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The Novel Low Frequency Oscillation in Pulmonary Artery Pressure

Mung Kul Yum M.D,, Dong Ju Choi M.D.,** Moon Hong Doh M.D.**
Young Geun Jung M.D.,*** Seung Hwan Kim M.D.
Institute of Cardiovascular Research, Department of Pediatrics, Internal Medicine®* and
Anesthesiology,™* Gyeongsang National University, College of Medicine, Chingu, Korea

Background : It is well known that systemic blood pressure oscillates with low(0.04~0.1Hz),
mid(0.1~0.15Hz). and high(respiratory) frequency range. But there has been no study about
oscillation of pulmonary artery pressure(PAP).

Methods -
stored them to computer files. Power spectral density curve was obtained. Low, mid, respiratory

We measured PAP for 5 minutes in 32 patients of ventricular septal defect and

frequency power were measured by integrating the area within each frequency range below
the power density curve.

Results : The incidence of significant low frequency power(more than 5% of total power)
were higher in patients of high PAP and high Rp/Rs than those of low PAP and Rp/Rs(p<<0.01
and p<<0.005 respectively). The low frequency power positively correlates with PAP and Rp/Rs
(r=0.62, p<0.0005 and r=061, p=00005 respectively).

Conclusions : It can be said conclusively that as PAP and pulmonary vascular resistance
elevates, the PAP tends to definitively oscillate in low frequency range.

KEY WORDS : Pulmonary artery pressure oscillation * Power spectral analysis.

A = e

AFol dehd = A BHA FedMe

HB3HR] FFo] vehd #3ltk i ZH <7t

R o g gAdAM BAHE 7R dEE Hgto|th A Aol Aogle HE

48 #7118 73 AFdckn g AR,

F2Z 8~12
Hzel 57l Ze #e @ o 05~3Hze] B}

az2ia Zt AR AR o2 el whet

o] £E9] ANE 190295 37 AoFHerE oA
B)»g:_g}(})\io

*o] =L 1992 % AA &
BEE o ROl

4 gATH gP

yehisl 214 Rl AE oJeztA P uy
3231 789 (epileptic form discharge) 7} VY& &
At wlATIA 2 AEBAFTAME AANEY F=
Atre AAGHANA A2lF oz dojue 2
(pertubation)o]] i3t ¥Hg-o2 AFL dvzn &
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FAgch Ao 37k 9] F71& 7HA ZF o
Atk AAUDD. AAE AF 5 25 (0.04~0.1
Hz)ol¥ EAlc FF943%(0.1~0.15Hz) MAl=
AFRAF(EFF7EN Tl ¢AAUL. FF
g, 2FH2 5 s 2 AeHuld o)
v d & gedAoudtd) FaAFe] Bl
€ obA7A] R & s A o] HUA ¥ FFolt
a0l AFE0] AA Y J3H FF £ &
F4E FAZed F23% 4¥S & Holge
de oldo] glem oz oy AFL I B
MalE AAolA dojv= ¥stAds ¢ #&
ARA ] 4FE BFH o BT #denzs
89) A%, d@Te WA AHE =] A x£&
el 71 el i@ olafoll 2B AL =& = UG
0ILIZIB0, g Q1A HFFe) Auke A&
AYF 28 n 2R ALY HE5ALe AF
e BT HAHA FejolA 25 A7 b
Qlt}s),

wetr] AzgL HEFHYS power spectral ¥
Aste] 1) #HEHge] Aol AZEe FAY
HEH o] A BN HA¥ga} Aupgt
AWslo| A Hole AF g, FFue Fo] #HF
WM EAFEAE AL 2) HEHW 1L
st H¥AXNY, HEFIH o8 JWEY 2
7l ARBAZ deAE stz o

rie
ox
o
o)
_13{_‘
r{o

& g HEFATL HA
£Zoz g B3 Aezs 2 HEHAZ
AAF 1A ~15471A] Ao} &

TE $AEL HEre ¥
AEFEGo s FES A¥H 14 mEE
HZLEo] gia] ol g A7l MY FYE e
Aol sl f9] dFE JAI P

1. opt2] MBX2|

2E Aol A A nt3 F (ketamine Img/kg) 4
Ex}&S A3} catheter(Cordis NIH 5, 6, 7) &
o FHo| A3t HF AL AEHHOZ mo-
nitoring¥+c}(Staham pressure transducer, Pressure
amplifier VR 12/16, V2203). 2] AAEe} &

