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Table 1. Means & standard errors of differences in time line measurements between two observers for each
# of the four precordial lead sets
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2. Frequency distribution in millimeters of absolute differences in time line measurements between

two independent observers for all four precordial lead sets together, 84 subjects
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3. Means & standard errors of the differences between two observers in measurement of QRS onset
for each lead in the four precordial lead sets
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4. Means & standard errors of the intervals between QRS onset in each lead & the R wave peak of
lead 1T for each precordial lead set. Independent measurements by two observers were averaged
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5. Differences in mean QRS onset among the five leads in each set. Independent measurements by
two observers were averaged
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Figure 1. Simultaneous 5-lead electrocardiogram to illustrate the method for measuring QRS onset
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2. Frequency distribution of the mean time line interval & the mean observed paper speed of the 4
sets for the 84 subjects
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SUMMARY

Onset of QRS was compared between simultaneously
recorded conventional electrocardiographic leads in
66 normal and 18 hypertensive subjects. Mean onset
of QRS was 6.4 msec earlier in lead V1 and 7.4 msec
earlier in V2 than in lead II. These differences
were statistically significant.

The measuring system was adapted from drafting
techniques and took into account variations in paper
speed which occurred during recording. Interobserver
differences equivalent to greater than 1 msec occurred
in 3.9% of time line measurements, but in 38 % of
QRS onset measurements. The lower precision in
measuring QRS onset may be attributed to baseline
oscillations and to the relatively slow wvoltage
change at the onset of ventricular depolarization.

INTRODUCTION

Abnormal cardiac function in a variety of disease
states has been associated with systolic time
intervals which were significantly different from
Nevertheless, at the individual level,
some normal and abnormal subjects may not be
distinguishable by these noninvasively derived
measurements.2 In addition, a few observers have
not found systolic intervals useful in studying
cardiac performance.3

normal.l
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In looking for means to improve the utility of
systolic interval measurements it appeared that
precision of measurement was worthy of further
evaluation. In the present study the onset of QRS
activity in simultaneously recorded conventional
electrocardiographic (ECG) leads was examined to
determine if onser was significantly earlier in a
lead other than lead II, the most commonly used
lead for recording QRS onset. Since some element
of observer variation may be involved in defining
onset of QRS, the precision of its measurement was
compared with that of time line intervals. In the
latter case observer variation should be at a
minimum and an estimate of the precision of the
Of additional
interest were variations in paper speed occurring
during recording. When differences of a few
milliseconds are considered, paper speed variations
may be significant.

measuring system could be obtained.

METHODS

Subjects. The ABCC-JNIH Adult Health Study (AHS)
sample4 is a representative sample of A-bomb
survivors and nonexposed controls in Hiroshima .and
Nagasaki who have been examined biennially ‘since
1958. For the present study a subsample in Hiroshima
consisting of high radiation dose survivors born
afrer 1920 and sex-age (15 years) matched nonexposed
controls was selected for noninvasive cardiovascular
Members of the AHS cohort who had not
previously been examined in the clinic were excluded.

recordings.

AHS records of biennial examinations were reviewed
for evidence of heart disease and hypertension. In
addition, cardiac examination was performed at the
time of recording. Exclusion from the normal group
was based on the presence of abnormal cardiac
physical, roentgen, or ECG findings; none had
intraventricular abnormalities. No
subject was considered normal if more than one

conduction

blood pressure during the previous examinations was
140mmHg or greater systolic or 90mmHg or greater
diastolic, or if the blood pressure equalled or exceeded
these values at the time of recording. DBerween
October 1972 and March 1973, 196 persons were
examined. Based on the strict criteria above, 66
normal subjects were identified, 31 women and
35 men aged 28 to 52.

An additional 18 borderline hypertensive subjects,
6 men and 12 women aged 41 to 52, were studied.
These subjects had intermittent and mild hypertension
(less than 160 mmHg systolic and 95 mmHg diastolic)
either in the AHS medical record or at the time of
recording. None of these borderline or labile
hypertensive subjects had evidence of heart disease
or intraventricular

conduction abnormalities.
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Preliminary analysis revealed no differences between
this group and the normals in precision of measure-
ment or QRS onset. Accordingly, for the present
analysis data will be presented for the total of 84
subjects together.

