ECG

Any of the following calculations may be asked in the midterms/exam.

1. The average R-R distance of an ECG-curve is 19 mm, the paper speed is 25 mm/s. Find
the pulse rate of the patient.

2. What is the average R-R distance on an ECG-curve, if the paper speed is 25 mm/s and
the heart rate of the patient is 75/min?

3. The amplitude of the R-peak in
Einthoven's I lead is 4 mm while in Left axis -30°
Einthoven's Il lead it is 12 mm. Find the deviation .
amplitude of the R-peak ...

a) ... in Einthoven's III lead.

b) ... in Goldberger's aVR lead.
C) ... in Goldberger's aVL lead.
d) ... in Goldberger's aVF lead.

New information for the following calculations:
the electric axis of the heart is the frontal Right axis

projection of the integral vector in the time of  deviation Inter-

|
1
the R-peak. It can be constructed using ' i \ mediate +30°
Einthoven's triangle. The angle of the axis of A ! \ axis
the heart is measured relative to the horizontal // R'E_Jht : Vert_ical \\
plane. Basically, there are three possible axis +120° axis I axis +60°
states: normal, left, and right deviation as b Normal
shown in the figure. +90 range
4. Determine the direction of the axis of the heart (its angle and whether it is normal or it
deviates from normal) if Einthoven's Il lead is Rii = 1.4 mV while Einthoven's III lead is
Rur=0.1 mV.
5. Determine the direction of the axis of the heart (its angle and whether it is normal or it

deviates from normal) if Einthoven's Il lead is Ry = 1.2 mV while Einthoven's Il lead is
R =-0.8 mV.



Formulae

U=A¢= ZE (voltage = electric potential difference)
q

Uy = Piiracell — Poxracenn (transmembrane potential difference)

U =¢, -y =U,pucos(0°—a)=U,,. cos(a) (Einthoven's I lead)

Uy =¢p =g =U,p c0s(60°—a) (Einthoven's Il lead)

Uy =0 ¢, =U,p cos(120°-a)=U,,,,, sin(a-30°) (Einthoven's Il lead)

U,=U,+U, (relationship between Einthoven's leads)

¢CT=(

w (Wilson Central Terminal [CT])

UV=¢C_¢CT=¢C_(

(Wilson's precordial leads)

D+ ¢, +r)
3

UaVR = ¢R -

M (Goldberger's aVR lead)

UaVL = ¢L -

M (Goldberger's aVL lead)

(px+9,)
2

U, p=0-- (Goldberger's aVF lead)

sin(a * /3) =sinacos S xcosasin B (sine of a sum [trigonometric identity])

cos(a * /3) =cosacos S Fsinasin B (cosine of a sum [trigonometric identity])



Solutions

19mm

1. T= =0.76s
oy 1m
K
1 1 )
f=—=——=131/5=79/min
T 0.76s

dy . =085-25"" _ 20mm
, ==
3. Q) U, =U,+Uy
U,=U,-U,=12mm—-4mm =8mm

_(P+9r) _ 20— -9 (9 =)+ (2 —¢r) _(-U,)+(-Uy)

b U = = =
) aVR ¢R 2 2 2 2
U, - (—4mm) +2(—12mm) 8
U —g Oet0) 20 =00, _(0.-0:)*(0=0,) _(U))+(-Us)
aVL L 2 2 2 2
UaVL = (4mm) +2(_8mm) =-2mm
d) U =¢ _(¢R+¢L) — 2¢F _¢R _¢L — (¢F _¢R)+(¢F —¢L) _ (U”)+(Um)
aVF F 2 2 2 2
Uur = (lzmm); (8mm) =10mm
UI = COS((X) : Ufrontal
4, First, calculate U; because we will need » >
it later:

U11 =U1 +U111
U, =U” —U,” =14mV -0.1mV =1.3mV

As can be seen in the figure, the angle of
the electric axis of the heart (a) has the
following relationship with the frontal
projection of the integral vector (Ufrontal),
and the voltage of Einthoven's I and II
leads (i.e., Ur and Un) (supposing that the
angles of Einthoven's triangle are 60°,
therefore, the angle between U and Un
is also 60°):

cosa = ————

frontal

cos(60° - ) =

,as well as

UII

frontal



transform these to solve the equation system:

U

cosa u _ U,

_ Uy cosa cos(60° - a)
Jrontal cos(60° - a)

after cross multiplication:

cos(60°-a) U,

cosa U,

frontal =

use the trigonometric identity of cosine of a sum:
cos60°-cosa +sin60°-sina U,

cosa

UI
cos60°- cosa N sin60°-sina U,
cosa cosa U,

simplify and use the following:

=tano

cos60° =% and sin60° = % ,as well as sma

cosa
1 \/§ UII

—+—tana =—L, out of this:

2 2 ;

N .£=(1-4_m"_1).i=0,666
;2 3 \13mv 2) 3

o = arctan0.666 = 33.67°

Since the axis angles between -30° and +120° are considered normal, this one is also
considered normal.

Solution goes as in the previous problem. First calculate Un:
U,=U,+U, =12mV +(-0.8mV)=04mV

Then use the formula expressed above to find the angle of the axis of the heart:

ana<|Yr_1 .i=(0‘4_mv_l).i=_().19245
U, 2) 3 \12mv 2) 3

a =arctan(-0.19245) ==10.9°

Since the axis angles between -30° and +120° are considered normal, this one is also
considered normal.




