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IMPORTANCE Although physician visual assessment (PVA) of stenosis severity is a standard
clinical practice to support decisions for coronary revascularization, there are concerns about
its accuracy.

OBJECTIVE To compare PVA with quantitative coronary angiography (QCA) as a means of
assessing stenosis severity among patients undergoing percutaneous coronary intervention
(PCI) in China.

DESIGN, SETTING, AND PARTICIPANTS A cross-sectional study (2012-2013) of a random subset
of 1295 patients from the China Patient-centered Evaluative Assessment of Cardiac Events
(PEACE) Prospective PCI Study was carried out. The PEACE Prospective PCI study recruited a
consecutive sample of patients undergoing PCI at 35 hospitals in 18 provinces of China. The
coronary angiograms of this subset of participants were reviewed using QCA by 2
independent core laboratories blinded to PVA readings.

MAIN OUTCOMES AND MEASURES Differences between PVA and QCA assessments of stenosis
severity for lesions for which PCI was performed and variation of these differences among
hospitals and physicians, stratified by the diagnosis of acute myocardial infarction (AMI).

RESULTS In patients without AMI, the mean (SD) age was 62 (10) years, and 217 (31.5%) were
women; in patients with AMI, the mean (SD) age was 60 (11) years, and 153 (25.2%) were
women. The mean (SD) percent diameter stenosis by PVA was 16.0% (11.5%) greater than
that by QCA in patients without AMI and 10.2% (12.3%) in those with AMI (P < .001 for both
comparisons). In patients without AMI, of 837 lesions with 70% or more stenosis by PVA, 427
(50.6%) were less than 70% by QCA; in patients with AMI, similar patterns were observed to
a lesser extent. Among patients without AMI, only 4 (0.47%) lesions were additionally
assessed with fractional flow reserve. Among 30 hospitals, the difference between PVA and
QCA readings of stenosis severity varied from 7.6% (95% CI, 0.4%-14.7%) to 21.3% (95% CI,
17.1%-24.9%) among non-AMI patients. Across 57 physicians, this difference varied from
6.9% (95% CI, −1.4%-15.3%) to 26.4% (95% CI, 21.5%-31.4%).

CONCLUSIONS AND RELEVANCE For coronary lesions treated with PCI in China, PVA reported
substantially higher readings of stenosis severity than QCA, with large variation across
hospitals and physicians. These findings highlight the need to improve the accuracy of
information used to guide treatment decisions in catheterization laboratories.
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C oronary angiography is performed to determine the
presence and severity of coronary stenosis, thus guid-
ing the treatment for patients with coronary artery

disease. Physician visual assessment (PVA) of stenosis sever-
ity remains the standard method for guiding revasculariza-
tion. The 2017 American College of Cardiology and American
Heart Association Appropriate Use Criteria for revasculariza-
tion for patients with stable angina defines a significant
coronary stenosis as 70% or more luminal diameter narrow-
ing by visual assessment or 40% to 70% with an abnormal
fractional flow reserve (FFR) of 0.80 or less.1

Over the past 2 decades, the decision to perform percuta-
neous coronary intervention (PCI) has typically occurred at the
time of angiography (ie, ad hoc PCI),2 which makes the accu-
racy of operator assessment particularly crucial.3,4 Limita-
tions in PVA accuracy have been described for decades, with
substantial, well-documented interobserver and intra-
observer variability compared with computer-assisted
methods.5-8 A US study9 in 2013 identified marked differ-
ences in diagnostic angiographic interpretation between
PVA and quantitative coronary angiography (QCA), a highly
reproducible computer-assisted technique that is commonly
used in research settings.10 However, the findings of the
study were not definitive because it included only 175 angio-
grams from 7 high-volume centers. Furthermore, it is not
known whether this phenomenon is unique to the United
States (possibly related to its health care financing system) or
is present in other countries. This is important because many
treated lesions were much less severe by QCA than PVA, and
an adjunctive functional assessment of lesion severity, such
as FFR, was rarely employed despite its proven benefits with
respect to decision-making.11,12 If PVA is not consistently re-
liable when compared with more objective measures like QCA,
then that would highlight the need to incorporate methods
to achieve more accurate and reproducible measures of
ischemia or lesion severity into routine clinical care.

