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Abstract

Background: A difference in systolic blood pressure (SBP) >10mmHg between the arms is
associated with an increased risk of coronary artery disease (CAD) and mortality in high-risk
patients. Methods and results: Four hundred and fourteen patients were divided into three
groups according to the percent most severe luminal narrowing of a coronary artery as
diagnosed by coronary computed tomography angiography: no or mild coronary stenosis
(0-49%), moderate stenosis (50-69%) and severe stenosis (>70%) groups. The relative
difference in SBP between arms in the severe group was significantly lower than those in the no
or mild and moderate groups. The brachial-ankle pulse wave velocity (baPWV) significantly
increased as the severity of coronary stenosis increased. We confirmed that severe coronary
stenosis was independently associated with both the relative difference in SBP between arms
and baPWV, in addition to age, gender, hypertension, dyslipidemia, diabetes mellitus and ankle-
brachial index by a logistic regression analysis. The group with a relative difference in SBP
between arms of <1 mmHg and baPWV > 1613 cm/s showed a higher percentage of patients
with severe coronary stenosis than groups that met neither or only one of these criteria.
Conclusion: The combination of the relative difference in SBP between arms and baPWV may be
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a more effective approach for the non-invasive assessment of the severity of CAD.

Introduction

A difference in systolic blood pressure (SBP) between arms
has been linked to peripheral vascular disease, cerebrovascu-
lar disease and cardiovascular mortality (1-4), and is most
commonly observed in patients with hypertension (HTN) (5),
diabetes mellitus (DM) (6) and chronic renal disease (CKD)
(7). The presence of an inter-arm difference has been
associated with the delayed diagnosis (8) and poor control
of HTN (9), and bilateral BP should be measured for the
assessment of HTN (10,11). Recent studies have shown that a
difference in SBP of >10mmHg between the arms is
associated with an increased risk of coronary artery disease
(CAD) mortality in high-risk patients (5,12,13). Despite these
associations, the value of differences in BP between arms and
between the lower limbs for predicting the presence and
severity of CAD is still not well-established.

Brachial ankle pulse wave velocity (baPWV) can be
automatically obtained with non-invasive devices and is
currently a conventional measurement for evaluating arterial
stiffness in a clinical setting (14). Many studies have
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demonstrated that baPWV predicts cardiovascular events in
a general population or in patients with HTN, DM, end-stage
renal failure or acute coronary syndrome (15-19). Thus,
baPWYV is a non-invasive means for predicting cardiovascular
events. Coronary computed tomography angiography (CTA)
has become more widely available in many general hospitals
and enables the assessment of coronary artery stenosis (20),
calcification (21) and plaque imaging (22) for the diagnosis of
CAD. Therefore, we hypothesized that a difference between
right (rt.) and left (It.) BP could be associated with the
severity of CAD, and evaluated the relationship between
differences in BP between arms and the severity of coronary
stenosis in patients who underwent CTA. Moreover, we
determined whether a difference in BP could be used in
addition to baPWV for predicting the severity of CAD.

Methods
Study population

A total of 414 consecutive patients who were clinically
suspected of having CAD, and who had at least one cardiac
risk factor or who had an abnormality in their electrocardio-
gram, such as ST depression, negative T wave or left bundle
branch block, were enrolled in this study. All patients
underwent CTA and an assessment of baPWV. We excluded
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patients with acute coronary syndrome, peripheral artery
disease or CKD with hemodialysis. The protocol in this study
was approved by the ethics committee of Fukuoka University
Hospital [IRB No. 11-06(09-089)] and registered under
UMINO000016641, and all subjects gave their written
informed consent to participate.

Evaluation of coronary stenosis using multi-detector
row computed tomography

We evaluated coronary stenosis using multi-detector row
computed tomography (MDCT) as described previously (23).
Three hundred and seventeen patients underwent MDCT were
scanned by 64-MDCT on an Aquilion 64 (TOSHIBA, Tokyo,
Japan), and 97 patients who underwent MDCT were scanned
by 320-MDCT on an Aquilion ONE ViSION (TOSHIBA,
Tokyo, Japan). The use of B-blockers and nitroglycerine
before scanning was left to the physician’s discretion. When
we used the first MDCT, a 70-mL bolus of contrast medium
was injected at a flow rate of 3.6 mL/s, followed by 35 mL
contrast agent and 30 mL saline solution, each at a flow of
1.8 mL/s, with a dual injector. With the second MDCT,
21.5mg iodine /kg/s contrast medium equivalent for the
patient’s body weight x 0.7mL was injected at 10s fixed,
followed by 35 mL contrast agent and 30 mL saline solution,
each at a flow of 1.8 mL/s, with a dual injector.

