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7) ABSTRACT

Methods and devices for identifying the 4” and the 5%
intercostal spaces for the purpose of proper placement of
ECG precordial leads, regardless of the patient’s height
and/or weight. By calculating the sternal length, the distance
between the sternal notch and the xiphoid process, the
locations of the 4” and 5” intercostal spaces can be deter-
mined. The present invention also features devices for
measuring the length and to indicate to a user the location of
the 4™ and 5% intercostal spaces based on the measured
sternal length. The methods and devices provide a more
accurate identification of the 47 and the 5% intercostal
spaces resulting in proper ECG lead placement, which then
facilitates accurate ECG interpretation.
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TABLE 2: Mean Distance from Sternal Nolch o 5th Intercostal Space Measured Clinically
and the Percentage of this Measuremant to the Length of the Stermnum
Distance from SN to XP {cm) Dis{am; gﬁf} g’ Zéﬁ) Center Pe{gsg:fij gﬁ S_;hug o

15 13.8 92%

16 14.2 89%

17 14.6 86%

18 14.9 83%

19 15.4 81%

20 15.7 78%

21 16.1 77%

22 16.5 75%

23 16.9 73%

24 17.3 2%

25 17.2 £9%

28 18 69%
Abbreviations: Intercostal Space - {C; Sternal Notch —~ SN; Xyphoid Process — XR

FIG. 12
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METHODS AND DEVICES FOR
PLACEMENT OF ELECTROCARDIOGRAM
LEADS

CROSS REFERENCE

[0001] This application is a non-provisional and claims
benefit of U.S. Patent Application No. 62/583,135, filed
Nov. 8, 2017, the specification(s) of which is/are incorpo-
rated herein in their entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to placing precordial
chest leads of the electrocardiogram (ECG) on patients,
more particularly, to a sternal measurement device for
accurately identifying the 4” and 5” intercostal spaces for
lead placement purposes.

BACKGROUND OF THE INVENTION

[0003] Electrocardiology is a standard method to deter-
mine the presence of ischemic heart disease as well as to
suspect abnormalities of the right and left ventricles. Addi-
tionally, recording of precordial electrocardiograms can sug-
gest the presence of atrial enlargement as well as right and
left ventricular hypotrophy. Anterior myocardial infarction
can be suspected by the presence of Q waves in the anterior
precordial leads or by poor progression of the height of the
QRS complexes across the precordium. Electrocardiography
records electrical activity of a patient’s heart by placing
electrodes, or leads, on the limbs and on the chest. The
proper location of the chest leads are as follows: Leads V1
and V2 are placed in the 47 intercostal space to the right and
left of the sternum respectively; V4 is placed in the 5™
intercostal space at the left midclavicular line; V3 is placed
midway between V2 and V4; V5 is placed at the left mid
axillary line horizontal with the V4 electrode; and V6 is
placed at the left anterior axillary line, horizontal with the
V4 electrode.

[0004] Diagnosis may be incorrect if the precordial leads
are improperly placed. Accurate placement of the leads is
critical to produce accurate ECG results. Currently, palpa-
tion is commonly used to identify the intercostal spaces.
However, the epidemic of obesity has markedly increased
the difficulty in locating the precise positions of the precor-
dial leads due to the increased amount of soft tissue on obese
individuals. Because of the difficulty in palpating the intet-
costal spaces, proper lead placement is hard to achieve, even
in non-obese patients.

[0005] Several approaches have been suggested to
increase the accuracy of precordial lead placement. For
example, one approach is to identify 2" interspace including
the sternal notch by placing one’s hand up against the base
of the neck, and another approach uses a precordial lead
grid. Recently, an electrode locator has been proposed to
determine the correct precordial lead placement. None of
these approaches have been widely adopted and the tradi-
tional approach of attempting to feel the 4” and 5% inter-
spaces by palpitation of the chest wall is the dominant
method for localization of the precordial leads. Hence, there
is a need to resolve the issue of proper lead placement.
[0006] The present invention features methods and
devices for identifying the 47 and the 5” intercostal spaces
for the purpose of accurately placing the leads of an elec-
trocardiogram (ECG) regardless of the patient’s height and/

May 9, 2019

or weight. An approach to the location of the 4” and 5
intercostal spaces is proposed based on a linear function of
the length of the sternum. This approach using the above
method may be particularly useful in obese individuals.

SUMMARY OF THE INVENTION

[0007] Ttis an objective of the present invention to provide
methods and devices that allow for an accurate identification
of the 4™ and 5™ intercostal spaces, resulting in accurate
ECG lead placement and reliable ECG results, as specified
in the independent claims. Embodiments of the invention are
given in the dependent claims. Embodiments of the present
invention can be freely combined with each other if they are
not mutually exclusive.

[0008] In some aspects, the present invention features a
sternal measurement device to measure the length from the
sternal notch (upper end of the sternum) and the xiphoid
process (lower end of the sternum) and to indicate to a user
the location of the 4™ and the 5 intercostal space based on
the measurement of the sternal length. In one embodiment,
the sternal measurement device may comprise a ruler base
having a first end, a second end and length measurements
disposed along at least a portion of its length. The length
measurements correspond to a length of the ruler base from
the first end to the second end. The sternal measurement
device further comprises a slide base slidably connected to
the ruler base. Length measurements are disposed along at
least a portion of a length of the slide base. The length
measurements are in ascending order from the second end
(the second end being the end opposite the ruler base) to the
first end of the slide base. Note the first length measurement
disposed at the second end of the slide base is a unit of length
greater than the last length measurement disposed on the
second end of the ruler base (e.g., if the last usable length
measurement disposed on the second end of the ruler base
was, for example, 15 cm, the first length measurement on the
second end of the slide base would be 16 cm).