Understanding angiographic quality in China is impor-
tant because procedural volumes are growing rapidly,
despite limited health care resources. In China, the PCI vol-
ume has increased more than 20-fold in the past decade,
nearly 90% of which are performed as ad hoc PCIs at the
time of diagnostic angiography.13 To date, no national efforts
have been undertaken to identify the accuracy and variation
of PVA of coronary angiograms compared with QCA. Such
insights can inform clinicians as to the accuracy of their
interpretations and potentially spur strategies to improve
angiographic interpretations in China and other countries.

In this study, we compared interpretat ions of
PCI-treated lesions by PVA vs QCA for clinical interpretation
of coronary stenosis severity using a diverse contemporary
sample of patients in China. Specifically, we randomly
selected coronary angiograms from patients participating
in the China Patient-centered Evaluative Assessment of
Cardiac Events (PEACE) Prospective PCI Study.14 Among
those lesions treated with PCI, we compared QCA assess-
ment that was performed independently by trained analysts
in 2 core laboratories blinded to the clinical readings by site
operating physicians.

Methods

Data Sources and Study Sample
The design of China PEACE-Prospective PCI Study has been
described previously.14 In brief, it is a national study to assess
long-term clinical outcomes, cardiovascular risk factor con-
trol, and the appropriate use of PCI procedures. From 2012 to
2013, 4225 consecutive patients undergoing PCI for ischemic
heart disease and requiring implantation of at least 1 coro-
nary stent were enrolled at 40 hospitals in 18 provinces in
China. The central ethics committee at the China National
Center for Cardiovascular Disease/Fuwai Hospital, local inter-
nal ethics committees at all sites, and the Yale University
institutional review board approved this study. All patients
provided written informed consent. The study is registered at
clinicaltrials.gov (NCT01624922).

Patient demographic and clinical data were collected
through central medical chart abstraction, including infor-
mation on lesion location and stenosis severity before PCI.
We obtained coronary angiograms from patients who under-
went PCI and selected a random subset for QCA reviews by 2
independent angiographic core laboratories: the Core Labo-
ratory of the Company of Cardiovascular Research Founda-
tion (Fuwai Core Laboratory; Beijing, China), which
reviewed 981 angiograms, and the Yale Angiographic Core
Laboratory (Yale Core Laboratory; New Haven, CT), which
reviewed 402 angiograms. To compare readings between
core laboratories, both laboratories reviewed the same
angiograms from 105 patients, corresponding to 127 treated
lesions. This comparison showed a high consistency
between laboratories (eTable 1 in the Supplement).

We excluded patients who had previously undergone coro-
nary artery bypass grafting, because revascularization thresh-
olds in this group may differ from those with a native coro-
nary disease. We included and separately analyzed patients
with acute myocardial infarction (AMI), which was defined as
an increase in cardiac biomarker levels (ie, troponin or cre-
atine kinase) with at least 1 value above the ninety-ninth
percentile of the upper reference limit with other clinical evi-
dence of myocardial ischemia (ie, symptoms of ischemia or
electrocardiographic changes indicative of new ischemia).

Key Points
Question How much does physician visual assessment differ from
quantitative coronary angiography in the interpretation of
coronary stenosis severity among adults undergoing percutaneous
coronary intervention in China?

Findings In this cross-sectional study that included 1295 adults,
the mean percent diameter stenosis by physician visual
assessment was 16.0% greater than that by quantitative coronary
angiography in patients without acute myocardial infarction, and
10.2% greater in those with acute myocardial infarction. Results
were significant in both comparisons.

Meaning The accuracy of coronary stenosis interpretation by
physician visual assessment requires improvement to better
inform treatment decisions in catheterization laboratories.
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Quantitative Coronary Angiography
Trained analysts at core laboratories independently reviewed all
films blinded to all other clinical information, including the clini-
cal interpretation by the site operating physicians. Quantitative
assessments were performed using the same validated software
in both laboratories, Cardiovascular Measurement System
(QAngio XA 7.2, MEDIS), a personal computer-based system, for
offlinequantitativeangiographicanalysis.Specificfeaturesofthis
system include 2-point user-defined path line (centerline) iden-
tification, arterial contour detection with a minimal-cost matrix
algorithm, and an interpolated reference vessel diameter. The
interpolated reference vessel diameter is a broadly accepted and
well-validated method of measuring reference diameter by QCA;
it is obtained at the site of minimal lumen diameter and derived
by an iterative linear regression technique that is operator-
independent and accounts for vessel tapering.15 The minimal le-
sion diameter was used to calculate the percent diameter steno-
sis relative to the interpolated reference vessel diameter of the
lesion of interest. The core laboratories assessed the reference
and minimal lesion diameters from the single-best-available
projection with the least foreshortening that best demonstrated
the stenosis as selected by the analyst.

