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Summary

To clarify the hemodynamics of anemia, 28 patients with iron deficiency anemia were inves-
tigated in respect to their parameters of left ventricular (LV) systolic and diastolic function. The
subjects were categorized in three groups: 1) patients (pts) with severe anemia, whose hemoglobin
(Hb) concentration was less than 7 g/dl (N=7); 2) pts with moderate anemia, whose Hb concentra-
tion was between 7 and 10g/dl (N=13): and 3) pts with mild anemia whose Hb concentration
was between 10 and 12 g/dl (N=8). Changes in hemodynamic parameters were observed before and
after treatment in 14 subjects. These results were compared with those of normal subjects (N=11).

In the anemic patients, L'V stroke volume (SV), and heart rate both increased. An increase
in SV was accompanied by an increase in LV preload (LV diastolic diameter=LVDd by M-mode
echocardiography) and an increase in the Doppler parameters of early diastolic filling (peak velocity
in the rapid filling phase, acceleration rate, and deceleration rate). SV correlated roughly with
LVDd (r=0.44, p<0.05). In addition, the indices of LV contractility as measured by the pulsed
Doppler method (ET/PEP) and by M-mode echocardiography (mVcf) also increased. These factors
which contributed to hyperkinetic circulation were restored as the anemia improved.

It was concluded that an increase in SV is an important determinant of high cardiac output in
chronic anemia, because it parallels the severity of anemia. The change in SV is preload-dependent,
and is suspected of being LV contractility-dependent.

Key words

Chronic anemia High output state Left ventricular performance

FECHEAKT e A Tn5Y. LHEHER—

FC &Iz

182 ML 1 38 1) % EIRBNE O B O i
BRETHI LI TVWSEI, FHx i, PN
2 MU O EEEE AT iz oh TL I E (CO) 28

ELLAHE (SY) Loigk (HR) offckbih
B5h6, BLHEHEBEREAZAOEMICY > T4
FrboL#gEshs. SV ofE+rFERFLLT
1, FEBRMLEEE OB, CFNHES O8N, KA

ERFESH PE
MR AL B 1-15-1 (7228)

Department of Internal Medicine, Kitasato Univer-
sity School of Medicine, Kitasato 1-15-1, Sagamihara
228

Received for publication February 16, 1989 ; accepted July 26, 1989 (Ref. No. 36-248)

— 331 —



Eﬁr %J”) %I’fﬁ, Giip

MRS DR & MR DK T oS <R
st (TPR) DIETA Y, WL o OBiEN
WESh TV, KFETIE, BERMER O
MmATBIREIC W, L LTR—EAICST 28
Mo EREIHEO LT 2 —KE, FEATA—5—
BRI L. & b BIUE % EEER) I 5
J, ThbDRF 2= —ORELEE T .
WREBLUVHE

%

MBI B/EAMEEL A L WERZ R MEE
(IDA) D4tk 28 ] (4Flkh 16~53 5%, PG
389+122 %) witkEETH 5. Tablel Dk )
2, dtgizmesE (Hb)<7g/dl nEER 7 #, 7
<Hb<10g/dl mrp&sERt 13 41, 10=Hb<12g/
dl OEERSHICKS L. 205 b0 144lic
DWTIE, TR LSRRG 2 » ARicB VT
KRR To72. 2k 14 it 4 TR AME
oEEEME B b oo, Hb oFE#{LE Tic
BEL Aol Rz, f@E 15 (&, Fi17
~53 5%, VH4EHR 36.8+13.6 %) A MRREL L7
(Table 1). 4 IDA gt Lt BEEOERICHAREER
otz

% ik

fEF%EE 1x Hewlett Packard $ 77020AC #3%
EhrgEEE T, HREMTEAREE 25MHz ©
b5, WREILHREMLE L, LRET 7 a
—Fick ) EERHEEE T #EH L, EERAK
T & I Fea P T, EREHEET & KBk
REFTERGELE. ZOBE—ALEMtoRT
AEE 0 20 ELTE L, DER, ODERZ R