2L ol ofN
Mo oy N 2

&& Kontron A6 EKG, respiration monitorg ©]
Sk EA7F FH oA ¥ AL AT el
H4 5%l Monitoring ¥t} o]F HEHYH
Z§ A3 E Pulse code modulator(Sony PCM-501
ES digital audio processor) & %3} VCR(Samsung
SV-899)¢]] Q1 videotapeo] HAJZITh

2. ofg2A15 9| C|X|H ¥ &H Analog to digital

conversion)

A9 HAFAt £ FUSE PCL-718(Taiwan)
AD converter® Borland C**2 AdA =2y
S 2 interrupti}2] ] 400HzZ samplingdled o] &
binary file2 diskol] A A3t}

3. B H3UY 53

¥ amplifierdl A Y2 A2 oo FPd5
100mmHg2 ZF A& o] A& FA] computer2
wrol 11 WHEke] xolE 100mmHgE $HAHehe]
HEwehe Falgnh 1 256k olde] HF
AqYE Hdste] ol& BHE HFALeR Fols
Aot

4. Mot AED TE{(Low pass filter) &
4Hz subsampling

AA A7A7F BAde Faedde 2554

4% & (respiratory frequency range)7}#] o]=.g v]

2] Borland C*t2 & T 21808 2Hz9 B H

A2 AFHAFHGEHLEHE AIF aliasingo]

712 e Ha F7]9 4HzE subsamplingdt o]
ol& THA] AAZAIZI-

5. TIYAHEHEY

DADisp packageE ©]&38t9 99 2 filtered
dataol| A 1024 point(256%)E 3% 5} (extraction)
7t Az e FAF(DOAES w1l Hamming win-
dowAl] F Y 2MEAYE G4 E FeT) WA
ZTEFNZ YEdF EFFIFHAE 243
t} 2 2 HE59gH 9 filtered datad] A 0.04~0.
1Hz, 0.1~0.15Hz, 3 &F 354 9] HHE +3)
o o]E Z}Z} low frequency power(LFP), mid fre-
quency power(MFP), respiratory frequency power
(RFP), 18] 1L o] 5 9] A A &L Total power(TP) 2
Holaon o 5L 247t AFANE, FFAUE,

3EFIFIF 2 HA VTS YFHeR
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Ueble A#7F goh

6. X2 &4

LFPS} MFP7} TPY] 5% 0|4 & H9$E 9
Ae AFol e Aoz HrisdoH )~ w3
FH U0l 20mmHge]Fd B¢ ol
7%, Fick o2 13 Qp/Qs 2.0 o] 32 72}
o]3}l A%, Rp/Rs 0.25 o]FQl -9 o]sd
42 747k Upo] T2 Alole] LFP, MFP HIE
apol.g 2ALEFH 3L (Chi square test) F #H 59,
Qp/Qs, Rp/Rs®] =7}k LFP, MFPA 7Y &%
A7F A=A Z =AY tH(Pearson’s linear correla-
tion). $A 22l stastical analysis system(SAS) &
o] &3 H L p<0.05¢! AL om e
Edata ;4=

d

]

r°oﬂ

e o

3kz}o] tholE 1~180712Y (median age : 1270 Y)

Table 1. Hemodynamic and power spectral data

profiles

Variable N Meant+ 1 SD Range
PAP(mmHg) 32 26.0 £ 155 10 —74
Rp/Rs 29 0.17& 0.11 0.03— 0.56
Qp/Qs 29 99+ 17 L1 — 6.1
log(LFP)* 32 44 £ 075 32 — 58
log(MFP)* 32 39 + 0.7 28 — 53
log(RFP)* 32 6.1 £ 0.3 54 — 6.8
log(TP)* 32 6.2 + 0.3 57 — 6.9

PAP : mean pulmonary artery pressure(see text),
LFP : low frequency power, MFP : mid frequency po-
wer, RFP | respirtory frequency power, TP ! total power.

