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Background and Objectives: Poor R-wave progression (PRWP) is a common electrocardiographic diagnosis. How-
ever, the diagnostic usefulness of PRWP for coronary artery disease (CAD) and the plausible explanation for sub-
jects with normal heart function are unclear. Subjects and Methods: We included 20,739 subjects who had routine
medical examinations and applied the commonly used criteria (R-waves in V3 or V4 =<2 mm) and the Marquette
criteria in the current study. Subjects with PRWP by the Marquette criteria, but with no evidence of specific causes,
were identified. Healthy age- and gender-matched controls were selected randomly for comparing cardiothoracic
ratios. Results: The commonly used criteria in practice were met by 372 of the 20,739 subjects (1.8%). The Mar-
quette criteria were met by 96 subjects (0.5%), and 82 of who agreed to medical evaluation. Five subjects had
known CAD and only one subject was shown to have a silent myocardial infarction by additional testing. There-
fore, the positive predictive value of PRWP for CAD was 7.3% (6,/82) based on the Marquette criteria. As com-
pared with the control group, the subjects with PRWP had a significantly low cardiothoracic ratio (0.425 vs. 0.445,
p<0.05), especially among the male group (0.454 vs. 0.407, p=0.02). Conclusion: The positive predictive value of
PRWP for CAD in the general population is so low that additional tests for diagnosis may be unreasonable. In
addition, a low cardiothoracic ratio could be a plausible explanation of PRWP in subjects without any identifiable

cause. (Korean Circ J 2009;39:418-422)
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Introduction

Poor R-wave progression (PRWP) is a common elec-
trocardiographic diagnosis. However, there are no stand-
ard diagnostic criteria for PRWP, although several com-
plex criteria have been suggested (Table 1).° In addition,
the clinical implications of PRWP are as unclear as its
definition, and there are no guidelines regarding how to
evaluate patients with PRWP. PRWP also occurs in var-
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ious conditions, such as left bundle branch block, left
ventricular hypertrophy, Wolff-Parkinson-White (WPW)
syndrome, and coronary artery disease (CAD).” In clin-
ical practice, it is important to estimate the possibility
of CAD among patients with PRWP, i.e., the positive
predictive value. One of the aims of the present study
was to determine the positive predictive value of PRWP.

In addition, there is no plausible explanation for PR-
WP in subjects without any specific cause. This can lead
physicians to perform unnecessary diagnostic evalua-
tions. Basically, the R-wave amplitude represents the
cumulative electrical activation of the ventricle, so it is
used for the diagnosis of ventricular hypertrophy.” Be-
cause the heart’s location in the thorax can also influ-
ence R-wave amplitude, the positions of the precordial
electrocardiogram (ECG) leads are determined by bony
landmarks on the precordium. A measured R-wave be-
comes decreased when the lead is further away from the
heart. For example, the R-wave amplitude in the left pre-
cordium decreases in subjects with a vertical heart po-
sition or dextrocardia. A chest radiograph may be help-



Table 1. Various poor R-wave progression criteria
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Commonly used in practice - RV3 or RV4 <2 mm

Marquette system” - No left ventricular hypertrophy

- RV3 or RV4 <2 mm and (a decrease in RV2 to RV3, or RV3 to RV4) or
- RV3 <1 mm and (<0.25 mm increase from RV2 to RV3)

DePace et al.?

-RV3 <3 mm or (decrease in RV1 to RV2, and RV2 to RV3, and RV3 to RV4) and

-(0.95a+1.38b+0.17¢-0.12d-0.07e-0.54)>0, where

a. 1 for men, 2 for women

b. 2 for ST depression or T wave inversion in both leads V2 and V3

1 for ST depression or T wave inversion in either V2 or V3

0 for normal ST segments and T waves in V2 and V3

c.SV2

d. SV3
e. Sum of RV3 and V4
Wagner et al.”
- Duration of RV2 <20 ms
Zema et al.!
-RV1 <4 mm and SV1 <1 mm or

