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Abstract

Object ive: To evaluate the feasibility of quant ifying coronary artery calcifi cat ion in low-radiat ion 

dose chest  CT (LDCT) studies performed in an early lung cancer detect ion program by comparing 

the results of this technique with those of dedicated ret rospect ively ECG-gated cardiac CT.

Mat er ial  and met hods:  Af t er obt aining informed consent ,  we evaluat ed t he CT st udies of 

48 consecut ive asymptomat ic smokers (44 male, 4 female; mean age 59.7 years) included in an 

early lung cancer detect ion t rial who underwent  mult islice LDCT (Volume Zoom, Siemens) of the 

chest  and a ret rospect ively ECG-gated cardiac CT specifi cally dedicated to quant ifying coronary 

artery calcifi cat ion. LDCT examinat ions were reconst ructed to reproduce cardiac CT parameters. 

Coronary calcium values were compared using the Wilcoxon signed-rank test . The concordance 

correlat ion coeffi cient  (CCC) was calculated t o determine t he agreement  between the two 

methods.

Resul t s:  Coronary calcium values ranged from 0 to 1,908.4 (median: 89.6; IQR: 3.2; 227.4) in 

LDCT exams and f rom 0 to 1,486.6 (median: 81.3;  IQR: 2.5;  316.4) in cardiac CT studies.  No 

stat ist ical ly signifi cant  dif ference was observed in t he est imat ion of  t otal coronary calcium 

score (p = 0.28). The concordance between the two techniques was excellent  (CCC ≥ 0.81).

Conclusion: The LDCT study performed in lung cancer early detect ion t rials enables coronary 

artery calcifi cat ion to be quant ifi ed with the same accuracy as the dedicated ret rospect ively 

ECG-gated cardiac CT examinat ion.

© 2009 SERAM. Published by Elsevier España, S.L. All rights reserved.
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Cuantifi cación de la calcifi cación coronaria en tomografía computarizada torácida 

de baja dosis de radiación sin sincronización cardiaca

Resumen

Obj et ivo:  Evaluar la posibil idad de cuant ifi car la calcifi cación coronaria en las t omograf ías 

computarizadas (TC) de baj a dosis de radiación (TCBD) torácicas realizadas en un programa de 

detección precoz de cáncer de pulmón con respecto al protocolo cardíaco específi co realizado 

con sincronización elect rocardiográfi ca (ECG) ret rospect iva.

Mat erial  y mét odos: Tras obtener el consent imiento informado se analizaron las exploraciones 

de 48 fumadores asintomát icos consecut ivos (44 varones, 4 muj eres;  edad media 59,7 años) 

incluidos en un programa de detección precoz de cáncer de pulmón a los que se realizó TCBD 

torácica y un estudio cardíaco específi camente dirigido a cuant ifi car la calcifi cación coronaria 

con sincronización ECG ret rospect iva en un equipo TC mult icorte (Volume Zoom, Siemens). La 

exploración TC de baj a dosis de radiación se reconst ruyó para reproducir los parámet ros del 

estudio cardíaco. Los valores de calcio coronario se compararon con el t est  de Wilcoxon. Se 

calculó el coefi ciente de correlación de concordancia (CCC) para determinar la concordancia 

ent re ambos métodos.

Result ados: Los valores del calcio coronario oscilaron ent re 0 y 1.908,4 (mediana: 89,6; amplitud 

intercuart il [AIC]: 3,2; 227,4) en TCBD y ent re 0 y 1.486,6 (mediana: 81,3; AIC: 2,5; 316,4) en 

los est udios cardíacos.  No se observaron diferencias est adíst icament e signif icat ivas en la 

est imación total de calcio coronario (p = 0,28). La concordancia ent re ambas técnicas fue buena 

(CCC≥0,81).

Conclusión: Los estudios de TC de baj a dosis de radiación realizados en programas de detección 

precoz de cáncer de pulmón permit en cuant if icar la calcif icación coronaria con la misma 

exact itud que el protocolo cardíaco específi co realizado con sincronización ECG ret rospect iva.

