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Abstract
Reliable methods for measuring the thoracic aorta are 
critical for determining treatment strategies in aneu-
rysmal disease. Z-scores are a pragmatic alternative to 
raw diameter sizes commonly used in adult medicine. 
They are particularly valuable in the pediatric popu-
lation, who undergo rapid changes in physical devel-
opment. The advantage of the Z-score is its inclusion 
of body surface area (BSA) in determining whether an 
aorta is within normal size limits. Therefore, Z-scores 
allow us to determine whether true pathology exists, 
which can be challenging in growing children. In ad-
dition, Z-scores allow for thoughtful interpretation of 
aortic size in different genders, ethnicities, and geo-
graphical regions. Despite the advantages of using  
Z-scores, there are limitations. These include intra- 
and inter-observer bias, measurement error, and vari-
ations between alternative Z-score nomograms and 
BSA equations. Furthermore, it is unclear how Z-scores 
change in the normal population over time, which is 
essential when interpreting serial values. Guidelines 
for measuring aortic parameters have been developed 
by the American Society of Echocardiography Pediat-
ric and Congenital Heart Disease Council, which may 
reduce measurement bias when calculating Z-scores 
for the aortic root. In addition, web-based Z-score 
calculators have been developed to aid in efficient Z-
score calculations. Despite these advances, clinicians 
must be mindful of the limitations of Z-scores, espe-
cially when used to demonstrate beneficial treatment 
effect. This review looks to unravel the mystery of the 
Z-score, with a focus on the thoracic aorta. Here, we 

will discuss how Z-scores are calculated and the limita-
tions of their use. 
Copyright © 2016 Science International Corp.
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Introduction

Z-scores are a means of expressing the deviation 
of a given anatomic or physical measurement from a 
size- or age-specific population mean. Z-scores can 
be applied to echocardiographic measurements, 
height, weight, and blood pressure, and thus may as-
sist in clinical assessment and decision-making [1]. 

In diseases that affect the aortic diameter, serial 
diameter measurements of the aortic root are use-
ful for monitoring disease progression. Z-scores of 
the aorta diameter are also useful aids in diagnosis 
and determination of therapeutic effects. The use of 
Z-scores facilitates the detection of pathological in-
creases in aortic root diameter above that expected 
due to normal growth, which appears as an increased 
Z-score over time [2]. We discuss Z-scores in detail in 
the  attached audio-visual presentation.

Centiles (also called percentiles) are a common al-
ternative to Z-scores. They are easy to interpret and 
have been used to monitor development in pediat-
rics, including aortic root dilatation. However, centiles 
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are less sensitive to changes in the aortic root diam-
eter, particularly at the extremes [2]. For example, if a 
hypothetical patient (with a body surface area (BSA) 
of 1.87 m²) has an aortic root that increases from 
3.56 to 3.69 cm (1.3 mm difference), the percentile 
increases from the 99th to 99.7th%. This difference 
sounds small, but it corresponds to a Z-score increase 
of +2.33 to +2.75, which is a more visually obvious 
difference. Z-scores therefore can quantify growth 
status outside of the percentile ranges [3]. Z-scores 
also allow: (i) a standardized measure allowing com-
parison across different ages, genders, and measures 
and (ii) a continuous variable allowing generation of 
summary statistics such as mean and SD.

In adult practice, Z-scores are less commonly used. 
Instead, aortic root diameter is often reported with 
respect to a single “normal range.” However, this ap-
proach is inaccurate in growing children because the 
normal range of measurements will be impacted by 
patient size and age. Therefore, the interpretation of 
these measurements during childhood presents a 
unique challenge, specifically in determining whether 
a given measurement is within the expected range. 
One approach to the description of clinical and echoc-
ardiographic variables is to express measurements in 
terms of Z-scores. In current practice, there is a lack of 
understanding of how Z-scores are calculated and in-
terpreted. Here, we review the literature on Z-scores, 
focusing on application in thoracic aortic aneurysms. 

What is a Z-Score?

The Z-score describes how many standard devi-
ations a given measurement lies above or below a 
size- or age-specific population mean (Figure 1) [2]. 
Z-scores are calculated as follows: (1)

                                     

χ
σ

Z =
( -µ)

 (1)

where χ = the observed measurement, μ = the ex-
pected measurement (population mean), and σ = the 
population standard deviation (adapted from [2]). 