[0009] In other embodiments, the device may further
comprise intercostal length measurements disposed on the
ruler base and/or the slide base adjacent to at least one length
measurement. The “4” intercostal placement length” refers
to the distance from the sternal notch to the 47 intercostal
space, and the “5™ intercostal placement length” refers to the
distance from the sternal notch to the 5% intercostal space. In
this way, the device shows a user the 4” intercostal place-
ment length (for placing the V1 and V2 leads) and/or the 5%
intercostal placement length (for placing the V4 lead).
Without wishing to be bound to a particular theory or
mechanism, the present invention may offer an inexpensive
and effective solution for the accurate ECG identification of
the 4” and 5 intercostal spaces. The device may also be
used by technicians and as a teaching tool for those learning
to accurately record ECGs.

[0010] Without wishing to limit the present invention to a
particular theory or mechanism, the locations of the 4% and
5™ intercostal spaces are related to the sternal length. As a
non-limiting example, the distance from the sternal notch to
the right 4” intercostal space (herein referred to as the “4”
intercostal placement length™) is a percentage of the sternal
length. For instance, the 4 intercostal placement length
may be 77% of the sternal length for a sternum measuring
15 em.

[0011] In some embodiments, the device may further
comprise flanges disposed on the first end of the ruler base
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and the second end of the slide base. The device may be
rigid, flexible, or a combination thereof. In some embodi-
ments, the ruler base is a tube and the slide base is slidably
disposed in the ruler base. For example, the device is
telescoping such that the slide base can slide in and out of
the ruler base to place the device in a shortened or extended
configuration. In one embodiment, the length measurements
are in centimeters. In another embodiment, the intercostal
length measurements are in centimeters.

[0012] According to other aspects, the present invention
features methods of identifying the 4% and the 5% intercostal
spaces from a measurement of the sternal length, which is
the distance between the sternal notch and the xiphoid
process. In some embodiments, the method may comprise
placing the first end of a sternal measurement device (e.g.,
a device according to the present invention) at the sternal
notch of the subject and the second end of the device at the
xiphoid process of the subject. This may require sliding the
slide base of the device outwardly from the ruler base of the
device. The method further includes viewing a length mea-
surement corresponding to the sternal length of the subject,
and viewing an intercostal length measurement adjacent to
the length measurement. In one embodiment, the length
measurement may be on the slide base adjacent to the second
end of the ruler base, or on the ruler base itself. In some
embodiments, the intercostal length measurement includes a
measurement that corresponds to the distance from the
sternal notch to the 4™ intercostal space, or the 57 intercostal
space, or both measurements. In preferred embodiments, the
method further comprises measuring the intercostal length
measurement identified on the device downwardly from the
sternal notch, thereby identifying the location of the 4”
intercostal space. In a similar way, the method further
comprises measuring the intercostal length measurement
identified on the device downwardly from the sternal notch
to identify the location of the 5” intercostal space.

[0013] According to further aspects, the present invention
also features methods for correctly placing ECG leads on a
patient or subject. In some embodiments, the method may
comprise measuring a sternal length of the patient using a
sternal measurement device (e.g., a device according to the
present invention) and calculating a 4™ intercostal place-
ment length and/or calculating a 5% intercostal placement
length. Again, the 4” intercostal placement length is the
distance from the sternal notch to the 4” intercostal space of
the patient, and the 57 intercostal placement length is the
distance from the sternal notch to the 5% intercostal space of
the patient. The method may further comprise placing a V1
lead at the 47 intercostal placement length to the right of the
sternum, and placing a V2 lead at the 47 intercostal place-
ment length to the left of the sternum. A V4 lead may also
be placed at the 5” intercostal placement length at a left
midclavicular line and a V3 electrode placed midway
between the V2 and V4 leads. The method may further
comprise placing a V5 lead at a left mid axillary line
horizontal with the V4 lead. A V6 lead may also be placed
at a left anterior axillary line horizontal with the V4 lead.

[0014] Any feature or combination of features described
herein are included within the scope of the present invention
provided that the features included in any such combination
are not mutually inconsistent as will be apparent from the
context, this specification, and the knowledge of one with
ordinary skill in the art. Additional advantages and aspects
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of the present invention are apparent in the following
detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The features and advantages of the present inven-
tion will become apparent from a consideration of the
following detailed description presented in connection with
the accompanying drawings:

[0016] FIG. 1 is a non-limiting embodiment of a sternal
measurement device of the present invention shown in an
extended configuration. The device may comprise two tele-
scoping tubes where a smaller-diameter tube is inserted into
a larger-diameter tube. When the device is positioned such
that one end is at the sternal notch and the other end is at the
xiphoid process, the length of the sternum is measured and
indicated by a numerical value. Adjacent to that numerical
value is another number corresponding to the location of the
4 intercostal space. In some embodiments, a number cor-
responding to the 57 intercostal placement length is also
adjacent to the numerical value.

[0017] FIG. 2 shows the sternal measurement device in a
shortened configuration.

[0018] FIG. 3 is a close-up side view of the device
showing an upper row of numbers indicating the length (cm)
of the sternum The adjacent numbers on the lower row
represents the distance (cm) to the 4” intercostal space, as
computed from a percentage of the sternal length.

