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Abstract The clinical utility of cardiac magnetic reso-

nance imaging (CMR) is growing and is being used pre-

dominantly as a means of measuring ventricular function.

The normal reference range of ventricular function may

vary based on age, sex and ethnicity. At present, most

CMR reference values for healthy individuals have been

reported from Western countries. The intent of this study

was to investigate the normal CMR reference range for left

ventricular (LV) and right ventricular (RV) parameters in

healthy Koreans. Healthy volunteers between the ages of

20–70 years without any history of cardiovascular disease

or associated risk factors were prospectively recruited to be

a part of this study. A total of 124 patients were recruited

for this study. Steady-state free precession pulse sequences

were used to obtain the cine images for LV and RV volume

analysis. All parameters were analyzed based on age and

gender, and normalized to body surface area (BSA). LV

volume, mass and cardiac output were significantly greater

in males than in females. However, all of these parameters

which are associated with BSA and gender differences

disappeared when corrected for BSA. RV volume was less

in females even after the data was normalized for BSA. LV

and RV volumes normalized for BSA gradually decreased

with greater age, whereas the ejection fraction increased

with age, thus maintaining the stroke volume index and

cardiac index. LV and RV volumes, mass and function

values for a healthy population largely depend on BSA and

should be evaluated after normalization by BSA. LV

parameters show no difference based on gender, but RV

volume is less in the female. Greater age is associated with

less ventricular volume, suggesting the possibility of vol-

ume sensitivity in the elderly.

Keywords Normal reference range � Cardiac magnetic

resonance � Ventricular function � Ventricular volume

Introduction

The evaluation of cardiac chamber size and function is an

important diagnostic tool and prognostic indicator for

cardiovascular disease [1–3]. Cardiac magnetic resonance

imaging (CMR) is considered to be the standard in vivo

method for evaluation of ventricular volume, mass and

systolic function [4–6]. Although transthoracic echocardi-

ography is used most commonly in clinical practice for the

assessment of left ventricular (LV) and right ventricular

(RV) volumes, function and mass, limitations of the

echocardiographic window make it difficult to assess LV

volume and function. Measurement of RV volume and

function is more difficult because of the asymmetrical

shape of the right ventricle. Applications of CMR are

increasing and the evaluation of LV and RV ventricular
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volumes and function is the most common application of

CMR studies.

The steady-state free precession (SSFP) technique has

been established as a routine sequence of cine images for

evaluation of LV and RV parameters. Detection of

abnormal ventricular volume, mass and function is the first

step in the diagnosis of cardiac disease based on CMR.

Normal reference values are critical to determining the

abnormality of the myocardium.

Several studies have reported the normal reference

values of CMR based on SSFP sequences [7–10]. How-

ever, most of these studies included small numbers of

Asian subjects and used a narrow subject age range.

In this study, we evaluated the normal reference values

for LV and RV parameters in healthy normal Koreans

using a broad age range and analyzed the normal reference

values based on body surface area (BSA), age and gender.

Materials and methods

Study population

Healthy volunteers aged 20–70 years without any clinical

history of cardiovascular disease were prospectively recrui-

ted for this study. All the subjects had no history of chest pain

or dyspnea, and were not currently receiving any regular

medication. Any subjects with a medical history of hyper-

tension, diabetes, cerebrovascular disease, coronary artery

disease and/or heart failure were excluded from the study. All

subjects underwent transthoracic echocardiography and any

incidental pathologic findings prompted exclusion from the

study. Informed consent was acquired from each subject and

the study protocol was approved by the Institutional Review

Board at the Samsung Medical Center.

CMR imaging and analyses

All the subjects underwent CMR studies using a 1.5T

scanner (Magnetom Avanto, Syngo MR B15 version; Sie-

mens Medical Solutions, Erlangen, Germany) with a

32-channel phased-array receiver coil during repeated

breath-holds. After localization, cine images for LV and RV

functional parameters were acquired using a SSFP (TR

3.09 ms, TE 1.31 ms, flip angle 72�, matrix 272 9 192,

resolution 1.72 9 1.29 mm, temporal resolution: 49.44 ms)

with 8–10 contiguous short-axis slices to cover the entire

LV and RV with a slice thickness of 6 and 4 mm gaps [8].