ZEEL, BEEASALR - Fy 75 —Hkick V&
B U 7o MR %, kv #EE 100 mm/sec iz
T strip chart 25 L7z, EEHRAEFEI VA
WA TG MEE (ACR), FEigmi#EE (DCR),
EEfi#E R), LEIEHOESTE (A), R/2
25 R izhn#E+ % £ ot (AHT), R 225
R2 @@+ 5 corsf (DHT) &3HAIL 7.
EEHHEEE LY, EE0BHER (ET), #i
ERHHmER (PEP) 3L 7= (Fig. 1). %7-, £/
BT e —FicX Y EERUMBEGEZBHL, X
MEHIC R O 2 KBRFERE (D) 25HAIL. —
%, M =—Fbhza—Kk ) EXZWEBEKPE
(LVDd), EziviEikcsiz (LVDs), SEHMHER
HEEMEEEE (mVef) &k, SV @3, 7Y 44
#— (Graphtec-510 mK2) # Fv T, Lewis 5®
DFETERFHEEFE 2 o RREER S (TVD
kRT3 LA oW TEIL TIESfE LR
W, Wik CSA=r-xD?4 3L, SV=CSA
XTVI izcEH L 7-.

RIEDOHHFR A EZD BE I 1 Wilcoxon-
test # VT, p<0.05 2FFEL L. ik, #
RIZOoOWTREHEBEERETR L. BIFRE
MTB/PZRIEICE > TRD .

& 8]

1. IDA AERIRICHIT 2 BRHBEOEL

1. E=ZER 7 EiEcBT5KEF: IDA 14 4
w173 Hb 1, ia5Hio 7.8+2.1 h o jakik
i 121+2.0g/dl wwgkEL . SV i3 7062+
11.81 s 58.61+£8.09ml ~, %7 LVDd iz
504+44 H5 46.5+33mm Ly, LVDd o

Table 1. Numbers, mean age, and mean hemoglobin (Hb) concentration of the subjects
Numbers Age Hb (g/dl)

Iron deficiency anemia (IDA)
Severe (Hb<7 g/dl) 7 38.0+14.8 5.4+1.3
Moderate (7<Hb<10 g/dl) 13 38.8+11.1 8.7+0.6
Mild (10£Hb< 12 g/dl) 8 40.1+10.7 10.7+0.5
Normal controls 11 36.8+13.6 13.2+0.7
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Fig. 2. Changes in the parameters related to LV pump performance (SV, LVDd) before

and after treatment.

Hb=hemoglobin; HR=heart rate; BP=blood pressure.
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Fig. 3. Comparison of parameters of left ventricular contractility (mVcf, PEP, ET and

ET/PEP) before and after treatment.
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Fig. 4. Comparisons of parameters related
AHT and DHT) before and after treatment.
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Fig. 6. Relations of the severity of anemia to heart rate (HR), rapid filling flow velocity
(R), pre-ejection period (PEP) and left ventricular end-diastolic dimension (LVDd).

— 337 —



ais, 2, B, s

SV
{ml)

100

a

X M ¥
50 x

x

)
«<

(N=139)

: severe

‘ moderate
* mild

* normal

o
X @ > O

i %=|.05X+|2.5(R=0.44)
(P<0.05)
- < o
O
x X X oo

a

40 4 50

T
55 LVDd (mm)

Fig. 7. Relationship between stroke volume (SV) and left ventricular end-diastolic di-

mension (LVDd).

4. EEHIRIEE
D= 2 — R ko EEIERYIEE T » 5 ACR,

DCR, R iz, &k, #MEEH2, ZHTH -

ATOWKICH 2BENOHEENZHL TV 5 e
BEZOLNS. B, DEIORETE, BIEH
BT 5L L bICEKMLEBERSBI T L E
BELTWVWBY, ZORFLEZED emptying
effect ISV T—R.OCHAHEZENEES LA
bhd. kB, SRMOLEFERPBY+ 585 L
LT, AR O IR MIREs E 0 Y 1%
zbh T3,
# B

B IMEIC 31 5 Bl mEERE o HE &
Hb 10 g/d! JUF TR b h, —ELHAHE LR
BowmicEsS <. Z o, EERTE—ELH
HEORINZ X 5 LT A2BRTHoTe. LT a—

K EDEEST 2 —& —OFLE, EEHFTLY
BB h iAo 7.