The region of interest was placed within the ascending
aorta, and the scan was started when the CT density reached
100 Hounsfield Units higher than the baseline CT density.
The scan was performed between the tracheal bifurcation and
diaphragm with the following parameters: 64-MDCT-colli-
mation width 0.5mm, rotation speed 0.4 s/rotation, tube
voltage 135 kV and effective tube current 360 mA; 320-
MDCT-collimation ~ width 0.5 mm, rotation speed
0.275 s/rotation, tube voltage 120kV and auto tube current.

All segments were assessed according to the 15-segment
American Heart Association (AHA) coronary artery model
(24). Overall, 15 coronary artery segments were assessed in
each of the 414 patients (total 6210). Of these 6210 segments,
104 (1.7%) and 23 (0.4%) segments could not be evaluated by
MDCT because of severe calcification or motion artifacts,
respectively, and we used 6083 segments (98.0%) for further
analysis. The most severe narrowing of the normal contrast-
enhanced lumen of a coronary artery that could be identified
in multiple reconstructions or cross-sectional images was
defined and the percentage of coronary stenosis was analyzed.

Evaluation of cardiovascular risk factors

Body mass index (BMI), SBP, diastolic BP (DBP), serum
levels of total cholesterol, triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), creatinine (Cr), estimated glomerular
filtration rate (eGFR), uric acid (UA), random blood glucose
(BG) and hemoglobin Alc (HbAlc), smoking status (current
versus non-smokers), family history (myocardial infarction,
angina pectoris or sudden death) and medication use were
collected as cardiovascular risk factors in all patients. In all
the subjects, we also measured the visceral fat area (VFA),
subcutaneous fat area (SFA) and waist circumference as
components of metabolic syndrome (MetS).
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BP was determined as the mean of two measurements
obtained in an office setting by the conventional cuff method
using a mercury sphygmomanometer. Chronic kidney disease
(CKD) was defined as an eGFR <60 ml/min. The patients’
characteristics were obtained from medical records with
regard to the history of HTN, dyslipidemia (DL), DM, history
of smoking (past and current smokers) and medication use.
Patients who had a current SBP/diastolic BP (DBP) > 140/
90mmHg or who were receiving antihypertensive therapy
were considered to have HTN. Patients with LDL-
C>140mg/dl, TG > 150mg/dl and/or HDL-C <40 mg/dl,
or who were receiving lipid-lowering therapy, were con-
sidered to have DL. Patients with random BG >200mg,
fasting BG > 126 mg, HbAlc > 6.5% or who were taking a
glucose-lowering drug were considered to have DM.
Hyperuricemia (HU) was defined as a serum UA level >7.0
mg/dl or the use of UA-lowering drugs. For the measurement
of VFA, SFA and waist circumference, CT scan was
performed. These values were measured from CT cross-
sectional scans at the level of the umbilicus using software
(Fat Scan; N2 System, Hyogo, Japan).

Measurements of baPWV, ankle brachial index and
BP in the arms

The baPWV and ABI were measured while each subject was
supine, using a volume-plethysmographic device (PWV/ABI;
Colin Co., Aichi, Japan) (25). The following equation was
used to obtain baPWV:baPWV =[La (the path length from
the suprasternal notch to the ankle) — Lb (the path length
from the suprasternal notch to the brachium)/ATba (the time
interval between the brachium and ankle). In all studies,
baPWYV was obtained after at least 5 min of rest. We measured
BP in the arms and lower limbs using a volume-plethysmo-
graphic device and calculated the absolute (|rt. BP —1t. BP|)
and relative (rt. BP —1It. BP) differences in SBP and DBP
between arms.

