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=Abstract=

Systolic Time Intervals and Hemodynamics in Anemia

Ock Kyu Park, M.D., Sei Won Park, M.D. and Jung Chaee Kang, M.D.

Department of Internal Medicine, Chonnam University Medical School

The systolic time intervals and hemodynamics were measured in 10 cases of acute anemia

and 28 cases of chronic anemia.

The measurment was done by non invasive technique, i.e.,

simultaneous recording of

ECG, PCG and carotid and femoral pulse tracing with paper speed 100 mm/sec. Compared

with healthy persons chronic anemia showed significant reduction of the systolic time

intervals except QS,;, but the systolic time

intervals were unalter when they were

corrected by pulse rate, diastolic pressure and stroke volume.

Acute anemia showed decreased of the systolic time intervals except QS; and also the

decrease of isovolumic contraction time(ICT) and QS, when corrected as above.
The preejection period (PEP)/left ventricular ejection time(LVET) ratio were not altered.
ICT, PEP and PEP/LVET ratio decreased in proportion to the levels of hemoglobulin. The

heart rate, stroke volume and cardiac output showed significant increase in chronic

anemia but mild incease in acute one.

The decrease of diastolic pressures and peripheral resistances were more pronounced in

chronic anemia than in acute one.
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Table 1. Age and Sex Distribution.

Acute anemia Chronic anem,a

M F M F
20~30 1 0 2 5
31~40 4 0 0 3
41~50 4 0 7 4
51~60 1 0 4 3
total 10 0 13 15

1.4gm% (4.5~9.6), 1B A M BEFAA 6.2+2.3gm
7% (1.5~10.8) g2 FRFRACE ®5% BmAELRERE
+ BO¥ v BEDE HRon gl

;) &

PUEFEBERNIDH#E (FD 40, Fukuda Denshi Co.
Ltd) & fERete) LER, OEH, MEBRE 2 KB
BRE S MR fiatstg el ERMEE S e B
gto] FHE 5~TRFALol ol RN A # 3045R &
Azl F MEMZNA LEEE REGE 1E OFEe
microphone Pm-250(Fukuda Denshi Co. Ltd JKE
400 HZ) & LR st fSEBIIRE e KEREDIR
& I\ pickup TY 3022} TY 301 (Fukuda Denshi
Co. Ltd) & #% EMUHEEIIREIzS ERABIIRIA
ol ZEA7l = BB EER EEse EPRS A7 %
FRRIREEA A MPIR-E pIkAlZ) L 100 mm/sec ] HEE
= iigkstel 3@ BHIRES FHEE KA

BRERAY WFEH (total electromechanieal systole,
QS,) & LEE L QRS ¥io AgEYs LEBLE £2
LFES] BEEREE BHRE2RE WEST EO0EHR
MR (left ventricular ejection time, LVET) 2 &
BHEIRE ] & LrdiE RMAEe TR DRSS
(incisura) 7bx1 & JFESA 2™ F—FBOLERHEREES
S.) & LFEEE F-0F REBREY B2y 2
ZOEROSRBESY ERBx s B fhstdh.
FEBEMEE Y B sii] (pre-ejection period, PEP)
£ BRERGKMEHY ELERORHS 22 HE
stz QS MRS EREEN Kk S8 T0F
fiFgel 22 FHEstgd o SRkiENe F—FT0F
Mg ELERAONHES 22 fHaEeEdel(@ 1).

788y B LEE, REERE 2 KBBRE
5 FIFAS Wezler FikPsl 9] R {ksle
(F2d 1) —EEME(Vs), LEHE(Vm), 3K

WOEET (W), ¥ RESHRENE(E) S Flsigde
o ool NET MEES chedt ol kelglch

i) IREEE (C)S] WEE

EAB IR IO KBRBIIRIES #RIABLNA BRI ER
E dtel el ole]l & BRI AT RETHE S
FERES] T 1/5E4¢) BEMEEA 4t S kebgd el

MEBIRE S &ML BWEWREEAX S R
a cm, BIERRTEEAA B2 ElE b om, FER
A EXRBREIIREES] RRERAALA o] Bl c cm E FHUsH
o BRilFAS Aol (L) BiL=b+c—a & Hstzm Cx
—F—2A pEse e,

i) BjiRFRS AEPHEEIREE (TA) b JRIGE IR

(TH)