© 2009 SERAM. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Introduction

Lung cancer and coronary art ery disease are t he leading 
causes of  deat h in developed count r ies.  1 In 2000,  t he 
est imated incidence of lung cancer in Spain was 16,821 cases 
in men and 1,552 cases in women,  wi t h an est imat ed 
mort al i t y of  15, 974 men and 1, 694 women.  2 In 2002, 
incidence rates of  acute myocardial infarct ions in people 
aged between 25 and 74 were 135-210 cases per 100,000 men 
per year and 29-61 cases per 100,000 women per year,  3-5 
with annual ischemic cardiopathy mortalit y rates adj usted 
f or  age and gender  of  92. 02/ 100, 000 f or  men and 
40.13/ 100,000 for women. 6 Convent ional coronary angio-
graphy and echocardiography are the reference standards 
for studying coronary arteriosclerosis. 7 However, instead of 
t reatment  with high-cost  invasive procedures, non-invasive 
techniques are being developed that  allow ident ifi cat ion of 
individuals wit h elevat ed risk of  experiencing a cardiac 
episode. Among these is Mult i-Slice Computed Tomography 
(MSCT). This technique has proven to be useful for detect ing 
and quant ifying coronary calcifi cat ion,  8 a parameter t hat  
st rat ifi es cardiovascular risk and provides prognost ic value. 9 
Today, evaluat ion of  coronary calcifi cat ion is performed in 
an increasing number of  hospit als.  Moreover,  t he use of 
low-dose CT as a screening tool for t he early detect ion of 
lung cancer has been shown to increase pat ient  survival.  10 
Thus, MSCT can be a very useful technique for both diagnos-
ing lung cancer  in i t s ear l y st ages and det ect ing and 

quant ifying the calcifi cat ion of coronary arteries. However, 
unlike convent ional thoracic studies, quant ifying coronary 
calcifi cat ion using MSCT requires ECG (elect rocardiogram) 
gat ing,  which implies a greater radiat ion dose. This study 
was performed with the hypothesis that  using MSCT, a single, 
low-dose scan can be used t o det ect  lung cancer and 
quant ify coronary calcifi cat ion. We evaluated the possibility 
of  quant i f ying coronary calci f icat ion using convent ional 
non-ECG-gat ed l ow-dose t horaci c st udies t hat  were 
performed on asymptomat ic consecut ive smokers part icipat -
ing in t he early det ect ion program for lung cancer being 
developed at  our cent er.  We compared t he resul t s wit h 
t hose obt ained f rom ECG-gat ed st udies designed f or 
quant ifying coronary calcifi cat ion.

Material and methods

Af t er  obt aining inf ormed consent ,  48 asympt omat i c 
consecut ive smokers who part icipate in the early detect ion 
program for lung cancer at  our center underwent  a low-dose 
CT of  t he chest  and a cardiac CT wit h ret rospect ive ECG 
gat ing.

Protocol of Multi-Slice Computed Tomography

The st udies were perf ormed on MSCT equipment  wi t h 
4-slice detectors (Somatom Volume Zoom, Siemens Medical 
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Solut ions,  Er langen,  Germany).  The low-dose t horacic 
st udies were performed wit h t he fol lowing paramet ers: 
120 kV,  20 mAs,  1 mm sl ice t hickness,  1 mm col l imat ion, 
0.7 mm reconst ruct ion increment .  For the cardiac studies 
with ret rospect ive ECG gat ing, a convent ional protocol was 
used:  120 kV,  133 mAs,  3 mm sl ice t hickness,  2. 5 mm 
col l imat ion,  3. 75 mm t able movement ,  0. 5 s gant ry 
rot at ion t ime,  1.5 mm reconst ruct ion increment ,  and 
B35 reconst ruc t ion algor i t hm.  The raw dat a f rom t he 
t horacic scan were also reconst ruct ed using paramet ers 
equivalent  t o t hose of  t he cardiac st udy (sl ice t hickness, 
reconst ruct ion increment ,  and algori t hm) so as t o make 
t he t wo st udies comparable.  The amount  of  coronary 
calcium (Agatston’s score) was est imated using commercial 
sof t ware (CaScoring,  Siemens Medical Solut ions) (fi g.  1). 
Two radio logist s independent l y analyzed t he st udies, 
paying special  at t ent ion t o increased image noise and t o 
t he pulsat i l i t y art ifact  in t he low-dose chest  CT scans,  t o 
avoid including erroneous pixels in t he calculat ion of 
coronary calcium. In inst ances of  increased image noise, 
pixels that  followed the vascular route were quant ifi ed. In 
cases of  pulsat i l i t y art i fact s,  only t he coronary segment  
that  followed the natural route of  the coronary ves sel was 
considered, excluding the art ifact .