MRI images of the LV and RV were analyzed using

commercialized software (Argus version 4.02; Siemens) by

a single experienced observer (K.E.S) who was blinded to

patients’ data. LV and RV end-diastolic volume (EDV),

end-systolic volume (ESV) and LV mass was derived from

CMR analysis, and ejection fraction (EF), stroke volume

(SV) and cardiac output (CO) were calculated. SV was

calculated as the difference between EDV and ESV, and

EF was calculated as SV 7 EDV. CO was calculated as

SV multiplied by heart rate. End-diastolic and end-systolic

frames were defined as the frames where the cavity sizes

were largest and smallest, respectively, by retrospective

image review. For the LV volume calculation, the endo-

cardial and epicardial borders were manually traced in the

selected image frames. Selection of frame at end-diastole

and end-systole was determined at the mid ventricular level

with papillary muscles, when the LV cavity size was

largest and smallest according to the cardiac cycle. A

selected frame was propagated from the apex to the base of

the LV and then analyzed. The LV mass was analyzed at

end-diastole. Papillary muscles and trabeculae were

excluded from the endocardium and included in the volume

of the ventricular cavity [11]. At the base of the heart,

slices were considered to be within the LV if the blood

volume was surrounded by 50 % or more of the ventricular

myocardium [12]. The LV mass was calculated by multi-

plying the myocardial volume by the myocardial density

(1.05 g/mL). RV analysis was performed in selected end-

diastolic and end-systolic frames based on the cavity size.

The right ventricular outflow tract was included in the RV

volume and the RV base was determined by detection of

the tricuspid annulus in the short axis stack. All of the

parameters except EF were divided by BSA (m2).

BSA was calculated as follows:

BSA (m2Þ ¼ 0:20247 � ht mð Þ0:725�wt kgð Þ0:425

where ht is height and wt is weight.

Inter- and intra-observer variability

Twenty randomly selected subjects were analyzed by two

independent researchers (K.E.S and K.M.H). Both

researchers had more than two years of experience and had

previously analyzed more than 1,000 cases. LV EDV and

ESV, RV EDV and ESV were analyzed at blind states to

each other observers.

Statistical analysis

Numerical data are expressed as mean ± 95 % confidence

interval (lower and upper limits). The independent t test

was performed for comparison of gender-based differences

and the Pearson’s correlation was used for analysis of the

correlation of age with normal reference values. Intra-

observer and inter-observer variations were analyzed using

the interclass coefficient. All statistical analyses were

performed using IBM SPSS Statistics (version 19.0, IBM
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SPSS Inc, Chicago, IL, USA), and P values \ 0.05 were

considered statistically significant.

Results

Normal values for the overall population and gender-

based differences

A total of 124 subjects (64 males, 60 females) without any

medical condition were included in this study. Data

regarding gender and age of the study population are

summarized in Table 1. Mean age of the study population

was 43.7 ± 13.3 years; there was no significant age dif-

ference between males and females.

LV volume, EF and mass data are summarized in

Table 2 with values normalized for BSA. All of the abso-

lute values of LV volumes, LV mass and cardiac output

significant correlated with BSA (P \ 0.001). The LV and

RV ejection fractions did not correlate with BSA

(P [ 0.05). Absolute values of LV volume and mass were

significantly greater in males than females. However, these

gender-based differences were not significant when com-

paring normalized LV values.

RV volume and EF are summarized in Table 3. Abso-

lute values of RV volume and EF were significantly greater

in males and the difference in RV volume between males

and females persisted even after normalization BSA.

LV and RV volume, ejection fraction, and mass

according to age

Correlation data pertaining to LV and RV parameters and

age are summarized in Table 4. Absolute and normalized

values of LV, ESV and EDV were negatively correlated

with age in males. However, no significant correlation was

found between LV parameters and age in females. LV EF

did not correlate with age in either gender.

RV volume and EF significantly correlated with age in

the overall population. These correlations were also con-

firmed in both males and females. Even after normalizing

for BSA, RV EDV and ESV were significantly correlated

with age (r = -0.36, P \ 0.001 and r = -0.51,

P \ 0.001, respectively). LV and RV parameters in each

age group are summarized in Tables 5 and 6, and in Fig. 1.

Intra-observer and inter-observer variability

Interclass coefficients for intra-observer variability were

0.98, 0.99, 0.94 and 0.99 for LV ESV, LV EDV, RV ESV

and RV EDV, respectively. Interclass coefficients for inter-

observer variability were 0.95, 0.88, 0.98 and 0.94, in the

same respective order.