[0019] FIG. 4 is a close-up of the other side of the
measuring device showing a lower row of numbers indicat-
ing the length (cm) of the sternum. The adjacent numbers in
the upper row is the distance (cm) to the 57 intercostal space,
as computed from a percentage of the sternal length.
[0020] FIG. 5 is an in-use view of a sternal measurement
device of the present invention. One end is placed at the
sternal notch and the other end is placed at the tip of the
xiphoid process to measure the length of the sternum. The
sterna length measurement is indicated by a numerical
value. Adjacent to that numerical value are corresponding
values for the location of the 4™ and 5% intercostal spaces.
[0021] FIG. 6 shows an alternative embodiment of the
sternal measurement device in an extended configuration.
The lower row of numbers indicates the length in cm of the
sternum and the adjacent numbers in the upper row is the
distance (cm) to the 5 intercostal space.

[0022] FIG. 7 is a back view of the sternal measurement
device shown in FIG. 6. A portion of the outer tube is
removed to view the internal tube and sliding mechanism.
[0023] FIG. 8 is another back view of the sternal mea-
surement device in an extended configuration with the
portion of the outer tube removed.

[0024] FIG. 9 shows CT measurements of the 4” inter-
costal space as sternal length vs. 4” intercostal placement
length from Marcus et al. (Marcus F, Hughes T, Barrios P,
and Borgstrom M. “Clinical location of the 4% and 5%
intercostal spaces as a percent of the length of the sternum.”
Journal of Electrocardiology. 2018 January-February;
51(1):55-59. doi: 10.1016/}.jelectrocard.2017.05.006. Epub
2017 May 18). The solid line represents the best fit line, or
regression line, for clinically predicting the location of the
4 intercostal space using the sternal length. It is expressed
mathematically by Y=5.615+0.385(X), r=0.629, wherein X
is the sternal length, Y is the 4” intercostal placement length,
and r is the correlation between these two distances.
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[0025] FIG. 10 shows clinical measurements of the 4” and
5™ intercostal space from Marcus et al. The best fit solid
lines are calculated by the linear functions: 4” intercostal
space: Y=7.761+0.269(X), r=0.426; 5% intercostal space:
Y=7.859+0.394(X), r=0.573. The dashed lines represent the
95% confidence bands around the lines of best fit.

[0026] FIG. 11 shows Table 1, which lists the values for
the locations of the 4” interspaces calculated as a linear
function of the sternal length (plotted in FIG. 9).

[0027] FIG. 12 shows Table 2, which lists the values for
the locations of the 57 interspaces calculated as a linear
function of the sternal length (plotted in FIG. 10).

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Following is a list of elements corresponding to a
particular element referred to herein:

[0029] 100 device

[0030] 110 ruler base

[0031] 111 first end of ruler base

[0032] 112 second end of ruler base

[0033] 115 surface of ruler base

[0034] 116 stopper mechanism

[0035] 118a first set of sternal length measurements
[0036] 1185 second set of sternal length measurements
[0037] 120 slide base

[0038] 121 first end of slide base

[0039] 122 second end of slide base

[0040] 125 surface of slide base

[0041] 128 intercostal length measurements

[0042] 130 flange

[0043] Because the 47 intercostal space can be difficult to

locate by traditional palpation in obese, and even non-obese,
patients for electrocardiogram (ECG) lead placement, the
present invention provides a method and device capable of
locating the 4” intercostal space using other easily identi-
fiable landmarks on the chest. The invention facilitates this
process by measuring the sternal notch to xiphoid process
distance and providing the sternal notch to 47 intercostal
space distance. This should decrease the percentage of lead
misplacement leading to misdiagnoses. Furthermore, the
present invention does not require specific ECG systems to
use or read unique data like other “flexible” ECG systems.
[0044] The present disclosure provides data that the pre-
cordial locations of the ECG leads can be determined based
on the sternal length measured from the sternal notch to the
tip of the xiphoid process. As used herein, the term “sternal
length” refers to the distance between the sternal notch and
the xiphoid process. As used herein, the term “4” intercostal
placement length” refers to the distance from the sternal
notch to the 4” intercostal space. As used herein, the term
“5% intercostal placement length” refers to the distance from
the sternal notch to the 5 intercostal space.

[0045] According to some embodiments, the present
invention features devices for identifying the 4” intercostal
space and/or 57 intercostal space for the purpose of placing
ECG leads, related to the patient’s height and/or weight. For
example, the present invention provides sternal measure-
ment devices for measuring the sternal notch to xiphoid
process length and for indicating to a user the location of the
4™ and/or the 5™ intercostal space based on the measured
sternal lengths.

[0046] Referring to now to FIGS. 1-8, the sternal mea-
surement device (100) may comprise a ruler base (110)
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having a first end (111) and a second end (112). The ruler
base (110) is marked with a first set of sternal length
measurements (118a) disposed along a surface (115) of the
ruler base in ascending order from the first end (111) to the
second end (112). The length measurements correspond to
the length of the ruler base from its first end (111) to its
second end (112). The length measurements (118a) are for
measuring the sternal length (e.g., the length between the
sternal notch to the xiphoid process). FIG. 1 shows the
length measurements (1184) in centimeters; however the
present invention is not limited to the use of centimeters. The
device (100) in FIG. 1 also shows length measurements
(118) from O or 1 cm to 15 cm. The present invention is not
limited to a 15 cm long ruler base (110), e.g., the ruler base
(110) may be less than 15 cm in length or more than 15 cm
in length.

