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ORIGINAL

Relationship between age and
location of the apex beat among
apparently healthy Nigerian

children

Abstract Background: Normal lo-
cation of apex beat varies with age
in children. Location of apex beat is
an integral part of routine cardiovas-
cular system examination in clinical
practice. However, there is paucity
of literature on apex beat location in
Nigerian children.

Objective:The aim of this study was
to locate apex beat position in ap-
parently healthy Nigerian children
from birth to ten years, and to relate
the location with age.

Subjects and Methodsthis was a
cross sectional study carried out in
Sagamu, Nigeria. A sample size of
two hundred and thirty-seven was
calculated from a previous study.
Hence two hundred and thirty-seven
apparently healthy Nigerian children
who satisfied the inclusion criteria
were enrolled for the study. Apex
beat location in the intercostal space
was determined and distance of
apex beat from the midline, mid-
clavicular line and nipple lines were

measured. The measured distances
were related to age using linear
regression and Pearson correlation.
Results:The mean distance of apex
beat from the midline from birth to
10 years ranged from 2.3cm to
6.4cm. The distance of apex beat
from the midline increased progres-
sively with age. In children up to
the age of three years, the apex beat
was in the # left intercostals space.
In 91.7%, 51.3% and 14.3% of chil-
dren aged four, five and six years
respectively, the apex beat was pre-
sent in the % left intercostal space.
Above six years, it was located in
the 5" left intercostals space.
Conclusion: The location of the
apex beat from the midline was
strongly related with age Thus, the
distance of apex beat from the mid-
line can be predicted from age in
months.

Keywords: Apex beat, Children,
Mid-clavicular line, Nigeria, Nipple
line

Introduction

The apex beat is the lowermost and outermost pdint
maximal cardiac pulsatiol. Generally, normal apex
beat location in children has been described tmlike

fourth left intercostal space about

from birth to two years and in the fifth left intarstals
space, about mid-clavicular line after two yedrage®

nation. Therefore,

the knowledge of the normal apex

beat positions in childhood will facilitate earlgtéction

mid-claviculare
are born. Thus, it

of abnormal cardiac size which could be a poirear
underlying cardiac disease. This will aid earlyeredl of
children in these categories for proper evaluatéspe-
cially from rural settings where most of these dtgh

is important to ascertain tHatien-

ship between age and another essential clinicdifank

The study by Antiset al ’, about three decades ago de- like the location of the apex beat. Therefore, dbgec-

scribed normal apex beat position in childhoodame

tive of this study is to measure apex beat locafiom

Jamaican children. That study found apex beat to benatomical landmarks on the anterior chest wall and

better described with distance of apical impulsenfthe

relate it to age.

midline than with the mid-clavicular line which hérto

had been the reference poiht.

It is notable that cardiac diseases

are associattdd Methods

changes in the normal position of the heart (disgda

apex beat), usually due to cardiomeg&fywhich can
easily be detected during routine bedside clings@mi-