Discussion

In this study, the values for LV and RV volume, ejection

fraction and mass found by SSFP cine MRI was evaluated

Table 1 Age and gender of study population

Age Male

(n = 64)

Female

(n = 60)

Total

(n = 124)

20–29 13 13 26

30–39 15 10 25

40–49 12 12 24

50–59 11 15 26

60–69 13 10 23

Table 2 Left ventricular

volume, ejection fraction and

mass in study population

All values are demonstrated as

mean (95 % confidence

interval)

CI cardiac index, CO cardiac

output, EDV end-diastolic

volume, EDVI end-diastolic

volume index, EF ejection

fraction, ESV end-systolic

volume, ESVI end-systolic

volume index, LV left

ventricular, LV MI left

ventricular mass index, SV
stroke volume, SVI stroke

volume index

Overall population

(n = 124)

Male

(n = 64)

Female

(n = 60)

P value

Absolute value

LVEDV (mL) 127 (122,131) 138 (133, 144) 114 (110, 119) \0.001

LVESV (mL) 44 (42, 46) 49 (45, 52) 39 (36, 41) \0.001

LVSV (mL) 83 (81, 85) 90 (85, 93) 76 (73, 79) \0.001

LVEF (%) 66 (65, 67) 65 (64, 67) 66 (65, 68) 0.14

CO (L/min) 5.8 (5.5, 6.0) 6.3 (6.0, 6.6) 5.1 (4.9, 5.4) \0.001

LV mass (g) 88 (84, 92) 103 (99, 107) 72 (69, 75) \0.001

Normalized to BSA

LVEDVI (mL/m2) 74 (72, 76) 76 (72, 78) 72 (70, 75) 0.16

LVESVI (mL/m2) 26 (24, 27) 26 (25, 28) 24 (23, 26) 0.16

LVSVI (mL/m2) 48 (47, 50) 49 (47, 49) 48 (46, 50) 0.61

CI (L/min/m2) 3.4 (3.3, 3.5) 3.5 (3.3, 3.6) 3.2 (3.1, 3.4) 0.06

LV MI (g/m2) 51 (49, 53) 57 (54, 58) 46 (44, 47) \0.001
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in a normal Korean population; this data was analyzed for

the presence of any correlation with BSA, age and/or

gender. Normal reference values and absolute values for

LV and RV volume and the ejection fraction were pro-

vided. These values were normalized for BSA in the

overall population and in both gender groups based on age.

This is the largest study to date which has attempted to

determine the normal reference values in a normal and

healthy Asian population.

Gender difference and the influence of BSA in LV

and RV

BSA was significantly associated with the absolute values

of LV and RV volume, mass, SV and CO. Most of the

gender differences for absolute volumes which were mea-

sured, diminished after normalizing for BSA. Therefore,

diagnosis of abnormalities in LV and RV volumes should

be determined after normalizing for BSA.

Table 3 Right ventricular

volume and ejection fraction in

study population

All values are demonstrated as

mean (95 % confidence

interval)

CO cardiac output, EDV end-

diastolic volume, EDVI end-

diastolic volume index, EF
ejection fraction, ESV end-

systolic volume, ESVI end-

systolic volume index, RV right

ventricular, SV stroke volume,

SVI stroke volume index

Overall population

(n = 124)

Male

(n = 64)

Female

(n = 60)

P value

Absolute value

RVEDV (mL) 133 (127, 139) 147 (139, 156) 118 (112, 123) \0.001

RVESV (mL) 64 (60, 67) 72 (67, 77) 55 (52, 59) \0.001

RVSV (mL) 69 (66, 73) 77 (72, 81) 63 (59, 66) \0.001

RVEF (%) 53 (51, 54) 52 (50, 53) 54 (51, 56) 0.04

RVCO (L/min) 4.8 (4.6, 5.1) 5.4 (4.9, 5.8) 4.2 (4.0, 4.5) \0.001

Normalized to BSA

RVEDVI (mL/m2) 78 (75, 80) 80 (76, 84.7) 75 (71, 78) 0.01

RVESVI (mL/m2) 37 (35, 38) 39 (37, 42) 35 (33, 37) 0.01

RVSVI (mL/m2) 42 (39, 42) 41 (39, 44) 40 (37, 42) 0.33

RVCI (L/min/m2) 2.8 (2.7, 2.9) 2.9 (2.7, 3.1) 2.7 (2.5, 2.9) 0.10

Table 4 LV and RV volume

and function: correlation with

age

CI cardiac index, CO cardiac

output, EDV end-diastolic

volume, EDVI end-diastolic

volume index, EF ejection

fraction, ESV end-systolic

volume, ESVI end-systolic

volume index, LV left

ventricular, LVMI left

ventricular mass index, RV right

ventricular, SV stroke volume,

SVI stroke volume index

Overall

(n = 124)

Male

(n = 64)

