after the origin of the posterior descending artery. It
often has an inverted U shape as described by James. The AV nodal
branch originates from this artery. '

Right ventricular artery: (RV): arises from the right coronary artery
approximately half way to the acute margin of the RV.

Acute marginal (AM): artery originating at the acute margin of the heart distal to
the RV branch.

In the case of redo bypass surgery, the following definitions apply:
Saphenous Vein Graft to the LAD: (SVGLAD)
Saphenous Vein Graft to Circumflex: (SVGCX)
Saphenous Vein Graft to the Right Coronary Artery: (SVGRCA)
Saphenous Vein Graft to the PDA: (SYGPDA)
Saphenous Vein Graft to the Obtuse Marginal: (SVGOM)
Saphenous Vein Graft to Diagonal: (SVGD1)

Left Internal Mammary Artery to the Left anterior descending artery: (LIMA)
A4
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Flow Grade Assessment

The flow down arteries analyzed using quantitative angiography will be graded as

follows:

CNA: If the flow cannot be assessed or is not available, then CNA (cannot
assess) is circled. The grade flow is assessed using the following
criteria:

Grade 0:  No perfusion. There is no antegrade flow beyond the point of

occlusion.

Grade 1:  Penetration without perfusion. The contrast material passes beyond
the area of obstruction but "hangs up" and fails to opacify the entire
coronary bed distal to the obstruction for the duration of the
cineangiographic filming sequence.

Grade 2:  Partial perfusion. The contrast passes across the obstruction and
opacifies the coronary bed distal to the obstruction. However, the rate
of entry of contrast material into the vessel distal to the obstruction or
its rate of clearance from the distal bed (or both) are perceptibly
slower than its entry into or clearance from comparable areas not
perfused by the previous occluded vessel-e.g., the opposite coronary
artery or the bed proximal to the obstruction. This flow grade is
divided into 2 "Fast" (minimal delay, approximately 60 frames to
opacify the vessel) or 2 "Slow" (severely delayed, requires
approximately 100 frames to opacify the vessel).

Grade 3: Complete perfusion. Antegrade flow into the bed distal to the
obstruction occurs as promptly as antegrade flow into the bed
proximal to the obstruction, and clearance of contrast material from
the involved bed as rapid as clearance from an uninvolved bed in the

same vessel or the opposite artery.
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Caveats Regarding The Assessment of Flow Grade

1. If there is distal embolization of thrombotic material with no flow down
the artery and an abrupt cutoff exists, then the flow is graded as 0. This
is the case even if the artery is patent at the site of the original culprit.

2. In cases where the culprit artery is located at a branchpoint, the slowest
flow down either branch is graded. For instance, while the LAD may
have TIMI grade 2 flow, if a diagonal involved with thrombus has TIMI
grade 1 flow, then the flow is graded as TIMI grade 1.

3. If the flow changes over the course of several injections performed at a
given timepoint, then the slowest flow is used. The act of injection itself
may promote clot dissolution, and, therefore, the injection in which flow

is slowest is used.
Assessment of Collateral Circulation
The presence of collateral circulation will be graded as in previous TIMI studies:

Grade 0:  No collaterals present, angiography fails to reveal evidence of
collateral vessels.

Grade 1:  Minimal collaterals present, evidence of minimal to partial filling of
the recipient artery.

Grade 2: Well-developed collaterals. Evidence of collateral circulation with near to
complete filling of the recipient artery.

Quantitation Angiography Analysis

The cineframes were optically magnified by a factor of 3. Cinefilm images were
digitized as 512 X 512 X 8 bits using a digitizer interfaced to a the computer providing a spatial
resolution in the imagefield of 6 to 8 pixels per millimeter. An approximation of the centerline
of the arterial segment was provided by the operator, and a preliminary estimate of the arterial

border was made. A series of 256 grey scale densitometric profiles characterizing the intensity
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of pixels aligned or onthogonal to this centerline were generated at each pixel (representing a
distance of approximately .12 to .16 millimeters) along the length of the artery in a second
iteration. A fifth degree polynomial was fit to the left and the right sides of each densitometric
profile, and the edge of the vessel was defined as the inflection point or the zero value of the
second derivative of this expression. A second determination of the centerline was recalculated
based upon this estimate of the refined vessel edge. A third iteration of the vessel border
calculation was then performed based on this refined centerline.

At every pixel along the length of the vessel, the arterial diameter was calculated. The
minimum arterial diameter is defined as the minimum value of a polynomial fit to the five
consecutive diameters adjacent to the smallest single diameter estimate in a region of interest.
The "normal" reference arterial segment diameter was defined as the average arterial diameter
was defined as the average arterial diameter operator-selected portion of the vessel that
appeared normal angiographically either proximal or distal to the lesion.

Data were invoiced in a paper format and placed in an Excel spreadsheet.
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Angiographic Core Laboratory
Reading Form
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Operations Manual For The Comparative
Study of Computerized Versus Visual
Analyses of Coronary Arteriograms Prior to

Coronary Artery Bypass Grafting

C. Michael Gibson, M.S., M.D.



Objectives:

1. To determine the percent stenosis, the minimum lumen diameter, and the "normal" reference
diameter of arteries that are to undergo CABG using validated automated edge detection.

2. To determine if these measurements are equally distributed among participating institutions
and to compare the quantitative angiographic estimates of percent diameter narrowing with those
provided by participating centers.

3..To determine if there is a relationship between the measurements of vessel size and percent
diameter stenosis with subsequent adverse outcomes. This analysis would be performed with and
without adjustment for BSA, the number and location of bypassed vessels, and other
epidemiologic covariates such as age and sex to determine if these méasurements had
independent predictive value for an adverse outcome.

4. To examine vessels that did not undergo bypass surgery, and determine the vessel size and
percent diameter stenosis of these vessels.

5. To determine the feasibility of routinely using quantitative angiography in the preoperative

evaluation of cinefilms.



Methods:

Facilities: The West Roxbury Veterans Administration Hospital Angiographic Core Laboratory:

The Angiographic Core Laboratory has been in continuous operation since 1991. The
angiographic core facility is dedicated to providing accurate and precise data in a timely fashion
regarding the qualitative analysis of cinefilms such as TIMI grade flow or lesion morphology
and quantitative analyses such as the absolute dimensions of arteries. The facility has an
exceptional track record of collaboration in multicenter studies. With over 2,400 lesions
ar{alyzed from cinefilms sent from Canada and the United states, no cinefilms have ever been
lost in any collaborative study to date.

The Angiographic Core Laboratory occupies approximately 300 square feet of dedicated
space within the Division of Cardiology at the West Roxbury Veterans Administration Hospital.
Adequate space is present for the storage of 500 cineangiograms within the Angiographic Core
Laboratory. Films in the Angiographic Core Laboratory are not mixed with films for clinical

use.

Personnel:

The Director of the Angiographic Core Laboratory is Dr. C. Michael Gibson M.S. ,M.D.
who has served in the past as the Director of the TIMI 4 Angiographic Core Laboratory and as
the Director of the Angiographic Core Laboratory fofry_ the Harvard Atherosclerosis Reversibility
Project (HARP) (1-14). Studies assessing the mechanisms of restenosis have also been
conducted in the laboratory (1-14) The laboratory is staffed by one full-time technician and

cardiology fellows who will perform the initial quantitative and qualitative angiographic analysis



of all incoming films. Films received in the Angiographic Core Laboratory will undergo initial
review by the Angiographic Core Laboratory Technician, who will be responsible for unpacking
films, invoicing the films arrival, and recording the initial readings on an Angiographic Core
Laboratory Worksheet. Once a preliminary reading has been performed, the films will be.

overread by the Angiographic Core Laboratory Director or Associate Director.

Equipment:
The angiographic core laboratory contains a SONY SME3500 projector capable of
fourfold optical magnification of cineframes which will be used for viewing and digitization of

images in the study. The cinefilms will be analyzed using a DEC 5500 workstation.

Procedures for Film Handling and Blinding:

Cineangiograms, cardiac catheterization report forms and surgical reports will be
submitted to the Angiographic Core Laboratory at the West Roxbury Veterans Administration
Hospital, Boston MA. All cinefilm reviewers will be blinded to the identity of the institution
submitting the cinefilm and the clinical outcome of the patient.

Films will be submitted in batches to the angiographic core center by an independent
consulting firm, Health Economics Research. Upon film arrival at the angiographic core center,
a technician who does not perform the quantitative angiographic analysis will remove identifying
information including the patient and the submitting center name from the cinefilm. The
cinefilm and the detached leader strip will both be labeled with the same randomly selected
identifying code number using a black magic marker. This will eliminate any pbtential for bias

with respect to the identity of the submitting clinical centers. The technician will review the



cardiac catheterization and operative report from the submjttiﬁg center and will identify and
record the location of the most critical stenosis in each epicardial artery that was bypassed as
defined below. The quantitative angiographer (a physician) will then analyze the cinefilm based
upon this identification of the critical bypassed lesions provided by the technician. In this way
it will be assured that the quantitative angiographer is analyzing the same lesions as were

bypassed by the submitting center.

Policy for film return:
In the event of an emergency, the films can be returned to the submitting clinical center

by overnight mail.

Projection Selection

The cineangiograms will be initially reviewed in toto to obtain an overview of the
patient’s coronary anatomy and extent of coronary artery disease. A high quality angiographic
projection minimizes vessel foreshortening, minimizes vessel overlap, and minimizes motion
blur. The following angiographic projections are in general of high quality, and will be given

preference when selecting the frames for analysis:

Left main: The anterior/posterior projection.

Left anterior descending artery: The RAO cranial projection is preferred. Secondary
views include the LAO cranial and the left lateral view.

Circuniflex and Obtuse Marginals: The LAO caudal or the RAO caud.‘" projections.

Proximal RCA: The LAO straight projection.



Mid-RCA: The RAO straight projection or lateral projection.

PDA and Posterolateral: The-AP cranial projection.

Frame Selection:

Once it is determined which single plane angiographic projection shows the lesion in its
tightest dimension and is of the highest quality, an end diastolic frame will then be chosen for
analysis. Occasionally frames other than end-diastole may be chosen as a result of vessel
0\;erlap, motion blur or foreshortening. The end-diastolic frame is defined here as that frame
immediately preceding the first systolic motion of the heart. A uniform phase of the cardiac

cycle is analyzed because of the large frame-to-frame variability in a cineang?ogram (1.
Data intake form:

Film code: Unique random digit assigned to each patient. Range 1-120.

Film analysis date: Date that quantitative angiography was performed.

Angiographic study quality:
1. Uninterpretable:
The primary endpoint cannot be analyzed secondary to exceedingly poor film

exposure or quality (i.e. no images on the film, inadequate injection of contrast material,

etc.).