A Z-score above the population mean will have a 
positive value, whereas a Z-score below the popu-
lation mean will have a negative value. The greater 
the deviation of the Z-score from zero (in a positive 

or negative direction), the greater the magnitude of 
deviation from the mean [2]. A value that is 2 stan-
dard deviations above the mean (the 97.7th percen-
tile) will have a Z-score of +2.0. Z-scores make clinical 
interpretation simple because of the mean of 0 and 
normal range of -2.0 to +2.0. A change in Z-score val-
ue over time is interpreted as a change in the size of 
the cardiovascular structure beyond what would be 
expected from the normal growth of that person [4]. 

For a Z-score to be calculated, the mean and stan-
dard deviation for that body structure (e.g., aortic root 
diameter) must be determined in the population. The 
mean and standard deviation have been calculated 
in many individual studies of varying sample sizes. 
These are empiric observations that are not “written 
in stone,” but rather vary somewhat among different 
studies. The individual studies can be used to gen-
erate nomograms [5]. This is achieved by selecting a 
cohort of individuals and calculating their BSA based 
on one of the available BSA equations. A  parameter 
of interest (e.g., aortic root diameter) is then recorded 
for each individual, allowing generation of a scat-
terplot (Figure 2A) and calculation and plotting of a 
 regression equation and confidence intervals. This 
scatterplot can then be transformed into a nomogram 
 (Figure 2B), allowing one to determine the Z-score for 
an individual patient given their BSA and parameter 
of interest (e.g., aortic root diameter) [5]. 

Figure 1. A schematic diagram depicting the relationship be-
tween Z-scores and centiles, where the parameter is normally 
distrubuted.2 At extreme values, (>3 standard deviations from 
the mean), the centile remains fairly constant, but the Z-score 
remains sensitive to changes in measurements. Included with 
permission from Chubb et al. [2]. 
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 including a variety of ages (infants to adults) and 
ethnic groups (Black, Hispanic, and White). Because 
BSA is used in determining the normal distribution 
of aortic sizes for different ages and body sizes, varia-
tions and uncertainties in BSA calculations can have a 
 major impact on the accuracy of Z-scores. 

Limitations

Z-scores have significant advantages to alternative 
methods of measuring aortic diameter, especially in 
the pediatric population. However, sources of limita-
tions include measurement error, validity of nomo-
grams, inconsistent use of BSA equations (at different 
ages in a child’s development), and our uncertainty of 
the natural history of Z-scores. These limitations may 
significantly influence Z-score values and may falsely 
indicate changes in the size of a structure where true 
variability does not exist. 

There are several formulas available for calculating 
BSA, which have marked discrepancies in the values 
they produce and therefore are limited in their accu-
racy. Furthermore, the validity of the studies used to 
develop these formulas may be questionable. Often, 
the studies utilize small sample sizes and do not indi-
cate which patient demographic they represent (see 
Table 1 for a comparison of the most widely used BSA 
formulas). In addition, many BSA equations tend to 
over- or underestimate BSA in certain populations. 

Calculation of Z-scores

There are a number of web-based calculation 
tools for Z-score measurement. The largest is http://
zscore.chboston.org, having collected baseline data 
over the past 12 years, while www.parameterz.com 
offers Z-score measurements based on a large num-
ber of smaller individual publications. There is also a 
Z-score calculator available on the Marfan Founda-
tion  website (www.marfan.org/dx/zscore) to aid in 
the  detection of a dilated aortic root in an individu-
al with suspected or confirmed Marfan Syndrome. 
Recently, the Cardio Z App for the iPad/iPhone was 
made  available, revolutionizing the ease with which 
Z-scores can be calculated in the clinical environment. 
Z-score values representing the size of the aorta can 
be determined from the aortic annulus, sinuses of 
Valsalva, sinotubular junction, and ascending aorta. 