Female

(n = 60)

r P r P r P

LVEF 0.18 0.04 0.21 0.11 0.16 0.23

LVEDV -0.29 0.001 -0.52 \0.001 -0.04 0.77

LVESV -0.31 \0.001 -0.46 \0.001 -0.16 0.23

LVSV -0.21 0.02 -0.43 \0.001 0.04 0.75

LVCO -0.23 0.01 -0.44 \0.001 -0.01 0.97

LV mass -0.12 0.19 -0.39 0.002 0.19 0.16

LVEDVI -0.22 0.02 -0.31 0.01 -0.09 0.51

LVESVI -0.26 0.003 -0.31 0.01 -0.20 0.12

LVSVI -0.10 0.26 -0.20 0.12 0.01 0.94

LVCI -0.15 0.10 -0.24 0.06 -0.05 0.74

LVMI -0.02 0.81 -0.17 0.18 0.20 0.14

RVEF 0.43 \0.001 0.42 0.001 0.44 \0.001

RVEDV -0.39 \0.001 -0.51 \0.001 -0.35 0.007

RVESV -0.59 \0.001 -0.62 \0.001 -0.52 \0.001

RVSV -0.13 0.14 -0.26 0.04 0.04 0.77

RVCO -0.16 0.08 -0.28 0.03 0.02 0.89

RVEDVI -0.36 \0.001 -0.35 0.004 -0.38 0.003

RVESVI -0.51 \0.001 -0.50 \0.001 -0.56 \0.001

RVSVI -0.05 0.61 -0.10 0.42 0.03 0.85

RVCI -0.09 0.32 -0.15 0.23 0.002 0.99
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Absolute LV volume, SV and CO were significantly

greater in males than females. However this difference

diminished when the findings were normalized for BSA.

The results implicate the smaller BSA of females as the

main cause of the difference of ventricular volume between

males and females. RV volume, SV and CO were also less

in females even after normalizing for BSA; RV EDVI and

RV ESVI were less in females.

Both LV and RV volumes gradually decreased with age.

However, stroke volume index and cardiac index did not

vary, which suggests that the ejection fraction varied more

based on age in order to compensate for the handicap of the

small ventricle. Therefore, systolic function is preserved

even with aging. Correlation with age was more prominent

in RV volume than in LV volume.

Comparison with previous reported normal reference

values

Since the introduction of the SSFP sequence method for cine

imaging, normal reference values for LV and RV volumes,

function and mass have been reported [7–10, 13, 14]. The

mean values of LV EDV and ESV ranged from 142–176 mL

and 47–79 mL, respectively, in males and 109–130 mL and

31–52 mL, respectively, in females. Mean values of RV

EDV and ESV ranged from 133–166 mL and 57–59 mL,

respectively, in males and 109–130 mL and 38–46 mL,

respectively, in females. The data revealed a relatively

smaller ventricular volume load when compared to previous

studies, but this load was still within the normal range of

other studies [7–10, 13, 14]. In previous reports, males had a

Table 5 LV volume, ejection

fraction and mass according to

age

All values are demonstrated as

mean (95 % confidence

interval)

CI cardiac index, CO cardiac

output, EDV end-diastolic

volume, EDVI end-diastolic

volume index, EF ejection

fraction, ESV end-systolic

volume, ESVI end-systolic

volume index, LV left

ventricular, LVMI left

ventricular mass index, SV
stroke volume, SVI stroke

volume index

20–29

(n = 26)

30–39

(n = 25)

40–49

(n = 24)

50–59

(n = 26)

60–69

(n = 23)

Absolute value

LVEDV (mL) 142 (130, 154) 125 (115, 134) 125 (118, 125) 125 (116, 133) 115 (106, 123)

LVESV (mL) 53 (46, 60) 43 (38, 43) 42 (38, 46) 42 (38, 45) 38 (34, 42)

LVSV (mL) 89 (82, 96) 82 (75, 89) 83 (78, 88) 83(77, 88) 77 (70, 83)

LVEF (%) 63 (61, 66) 66 (64, 68) 66 (64, 69) 66 (65, 68) 67 (64, 69)

CO (L/min) 6.1 (5.6, 6.6) 5.9 (5.3, 6.5) 5.9 (5.5, 6.3) 5.5 (5.1, 6.0) 5.3 (4.8, 5.7)

LV mass (g) 93 (82, 104) 86 (78, 95) 90 (81, 98) 88 (79, 96) 83 (75, 91)

Normalized to BSA

LVEDVI (mL/

m2)

81 (76, 85) 72 (68, 76) 73 (69, 77) 74 (71, 77) 70 (65, 75)