This was a cross

sectional study carried out orampp

ently healthy Nigerian children between Decemb&r®20
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and April 2010. The study was conducted in Sagamuapex beat was determined according to standaritallin
Ogun State; a town located within the Yoruba caltur methods® The apex beat was determined in the supine
region of the southwestern Nigeria. Institutiontlieal position in the newborn babies and infants, in Eepesi-
approval was obtained from the Scientific and Ethic tion in children aged between one and three yeaudjn
Review Committee of the Olabisi Onabanjo University both erect and supine positions in the otféFae loca-
Teaching Hospital, Sagamu and informed consent wasion of the apex beat was measured from the midline
also obtained from the parents and guardians et  nipple line and the mid-clavicular line. The miclimas
children. established by joining the central point in therssper-
nal fossa to the xiphisternal angle, and the hot&lo
The inclusion criterion was age from birth to 1Gase  distance of the apex beat and the nipple were megsu
The newborn babies included were term, products ofrom the midline using an inelastic tape. The axge
spontaneous vaginal delivery, appropriate for giestal medial and lateral ends of the clavicle were iditi
age from 12 hours of age (when events of delivewy h and the corresponding points on the skin marketh wit
resolved), without asphyxia or other forms of cati  ink. The length of the clavicle represented by ¢hes
illness. Subjects with history suggestive of acote points marked on the skin was similarly measurealf H
chronic ill health such as congenital heart disease of the clavicular length was taken as corresponding
other cardiovascular diseases, sickle cell anaemiathe mid clavicular line. Horizontal distance of thed
chronic respiratory tract disease or chronic relisdéase clavicular line was measured from the midline. Dgri
were excluded from the study. Subjects with cardiacmeasurements in the erect and supine positiongjghe
murmurs, chest deformities or displaced tracheaewer per arms were lightly pressed against the chedt seal
also excluded. as not to stretch the skin. The trachea positios alao
checked with the index and ring fingers on eaclthef
Sample size: A previous studyreported the mean apex manubrioclavicular joint and the middle finger ltng
beat distances from the midline in different ageugis  the trachea via the suprasternal notch. Any denati
of children from birth to ten years. Assuming a giar  automatically disqualified the child from partictpay in
of error of 5% of the mean for each age groupstma-  the study.
ple that would be necessary to study at 5% leveligpf
nificance (95% confidence interval) was calculdteadn The data were analysed with SPSS version 15.0 soft-
the formulat'N = (6% [ Zu«)?) / €2 whereo is the as-  ware using the Students test, linear regressiatysis
sumed standard deviationg/2 represents Type -1 Error and the Pearson Correlation (r). P values less @@
while ¢ is the margin of error (5% for each age group).were accepted as significant.
The total calculated sample size was 237. Tableovs
the calculated sample size for each age group.

Sampling method: The neonates in this study were re-
cruited from term normal delivery cases from Olabis
Onabanjo University Teaching Hospital, Sagamu while Results
infants were recruited from immunization and Child
Survival Clinics of the same institution. Recruitmhe A total of 237 children with ages ranging from 1duhs
was done consecutively until the desired samplefeiz  to 10 years were studied (Table 1). These considted
each age group was met. 131 (55.3%) males and 106 (44.7%) females

(M: F=1:0.8).
Recruitment of children aged between one and five
years was made from daycare and nursery schools ifable 2 shows the mean distance of the apex beat fr
Sagamu. There were 106 daycare and nursery sdhools the midline in both erect and supine positions. friean
Sagamu from which five were randomly selected. -Chil distance ranged between 2.3cm (median=2.3cm) in the
dren between six to ten years were recruiteoh fipoi- neonates and 6.39cm (median=6.35cm) in children who
mary schools. There were 150 primary schools in Sawere 10 years old. No significant difference wasnid
gamu town out of which five were also randomly se-in comparison of apex beat distance in the supie a
lected. The selected schools were visited and stghje erect positions.
were made to queue up for physical examinations&ho
who satisfied the inclusion criteria were recruitazh- Location of apex beat from the midline in relation
secutively from age-group to age-group until theire mid-clavicular line and nipple line
sample size for each age group was met.

The location of apex beat in relation to mid-claNér
Measurements: Before the commencement of the line, nipple line and midline is presented in TaBl&he
study, two research assistants who were juniodeesi mean distance of apex beat measured from the raidlin
doctors in the same department with the reseamgber  progressively increased with age till age nine ge@he
trained in the art of physical examination and apeat = mean distance of the apex beat from the midline was
location and for every ten children the researeb@m-  consistently less than the distance of the midicldar
ined, the research assistants examined one chitdrtio line and nipple line from the midline up to age e®v
mize observer error. For each subject, the locaifdhe  years while in children older than seven yearsntiean
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Tablel: Sample size calculation for each age group Table 2: Comparison of mean distance of apex beat
using meandistance of apex beat from the midlire in  from the midline in the supine and erect positions
previous study

\ _ N  Supine Erect t-test
Age(mon®s) - Mean s Zi e  Samplesize Age(months) Mean (SD) Mean (SD) p-value
NEONATES 2.8 0.4 1.96 0.19 17 Neonates 17 2.3(0.6) ND NC
212 3.8 0.4 1.96 0.14 31 2-12 31 2.7(0.4) ND NC
13-24 4.1 0.7 1.96 0.21 43
2536 4.7 03 106 024 06 13-24 43 ND 3.4(0.6) NC
e 4.6 0.4 196 023 12 536 06 ND  4.8(L1) NC
4960 5.0 0.8 1.96 0.25 39
61-72 5.1 0.5 1.96 0.26 14 37-48 12 5.0 (1.3) 5.0 (1.3) 0.9
o >2 07 1.96 0.26 28 49-60 39 49 (1.1 49(1.1 0.9
85:96 5.4 0.6 1.96 0.27 19 i 9 (L) S-1) '
o8 55 05 196 028 12 61-72 14 55(0.7) 55(0.8) 1.0
109-120 5.7 0.6 1.96 0.29 16
TOTAL 237 73-84 28  6.0(0.6) 6.0(0.6) 0.9