oL @2 21 A 110t A Y
84 215 @ Z+ 94 logarithmic powers Table
o] Yetfich Fa #5 9t (mmHg)-& 26.0+
15.5(10~74), Rp/Rs= 0.17+0.11(0.03~0.56), Qp
/Qse 2.2+ 1.7(1.1~6.1), logarithmic LFP(arbitrary
unit) £ 4.4%0.75(3.2~5.8), logarithmic MFP= 3.9
+0.7(2.8~5.3), logarithmic RFP¥ 6.1% 0.3(5.4~6.
8), logarithmic TP 6.2+ 0.3(5.7~6.9) A c}.
Table 204 B oju] 9l& LFP(HA 99
5%018) & 9gude AFoFe AA 329 F
9ol A LA olE Fxe] FHEAFH
upg} 73 Bk FEHSHYgo] 20mmHgo]
o] F4d A 14HF 18T gugle AF
BFo] AU B HFHGo] 20mmHgo]
¥ ASoe 9% 8FolA gude AFHA
Sol &AHo HEUYe] ¥ Ao F& A¢
ZA$Rc guidle AFHAFo] UL el
29k (p<0.01) Rp/Rs7} 0.258.¢} 2H& A 9= 26
3% 554 ouigle AFo] AAHUR A
0.25014% A% 3WF 3% EFA Jgude
AFgzlFo] HAs ] Rp/Rs7t FFF u|Yle
AFol A& 7HsAol BArh(p<0.005). Logarith-
mic LFP9} H#H 59, Rp/Rs, Qp/Qste] Fa
A= Fg 1, 2, 3, 40 el Qo LFPe} H
HE5 WAoo r=0.62, p<0.00052] FEE A
#A 7 AT, Rp/RsH2] Atolo) = r=0.61, p=0.
00052 FEF FBAAZ AR Qp/Qsste
FES FBBAV} Qe A2 JEgth gt
AFGNEL HAFUds A5 vty
?‘1%94 arizk 7kt A ¢+ Ao

* : arbitrary unit. F9 75 (MFP) 9] 39+ AA 328F 330
Table 2. Frequency of significant low and mid frequency power
Mean PAP Rp/Rs Qp/Qs
<20 =20 Total <0.25 >0.25 Total <2.0 <2.0 Total
<5% 14 9 23 21 0 21 14 7 21
LFP >5% 1 8 9 5 3 8 6 2 8
Total 15 17 32 26 3 29 20 9 29
p<0.01 p<C0.005 NS
<5% 13 16 29 19 7 26 18 8 26
MFP >5% 2 1 3 2 1 3 2 1 3
Total 15 17 32 21 8 29 20 9 29
NS NS NS
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Fig. 1. 3 dimensional frequency-Rp/Rs distribution for power spectrum of pulmonary artery pressure. Note
that power of mid and low frequency range(0.04~0.18Hz) increases as the Rp/Rs increases.

Mgt 5% 0l e 7 AU HEFHF
W3}, Rp/Rs, Qp/Qs Z7|o] wE zlole WA
F 1 tH(Table 2). 281 H]Z 2o es EY
=& Z9kAIT logarithmic MFPS} 3 3 59 9t
Abololl & r=0.39, p<{0.05, Rp/RsA}o]o = r=0.47,
p<0.01Z /&I JFAAZE JAJT Qp/QsAto]
de FES FRBAV JAt gy FF
A= A5Udn HEAAge] F71EFE Z7)
e AFE Holi AATH(Fig 1, 2, 3, 4).

nl ot

AGFA oAM= HAEF M9} np3riA =

HEAANGH @4g AgHog 2Hse 3717
717e] FAHAGD. RA AN 24 (neuro-
humoral control), 5 ¢5-&AukAL, 3}8H48 )
HALE E3e shALER A, AR A48 2 nudues
paragigantocellularisE X33t  FZ 7H(rostral
brain stem)Eo 9§ il Y =H Fo] o
Aotk mefA 919} e R H £ AF5H ¥
87 23 7177 EAFEE HEUdes AA
4T e AFo] EAY Aoz AREL 4
ZAATH B A7l stH AA 329F 1294
vl Ade AFH Ee FFEAZF] AU
ot 7t HFHWgol e o] HFo] EuH
e AT =3 Av e AL 99 oulgle
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log(power)

® LFP : r=062 p<0.0005
B MFP r=02% p<855

2 T T T T T T T T T T T
10 15 20 25 30 35 40 45 50 55 60 65 70

mean PAP(mmHg)

Fig. 2. Correlation between mid frequency power(MFP) and low frequency power(LFP) with mean pulmonary
artery pressure(PAP). Inset shows correlaton coefficienct and it stasttical significance.