RIBE)PRBe 2] 5—THESONA) STIRTEZLR o) RS
TA sl iR LITHRAEANA s THHR
el RITHIR AR R o] BifEE TH el ey o O3
= 60f0 % THE hpol A $iHsg vl

i) BT AEIRETEAL (Q) S WE

LT REIRETE - Suture-Nakamura & Fifst
gom mEEste] FRE ol Bt AR RERER
L fiiEstd Q S #iFEskg ek B Suture-Nakamura
Fe FmEEe] 100 mmHg - H#o R 3 Helmz

Table 2. Wezler's Formula

L=b+4c—a(cm)
C=L/4T (cm/sec)
PR=60/TH(/min)
AP =Ps—Pd(mmHg)
Pm=Pd+0.434P (mmHg)

¢=Q— (100—Pm) (cm?)
E/=4pC/Qc TA (dyne/cm?®)
Vs=Qc TA 4P/2pC(ml)
Vm=VsPR/1, 000 (liter/min)
W=1,332 TH Pm/Vs(dyne sec/cm?)

© PN B e o

—
4

* L,a,b,c; see text. C: pulse wave velocity. 4T;
time difference between the onset of two pulse
waves. 4P: pulse pressure. Ps: systolic pressure.
Pd: diastolic pressure. Pm: mean arterial
pressure. Q & Qc: area of the aorta and its
corrected value. E’: volume-elasticity coefficient.
o: blood dersity(g/cm®). TH: duration of pulse
wave. TA: time interval between first and
second peak of femoral arterial pulse wave. Vs:
stroke volume. Vm: cardiac output. W: periph-
eral resistance.

— 8 8 -



—Q.K. Park, et al.:

Fig. 1. Simultaneous recording of electrocardiog-
ram(Leadll), carotid arterial pulse tracing
(CATY, femoral arterial pulse tracing
(FAT) and phonocardiogram (PCG). TH:
Total time interval of carotid arterial
pulse swave. S: Time interval of systolic
period or left ventricular ejection time
(LVET). D: Time interval of diastolic
pericd. TA: Time interval betwaen Ist
peak and 2 nd peak of femorial arterial
pulse wave. TII: Time difference between
the onset of both arterial pulses. QS;:
Electromechanical systole. §,5.:Mechanical
systole.

ZEHEES (Pres o) 100 mmiig LTl E 100 mmHg ¢
FsmEe] %3 Sl A% Qe mad Fu
Z}:'rgmyﬁf:o 100 mmHg I el 25 fosted Q&
#hEE

TINVEEE (980 cm/sec?) 2 b EE I
‘J Wivel wel myidEe] e E
EEBES 1.03~1.09¢19), ¢]9]
Bz M8y Wn e 2 @t ez 2
ffiE &} 2 st FIFA S R
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v) EEES] B

MBS EBEEIIRA A Korotkoff 2 2 BisEatg =
A4 MBE-S HREE I BE (Pd) ol o} MckE I ME (Ps) 3 6
BAIMAES) %ol JRMEE (4P)5h FREK 0.43% T S
fnste] Bl Pm=Pd+0.434P & ZHstec),

R K

IR €S [

71) QS [EFRE-Y &R mBE A 62.8410.5 msec.,

BVER MBER A 62.157. 3msec. & A9 EHE
61.510. 8 msec.oll thate] Wl 25 FEHA 2=/t
A= (F 3).

W}) SRR SR B Bl A 24, 129, 6 msec
(p<0.001), EH:AMBHBEANA 28. 1211 3 msec(p<
0.001) 2 #M¥9] IEfEW 41.9--12. 1 msec o] Jhale] [
I 25 FEN BAE Rdon IR, EERn
B o —[EERaRe] Sk HEe 90X ¢=% ICT
+0.2999 HR—0.230 Pd+0.139 V¥ 2 HEsad &k
BB Tl A 46.9+10.5, BEEAMmAEHENA 53.3
+10. 054 IEF{H 55.8411.90] Mt AR mAEE
Bl Ak FET BAE 28 (p<0.05).