[0047] The ruler base (110) may be constructed in a
variety of configurations. For example, the device (100)
shown in FIG. 1 may be constructed such that the ruler base
(110) is a tube. If the ruler base (110) is a tube, the slide base
(120) may be disposed within the ruler base (110) such that
the device is telescoping. In some embodiments, the ruler
base (110) comprises a hollow cavity (e.g., as in the tube
configuration) or a partial hollow cavity. However, the
present invention is not limited to a tube-like configuration
for the ruler base. In other embodiments, the ruler base (110)
does not have a hollow cavity, e.g. the ruler base is solid. For
example, in some embodiments, the ruler base (110) may be
flat. The slide base (120) can slide underneath the ruler base
(110) such that the ruler base (110) overlaps the slide base
(120). In still other embodiments, as shown in FIGS. 6-8, the
ruler base (110) may tubular with a portion thereof being a
flattened surface.

[0048] In some embodiments, the sternal measurement
device (100) may include a slide base (120) having a first
end (121), a second end (122), and a second set of sternal
length measurements (1185) disposed along a surface (125)
of the slide base. In some embodiments, the slide base (120),
e.g., the first end, is slidably housed within the inner cavity
of the ruler base (110) and the second end (122) extends
from the ruler base (110), e.g., in the case of the tube-shaped
ruler base shown in FIGS. 1-8. In alternative embodiments,
the slide base (120) slides underneath the ruler base or side
to side with the ruler base.

[0049] In other embodiments, the slide base (120) may
also be marked with a second set of sternal length measure-
ments (1185) disposed along a surface (125) of the slide base
for the purpose of measuring sternal length. The first sternal
length measurement on the slide base (120) may be located
at the second end (122), and the first sternal length mea-
surement corresponds to the next unit of length greater than
the last unit of length on the ruler base (110), e.g. the last
sternal length measurement (118a) disposed on the second
end (112) of the ruler base. For example, if the last unit of
length on the ruler base (110) is 15 cm, then the first unit of
length at the second end (122) of the slide base is 16 cm. In
preferred embodiments, the second set of sternal length
measurements (1185) are in ascending order from the second
end (122) to the first end (121) of the slide base.

[0050] When using the device (100) for measuring sternal
length, a user places the first end (110) of the ruler base (110)
at the sternal notch or xiphoid process and the second end
(122) of the slide base (120) at the xiphoid process or sternal
notch, respectively. For example, the sternal length is the
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maximum sternal length measurement displayed by the
device (100) when the first end (111) of the ruler base is
placed at the sternal notch and the second end (122) of the
slide base is placed at the xiphoid process. If the sternal
length is less than or equal to the last (greatest) unit of length
on the ruler base, then the ruler base is used to determine the
sternal length. For example, as shown in FIG. 2, if the sternal
length is measured to be the exact same length as the device
(110) without the slide base (120) being extended, then the
sternal length is 15 cm. If the sternal length is longer than the
length of the ruler base, then the slide base (120) is extended.
The greatest length shown on the slide base (120) corre-
sponds to the sternal length. For the example shown in FIG.
5, the sternal length would be 23 cm.

[0051] In preferred embodiments, the device (100) may
further comprise intercostal length measurements (128) dis-
posed on the ruler base (110) and/or slide base (120). In
some embodiments, each intercostal length measurement
(128) may be positioned next to one of the sternal length
measurements (1185) such that each sternal length measure-
ment (1185) has a corresponding intercostal length measure-
ment (128). For example, as shown in FIGS. 1-8, the
intercostal length measurements may be positioned above or
below the sternal length measurements. Alternatively, the
sternal length measurements may be oriented such that the
measurements are shown in a single column (not shown),
then the intercostal length measurements may be positioned
to the left or right of the sternal length measurements.

[0052] Without wishing to limit the present invention, the
intercostal length measurement may be determined by the
maximum sternal length measurement. In one embodiment,
the intercostal length measurements (128) may correspond
to the appropriate 4™ intercostal placement length (distance
between sternal notch and 4” intercostal space). The 4th
intercostal placement length indicates the location of the 4th
intercostal space for placement of an electrode. For example,
the length measurement (sternal length) of 23 cm shown in
FIG. 5 is aligned with the intercostal length measurement of
13.9 cm. A length measurement (sternal length) of 21 cm is
aligned with the intercostal length measurement of 13.4 cm.

[0053] 1In another embodiment, the intercostal length mea-
surements (128) may correspond to a 5% intercostal place-
ment length (distance from the sternal notch to a 5 inter-
costal space). The 57 intercostal placement length indicates
the location of the 5” intercostal space for placement of an
electrode. For example, the length measurement (sternal
length) of 25 cm shown in FIG. 6 is aligned with the
intercostal length measurement of 17.6 cm. A length mea-
surement (sternal length) of 21 cm is aligned with the
intercostal length measurement of 16.1 cm.