85-96 19  6.3(0.6) 6.3 (0.7) 0.9
distance of the apex beat from the midline wastgrea 97-108 1 6.7(0.5 6.7(0.5 0.9
than the mid-clavicular line and nipple line fromet ) 7(0.5) 7(0.5) '
midline. The apex beat was consistently mediabaat 109-120 16 6.4(0.9) 6.4 (0.8) 0.9
tion in relation to the mid-clavicular line and thipple
line till seven years of age. Thereafter, it wasated NC - Not computed; ND — Not done

lateral to the mid-clavicular and nipple lines.

Table 3: Location of apex beat from the midline in redatto mid-clavicular line and nipple line from thedline

Age(months) Mean apeeat Mid-clavicular  Nipple line (cm) Location ofapexin Location ofapex
from Midline(cm) line (cm) relation toMCL in relation toNL

Neonates 23+0.6 3.5+0.6 41+05 Medial Medial

2-12 2704 40%0.6 45+05 Medial Medial

13-24 34+0.6 45%0.7 52038 Medial Medial

25-36 48+1.1 5.6+0.8 52+1.2 Medial Medial

37-48 50£13 51+0.6 5.4+0.6 Medial Medial

49-60 5011 5.6+0.8 5.8+0.6 Medial Medial

61-72 55+0.8 6.1+0.6 58+0.7 Medial Medial

73-84 6.0£0.6 6.2+0.5 6.4+0.6 Medial Medial

85-96 6.3+£0.7 6.0+0.7 6.2 0.7 Lateral Lateral

97-108 6.7 0.5 6.0£0.7 6.7+0.7 Lateral Lateral

109-120 6.4+0.9 59%1.2 6.0+x1.0 Lateral Lateral

Relationship between distance of apex beat measuredsing the above stated equation, the distance ex ap
from the midline and age beat from the midline was predicted for all the age
groups as shown in Table 4. This table also shows a
The distance of apex beat from the midline stroraglg  comparison between the actual mean distance of apex
positively correlated with age (r = 0.869; p = @PO beat from the midline and predicted mean distari¢keo
The relationship between age (in months) and distan apex beat from the midline. There was no significan
of apex beat from the midline was described wilma  difference between actual mean distance of apekx bea
ear regression equation as follows: from the midline and the predicted mean distance of
Distance of apex beat from midline = 2.741 + (0.835 apex beat from the midline in all the age groupsepx
age in months) where 2.741 and 0.035 were constarih infancy and in the 9 to 10 years age- group.
values generated from the linear regression arzalysi
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Table 4: Comparison between mean apex beat from the years, the apex beat was in the left 4th intertsgtzce
midline and predicted apex beat from the midline

Age Group Mean apex

Predicted Apex

beat from beat ( x = k +by) P- values

Midline (cm)  (cm)
Neonates 23+0.6 2.8 0.0
2-12 2704 3.2 0.00¢
13-24 3.4+£0.6 34 0.575
25-36 48+1.1 3.7 0.052
37-48 50£13 4.6 0.268
49-60 50x1.1 51 0.282
61-72 55%£0.8 55 0.868
73-84 6.0 £0.6 6.0 0.926
85-96 6.3£0.7 6.4 0.310
97-108 6.7 £0.5 6.9 0.155
109-120 6.4+0.9 7.4 0.000¢

in 91.7% of the subjects and in the 5th left inbstal
space in 8.3% of the subjects. In those betweendod
five years, the apex beat was in the 4th left austal
space in 51.3% of the subjects and in the 5thirédtr-
costal space in 48.7%. Thereafter, with increasige,
the apex beat gradually moved into the 5th lefricds-
tal space so that above six years of age, the bpak
was consistently located in the 5th left intercbstmce
in all the children studied.