2. Poor:

The primary endpoint can be analyzed but the film quality is poor secondary to
under or overexposure, poor panning, poor engagement, poor contrast injection, excess
collimatioh, partial obscuration by diaphragm. The distinction between TIMI grade one
and two flow is hard or impossible to make because the cinefilming is of inadequate

duration to make the distinction.

3. Average:
Adequate film quality. In some, but not all views, distal panning is adequate to

assess TIMI flow grade.

4. Good:
Good film quality. During most injections there is adequate panning to assess flow

to the distal vasculature and collaterals if present.

5. Excellent:
Excellent film quality. There is adequate panning to assess flow to the distal
vasculature of the infarct-related artery and collaterals if present. Dye is not injected

prior to the beginning of the cinefilming.

Redo: yes specifies that the patient has previously undergone bypass surgery.



Catheter size:

Size of the catheter used in the procedure. Ascertained from the cardiac catheterization

report. 6F=2.0 mm, 7F=2.3 mm and 8F=2.7 mm.
BSA: Body surface area ascertained from the cardiac catheterization report.

Dominance of the coronary tree: based upon the arterial system that supplies the posterior

descending artery. Either right, left, or codominant.

Left main: reference diameter in mm, minimum diameter in mm, % stenosis, average diameter

in mm all by quantitative angiography (for a description of this method, see below).

Left main bypassed: yes or no answer. If yes, this means that either an isolated left main

lesion was bypassed, or that the left main was an "innocent bystander” as the LAD or circumflex

were bypassed.

Isolated left main: yes or no response. Yes means that CABG was performed for an isolated
left main lesion, and there were no significant stenoses in the LAD or Cx (i.e. less than 50%

visual stenoses in the LAD and the Cx).

Left main ostial: Yes no response. Ostial means the blockage occurred within 1 mm of the

origin of the artery from the aorta.



Left main visual % stenosis: Core laboratory visual reading of percent stenosis/ clinical

center’s reading. Range 0-100%. The word nl means 0%.

Definitions of Segmental Coronary Anatomy:
The coronary anatomy is divided into the following defined segments for identification

of the bypassed artery:

Left main (LM): Extends from the origin of the left coronary artery to the bifurcation

into the left anterior descending and circumflex arteries.

Proximal left anterior descending artery (L1): Extends from the bifurcation of the left

main coronary artery to the origin of the first diagonal.

Mid left anterior descending artery (L2): Extends from the origin of the first diagonal

artery to the origin of the third diagonal artery.

Distal left anterior descending artery (L3): Extends from the origin of the third diagonal
to the termination of the left anterior descending artery. If there is no third diagonal

branch, then the left anterior descending artery can be divided into three equal portions.

First diagonal artery (D1): The first branch off of the left anterior descending artery

which supplies the anterolateral wall of the left ventricle.



Second diagonal artery (D2): The second branch off of the left anterior descending artery
which supplies the anterolateral wall of the left ventricle. In an RAO projection, this

artery often arises where the left anterior descending angles toward the apex.

First septal artery (S1): The first branch off of the left anterior descending supplying the

septum. Originates in either the proximal or the mid left anterior descending artery.

Second septal artery (52): The second branch off of the left anterior descending

supplying the septum. Usually originates in the mid left anterior descending artery.

Intermedius (I): An artery whose origin bisects the origins of both the left anterior
descending artery and the circumflex artery. When an intermedius branch is present, the
left main will be seen to trifurcate in the LAO caudal projection, and the intermedius

artery is the middle artery at this point of trifurcation.

Proximal circumflex artery (Cl): Extends from the origin of the circumflex off of the left

main to the origin of the first obtuse marginal branch.

Mid circumflex artery (C2): Extends from the origin of the first obtuse marginal to the
origin of the second obtuse marginal. If there is no second obtuse marginal branch, then
this is the first half of the circumflex artery extending past the origin of the first obtuse

marginal.



Distal circumflex artery (C3): Extends from the origin of the second obtuse marginal to
the termination of the circumflex artery. If there is no second obtuse marginal artery,
then this is the distal half of the circumflex artery after the origin of the first obtuse

marginal.

First obtuse marginal artery (OMI): The first branch off of the circumflex artery

supplying the lateral wall of the left ventricle.

Second obtuse marginal artery (OM2): The second branch off of the circumflex artery

supplying the lateral wall of the left ventricle.

Third obtuse marginal artery (OM3): The third branch off of the circumflex artery

supplying the lateral wall of the left ventricle.

Left posterolateral artery (LPL): In left dominant or balanced systems this is the distal
continuation of the circumflex artery. It originates before the left posterior descending

artery.

Left posterior descending artery (LPDA): In left dominant or balanced systems this is the
distal continuation of the left circumflex artery supplying septal perforators the base of
the heart. This branch is distal to the origin of the left posterolateral, and lies to the

observers left of the posterolateral branch in the LAO caudal projection.



Proximal right coronary artery (Rl1): Extends from the ostium of the right coronary
artery to the RV branch. If the RV branch is not apparent, then this is one half of the

distance to the acute marginal branch.

Mid right coronary artery (R2): Extends from the origin of the RV branch to the origin
of the acute marginal. Alternatively, if the right coronary branch is not obvious, this is
the second half of the distance from the origin of the right coronary artery to the origin

of the acute marginal branch.

-

Distal right coronary artery (R3): Extends from the origin of the acute marginal to the

origin of the posterior descending artery.

Right posterior descending artery (RPDA): Tn right dominant or codominant systems, this
vessel runs in the posterior interventricular groove and supplies septal perforator

branches.

Right posterolateral artery (RPL): This is the distal continuation of the right coronary
artery after the origin of the posterior descending artery. It often has an inverted U shape

as described by James. The AV nodal branch originates from this artery.

Right ventricular artery: (RV): Arises from the right coronary artery approximately half

way to the acute margin of the RV.



Acute marginal (AM): Artery originating at the acute margin of the heart distal to the RV

branch.

Saphenous Vein Graft to the LAD: (SVGLAD)

Saphenous Vein Graft to Circumflex: (SVGCX)

Saphenous Vein Graft to the Right Coronary Artery: (SVGRCA)

Saphenous Vein Graft to the PDA: (SYGPDA)

Saphenous Vein Graft to the Obtuse Marginal: (SVGOM)

Saphenous Vein Graft to Diagonal: (SVGD1)

Left Internal Mammary Artery to the Left anterior descending artery: (LIMA)
Tightest lesion: Will be checked off if the lesion was the tightest lesion in the coronary
circulation. There may be situations where a lesion was bypassed, but it was not the tightest

lesion in the LAD, cx or RCA system.

Bypassed: yes or no. We did analyze the tightest lesion in each artery whethe - it was bypassed

or not. This will give us valuable information about arteries that were not bypassed.



Reference diameter, minimum diameter, % stenosis and average diameter: These
measurements were determined by quantitative angiography. The artery to be bypassed was
ascertained by review of the cardiac catheterization report, the surgical report, and the submitted
cinefilm. The most severely narrowed lesion in the epicafdial artery that was to undergo bypass
surgery was then analyzed by quantitative angiography. If there were several epicardial stenoses
with the same visual percent diameter stenosis, then the lesion analyzed was the one with the
smallest minimum lumen diameter. From multiple vicws obtained at cardiac catheterization, the
optimal single projection was selected that identified the bypassed stenosis in its greatest severity
without foreshortening or overlapping branches. An end-diastolic frame was chosen for quantita-
tive angiographic analysis. A previously described and validated automated edge detection
algorithm was utilized (1). The cineframes were optically magnified by a factor of 3. The
cinefilm images were digitized as 512 X 512 X 8 bits using a digitizer interfaced to a midframe
computer (Digital Electronic Computers Model 5500, Maynard MA) providing a spatial
resolution in the imagefield of 6 to 8 pixels per mm. An approximation of the centerline of the
arterial segment was provided by the operator, and a preliminary estimate of the arterial border
was then made. A series of 256 grey scale densitometric profiles characterizing the intensity
of pixels aligned orthogonal to this centerline were generated at each pixel (representing a
distance of approximately .12 to .16 mm) along the length of the artery in a second iteration.
A fifth degree polynomial was fit to the left and the right sides of each densitometric profile,
and the edge of the vessel was defined as the inflection point or the zero value of the second
derivative of this expression. A second determination of the centerline was recalculated based
upon this estimate of the refined vessel edge. A third iteration of the vessel border calculation

was then performed based on this refined centerline.



At every pixel along the length of the vessel, the arterial diameter was calculated as
above. The minimum arterial diameter was defined to be the minimum value of a polynomial
fit to the five consecutive diameters adjacent to the smallest single diameter estimate in a region
of interest. The "normal” reference arterial segment diameter was defined as the average arterial
diameter of an operator selected portion of the vessel which appeared normal angiographically

either proximal or distal to the lesion.  Results are reported in mm.

Discontinuous: During a portion of the cardiac cycle, there was no dye in the lumen. Often

cc;rresponds to a visual reading of 99% stenosis.

Collateral Circulation:

The presence of collateral circulation will be graded as in previous TIMI studies:

Grade 0: No collaterals present, angiography fails to reveal evidence of collateral vessels.

Grade 1: Minimal collaterals present, evidence of minimal to partial filling of the recipient

artery.

Grade 2: Well-developed collaterals. Evidence of collateral circulation with near to complete

filling of the recipient artery.

TIMI Flow Gi‘ade Assessment:



CNA: If the flow cannot be assessed or is not available, then CNA (cannot assess) is circled.

The TIMI grade flow is assessed using the following criteria:
Grade 0: No perfusion. There is no antegrade flow beyond the point of occlusion.

Grade 1: Penetration without perfusion. The contrast material passes beyond the area of
obstruction but "hangs up" and fails to opacify the entire coronary bed distal to the obstruction

for the duration of the cineangiographic filming sequence.

Grade 2: Partial perfusion. The contrast passes across the obstruction and opacifies the coronary
bed distal to the obstruction. However, the rate of entry of contrast material into the vessel distal
to the obstruction or its rate of clearanée from the distal béd (or both) are perceptibly slower
than its entry into or clearance from comparable areas not perfused by the previous occluded

vessel- e.g., the opposite coronary artery or the bed proximal to the obstruction.

Grade 3: Complete perfusion. Antegrade flow into the bed distal to the obstruction occurs as
promptly as antegrade flow into the bed proximal to the obstruction, and clearance of contrast

material from the involved bed as rapid as clearance from an uninvolved bed in the same vessel

or the opposite artery.

Caveats regarding the assessment of TIMI flow grade:



1. If there is distal embolization of thrombotic material with no flow down the artery and an
abrupt cutoff exist, then the flow is graded as 0. This is the case even if the artery is patent

at the site of the original culprit.

2. In cases where the culprit artery is located at a branchpoint, the slowest flow down either
branch is graded. For instance, while the LAD may have TIMI grade 2 flow, if a diagonal

involved with thrombus has TIMI grade 1 flow, then the flow is graded as TIMI grade 1.