Statistical Analysis

The Shapiro-Wilk t est  was used as a normal i t y measure. 
Given that  the variables did not  follow a normal dist ribut ion, 
t he Wi lcoxon t est  was used t o compare t he amount  of 
coronary cal cium in t he t wo scans.  The concordance 
correlat ion coef f icient  (CCC) 11 and Bland–Alt man plot s 12 
were used to analyze the agreement  between the two CT 
prot ocols f or  est imat ing t he overal l  score of  coronary 
calcium and the quant ity of calcium in each coronary artery. 
The CCC can present  values f rom 0 t o 1;  0 indicates t hat  
there is no agreement  and 1 indicates perfect  agreement . 
Addit ional  analyses were performed st rat i f ying by age, 
gender, and heart  rate. A value of p < 0.01 was considered 
stat ist ically signifi cant .

Results

Prospect ive studies of 48 asymptomat ic consecut ive smokers 
were anal yzed (44 mal es and 4 f emal es;  mean age: 
59.7 years; standard deviat ion [SD]: 8.2; range: 44-83 years). 
The average heart  rate of people in the study at  the t ime of 
t he scan was 69.1 (SD: 12.5) beats per minute.  All studies 
were of diagnost ic quality.

Quantifi cation of Coronary Calcium

The values of  coronary calcium quant ifi ed using low-dose 
chest  CT varied between 0 and 1,908.4 with a median of 0 
(interquart ile range [IQR]: 0; 0.15) for the left  main t runk; 
33.2 (IQR: 0; 143.7) for the left  anterior descending coronary 
art ery;  4.7 (IQR:  0;  21.8) for t he circumf lex art ery;  0.05 
(IQR: 0;  29.2) for t he right  coronary artery and 89.6 (IQR: 
3.2;  227.4) f or  t he t ot al  amount  of  calcium.  Coronary 
calcium values were found between 0 and 1,486.6 in t he 
cardiac st udies performed wit h ret rospect ive ECG gat ing 
with a median of 0 (IQR: 0; 0) for the main left  t runk; 12.9 
(IQR:  0;  102.6) for t he lef t  ant erior descending coronary 
artery; 8 (IQR: 0; 53.2) for the circumfl ex artery; 0.7 (IQR: 
0;  32.4) for t he right  coronary art ery and 81.3 (IQR: 2.5; 
316.4) for t he t ot al  amount  of  calcium.  No st at ist ical ly 
signifi cant  dif ferences were found in the total est imat ion of 
coronary calcium (p = 0.28) between acquisit ion techniques 
(table 1). Coronary calcium was not  detected in 8 subj ects. 
Coronary calcium was detected in t he low-dose chest  CT 
and not  in the ECG-gated cardiac study in only 2 individuals 
(Agatston values of 0.1 and 4.6).

Concordance between the Scans

The CCC and it s 95 % confi dence interval for t he coronary 
calcium measurements for both acquisit ion techniques are 
shown in t able.  Bot h scans showed a good agreement  in 
quant ifying the coronary calcifi cat ion,  both overall and in 
each isolated artery, with CCC values ≥ 0.81. There was also 
good agreement  bet ween t he t echniques in subgroups 

Figure 1 Quant ifi cat ion of  coronary calcium A) Axial image obtained with the low-dose protocol B) Axial image obtained with 

ret ro spect ive ECG gat ing. Calcifi cat ion is visible in the left  anterior descending coronary artery.
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according to age, sex, and heart  rate (table 2). Agreement  
between the measurements of  t otal coronary calcium are 
shown in a Bland-Altman plot  (fi g. 2).

Discussion

In past  years, screening asymptomat ic subjects for detect ing 
lat ent  or  ear ly-st age diseases has acqui red import ant  
socio-epidemiological  relevance and has provoked great  
cont roversy in t he scient if ic communit y.  13 Hel ical  CT has 
been shown t o be a pot ent ial ly useful  t echnique for t he 
ear l y det ect i on of  l ung cancer ;  14 subsequent l y,  t he 
development  of  mul t i -sl ice CT and low-dose prot ocols 
(0.65 mSv) 15 have resulted in an increased number of clinical 
screening studies. 10,16 Moreover, ECG-gated MSCT (radiat ion 
dose 1.5-6.2 mSv) 17 has been useful  f or  det ect ing and 
quant ifying coronary calcifi cat ion,  8,18,19 a paramet er t hat  
ref lect s t he t ot al  at herosclerot ic plaque burden.  20 The 
coronary calcifi cat ion holds prognost ic value in symptomat ic 21 
and asympt omat ic 22 subj ect s and,  f or  t his reason,  i t s 
quant i f icat ion is now recommended f or  pat ient s wi t h 
intermediate risk of cardiovascular disease. 23 Given that  the 
same technology (MSCT) is potent ial ly useful for the early 
detect ion of lung cancer and est imat ion of coronary disease 
r isk,  performing a single CT scan for bot h purposes has 
important  cl inical relevance.  Therefore,  t he obj ect ive of 
this study was to demonst rate the possibilit y of quant ifying 
coronary calcifi cat ion using low-dose CT data collected as 
part  of  an early det ect ion program for lung cancer.  The 