BSA has been found to be more useful than age, 
height, or weight alone for the accurate measure-
ment of the size of different cardiovascular structures 
[6]. There are a number of different formulas that 
have been established for the measurement of BSA. 
The most commonly used formulas include: Haycock, 
Du Bois, Boyd, Gehan and George, and Mosteller. The 
Haycock formula [7] (BSA (m2) = weight (kg)0.5378 ×  
height (cm)0.3964 × 0.024265) has been recognized 
as the most accurate method of calculating BSA [8]. 
This  formula was generated from only 81 subjects, 

Figure 2. Panel A. Scatterplot of individual patient data illustrating the relationship between body surface area and diameter of the 
Sinuses of Valsalva. Solid line = regression equation; dashed line = confidence Intervals. Panel B. Nomogram generated from the scat-
terplot in Panel A for determining individual Z-score according to body surface area and diameter of the Sinuses of Valsalva. Included 
with permission from Daubeney et al. [5]. 

http://zscore.chboston.org
http://zscore.chboston.org
www.parameterz.com
www.marfan.org/dx/zscore
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limitations in the evidence base of Z-scores.
Z-scores are usually calculated using BSA; however, 

a weight-only equation also exists for the calculation 
of BSA (BSA = 0.1023 (weight 0.68)) [9]. This may be a 
more convenient tool, but it lacks the valuable adjust-
ment for height in patients, which is a sensitive factor 
to consider when assessing the aortic diameter. 

Therefore, clinicians must be mindful of which BSA 
formula is used when interpreting Z-scores. Further-
more, it is important to be consistent in the choice 
of Z-score calculator, while also being aware that the 
 accuracy of the specific BSA equation utilized in each 
Z-score calculation will be affected by changes in 
body mass and age. The user must keep in mind these 

Table 1. List of established formulas for measuring body surface area (BSA).

Formula Equation
Sample  
Size

Age  
(Years)

Gender  
(F:M) Main Limitation(s)

Banerjee 
(1955) 
[16] 

= ×

×

BSA weight

height 74.66
(cm ) (kg)

(cm)

2 0.425

0.725

15 18-44 0% Small sample size. Only relevant to 
Indian population. Inaccurate in SE Asian 
 population [23]. 

Boyd 
(1935)

BSA weight

height 0.017827
(m ) (kg)

(cm)

2 0.4838

0.3

= ×

×

197 Unclear* Unclear* BSA overestimated if: infant, short, obese. 
BSA underestimated if: tall, thin [14, 24, 25]. 
Study demographics unclear.

Du Bois 
(1916)

BSA height

weight 71.84
(cm ) (cm)

(kg)

2 0.725

0.425

= ×

×

9 Not stated Not  
stated

BSA underestimated if: infant/child, obese 
[8, 14, 26, 27]. Significant patient hetero-
geneity. Study demographics unclear. 
Nutritional status of study sample is 
 unrepresentative. 

Gehan 
(1970)

BSA 0.0235 height

weight
(m ) (cm )

(kg)

2 2 0.42246

0.51456

= × × 401 Infants 
-Adults

Not 
stated

BSA overestimated if: short, obese. BSA 
underestimated if: tall, thin, increasing body 
size [14, 24, 26]. Study demographics un-
clear. Inaccurate in SE Asian population [23]. 

Haycock 
(1978) [7] 

BSA weight

height 0.024265
(m ) (kg)

(cm)

2 0.5378

0.3964

= ×

×

81 ELBW in-
fants -adults

Not  
acces-
sible

BSA overestimated if: infant, short, obese. 
BSA underestimated if: tall, thin, increas-
ing body size [24, 27, 28]. Inaccurate in SE 
Asian population [23]. 

Jones 
(1994) 
[29] 

BSA 0.335 0.02 weight
(m ) (kg)2 = + × 28 3.1-10.5 46% Small sample size. Only 4 males included. 

Narrow age range.

Meban 
(1983) 
[30] 

BSA 6.4954

(1,000 weight ) height

(cm )

(g)
0.562

(cm)

2

0.320

= ×

× ×

79 11-42 weeks 
gestation

Not 
stated

Only pathological human fetuses studied.

Mosteller 
(1987) 
[31] 

BSA (height weight )

3,600
(cm) (kg)= × 0 NA NA BSA overestimated if: short, obese [26]. 

BSA underestimated if: infant, tall, thin, low 
body size [14, 24, 32]. Less accurate simpli-
fication of the Gehan equation.