Statistical Analysis
We first reported the descriptive statistics of our study popula-
tion and then compared the percent diameter stenosis by PVA vs
QCA by means of analysis of variance (ANOVA) across subgroups,
which were defined by lesion stenosis severity, location, length,
reference vessel diameter, and the use of FFR or intravascular
ultrasound (IVUS).

We further evaluated concordance between these 2 assess-
ment methods for assessing percent stenosis, first as continuous
variables by means of Pearson correlation and simple linear re-
gression, and then as categorical variables by means of Cohen’s
weighted κ at a priori cutoffs (<50%, 50% to <70%, 70% to <90%,
90% to <100%, and 100%).9 In patients with multiple lesions, all
treated lesions were included. For angiograms reviewed by both
corelaboratories,theresultsfromtheFuwaiCoreLaboratorywere
used for the main analysis. In sensitivity analyses, we assessed
correlation and concordance by PVA vs QCA using results from
eachofthe2corelaboratoriesseparately.Wealsorestrictedanaly-
sesofthelesionstoonlythosewithoutthrombusorextensivecal-
cium deposits by QCA. Considering the clinical differences
between elective and acute PCI, we analyzed patients with and
without AMI separately.

Last, we fitted a mixed model to assess the variation among
hospitals and physicians in coronary stenosis diameter in pa-
tients with and without AMI. In assessing these variations, we
only included hospitals that had at least 5 cases in the study
sample of angiograms. All analyses were conducted using SAS
statistical software (version 9.3, SAS Institute Inc).

Results
Study Population
The study sample included 1295 patients who underwent PCI of
1548 lesions by 176 physicians at 35 hospitals in 18 provinces of
China. This included 689 patients (844 treated lesions) without

AMI and 606 patients (704 treated lesions) with AMI. Among pa-
tients without AMI, 674 (97.8%) underwent ad hoc PCI (ie, PCI at
the same time as angiography). A total of 31 (4.5%) reported no
symptoms of ischemia before admission. Among patients with
AMI, 452 (74.6%) had ST-segment elevation myocardial infarc-
tion (STEMI). Table 1 shows patients’ demographic and clinical
characteristics.

Comparison of PVA and QCA
Of the 1548 treated lesions, the mean (SD) stenosis severity re-
ported by PVA was 87.7% (8.7%) among patients without AMI
and 93.7% (8.0%) among patients with AMI. In contrast, the
mean (SD) stenosis severity by QCA was 71.7% (14.8%) and
83.6% (16.5%), respectively.

Table 2 lists the mean difference in coronary stenosis
severity between PVA and QCA among subgroups of different
lesion characteristics, stratified by AMI status. The mean (SD)
difference in percent diameter stenosis between PVA and QCA
was 16.0% (11.5%) in non-AMI patients and 10.2% (12.3%) in

Table 1. Baseline Characteristics of Patients Undergoing PCI
by AMI Status

Characteristic

No. (%)
Patients
Without AMI

Patients
With AMI

Total patients, No. 689 606

Age, y

<50 79 (11.5) 111 (18.3)

50-59 175 (25.4) 180 (29.7)

60-69 254 (36.9) 203 (33.5)

70-79 162 (23.5) 93 (15.3)

≥80 19 (2.8) 19 (3.1)

Age, mean (SD), y 62 (10) 60 (11)

Women 217 (31.5) 153 (25.2)

Comorbidities and cardiovascular risk factors

Diabetes mellitus 214 (31.1) 165 (27.2)

Hypertension 495 (71.8) 356 (58.7)

Dyslipidemia 325 (47.2) 209 (34.5)

Current smoker 264 (38.3) 341 (56.3)

eGFR on admission, mean (SD) 80.9 (21.6) 87.8 (25.1)