Statistical analysis

Statistical analysis was performed using Excel 2010 (SSRI;
Tokyo, Japan) and the Stat View statistical software package
(Stat View 5; SAS Institute Inc., Cary, NC). Data are shown
as the mean =+ standard error (SE). Categorical and continuous
variables were compared between the groups by a x> analysis
and Student’s t-test, respectively. A multivariate analysis
was performed using a logistic regression analysis for
independent variables that were related to severe coronary
stenosis. A receiver-operating characteristic (ROC) curve
analysis was used to determine the cut-off values of It.
baPWV and the relative SBP between arms to distinguish
between no or mild and severe stenosis at the highest possible
sensitivity and specificity. A value of p <0.05 was considered
significant.

Results

Patient baseline clinical characteristics and various
parameters

The patients were divided into three groups according to the
percent most severe luminal narrowing of a coronary artery as
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Table 1. Baseline clinical characteristics in all patients, no or mild, moderate and severe coronary stenosis groups.

All (n=414) Severe (n=115) Moderate (n=104) No or mild (n=195)
Age (years) 65.4+0.6 68.7 +£0.9% # 67.9 +£1.0%* 62.2+0.9
Male, n (%) 219 (53) 76 (66)* 54 (52) 89 (46)
BMI (kg/m2) 24.0+0.2 24.0+04 23.8+0.3 24.1+0.3
HTN, n (%) 292 (71) 99 (86)* # 76 (73)* 117 (60)
DL, n (%) 273 (66) 90 (78)* # 67 (64) 116 (60)
DM, n (%) 96 (23) 48 (42)* # 18 (17) 30 (15)
HU, n (%) 57 (14) 17 (15) 18 (17) 22 (12)
CKD, n (%) 58 (14) 22 (19)* 16 (15) 20 (10)
Smoking, n (%) 178 (43) 65 (57)* 43 (41) 70 (36)
Medication
ARB/ACE-1L, n (%) 166 (40) 62 (54)* 43 (41) 61 (31)
B-Blocker, n (%) 44 (11) 16 (14)* 15 (14)* 13 (7)
CCB, n (%) 149 (36) 51 (45)* 42 (40)* 56 (29)
Diuretics, n (%) 41 (10) 10 (9) 13 (13) 18 (9)
Statin, n (%) 139 (34) 48 (42)* 39 (38) 52 (27)
EPA, n (%) 11 (3) 4 (4) 4 4) 32
SU, n (%) 30 (7) 19 (17)* # 4 (4) 7 (4)
Biguanide, n (%) 29 (7) 16 (14)* # 303) 10 (5)
DPP4-1, n (%) 45 (11) 21 (18)* 10 (10) 14 (7)

EPA, eicosapentaenoic acid.
*p <0.05 versus no or mild stenosis; #p <0.05 versus moderate stenosis.

diagnosed by CTA: no or mild coronary stenosis (0-49%),
moderate stenosis (50-69%) and severe stenosis (>70%)
groups. Table 1 shows the baseline clinical characteristics of
the 414 patients in the three groups. The percentages of
patients in the no or mild, moderate and severe groups were
47% (n=195), 25% (n=104) and 28% (n=115), respect-
ively. The overall patients consisted of 219 (53%) male and
195 (47%) female. In the severe group, the percentages of
HTN, DL, DM, CKD and smoking were 86, 78, 42, 19 and
57%, respectively, which were significantly higher than those
in the no or mild group. In addition, the percentages of
angiotensin II receptor blocker (ARB)/angiotensin-converting
enzyme inhibitor (ACEI), B-blocker, calcium channel blocker
(CCB), statin, biguanide, sulfonylurea (SU) and dipeptidyl
peptidase-4 inhibitor (DPP4-I) in the severe group were 54,
14, 45, 42, 17, 14 and 18%, respectively, which were higher
than those in the no or mild group. SBP, TG, BG, HbAlc and
VFA in the severe group were significantly higher than those
in the no or mild group (Table 2). The severe group showed
significantly lower levels of HDL-C and eGFR.

baPWV and ABI

Rt. baPWYV, It. baPWV and mean baPVW [(rt. baPWV + It.
baPWV)/2] in the moderate and severe groups were
significantly higher than those in the no or mild group
(Table 3). Rt. ABI and 1t. ABI in the severe group were
significantly lower than those in the no or mild group.