Shuter 
(2000) 
[33] 

BSA 94.9 (weight 0.441)

(height 0.655)
(cm ) (kg)

(cm)

2 = × × ×

×

42 Not stated Not 
stated

Small sample size. Patient demographics 
unavailable.

Yu (2003) 
[28] 

BSA (0.015925

height weight )

(cm )

(cm) (kg)
0.5

2 = ×

×

3951 20-91 54% No subjects under 20 years of age. Formula 
only validated in Chinese individuals. 
Whole body scanning method does not 
take into account overlapping and shading 
body parts [23]. 

*Chapter of book unavailable to determine age range and gender.
BSA= body surface area; ELBW = extremely low birth weight; SE = South East.
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tor when determining the validity of Z-scores; there-
fore, technicians must take consistent measurements 
of the aortic diameter to minimize observer bias. 
There are clear guidelines from the American Society 
of Echocardiography Pediatric and Congenital Heart 
Disease Council regarding accurate measurement of 
the proximal aorta (Table 2) [8] While pediatric mea-
surements are made in systole, adult measurements 
are made in diastole, which can give significantly 
different measurements. Care must be  taken when 
interpreting Z-scores recorded before the implemen-
tation of the 2010 guidelines. Before the advent of 
these guidelines, discrepancies in inclusion of ves-
sel wall thickness, axis of measurements, and stage 
of the cardiac cycle provided important sources of 
marked variability. Furthermore, dilatations of the 
aorta are not homogeneous, and therefore a single 
measurement may not represent the true scale of the 
pathology [20]. These factors may contribute to in-
tra- and inter-observer bias and affect the reliability 
of earlier studies [14]. Even small changes in aortic di-
ameter can represent significant disease progression 
in Z-score calculations. Together, these factors may 
lead to inappropriate treatment strategies such as 
lifelong medical therapy, which can expose patients 
to unnecessary side effects and financial burden, or 
high risk surgical interventions.

Furthermore, data on the non-pathological nat-
ural history of Z-scores is limited. Should the aortic 
Z-score remain identical in a normal or aneurysmal 
child from infancy to young adulthood? We simply 
do not know. Currently, randomized controlled trials 
(RCTs) investigating aneurysmal pathology rely on 
 Z-score changes as a measure of therapeutic effica-
cy [21, 22]. The natural history of Z-scores in normal 
and pathological states remains largely unknown, 

The introduction of web-based Z-score calcu-
lators, such as http://www.parameterz.com, has 
 revolutionized the ease with which we can calculate 
Z-scores in the clinical environment. However, these 
Z-score calculating programs stratify their data using 
geographically-specific nomograms. Such geographi-
cal studies are not available worldwide, and therefore 
care must be taken to ensure the most accurate geo-
graphical region is used for analysis. One must also re-
member that these nomograms do not take ethnic di-
versity into account. Despite recent efforts to improve 
the accuracy of nomograms, there are still numerical 
and interpretative uncertainties [4, 10-13]. Such no-
mograms may produce widely different Z-score val-
ues. This is because many nomograms utilize a small 
sample size, with an underrepresentation of infor-
mation across age groups (particularly neonates and 
premature infants) [14]. There is a lack of complete in-
formation on certain cardiovascular structures and ra-
cial and gender differences in the literature [14-16]. In  
addition, the use of formalin-fixed pathological speci-
mens to determine base data for nomograms is  limited 
by their availability and may significantly underesti-
mate the dimensions of cardiac structures in vivo, thus 
producing inappropriate clinical tools [17, 18]. 

To maintain statistical confidence in Z-scores with 
extreme values, nomograms must adequately rep-
resent the heteroscedasticity (change in variance) 
across body sizes of individuals [2]. Inappropriate av-
eraging of variance may lead to under- or overestima-
tion of Z-score values for children at the extremes of 
body size [2]. In addition, obesity may skew Z-score 
data and therefore produce measurement bias when 
interpreting Z-scores. This is a particular problem in 
patients with cardiovascular disease. Consequently, 
an obese patient’s Z-score may be an underestima-
tion of the true value. Dallaire et al. [1] explored this 
problem and suggested that the use of multivariable 
models with weight and height as independent pre-
dictors of Z-scores should be explored to reduce this 
potential pitfall. Van Kimmenade et al. [19] concluded 
that, because we are facing an obesity epidemic, 
the use of Z-scores that correlate with height rather 
than BSA/weight may be more accurate in evaluating 
aortic root measurements in those with Marfan Syn-
drome. 