Medical history

Myocardial infarction 115 (16.7) 53 (8.7)

PCI 123 (17.9) 50 (8.3)

Heart failure 242 (35.1) 55 (9.1)

Stroke 112 (16.3) 91 (15.0)

No symptoms of ischemia before admission 31 (4.5) 2 (0.3)

Multivessel diseasea 392 (56.9) 358 (59.1)

Mean SYNTAX score for angiographic
complexity (by core laboratory), Mean (SD)

12.3 (8.4) 15.8 (9.3)

Ad hoc PCI 674 (97.8) NA

Stress test performed 21 (3.0) 1 (0.2)

Abbreviations: AMI, acute myocardial infarction; eGFR, estimated glomerular
filtration rate; NA, not applicable; SYNTAX, synergy between percutaneous
coronary intervention with TAXUS and cardiac surgery; PCI, percutaneous
coronary infarction; QCA, quantitative coronary angiography.
a Defined as percent diameter stenosis by physician visual assessment 50% or

greater in left main or 70% or greater in other major coronary vessels.
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patients with AMI. In both groups, stenosis severity as deter-
mined by PVA was significantly higher than stenosis severity
by QCA (P < .001 for both comparisons); the difference be-
tween PVA and QCA defined stenosis severity was greater
among non-AMI patients compared with patients with AMI
(P < .001). There was no significant difference in accuracy ac-
cording to the vessel. In non-AMI patients, the difference was
greater with shorter lesions and larger reference vessel diam-
eters, but this pattern was not seen among patients with AMI
(Table 2). Of 837 lesions assessed as 70% or greater by PVA in
non-AMI patients, 427 (50.6%) were less than 70% by QCA and
203 (24.3%) were less than 60%.

eTable 2 in the Supplement shows a comparison between
PVA and QCA after categorization according to a priori cut-
offs, showing a weighted κ of 0.20 (95% CI, 0.17-0.23) in pa-
tients without AMI and 0.46 (95% CI, 0.42-0.49) in patients
with AMI. Among patients without AMI, the most commonly

calculated percent diameter stenosis by QCA was between 50%
and less than 70% with 420 (49.8%) lesions in this category,
and 7 (0.8%) lesions were calculated to be less than 50% by
QCA. Among 7 lesions with a percent diameter stenosis less
than 70% by PVA, only 1 IVUS was performed and no patient
had documentation of a stress test or FFR prior to PCI. Among
42 lesions between 40% and 70% by PVA, the mean (SD) dif-
ference between PVA and QCA was 6.4% (13.6%). Among 423
lesions between 40% and 70% by QCA, 388 (91.7%) lesions
were assessed as greater than 70% by PVA.

Figure 1 shows the distribution of the difference between
PVA and QCA by AMI status. Stenosis severity defined by PVA
was at least 20% greater than QCA in 346 (41.0%) of the le-
sions among non-AMI patients and in 178 (25.3%) of the le-
sions among patients with AMI. The correlation of percent-
ages of stenosis between PVA and QCA (Figure 2) demonstrated
a Pearson c of 0.63 (P < .001) in non-AMI patients and 0.70

Table 2. Mean Difference (PVA minus QCA) in Stenosis Severity Between PVA and QCA Across Subgroups by AMI Status

Category

Lesions From Patients Without AMI Lesions From Patients With AMI

No. (%)
Mean Difference,
% (SD) P Valuea No. (%)

Mean Difference,
% (SD) P Valuea

All lesions 844 (54.5) 16.0 (11.5) 704 (45.5) 10.2 (12.3)

Lesion location .21 .16

Left main 6 (0.7) 0.2 (19.6) 1 (0.1) 25.6 (0.0)

Left anterior descending 350 (41.5) 16.6 (11.9) 286 (40.6) 10.7 (12.5)

Left circumflex 201 (23.8) 15.9 (10.5) 157 (22.3) 11.0 (12.6)

Right 287 (34.0) 15.7 (11.3) 260 (36.9) 9.0 (11.9)

Percent diameter stenosis by QCA <.001 <.001

<50% 7 (0.8) 36.9 (10.5) 2 (0.3) 43.3 (3.3)

50% to <70% 420 (49.8) 23.3 (7.8) 174 (24.7) 25.5 (8.7)