- No left or right ventricular hypertrophy and

- (Decrease in RV1 to RV2, or RV2 to RV3, or RV3 to RV4) or RV4 <3 mm or (RV3 <3 mmand RV2 <RV3)and

-RV1 >4 mm and (RV3 < 1.5 mm or RV3 >1.5 mm with T wave inversion or ST elevation in V2 or V3)

RV: R-wave amplitude in V, SV: S-wave amplitude in V

ful in visualizing the relationship between bony land-
marks in the chest wall and the actual position of the
heart, and the distance from the heart to the ECG leads
on the left precordium can be increased in individuals
with a low cardiothoracic ratio. Therefore, we hypoth-
esized that PRWP is correlated with a low cardiothor-
acic ratio (Fig. 1).

Subjects and Methods

Study population and poor R-wave progression
criteria

We included 20,739 consecutive subjects who under-
went routine medical examinations, including an ECG,
a chest radiograph and other extensive medical testing,
between September 2001 and December 2007 at the
National Cancer Center in Korea. We applied the fol-
lowing two PRWP criteria: 1) the commonly used cri-
teria in practice (R-wave in V3 or V4 <2 mm) and 2)
the Marquette system (Table 1). Further analysis was
only performed using the Marquette system because
the commonly used criteria were neither objective nor
consistent among physicians. We enrolled 82 subjects
undergoing further medical evaluations for PRWP, which
included history-taking and identifying risk factors for
cardiovascular disease, as well as additional tests, such as
nuclear single-photon emission computed tomography
(SPECT), echocardiography, or exercise treadmill testing,
at their cardiologist’s discretion.

Comparison of cardiothoracic ratio

To evaluate our hypothesis that the PRWP in subjects
with normal hearts is correlated with a low cardiotho-
racic ratio, we identified 76 subjects with PRWP and
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Fig. 1. Chest radiographs and electrocardiogram in a normal con-
trol subject (A) showing a normal cardiothoracic ratio, and in a sub-
ject with PRWP (B) showing a low cardiothoracic ratio. PRWP: poor
R-wave progression.

without evidence of specific causes, such as CAD, left
bundle branch block, left ventricular hypertrophy, or
WPW syndrome. Then, age- and gender-matched con-
trols without PRWP were randomly selected. They had
no cardiovascular symptoms, such as dyspnea, chest dis-
comfort, edema, or syncope, nor did they have risk fac-
tors, such as diabetes, hypertension, a smoking habit,
dyslipidemia, obesity, or a relevant family history. Chest
radiographs were obtained on the same day as the ECG,
and cardiothoracic ratios were calculated for subjects
with PRWP and for the controls. The cardiac diameters
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were measured blinded to the patient’s age, gender, and
clinical details by an investigator.

The cardiothoracic ratio was calculated as the ratio of
the maximal transverse diameter of the cardiac silhou-
ette to the distance between the internal margins of the
ribs at the level of the right hemidiaphragm. Compari-
sons of the cardiothoracic ratio were performed among
male, female, and all subjects.

Data analysis

Statistical analyses were performed using Stata, version
10.0 (StataCorp LP, College Station, TX, USA). Con-
tinuous variables were expressed as the mean = stand-
ard deviation and then compared using two-tailed Stu-
dent’s t-tests. Categorical variables were reported as the
number and percentile, and compared using chi-squared
tests. A p< 0.05 was considered statistically significant.

Results

Subject characteristics

The baseline characteristics of the subjects with and
without PRWP are listed in Table 2. The subjects with
PRWP were predominantly female (74%) and signifi-
cantly younger than the males (48 10 years vs. 53 1 10
years, p<0.01). Further, they had low CAD risk factor
profiles, including obesity, lipid, fasting glucose, and
blood pressure.

