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Background: Left ventriculography (LVG) is a gold standard examination of left ventricular function, although it

also involves a small but significant risk of complications. However, it was recently reported to be overused in the

USA in comparison to an alternative imaging modality. In this study, our aim was to analyze the real-world use of

LVG in Taiwan.

Methods: This cohort study analyzed the data in the Taiwan National Health Insurance Bureau database for

patients undergoing coronary angiography from 1996-2008. The most recent imaging modalities were used

to evaluate left ventricular function including echocardiography and single-photon emission computed

tomography (SPECT) within 30-day. The primary outcome was the concomitant use of LVG during coronary

angiography.

Results: Of 8653 patients who underwent coronary angiography, LVG was performed on 4634 (53.6%) of those

study participants. The frequency of LVG use was lower in the groups indicating left ventricular function evaluation,

including acute myocardial infarction, heart failure and shock (49.5 vs. 57.1%, p < 0.001). In the population that had

undergone a recent left ventricular assessment, the use of LVG was lower (52.2% vs. 54.7%, p = 0.03). Multivariate

analysis found that 30-day imaging tests are not a predictor for use of LVG.

Conclusions: In Taiwan, about one half of those patients whose data we reviewed actually received coronary

angiography and LVG at the same time. Ultimately, we found that there was no overuse of LVG in those patients

with recent alternative imaging modality performed.
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INTRODUCTION

Left ventriculography (LVG) has been developed and

in use for more than 50 years.
1,2

It is an imaging tech-

nique used to evaluate left ventricular systolic function,

regional wall motion, and mitral regurgitation, and is of-

ten performed along with other cardiac catheterization

examinations. However, the LVG procedure requires car-

diac catheterization and contrast medium, which in-

volves the associated risks of renal injury and allergic re-

action. Many new noninvasive techniques have been de-

veloped and could also be used to evaluate left ventricu-

lar function. So LVG may be unnecessary or redundant if

another functionally equivalent tool was recently used

instead. Nevertheless, under certain critical heart condi-

tions necessitating coronary angiography, the LVG can

immediately evaluate heart function. We performed this

study for the purpose of examining the real-world use of

LVG in Taiwan.
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MATERIALS AND METHODS

Data source

The data was analyzed from the National Health In-

surance Research Dataset (NHIRD), published by the

National Health Research Institute (NHI) in Taiwan,

which provided a database of 1,000,000 cases ran-

domly selected from people insured in 2005. Medical

claims data during the period 1996-2008 were avail-

able for all insureds. The NHI program has been imple-

mented in Taiwan since 1995, offering a comprehen-

sive, unified, and universal health insurance program

for all Taiwan citizens. Those citizens who have estab-

lished a registered domicile for at least 4 months in the

Taiwan area are in the position to be enrolled in NHI.

This coverage provides outpatient service, inpatient

care, Chinese medicine, dental care, childbirth, physi-

cal therapy, preventive health care, home care, as well

as rehabilitation for chronic mental illness. The cover-

age rate was 96.16% of the entire Taiwan population in

2000 and further increased to 99% by the end of 2004.

The NHI medical claims database also includes ambula-

tory care, hospital inpatient care, dental services, and

prescription drugs. Therefore, the NHIRD is one of the

largest and most complete nationwide population-

based datasets in Taiwan and there were no statisti-

cally significant differences in age, sex, and average in-

sured payroll-related amount between the sample group

and all enrollees.
3

Because these were secondary data, each patient’s

original identification number has been encrypted by a

consistent procedure to protect privacy, so that linkage

of claims relating to the same patient is feasible within

the NHI Research Database.

Study sample

This study population included all adults hospital-

ized for coronary angiography from January 1, 1996 to

December 31, 2008. If a patient had received coronary

angiography several times during the study period, the

first episode was selected. Coronary angiography was

defined by reimbursement for any of the following

treatment codes: 18020B or 18021B.

The ejection fraction measurement

LVG during coronary angiography was defined as a

claim for 18026B occurring on the same day of the coro-

nary angiography. The alternative left ventricular ejec-

tion fraction (LVEF) measurement was defined as echo-

cardiography (codes: 18005B, 18006B, 18007B), stress

and redistribution myocardial perfusion study with sin-

gle-photon emission computed tomography (SPECT)

(codes: 26025B). We calculated the frequency of two al-

ternative ejection fraction measurements on the same

days and in the prior 30 and 90 days before coronary

angiography.

Inpatient diagnosis

The inpatient claims were used to determine the

International Classification of Diseases, Ninth Edition

(ICD-9) diagnoses for diabetes (codes: 250.0-250.3,

250.7), hypertension (codes: 401-405), heart failure

(codes: 428, 429.3, 402.01, 402.11, 402.91, and 425),

renal failure (codes: 582, 583, 585, 586, and 588), shock

(codes: 458 and 785.5), acute myocardial infarction

(codes: 410 and 412), ischemic heart disease (codes:

410-414), and ischemic stroke (codes: 433-434, 436) as

major diagnoses for admission.