70% to <90% 286 (33.9) 12.2 (8.0) 205 (29.1) 12.8 (8.6)

90% to <100% 68 (8.1) 0.8 (6.2) 45 (6.4) 1.2 (4.9)

100% 63 (7.5) −0.90 (4.5) 278 (39.5) −0.1 (1.4)

Percent diameter stenosis by PVA <.001 <.001

50% to <70% 7 (0.8) −3.9 (14.4) 2 (0.3) −11.3 (4.7)

70% to <90% 349 (41.4) 17.7 (10.7) 116 (16.5) 14.0 (12.0)

90% to <100% 415 (49.2) 17.3 (11.0) 291 (41.3) 17.4 (11.4)

100% 73 (8.6) 2.8 (6.9) 295 (41.9) 1.7 (6.8)

Lesion reference vessel diameter by QCA, mm .03 .10

<2.5 253 (30.0) 15.1 (11.6) 223 (31.7) 8.9 (11.4)

2.5 to <3 321 (38.0) 16.0 (11.1) 253 (35.9) 11.2 (13.6)

3 to <3.5 195 (23.1) 16.2 (12.6) 180 (25.6) 9.6 (11.6)

≥3.5 75 (8.9) 19.0 (9.5) 48 (6.8) 12.5 (11.9)

Lesion length by QCA, mm <.001 .01

<10 170 (20.1) 18.0 (10.9) 102 (14.5) 12.5 (13.1)

10 to <20 351 (41.6) 17.3 (10.9) 309 (43.9) 11.0 (12.3)

20 to <30 178 (21.1) 16.3 (11.3) 173 (24.6) 8.0 (11.6)

≥30 140 (16.6) 10.5 (12.0) 115 (16.3) 9.6 (12.6)

Unrecorded 5 (0.6) 7.1 (15.9) 5 (0.7) 0

Use of a FFR/IVUS .56 .23

Yes 12 (1.4) 14.5 (9.0) 6 (0.9) 17.9 (14.1)

No 832 (98.6) 16.1 (11.5) 698 (99.1) 10.1 (12.3)

Abbreviations: AMI, acute myocardial infarction; FFR, fractional flow reserve; IVUS, intravenous ultrasound; PVA, physician visual assessment;
QCA, quantitative coronary angiography.
a P values represent significance for the t statistic in the overall population and F statistics for the analysis of variation across subgroups.
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(P < .001) in patients with AMI. In patients with AMI, among
409 lesions less than 100% by PVA, the mean (SD) difference
between PVA and QCA was 16.3% (11.8%), and comparisons be-
tween PVA and QCA show a Pearson c of 0.42 (P < .001) and a
weighted κ of 0.04 (95% CI, 0.02-0.06).

When the analyses were conducted using only results from
each of the QCA laboratories, respectively, the results were
qualitatively similar (eTable 3 in the Supplement). After ex-
cluding lesions with thrombus or extensive calcium deposits
by QCA, we observed a similar pattern (795 patients without
AMI: Pearson c = 0.63; P < .001; weighted κ = 0.20; 95% CI,
0.16-0.23; 553 patients with AMI: Pearson c = 0.68; P < .001;
weighted κ = 0.41; 95% CI, 0.38-0.45).

Hospital and Physician Variation
In non-AMI patients, the overall mean difference between PVA
and QCA readings of stenosis severity among all 30 hospitals
was 16.0%, and hospital-specific differences ranged from 7.6%
(95% CI, 0.4-14.7) to 21.3% (95% CI, 17.1-24.9); 9 (30.0%) hos-
pitals differed significantly from the mean difference (Figure 3).

In patients with AMI, the overall mean difference among all
29 hospitals was 10.2%, and hospital-specific differences
ranged from 5.4% (95% CI, −0.4 to 11.3) to 20.0% (95% CI, 15.2
to 24.8), with 4 (13.8%) hospitals significantly different from
the overall mean difference (Figure 3).

In non-AMI patients, the overall mean difference among
all 57 physicians was 16.0%, and the physician-specific differ-
ence ranged from 6.9% (95% CI, −1.4 to 15.3) to 26.4% (95%
CI, 21.5 to 31.4). In AMI patients, the overall mean difference
among all 48 physicians was 10.4%, and the physician-
specific difference ranged from 0.6% (95% CI, −6.7 to 7.9) to
26.9% (95% CI, 21.2 to 32.5) (Figure 3).