Measurement error can be a significant limiting fac-

Table 2. Guidelines from the American Society of Echocardiog-
raphy Pediatric and Congenital Heart Disease Council regarding 
accurate measurement of the aortic root [8].

Guidelines for the Measurement of the Proximal Aorta
1.  Measurements are made in systole, at maximum 

 expansion.
2.  Measurements are the intraluminal dimension (also known 

as inner-ed).
3.  Vascular measurements are made perpendicular to the 

long axis of the vessel.

http://www.parameterz.com
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therefore limiting the meaningful interpretation of 
Z-scores. 

Z-scores are commonly used in pediatric settings 
to evaluate the diameter of the ascending aorta and 
aortic root. However, raw values of aortic root sizes 
are usually calculated in adults. The rationale for this 
is that height stabilizes in adulthood and is unlikely 
to change over time. However, this is inaccurate, es-
pecially in elderly patients who lose height from their 
young adult maximum. In addition, there is a huge 
variability in size among the population, which sug-
gests that gender and height may be significant con-
founding factors when interpreting aortic root values 
in these patients. 

Knowing these limitations, careful interpretation 
of Z-scores in relation to patients and recognition of 
information gaps in the literature are essential to im-
prove the clinical interpretation of Z-scores.

Conclusion

In light of the evidence base, Z-scores are a con-
venient tool for diagnosing and monitoring cardio-
vascular disease. In addition, they are widely used in 
RCTs to determine treatment efficacy in aortic aneu-
rysmal disease. 

However, there are some notable limitations to the 
use of Z-scores. All varieties of BSA calculation directly 
and substantially impact aortic Z-score determina-
tion. Some of these limitations can be overcome by 
calculating Z-scores using consistent and general-
izable nomograms. This may require consistent use 
of specific Z-score nomograms to accurately reflect 

the structure measured (e.g., aorta) and the gender, 
race, height, and weight of the patient. Additionally, 
measurement bias is a contributing factor to inaccu-
racies when determining aortic root size. To reduce 
the impact of intra- and inter-observer bias, consis-
tent reporting of aortic root measurements, ideally 
by experienced technicians, is required, with abnor-
mal measurements reviewed and confirmed by the 
interpreting cardiologist/cardiothoracic surgeon. As 
we face an obesity epidemic, it is also important to 
consider the accuracy of BSA-based Z-score calcula-
tions, and whether height-based calculations should 
be implemented for obese individuals.

We recommend that further investigation be 
 performed into the natural history of Z-scores in non-
pathological states, to assure that current interpreta-
tions of therapeutic strategies in RCTs are accurate. 
Specifically, we feel that clear-cut evidence is needed 
to show that a decreasing Z-score as a pediatric  patient 
ages truly represents a positive therapeutic (pharma-
cological) effect, and not simply a normal  Z-score pro-
gression with increasing body size. We have investiga-
tions underway on this specific quandary. 

Conflict of Interest 

We have read and understood the AORTA policy on 
declaration of interests and declare that we have no 
competing interests.

Comment on this Article or Ask a Question  

References

1. Dallaire F, Bigras JL, Prsa M, Dahdah N. Bias 
related to body mass index in pediatric 
echocardiographic Z scores. Pediatr Cardi-
ol. 2015;36:667-676. DOI: 10.1007/s00246-
014-1063-7

2. Chubb H, Simpson JM. The use of Z-scores 
in paediatric cardiology. Ann Pediatr Car-
diol. 2012;5:179-184. DOI: 10.4103/0974-
2069.99622

3. Wang Y, Chen H-J. Use of percentiles and 
Z-Scores in anthropometry. In: Preedy VR. 
Handbook of Anthropometry. New York: 
Springer; 2012, p. 29-48. DOI: 10.1007/978-
1-4419-1788-1_2