resul t s were compared wit h t hose calculat ed f rom dat a 
acquired with a cardiac protocol.

In this study, no stat ist ically signifi cant  dif ferences were 
observed in t he quant i f icat ion of  coronary calci f icat ion 
between the two acquisit ion protocols.  The median t otal 

Table 1 Analysis of the quant ifi cat ion of coronary calcifi cat ion for two acquisit ion techniques

Artery Low-dose CT

Median (IQR)

Cardiac CT

Median (IQR)

p* CCC (CI of 95 %) Bland-Altman

Average (CI of 95 %)

LMT 0 (0; 0.15) 0 (0; 0) 0.24 0.81 (0.72–0.87) 82.5 (42.1–122.9)

LAD 33.2 (0; 143.7) 12.9 (0; 102.6) 0.09 0.85 (0.75–0.91) 12.6 (—8.3–33.4)

Cx 4.7 (0; 21.8) 8 (0; 53.2) 0.03 0.91 (0.86–0.94) 10.3 (—21.4–41.9)

RCA 0.05 (0; 29.2) 0.7 (0; 32.4) 0.16 0.97 (0.94–0.98) 3.9 (—7.3–15.1)

Total 89.6 (3.2; 227.4) 81.3 (2.5; 316.4) 0.28 0.96 (0.93–0.97) 15.1 (—14.2–44.2)

IQR: Interquart ile range; CCC: concordance correlat ion coeffi cient ; RCA: right  coronary artery; Cx: circumfl ex coronary artery; 

LAD: left  anterior descending coronary artery; CI: confi dence interval; LMT: left  main t runk.

 *Wilcoxon Test .

Table 2 Concordance in est imat ing total amount  of coronary calcium between two computed tomography acquisit ion 

techniques according to sex, age and heart  rate

Sex  CCC CI of 95 %

Female (n = 4) 0.95 0.56–0.99

Male (n = 44) 0.96 0.92–0.98

Age (years) < 56 (n = 17) 0.88 0.69–0.95

56–64 (n = 17) 0.96 0.89–0.99

> 64 (n = 16) 0.96 0.89–0.99

Heart  rate (BPM) < 64 (n = 18) 0.97 0.92–0.99

64–74 (n = 15) 0.89 0.67–0.96

> 74 (n = 15) 0.96 0.88–0.99

CCC: concordance correlat ion coeffi cient ; CI: confi dence interval; BPM: beats per minute.

Figure 2 Bland-Al t man plot  showing t he dif ference in t he 

measurements of  t ot al coronary calcium between t he ret ro-

spect ive ECG-gat ed scan and t he low-dose CT (LDCT) wit h 

 respect  t o t he average of  t he two values.  More dispersion is 

observed as compared with the concordance correlat ion coef-

fi cient  (CCC). SD: standard deviat ion.
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calcium was 89.6 for the low-dose protocol and 81.3 for the 
ECG-gated acquisit ion. Both scans showed good agreement  
for quant ifying coronary calcifi cat ion with CCC values > 0.80, 
for total calcium and calcium in each artery.  Although the 
conf idence int ervals were wide due t o t he smal l  sample 
size,  t he CCC showed good agreement .  The correlat ion of 
the two protocols for quant ifying coronary calcifi cat ion was 
almost  perfect , regardless of the sex, age, or heart  rate of 
the subj ect . Our study shows that  the quant ifi cat ion of the 
coronary calcifi cat ion using low-dose thoracic CT and using 
a cardiac protocol is nearly ident ical.  Therefore,  using a 
l ow-dose prot ocol  can signi f i cant l y reduce radiat ion 
exposure without  deteriorat ing the est imat ion of coronary 
cal ci f i cat i on.  According t o work publ i shed by ot her 
groups,  24,25 our st udy also indicat es t hat  i t  is possible t o 
quant ify coronary calcifi cat ion using low-milliamperage CT. 
The quant it y of  coronary calcium was est imated using the 
Agat st on scale.  Al t hough calculat ing t he volume or mass 
equivalent  t o t he hydroxyapat it e calcium of  t he at hero-
sclerot ic plaque has less variabi l i t y and correlat es more 
closely wi t h t he values obt ained f rom elect ron beam 
tomography,  a pioneer t echnique in t he quant ifi cat ion of 