Discussion
In a large population of patients and lesions treated with PCI
in China, we found that PVA resulted in more severe stenosis
determinations than those calculated using a core laboratory-
derived QCA. Among non-AMI patients, nearly half of treated

Figure 1. Distribution of the Mean Difference in Percent Diameter Stenosis Between PVA and QCA
by AMI Status
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Figure 2. Comparison of the Percent Diameter Stenosis Between PVA and QCA by AMI Status
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lesions were less than 70% by QCA, with a substantial propor-
tion of lesions being less than 60%. These angiographic stud-
ies, which encompass a diverse group of procedures at these
hospitals, rarely included FFR to assess functional severity of
anatomical lesions. The discrepancies between PVA and QCA
varied substantially at the hospital and physician level.

This study extends the existing literature in several im-
portant ways. First, to our knowledge it is the largest study to
date to evaluate the interpretation of percent diameter coro-
nary stenosis by PVA and QCA. It also demonstrates that the
concerns raised in previous US-based studies also apply to
China, where half a million PCIs are performed each year.
Finally, owing to its large sample size, this study is the first to
examine the variation between PVA- and QCA-defined steno-
sis severity across hospitals and physicians.

In China, the volume of PCI procedures performed has
increased markedly in the past decade, accompanied by a
rapid increase in the number of PCI-capable hospitals and
interventional cardiologists.16 Since 2009, the Chinese gov-

ernment has made considerable efforts toward PCI standard-
ization, including certification of institutions and individu-
als and implementation of training requirements and quality
controls.17 Nevertheless, few efforts have been directed
toward verifying the accuracy of the interpretation of angio-
grams, despite the pivotal importance of these interpreta-
tions in the decision to perform revascularization. Although
panel readings have been shown to improve the accuracy of
angiogram interpretation,18,19 the proportion of ad hoc PCIs
in China has increased rapidly,13 thereby expanding the
influence of inaccurate interpretations by individuals.
Incorporating the accuracy of stenosis severity into quality
assurance systems at the hospital and physician level may
help to increase the accuracy of visual interpretation and
minimize variations.

The study has several important implications. The as-
sumption of accurate and reproducible assessment of coro-
nary stenosis severity serves as the foundation for current clini-
cal decisions regarding revascularization. Despite being

Figure 3. Variations Across Hospitals and Among Physicians in the Mean Percent Diameter Stenosis Difference Between PVA and QCA by AMI Status
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AMI indicates acute myocardial infarction; PVA, physician visual assessment; QCA, quantitative coronary angiography.
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challenged as long as 40 years ago,7,20 owing to its conve-
nience, efficiency, and ease of implementation, visual assess-
ment is still the main method used to determine percent di-
ameter stenosis in China and other countries. Given that the
clinical standard, PVA, frequently resulted in an overesti-
mate of lesion severity compared with the less subjective QCA,
it is possible that revascularization would not have been pur-
sued in some lesions—an implication that is similar to find-
ings from the United States.

Our findings are particularly important in China, where
functional assessments are rarely used and decisions about
interventions rely heavily on PVA. Yet, this phenomenon is
not unique to China; for example, in the US Medicare popu-
lation, only 44.5% of patients underwent stress testing
within the 90 days prior to elective PCI.21 Moreover, health
care resources in China are limited with respect to PCI capa-
bility relative to the growth of cardiovascular need and the
population size, so there is a need to concentrate procedures
where they are most needed. Also, many patients, despite
national insurance, may have considerable out-of-pocket
costs associated with these procedures, highlighting the
need for prudent use of the procedures.

For our study, we employed methods similar to those used
in a 2013 study in the United States9 to permit a comparison
of findings. Importantly, the mean difference between PVA and
QCA interpretations of stenosis severity in non-AMI patients
in China was twice as large as in the previous study (16% vs
8%). Using only the data from the same core laboratory as the
US study, this mean difference was 17%, suggesting that PVA
accuracy may be even lower in China than the United States.
Among those lesions undergoing PCI, one-half of the PVA mea-
surements were less than 70% by QCA in China, compared with
approximately one-fourth of lesions in the United States.