4. Colan SD. The why and how of Z scores. J 

Am Soc Echocardiogr. 2013;26:38-40. DOI: 
10.1016/j.echo.2012.11.005

5. Daubeney PE, Blackstone EH, Weintraub RG, 
Slavik Z, Scanlon J, Webber SA. Relationship 
of the dimesion of cardiac structures to body 
size: an echocardiographic study in normal in-
fants and children. Cardiol Young. 1999; 9:402-
410. DOI: 10.1017/S1047951100005217

6. Sluysmans T, Colan SD. Theoretical and 
empirical derivation of cardiovascular al-
lometric relationships in children. J Appl 
Physiol. 2005;99:445-457. DOI: 10.1152/
japplphysiol.01144.2004

7. Haycock GB, Schwartz GJ, Wisotsky DH. 
Geometric method for measuring body 

surface area: a height-weight formula val-
idated in infants, children, and adults. J Pe-
diatr. 1978;93:62-66. DOI: 10.1016/S0022-
3476(78)80601-5

8. Lopez L, Colan SD, Frommelt PC, Ensing GJ, 
Kendall K, Younoszai AK, et al. Recommen-
dations for quantification methods during 
the performance of a pediatric echocar-
diogram: a report from the Pediatric Mea-
surements Writing Group of the American 
Society of Echocardiography Pediatric and 
Congenital Heart Disease Council. J Am 
Soc Echocardiogr. 2010;23:465-495. DOI: 
10.1016/j.echo.2010.03.019

9. Kampmann C, Wiethoff CM, Wenzel A, 

http://dx.doi.org/10.12945/j.aorta.2016.16.014
http://dx.doi.org/10.1007/s00246-014-1063-7
http://dx.doi.org/10.1007/s00246-014-1063-7
http://dx.doi.org/10.4103/0974-2069.99622
http://dx.doi.org/10.4103/0974-2069.99622
http://dx.doi.org/10.1007/978-1-4419-1788-1_2
http://dx.doi.org/10.1007/978-1-4419-1788-1_2
http://dx.doi.org/10.1016/j.echo.2012.11.005
http://dx.doi.org/10.1017/S1047951100005217
http://dx.doi.org/10.1152/japplphysiol.01144.2004
http://dx.doi.org/10.1152/japplphysiol.01144.2004
http://dx.doi.org/10.1016/S0022-3476(78)80601-5
http://dx.doi.org/10.1016/S0022-3476(78)80601-5
http://dx.doi.org/10.1016/j.echo.2010.03.019


AORTA, August 2016            Volume 4, Issue 4:124-130

State-of-the-Art Review             130

Stolz G, Betancor M, Wippermann C, et 
al. Normal values of M mode echocar-
diographic measurements of more than 
2000 healthy infants and children in cen-
tral Europe. Heart. 2000;83:667-672. DOI: 
10.1136/heart.83.6.667

10. Mawad W, Drolet C, Dahdah N, Dallaire 
F. A review and critique of the statistical 
methods used to generate reference val-
ues in pediatric echocardiography. J Am 
Soc Echocardiogr. 2013;26:29-37. DOI: 
10.1016/j.echo.2012.09.021

11. Astill-McNish S, Straughan PL. An extend-
ed care transitional unit. Dimens Health 
Serv. 1990;67:13-16.

12. Cantinotti M, Lopez L. Nomograms for 
blood flow and tissue Doppler veloci-
ties to evaluate diastolic function in chil-
dren: a critical review. J Am Soc Echocar-
diogr. 2013;26:126-141. DOI: 10.1016/j.
echo.2012.11.017

13. Lopez L. Pediatric echocardiography 
quality improvement. J Am Soc Echocar-
diogr. 2012;25:22a-23a. DOI: 10.1016/j.
echo.2012.10.013

14. Cantinotti M, Scalese M, Murzi B, Assanta N, 
Spadoni I, Festa P, et al. Echocardiographic 
nomograms for ventricular, valvular and ar-
terial dimensions in caucasian children with 
a special focus on neonates, infants and tod-
dlers. J Am Soc Echocardiogr. 2014;27:179-
191.e2. DOI: 10.1016/j.echo.2013.10.001

15. Nwoye LO. Body surface area of Africans: a 
study based on direct measurements of Ni-
gerian males. Hum Biol. 1989;61:439-457. 
PMID: 2680889