coronary calcifi cat ion, 26 the Agatston score was used in this 
study, given that  it  is t radit ionally used to st rat ify cardio-
vascular risk through CT and is the index upon which clinical 
recommendat ions are made. 23,27

This st udy has several l imit at ions.  A l imit ed number of 
subj ects were included. The two CT protocols acquired data 
wit h di f ferent  sl ice t hicknesses and di f ferent  radiat ion 
doses. To minimize variability when quant ifying the coronary 
calcifi cat ion,  t he low-dose studies were reconst ructed t o 
approximate the ECG-gated cardiac reconst ruct ion. In this 
work, it  is not  possible to determine the effect  that  changing 
the reconst ruct ion parameters had on the coronary calcium 
score. In reconst ruct ing the studies obtained with the low 
dose protocol, two types of art ifacts may have affected the 
est imat ion of coronary calcifi cat ion (cardiac mot ion art ifacts 
and increased image noise) 28,29 (fi gs. 3 and 4). The increase 
in image noise was observed predominately in obese people. 
The pulsat il it y art ifact  appeared in more than half  of  t he 
subj ect s,  especial ly near t he right  coronary artery and in 
subj ects with elevated heart  rates. However, none of these 
ar t i f act s prevent ed det ect i on and quant i f i cat i on of 
calci f icat ion in any of  t he coronary segment s,  al lowing 

Figure 3 Pulsat ilit y art ifact . A) Axial image obtained with the low-dose protocol. B) Axial image obtained with ret rospect ive ECG 

gat ing. Note the pulsat ilit y art ifact  in the right  coronary artery (arrow).

Figure 4 Increased image noise art ifact . A) Axial image obtained with the low-dose protocol. B) Axial image obtained with ret ro-

spect ive ECG gat ing. Note that  in the image obtained with the low-dose protocol,  because it  has more noise, more pixels are de-

tected with density values > 130 HU.



Coronary artery calcium quant ifi cat ion with non-ECG-gated low-dose CT of the chest  35

est imat ion of  coronary calci f icat ion for bot h prot ocols. 
Nonetheless, one of the most  important  aspects of this work 
is t hat  t here were only t wo false-posi t ive resul t s (wi t h 
Agatston values < 5); that  is, it  detected “ calcium”  with the 
low-dose prot ocol  in 2 subj ect s in whom t he st andard 
technique did not  demonst rate coronary calcifi cat ion. This 
impl ies t hat  t he non-ECG-gat ed low-dose st udies of  t he 
chest  provide an adequate approximat ion to the st rat ifi cat ion 
of cardiovascular risk according to the Agatston score. It  is 
possible that  the greater temporal resolut ion possible with 
the newest  generat ion MSCT equipment  can diminish these 
art ifacts. To quant ify the coronary calcifi cat ion, the ret ro-
spect ive ECG gat ing was used instead of  prospect ive ECG 
gat ing because t he former is more robust ,  improves t he 
reproducibilit y of the quant ifi cat ion, especially in instances 
of small plaques, and is less variable between scans. 30 It  is 
possible t hat  great er  spat ial  and t emporal  resolut ion 
possible with CT equipment  with larger mulit -slice detectors 
will encourage studies with prospect ive ECG gat ing, largely 
due to the signifi cant ly lower radiat ion dose. 17

In conclusion,  low-dose CT performed with a mult i-sl ice 
scanner wit h 4-sl ice det ect ors al lows t he quant ifi cat ion 
of  coronary calcifi cat ion wit h nearly t he same accuracy 
as using a dedicat ed cardiac prot ocol wit h ret rospect ive 
ECG gat ing.  According t o t hese result s,  it  may be feasible 
t o screen f or  l ung cancer  and det ermine t he r i sk of 
cor onar y di sease usi ng a si ngl e l ow-dose CT scan. 
However,  t hese result s are preliminary and require further 
st udy wit h a larger number of  subj ect s t o obtain defi nit e 
conclusions.
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