[«

log(power)
S
|

® LFP : r=061 p=00005
W MFP : r=047 p=001

2 T T T T T T T T T T
003 0.08 0.13 0.18 0.23 0.28 033 0.38 043 048 053

Rp/Rs
Fig. 3. Correlation between mid frequency power(MFP) and low frequency power(LFP) with Rp/Rs.
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AY

log(power)

® LFP I NS
®m MFP ! NS
2 T T T T T T T T
1.00 1.50 2.00 2.50 3.00 350 4.00 450 5.00
Qp/Qs

Fig. 4. Correlation between mid frequency power(MFP) and low frequency power(LFP) with Qp/Qs.

AEol AFHL Z7]9 whet EA vzof xpo] 7}
dozte Abdeitt. & HiFHete] A AeE
Aguide AF3}, FFRE Y st HFHtol
ES AfolA B dsioh dal ANt A 9
53 ZFL Mayer waveol] 93 ROz Ud2A
A AFRNFLE TR A5xA 1%L
el A2 434 Ag?.

5ol AR Aol gulde FFANEF
ol §1&& HAPR #8&3t Mayer waveE
A AR B EA = (sympathetic prega-
nglionic neuronal activity)7} H¥#ole JEL
A e Aeddg. 2 7he# olfEE 1)
FFUAEFE Frddhe agd7e] HEdd e &
EHoUA &E 74, 2) EEE HoYA=®
HEHE FFAe 2ZAE FEA9 Aol7t
A F AE A 2o BF AFAIFAXE B
AHEEtE 7 Bee AR O JAEF]
gAY 27171 T3] A2 2 ojf< oivtx H
zZ39 Fd 7ol v A 2= € ¢
T A4 R ol AbstetA o] o] 7] wjFofl ¥l u
Al £u7k Fa Fi9 dAFEE Al

Bz v3) Huy dFT FF F LS
A2 F dnP gty FLAYFT vzy §
BRHE FAY FUA] AFHRF] YRR
BRAY o= ofF uu]EtA el Zo] obd 7t
e 7heAE ANE £ AT

HEHto] & F9E AMEY FFAANFL
H5 o] FgolAd AL} vt 2 2n|gl
© AFE B F ooy AFAAFY B
3 Rx7t F7tE 3 Heete] zZvleh vl st
AFoAEe] Fxrt F78te AE B 5 A
FA HFHL A ol AT 2 2
I 718 g A7 ey A 8ol FtE
b & nEAA T AFEFENA ANELY
AFFAF P BaE JAQch Akselrod 5210
spontaneous hypertensive rat(SHR) ol 4] # A1 & ¢} =}
At doln g AHEY EAsed Auit
A¥Axo= 8 Aolrt glovt AU AF
9715 (0.04~0.18Hz), o]FAME 53] 0.04~0.1
Hz Alole] ZFo] e A A FHoAro
F2F}ESE 2HAT = UIEE FHoMe
(gut3d o2 SHRoM = &% I/E7RA o Hi
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2 Adoltirt 37 o] Avtof Hl7tg Al 1
g3to] 2R urethan vt HAE AT AY H438}
(spinalization) A} 7] A F32F 9] 77t glojA
v AL BAEAT. olHF AMEE ¥ste] ¢
Aoz Fglo]l vehtr] olHe| olm] o]t
AFa AFol Wstzt 4719 SHRAAMo] A5
ol A AlRET o]zie] Eeidn¥e A&
Ngs BAY Aoz Azsdc. 1w o A
FAFol RobA7t? BAH Hol A AP
o = 5 721 74 &8 (spontaneous central sympathetic
neural output)o] A &HHo =z 2AFIHA <A
24 s FAse v 138 ¥ SHR
dre ALHHuFAEEE] oln] HoHo|
Tadte BxPue] FE&A7L oln Fukd AH
oAl HAF LA H RN EH o] WE )|
T o ol HFFo] dojux R AF A
FuRFo] #adria A3gsdoh Mancias 2!
A% AU 2™t A gdes ek Ey
Azt A8t A E ZABIAEY ¥gtol
71855 Autgedelr 9 it zFo] F7}
Bl Ao g HuEgch ¢9 28 uE A8 &
ATE BRIAT 18R B FEAAE A
AAFHe tE dd9 IEE JEhla oA
T¥de] Wy 7AE wiled =0 2 & 4
== AAEE T