[0054] In preferred embodiments, a user can look at the
sternal length measurement (118) to determine the 4” and
5% intercostal length measurements. Although the sternal
length measurements and intercostal length measurements
may be in centimeters, it is not limited to this unit or
measurement. Alternatively, the measurements may be in
inches. In some embodiments, the intercostal length mea-
surements may be calculated based on the data in FIGS.
9-12. For instance, the intercostal length measurement (128)
corresponding to the 47 intercostal placement length may be
selected from the following table depending on the sternal
length measurement.
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4% Tntercostal length
measurement (cm)

Sternal length
measurement (cm)

15 11.8
16 121

17 123
18 12.6
19 129
20 13.1
21 13.4
22 13.7
23 13.9
24 14.2
25 14.5
26 14.8

[0055] As another example, the intercostal length mea-
surement (128) corresponding to the 5% intercostal place-
ment length may be selected from the following table
depending on the sternal length measurement.

5% Intercostal length
measurement (cm)

Sternal length
measurement (cm)

15 13.8
16 14.2
17 14.6
18 14.9
19 15.4
20 15.7
21 16.1
22 16.5
23 16.9
24 17.3
25 17.2
26 18

[0056] In some embodiments, the device (100) of the
present invention may further comprise flanges (130), tabs,
or other components disposed at the ends (e.g., first end of
the ruler base and second end of the slide base) to anchor the
device (110) at the sternal notch or xiphoid process. In other
embodiments, the device (100) may further comprise a
stopper mechanism (116) that stops the first end (121) of the
slide base from sliding out of the ruler base, thereby pre-
venting the slide base from completely separating from the
ruler base. In FIG. 8, for example, the stopper mechanism
(116) may comprise an internal lip at the second end of the
ruler base, and an external ridge disposed at the first end of
the slide base. The internal lip is configured to block or stop
the external lip from exiting through the second end of the
ruler base, thereby preventing the two bases from separating
from each other when pulled to extend the device.

[0057] In some embodiments, the device (100) may be
constructed from any appropriate material, e.g., PVC or
other polymer, etc. Alternatively, the device may be 3D
printed instead of being made out of PVC pipe. In other
embodiments, the device (100) may be rigid, flexible, or
comprise portions that are rigid and portions that are flex-
ible. The present invention is not limited to the materials or
configurations disclosed herein.

[0058] The ruler base and/or slide base may be constructed
in a variety of sizes. For example, in some embodiments, the
ruler base is 10 cm in length. In other embodiments, the ruler
base is from 10 to 15 cm in length, or from 12 to 18 cm in
length, or from 15 to 20 cm in length. In some other
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embodiments, the slide base may be from 5 to 10 cm in
length, or from 7 to 12 cm in length, or from 10 to 15 cm in
length.

[0059] Inalternative embodiments, the sternal length mea-
surements (118), or the intercostal length measurements
(128), or both may be displayed on a digital screen instead
of on the surface of the bases. For example, the device may
have the sternal length measurements disposed on the sur-
face of the bases while the intercostal length measurements
may be displayed on a digital screen. As another example,
both the sternal length measurements and the intercostal
length measurements may be displayed on a digital screen.
In yet another embodiment, the slide base and/or ruler base
may have a plurality of light indicators. The light indicators
may be disposed at 4” and/or 5” intercostal space locations
along the device. For example, the light indicators may be
disposed at 11.8 cm, 12.1 cm, 12.3 cm, 12.6 cm, 12.9 cm,
13.1 em, 13.4 cm, 13.7 ¢m, 13.9 cm, 14.2 cm, 14.5 cm, and
14.8 cm for the possible 47 intercostal spaces. Light indi-
cators may be disposed at 13.8 cm, 14.2 ¢cm, 14.6 cm, 14.9
cm, 15.4 cm, 15.7 cm, 16.1 cm, 16.5 cm, 16.9 cm, 17.3 cm,
17.2 c¢m, and 18 cm for the possible 5™ intercostal spaces.
When the device is used to obtain a sternal length measure-
ment, the light indicator at the intercostal space location
corresponding to the sternal length measurement is acti-
vated, thereby indicating the position of the intercostal
space. For instance, if the sternal length measurement is 26
cm, then the light at the 14.8 cm for the 4™ intercostal space,
or the light at the 18 em for the 5% intercostal space, or both
are activated.

[0060] According to other embodiments, the present
invention the present invention features methods of identi-
fying the location of the 4™ and/or 5 intercostal space based
on a sternal length, measured as the distance between the
sternal notch and the xiphoid process. In one embodiment,
a method of identifying a 4” intercostal space in a subject
may comprise providing any of the sternal measurement
devices (100) described herein, placing the first end (111) of
the ruler base at a sternal notch of the subject and the second
end (122) of the slide base at a xiphoid process of the
subject, viewing the maximum sternal length measurement
displayed by the device (100), and viewing an intercostal
length measurement (128) corresponding to the maximum
length measurement. The maximum sternal length measure-
ment corresponds to a sternal length of the subject. In some
embodiments, the maximum sternal length measurement is
either the last sternal length measurement (1184) at the
second end (112) of the ruler base or the sternal length
measurement (1185) on the slide base (120) that is closest to
the second end (112) of the ruler base. In other embodi-
ments, the intercostal length measurement is a 4” intercostal
placement length, which is a distance from the sternal notch
to the 4% intercostal space. The method further comprises
measuring the 4” intercostal placement length from the
sternal notch to identify the location of the 4% intercostal
space in the subject.

[0061] According to yet other embodiments, the present
invention provides a method of identifying a 5 intercostal
space in a subject. The method is similar to the method
described for identifying the 4” intercostal space, with the
difference being that the intercostal length measurement
corresponds to a 5% intercostal placement length, which is a
distance from the sternal notch to the 57 intercostal space.
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The 5™ intercostal placement length is measured from the
sternal notch to identify the location of the 5% intercostal
space in the subject.