16. Banerjee S, Sen R. Determination of the 
surface area of the body of Indians. J Appl 
Physiol. 1955;7:585-588. PMID: 14381332

17. Alvarez L, Aranega A, Saucedo R, Contreras 
JA. The quantitative anatomy of the normal 
human heart in fetal and perinatal life. Int J 
Cardiol. 1987;17:57-72. DOI: 10.1016/0167-
5273(87)90033-7

18. Kirklin JW, Barratt-Boyes BG. Cardiac Sur-
gery, 2nd Edition. Edinburgh: Churchill Liv-

ingstone; 1993.
19. Van Kimmenade RRJ, Kempers M, Jan de 

Boer M, Loeys BL, Timmermans J. A clinical 
appraisal of different Z-score equations 
for aortic root assessment in the diagnos-
tic evaluation of Marfan syndrome. Gen-
et Med. 2013;15:528-532. DOI: 10.1038/
gim.2012.172

20. Ihara T, Komori K, Yamamoto K, Kobayashi 
M, Banno H, Kodama A. Three-dimensional 
workstation is useful for measuring the 
correct size of abdominal aortic aneurysm 
diameters. Ann Vasc Surg. 2013;27:154-
161. DOI: 10.1016/j.avsg.2012.03.009

21. Gao L, Mao Q, Wen D, Zhang L, Zhou X, 
Hui R. The effect of beta-blocker therapy 
on progressive aortic dilatation in chil-
dren and adolescents with Marfan’s syn-
drome: a meta-analysis. Acta Paediatr. 
2011;100:e101-e105. DOI: 10.1111/j.1651-
2227.2011.02293.x

22. Lacro RV, Dietz HC, Sleeper LA, Yetman AT, 
Bradley TJ, Colan SD, et al. Atenolol ver-
sus losartan in children and young adults 
with Marfan’s syndrome. N Engl J Med. 
2014;371:2061-2071. DOI: 10.1056/NE-
JMoa1404731

23. Lee JY, Choi JW, Kim H. Determination of 
body surface area and formulas to esti-
mate body surface area using the alginate 
method. J Physiol Anthropol. 2008;27:71-82. 
DOI: 10.2114/jpa2.27.71

24. Saganuwan SA, Ndakotsu AM. Standard-
ization and scoring of the body surface 
area (BSA) formulas for calculation of the 
doses of anticancer agents for cancer pa-
tients from the North-Western Nigeria. J 
Cancer Sci Ther. 2015;7. DOI: 10.4172/1948-
5956.1000319

25. Ahn Y, Garruto RM. Estimations of body 
surface area in newborns. Acta Paediatr. 
2008;97:366-370. DOI: 10.1111/j.1651-
2227.2008.00666.x

26. Verbraecken J, Van de Heyning P, De 
Backer W, Van Gaal L. Body surface area 
in normal-weight, overweight, and obese 

adults. A comparison study. Metabolism. 
2006;55:515-524. DOI: 10.1016/j.me-
tabol.2005.11.004

27. Livingston EH, Lee S. Body surface area 
prediction in normal-weight and obese 
patients. Am J Physiol Endocrinol Metab. 
2001;281:E586-E591. PMID: 11500314

28. Yu CY, Lo YH, Chiou WK. The 3D scanner 
for measuring body surface area: a simpli-
fied calculation in the Chinese adult. Appl 
Ergon. 2003;34:273-278. DOI: 10.1016/
S0003-6870(03)00007-3

29. Jones PR, Baker AJ, Hardy CJ, Mowat AP. 
Measurement of body surface area in chil-
dren with liver disease by a novel three-di-
mensional body scanning device. Eur J 
Appl Physiol Occup Physiol. 1994;68:514-
518. DOI: 10.1007/BF00599522

30. Meban C. The surface area and volume 
of the human fetus. J Anat. 1983;137:271-
278.

31. Mosteller RD. Simplified calcula-
tion of body-surface area. N Engl J 
Med. 1987;317:1098. DOI: 10.1056/
NEJM198710223171717

32. El Edelbi R, Lindemalm S, Eksborg S. Es-
timation of body surface area in various 
childhood ages--validation of the Mosteller 
formula. Acta Paediatr. 2012;101:540-544. 
DOI: 10.1111/j.1651-2227.2011.02580.x