Rt. and Lt. SBP and DBP in the Arms

Rt. and 1t. SBP in the arms in the moderate and severe groups
were significantly higher than those in the no or mild group
(Figure 1). Lt. DBP in the arms in the moderate and severe
groups, and rt. DBP in the arms in the severe group, were
significantly higher than those in the no or mild group. Both
SBP and DBP in the rt. and 1t. (p for trend <0.05) arms
significantly rose as the severity of coronary stenosis
increased.

Absolute and relative differences in SBP and DBP
between the arms

The relative difference in SBP, but not DBP, between the
arms in the severe group was significantly lower than those in
the no or mild and moderate groups (Figure 2). On the other
hand, there were no associations between the absolute
differences in BP between the arms among the three groups.

Association between the number of diseased vessels
with significant stenosis (VD) or significant coronary
stenosis in the left anterior descending artery (LAD)
and the relative difference in SBP between arms and/
or baPWv

As shown in Figure 3, baPWYV significantly increased as the
number of VD increased, while the relative difference in SBP
between arms did not decrease as VD increased. In addition,
we divided the patients into two groups; those who had
significant coronary stenosis in the LAD (LAD group) and
those who did not (non-LAD group). The LAD group showed
a significantly higher baPWV than the non-LAD group,
whereas there was no difference in the relative difference in
SBP between arms between the groups.

baPWV and ABI

baPWV significantly increased as the severity of coronary
stenosis increased (p for trend <0.0001) (Figure 4). Mean ABI
in the severe group was not significantly lower than that in the
no or mild and moderate groups.

Predictors of severe coronary stenosis

To confirm the parameters that predicted the presence of severe
coronary stenosis in comparison to the no or mild coronary
stenosis group, we performed a logistic regression analysis
using independent variables [relative difference in SBP
between the arms, mean baPWYV, rt. ABI and It. ABI, in
addition to conventional risk factors (age, gender, VFA, HTN,
DL, DM, smoking and CKD)] that were related to severe



Downloaded by [61.22.70.32] at 16:29 14 September 2015

4 Y. Miyase et al.

Table 2. Various parameters in all patients, no or mild, moderate and severe stenosis groups.

Clin Exp Hypertens, Early Online: 1-8

Severe Moderate No or mild
All (n=414) (n=115) (n=104) (n=195)
SBP (mmHg) 136 +1 139 + 2% 138 + 2% 133+1
DBP (mmHg) T7+1 T7+1 79+1 76+1
HR (/min) 74+1 74+ 1 73+1 75+1
EF (%) 69+1 71+1 69+1 68+ 1
eGFR (ml/min) 68+ 1 66 +2* 67+2 70+ 1
TG (mg/dl) 138+4 160 + 9% # 133+7 128+ 6
LDL-C (mg/dl) 113+2 112+3 117+3 112+2
HDL-C (mg/dl) 55+1 50+ 1% # 56+2 57+1
BG (mg/dl) 1101 118 + 3% # 108 +3 105+2
HbAlc (%) 6.0+0.1 6.3+0.1%# 6.0+0.1 5.8+0.1
UA (mg/dl) 54+0.1 54+0.1 5.4+0.1 54+0.1
VFA (cm?) 116 +3 125 + 6% 117+6 109 +4
SFA (cm?) 153+4 140+7 158 +7 158+6

HR, heart rate; EF, ejection fraction.

*p <0.05 versus no or mild stenosis; #p <0.05 versus moderate stenosis.

Table 3. baPWV and ABI in all patients, no or mild, moderate and severe stenosis groups.

All (n=414) Severe (n=115) Moderate (n = 104) No or mild (n=195)
Rt. baPWV (cm/s) 1669 + 17 1788 & 34* 1736 + 34* 1562 +22
Lt. baPWV (cm/s) 1672 +17 1784 +35% 1749 +36* 1565 +21
Mean baPWV (cm/s) 1670 =17 1786 + 34* 1743 +35% 1564 +21
Rt. ABI 1.14 +0.004 1.12+0.009* 1.15+0.008 1.15+0.006
Lt. ABI 1.13 +£0.004 1.11 +£0.010* 1.13 + 0.008 1.14 £ 0.006
Mean ABI 1.13+0.005 1.12+0.009 1.14+0.007 1.15+0.005

*p<0.05 versus no or mild stenosis.

coronary stenosis (Table 4). The severe group was independ-
ently associated with a relative difference in SBP between the
arms, baPWV and rt. ABI, in addition to age, gender, HTN, DL
and DM.