Recording Procedures. Subjects were studied supine
and were allowed to respire freely. Clip electrodes
with saline conductors were used for the limb leads
and a suction cup electrode with conducting paste
for the precordial leads. Five ECG leads were
simultaneously recorded photographically on Kodak
Linagraph 1930 paper with an Electronics for
Medicine DR-16 research recorder. All signals were
unfiltered and were amplified to a gain of 5cm/mv,
Paper speed was set at 200mm/sec and time lines
at 0.1 sec intervals. The timing mechanism was
calibrated eleetronically by the manufacturer at the
time of installation of the equipment and after 18
months of use was found to vary less than 0.5msec
on both occasions. Calibration with line voltage
oscillation also indicated no measurable changes
during the period of study. Five ECG leads were
recorded simultaneously in four separate precordial
lead sets as follows: Set 1) Leads I, II, III, aVF,

Vi: Set 2) Leads I, II, III, aVF, V2; Set 3) Leads
I, II, III, aVF, V3; Set 4) Leads I, II, 1II, aVF,
V6. With the timing mechanism running continuously
to avoid inertia at the beginning of recordings, a
single beat was recorded for each set.

Measuring Technique. All measurements were
made independently by two of the authors using
10X magnification. For each precordial lead set
the distance between two time lines (0.1 sec) was
measured so that adjustment of time interval measure-

ments for variations in paper speed could be made.

The interval between the time lines preceding and
following the QRS was selected. QRS onset in each
lead of all four sets was identified and the distance
between the onset of the QRS complex and the R
wave peak in lead II was measured. All measurements
were made on an engineering drafting board with a
transparent plastic right angle triangle designed
for this study. A vernier scale was inscribed on the
triangle, allowing measurements to be made to 0.1 mm.
The vernier scale was inscribed on the contact
surface of the triangle to minimize the effects of
parallax on the measurements. The use of this system
for measuring QRS onset is illustrated in Figure 1.
The R wave peak in lead II was used as a time
reference. QRS onset was measured from the left

edge of the trace where the QRS activity first clearly

departed from the baseline. Data for time line

intervals are presented in millimeters and data for

timing of QRS onset in milliseconds, using as cali-

bration the observed time line interval for each set

and observer separately.

LENREEHEEENFRR 2L AE T2 V. THAE
WOsEE, FBOKECL QRS DMEGIZE, ZOBLE
FEHEBEOMIZEEZED S hah - LEXF 2T, 20
ORI, MEGAMAOEREE LDTRT.

BESE. BEREGIALTARICTRT 2RKETHRE
BT of. BEECEREAREER ST sHA¥T,
MR I TEE - A PR L ARBXET R
v1/-. Electronies for Medicine #:¢ DR —16EIRF7% T £
= L AT Kodak # @ Linagraph 1930 F LI A (2
FoTSBHAEDOLEHEFMBLHEL 2. TXTOER
i, 740y —%nFTI25m/ mv DIRBTIHEL /.
M= A - F& 200 mm,” sec [2& b, WM
£ 0.1sec 2& b, HHMIEZHREOEIEE, BED
HEMELCB,rAMRABIEEFEFIEMNFEL
E-TiFwe, WFROBELEHIL0.5msec RKiBTH-
o, BEBEOEHZIOVTOFEIZL, SEOWKES
MrplcfllETE 2 R0 E{bEEDshE Lo /2. KD
LI lmsiEE s £y 405, 5 AR LB FKE
el . T42bs, H1H#—1, O, I, aVF, V| ©
WM, H2M—1I, O, M, aVF, V, D&HEHE; F3
M—1, O, I, aVF, V, 0 &aFd; w441, 1,
M, aVF, V O&BETHS. LEMLGEOEM LB
oML EREERENL, FHI L2100
AALERL &

stAlAE. TaToREE, EFE0 2 AHFBAIZIINXD
BEROLETIToA. ZMEFEHOZBRII>VT2E
OEEMBEOMOEE (0. 1sec ) 2FBL, R—ri—2
E— FOZEHAEMMMBEOR NI RIT TR Es@ET
ALl 2O IZQRS OREITTERIZH 5 RERI 4
FHOWARZ EIZLA. ZOA4HOFEBIIEIT S E&FHC
SWVWTQRS MM A EEEL, QRSEOMKEH,L SEI
FEIIFIAREOESETOHRBEFRAIL 2. TT
DFHENE, BMMEE LT, FREEOAHERLZEN
TIAFy s HERAZATRABO T, ZOZA
FHIDE, O lmBEMCHNATE S LS 1B R AL
LTdb. HEOHBIZRIETHELRNIIT S 0,
ZAEROERBICARAAEMLTHS. QRS M5O it
BArEEHLICARLAE. FIBECHIAREQNHELE
PO RE#EL LA, QRSO SE, QRS Al iC 4
BEGHLPIIEN BN CHEOER ISV TIAIL
Fz. BEFAGREIROER ZonH I, QRS MisEERIZo>nT
DOER I msec WHITHRL, MERELTZHELUE
BEOEE GBI REE Awvs,



