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Fig. 1. Examples of Lorenz plot

As shown in the figure, the Lorenz plot involves
the technique of expressing the fluctuation in
the cycle of heart beats geometrically on a two-
dimensional rectangular cross graph.
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Fig. 2. The characteristic curve to MRI noise
The sound pressure level of the MRI noise over
each frequency was measured.

«— Pulse wave measurement e

Preparation | Mental arithmetic load Mental arithmetic load +

time noise (or music) load
«—> < <<
14 25 54 245 54
<——> ! Analyzed part

«—> ¢ Non-analyzed part

Fig. 3. Experimental protocol
In the experimental protocol, pulse waves were
continuously measured for 15 min, and the anal-
ysis target portion was 5 min.
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Fig. 4. The calculation method for analysis of heart rate variability
From the peak of an acceleration pulse wave, it asks for RR interval data and performs re-sam-
pling. Following this, the power spectral density of the equally spaced data obtained is asked.
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Table. Heart rate and behavior of the subject at the time of mental arithmetic +noise (or music)

Subject

The number of times (time) and the heart rate of the subject that temporarily stops at that time.

1

One time 3 s (noise)

Heart rate : 81.1-83.9 (beats/min)

Mean heart rate at the time of the mental arithmetic + noise (or music) : 68.9£4.74 (beats/min)
(noise), 75.1+5.43 (beats/min) (music)

Two times 3-4 s (noise)

Heart rate : 101.7-103.4 (beats/min), 102.6-103.4 (beats/min)

Mean heart rate at the time of the mental arithmetic +noise (or music) : 86.9+5.56 (beats/min)
(noise), 86.6+3.6 (beats/min) (music)

One time 3's (noise)

Heart rate : 90.2-93 (beats/min)

Mean heart rate at the time of the mental arithmetic + noise (or music) : 76.9 £4.75 (beats/min)
(noise), 82.1+3.22 (beats/min) (music)

Five times 3-4 s (noise)

Heart rate : 85.7-88.9 (beats/min), 85.7-89.6 (beats/min), 86.3-90.2 (beats/min), 85.7-87.6
(beats/min), 88.2—-88.9 (beats/min)

Mean heart rate at the time of the mental arithmetic + noise (or music) : 77.3+4.7 (beats/min)
(noise), 78.7+3.27 (beats/min) (music)

Three times 3—4 s (noise)

Heart rate : 75-77.9 (beats/min), 74.5-76.4 (beats/min), 72.7-74.5 (beats/min)

Mean heart rate at the time of the mental arithmetic + noise (or music) : 65.1 +4.7 (beats/min)
(noise), 69+1.47 (beats/min) (music)

Three times 3—4 s (noise)

Heart rate : 75-76.9 (beats/min), 74.5-75 (beats/min), 73.2-75.9 (beats/min)

Mean heart rate at the time of the mental arithmetic + noise (or music) : 63.9+£4.18 (beats/min)
(noise), 70.82+1.39 (beats/min) (music)

TR —IFAIIC

L.

BB O OB A Table IZxR L 7-.
5, —HEAJICHRET L T\ 5B & 2DREERE D

3~4 Frhlr L T\ A ITEI R
—FFAICHRET L T b & ED
ZDFE

T\,
W5 b EODRITEE L T\ (Table).
2. LF/HF ic >\ T

LF & HF Offisx H\,

ZCT,

F72, WINOEERE L EEN/RN T

LF/HF O ¥ & R

O, SFEOBEICER VSN S K& el
R LT\ BRI, R 2 1k —EEAich
WL TW% & ED0LEE 103.4 (beat/min)
&%@k%&ﬁ%?tka mz T, wSRE
2ONERETIE, BELZ VY VEEIEE
’%ﬂbt&ﬁhbfmt Tz, KWEERED
NG T — % BRI Tm -T2 EMEL T
Wio. —7, Fﬁ? B 5 & 8HREON
%ﬁ%i*ﬁiﬁﬁﬁﬁﬂfbék%,U5v
AL T UNY VEHREERTE L EHEL
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#EFEAH L 72 (Figs. 5, 6).
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M Mental arithmetic

M Mental arithmetic
+ noise

subject 1 subject 2 subject 3 subject 4 subject 5 subject 6

Fig. 5. LF/HF at the time of mental-arithmetic
load and mental-arithmetic +noise load (aver-
age value and standard deviation)

This figure shows average and standard devia-
tion values of LF/HF at the time of the mental-
arithmetic load and mental-arithmetic + noise
load in each subject.

I M Mental arithmetic

* ¥ B Mental
M arithmetictmusic

subject 1 subject 2 subject 3 subject 4 subject 5 subject 6

Fig. 6. LF/HF at the time of mental-arithmetic
load and mental-arithmetic + music load (aver-
age value and standard deviation)

This figure shows average and standard devia-
tion values of LF/HF at the time of the mental-
arithmetic load and mental-arithmetic + music
load in each subject.