Statistical analysis

We determined the frequency of LVG stratified by

inpatient diagnoses and a prior measurement of ejec-

tion fraction. The Chi-square test was used to evaluate

for categorical variables, and two-sample t tests were

used to evaluate differences in continuous variables.

The adjusted odds ratio was derived by multivariate lo-

gistic regression to identify the determinants of LVG. A

2-sided p value < 0.05 was considered statistically signif-

icant. All analyses were conducted using SAS 9.3 (SAS,

Cary, NC, USA).

RESULTS

We identified a total of 8653 patients with baseline

clinical characteristics in Table 1. This included 89.8%

patients with ischemic heart disease, 26.0% patients

with heart failure, 4.6% patients with shock, and 50.1%

patients who underwent an imaging study to evaluate

ventricular function within a 30-day period. Among all

patients who underwent coronary angiography, LVG was

performed in 4634 (53.6%).
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Potential indications for LVG

We identified patients who may have potential indi-

cations for LVG due to critical heart conditions (Figure

1). These included those hospitalized with a diagnosis of

heart failure (n = 2252), acute myocardial infarction (n =

2340), or shock (n = 394). Overall, 4051 (46.8%) patients

undergoing coronary angiography had at least one of

three indications. However, the frequency of LVG use

was lower in the group (49.5 vs. 57.1%, p < 0.001). The

frequency of LVG use was significantly lower in patients

with a diagnosis of acute myocardial infarction or shock

as compared to those patients without similar diagnoses

(44.4 vs. 56.9 and 39.6 vs. 54.2%, both p < 0.001). In pa-

tients with heart failure, the percentage of use of LVG is

not statistically different (53.5 vs. 53.6%, p = 0.92).

Prior assessment of left ventricular function

The 30-day alternative imaging modality to evaluate

left ventricular function (LVF) includes echocardiography

and SPECT. Overall, 43.7% of patients undergoing LVG

had already received an alternative LVEF measurement

within the prior 30 days and the rate increased to 55.3%

when the date extended to 90 days (Figure 2). Those pa-

tients with a recent LVF measurement by alternative

techniques were less likely to undergo LVG (52.2 vs.

54.7%, p = 0.03). If echocardiography had been used in
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Table 1. Characteristics of patients with and without left ventriculography

Total LVG No LVG p value

N (%) 8653 4634 (53.6) 4019 (46.4)

Age (y), mean � SD 63.2 � 13.0 65.1 � 13.1 < 0.001

Male gender, n (%) 5546 (64.1) 2936 (63.4) 2610 (64.9) < 0.130

30-day image use (%) 4099 (50.1) 2139 (48.9) 1960 (51.4) < 0.030

Diagnosis, n (%)

IHD 7770 (89.8) 4201(90.7) 3569 (88.8) < 0.005

Ischemic stroke 1071 (12.4) 0591 (12.8) 0480 (11.9) < 0.254

Heart failure 2252 (26.0) 1204 (26.0) 1048 (26.1) < 0.921

Hypertension 6286 (72.6) 3334 (71.9) 2952 (73.5) < 0.120

Diabetes 3181(36.8) 1599 (34.5) 1582 (39.4) < 0.001

Renal failure 1263 (14.6) 0567 (12.2) 0696 (17.3) < 0.001

Myocardial infarction 2340 (27.0) 1039 (22.4) 1301 (32.4) < 0.001

Shock 394 (4.6) 156 (3.4) 238 (5.9) < 0.001

CI, confidence interval; IHD, ischemic heart disease; LVG, left ventriculography.

Figure 1. Frequency of left ventriculography for indicating diseases.

AMI, acute myocardial infarction; HF, heart failure. In the above chart, I

would use “Not” indicating disease instead of “No” indicating disease.

Figure 2. Frequency of imaging study already performed on the pa-

tients receiving left ventriculography. Echo, echocardiography; SPECT,

single-photon emission computed tomography.



the most recent 30 days, patients were less likely to re-

ceive LVG (50.3 vs. 56.5% p < 0.001). However, the use

of LVG increased in patients undergoing recent SPECT

(59.9 vs. 52.2%, p < 0.01) (Figure 3).

Factors associated with use of LVG

We calculated the adjusted odds ratio (AOR) of LVG

use in different subgroups (Table 2). After multivariate

analysis, only ischemic heart disease, ischemic stroke,

and heart failure were positively associated with LVG.

Patient age, shock, acute myocardial infarction, renal

failure, and diabetes were negatively associated with

LVG.

DISCUSSION

In the present study, we have three major findings.

First, LVG was performed in 53.6% of patients during

coronary angiography. Second, the frequency of LVG use

was lower in the groups indicating for left ventricular

function evaluation. Third, in the population that had

undergone a recent 30-day ejection fraction assessment

by another modality, the use of LVG was significantly

lower.