B MBERNA dolA mmadie] WEY] Bt o
= smsieiming M meuke] WEST RO &
2} SARENE Bos 9o (r=+0.540) MEH &
Feel kol w8 fgrleiaiel EEERXE v=2.69
X +11.50) g3 ZesleEil-F ERbg =)¢ mFEn
e 11.3g%l 9vH(EE 3,4 B 2).

o}) BRIAT e SR MmEE A 86.910.9 msec
(p<0.001), tBH:E BT A 90.0+14. 5 msec(p<
0.001) 24 A2 EWH 103.4-14. 0 msec o]t}
WA 2T FEAA {M% By ot LB, R
mE 2 —EEmE PEE i ?%i# PED-—O 272
HR—0.356 Pd+0.119 Vs9> fBEe &%
el Al 103.1:210.8, T;M‘m,%ﬁ&w A 102.8+13.2
2A EWME 105.1-218. 000 st @R 25 ARV
qd #E BEE F ddeh

B REd o4 mEaF EE #ikd &
EEMRTHIY b mERBEA RAOEd ek o
M= WA .o (r=0.431), Mmfad FEEEY #iL
ol wiat ERmRiilel EEAERE y=2.75X+73014
= BmATHCE EREEE meag HEe HiwEs
10.9g%ol9lvH(3% 3, 4 [ 3).

2}) AOERMmMAFFR-S  SMAREE T A 266140
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Table 3. Systolic Time Intervals in Anemic Patients

Normal Acute anemia Chronic anemia
QS1(mSec) 61.5+10.8 62.8+10.5 62.1£7.3
ICT (mSec) 41.9+12.1 24. 149, 6%** 28. 1411, 3%**
PEP (mSec) 103.4+14.0 86.9+10. 9¥** 90. 0114, 5***
LVET (mSec) 281+24 266140 251 29%**
QS2 (mSec) 385126 353140 341445%**
PEP/LVET 0.371%0. 064 0. 337+0. 078 0. 362+0. 062
#x%: p<0. 001
Table 4. Corrected Systolic Time Intervels in Anemic Patients
Normal Acute anemia Chronic anemia
ICTI 55.8+11.9 46.9+10. 5* 53.3110.0
PEPI 105.1+13.0 103.1+10. 8 102.8+13.2
LVETI 376+17 372424 379422
QS21 507418 492+20%* 504122
*:p<0.05 **:p<0.01

Table 5. Pulse Rate, Diastolic Pressure and Hemodynamics in Anemic Patients

Normal Acute anemia Chronic anemia

PR 72+12 82+15* 961-20***
Pd 74+11 59 10%** 65-10%*
Vs 6822 87149 81+32*
Vm 4.94+1.7 7.0+4.1 7.742, 9F%*
w 1, 6961507 1,1974530%* 1,062441%+*
E’ 1,916+422 1, 8594755 1,901+650

*:p<0.05 **:p<0.01 ¥4 :p<0. 001

msec(p>>0.05), (BHAMmBERAA (251429 msec
(p<0.001) =4 A9 IEH{H 281424 msec o] tsted
anBnEERAAE £4 B BFFE dgev
BHEAREERNAL FEDT BLE BEE F 44
I, LEN Y —EEnEY PES A ¢x25 LVET
+1,475 HR—0.167 Vs & FiFsta & AMmBHERA
A 372424, BIEFIMBHEHNA 37912224 EWME
37617 ol ¥t HEMND Bbe dds = B
HEMBEENA meake Wbl =8 ALEREMRH
o #LE RET T e (r=-0.079, p>0.05) (&
3,4).

nl) BEEBOEENE SMAnBEHANA 353+
40 msec (p<0. 05), {BEEMBER A 341145 msec

(p<0.001) 2A #}¢ EEFE 38526 msec o] H3le]
2T FET BAE BYoH LEEC BES g
EE QS,+1.7 HR2 FiFshd SEAfmEE R A
492:+20(p<0.01), BB MBERANA 504422 (p>0.
05) 24 IEF{E 5071180 b &ikFimBERNA
3 FEAY BAE 2y