3. If the flow changes over the course of several injections performed at a given timepoint, then
the slowest flow is used. The act of injection itself may promote clot dissolution, and therefore

the injection in which flow is slowest is used.
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8.0 IMPACT OF BUNDLED PAYMENTS ON THE APPROPRIATENESS OF CABG
SURGERY

8.1 Background and Rationale for Examining Appropriateness

Marked geographic variations in the rates of CABG surgery suggest either excessive use
of the procedure in some regions of the country or underservice of other regions. The absence
of convincing evidence that higher CABG surgery rates reflect higher prevalence rates of
coronary artery disease lend support to the former hypothesis. (For a review of the efficiency
and risks of CABG surgery, see Leape et al., undated)

This concern has stimulated efforts to develop clinical guidelines(tAHA /ACC Task
Force Report, 1991) and appropriateness criteria for the use of CABG surgery (RAND, 1986 and
1991). Application of the first set of RAND criteria in randomly selected hospitals in a western
state in 1979 - 1982 concluded that 14 percent of procedures were for inappropriate reasons and
another 30 percent were for equivocal reasons (Winslow, 1988). Much lower rates of
inappropriate or equivocal use (2.4 percent and 7.0 percent, respectively) were found in a
recent study in New York (Leape, 1993). An important question raised by the latter study is
whether New York is representative of the U.S. as a whole or has lower rates than other states
because it is so highly regulated. »

A comparison of CABG surgery in Canada and New York offers further insights. This
study used two sets of criteria - the U.S. criteria that had been applied earlier in New York and
criteria developed by expert panel of Canadian physicians using a RAND-like methodology - to
compare the appropriateness of CABG surgery in the previously reported New York
population to that of patients in British Columbia and Ontario (McGlynn, 1994). Using U.S.
criteria, 9 percent of Canadian operations were performed for uncertain indications and 2.5
percent were inappropriate compared to 7 percent and 2.4 percent, respectively, in New York.
Using Canadian criteria, equivalent figures were 11.3 percent and 3.6 percent for Canadian
operations and 9.9 percent and 5.5 percent, respectively, in New York. Hence, appropriateness
rates were not significantly different.

Canadian criteria, however, appeared to be more stringent than U.S. criteria. For
example, as indicated by the fact that 14.9 percent of Canadian operations and 15.4 percent of
New York operations were judged to be uncertain or inappropriate by the Canadian criteria
compared to only 11.5 percent and 9.4 percent by U.S. criteria. The Canadian physicians who
rated the appropriateness of clinical indications for CABG surgery appear to have had a more

conservative mindset than their U.S. counterparts.
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The rationale for examining the appropriateness of CABG surgery in the Heart Bypass
Center Demonstration grew both from concerns about the appropriateness of surgery being
performed under the Medicare program in general, and, in particular, about possible adverse
effects of incentives created by bundled payments to increase rates of marginally indicated

procedures.
8.2  Specific Objectives

Specific objectives are to:

1. Examine the appropriateness of CABG surgery in demonstration hospitals at
baseline;

2. Document any changes in the appropriateness of CABG surgery in response to
bundled payments;

3. Document differences among hospitals in the appropriateness of CABG surgery and
patterns of change during the demonstration and to examine patient, hospital, and
market factors that explain these differences:

Baseline estimates provide evidence that hospitals selected to participate in the
demonstration were, in fact, adhering to normative standards. Changes during the period of
the demonstration may indicate either industry-wide changes in clinical indications for CABG
surgery due to changes in technology or practice norms or may reflect the effects of incentives
created by bundled payments. Hospital-specific differences in response may reflect internal or

market area influences.
8.3 Methods for Rating Appropriateness '

The methods used follow closely those developed by the RAND Corporation (Leape et
al., 1991; Chassin et al., 1986) . Steps in developing our appropriateness model included: (1)
review of published literature on the effectiveness of CABG surgery; (2) development of a
matrix of clinical indications; (3) rating of the appropriateness of clinical indications by an
expert Technical Advisory Panel; and (4) calculation of appropriateness scores for clinical

indications.
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8.3.1 Review of the Literature on CABG Surgery

Nearly 700 studies on the effectiveness, risks, and costs of CABG surgery published
between 1971 and 1990 were read, abstracted, and synthesized (Leape et al., 1991). This
extensive review, coupled with a more targeted review prepared by Lewin/ICF, served as a
foundation for developing a matrix of clinical indications for CABG surgery and provided the
technical advisory panel with an up-to-date summary of available scientific evidence. In
reviewing the literature and developing the list of clinical indications, care was taken to focus

on bypass surgery exclusive of other major cardiac procedures.
8.3.2 Clinical Indications for CABG Surgery

Clinical indications for CABG surgery were developed using the patient's clinical
presentation, coronary artery disease anatomy, left ventricular ejection fraction (LVEF), anginal
level, comorbidity risk, prior medical therapy, and exercise stress test results as defining
variables. The goal was that each indication represented a subpopulation of patients with
coronary artery disease that was relatively homogeneous with respect to the benefits and risks
of treatment.

Indications were organized into chapters according to the clinical presentation: stable
angina, unstable angina, acute myocardial infarction, post myocardial infarction,
asymptomatic patients with coronary artery disease, near sudden death, complications of
PTCA or coronary angiography, and CABG performed in conjunction with valve surgery.

Within each chapter, indications were arrayed according to the:

o extent of coronary artery disease (left main, 3 vessel disease, 2 vessel disease with or
without involvement of the left anterior descending artery (LAD), and 1 vessel
disease with or without LAD involvement.

o left ventricular ejection fraction categories

e anginal class (lor I NYHA, Ill or [V NYHA)

o adequacy of prior medical therapy (maximal, less than maximal)

o exercise stress test (ETT) results (negative or minimally positive, strongly positive)

s comorbidity risk (low, moderate, high)
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Key definitions underlying clinical indications include:

e Significant coronary artery disease represents a 50 percent or greater reduction in
the luminal diameter of left main coronary artery and a 70 percent or greater
reduction in the luminal diameter of other coronary arteries.

o Adequate medical therapy includes at least two categories of anti-anginal drugs or
one drug and a note in the record that the patient cannot tolerate the others.

e Comorbidity risk from age, sex, and non-cardiac diseases was defined initially by a
modified Parsonnet score (Leape, 1991).

o Left ventricular ejection fraction, anginal class, and ETT results from definitions
widely used in the medical literature (Leape, 1991).

8.3.3 Technical Advisory Panel

A technical advisory panel of experts in cardiovascular surgery, invasive and non-
invasive cardiology, and general internal medicine was formed to provide appropriateness
ratings on clinical indications for CABG surgery. The TAP was selected from lists of
individuals recommended by their respective specialty societies supplemented by authors of
key articles and recommendations from other experts. The goal was to appoint a panel of 6 to 9
members with at least 2 representatives of each discipline. A representative from a payor
organization was added at the request of HCFA's Office of Research and Demonstrations. Nine
panelists plus a payor representative were selected, but only 8 completed the entire rating
process. Two panelists had to withdraw, one because of illness and the other because of a
scheduling conflict. The final panel included 3 cardiovascular surgeons, 2 invasive

cardiologists, 2 non-invasive cardiologists/internists and a payor representative.
8.3.4 Appropriateness Ratings

Clinical indications were rated using a modified delphi process. First, the literature
reviews and clinical indications matrix were mailed to the panel. Panelists were asked to read
the reviews and then to rate appropriateness of clinical procedures for an average patient
described by each indication. Ratings were on a scale of 1 to 9 in which a 9 indicated that the
procedure was extremely appropriate; a rating of 1 indicated that it was extremely
inappropriate; and a rating of 5 indicated neutrality or uncertainty. Each patient scenario was
rated three times: (1) for CABG surgery if the patient is not candidate for PTCA; (2) for CABG
surgery if the patient is a candidate for PTCA; and (3) for PTCA compared to medical therapy.
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Appropriateness was defined in terms of the balance between the expected health
benefits (longevity and quality of life) and risks compared to the alternative therapy. For
example, a rating of 9 indicated a high degree of certainty that the net benefits (benefits minus
risks) of CABG surgery greatly exceeded those of the alternative therapy; a rating of 5 indicated
either a certainty that benefits equaled risks or considerable uncertainty about the relationship;
and a rating of 1 indicated a high degree of certainty that the net benefits of the alternative
therapy greatly exceeded those of CABG surgery. "

This initial set of ratings was analyzed and distributed during a two day meeting of the
panel held in January, 1991. Each panelist received his/her own ratings and the anonymous
ratings of other panelists. Group discussion first focused on recently published studies and
studies in progress that addressed controversies on the relative merits of CABG surgery and
PTCA in patients with 2VD or 3VD; interventions after AMI; and treatment of patients who
have experienced a near "sudden death" event. The group felt strongly that appropriateness
estimates should be revised in 2-3 years to incorporated the results of ongoing studies.

Discussion then proceeded chapter-by-chapter to consider the reasonableness of the
clinical indications and the definitions of clinical factors used to construct them. Several
changes were made to the clinical indications and definitions used in the RAND study (Leape,
1991) and during the initial rating round in this study:

LVEF categories were changed to >50, 25-50, and <25 from >35, 15-35, <15.

Unstable angina: (1) the distinction between maximal and less than maximal therapy
was eliminated for patients with continuing symptoms; (2) "no symptoms on maximal

medical therapy" was changed to "stabilized on medical therapy".

Acute myocardial infarction: the use of thrombolysis was added as a defining

characteristic.

Post myocardial infarction: the distinction between transmural and subendocardial

infarctions was dropped in patients who are asymptomatic after ML

Near sudden death: This subgroup generated considerable controversy. The decision
was made to eliminate distinctions based on anatomy, LVEF, angina level, and ETT
results and to limit ratings to a single indication for patients "without a Q-wave

infarction, with any level of angina, anatomy, and LVEE."
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Following the discussion of each chapter, clinical indications were re-rated. A total of 828
clinical indications were rated during the second round. Each was rated for the three treatment

pairs noted above for a total of 2484 ratings by each panelist.
8.3.5 Calculation of Appropriateness Scores

Methods developed by RAND were used to analyze ratings (Chassin, 1986). The
median value of the eight panelists was used as the measure of central tendency for each
unique indication, and the mean absolute distance of ratings from the median was used as the
measure of dispersion. The degree of agreement among the panelists is a measure of the
confidence one can place in median ratings. Agreement (A) is defined by having all ratings
within a 3 point spread after the highest and lowest ratings were eliminated. Disagreement (D)
is defined by having at least one rating fall in the 1-3 range and one reading in the 7-9 range
after the highest and lowest ratings have been eliminated. Intermediate (I) levels of agreement
are those between these extremes.

An indication is considered "appropriate" if the median rating is 7 to 9; "equivocal or
uncertain” if it is 4 to 6; or "inappropriate" if it is 1 to 3, Furthermore, an indication is equivocal
if there is disagreement, regardless of the median rating.