-2 #

BrERIE D 28 il & EEERIC @ BE (Hb
<7g/d) 7 ffl, @ *hEiE (7<Hb<10g/dl) 13 4,
® i#%iE (10=Hb<12g/d]) 8 FlOBRICHIAL,
zhZhoREBICR ) 2 EREELBEL, AM

HE DREBAVEL T b 5 E D BHEREBIZOWTR
L. ErBHAME 14 Flico v T AR
BOBREBEOEIL LA

1. thSEL EoBMERICEWT, —ELHE
HE oM, LagkoEnE R icd, HEFHT
F—ELTAHEOBEMAK T, OEEROEMI
SR L KER L, BT LOHEMERD, BOHE
HERIES 25 28R & LT EERZ L —ELH
HEOBEERK L Bbhi. %7z, BEFHOMT
BB EHHLAFERELR DR r o1,

2. BHAMECSTZLTa—FED T2
—#—L LT, REEYETHERHAROEX
(LVDd oK) 2 @B iz. & bic, EEIEER
BojtiE (mVef oighn, ET/PEP o), £=
JEdEEisE o T (R, ACR, DCR o)
BEBICED LI (p<0.05). Zhbix, BIE,
SRS TCRAEBRLEBILERES T, EEMATHDL
PRELERD .

X Bk
1) Sanghvi LM, Sharma R, Misra SN : Cardiovas-
cular disturbances in chronic severe anemia. Cir-
culation 15: 373-378, 1957
2) Roy SB, Bhatia ML, Mathur VS, Virmani S:
Hemodynamic effects of chronic severe anemia.
Circulation 28: 346-356, 1963

— 338 —



3

~

4)

5)

6)

7)

8)

9)

10)

Varat MA, Adolph R]J, Fowler NO: Cardiovas-
cular effects of anemia. Am Heart J 83: 425-426,
1972

Takahashi M, Fujino Y, Tsuyusaki T, Kikawada
R: The mechanisms of hyperkinetic circulation
in chronic anemia. Kitasato Med 17: 126-133,
1987

Escobar E, Jones NL, Rapaport E, Murray JF:
Ventricular performance in acute normovolemic
anemia and effects of beta blockade. Am J Physiol
211: 877-884, 1966

Lewis JF, Kuo LC, Nelson ]G, Limacher MC,
Quinones MA : Pulsed Doppler echocardiographic
determination of stroke volume and cardiac out-
put : Clinical validation of two new methods using
the apical window. Circulation 70 : 425-431, 1984
Duke M, Abelmann W: The hemodynamic re-
sponse to chronic anemia. Circulation 39: 503-
515, 1969

Brannon, ES, Merrill AJ, Warren JV, Stead EA :
The cardiac output in patients with chronic anemia
as measured by the technique of right atrial
catheterization. J Clin Invest 24: 332-336, 1945
Glick G, Plauth WH, Braunwald E: Role of the
autonomic nervous system in the circulatory re-
sponse to acutely induced anemia in unanesthe-
tized dogs. J Clin Invest 43: 2112-2124, 1964
Murray JF, Escobar E: Circulatory effects of
blood viscosity : Comparison of methemoglobin-

11)

12)

13)

14)

15)

16)
17)

18)

—339—

BRI BT 3 BEOHHERER

emia and anemia. J Appl Physiol 25: 594-599,
1968

Florenzano F, Diaz G, Regonesi C, Escobar E:
Left ventricular function in chronic anemia:
Evidence of noncatecholamine positive inotropic
factor in the serum. Am J Cardiol 54: 638-645,
1984

Fowler NO, Bloom WL, Ward JA: Hemodyna-
mic effects of hypervolemia with and without
anemia. Circ Res 6: 163-167, 1958

Fowler NO, Shabetai R, Anderson D, Braunstein
JR: Some circulatory effects of experimental
hypovolemic anemia. Am Heart J 60: 551-561,
1960

Clarke TNS, Roberts CP, Biro G, Foex P, Ben-
nett MJ: Aortic input impedance and left ven-
tricular energetics in acute isovolumic anaemia.
Cardiovasc Res 12: 49-55, 1978

Fowler NO, Holmes JC: Dextran-exchange ane-
mia and reduction in blood viscosity in the heart-
lung preparation. Am Heart J 68: 204-213, 1964
Cropp GJA: Cardiovascular function in children
with severe anemia. Circulation 39: 775-784, 1969
Guyton AC, Richardson TQ : Effect of hematocrit
on venous return. Circ Res 9: 157-164, 1961
Abdullah AK, Siddiqui MA, Tajuddin M: Sys-
tolic time intervals in chronic anemia. Am Heart
J 94: 287-291, 1977