The LVG was introduced approximately 50 years ago

and it represented a superior modality to image left

ventricular systolic function and regional wall motion

compared with other techniques available at the same

time.
1,4-6

However, the LVG has many limitations. It is an

invasive examination requiring arterial cannulation and

use of a cardiac catheterization laboratory. Additionally,

it can only provide the 2-dimensional assessment of a

single chamber and a single valve at one time. Besides,

the quality of LVG is difficult to optimize. Ventricular ar-

rhythmia and inadequate opacification of the ventricu-

lar cavity can cause unsatisfactory resulting images. Ac-

cording to Deligonul et al., even when utilized by experi-

enced operators using biplane imaging, only 20% of im-

aging quality was considered “excellent”.
7

Moreover,

performing LVG is not completely safe; it carries a risk of

ventricular arrhythmia, heart block, thromboembolic

event, and extra contrast injection. The contrast volume

is usually 30-45 mL, which is nearly equal to the total

contrast used in diagnostic coronary angiography.
7-9

Studies have validated that total contrast dose is an in-

dependent risk factor for the development of contrast-

induced nephropathy and this complication could in-

crease mortality.
10,11

In Taiwan, we found LVG was per-

formed in 53.6% patients during coronary angiography.

With the development and widespread use of new

diagnostic imaging techniques, such as echocardio-

graphy, nuclear scintigraphy, and magnetic resonance

imaging, the use of LVG could be replaced by new mo-

dalities. Despite this, the use of LVG appears to be rou-

tine, even when its use overlaps with other recently ob-

tained imaging tests.
12,13

According to study of Witteles

et al., LVG was overused in the USA. They found that

LVG was performed on more than 80% of patients un-

dergoing coronary angiography and most of its use was
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Figure 3. Frequency of left ventriculography if a patient had recently

undergone the alternative imaging study in the prior 30 days before

coronary angiography. Echo, echocardiography; SPECT, single-photon

emission computed tomography.

Table 2. Multivariate correlates of left ventriculography

AOR 95% CI p value

Age 0.99 0.98-0.99 < 0.001

Male gender 0.93 0.84-1.02 < 0.110

30-day image use 0.98 0.90-1.08 < 0.721

IHD 1.29 1.11-1.49 < 0.001

Ischemic stroke 1.17 1.02-1.34 < 0.024

Heart failure 1.15 1.04-1.28 < 0.009

Hypertension 0.98 0.89-1.09 < 0.740

Diabetes 0.87 0.79-0.95 < 0.003

Renal failure 0.72 0.63-0.82 < 0.001

Myocardial infarction 0.65 0.58-0.72 < 0.001

Shock 0.69 0.55-0.86 < 0.001

AOR, adjusted odds ratio; CI, confidence interval; IHD, ischemic

heart disease; LVG, left ventriculography.



not indicated.
13

Our study evaluated the use of LVG in

Taiwan. First, clinicians in Taiwan tended to perform

fewer LVGs in the elderly and those suffering from con-

ditions of shock, acute myocardial infarction, renal fail-

ure, and diabetes. Second, the use of LVG is reasonable

for patients with a higher acuity of illness necessitating

coronary angiography because it could provide an on-

site assessment of left ventricular function and regional

wall motion. However, we found the LVG is less fre-

quently used in patients with acute myocardial infarc-

tion and shock. Third, although the LVG was less fre-

quently performed when recent echocardiographic im-

aging had assessed LVEF, it was more frequently used in

those patients who had recently received nuclear scinti-

graphy.

LIMITATIONS OF THE STUDY

There were several limitations in this study. It is pos-

sible that some of the prior LVEF assessments were not

of sufficient diagnostic quality and that LVG was there-

fore a reasonable test. However, in recent years, rates of

non-diagnostic studies with echocardiography and nu-

clear scintigraphy are low. Second, we did not evaluate

the influence of additional imaging tests, such as mag-

netic resonance imaging and coronary computed to-

mography angiography. However, given that the rate

these tools were used was much lower in most clinical

conditions, this would not alter the fundamental find-

ings of the study. Third, nuclear medicine doctors might

not routinely calculate left ventricular ejection fraction.

Furthermore, some physicians could not be convinced

of the accuracy of left ventricular function assessment

by SPECT, which might partially explain why the fre-

quency of LVG use is higher in those patients who re-

cently underwent nuclear scintigraphy.

CONCLUSIONS

In an analysis of NHIRD with 8653 patients undergo-

ing coronary angiography in Taiwan from 1996 to 2008,

we found that LVG was concomitantly performed in

53.6%. Compared with the USA data, the LVG was not

overused in patients who had received recent LVEF mea-

surement in Taiwan. However, the LVG was less fre-

quently performed in certain patient(s) indicating for it

such as acute myocardial infarction and shock. There-

fore, it would be of value for the education of physicians

and their clinical practice guidelines to include the defi-

nition of adequate use of LVG.
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