The proportion of agreements increased from 22.6 percent in the initial round of ratings
to 38.5 percent in the second round. Correspondingly, disagreements fell from 27.1 percent to
15.0 percent. Agreements were least frequent and disagreements most frequent in patients
being treated after myocardial infarctions.

The final appropriateness ratings and scores ar‘e given in Appendix 8.A.

8.4 Analysis of Appropriateness in the Demonstration
8.4.1 Construction of the Appropriateness-Analytic File

Appropriateness scores were assigned to each demonstration patient using four clinical
factors. Several assumptions were made with regard to clinical information that was either
missing from the clinical database or could not be determined reliably. Appropriateness scores
were calculated under two treatment decision scenarios: patient is not a candidate for PTCA,

and patient is a candidate for PTCA.
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8.4.1.1 Clinical Factors

Clinical presentation Patients were categorized with a presentation of stable angina,
unstable angina, AMI, or asymptomatic for the admission during which the CABG surgery was
performed.

Anatomic extent of disease Left main disease, 3-vessel disease, 2-vessel with left
anterior descending (LAD) involvement, 2-vessel without LAD involvement, 1-vessel with
LAD involvement, and 1-vessel without LAD involvement.

Left ventricular ejection fraction Patients were placed in the following groups: ejection
fraction less than 25 percent, ejection fraction greater than or equal to 25 percent and less than
50 percent, and ejection fraction greater than or equal to 50 percent.

Comorbidity Risk This was defined using the results from a multivariate logistic
regression of a set of comorbid risk dummy variables on in-hospital mortality from the first two
years of data for the original four sites. The independent comorbid variables in the model were
emergent presentation, congestive heart failure, diabetes, renal insufficiency, age 73-79, age 80
and over, female gender, previous CABG surgery, and pre-operative use of an intra-aortic
balloon pump. The mean predicted risk score was approximately .05; a patient was categorized
as low risk if his predicted risk was less than or equal to the mean, as moderate risk if his score
was greater than the mean but less than or equal to twice the mean, and as high risk if his score

was greater than twice the mean.
8.4.1.2 Assumptions

Several variables included in the appropriateness model were not consistently and
reliably available in our database, requiring some assumptions regarding patient
characteristics. These assumptions are outlined below.

Stable Angina: Angina is broken down in the appropriateness model into the
subcategories "patient has severe angina" and "patient has mild or moderate angina," and is
given separate treatment. Since our data provide no means of distinguishing degrees of angina
severity, all patients categorized with a clinical presentation of stable angina are assumed to
have severe angina. This assumption could possibly result in a set of appropriateness scores
higher than might otherwise be observed.

Within the purview of severe angina patients, the model is broken down further into the
categories "on maximal medical therapy" and "on less than maximal medical therapy." Patients

receiving more than two medications were defined as being on maximal medical therapy.
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Unstable Angina: This category is broken down in the appropriateness model into the
subcategories "persistent symptorhs on medical therapy" and "no symptoms on medical
therapy." All unstable angina patients were assumed to have persistent symptoms on medical
therapy. This assumption further errs on the side of a higher appropriateness score.

Myocardial Infarction: The appropriateness model gives separate treatment to
evolving AMIs and post-AMIs (AMI within 21 days). All AMI patients in this analysis are
categorized as post-AMI. The model breaks down the post-AMI category further into the
subcategories "patient has continuing pain," "patient is asymptomatic with very positive
exercise ETT," and "patient is asymptomatic with negative to minimally positive exercise ETT"
All patients were assumed to have continuing pain. Again, this assumption would tend to

overstate the appropriateness score.
8.4.1.3 Patients Excluded from the Analysis Because of Missing Data

Reasons for exclusions from the appropriateness analysis, overall and by hospital, are
presented in Table 8-1. Overall, 909 of 4,158 patients (21.9%) were excluded. Reasons for

exclusions were:

e  patients were missing data on clinical presentation at the time of the CABG surgery
admission;

»  patients had stable angina, or were asymptomatic, and were missing ETT results;

e  patients were missing data on the extent of disease; and

o  patients were missing data on LVEF and not excluded for any of the above reasons.

The proportion of excluded patients ranged from 8% in Hospital D to 66% in Hospital
G. Reasons for exclusion also varied widely by, hospital. Missing exercise test results,
responsible for the exclusion of almost all asymptomatic patients, were the main reason for
exclusion in Hospitals B and F. Missing left ventricular ejection fractions were the main
reasons for exclusions in Hospitals C and G. Missing information on coronary artery anatomy

was a frequent reason for exclusion only in Hospital B.

8.4.1.4 Treatment Decisions

Appropriateness scores were calculated for two treatment scenarios: CABG surgery for
a patient who is not a candidate for PTCA, and CABG surgery for a patient who is a candidate
for PTCA. The national trend was to broaden indications for PTCA over the period of the
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demonstration (1991-1993). Hence, the former of these treatment options becomes increasingly
likely over this period. The analysis, however, focuses on the appropriateness scores calculated
under the assumption that the patient is not a candidate for PTCA. This produces an upward
bias in appropriate scores, but none of the clinical records allowed us to distinguish the two

possibilities.
8.4.2 Appropriateness Outcome Measures

Summary measures of CABG surgery appropriateness include the percent of total cases
that are appropriate, equivocal, or inappropriate, as well as a mean appropriateness score. The
former reflects the RAND methodology and permits comparisons to other published reports.
The latter requires the assumption that the 1 to 9 rating scale is a continuous variable. There is
no obvious reason that net benefits of CABG surgery (effectiveness minus risk) cannot be
characterized as a continuous variable. The mean score, therefore, is a measure of the total net

benefits provided to Medicare patients.

8.5 Descriptive Results ‘
8.5.1 Characteristics of Included v. Excluded Patients

Characteristics of included and excluded patients are compared, overall and by hospital,
in Table 8-2. Age, sex, and race distributions were not significantly different, but large
differences are noted on several variables that define the appropriateness model. Included

patients have much higher proportions of patients with:

e unstable angina (50.8% v.29.6%) and post MI (25.2% v. 18.6%);
o DRG 106 (48.8% v. 19.9%)

o congestive heart failure (14.3% v. 9.1%); and

e LMD (23.5v. 16.4%) and three vessel disease (47.1% v. 34.5%).

Each of these factors importantly influences the risks and benefits of CABG surgery and,
hence, the decision to do surgery. Differences in patterns among hospitals are striking.

The large numbers of excluded patients, differences in the clinical characteristics of
*included and excluded patients, and differences in patterns among hospital markedly affect
appropriateness results. This is particularly true for hospitals with high proportions of

excluded patients.
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8.5.2 Percent of Appropriate Cases

Table 8-3 presents the distributions of CABG operations between appropriate, equivocal
and inappropriate rating categories by hospital and time period. Over the entire period of the
demonstration, 72.7% of cases were judged to appropriate if the patient were a candidate for
PTCA, and 97.7 % were appropriate if the patient were not a candidate for PTCA. These
findings reflect strong preferences for the less invasive PTCA procedure in patients with two
or single vessel disease if coronary lesions are suitable for angioplasty.

Marked differences are noted among hospitals. When the patient is not a candidate for
PTCA, the proportion of appropriate cases is above 97% in Hospitals A-E but is only 86.5% in
Hospital F and 79.5% in Hospital G. Results in the latter two hospitals need to be interpreted
with caution, however, because of high rates of excluded cases (41.3% and 66.4%, respectively).
Findings are similar if the patient is a candidate for PTCA, but the entire scale is moved
downward about 20% in terms of the proportion of appropriate CABG procedures.

No time trend is evident among the initial demonstration sites between 1991 and 1993.

Table 8-4 examines appropriateness according to the patient's clinical presentation for
the hospital admission during which CABG surgery was performed. The chronic stable angina
group accounts for the largest proportion of equivocal or inappropriate cases whether or not
the patient is a candidate for PTCA. The effect is much more dramatic, however, when the
patient is a candidate for PTCA. In this case, 20.8% of cases, overall, are performed for
equivocal reasons and 4.8% of cases are inappropriate. Corresponding figures range among
hospitals from 7.7% to 79.2% for equivocal indications and from 0% to 19.2% inappropriate
procedures.

Equivocal or inappropriate CABG operations are infrequent in patients with unstable
angina or post-AMI in patients who are not candidates for PTCA. They become much more
frequent, however, if the patient is a candidate-for PTCA. Part of the reason relates to the less
invasive nature of PTCA and its relatively lower risk in these high-risk patients. Overall, 18.1%
and 4.2% of procedures, respectively, are performed for equivocal or inappropriate indications
in patients with unstable angina; and 37.3% and 1.7%, respectively, in patients who post-AML
These results vary strikingly among hospitals.

Table 8-5 offers insights into the association between appropriateness of CABG
operations and the extent of coronary artery disease. If the patient is not a candidate for PTCA,
98% or more of cases are appropriate if the patient has left-main disease (LMD), three vessel
disease, or two vessel disease with involvement of LAD. This proportion falls to 93.8% in two
vessel disease without LAD involvement and to 91.9% and 69.9%, respectively, m one vessel
disease with and without LAD involvement.
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Effects of anatomy are much more dramatic if the patient is a candidate for PTCA. Over
99% of patients are appropriate candidates for surgery if LMD is present and 85.4% if three
vessel disease is present. With less extensive disease, however, many fewer CABG operations
are judged to be appropriate. Intwo vessel disease with LAD, 50.6% of cases are appropriate
and 49.4% are equivocal. In two vessel disease without LAD, 88.7% of cases are equivocal and
11.3% are inappropriate. In one vessel disease with LAD, corresponding figures are 91.3% and

8.7%; and in one vessel disease without LAD, 91.3% of procedures are inappropriate.

8.5.3 Mean Appropriateness Scores

Mean appropriateness scores provide summative measure of the extent to which
expected benefits exceed the risks of CABG surgery in a hospital's program. In a very real
sense, the score can be considered a report card for clinical decision-making in the institution.

Table 8-6 presents mean scores overall and for individual hospitals from 1991-1993.

For all years and all hospitals, scores were highly appropriate (mean 8.55) when patients were
not candidates for PTCA and about a point lower (mean 7.23) when they were candidates for
PTCA. Time trend was observed over the 1991-1993 period for the initial four sites. The three
hospitals that entered the demonstration in 1993 had lower mean scores under all scenarios
than the initial sites. In Hospitals E and F, mean scores reached the equivocal range (6.34 and
5.92, respectively) when patients were not candidates for PTCA.