GRS ONSET LEAD NI

QRS ONSET LEAD ¥y I—-R WAVE PEAK LEAD ]
7‘ ﬂ,a—-—--" e LEAD I
VA e B i, LEAD Ii
. LEAD III
/
Mo LEAD avF
et LEAD Wy
il

sl 'ofl,J_J,_;‘!.[.'..-?lz._J,,.J\_' PO PP S B b P ','+1_._;_..-\4!. dkketal T )
Figure 1 Simultaneous 5-lead electrocardiogram to illustrate the method for

measuring QRS onsef. Amplitude gain 5 cm/mv. The tracing was squared with
the rules using the time lines to define the axes and zero was set at lead I R
wave peak. QRS onset in each lead was measured af the point where the iracing
first clearly departed from the baseline. Note the early appearance of QRS onset

in lead V| in this subject 17 msec earlier than in lead II.
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RESULTS
Interobserver Differences in the Measurement of

Time Line Intervals. Distances between narrow
straight lines were expected to be less subject to
observer error than measurements of ECG complexes.
An analysis of in
measurement of intervals would thus
allow an estimate of the precision of the recording
and measuring system. Four precordial lead sets
were recorded for each of the 84 patients studied.
The data are presented for the four sets separately.

interobserver differences the

time line
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TABLE 1 MEANS AND STANDARD ERRORS OF DIFFERENCES IN TIME LINE MEASUREMENTS
BETWEEN TWO OBSERVERS FOR EACH OF THE FOUR PRECORDIAL LEAD SETS

#1 BHHKAED ZREMOZD TH S L UREERE: 4 8o HEEREEY

Standard error

Set Number Mean Difference of differences
1 84 0. 007 mm 00135 mm
2 84 0.033 0.0232
3 84 —0.021 0.0158
4 24 =0.002 0.0127

In Table 1, the means and standard errors of the
differences between observers are given. None of
the differences between observers within a setis
statistically significant. A one-way analysis of
significant differences in

variance reveals no

precision among the four sets. A frequency distri-
bution of absolute differences for all four sets
together is shown in Table 2. Most measurements
(96 %) differ by 0.2mm or less. At a paper speed of
200 mm/sec, 0.2 mm represents 1 msec.

Variations in Paper Speed. Figure 2 shows the
distribution of the mean time line intervals for the
four sets for each subject, based on the average of
With time
lines fixed at 0.1 sec intervals, these measurements
can be directly converted to paper speeds and the
horizontal scale is graded in mm (time line interval)
and in mm/sec (paper speed).

the measurements by the two observers.

#1112l BEMOZO P LEHEELTL A &4
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TABLE 2 FREQUENCY DISTRIBUTION IN MILLIMETERS OF ABSOLUTE DIFFERENCES
IN TIME LINE MEASUREMENTS BETWEEN TWO INDEPENDENT OBSERVERS
FOR ALL FOUR PRECORDIAL LEAD SETS TOGETHER, 84 SUBJECTS

%2 WHRAED 2HREMOZOEFED EHSMH, Yo, FHREMA.
FhFh 4o EEHO &5

Absolute Difference Observations Percent
0.0 mm 100 29.8
0.1 169 50.3
0.2 54 16.1
0.3 or greater 13 3:9
Total 336 100.0
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Figure 2 Frequency distribution of the mean time line interval and the mean
observed paper speed of the 4 sets for the 84 subjects. Independent measure-

ments by two observers were averaged.