Comparison of patients in the no or mild and severe
stenosis groups

An ROC curve analysis showed a higher area under the curve
for a relative difference in SBP between the arms (0.578) and
baPWYV (0.695). The cut-off levels for the relative difference in
SBP between the arms and baPWV with the greatest sensitivity
and specificity for the diagnosis of severe CAD were 1 mmHg
(sensitivity 0.472, specificity 0.643) and 1613 cm/s (sensitivity
0.636, specificity 0.687), respectively. Using these two cut-off
levels, we divided the patients into four groups; a relative
difference in SBP between arms >1mmHg and baPWV
<1613 cm/s, a relative difference in SBP between arms
<1l mmHg and baPWV <1613 cm/s, a relative difference in
SBP between arms >1mmHg and baPWV >1613cm/s, a
relative difference in SBP between arms <l mmHg and
baPWV > 1613 cm/s (Figure 5). The figure shows the per-
centages of patients with severe coronary stenosis as
determined by this analysis in the no or mild and severe
stenosis groups. The group with a relative difference in SBP
between arms <l mmHg and baPWV > 1613 cm/s showed a
higher percentage of patients with severe coronary stenosis
than groups that met neither or only one of these criteria (p for
trend <0.0001).

Discussion

In the present study, we investigated the relationship between
differences in BP between the arms and the severity of

coronary artery stenosis, and determined whether the differ-
ences in BP could be used in addition to baPWV for
predicting the severity of coronary stenosis.

We found that a lower relative difference in SBP between
arms; baPWV and rt. ABI in addition to conventional
coronary risk factors (age, male, HTN, DL and DM) were
independently associated with severe coronary stenosis.
Generally, little attention is paid to a difference in BP
between arms as a risk marker for severe coronary stenosis.
Although some studies have shown a correlation between a
difference in SBP between the arms and central or peripheral
vascular disease or mortality (1-4), this is the first study to
evaluate the relationship between a difference in SBP between
arms and the severity of CAD. Finally, we concluded that the
combination of a relative difference in SBP between the arms
and baPWV may be a better approach to the non-invasive
assessment of the severity of coronary stenosis than either of
these alone, although a higher level of baPWV is known to be
a powerful predictor of cardiovascular events and the severity
of CAD, and baPWYV can be a risk stratification index for
predicting the prognosis in clinical practice (15-19). Both
factors baPWV and a difference in BP between the arms,
become worse as atherosclerosis progressed. In this study,
since a relative difference in SBP between arms was not
completely associated with baPWV (r=0.007, p=0.887) in
all patients, the role of a relative difference in SBP between
arms might be much different from that of baPWV in the
progression of atherosclerosis.

Generally, BP in the right arm is several mmHg higher
than that in the left arm. A previous study reported that, in
1000 normotensive subjects, 70% showed higher pressures in
the right arm and only 6% had higher pressures in the left arm
(26). In this study, we found that a lower relative difference in
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Figure 1. Blood pressure in the arms in the no or mild, moderate and severe coronary stenosis groups. *p <0.05 versus rt. BP in the no or mild stenosis

group. #p <0.05 versus It. BP in the no or mild stenosis group.
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Figure 2. Absolute and relative differences in SBP or DBP between the arms in the no or mild, moderate and severe coronary stenosis groups. *p <0.05

versus the no or mild and moderate stenosis groups.

SBP between the arms, i.e. higher left-arm pressure, was
associated with severe coronary stenosis. It is widely known
that BP is lower in the arm on the side with advanced
arteriosclerosis (or atherosclerosis) and such an inter-arm
difference significantly widens as arteriosclerosis advances.
Some studies have revealed that there is also a high

prevalence of an inter-arm difference in subclavian steal
syndrome (27-30) and the severity of stenosis has been
associated with the size of the BP difference (31). However, a
difference in SBP between arms has historically been
dismissed as a normal variant (32,33). Although a previous
study proposed an anatomical explanation regarding a
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Figure 3. Association between the VD or significant coronary stenosis in the LAD and the relative difference in SBP between arms and/or mean
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Figure 4. Mean baPWV and mean ABI in the no or mild, moderate and severe coronary stenosis groups. *p <0.05 versus the no or mild stenosis group.

difference in SBP between arms (34), the reason for higher
left-arm pressures is still not clear. We have thought that a

normal anatomy alone cannot explain the correlation between
a lower relative difference in SBP between the arms and the
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Table 4. Predictors for the severe coronary stenosis.