There is a question about whether QCA should represent
a gold standard against which to measure PVA. Quantitative
coronary angiography has been widely used for decades in
clinical research and, in selected cases, in clinical practice,
owing to its reproducibility and validity.10 Nevertheless, QCA
has limitations, including a dependency on image quality and
challenges in assessing complex lesions, such as those with
thrombus or calcification. However, our findings remained ro-
bust when we excluded complex lesions. Furthermore, based

on the 2017 Appropriate Use Criteria, angiographic determi-
nation of stenosis severity remains a cornerstone in revascu-
larization decisions.1

There are potential remedies to the limitations of QCA.
There is evidence that group reading can improve the accu-
racy of interpretations. Moreover, there may be ways to eas-
ily incorporate some of the principles of QCA into real-time
practice, such as a standardized calibration process using
specific catheters. Also, feedback to practitioners, enabling
calibration of their interpretations, might be useful—as might
be computerized training programs. In addition, the develop-
ment of machine-learning techniques22 may provide tools to
help physicians interpret coronary stenosis more accurately.
Finally, FFR may be estimated with techniques such as
computational fluid dynamics.

Limitations
Certain limitations should be considered in the interpreta-
tion of this study. First, hospitals participating in the study rep-
resented a select group of tertiary care facilities, so we may have
underestimated the magnitude of misinterpretation had less
sophisticated hospitals been included. Second, owing to the
small number of physicians in each hospital, we were unable
to assess the between-physician variation in a hospital. Third,
this is a pragmatic study of actual practice and we do not have
details on how they produced their estimates of lesion sever-
ity. Finally, we did not evaluate cases where PCI was not
performed and were unable to assess when angiographically
severe stenoses were underappreciated.

Conclusions
In this large study of patients undergoing contemporary PCI
in China, we found that PVA significantly overestimated coro-
nary stenosis severity compared with independent measure-
ments by QCA, supporting the need for greater use of func-
tional assessments prior to the performance of PCI. Large
variations across hospitals and among physicians suggest
that efforts are urgently needed to improve the accuracy of in-
terpretations of coronary angiograms and to optimize the se-
lection of patients for PCI in current clinical practice.
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Editor's Note

Overuse of Percutaneous Coronary Interventions
Rita F. Redberg, MD, MSc

Since Gruentzig first used a balloon to inflate the left ante-
rior descending of a young man with angina in 1977, there have
been hundreds of millions of percutaneous coronary inter-

ventions (PCI) done world-
wide. Most PCI are performed
on patients who are asymp-
tomatic or who have not had

a trial of optimal medical therapy,1 which is equally effective
in preventing myocardial infarction or death. Furthermore, in
symptomatic patients there is no benefit to PCI in reducing
symptoms or improving quality of life compared with a pla-
cebo procedure.2 This carefully performed analysis3 from the
China PEACE study adds to the concern of overuse of PCI. It
documents yet another commonly known but little dis-
cussed contributor to inappropriate PCI—the inaccuracy of an-
giographic readings. Visual assessments tend to systemati-
cally overestimate the magnitude of the stenosis, meaning that
patients will get an intervention on a lesion that is not hemo-
dynamically significant. In a painstaking analysis of 1295 pa-
tients who underwent PCI in China, Zhang et al3 compared
physician visual assessment with quantitative coronary angi-

ography (QCA). They found systematic overestimation of
angiographic stenosis by 10% for patients with acute myocar-
dial infarction (AMI), and 16% for patients without AMI.

For patients in need of cardiac catheterization, visual as-
sessment should be supplemented with a more quantitative
method for questionable stenosis. However, the more impor-
tant intervention is to initiate medical therapy for all patients
with coronary artery disease; there is no reason to have a di-
agnostic cardiac catheterization first. I routinely start anti-
ischemic medications and follow patients clinically for reso-
lution of angina and ability to resume and continue all activities,
including work and athletics. As has been amply docu-
mented, the oculostenotic reflex takes over in the catheter-
ization laboratory. This enthusiasm for use of PCI, whether mo-
tivated by our love for technology, feeling like we are doing
something when we open a stenosis, or related to our fee-for-
service health care system, is hard to resist once a patient
reaches the catheterization laboratory.4 The best approach is
not to refer these stable patients to the catheterization labo-
ratory in the first place, but rather to start medical therapy and
follow the patient clinically.
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