Eg BUHAMBENAA Mk BES #bd =
2 BREBROBmHEY BMLE BESE 5 dde=
0.114, p>0.05). (¥ 3,4).

u}) BT/ AL ER R (PEP/LVET) S &#:
B BEERAA 0.33710. 078, BHEAMBERANA 0.
362:40. 06224 A2 IEFE 0.371:-0. 0640 Hoshe]
WE LT FEY £+ dgith



—AEEI 2 A BlfEe glelA MRS EREE B PR 91

10 « *° Y =2.69X+]1.5
(r=0.54,p<00l,n=29)
01 2 54 5 6 7 8 9 10 0lHb

Fig. 2. Correlation between ICT and Hemoglobin.

PEP 2
1201 . . .

110
100
90
80
70

Y=2.75X+73
GOl (r=0.43,X0.05,n=29)

01 2 3 24 5 6 7 8 9 101l

Fig. 3. Correlation®etween PEP and Hemoglobin.

PEP/ .
LVET oo

e f
ol Y =0.012%+0, 288
’ (r=0. 443, p<0.05, n=29)
O3 34 5 6 7 & & 0 nHb

Fig. 4. Correlation between PEP/LVET and Hem-
oglobin.

BERMBERAN A Mk BES] #td =& PEP
/LVET ¢ 8t meFH BEST Bd i ozt PEP
/LVET = BAF Q3 (r=0.443, p<0.05) Mk 13
Ee] #tel =& PEP/LVET ¢ EEHERS Y=0.
012X +0.288¢1 4l c} (3% 3,4 [E 4).

2) DI, BEMmE 2 mhBmEE

7h) LEBE AMAMBEHNA 82+15/min(p<L

w
2400
2100

Y=76.3X+590.7 . ©
1800]  (r=0.293,p<0.05,n=29)
1500
1200
300

01 2 3 4 5 6 7 8 9 10 llH

Fig. 5. Correlation between peripheral resistance
(W) and Hemoglobin.

0.05), BHEMmBERNA 96120/min(p<0.001) &
A kM08 EHE 72412/min o] Hdte] B4 25
FEMQY BiNe neor BHRARBERIALE 0t
% \EY B w18 HBEBLE AET & 99
o} (r=—0.215, p>0.05). (& 5).

1) EEEHMES S AmAERHNA 5910 mmHg
(p<0.001), tBH:FMmBEEANA 65110 mmHg (p<0.
01) 2A #M¢] E#H{E 74+11mmHg ] tedte] FEHE
A ¥ AEH B E ngor BAMEER
oA MmERBES Bk =2 HEEMMmMEES] #|LE
BET 4 495 (r=~0.043, (p>0.05). (F 5).

o}) —ERmES SZMAMBERAA 8749 ml(p
>0.05), {BH:AMmEZHAA 81432 ml(p<0.05) 24
A9 FEME 68+22mlol st BB MBER
Ank FEAQ ENE Rga BHARBEERHAAA M@
&% MmES W @et —EEnES #insger
(r=-0.318, p<0.05), MR BES Bibd =&
—EENEY EEHERL Y=-4.47X+108.8°14
(& 5).

) LEEES EMAmBEMINA 7.0+44.11/min
(p>0.05), BERAMBZINA 7.7x2.91/min(p<0.
05) 24 M2 FEHMHE 4.951.71/mino] thsle] @4
BiBER AL AR BNE 24 BEAm
BEMAA mEk BESL RS == LEHES
¥hnslgle (r=—0.408, p<0.05) Mk JREES
1kl =& OEHEY EEAEXNE Y=-0.53X+
10.9¢1 9o} (3% 5).

uh) REMEFENS SMEAMBERAA 1,197+530
dyne sec/cm®(p<0.05), BHAMBEZERNA 1,062+
441 dyne sec/cm®(p<{0.001) 24 k¢ EH{H 1,696
4507 dyne sec/cm®l bt WEE =5 AEMNA K
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P& Bglon BEAMEERNAA mEaRk BE R
ol we} RSMAEET-S W 9o (r=0.393, p<
0.05), Muta3k JREES] kol =} RMMFELS S5
B HEA-S Y=76.3%+590.70]glc} (. M, 5).