Factors OR (95% CI) p value
Age 1.05 (1.02-1.09) 0.005
Gender (male) 2.88 (1.39-5.95) 0.004
HTN 2.87 (1.38-6.00) 0.005
DL 2.37 (1.19-4.74) 0.014
DM 2.98 (1.52-5.85) 0.002
Smoking 1.76 (0.87-3.56) 0.116
CKD 1.71 (0.74-3.99) 0.212
Mean baPWV 1.001 (1.000-1.002) 0.017
Relative differences in SBP 0.93 (0.87-0.99) 0.014
between the arms
Rt. ABI 0.024 (0.001-0.714) 0.031
Lt. ABI 1.01 (0.99-1.04) 0.346
VFA 0.10 (0.99-1.00) 0.185

OR, odds ratio; CI, confidence interval; ABI, ankle-brachial index.

60
p for trend <0.0001

50 |

40

(%)

30

20

10

Figure 5. The percentages of patients with severe coronary stenosis as
determined by the cut-off levels for the relative difference in SBP
between the arms and baPWYV in the no or mild and severe stenosis
groups.

severity of CAD. Nevertheless, in our study, the severe
coronary stenosis group had a high proportion of patients with
higher left-arm pressures. Further studies will be needed to
clarify this point.

We found that a relative difference in SBP between arms
was associated with the severity of CAD, whereas there was
no relationship between an absolute difference in SBP
between arms and the severity of CAD. In this study, the
prevalence of an absolute difference in SBP between arms of
>10mmHg or >15 mmHg was 3.4 and 1.2% respectively, and
these values were much lower than those in previous studies
(7.1-7.8%, 9.7%) (2,16). This low prevalence of an inter-arm
SBP difference of >10mmHg or >15mmHg may have
affected the clinical outcome in this study. In addition, 66% of
all patients in this study showed a relative difference in SBP

BP difference between arms and coronary stenosis 7

between arms of <1 mmHg, and the percentages of patients
who had a relative difference in SBP between arms of
<1 mmHg in the severe, moderate and no or mild groups
were 74, 63 and 63%, respectively. Although the greatest
sensitivity and specificity for the diagnosis of severe CAD
were not very high, the relative difference in SBP between
arms was an independent predictor of severe coronary
stenosis. To confirm the significance of the two cut-off
values (a relative difference in SBP between arms of
<lmmHg and baPWV > 1613 cm/s), prospective studies
will be needed to analyze the association between the two
cut-off values and cardiovascular events.

Among conventional risk factors, age, gender, HTN, DL,
DM, baPWYV and rt. ABI were independent predictors of
severe coronary stenosis in this study. The associations
between age, HTN and DM and severe coronary stenosis were
particularly strong. Although we previously reported that the
level of HDL-C, but not LDL-C, predicted the presence or
severity of CAD (35), HDL-C in the severe coronary stenosis
group was significantly lower than those in the no or mild and
moderate groups. In addition, mean baPWV and rt. ABI were
independent predictors of severe coronary stenosis, and there
was no association between mean baPWV and rt. ABI
(r=0.024, p=0.631). This result may be reasonable because
a higher mean baPWV and lower ABI are separately
associated with the progression of atherosclerosis.
Moreover, these results indicated that the patients in this
study did not represent any specific patient group.

Study limitations

First, the study was cross-sectional. Second, non-invasive
measurements were performed after treatment for HTN. Many
of the patients were taking antihypertensive medications that
might have affected the inter-arm BP difference. CAD
patients were understandably taking more medications than
non-CAD patients. Third, although coronary stenosis with
severe coronary calcification was not evaluated using MDCT,
recent studies have shown that both the sensitivity and
specificity of MDCT for the identification of significant
coronary stenosis were approximately 95%, compared with
invasive coronary angiography (36). In this study, we could
evaluate 98% of all segments.

Conclusions

We found that a lower relative difference in SBP between
arms and baPWV were independently associated with severe
coronary stenosis. The combination of relative differences in
SBP between the arms and baPWV may be a better approach
for the non-invasive assessment of the severity of CAD than
either method alone.
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