£ dFdM e dEHgtel FsEAJE A9l
HEHete] AFuE] @70l %=l
HE5Hg AFoEe] dAAjNeZ THsAde]l
v AL AR HERHFY AEo 4T A& A4
F AAT B dFdqMe $AAS B 44
7% JE5E E3sA @7l dE o)&
HAE £ glov 9ude dHsdYgy IAFY
HE7t o] HEFHY XY Qp/Qsst= A7
Asfle Aoz Hol APFFe] F7ist #AH
ZAgolet T8 F e A 2o}k vhE A5 A A
AT Rp/R7H 0.25 | FUFE AF AT B
Aol witaty T AF3ZF e A7|9 Rp/Rsol|
gulde FBAAZE A= ol HEHA o]
S7ME 5 AFHAEFY 277 Frlkste A&
ojul gt whebx olej g HE Ut AFHRF
AP Age] F7tet DHEA BAEG L & &
UATh Akselrod= SHRO AN Hol| A o]t

AF R F9 AAL ARA Y ZAHANA AF
Boe AdAYHERAEEYd 93 A5
AAATHY. greF agn gobd HEUn
gilto] e At A thxol A FHFH] Eo]F
o2 Zg3te ojudt Jjdo] EAY £ USS
A A,

Aol A L3 dej7tA] 7tEdE wiA Ee &
7] AaMe A e 2 2 7hA vE
Al A7} Fuksofof 3t h o] F L o] A9
FHAlo)7Ix 3lH Yo g A7 AL A7 T
Aol71= 3tk RAA HF@AL, AL, 28n
AAERE TA A& A3 44 E AN
M e HE Aol RE B AFHAF
o] gl & A€ A% 2L AFo] Y=AE
gsorgitt. = AEe] EA ®t ol HEF
Wl A4, 2En AAYER Y4 xS
Axrste] gref Fol EAFTHH ojuF AFo)
HARIAE Folok 9 7I1PES FAT FUS
A 2} olgidt AEol AE3] HEAdd H5Y
a¥te] B 7|H g olF3te 53] B =88
Z 7 UL Aoz AREg 4 AxRe olv
AFg 4 539 JF F71& A JANEY
L Ao vy o g dez g2 0.04~
0.1Hz, 533 JA%5F7|E 0.1~0.15Hz2 A3}3
o] JAFF71e A7E ALAAL AF7, F
F719 Hed dsjxe obH7tA TR gAY
A& Holil A gt Aofe] Fee Azt A
Aol Hla] FAZEZ olejd F 7|7} ol Hls
Y 158%02 349 /teAdx gk g$-7]
#HFHte] ol A o} 7tA] 3o Bag
v gl7] W&o ANt MFFVIE gz
&t eE A A= FAV A& X A 28y
Fig. 19| 4] Ho]Xo] AFa F57 359 97}
e 79 JFH Jv Aoz Hol 3A
aole g A 27w 3tk A2 $4 A
ANX F71& d&3te oA By Eol A A H
o]Ao] A2 Fo] o]&HI Yt} & EW
2} 71 3] A (autoregressive model), #1713 o] F
% 7Y (autoregressive moving average model) 5o]
aRITHY. weld A & go= olF W
Hoz Brh FES HE5HUge AFE A7
Al goltt.
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AUistE Y AgadTad Yddted AA2F
AALEFToR DD Axxes A3y d $
A 309 g Yo AFUYS 5B AsHoz

AFE 7]E 3l power spectral densityS T3}
751 9)(0.04~0.1Hz), ZZ5192](0.1~0.15
Hz) 9] powerE Aitsted HFagtolx Suigls
JE(OHzA AN RE 3&FF7] Fo571x9 A
power?] 5% oldH = FF 3G, AFI4 power)
ol ZAE=AE ABAL AF T A7]9)
Wit #HE=HL, Rp/Rs, Qp/Qsete] F#AAAE A
3t o

2 1t:

#HsH@gto] AR e FA A= AFat
2 FFHNF] dehde &Eo] Aokt whd
HEH o] FsHANE (B =HF UL >20
mmHg) ¢ Rp/Rs7} F7}5]o130E AF(Rp/Rs>0.
25) JXe AFgFe veid FEo] ot
(p<0.01, p<0.005) HFH}AF 2] logarithmic po-
wers B AFUL, RpR} ESFE AAE
RS BAG(r=0.62, p<0.0005; r=0.61, p=0.
0005).

2 E:

HEHgo] oAU E Al guldes A
FadFo] R3] B o) RS FEEAs
HEH A 27 vl st 2 2717t F7leke
e _‘1?114. olg g F o dFH e o1
a¥Ee #HeEgriAdE d+sk
Ag Aoz Algdth
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