F2 #wHEMAIOSDWTRSLAMOEEC &S THIFMEREL L UPEA - -
AV - FOERSH. 2N 0EEPHECRDS 2RO FEEYE R

The distribution of the paper speeds is skewed. The
mode of the distribution is at 193 mm/sec and the
median at 195mm/sec. A second mode is suggested
at 202 mm/sec. The mean paper speed is 195mm/ sec
#0.48 (4SD). It can be concluded that the paper
speed under the conditions of this study was for the
most part slower than the nominal 200 mm/sec and
that paper speed may vary up to 15%. It should be
noted that the variability of the frequency distribution
of the mean paper speed of the four sets for each
subject is less than the variability observed in the
individual serts,

Interobserver Différences in the Measurement of
QRS Onset. Unlike the time line measurements,
QRS onset measurements may vary o a greater
degree due to observer variation. At high gain, the
precision of these measurements may be influenced
by even mild degrees of AC interference and muscle
tremor. A relatively slow rise in voltage at the onset
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BREE Db EEIEHL 0.
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of ventricular depolarization may also contribute to
observer differences in judging QRS onset. The
interval between QRS onset in each lead and the peak
of the R wave in lead Il as a time reference was
measured in each set. The means and standard
errors of the differences between the two observers
are presented in Table 3.- None of these differences
The standard errors of
the differences vary considerably among the leads.

is statistically significant.

Of particular interest is the comparison between lead
11 (a generally accepted reference lead) and leads
V1 and V2. Although the standard errors for the
precordial leads are generally lower than the other
leads with the exception of lead II set 1, differences
between the precordial leads and lead II are not
Note that differences are
greater for these measurements than for the time line
measurements; at best, lead II set 1, 38% of the

large. interobserver

differences exceed 1 msec and 7 % exceed 4 msec.

HimigBcd st L QRS HOHEIZEIT S RE
MOBIMYTATHAI. FHORBIET 3 E&FL
DQRS MG S A oL L THVASIFELZE
HARBEOHESE COMBEFALZ. 2REMOED
THe L UESRES BRI IIRLA. BANCAELE
HRohEL., ZOFERER, EFECL->THYED
Buds s FlHFE(EEFERL LT -RECHERsH
TVWEEN)EV, LUV, FHE L OLBAFIZEHS
hza. ThoolSAEdcir, ElEoLHIHTIHE
IFE2BCVTAOFE L) & FEREL —RIZDS
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LN EEREHLAY. REEBO L, o 28 1M
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TABLE 3 MEANS AND STANDARD ERRORS (IN MILLISECONDS) OF THE DIFFERENCES BETWEEN TWO OBSERVERS
IN MEASUREMENT OF QRS ONSET FOR EACH LEAD IN THE FOUR PRECORDIAL LEAD SETS

#3 QRSHGmAHMOZHBEMOZO T L URERE,
B i msec : FHELF, 47 o0 I 36 W
Set Number I 1 1 aVF v, V, Vs Vg
1 84 Mean -0.10 0.10 0.82 0.24 (Pl
SEM 0.28 0.20 0.55 0.30 0.23
2 84 Mean -0.81 -0.28 0.05 -0.07 0.05
SEM 0.42 0.36 0.40 0.34 0.25
3 83* Mean -0.23 -0.20 0.55 0.36 0.49
SEM 0.40 0.32 0.33 0.43 0.41
4 83* Mean -0.28 -0.25 -0.03 -0.24 0.61
SEM 0.38 0.35 0.50 0.33 0.31
* Data for one lead unobtainable in one subject.
Earliest Onset of Ventricular Depolarization. DERSBIrGHLREHBT2FEBE. wFhold

Analysis was performed to determine which ECG
lead most frequently reveals the earliest evidence of
ventricular depolarization. Table 4 presents the mean
interval for the 84 subjects between QRS onset in
each lead and the R wave peak in lead II. The data
are the average of the independent measurements by
As a result of the choice of time
reference, earlier onset is manifested by a longer
interval (before R wave peak in lead II). Table 4
shows that the precordial lead in each set records the
onset of ventricular depolarization earliest.

the two observers.

To test the significance of these observed differences
in QRS onset, a matrix of all differences among the

M LERTEORRF R R BmahazZ W
AoV THITL A, £4120, BREMAIZOL
TEFEICHITAQRS oM 2o BN FRIZHIT S
RisnHELETOFEHEBERLA. ZO&EHRIE, 28
HEABHR T > Gl B 5¢. ZZICfERL
AEMAEEOMET, STHR ST ARBEOMEAE
TORBARE I EETHROMGAE Y. R4I1ZEH
3, BHlE L LEIR S RO TN AER B TR
ZitkRE N A,
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TABLE 4 MEANS AND STANDARD ERRORS (IN MILLISECONDS) OF THE INTERVALS BETWEEN QRS ONSET IN

EACH LEAD AND THE R WAVE PEAK OF LEAD Il FOR EACH PRECORDIAL LEAD SET. INDEPENDENT
MEASUREMENTS BY TWO OBSERVERS WERE AVERAGED