Table 8-7 verifies the findings of the percent appropriate analysis presented in Section
8.5.2 with respect to the influence of the patient's clinical presentation on appropriateness
scores. Mean scores are lowest for stable angina when the patient is not a candidate for PTCA.
When the patient is a candidate for PTCA, mean scores are 1 to 1.5 points lower. The effect is

‘most pronounced in the post-MI group in which the overall mean score borders on the
equivocal range at 6.9. Hospitals F and G generally have lower scores than the other hospitals.
This finding is especially pronounced in patients who present with chronic stable angina.

Table 8-8 presents mean scores according to the extent of coronary artery disease.
Again, results mirror those of the percent appropriateness analysis. Scores are highest in
patients with left main and three and two vessel disease and are lowest in patients with single
vessel disease in the absence of LAD involvement. The effects of the extent of disease are
especially pronounced if the patient is a candidate for PTCA. In this case, mean scores for
patients with two vessel disease with or without LAD involvement or single vessel disease with
LAD involvement fall in the equivocal range (6.7, 4.7, 5.0, respectively); those with single vessel

disease and no LAD involvement are in the inappropriate range (mean 2.7).
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8.6 Multivariate Appropriateness Results
8.6.1 Rationale

A key focus of the appropriateness analysis is on the question of whether or not
bundled payments induced providers to change clinical indications for performing CABG
surgery. Multivariate regressions are used to examine the independent effects of hospital and
time trends in appropriateness scores. Since no pre-demonstration data are available, there is
no period of comparison. Our analysis of time trends during the demonstration requires the
assumption that bundled payments would result in no immediate changes in clinical

indications for surgery.
8.6.2 Regression Methods

Two multivariate approaches were used to assess the time trend in appropriateness of
CABG surgery: ordinary least-squares (OLS) regression on the appropriateness score, and
logistic regression on a dichotomous variable that is equal to one if the CABG surgery is
deemed to be inappropriate or equivocal.

The (OLS) regression model is specified as follows:

Appi= f[Hospm;Time:] 1

where App; is the appropriateness score for the ith patient, Hospjy, is a vector of dummy
variables representing 3 of the four original demonstration hospitals, and Time; is a time trend
variable indicating the month during which the CABG surgery took place (equal to 1 if the
surgery took place in the first month of the demonstration, 20 if it took place during the
twentieth month, etc.). No patient risk factors are included in this model due to the fact that
they were used in the construction of the appropriateness score. Least-squares estimation is an
obvious choice for time trend analysis of the 1 to 9 appropriateness variable, given an
assumption that the appropriateness score can be considered a continuous variable. But with
so little variation in the pool of appropriateness scores, and with the interpretational problems
inherent in judging small inter-hospital differences in mean appropriateness, it was felt that
another approach should be employed as well, one that would specifically address the question
of whether or not a CABG surgery was performed appropriately. A time trend coefficient in a
regression on a dichotomous dependent variable such as "appropriate" versus "not appropriate"

addresses more directly our interest in changes in the number of cases that are inappropriate or
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equivocal, rather than simply addressing small variations in the scores among "appropriate"

cases.
The logistic model is specified as:

P[ NotApp | = g[ Hospi; Time:] (2)

where P[NotApp;] is the probability that the ith patient will have a rating of either equivocal or
inappropriate (these cases will be referred to as "non-appropriate" cases). A discussion of
logistic regression and the interpretation of logistic odds ratios is provided in Chapter 7 of this
report. OLS and logisﬁc regression is performed using appropriateness scores for both non-
PTCA candidates and for PTCA candidates.

8.6.3 Least-Squares Regression Results on Appropriateness Score

Table 8-9 reports OLS regression results using data from the original four demonstration
hospitals. The new sites were excluded because only a single year of data were available for
them. A table reporting regressions using non-PTCA candidate data from all seven hospitals
was created, however, and can be found in Appendix 8-B. Separate regressions were run for
the pooled group of all patients; for each clinical presentation (except asymptomatic patients,
for whom there were little appropriateness data available); and for different extent of disease
categories. Hospital D, the site with the highest mean appropriateness score, is the referent site.
The intercept term in each regression represents the estimated mean for Hospital D, evaluated
during the first month of the demonstration. Each hospital's dummy coefficient represents the
shift in mean appropriateness associated with that hospital relative to Hospital D. The time
trend coefficient is an estimate of the change in the mean appropriateness scores during each
succeeding month of the demonstration.

The assumption that patients are not PTCA candidates results not just in higher mean
scores, but also in mean scores that vary to a lesser extent by clinical presentation and extent of
disease. The intercept value for the pooled group of patients is 8.79 under the non-PTCA
candidate assumption, and 7.43 under the PTCA candidate assumption. Mean scores under
both assumptions tend to diminish with lesser extents of disease, though dramatically so for
PTCA candidates. A non-PTCA candidate at Hospital D with 1-vessel disease without LAD
involvement has a mean score-of 7.95, while an otherwise-similar PTCA candidate has a score
of 2.97.

The overall model shows that under the assumption that the demonstration patients are
not candidates for PTCA, Hospitals A, B and C all have mean appropriateness scores that are

8-13

heart2\ draftfinal\ chap8.doc\nd



significantly lower than the referent. None of these differences, however, necessarily suggests
that any of the sites have poor appropriateness scores. Compared to an intercept coefficient of
8.79, Hospitals A, B and C have coefficient estimates of -.22, -.09, and -.29, respectively. Even
Hospital C, the site with the greatest negative coefficient, appears comfortably in the
"appropriate" range (8.79 - .29 = 8.50). Under the assumption that these patients are candidates
for PTCA, only Hospital B has a mean score significantly lower than that of the referent (-0.19,
p<.10). The time trend for the pooled group is insignificant under both assumptions, indicating
that no systematic change occurred in overall appropriateness scores.

No significant time trend or hospital differences are seen among chronic stable angina
patients under the assumption that they are not PTCA candidates. There is, however,
significant upward trend under the opposite assumption (0.014, p<.05), albeit one beginning
from an intercept value below the minimum "appropriate" value of 7.

Unstable angina patients show a significant downward trend in appropriateness under
the assumption that they are not PTCA candidates. It is important to note, however, that this
small downward trend -.005 (p<.01) occurs only in this cohort of unstable patients for whom
the mean appropriateness score is particularly high; the intercept term of 8.93, representing the
mean score for Hospital D's unstable angina patients evaluated early in the demonstration, is
substantially greater than the intercepts in the other presentation group regressions (8.19 and
8.42 for chronic stable angina and AMI, respectively). And the trend is of such a small
magnitude (-.005) that even during the later months of the demonstration, the estimated mean
score would still fall within the "appropriate" range. Evaluated in the last month of the
demonstration, the estimate of Hospital D's mean score is 8.77 (8.93 - .005*32). No significant
time trend is found under the PTCA candidate assumption.

Hospitals A and B show small but significant differences in appropriateness relative to
Hospital D for unstable angina patients assumed not to be PTCA candidates. The hospital
dummy variables are jointly significant at the 1 percent level of confidence, and all hospital
coefficients have negative signs. The appropriateness score for Hospital A's unstable patient
group is .18 points (p<.01) lower on average than that for Hospital D, and B's is .11 points
(p<.05) lower. These very small differences, evaluated even in conjunction with the downward
trend, are clinically insignificant, as all sites maintain a mean score greater than 8 (again
assuming patients are not a candidate for PTCA). Hospital C's appropriateness score is not
significantly different from Hospital D's. No significant hospital differences are present among
chronic stable angina or AMI patients. '

Regressions run by the extent of coronary artery disease anatomy on the non-PTCA
candidate score show negative time trends that are significant for patients with left main (-.003,
p<.10), 3-vessel (-.006, p<.01), and 2-vessel with left anterior descending (LAD) artery disease
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(.005, p<.10). Under the PTCA candidate assumption, only 3-vessel disease shows a significant
downward trend (-0.013, p<.01). 3-vessel disease shows significant and large hospital
differences as well, under both assumptions. Mean scores for PTCA candidates at Hospitals A,
B and C, evaluated at the end of the demonstration, approach the lower boundary of the
appropriate range.

The only non-PTCA candidate patients to which the regression analysis suggests mean
scores below the "appropriate" range (7-9) are 1-vessel disease without LAD involvement
patients at Hospital A. Hospital A's coefficient is a robustly significant -1.99 (p<.01) despite the
small sample (N=91). Starting with the intercept of 7.95, Hospital A's mean score, controlling
for time, is 5.96. This is in the range deemed to be "equivocal." Under the PTCA candidate
assumption, however, several classes of patients appear to have mean scores below the
"appropriate" range. 1-vessel without LAD patients are actually estimated to be "inappropriate"
CABG cases.

The principal finding of the OLS regression analysis is that there is no significant time
trend in appropriateness among the pooled group of patients, regardless of the assumption
made with regard to PTCA. Certain patient subgroups show a significant downward trends in

appropriateness score, but these trends are not clinically important.
8.6.4 Logistic Regression Results on Inappropriate or Equivocal Surgery

Table 8-10 reports odds ratios and p-values for two logistic regression models predicting
the likelihood of a patient being either equivocal or inappropriate. Actual regression
coefficients are not reported, as they are not directly interpretable (see Chapter 7). The first
model includes only an intercept term and hospital dummy variables, with Hospital C now the
referent. The second model adds a monthly time trend. As in the OLS analysis, patient risk
factors were omitted. .

The time trend is insignificant under both PTCA assumptions. Patients undergoing
surgery during later periods of the demonstration were no more likely to be non-appropriate
cases than those undergoing surgery earlier. The inclusion of the trend variable has little effect
on the hospital dummy coefficients. The only significant hospital differences in the likelihood
of non-appropriate surgery are seen under the non-PTCA candidate assumption. Hence,
patients at Hospital B are less than half as likely to receive non-appropriate CABG surgery than
are patients at Hospital C (odds ratio .44, p=.02). The odds ratio for Hospital D is marginally
significant (odds ratio .36, p slightly greater than .10). These odds ratios appear to validate in
part the hospital-difference findings in the OLS analysis. While the referent hospitals are
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different in the two analyses, Hospital D appears to stand out as having a particularly high

level of appropriateness score, and a low probability of non-appropriate surgery.