vh) IRESHEEES AMAMmABER A 1,859+
755 dyne/cm®, BB MBHERA A 1,901+650 dyne/
cmP2A A9 EHE 1,9164-422 dyne/cmdel] sl
MR 2T FEN £ dd2EE 5).

z #

BEHAMEEANA LHEE, —ERMEs EE R
Binstx RMMEELC WAdete AL 2 ¢#A
HEgeleh. el BmBEANAE Aol KT Ok
BEfg ol 9ol = of 2l /Fx mAEL THiRe) ko =&
T&AGe KRS kot Bkds Y F
DAZ] Qv AmBENA —EEMmE] HEingl
wlel EBmRiis BAE o E0EROER- Bindg
SR

Abdullah®#.& L% fl BMEEENAE B
MR 2 Bagtii/ A0SR nMRE-S B O
RO Bnd e st RIEPE Bk
ol A AN, Bafl € ALEENRFMNL B
o] fFEEe] Jdx ALEWMMMNHE/RONE BN |
fo] glvla #WEatgd ol HHESY HRE HEmI,
AR, AOSEMRHE 2 BREERLG UEHs
o] IEF{EC thate FHEMAl WAE o LM B
RUMEE 9 —EERMES] =& kel BIEs 2a
o] & McFEIINEHIMIBRSY BbE =5 EWAs BES
WS DY T Y9z FRMM OEES BiEs
Z ¢e A BRI/ ALEROBEE E®Ad Kt
o FET Z7/ ddek 2eu make BES B
3 el wel SEMGEN, BMTie WmA%Y Wi
WrRIEIRES #be Amdl =8 mAHBRHEIRY 8
kel k&t kel Bkrt &4 ASHU00 & 5 ¢
Lot JEEMmAYA DSk RE BaitH/ AL
SEmFEe] MEFRES] B = #hie A
o) Fifie] A% F5 LEkAETIe) Emdcty g4
et

Bl St AMEREN A s O, BEEVmE 2
—HERENFEEFS2 BEtedE SEKEHS) BRE
By BoEls B Jdoon ol SAMAmEE
oA EMARMEIERSE M catecholamine 40] i
tnste] BAFLE O-& WREMES BRIl AmEREA

A ks EES] B AmS FEEE MmEER
o] BEC =te} MR RS Jehid 22 LB,
FRYOES —ERDESS] MR B 8k
PEEE ¢ F Uk

Aol ARl mlzl= 3 B firh BISERLE
8 FAelw MBAY AT BEE TFA F4 9
HAE 2o ROl BT,

7HE BEY REEEoE: LIRS #Binel s
BAmELD A REREY OEEE] ERHER
o Hihe] TR BWiNS Hol: AL ma¥ MEEst
7emPBLTE BAE ok 1= Fifie] BES LE
Wi BEL MEMGT 294 &2 Zsta Ege)
BHe BEAAE Alie] Hil=dE LHHEL ¥R
wWhnstxl o=y, Z1&2 DR dv BEN LE
2 AT o, frh 2R finel Ik mEBkike
Wingel= LEHES Binskx g 2y
DukeP%-2 iy 509 BfEe] EHEEAF Wel iliol
et BMLE R EE THEAS HEFE ¢ A
el HEES] BENEE ks 2e ERHE
o AR HES e AmBEAED g8 BiEs
SHE #4kot vt Skl Varat'WEe i B
b AdAd ==l DR Bilhe SRS do
oA 2 AR Einske e BEs 2~3
em%B TR FsE=E LHEEES o o4 Bsx
et shglvh. EBpe] B KES LR BT O

e 2 AEEIASE EFAA Hstd 2 K
fEe] Jriesl o] MfaZEiEist 10 gmPbol Bt LK
e e |mserY. FEES BRAAE L
off MERME WAL wel LIRS g2 |
oz BmEs ¥ 4 g9t

BB EANA HEmA BRY o #He dd =
RE BEO R A ARl A B WM B F &
FEEEiS] AT = o = RiEkAd] FHEE
B 53] 2,3-diphosphoglycerate ¢ #imel] #HEE
D}_IS).