4 FHRBUBUIQRSMUEA,SBIFR LT IRBOESE COMBOTE S L U EEEE, B

msec : MESRWMBH. 2 A0#E A PUEIZR G 2 HBEO Pz E T

Set Number I 11 11 aVF Vi Va Vs Vg
1 84 Mean 29.8 33.1 33.3 35.0 39.5
SEM 0.672 0.679 0.652 0.582 0.615
2 84 Mean 30.2 32.8 33.8 34.8 40.2
SEM 0.659 0.723 0.726 0.609 0.615
3 83* Mean 30.7 32.4 32.9 34.6 39.3
SEM 0.614 0.740 0.809 0.632 0.596
4 83* Mean 30.1 32.9 33.5 34.6 37.1
SEM 0.668 0.702 0.683 0.630 0.621

* Data for one lead unobtainable in one subject.

TABLE 5 DIFFERENCES (IN MILLISECONDS) IN MEAN QRS ONSET AMONG THE FIVE LEADS IN EACH SET.
INDEPENDENT MEASUREMENTS BY TWO OBSERVERS WERE AVERAGED

%5 BHOLSOHEBIZH1) 5 FHQRSHBEEOE, B msee .
CADBENFNEICRD AFRBEOFEL IzLS ¢

-

Set 1 (84 Subjects)

I i1 III aVF Vi
I 3.3%* 3.5% 5.2%* I i
iI 0.2 1.9 B.4%*
111 1.7 6.2+
aV F 4. 5%¥

Vi

Set 3 (83 Subjectst)

Set 2 (84 Subjects)

I II 11 aVF Vs
I i 2.6 3.6%* 4.6%% 10,0+
I 1.0 2.0* T4
I 1.0 G.4%%
aVF 5.4**

Va

Set 4 (83 Subjects?)

1 I1 111 aVF Vy 1 11 18} aVF Vi

1 1.7 2.2 3.07* B.6** 1 2.8 3.4%* 4.5%% T.0%*
1I 0.5 2aEx 6. O** I1 0.6 1.7 4.2%%
m 1.7 B.4** 111 1.1 3.6%*
aVF 4, T** aVF AR
Va Vg

*01<P<.05

* P01

t Data for one lead unobtainable in one subject

leads was constructed (Table 5), and staristical
significance was ascertained by using the Hotelling
T2 statistic.5 Many of the observed differences
among the leads are statistically significant. In
every set the precordial lead has the earliest onset
and the differences between the precordial lead and
the other leads are highly statistically significant
(P<.01).

MET 220, ZEHBOMOEDOITHERD (£5),
Hotelling @ T? Btk 2B THHANAEELORE
BTk SHEMIMBESALZO L BHAMITH
BThs. FHELLERSBOMGBHFREL RO
HEETHN, MEFR L 20MMOBEE L ORIIIHT
BB THENDEN S5 (P< .01).



DISCUSSION

QRS onset was compared between simultaneously
recorded conventional ECG leads. The earliest
QRS onset was found in the precordial leads, usually
leads Vi or V2. Relative to lead II, mean onset
occurred G.4msec earlier in lead V] and 7.4msec
in lead V2. This is sufficient justification for the
use of these anterior precordial leads routinely in
systolic intervals, particularly since it is often
difficult to judge the lead of earliest onset from the
oscilloscope screen at the time of recording. There
is some theoretical basis also for predicting that the
first deflection might appear in the anterior
precordial leads. Studies of thoracic isopotentials
have shown an early potential over the sternum,6-9
Studies of isolated perfused hearts have also
revealed the earliest epicardial breakthrough of
potential in the area pretrabecularis of the right
ventricle, 10,11 d

Data have also been presented on the precision of
these external physiological
variables. The abundant literature on systolic time
intervals has in general neglected consideration of
In the
present study, the precision of a system which

measurements of

methods employed in measuring intervals.

utilizes an engineering drafting board with mounted
rules and a specially designed triangle with a
vernier scale has been defined. This system
permitted measurement of time line intervals to
approximately 0.2mm (lmsec at a paper speed of
200 mm/ sec). The precision of measurement of
electrocardiographic timing was lower. The inter-
observer differences varied among the leads but at
best (lead II set 1) 93% of the differences were
4msec or less. It is of interest that the ECG limb
leads tended to be more severely affected by AC
interference and muscle tremor than the precordial
leads. It was anticipated therefore that the precision
of measurement would be best in the precordial leads.
However, as shown in Table 3, there were no major
differences in precision among the leads.