[0062] According to some embodiments, the present
invention further provides for a method of correctly placing
ECG leads on a subject. The method may comprise provid-
ing any of the sternal measurement devices (100) described
herein, measuring a length of a sternum of the subject using
the sternal measurement device (100) by placing the first end
(111) of the ruler base at a sternal notch of the subject and
the second end (122) of the slide base at a xiphoid process
of the subject, determining an intercostal length measure-
ment (128) corresponding to the sternal length measure-
ment, the intercostal length measurement (128) is a 4%
intercostal placement length, which is a distance from a
sternal notch to a 4% intercostal space of the subject, mea-
suring the 4™ intercostal placement length from the sternal
notch to identify the location of the 4” intercostal space in
the subject, and placing a V1 lead at the 4™ intercostal space
right of the sternum, and placing a V2 lead at the 4%
intercostal space left of the sternum. In other embodiments,
the method may further comprise determining a second
intercostal length measurement (128) corresponding to the
sternal length measurement, the second intercostal length
measurement (128) is a 5% intercostal placement length,
which is a distance from a sternal notch to a 5 intercostal
space of the subject, measuring the 5* intercostal placement
length from the sternal notch to identify the location of the
5™ intercostal space in the subject, and placing a V4 lead at
the 5 intercostal space at a left midclavicular line. In yet
other embodiments, the method may further comprise plac-
ing a V3 lead midway between the V2 and V4 leads, placing
a V5 lead at a left mid axillary line horizontal with the V4
lead, and placing a V6 lead at a left anterior axillary line
horizontal with the V4 lead.

EXAMPLE

[0063] The following is a non-limiting example of the
present invention. It is to be understood that said example is
not intended to limit the present invention in any way.
Equivalents or substitutes are within the scope of the present
invention.

[0064] In a recent report (Day et al., 2015, J Electrocar-
diology 48:1058-1061), CT x-rays measured the location of
the 4™ interspace in 55 adults. The distance from the sternal
notch to the fourth interspace was found to be a mean of 67%
of the sternal length, with an overall correlation of r=0.600
(p=<0.001). The present invention has discovered that the
location of the 4™ and 5™ intercostal space is related to the
length of the sternum and there is a trend to a higher percent
of the distance from the sternal notch to the 4” and the 5%
intercostal spaces when there is a shorter sternal length, as
shown in FIGS. 11 and 12. Without wishing to limit the
present invention to a particular theory or mechanism, it is
77% of the sternal length that measures 15 cm for the 4”
intercostal space. The position of the V1 and V2 electrodes
decreases to 57% when the sternal length is 26 cm. Similar
data was obtained to locate the 5% intercostal space with
proper position of V4-V6 electrodes. An instrument was
designed to measure the 4” and 5% intercostal space as a
function of the sternal length.

[0065] Methods

[0066] The population included patients and healthy vol-
unteers. The study was approved by the Human Subjects
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Committee. All patients signed an informed consent. A
trained ECG technician and a cardiologist blindly performed
the measurements on 13 adult volunteers, as well as on 18
patients. The proposed method compared palpation of the 4%
and 5™ intercostal spaces to a percentile of the sternal length.
Location of the 4% and 5% intercostal space using a simple
device was evaluated to assist in proper placement of the
precordial leads to obtain accurate diagnosis.

[0067] The first measurement was obtained by the tech-
nician determining the distance from the sternal notch to the
xiphoid process. Without wishing to be bound to a particular
theory or mechanism, the length of the sternum can be
readily measured even in obese individuals. If there is a
concern of the precise location of the end of the xiphoid
process, a flat pillow can be placed below the patient’s back
at the level of the xiphoid process to raise the sternum to
assist in locating this point. The location of the 4% intercostal
space was determined by palpation. When this was located
aremovable marker was placed on the sternum. The distance
from the sternal notch to this point was measured and the
percentage of the distance from the sternal notch to the 4%
intercostal space relative to the length of sternum was
calculated. The physician then independently repeated this
process without knowledge of the technicians’ data. If the
measurement of the sternal length or the distance of the
sternal notch to the 47 intercostal space was different by 2
cm between the investigators, the measurement was made
jointly and the final values were determined by consensus.
[0068] All statistical calculations were done using
SPSS11. Reliability was assessed using intraclass correla-
tion. This statistic quantifies the agreement between the
technician and the cardiologist. The intraclass correlation
was 0.90 initially and 0.94 when significant disparities were
identified and those patients re-measured. External validity
was assessed by calculating the relationship clinically
between distance of the 4” intercostal space distance to the
sternal notch and the length of the sternum measured as
distance from the xiphoid process to the sternal notch. These
data were compared to the same relationship obtained in the
previous study in which measurements were made by CT
scan.

[0069] Results

[0070] Data from the CT study in Day et al. were modified
by adding half the width of the 4* intercostal space to the
distance from the sternal notch to the 4™ intercostal space
(4" intercostal placement length) to correspond to the pro-
cedure used in the clinical setting. The locations of the 4”
and 5™ interspaces were calculated as a linear function of the
sternal length (plotted in FIG. 9), and the predicted values
are listed FIG. 11.