LVESVI (mL/m2) 30 (27, 33) 25 (23, 27) 24 (22, 27) 25 (23, 27) 23 (21, 26)

LVSVI (mL/m2) 51 (48, 53) 47 (44, 50) 48 (45, 51) 49 (47, 52) 46 (43, 50)

CI (L/min/m2) 3.5 (3.3, 3.7) 3.3 (3.1, 3.6) 3.4 (3.2, 3.7) 3.3 (3.5, 3.1) 3.2 (2.9, 3.4)

LV MI (g/m2) 52 (48, 57) 49 (46, 52) 52 (48, 56) 52 (48, 56) 50 (46, 53)

Table 6 RV volume, ejection

fraction and mass according to

age

CI cardiac index, CO cardiac

output, EDV end-diastolic

volume, EDVI end-diastolic

volume index, EF ejection

fraction, ESV end-systolic

volume, ESVI end-systolic

volume index, RV right

ventricular, SV stroke volume,

SVI stroke volume index

20–29

(n = 26)

30–39

(n = 25)

40–49

(n = 24)

50–59

(n = 26)

60–69

(n = 23)

Absolute value

RVEDV (mL) 154 (138, 171) 134 (125, 143) 132 (124, 140) 131 (116, 145) 111 (101, 121)

RVESV (mL) 80 (71, 90) 66 (61, 71) 62 (57, 67) 62 (55, 69) 46 (41, 52)

RVSV (mL) 74 (64, 84) 68 (62, 74) 70 (63, 77) 70 (61, 79) 64 (58, 70)

RVEF (%) 48 (45, 51) 50 (48, 53) 53 (50, 56) 54 (51, 57) 58 (56, 61)

RVCO (L/min) 5.1 (4.3, 6.0) 4.8 (4.4, 5.3) 5.0 (4.5, 5.6) 4.7 (4.1, 5.3) 4.4 (3.9, 4.8)

Normalized to BSA

RVEDVI (mL/

m2)

87 (81, 94) 77 (73, 81) 77 (72, 81) 78 (70, 85) 67 (61, 73)

RVESVI (mL/m2) 45 (41, 49) 38 (36, 41) 36 (33, 39) 37 (33, 41) 28 (25, 31)

RVSVI (mL/m2) 42 (38, 46) 39 (36, 42) 41 (37, 45) 42 (37, 47) 39 (35, 43)

RVCI (L/min/m2) 2.9 (2.5, 3.3) 2.8 (2.6, 2.9) 2.9 (2.6, 3.2) 2.8 (2.5, 3.1) 2.6 (2.4, 2.9)
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larger ventricular volume which was related to larger BSA in

males than in females; the present findings are similar. Only

Asians were recruited to be in our study; Asians typically

have a smaller BSA which may affect the reference values

for the normal population. Aging is associated with smaller

ventricular volume [8, 10, 13]. We observed similar results

in our study. The Multi-Ethnic Study of Atherosclerosis

study reported slightly different reference values for dif-

ferent ethnicities [8, 10]. The gender-based and age-based

differences in volume were similarly applied to different

races and ethnicities. Ethnic differences in RV mass and

volume were found especially between Hispanic and non-
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Fig. 1 Normal reference value in men (a) and women (b). The black
line shows mean values based on age. The red and blue lines represent

the normal range of values with positive and negative 95 %

confidence intervals (CI). LVEDVI left ventricular end-diastolic

volume index, LVESVI left ventricular end-systolic volume index,

LVEF left ventricular ejection fraction, RVEDVI right ventricular end-

diastolic volume index, RVESVI right ventricular end-systolic volume

index, RVEF right ventricular ejection fraction
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Hispanic subjects even after adjusting for body size. Our

results, which were obtained from a homogeneous Asian

population residing in Korea, revealed similar impacts of

gender and age on ventricular volume and function. The data

indicate that a normal cut-off value for the Asian population

should be adjusted for BSA, given the typically smaller BSA

of Asians compared to Caucasians. Especially for multi-

national clinical trials, LV and RV volume and mass should

be analyzed after correcting for BSA, in order to reliably

interpret data.

Limitation

Study inclusion criteria were based on medical history,

symptoms, and echocardiographic findings. All asymp-

tomatic coronary artery disease patients were excluded

from the study.

Conclusion

BSA correlates with absolute ventricular volume. There-

fore, the normalized value is more useful to determine the

standard value which is useful in clinical practice. Gender

and age affect the ventricular volume, but not the systolic

volume. These results can be useful as standard values in

detecting abnormalities and designing clinical studies for

this Asian population.
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