8.6.5 Time Trend Regression Analysis Summary

While certain classes of patients appear to have a downward trend in their mean
appropriateness scores, the trend is quite minor and is not present when evaluating the pooled
group of all patients under either PTCA assumption. There is no significant trend in the
proportion of CABG patients who are categorized as undergoing inappropriate or equivocal
surgery. While the appropriateness scores under the PTCA candidate assumption are relatively
low, and in some cases not "appropriate," this assumption is not likely to be a valid one. All the
demonstration sites in the regression analysis are fully capable of angioplasty, and there is no
reason to believe they would not use it for those cases in which it can be used. For this reason,

the "not a candidate for PTCA" assumptions is the more reasonable one.
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TABLE 8-3
PERCENT APPROPRIATE, EQUIVOCAL -AND INAPPROPRIATE BY HOSPITAL BY YEAR

Hospital
A B Cc D E F G Total
Patient is Not'a PTCA Candidate
1991 (May-December)
Appropriate 96.9 993 97.0 100.0 98.3
Equivocal 2.3 0.7 3.0 0.0 1.6
Inappropriate 0.8 0:0 0.0 0.0 041
Percent Missing Data 5.2 3141 234 9.5 229
1992
Appropriate 99:5 98.6 96.7 99.1 98.3
Equivocal 0.5 1.4 33 0.9 1.7
Inappropriate 00 - 0.0 0.0 0.0 0.0
Percent Missing Data 8.7 33.1 16.5 8.2 22.7
1993
Appropriate 971 98.8 98.1 98.5 98.6 86.1 79.6 97.0
Equivocal 2.9 1.2 1.9 1.5 1.4 1.9 20.4 2.9
Inappropriate 0.0 0.0 0.0 0:0 0.0 2.0 0.0 0.1
Percent Missing Data 19.7 16.8 8.5 77 19:8 413 66.4 21.0
Total All Years
Appropriate 97.9 98:9 97.4 99.0 98.6 86.2 795 97.7
Equivocal 1.9 1.2 26 1:0 1.6 11.9 20.5 2.3
Inappropriate 0.2 0.0 0.0 0.0 0.0 2.0 0.0 0.1
Percent Missing Data 126 26.2 14.6 8.2 19.8 413 66:4 21.9
Pafient is a PTCA Candidate
1991 (May-December)
Appropriate 73.4 746 68.7 851 74.2
Equivocal 21.9 211 244 14.9 21.3
Inappropriate 4.7 43 6.9 0.0 4.5
Percent Missing Data 5.2 311 23:4 9.5 22.9
Total 1992
Appropriate 76.7 70.6 76.6 80.4 745
Equiivocal 21.7 24.8 19.4 16:1 218
Inappropriate 1.6 4.7 4.0 36 3.8
Percent Missing Data 8.7 33.1 16.5 8.2 22,7
Total 1993
Appropriate 725 736 76:5 76.5 65.2 495 40.8 710
Equivocal 26.0 23.0 20.5 205 33.8 37:6 57:1 25:6
Inappropriate 15 35 3.0 3.0 1.0 129 2.0 3.4
Percent Missing Data 19.7 16.8 77 17 19.8 41.3 66.4 21.0
Total
Appropriate 74.3 728 79.9 799 65.2 495 408 72.7
Equivocal 23.4 232 176 17.6 33.8 37.6 57.1 23.6
Inappropriate 2.3 41 2.6 2.6 1.0 12.9 20 3.7
Percent Missing Data 126 26.2 8.2 8.2 19.8 41.3 66.4 21.9
Note: ‘P priate, equivocal, P from the set of records for which approp ilabk
F ge may not sumto 100.due't di
The reported p imissing is the proporti al ds withi h categ ywhichwefenissingoneormomofthecomponedpieceso!damneeded
to-calcilate an appropriateness score.
Source: -Abstracts of clinical d g the 'seven il pitals, May 1991 through December 1993

Appropriateness:data-are from a panel of expests.
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TABLE 8-4

PERCENT -APPROPRIATE, EQUIVOCAL AND INAPPROPRIATE CABG OPERATION BY HOSPITAL BY CLINICAL PRESENTATION

Hospital A

Patient is:Not a‘Candidate for PTCA

Chronic Stable Angina
Appropriate
Equivocal
Inappropriate

Missing Approp. Data

Unstable Angina
Appropriate
Equivocal
Inappropriate

Missing Approp. Data

Amil
Appropriate
Equivocal
Inappropriate

Missing Approp. Data

Patient is-a Candidate for PTCA

Chronic Stable Angina
Appropriate
Equivocal
Inappropriate

Missing Approp. Data

Unstable Angina
Appropriate
Equivocal
Inappropriate

Missing Approp. Data
AMI

Appropriate

Equivocal

Inappropriate

Missing-Approp. Data

975
19
0.6

15.1

98.3
07
0.0

6.9
94.7

5.3
0.0

12.8

75:8
217
25

76.1
214
25

6.9
64.0
347

13

12.8

Hospital B

94.2
58
0.0

435

99.1
0.9
0.0

15.6

98.8
1.2
00

16.7

86.5
77
5.8

435
76.9
17.8

54
166
62.7
36.0

1.2

16.7

Hospital C

96.9
31
0.0

21.0

895
0.5
0.0

6.4

96.1
3.9
0.0

4.9

78.9
17.2
3.8

21.0
80.8
16.2
3.9
6.4
59.7
351
52

49

Hospital D

929
74
0.0

9.7

99.6
0.4
0.0

8.6

100.0
0.0
0.0

0.0

714
28.6
0.0

9.7
83.7
13.0

33

86
615
385

0.0

0.0

Hospital E

96.3
37
0.0

156

100.0
0.0
0.0

122

98.0
20
0.0

73

778
222
0.0

156
69.6
27.8

25
122
58.4
41.6

0.0

73

Hospital F

794
17.6
29

41.4

100.0
0.0
0.0

235

1000
0.0
0.0

20,0

54.4
265
191

1.4
46.2
563.8

0.0
235
36.0
65.0

0.0

200

Hospital G

625
375
0.0

100.0
0.0
0.0

90.5

95.7
43
0.0

629

167
79.2
42

571
100.0
0.0
0.0
90.5
60.9
301
0.0

62.9

Total

941
56
0.4

256

893
07
0.0

12.9

97.8
22
0.0

15.7

74.4
20.8
4.8

25.6
7T
181
4.2
129
61.0
373
17

167

Source: Abstracts of clinical records amorig the seven demonstration hospitals, May 1991 through December 1993.
Appropriateness data are from a panel of experts.
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TABLE 8-5

PERCENT APPROPRIATE, EQUIVOCAL AND INAPPROPRIATE CABG OPERATION:BY HOSPITAL BY EXTENT OF DISEASE

Patient is a Candidate for PTCA

Left Main
Appropriate
Equivocal
Inappropriate

Percent Missing Data

3-Vessel
Appropriate
Equivocal
{nappropriate

Percent Missing Data

2-Vessel with LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

2-Vessel without LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

1-Vessel with LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data
1-Vessel without LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

Hospital
A B C D E F G Total
985 99.7 100.0 100.0 100.0 100.0 N/A 996
1.5 0.3 0.0 0.0 0.0 0.0 N/A 0.4
0.0 0.0 0.0 0.0 0.0 0.0 N/A 0.0
44 16.2 16 17 15.2 10.5 100.0 105
99.6 99.8 98.9 994 971 97.4 80.0 98.7
0.4 0.2 1:1 0.6 2.9 2.6 200 1.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 13.6 1.6 7:0 1255 26 56.7 11.0
98.8 100.0 100.0 98.6 100.0 100.0 100.0 99.7
1.2 0.0 0.0 14 0.0 0.0 0.0 0.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.9 161 33.2 1.9 5.7 62.2 93.1 24.7
90.0 97.9 833 100.0 100.0 100.0 NA 93.8
10.0 2.1 16.7 0.0 0.0 0.0 N/A 6.2
0.0 0.0 0.0 0.0 0.0 0.0 N/A 0.0
13.0 19.0 379 0.0 250 90.0 100.0 29.7
92.9 93.7 957 95.0 100.0 773 50.0 91.9
7.1 6.3 43 5.0 0.0 227 500 8:1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17.6 213 42 9.1 0.0 0.0 0.0 122
500 84.0 60.7 100.0 100.0 111 N/A 699
375 16.0 39.3 0.0 0.0 66.7 N/A 272
125 0.0 0.0 0.0 0.0 222 N/A 2.9
0.0 123 34 0.0 333 0.0 100.0 11.2

hearf¥finalrpiTab8-5\nd



TABLE 8-5 (continued)

PERCENT APPROPRIATE, EQUIVOCAL AND INAPPROPRIATE ‘CABG OPERATION BY HOSPITAL BY ANATOMY OF DISEASE

Patient is Not a Candidate for PTCA

Left Main
Appropriate
Equivocal
Inappropriate

Percent Missing Data

3-Vessel
Appropriate
Equivocal
Inappropriate

Percent Missing Data

2-Vessel with LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

2-Vessel without LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

1-Vessel with LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

1-Vessel without LAD
Appropriate
Equivocal
Inappropriate

Percent Missing Data

Hospital
A B c D E F G Total
98.5 99.7 100.0 100.0 100.0 100.0 N/A 99:6
15 03 0.0 0.0 0.0 0.0 N/A 04
0.0 0.0 0.0 0.0 0.0 0.0 N/A 0.0
4.4 162 16 7.7 15.2 105 100.0 10.5
81.4 88.2 89.7 931 705 86.8 44.4 85.4
186 11.8 103 6.9 205 13.2 55.6 146
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
4.0 13.6 16 7.0 125 26 56.7 11.0
52.3 50.6 52:8 716 15.2 0.0 0.0 50.6
47.7 494 472 284 84.8 100.0 100.0 494
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.9 16.1 332 11.9 5.7 62.2 93.1 24.7
0.0 0.0 0.0 0.0 0.0 0.0 N/A 0.0
85.0 915 83.3 100.0 833 100.0 N/A 88.7
15.0 8.5 16.7 0.0 16.7 0.0 N/A 113
13.0 19.0 379 0.0 25.0 90.0 100.0 29.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
92.9 92.1 95.7 90.0 100.0 81.8 50.0 91.3
71 7.9 43 10.0 0.0 18.2 50.0 8.7
176 21.3 42 9.1 0.0 0.0 0.0 122
0.0 LX) 0.0 0.0 0.0 0.0 N/A 0.0
0.0 14.0 3.6 0.0 50.0 0.0 N/A 8.7
100.0 86:.0 96.4 100.0 50.0 100.0 N/A 91.3
0.0 12.3 3.4 0.0 33.3 0.0 100.0 11.2

Source: -Abstracts of clinical records:among the seven demonsiration hospitals, May 1991 through Decembér 1993,

Appropriateness data:are from a panel.of experts.
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TABLE 8-8
MEAN APPROPRIATENESS OF CABG SURGERY SCORES AND STANDARD ERRORS BY EXTENT OF