Frank and Kinlawl2 investigated the differences
among observers in the measurement of isovolumetric
contraction time (ICT) and tension period (TP). The
standard deviation of the differences between
observers was 1.7msec for ICT and 1.9 msec for TP
based on the average of 10 cardiac cycles for each
subject. The present data were obtained from a
single cardiac cycle and so cannot be directly
compared. Use of additional beats would have
improved the precision of the measurements.

Spodick et all3analyzed the precisionof measurement
of the left ventricular ejection time at varying paper
speeds and found good agreement among five

=

MENEWAFLLBERAEFITE LT QRS OSSN % 1
WiHdt L7z QRSB UEMEFEMIIRL RS, FhLE
BEV, g2V, BE TS EEDLENS. B
#Hit, SO FEEI~<T V, FHT 6.4 msec, V, 3 o
T7.4msec & 1. $iZ, EHIIAYOATI-—TD R
ZV)—> kT, YFOFEIQRSOMBIARLE(ERH
NerHEFFAETH2BEFECOT, L EORRI,
DMRMOBEREEL LCillaSfFEs R T &
WELMERT. BUOERSHMBEE I BB S AT
HFAHIETFRT L1k, ETOBBNREL» S 3.
et LD EBEMSHBICEMT AMEICINE, WREZR
HIZEMPYRBO M T35 LA EE L TEmRL 7~
Rz TE, BUFLAEBAELFCHET S
ik, EEOHEMNBTHIELBEDLEATLRE. MY

FHEFNEROEAGTRORSE BT 28R L A,
PRIz 2T O XEE 20 s, BROHNIZHY
GNHEOEERI -z abENIIEhTwE. 4
DHFETIE, FHEIEI ST A EMMUMRELEICIEEL
ZRIR-DE=ZAEREM TS EOBELREL .
ZORHAAETIE, EBMRRMRE L 0.2 AL (R — -
AE—F200mm, sec & FHif] msec [ZHY) THEBIT
. LEREBORMEZIIODVTOHBMOMEIZ A
LTTho/r. MEMOEIEBERMTO—ETR L1
A, BRSO -0 (S1HE0ETHFR) 250
Tk, ZDB%t 4 msec LITFTh-o. LEHEGE
Tk, WEAEE R TERTHECHAEROBENE
Luwlmd s sz LpFERahA LEN-T, il
HWEIMSFIES BLIWTHEIETHELE LL,
FRILRT LI, BEEOBTHBE I KRS 210D
Efh ol

Frank & & OF Kinlaw™ |3, SEMENHERERN ( ICT ) &5
RHU(TP) OBz 2 MEMOELHEL 2. &8
BEULSDWVWTIOLHZAEL, 2O0FHHEIZET VTR
HABEMOEDEBRRFEZIZICT T1.7msee, TP T
1.9msec Tho7%. SEOWUENERIT L LIIZE TV
TLOTHEDT, THELEBEET A LETE L.
LB E b - L 2T T, FHlloMERx s IcmbL
THhAHD.

Spodick 513, A R—rH—2AK—-FTRBSN T
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observers regardless of paper speed. Pigott et all4
similarly found that the precision of measurement of
apexcardiograms was independent of paper speed.
In both studies, interspeed differences of the
observed measurements were significant although
there was no trend toward an optimal recording
speed. The present study was performed only at a
nominal speed of 200mm/sec so the influence of
recording speed on precision or observed intervals
cannot be analyzed. There were, however, consid-
erable variations of actual speed, despite careful
preparation of the equipment and paper throughout
the study period. This has not received adequate
attention in the literature, In many published reports
where variations in paper speed were neglected or
discounted, such variations indicated by
differences in adjacent time line intervals in figures.
It is not surprising that in mechanical systems of
paper advance there should be variations in paper
speed. Use of simultaneously entered time lines and
correction of measured intervals for actual paper
speed will eliminate this source of variability.

are

technical
considerations on the value of these measurements as

Lastly, - any possible effects of such
a research tool must be considered. Weissler et all5
found a mean increasein pre-ejection period of 44 m3ec
and a decrease in left ventricular ejection time of
39msec in patients with severe heartdisease compared
with normal subjects.
errors, of the magnitude defined in this report would
substantially
findings.

Measurement variations, or
not alter the significance of those
However, where inter-group differences are
smaller, it is entirely possible that any improvement
in the reproducibility of the measurements may affect
the ability of these techniques to discriminate normal
from abnormal.
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