[0071] The linear function depicted in FIG. 9 can be used
to predict the 4™ intercostal placement length (distance from
the sternal notch to the 4th intercostal space). As can be seen
from column 4 and column 5 of Table 1 in FIG. 11, the
percentage of the sternal length (distance from the sternal
notch to the xiphoid process) that corresponds to the 4%
intercostal placement length (distance from the sternal notch
to the 4th intercostal space) decreases as the sternal length
increases, such that a single percentage does not represent
the relationship between the two distances. Thus, a two
parameter linear model with a proportional component and
an additional constant may be useful (see caption in FIG. 1).
The relationship between the 4” intercostal placement
length and the 5” intercostal placement length from the
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clinical data and linear models for those relationships are
shown in FIGS. 10-12. The mean 47 intercostal placement
length was 65% of the sternal length in patients with a
sternal length of 20 cm and the 5% intercostal placement
length was 78%. The 4” interspace is the correct location of
V1 and V2 electrodes and the 5% interspace identifies the
correct location of V4-V6.

[0072] Discussion

[0073] The proposed method of the present invention can
accurately locate the precordial ECG positions as a function
of the sternal length. Facilitation of the location of the V1
and V2 electrode placement using a device, such as those
shown in FIGS. 1-8, can facilitate the proper position of the
V1 and V2 electrodes to enhance the diagnostic value of the
ECG. As noted in the tables of FIGS. 11-12, the location of
the V1 and V2 electrodes is a function of the length of the
sternum. The correct location of the V1 and V2 electrodes
are a smaller percent of the total sternal length with increas-
ing length of the sternum. The tables were adjusted for this
offset and the predicted values can be used as a table to
determine the 4% and 5% intercostal distances from the
sternal notch.

[0074] Various modifications of the invention, in addition
to those described herein, will be apparent to those skilled in
the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended
claims. Each reference cited in the present application is
incorporated herein by reference in its entirety.

[0075] Although the preferred embodiment of the present
invention has been shown and described, it will be readily
apparent to those skilled in the art that modifications may be
made thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is limited only
by the following claims. Reference numbers recited in the
claims are exemplary and for ease of review by the patent
office and are not limiting in any way. In some embodiments,
the figures presented in this patent application are drawn to
scale, including the angles, ratios of dimensions, etc. In
some embodiments, the figures are only representative and
the claims are not limited by the dimensions of the figures.
In some embodiments, descriptions of the inventions
described herein using the phrase “comprising” includes
embodiments that could be described as “consisting of”, and
as such the written description requirement for claiming one
or more embodiments of the present invention using the
phrase “consisting of” is met.

[0076] The reference numbers recited in the below claims
are solely for ease of examination of this patent application,
and are exemplary, and are not intended in any way to limit
the scope of the claims to the particular features having the
corresponding reference numbers in the drawings.

What is claimed is:

1. A sternal measurement device (100) comprising;

a. aruler base (110) having a first end (111), a second end
(112) and a first set of sternal length measurements
(118q) disposed along a surface (115) of the ruler base
in ascending order from the first end (111) to the second
end (112), said sternal length measurements (118a)
corresponding to a length of the ruler base (110);

b. a slide base (120) slidably connected to the ruler base
(110), the slide base (120) having a first end (121), a
second end (122), and a second set of sternal length
measurements (1185) disposed along a surface (125) of
the slide base, wherein a first sternal length measure-
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ment (1185) disposed at the second end (122) of the
slide base 1s a unit of length greater than a last sternal
length measurement (118a) disposed on the second end
(112) of the ruler base, wherein the second set of sternal
length measurements (1186) are in ascending order
from the second end (122) to the first end (121) of the
slide base; and

c. a set of intercostal length measurements (128) disposed
on the surface (125) of the slide base, each intercostal
length measurement (128) positioned next to one of the
sternal length measurements (118b) such that each
sternal length measurement (118b) has a corresponding
intercostal length measurement (128);

wherein the sternal measurement device (100) measures a
sternal length between a sternal notch and a xiphoid
process, wherein the sternal length is the maximum
sternal length measurement displayed by the device
(100) when the first end (111) of the ruler base is placed
at the sternal notch and the second end (122) of the
slide base is placed at the xiphoid process, wherein the
intercostal length measurement is determined by the
maximum sternal length measurement.

2. The device (100) of claim 1, wherein the intercostal
length measurements (128) correspond to a 4” intercostal
placement length, the 4” intercostal placement length being
a distance from the sternal notch to a 4” intercostal space,
wherein the 4% intercostal placement length indicates the
location of the 4” intercostal space for placement of an
electrode.

3. The device (100) of claim 2, wherein the intercostal
length measurement (128) corresponding to the 4™ intercos-
tal placement length is selected from the following table
depending on the sternal length measurement.

4% Intercostal length
measurement (cm)

Sternal length
measurement (cm)

15 11.8
16 121
17 123
18 12.6
19 12.9
20 13.1
21 134
22 13.7
23 13.9
24 14.2
25 14.5
26 14.8

4. The device (100) of claim 1, wherein the intercostal
length measurements (128) correspond to a 5” intercostal
placement length, the 57 intercostal placement length being
a distance from the sternal notch to a 5% intercostal space,
wherein the 57 intercostal placement length indicates the
location of the 57 intercostal space for placement of an
electrode.