DISEASE AND:HOSPITAL
Hospital
A B C D E F G Total
Left Main
Not PTCA Candidate
Mean 8.8 8.8 8.9 8.9 8.8 8.9 NIA 8.9
Standard Error 0.0 0.0 0.0 0.0 01 01 N/A 0.0
PTCA Candidate
Mean 8.8 8:8 8.9 8.9 8.8 9.0 N/A 8.9
Standard Error 0.0 0:0 0.0 0.0 0.1 0.0 NIA 0.0
Observations 136 394 186 52 66 19 1 854
Missing Observations 6 64 3 4 10 2 1 90
3:Vessel
Not PTCA Candidate
Mean 8.5 8.7 8.4 8.8 8.4 8.2 78 8.6
Standard Error .0 0.0 0.0 0.0 0.1 0:1 0.1 0.0
PTCA Candidate
Mean 7.4 7.5 74 8.0 6.8 7.2 6.1 7.4
Standard Error 01 0:0 0.0 0.1 04 0.1 0.2 0.0
Observations 274 626 384 172 120 39 104 1719
Missing Observations 11 85 6 12 15 1 59 189
2-Vessel with LAD
Not PTCA Candidate
Mean 8.5 8.6 8.5 8.6 83 8.6 7.0 8.6
Standard Error 0.1 0.0 01 0.1 0.1 0.2 0:0 0.0
PTCA Candidate
Mean 6.6 6.6 7.0 6.6 6.4 6.6 40 6.7
Standard Error 0.1 0.1 0.1 0.1 . b2 02 0.0 0.0
Obsetvations 106 299 184 84 35 37 29 774
Missing ‘Observations 20 48 61 10 2 23 27 191
2-Vessel without LAD
Not PTCA Candidate
Mean 8.2 8.4 8.1 8.9 8.3 9.0 N/A 8.3
Standard Error 0.2 01 0.3 01 0.3 0.0 N/A 0.1
PTCA Candidate
Mean 47 4.8 4.6 5.0 4.7 5.0 N/A 4.7
Standard Error 0.2 0.1 0.2 0.0 0.3 0.0 N/A 0.1
Observations 23 58 ’ 29 5 8 10 5 138
Missing Observations 3 11 11 0 2 9 5 41
41-Vessel with LAD
Not PTCA Candidate
Mean 8.3 8.5 8.0 8.5 8.2 7.3 6.0 8.1
Standard Error 0.2 0.1 0.1 0.2 0.3 0.2 15 0.1
PTCA Candidate »
Mean 5.2 4.9 5.4 5:0 5.2 4.8 35 50
Standard Error 0.3 0.1 0.1 0.2 0.1 0.3 1.0 0.1
Observations 17 80 48 22 5 22 2 196
Missing Observations 3 17 2 2 (6] 0 0 24
1-Vessel without LAD
Not PTCA Candidate
Mean 6.0 741 6.8 8.0 75 a7 N/A 6.8
Standard Error 0.7 0.2 0.2 0.0 0.5 0.6 N/A 0.1
PTCA Candidate
Mean 24 2.8 27 3.0 33 1.8 NIA 27
Standard Error 03 0.1 04 G0 0.3 0.2 N/A 01
Observations 8 57 29 6 3 9 ’ 4 116
Missing Observations 0 7 1 0 1 0 4 13

Source: Abstracts of clinical records among the seven demonstration hospitals, May 1991 through December 1993.
Appropriateness-data are:from a panel of experts.
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Matrix of Appropriateness Scores by
Clinical Indication



KEY TO INTERPRETING FINAL APPROPRIATENESS RATINGS

extremely ‘inappropriate
equivocal {neither clearly
appropriate nor clearly
inappropriate)

8 = .extremely appropriate

(L
i

B R e T DU R P +
Rating of
Appropriateness Indicatrion
(Circle One) number

I. <Chronic Stable Angina

A. CABS is indicated despite 4
the ppresence ‘of ‘'strong 1234567809 ( 1)
contraindications (1.0, 0.2, )

B. .CABS is indicatved in patients
(without strong
contraindications) with left
main disease, and

1. Ejecrion fraction 20%
or greater

The number of panelists
assigning each rating;
in this case, 7 panelists
assigned a rating of 9

and one assigned a rating of 8.

"A" indicates that
the panelists agreed,
"D" indicates that
they disegreed, and
a blank :indicates that
they neither agreed
noxr -disagreed; all
according to our
referred definitions
of agreement and
disagreement given
in the text.

The 1-9 rating scafE

The median of the 9
panelists' ratings.

The mean .2bsolute
deviation from the
median; a measure of dispersion.
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Chapter 1 i .
' NORMAL OR LOW RISK MODERATELY HIGH RISK VERY HIGH RISK
CHRONIC STABLE ANGINA
PP iat Appropriat ppropriat iat ppropriat Appropriat Appropristencss Appropriateness Appropriateness
of CABG, of CABG, of PTCA, of CABG, of CABG, of PTCA, of CABG, of CABG, of PTCA,
Pt NOT. candidate Pt IS candidate compared to Pt NOT candidate Pt IS candidate compared to Pt NOT candidate Pt 1S candidate compared to
for PTCA for RTCA medical therapy for PTCA for PTCA medical therapy for PICA for PTCA medical therapy
PATIENT HAS SEVERE ANGINA (CLASS III, IV) .
A. ON MAXIMAL MEDICAL THERAPY
1. Left maln disease
17 17 21 1121 17 17 21 212 143 1 151 111 4 1
Ejection fraction >50% 123456789 123456789 12345678911234567839 123456789 123456789[123456789 123456789 123456789 ( 1- 9)
9.0, 0.1, A} (9.0, 0.1, R} (4.5, 2.0, T) 9.0, 0.1, M) (9.0, 0.1, A} (4.0, 1.6, 1) (8.0, 0.5, A) (8.0, 0.6, A} (5.0, 1.4, D)
. 17 17 21 1121 17 17 21 212 233 11 51 111 4 1
b, Ejection fraction 25-49% 123456789 123456789 123456789/123456789 123456789 123456789}123456789 123456789 123456785 (10-18)
{2.0, 0.1, A) {9.0, 0.1, A) 4.5, 2.0, 1) {3.0, 0.1, A} {9.0, 0.1, M) (4.0, 1.6, 1) (8.0, 0.6, A) {8.0, 0.8, A) {5.0, 1.4, I}
26 26 21 1121 35 35 3 212 2213 3 221 21 4 1
c¢. Ejection fraction <25% 123456789 123456789 12345678%[123456789 123456789 1234567839 123456789 123456789 123456789 {19-27
(9.0, 0.2, A) (9.0, 0.2, A} {4.5, 2.0, ) (9.0, 0.4, n) (9.0, 0.4, A) (4.0, 1.8, 1) {1.5, 1.1, 1) {r.0, 1.2, 1) (5.0, 1.2, 1}
2. Three vessel disease K
26 1 133 323 26 2 222 1314 4.4 124 1 1 43
Ejection fractlon >50% 123456789 123456789 1234567809]123456789 123456789 123456789(123456789 123456789 123456789 (28 36)
{9.0, 0.2, A) (8.0, 0.9, A) (8.0, 0.8, A) (3.0, 0.2, A} (7.5, —mm. Iy (8.5, 0.6, A} (7.5, 0.5, A) {5.0, 0.8, A) (7.0, 0.9, A
17 1 43 413 286 1 142 134 431 123 11 1 43
b.. Edection fractlon 25-49% 1 23456789 123456789 123456789/123456789 123456789 123456789{123456789 123 456789 123456789 |(37-45
(9.0, 0.1, A} 8.0, 0.8, A {7.5, 0.9, A) (9.0, 0.2, A) (8.0, 0.8, A} (8.5, 0.6, A} {7.5, 0.6, A) 5.0, 1.1, 1) {7.0, 0.9, M
35 1 16 414 233 1 1114 35 2 42, 2 14 1 1 232
c. Ejection fraction <25% 123456789 123456789 123456789|123456789 1234567869 123456789|123456769 123456789 123456789 (46-54)
{9.0, 0.4, A) (8.0, 0.5, A) (7.5, 0.5, A) 8.0, 0.6, A) 7.5, 1.4, 1 (8.0, 0.4, A) {7.0, 0.5, A} {5.0, 1.1, I) (7.0, 1.0, A)
3, Two vessel disease with proximail
left anterlior descending {nvolvement
a. With a very posltive exercise ECG
26 1 11212 215 44 1 3112 134 521 12 221 161
al. Ejection fractlon >50% 123456789 123456789 123456789|123456789 123456189 123456789]|123456789 12345 6789 123456783 [ 55 63)
(9.0, 0.2, M) 7.0, 1.6, 1} (9.0, 0.6, A) {8.5, 0.5, N) (5.5, 1.5, I) 8.5, 0.6, A) (7.0, 0.5, A) {4.0, 1.4, I) (8.0, 0.2, A
17 1 1132 2214 15 1 1 4 2 143 431 11 212 1 17
a?. Ejection fraction 25-49% 123456789 123456789 123456789|123456780 123456789 123456789[123456789 123456789 123456789 (64-72
(9.0, 0.1, A) {8.0, 1.4, 1) {8.5, 0.8, A) (8.0, 0.4, M) (7.0, 1.1, I} (8.0, 0.5, A) (7.5, 0.6, A) (4.5, 1.8, T} 8.0, 0.1, A)
" 224 1 21 31 323 1 142 2 21 3 323 214 1 22 112 44
a3, Ejection fraction <25% 123456789 1234567869 123456789[123456789 123456789 1234567869/123456789 123456789 123456789 (73281
(8.5, 0.8, A) (1.0, 1.9, I} (8.0, 0.8, A) (8.0, 0.8, A) {5.5, 2.0, D) (8.0, 0.8, A) {7.0, 0.9, A) (3.0, 1.9, I) (7.5, 0.5, A)
b. With a negative to minimally
positive exercise ECG
134 1 11122 323 1 52 111131 242 111311 21131 1 241
bl. Ejection fraction >50% 123456789 123456789 123456789/123456789 123456789 123456789123456789 1234 56789 1234567893 {(82-230)
(8.5, 0.6, A) (6.5, 1.6, 1) (8.0, 0.8, A) (8.0, 0.5, A) (5.5, 1.4, 1) (8.0, 0.5, A) (7.0, 1.1, 1) (3.5, 1.2, 1) (8.0, 0.9, A)
1295 1 1 123 332 1 43 1 1123 251 11132 111311 1 25
b2. Ejectlon fraction 25-49% 123456789 123156789 123456789}123456789 123456789 123456789|123456789 12 1456789 12345671789 (91-99)
{9.0, 0.5, A) {71.0, 1.5, I} (8.0, 0.6, A} (8.0, 0.6, A) {6.0, 1.2, I} (8.0, 0.4, A} (7.0, 1.0, 1) (4.0, 1.1, I} (8.0, 0.8, A}
1232 1 11 2 341 1331 11 4 11 1241 1 2 131 3121 1 1 223
bl. Ejection fraction <25% 123456789 123456789 123456789[1234567869 123456789 12345678911 2345677849 1 234567869 123456789 (100-108
: (8.0, 0.8, A) (5.0, 1.2, I) (8.0, 0.5, A) (7.5, 0.8, A) (5.0, 1.2, D) (8.0, 0.6, A) (6.5, 1.6, 1) (2.5, 1.4, 1 (7.0, 1.0, A)