Table 5: Proportion of children with apex beat location in
specific Intercostal spaces in the erect or supwstion

Age (months) Total No Apex beatin Apex beat in
4" Intercostal 5" Intercostal

+ Statistically significant differences

Relationship between age and the apex beat location
the intercostals spaces

Table 5 shows the comparison of proportions ofdchih
in the different age groups with apex beat in dpeci
intercostal spaces in the erect or supine posifidre
apex beat was in the left 4th intercostal spacdliaub-

jects from birth to three years. Between threefand

Space Space
Neonates 17 17 (100.0) 0 (0.0)
2-12 31 31(100.0) 0(0.0)
13-24 43 43 (100.0) 0(0.0)
25-36 6 6 (100.0) 0(0.0)
37-48 12 11 (91.7) 1(8.3)
49-60 39 20 (51.3) 19 (48.7)
61-72 14 2(14.3) 12 (85.7)
73-84 28 0(0.0) 28 (100.0)
85-96 19 0(0.0) 19 (100.0)
97-108 12 0(0.0) 12 (100.0)
1109-120 16 0(0.0) 16 (100.0)

Discussion

Figures in parentheses are percentages

three years, the apex beat was in tfideft intercostal
space whereas in children aged four, five and sixy;
the apex beat was in th& teft intercostal space in some
proportions while in the %left intercostal space in oth-
ers. This was similarly reported in the Jamaicam st

Earlier report’had shown that the apex beat location in However, in this study, all children above six yehad
childhood varies with age as well as with various thejr apex beat located in thd %eft intercostal space

physiological factors which cause a shift of thécap
portion of the left ventricle towards the chestiw@lnce
the thickness of the left ventriclar wall increaseish
age’ the position of the apex beat in childhood in +ela
tion to mid-clavicular line, nipple line and intestal
space would be expected to change with age asasell
the chest circumference.

With respect to the position of the apex beat @ittier-
costal spaces, this study did not support somehef t
earlier reports that the apex beat is in theleft inter-
costal space in all children from birth to the agawo
years and thereafter in th& &ft intercostal spacé,or
that it is in the ¥ left intercostal space in children of all
or that irrespective of age, it is usually in &

aged$>*®

left intercostal spac¥.

The findings in the present study agrees with atieea
report in a similar study of position of apex beat
childhood done in Jamaica over three decades age.
present study showed that in all children up toape of

whereas in the Jamaican study, some proportions of
children above six years had their apex beat ldcate
the 4" left intercostal space.

With respect to the distance of apex beat fromntina-

line in relation to age, the Jamaican stddgported that
from the first birthday onwards, using linear reggien
equation, the apex beat is about 3.8 plus 0.2craviery
year of age while this study showed that the apmat ts
about 2.7 plus 0.04cm for every month of age. These
two linear regression equations are both usefel foin-

mer was computed in years of age while the lattes w
computed in months of age, to accommodate neonates
and infants. The lack of statistically significadfiffer-
ences between actual mean of apex beat from the mid
line and predicted mean for most of the age groups
(using this latter linear regression equation) iegplkhe
usefulness of this linear regression equation adiot-

ing apex beat distance from the midline in the gugeip
studied. The significant differences noticed inaimfy
and nine to ten years age-group may be due tontladl s



sample size studied in those age groups.

tance from the midline, nipple line and mid-clavaiu
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restless and uncooperative in the supine positiereby
making accurate measurements difficult. Anotheitim
With regard to the relationship between apex bésat d tion was the unavailability of echocardiogramsxe e

line, earlier repoftstated that these landmarks were not
accurate indices of normal apex beat location &ad t

while the mid-clavicular was a relatively betteference
point compared with the nipple line, the nipplesliwas

clude structural cardiac diseases and cardio versio

Conclusion

of no value in assessing normal cardiac positiod an

should not be used in clinical practideurthermore, it
was reported that the position of the nipple lingéla-

The findings in the present study have establidbedl
peculiarities in the location of apex beat in relatto

tion to the apex beat was well outside the apex inrea age. The mean distance of apex beat from the midlin

children of all ages, the mean distance of thelrifipe

from birth to nine years progressively increasedhwi

being consistently greater than that of the apeat.be age. A multicentre study on apex beat locationammal
However, in this study, findings showed that thexap children is highly desirable to validate the finglnin

beat was consistently medial to the mid-claviclife
and nipple line up to the age of seven years aftéch
the apex beat was lateral to mid-clavicular lind aip-

ple line.

this present study.
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