Prevalence and positive predictive value of poor
R-wave progression
Based on the commonly used criteria in practice (R-

Table 2. Baseline characteristics according to the presence of
PRWP

wave in V3 or V4 =<2 mm), the prevalence of PRWP in
the general population was 1.8% (372/20,739), and bas-
ed on the Marquette system it was 0.5% (96,/20,739).
Further analysis was only performed on the basis of the
Marquette system. Six subjects had apparent causes of
PRWP, such as left bundle branch block, left ventricular
hypertrophy, and WPW syndrome. Eight subjects de-
clined further cardiac evaluation. In the remaining 82
subjects, 5 subjects had known CAD. Sixty-one subjects
had neither symptoms nor risk factors for cardiovascular
disease, and hence did not undergo further cardiac eval-
uations.

At the cardiologist’s discretion, 16 subjects underwent
additional tests (echocardiography in 10 subjects, SPECT
in 2 subjects, exercise treadmill testing in 1 subject, and
coronary calcium score in 3 subjects); only 1 subject was
shown to have had a silent myocardial infarction. There-
fore, the positive predictive value of PRWP for CAD was
7.3% (6/82) based on the Marquette system.

Impact of cardiothoracic ratio on poor R-wave
progression

We compared 76 subjects without specific PRWP
causes with 76 controls, according to the cardiothoracic
ratio (Table 3). The cardiothoracic ratios were signifi-
cantly lower in the subjects with PRWP than in the con-
trols (0.425 vs. 0.445, respectively, p<0.01) (Fig. 2). The
difference was more profound in the male group (0.407
vs. 0.454, respectively, p=0.02); however, the cardiotho-
racic ratio did not differ significantly between subjects
with and without PRWP in the female group (0.430 vs.
0.442, respectively, p=0.10).

Table 3. Baseline characteristics of subjects with PRWP (normal
heart) and matched control group

PRWP No PRWP

PRWP group Control group

(n=96)  (n=20,643) P (n=76) (n=176)
Age (years) 48*10 53£10 <0.01 Age (years) 47£9 47£9 0.92
Men (%) 23 (26) 11,357 (55) <0.01 Men (%) 16 (21) 16 (21) 1.00
Hypertension (%) 9 (10) 3,510 (17) 0.07 Hypertension (%) 4 (5) 0 (0) 0.04
Diabetes mellitus (%) 6 (7) 1,239 (6) 0.68 Diabetes mellitus (%) 4 (5) 0 (0) 0.04
CAD (%) 6(7) 619 (3) 0.04 CAD (%) 0(0) 0(0) 1.00
Smoker (%) 18 (20) 4,749 (23) 0.85 Smoker (%) 14 (19) 0 (0) <0.01
Weight (kg) 58+11 64+ 11 <0.01 Height (cm) 162+7 162+7 0.59
Height (cm) 160+13 164+8 <0.01 BMI (kg/m?) 22+3 21£2 0.53
BMI (kg/m?) 22+t4 24+3 <0.01 Abdominal circumference (cm) 79+8 77£5 0.23
Total cholesterol (mg/dL) 191 £37 201 £36 <0.01 Total cholesterol (mg/dL) 192 +37 190+26 0.76
Triglycerides (mg/dL) 90£76 112+82 <0.01 Triglycerides (mg/dL) 8673 81+41 0.62
HDL-cholesterol (mg/dL) 6217 55+ 14 <0.01 HDL-cholesterol (mg/dL) 64+17 65+ 15 0.63
LDL-cholesterol (mg/dL) 115%+30 128 +32 <0.01 LDL-cholesterol (mg/dL) 114 +27 113£22 0.78
Fasting glucose (mg/dL) 881122 116 =30 <0.01 Fasting glucose (mg/dL) 87+22 83+ 10 0.13
SBP (mmHg) 11615 122+17 <0.01 SBP (mmHg) 114+13 11311 0.46
DBP (mmHg) 71£10 75+12 <0.01 DBP (mmHg) 70+9 69+t7 0.37

PRWP: poor R-wave progression, CAD: coronary artery disease, BMI:
body mass index, HDL: high-density lipoprotein, LDL: low-density
lipoprotein, SBP: systolic blood pressure, DBP: diastolic blood pres-
sure