LF/HF OEFERFEMEIIRE S k> Tz, &
7o, BEBREICBT AHMETERE tHE) T
13, BBREOWNTNICE TS, REE AR &
A+ R AR OMIC 1% KETHEZE
BRBNZ (Fig.5). SHIC, ##E 6 4
B BfatRE (—ohES 8o Tk

I & I E + BEROZREMIC B 5F%)
RIAEEThr o7 (F(1,5)=3.31, p=0.12>
0.05).

—77, WHEAWEEE+EEAMICBT 5
LF/HF OFHEIRHFEREIC L > TREZD, »
FTNOWERE & FEN T VIRAEIC N, FHEBR
BETINOMEIEAL TWAZ ERfFRZI. F£,
LF/HF OFHEFAEMBITHERFIC k> TR
D, WIENOWERE L F RS VIREEIZ BN
T, FEBRE TOMANIWEEZRL T
F70, HEBRFIC BT AREIRE (tRE)
T, BREOVTNICHB T, REE AW
CIEH AN + FRARREORIC 1% KETHE
EpRoN (Fig. 6). 5T, HBRE 64
IZ 3B AT E (—JohLE 5 8o 1) T,
s L B TAT IR & I R UTT + 5 8 AUTTIRE OO B 7R 4
BT AFERRIT F(1,5) =168.84, p=0.000<
0.0l THETH- 7. 7tds, FHMEOEDK
%€ (Bonferroni) TERIROLEA#ITo7/2L
%, BEE AR & R AN + TR A MR OMIC
BOWTOPHEOXIT 1% KETHETH - /-
3. L/Tic>onwT

L & ToflwHv, L/T O & EiEFE
B L 7= (Figs. 7, 8).

MR AT &SR+ SR ATIC 10 % L/T o
SEEIT R E I L - TR, WFhoOwE
LR e VIRRBIC N, BREFEREE P O
WL Wb e fAzsz. £/, L/T OF
ERAMIIEBRZIC L > TRED, WIFhosk
B L BRSE D WIRFEICHAN T, BERETO
A/ NS WlA TR L T F7:, &H%REIC
B afatgE (tHE) T, EREOV
FTICEWTE, EHEARR SRR AR+ S
AMIFORIC 1% KETHEEENPRON
(Fig. 7). S biC, #BF 6 BT At
BE (—TEES#SH) Tk, BEAMRE
5 55 A + BT AL RE O EUR SR B0 B ER
BIL F(1,5)=7.56,p=0.04<0.05 THEET
Boiz. Tk, FHEOEDOKTE (Bonferroni)
TEDRORE A T-72E 2 H, KEAME L
5 4 il + B B RTRF OIS B W CEBE D%
L 5% KETHE TH- 7.

—75, BEEAN LB+ HEAMICIT5 L/
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B Mental arithmetic

M Mental arithmetic
+ noise

subject 1 subject 2 subject 3 subject 4 subject 5 subject 6

Fig. 7. L/T at the time of mental-arithmetic
load and mental-arithmetic + noise load (aver-
age value and standard deviation)

This figure shows average and standard devia-
tion values of L/T at the time of the mental-
arithmetic load and mental-arithmetic + noise
load in each subject.

B Mental arithmetic

B Mental
arithmetic+music

subject Isubject 2subject 3subject 4subject 5subject 6

Fig. 8. L/T at the time of mental-arithmetic
load and mental-arithmetic +music load (aver-
age value and standard deviation)

This figure shows average and standard devia-
tion values of L/T at the time of the mental-
arithmetic load and mental-arithmetic + music
load in each subject.

TOVFHEREREICL > TERD, W
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BBRES T OMEA NS WEZ R L Tz, 7l
e 3, 5, 6 T EREN R WIREBICH AT,
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Fig. 9. Time course example of RRI and L/T
(subject No. 2)

This figure shows the time course of RRI and L
/T in a case subject.
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Evaluation of Mental Stress Caused by MR-generated Acoustic Noise during
Using Heart Rate Variability

Hideaki TAKAMURA

Graduate School of Science and Technology, Ibaraki University
2-1-1 Bunkyo, Mito, Ibaraki 310-8512

In recent years, the use of magnetic resonance (MR) imaging has increased in many medical insti-

tutions. However, its generation of acoustic noise that exceeds 100 dB stresses patients and medical

staff, including radiologic technologists. Such psychological stress can negatively affect, the endo-

crine and autonomic nervous systems. Using both a geometric analysis technique, which is a time

domain measure, and the conventional frequency domain measure, we evaluated the influence on the

living body of the noise generated by MR imaging. We also, compared physical response to noise

other than that of MR imaging. As a result, we believe we could measure the degree of stress generat-

ed by MR imaging noise.
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