DEHES #Bine OEEAGEN & —EEmEY
Bz BT 4 ot BiEAdBENA RS F
At e B0t geng OPHIEY B#ing Bst
= BEEY BEFE 27 o3a, —EELES 1Y
AMBHEAA FinEle] glomz R EMANAE
F2 IR kst L] B el kel &
MEHA A = —EREAES] #Finsl EHEES Binel
EEL RES FE ¢ 5 gk

AMmBEEANA —EEMES BNy = 4% il
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< & 22 §AN, KA € LBkEhY #MLE
o] BiEd Ao HA4Y F gk

MEME Vel & #BEE ELSRENRER S
< BN, LEEFEY A= AR o AfmEEAA
FOEE, ELEFEENRE Y IER wedge pres-
sure &= LAREEES] & #iwk @inetz 2 4H9) A
A EFeIH I EmEs hLmE-S EFEC AV
BAR 2 ZAFILES el KT BOFRER
dA ELERRERERH £08hE s EHilgel A5
T BBV o HmBEEAA ELEEEIRER
o] Bkl BAR WAL b glrh

LBl AMFRERAA LB B
7 —EERmES] #indl b s, Al
A PEAMEEFI LT FRZ (cardiac dener-
vation) 2 —EIFEMES] Binrl EEEHA go=™,
=2td BB EN A —EEmEe v LdkiELe 8
e RG] SLHEL REL A Fetn® of
A LRSS Bl WY 4% BEme 2 g
EETY #HRAA FEAOMSR RT LHKET
i8E=24 PEP/LVET = EHAd Hsled HEAI %
b ot meEags] BEST BARd w2t BAs=
2 LMkESl Bmsle ALE Ags PEP/
LVET & §i&fv AN %2 &g ypo=g9
ol 9] FHE = e WEsT HET ASE Bt

LB B HAWY £E REETRE mEE
& mES BRI MKk (blood viscosity)o] = 1®
Duke"#-& RfMAFEISY RA7E LEHES 8ol
e AR Bigelel slgdet. EWAY methoxa-
mine ¢ #HHstA FE, fRike] vehlz —EERiMmME
2 s LEEES —EsA FAHY AmB
FAAE v KES RolAxt —@EMmES #in
7F A ol LHEHE-L HAEH® methoxamine
& atropine 3} FRFe] HESS R HRIR (reflex
bradycardia) & EEiA 7 =8 LEHE] HAEE
Aoz wol HMAEA oA LEEHES] Bine
MEFEN KT RBOERTY Bl KRR s
et FHEY BRAAE BHAMEEANA LEHE
B Binet ol B RMMEFIETY EHED B s 2
+ ek

Mm-S RESHE 7B BEEG B e miEaiil
Bt RMERAHS el = %” methemoglobin Mg #
g FERAA LIBHE-S Binsta go), d2E
g EASY M-S HARAR RAAE LEHE
o] i@imE ), F2Eete]} Krebs Bl #iEA7

HMEE HET BBl A RS LEHE] A%
T AMeR wol mihtke] BWAst LIFHES il
ol Adg Aoz B FEEY KRE 0K
BEE FHTHME 10602 FHstgdor AMER
ol geiAdE MKtk Bbol vl el MKEEAE 8
7k & + oz olf Abld Hffe © w2
WRL BEE Aoz FRA

s ]

BmfEd] 1A fEpsHERS mRNBEE
BigEsly] Betd Sfkmel K HEAME 106] 8
HRMIE 286 A MEREDALHRE FHESdS O
BE, LEE, SEHRE R KBEHREE 100 mm/
sec o] WEE [Rfol FLkste] MRAEIR I FRot Wez-
ler ik B = #He] kald mAHBNEREE Bt
At

BHAMEEAA QSHES Wi ZE BiEHiR
MEE sElse sl g LEE, HEHOE
g —mEEmES] Bl &% BEE BREkAd =5
ERGEA Segom, REAMBERNAL SAUH
Hiel BREBBEAELT AEIA EiEE ook

LEKE S ¥ BRAOBEIA 25 #insy
o5 —EEmES LEHES BEANBENAL F
BatAl Bm=gleh FORMMEES RMmEERS &
BEMEEANA &4 RAHAE @EiEel g9, Bk
AmEZAN AL FERLE RIS 24k
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