PRWP: poor R-wave progression, CAD: coronary artery disease, BMI:
body mass index, HDL: high-density lipoprotein, LDL: low-density
lipoprotein, SBP: systolic blood pressure, DBP: diastolic blood pres-
sure
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Fig. 2. Box plots comparing cardiothoracic ratios in the control and PRWP groups. The cardiothoracic ratio is significantly associated with
the presence of PRWP in all (A) and male subjects (B) although it is not in female subjects (C). The central boxes include the middle 50 per-
centile of the data and horizontal lines show the middle of 80 percentile of data. CT ratios: cardiothoracic ratios, PRWP: poor R-wave pro-

gression.

Discussion

Prevalence and positive predictive value of poor
R-wave progression

The present study revealed the prevalence and posi-
tive predictive value of PRWP in the general population.
This is the first study to investigate this topic and sug-
gest a reasonable cause of PRWDP, i.e., a low cardiotho-
racic ratio. The prevalence of PRWP in the general pop-
ulation (0.5% by the Marquette criterion or 1.8% by the
simple criterion based on R-wave amplitude of only two
precordial leads) was even lower than in hospitalized
adult patients (10%) or in patients examined for CAD
(8%).2% Subjects with PRWP tend to be female, young-
er, weigh less, and shorter in height than those without
PRWP. Considering that a low cardiothoracic ratio is
frequent in the young and those who weigh less,” it is
also postulated that PRWP is associated with a low car-
diothoracic ratio.

The positive predictive value of PRWP for CAD was
7.3%, which is also<the previously reported value of
20% in patients with suspected CAD? because the pre-
vious study population was a high risk group different
from the general population.

Furthermore, most subjects with CAD and PRWP
were already known to be CAD patients from their med-
ical history and only one subject was newly detected
by additional cardiac testing. Thus, additional testing
for asymptomatic subjects with PRWP may be not rea-
sonable in the general population.

Association with cardiothoracic ratio

It has been reported that there is a direct correlation
between the R-wave amplitude and the left ventricular
size or mass.'”"” These reports support our hypothesis
that a lower cardiothoracic ratio is associated with PRWP
(Fig. 1).

Indeed, we found that the cardiothoracic ratio of sub-
jects with PRWP is lower than that of subjects without
PRWP in males, but not in females. There are several ex-
planations for this observation. One reason might be an

inconsistent ECG lead placement in females because of
the presence of breast tissue. In addition, the females in
the control group had a low cardiothoracic ratio; hence
the difference in cardiothoracic ratio between the con-
trols and subjects with PRWP might be too small to be
distinguishable.

Limitations

The lack of standard diagnostic criteria for PRWP is
confusing for clinicians and the existing criteria are too
complex to be applied in practice (Table 1)."¥ It has
been reported that the diagnostic values for PRWP are
similar among various criteria,'” and the Marquette sys-
tem is easily applicable as well as being the most com-
monly used computerized interpretation system.” There-
fore, the Marquette system was used in the present study.
Second, although the subjects with PRWP were referred
to cardiologists and underwent history-taking and phy-
sical examinations, it is possible that we missed some
patients with silent myocardial infarctions. We could
not perform further cardiac evaluation on all subjects
with PRWP because some of them declined further eval-
uation or had no symptoms or risk factors. Actually, none
of the current diagnostic methods is perfect and it is
very difficult to detect all cases of silent myocardial in-
farction. Given that the prevalence of silent myocardial
infarction is much <5%,"" the number of subjects with
silent myocardial infarctions that we missed is likely to
be very small, and hence the omission of these subjects
is less likely to have a significant effect on our findings.
Third, although we included >20,000 subjects, only 96
subjects had PRWP because of its low prevalence (0.5%);
as a result of this small sample size, there might have
been insufficient statistical power.

Conclusions

The prevalence and positive predictive value of PRWP
were so low that the diagnostic value of PRWP for myo-
cardial infarction is limited in the general population. A
low cardiothoracic ratio is one of the causes of PRWP
in subjects with a normal heart.
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