5. The device (100) of claim 4, wherein the intercostal
length measurement (128) corresponding to the 5™ intercos-
tal placement length is selected from the following table
depending on the sternal length measurement.
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5% Intercostal length
measurement (cm)

Sternal length
measurement (cm)

15 13.8
16 14.2
17 14.6
18 14.9
19 15.4
20 15.7
21 16.1
22 16.5
23 16.9
24 173
25 17.2
26 18

6. The device of claim 1 further comprising flanges (130)
disposed on the first end (111) of the ruler base (110) and the
second end (122) of the slide base (120).

7. The device of claim 1 further comprising one or more
intercostal length measurements (128) disposed on the sur-
face (115) of the ruler base and positioned adjacent to the
sternal length measurements (118a).

8. The device of claim 1 further comprising a stopper
mechanism (116) that stops the first end (121) of the slide
base from sliding out of the ruler base, thereby preventing
the slide base from completely separating from the ruler
base.

9. The device of claim 1, wherein the ruler base (110) is
a tube and the slide base (120) is disposed within the ruler
base (110) such that the device is telescoping.

10. The device of claim 1, wherein the slide base (120)
slides underneath the ruler base (110) such that the ruler base
(110) overlaps the slide base (120).

11. The device of claim 1, wherein the sternal length
measurements and intercostal length measurements are in
centimeters.

12. A method of identifying a 47 intercostal space in a
subject, comprising:

a. providing a sternal measurement device (100) accord-

ing to claim 1;

b. placing the first end (111) of the ruler base at a sternal
notch of the subject and the second end (122) of the
slide base at a xiphoid process of the subject;

c. viewing the maximum sternal length measurement
displayed by the device (100), wherein the maximum
sternal length measurement corresponds to a sternal
length of the subject;

d. viewing an intercostal length measurement (128) cor-
responding to the maximum length measurement,
wherein the intercostal length measurement is a 4
intercostal placement length, which is a distance from
the sternal notch to the 4” intercostal space; and

e. measuring the 4” intercostal placement length from the
sternal notch to identify the location of the 4™ inter-
costal space in the subject.

13. The method of claim 12, wherein the maximum
sternal length measurement is either the last sternal length
measurement (118a) at the second end (112) of the ruler base
or the sternal length measurement (1185) on the slide base
(120) that is closest to the second end (112) of the ruler base.

14. A method of identifying a 5% intercostal space in a
subject, comprising:

a. providing a sternal measurement device (100) accord-

ing to claim 1;
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b. placing the first end (111) of the ruler base at a sternal
notch of the subject and the second end (122) of the
slide base at a xiphoid process of the subject;

. viewing the maximum sternal length measurement
displayed by the device (100), wherein the maximum
sternal length measurement corresponds to a sternal
length of the subject;

d. viewing an intercostal length measurement (128) adja-
cent to the corresponding maximum length measure-
ment, wherein the intercostal length measurement is a
5 intercostal placement length, which is a distance
from the sternal notch to the 5% intercostal space; and

e}
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b. measuring the 5 intercostal placement length from the
sternal notch to identify the location of the 5 inter-
costal space in the subject; and

c. placing a V4 lead at the 5% intercostal space at a left
midclavicular line.

18. The method of claim 17 further comprising:

a. placing a V3 lead midway between the V2 and V4
leads;

b. placing a V5 lead at a left mid axillary line horizontal
with the V4 lead; and

¢c. placing a V6 lead at a left anterior axillary line
horizontal with the V4 lead.

19. The method of claim 17, wherein the 4” intercostal

e. measuring the 5” intercostal placement length from the
sternal notch to identify the location of the 5 inter-
costal space in the subject.

15. The method of claim 14, wherein the maximum
sternal length measurement is either the last sternal length
measurement (118a) at the second end (112) of the ruler base
or the sternal length measurement (1185) on the slide base
(120) that is closest to the second end (112) of the ruler base.

placement length is selected from the following table
depending on the sternal length measurement:

Sternal length
measurement (cm)

47 Tntercostal length
measurement (cm)

16. A method of correctly placing ECG leads on a subject,

said method comprising:

a. providing a sternal measurement device (100) accord-
ing to claim 1;

b. measuring a length of a sternum of the subject using the
sternal measurement device (100) by placing the first
end (111) of the ruler base at a sternal notch of the
subject and the second end (122) of the slide base at a
xiphoid process of the subject;

c. determining an intercostal length measurement (128)
corresponding to the sternal length measurement,
wherein the intercostal length measurement (128) is a
47 intercostal placement length, which is a distance
from a sternal notch to a 4” intercostal space of the
subject;

d. measuring the 4” intercostal placement length from the
sternal notch to identify the location of the 47 inter-
costal space in the subject; and

e. placing a V1 lead at the 4” intercostal space right of the
sternum, and placing a V2 lead at the 4” intercostal
space left of the sternum.

17. The method of claim 16 further comprising:

a. determining a second intercostal length measurement
(128) corresponding to the sternal length measurement,
wherein the second intercostal length measurement
(128) is a 5™ intercostal placement length, which is a
distance from a sternal notch to a 57 intercostal space
of the subject;

15 11.8
16 121
17 123
18 12.6
19 129
20 13.1
21 13.4
22 13.7
23 13.9
24 14.2
25 14.5
26 14.8

20. The method of claim 17, wherein the 5” intercostal

placement length is selected from the following table
depending on the sternal length measurement:

5% Intercostal length
measurement (cm)

Sternal length
measurement (cm)

15 13.8
16 14.2
17 14.6
18 14.9
19 15.4
20 15.7
21 16.1
22 16.5
23 16.9
24 17.3
25 17.2
26 18
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