Appropriateness scale: 1 = extremely lnappropriate, 5 = equivocal, 9 = extremely approprlate
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Chapter 1 :
. NORMAL OR LOW RISK MODERATELY HIGH RISK VERY BIGH RYSK
CHRONIC STABLE ANGINA
ppropriat AP {at pp 1at P PP " Appropriat priat ppropriat Appropriat
of CABG, of CABG, of BTCA, of CABG, of CABG, of PTCA, of CABG, of CABG, of PTCA,
Pt NOT candidate Pt IS candidate compared to Pt NOT candidate Pt IS candidate compared to Pt NOT candidata Pt IS candidate compared to
for PTCA for PTCA medical therspy for RPTCA foxr PTCA madical therapy for PTCA for PTCA medical therapy
4. Two vessel disease without proximal
left anterior descending involvement -
a. With a very positive exercise ECG
35 1 21211 53 71 21131 62 7 1 214 1 35
al. Ejection fraction >50% 123456789 123456789 1234567806[123456789 123456789 123456789(123456789 123456789 123456789 (108117
{9.0, 0.4, A) {5.5, 1.5, 1) {8.0, 0.4, A} {8.0, 0.1, A) (4.5, 1.2, I} 8.9, 0.2, A) (7.6, 0.2, A) (3.0, 0.9, A) (8.0, 0.4, A}
26 1 11221 143 6 2 111221 152 7 1 11411 44
a2. Ejection fraction 25-49% 123456789 1234567869 123456780[1234567869 123456789 123456789/1234567823 123456789 123456789 (118-126)
- {%.0, 0.2, A) (6.0, 1.4, 1) (8.0, 0.5, A) {8.0, 0.2, A} (5.0, 1.2, I) (8.0, 0.4, A) (7.0, 0.2, A) {3.0, 0.8, A) {1.5, 0.5, A}
1 124 21 2111 143 1 151 31121 242 1114 1 322 1 * 1314
a3. Ejection fraction <25% 123456789 123456789 1234567891123456789 123456789 123456789112345678$9 123456789 123456783 (127-135)
{8.5, 1.1, A) {5.0, 1.8, D) (8.0, 0.5, A) (8.0, 0.8, A) {3.5, 1.4, I) (8.0, 0.5, A) {7.0, 1.0, A} (2.0, 1.0, A) (7.5, 0.6, A)
b, With a negative to minimally
positive exerclse ECG .
1 142 2 1311 1151 ) 1 241 2312 1181 1 313 1 214 1 1 34
bl. EjJection fraction >50% 123456789 123456789 123456789|123456789 123456789 123456789(1234567839 123456789 1234567839 (136-144)
{8.0, 0.8, A) {5.0, 1.2, 1} {8.0, 0.5, A) {8.0, 0.9, A) 3.0, 0.9, I (8.0, 0.5, A) {6.5, 1.1, A) {3.0, 0.9, A) (7.5, 0.8, A}
1 133 1 1411 1241 1 232 14111 1241 1 331 214 1 X 43
jection fraction 25-49% 1234567869 123456789 123456789[123456789 123456789 123456789}123456783 123456789 123456789 {(145-153)
{8.0, 0.9, M) {5.0, 0.9, A) {8.0, 0.6, A} 8.0, 1.0, A) (3.0, 0.9, A} (8.0, 0.6, A) 6.5, 1.0, A) (3.0, 0.9, A) (7.0, 0.6, A)
11 141 12 1211 2141 2 231 132 2 1241 2 2121 322 1 1133
b3, Ejectlon fraction <25% 123456789 123456789 123456789[1234567289 123456789 123456789[123456789 123456789 1234567839 (154-162)
(8.0, 1.1, I} {4.5, 1.8, 1) {8.0, 0.8, A} {7.5, 1.4, 1) 2.5, 1.1, I (8.0, 0.6, A} (6.5, 1.5, D} (2.0, 1.0, A) {7.0, 0.8, A)
5. Single vessel dlsease - proximal left .
anterior descendling
233 11 1131 414 422 1111112 125 431 32111 1133
a. ¥jection fraction >50% 123456789 123456789 123456789{123456789 123456789 123456789|1234567823 123456789 123456789 (163-171)
. {8.0, 0.6, A) (6.5, 1.9, D) 8.5, 0.5, A) (7.5, 0.8, A) (4.5, 1.9, b} {9.0, 0.5, A) {6.5, 0.6, A) {2.0, 1.1, 1) (8.0, 0.8, A) .
143 11 1131 5 3 332 1111112 1314 341 321 2 1142
b. Ejection fraction 25-49% _NuamaqmouvuawmqmmHNanmqmwwwubmmquwmuawmqmcuuuawmqmwHuuawaqw¢wmuammqwmpmuammqmw:.-|umo,
{8.0, 0.5, A) (6.5, 1.9, D) (8.0, 0.4, M) (8.0, 0.6, A} 4.5, 1.9, D} {8.5, 0.6, A} (7.0, 0.3, M) (2.0, 1.2, I) (8.0, 0.6, A}
1 142 12 212 6 2 1 412 121211 143 1 1 411 4211 1151
c. Ejection fraction <25% 123456789 123456789 123456769/123456789 123456789 123456769]123456783 123456789 123456789 (181-189)
{8.0, 1.1, &) {5.0, 1.9, D} (8.0, 0.2, &) (7.0, 1.2, A) 3.5, 1.4, It (8.0, 0.5, A) (6.0, 1.1, I} {1.5, 0.9, A} (8.0, 0.5, A)
6. Single vessel disease - any vessel
other than PLAD
1 241 2131 1 53 11321 3131 1314 21311 122 1232
a, Ejection fraction >50% 123456789 123456789 12345678091 123456789 umuawmqmwuwubwmqmoHNuammqmm-ubumqmw~mwbwmqmw:eowa
{8.0, 0.8, A) {3.0, 1.2, 1) (8.0, 0.4, A) {7.0, 0.9, A) (2.5, 1.0, M (8.5, 0.6, A) {6.0, 1.0, I {1.5, 0.8, A) (8.0, 0.8, A)
1241 211231 1 5 3 2321 3131 134 21311 422 1232
b. Ejlectlon fractlion 25-49% umuawmqmw~mu\_wmqmwpmu§mm.~mmnmwammqmo-u~_wmqmw»wuammqmw“_uuawmqmwwuu»wquWHNuammqmw:omlmo:
(8.0, 0.8, A) 3.0, 1.2, 1) 8.0, 0.4, A) {71.0, 0.8, A) (2.5, 1.9, A (8.5, 0.6, A} (6.0, 1.0, 1) (1.5, 0.8, A) (8.0, 0.8, A)
1 1141 412 1 6 2 1 3121 422 143141 23 1 1 6 2 1241
Ejection fraction <25% 123456789 123456789 123456789]123456789 123456789 123456789]123456789 123456789 123456789 (208-216)
(8.0, 1.2, A) (1.5, 1.4, A) (8.0, 0.2, A) (6.5, 1,5, A) (1.5, 0.8, A (8.0, 0.5, A) (4.0, 1.4, 1) (1.0, 0.5, A) (8.0, 0.6, A)

Appropriateness scale: 1 = extremely {nappropriate, 5 = equlvocal, 9 = extremely appropriate .
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Chaptex 1 g
. NORMAL OR LOW RISK MODERATELY HIGH RISK VERY HIGH RISK
CHRONIC STABLE ANGINA - =
propriat 1at ppropriat ppropriat iat \ppropriat Appropriateness fat Appropriat
of CABG, of CABG, of PTCA, of CARG, of CABG, of PTCA, of CABG, of CABG, of BTCA,
Pt NOT candidate Pt IS candidate compared to Pt NOT candidate Pt I8 candidate compared to Pt NOT candidate Pt IS candidate conpared to
. foxr PTCA for PTCA medical therapy for PTCA for PTCA medical thermpy for PTCA for PTCA madical thexepy
B. ON LESS THAN MAXIMAL MEDICAL THERAPY .
1. Left main disease
2% 26 2111 111 . 26 1115 1211 111 1222 1 2121 2121 2
a. Ejection fractlon >50% 123456789 123456789 123456789/1234567869 123456789 123456789{12345676869 123456789 123456789 (217-225)
(9.0, 0.2, M} (9.0, 0.2, A) (3.5, 2,2, D) (9.0, 0.2, A) (9.0, 0.8, A) (3.5, 2.1, D) (8.0, 0.9, I} (7.0, 1.3, 1) (4.0, 1.5, D)
26 26 2111 111 26 1115% 1211 111 1222 111121 22 2 2
b. Ejection fraction 25-49% 123456789 123456789 123456789/123456789 123456789 123456789]123456789 1234 56789 1234567819 {226-234)
(9.0, 0.2, A) (9.0, 0.2, A} (3.5, 2.2, D) (9.0, 0.2, A) (9.0, 0.8, A) (3.5, 2.1, D} (8.0, 0.9, I (7.0, 1.4, I} (4.0, 1.8, D)
1 25 1 25 2111 111 11158 2114 1211 111 1 2112 1 2 1111 31 2 2
€. Ejection fraction <25% 123456789 123456789 123456789|123456789 123456789 123456789/123456789 123456789 123456789 (235-243)
(9.0, 0.6, A) (9.0, 0.6, A) (3.5, 2.2, D) (9.0, 0.8, A) (8.5, 1.1, 1) (3.5, 2.1, D) (7.0, 1,9, I) (6.0, 2.1, 1) (4.0, 1.9, D)
2. Three vessel disease
- 233 1 43 1 115 1331 134 1 1132 11411 1213 1 2 51
a. Ejection fraction >50% - 123456789 123456789 123456789(123456789 123456789 1234567839 123456789 123456789 1234567839 (244-252)
(8.0, 0.6, A) {71.0, 0.6, A) (8.0, 0.9, A) (7.5, 0.8, A} {6.5, 0.6, A) (1.0, 1.2, 1} (6.0, 0.8, A) (4.5, 1.2, A} (7.0, 0.6, A
143 o33 1 25 1223 1322 1 1123 1 322 232 1} 2 51
b. Ejection fraction 25-49% 123456789 123456789 123456789|123456789 123456789 123456789]123456789 123456789 1234567849 (253-261)
(8.0, 0.5, A) (7.5, 0.9, A) {8.0, 0.8, A) {8.0, 0.9, A) {6.5, 0.9, M (7.0, 1.4, I) (6.5, 1.0, &) {4.06, 0.9, A) {7.0, 0.6, A)
1232 21 S 11 15 15 2 2231 1 1132 11 22 2 1122 11 2321
Ejection fractlon <25% 123456789 123456789 123456789/123456789 123456789 123456489/123456789 123456789 1234567809 (262-270)
(8.0, 0.8, A) (8.0, 1.0, T} {8.0, 1.0, I} {7.0, 0.6, A) (6.5, 0.9, A} 7.0, 1,2, 1} (5.5, 1.6, D} (3.5, 1.5, I} (6.0, 0.8, A
3. Two vessel disease wi