33. Shuter B, Aslani A. Body surface area: 
Du Bois and Du Bois revisited. Eur J Appl 
Physiol. 2000;82:250-254. DOI: 10.1007/
s004210050679

Cite this article as: Curtis AE, Smith TA,  
Ziganshin BA, Elefteriades JA. The Mys-
tery of the Z-Score. AORTA (Stamford). 
2016;4(4):124-130. DOI: http://dx.doi.
org/10.12945/j.aorta.2016.16.014

http://dx.doi.org/10.1136/heart.83.6.667
http://dx.doi.org/10.1016/j.echo.2012.09.021
http://dx.doi.org/10.1016/j.echo.2012.11.017
http://dx.doi.org/10.1016/j.echo.2012.11.017
http://dx.doi.org/10.1016/j.echo.2012.10.013
http://dx.doi.org/10.1016/j.echo.2012.10.013
http://dx.doi.org/10.1016/j.echo.2013.10.001
http://www.ncbi.nlm.nih.gov/pubmed/2680889
http://www.ncbi.nlm.nih.gov/pubmed/14381332
http://dx.doi.org/10.1016/0167-5273(87)90033-7
http://dx.doi.org/10.1016/0167-5273(87)90033-7
http://dx.doi.org/10.1038/gim.2012.172
http://dx.doi.org/10.1038/gim.2012.172
http://dx.doi.org/10.1016/j.avsg.2012.03.009
http://dx.doi.org/10.1111/j.1651-2227.2011.02293.x
http://dx.doi.org/10.1111/j.1651-2227.2011.02293.x
http://dx.doi.org/10.1056/NEJMoa1404731
http://dx.doi.org/10.1056/NEJMoa1404731
http://dx.doi.org/10.2114/jpa2.27.71
http://dx.doi.org/10.4172/1948-5956.1000319
http://dx.doi.org/10.4172/1948-5956.1000319
http://dx.doi.org/10.1111/j.1651-2227.2008.00666.x
http://dx.doi.org/10.1111/j.1651-2227.2008.00666.x
http://dx.doi.org/10.1016/j.metabol.2005.11.004
http://dx.doi.org/10.1016/j.metabol.2005.11.004
http://www.ncbi.nlm.nih.gov/pubmed/11500314
http://dx.doi.org/10.1016/S0003-6870(03)00007-3
http://dx.doi.org/10.1016/S0003-6870(03)00007-3
http://dx.doi.org/10.1007/BF00599522
http://dx.doi.org/10.1056/NEJM198710223171717
http://dx.doi.org/10.1056/NEJM198710223171717
http://dx.doi.org/10.1111/j.1651-2227.2011.02580.x
http://dx.doi.org/10.1007/s004210050679
http://dx.doi.org/10.1007/s004210050679
http://dx.doi.org/10.12945/j.aorta.2016.16.014
http://dx.doi.org/10.12945/j.aorta.2016.16.014

	AORTA Volume 4, Issue 4
	Advertisements
	Baxter Floseal ad
	Cryolife ad
	CACVS 2017 ad
	Maquet Tigerpaw System II Ad
	Medtronic Endurant II ad
	Medtronic Endurant II ad - page 2

	Board of Directors
	Table of Contents
	Original Research Article
	Axillary Versus Femoral Arterial CannulationDuring Repair of Type A Aortic Dissection?

	State-of-the-Art Review
	The Mystery of the Z-Score

	Case Reports
	Rapidly Expanding Infectious Aortic AneurysmCaused by Perforated Colon Cancer
	Chimney Technique with Nellix EndoVascular Aneurysm Sealing System in a Patient with Single Kidney and Juxtarenal Abdominal Aortic Aneurysm
	Early Coronary Thrombosis without ST-Segment Elevation Following Repair of Acute Aortic Dissection
	Intimal Sarcoma of the Descending Aorta Mimicking Aortitis

	Images in Cardiac Surgery
	Long-Term Survival After Composite Mechanical Aortic Root Replacement

	Issue Summary
	Page for General Public

	Upcoming Meetings
	List of Upcoming Meetings




