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Effect of Heart Rate on Cardiac Hemodynamics in Experimental Aortic
Regurgitation —Part 1—

Takashi Nakamura

To assess the effect of heart rate on cardiac hemodynamics in experimental
aortic regurgitation (AR), 18 anesthetized dogs were studied. After the sinus node
was crushed, AR was created by using a basket catheter. The hemodynamic
parameters were recorded by increasing the heart rate (90 . 100 - 120 . 140 - 160 -
180/min) using atrial pacing on controls, mild AR (mean regurgitant fraction:
37.1 %) and severe AR (mean regurgitant fraction: 68.0 %) were created. 1) Con-
trol: Cardiac function curve moved to the left upper area, but the lactate ex-
traction ratio and coronary sinus oxygen saturation were unchanged by increasing
the heart rate. 2) Mild AR: The regurgitant fraction was unchanged by increasing
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the heart rate. The cardiac function curve improved up to 120/min but moved
to the left lower area at further increases in the heart rate. The lactate ex-
traction ratio and coronary sinus oxygen saturation were unchanged. 3) Severe
AR: The regurgitant fraction and total systemic resistance improved up to
140/min, but were aggravated at further increases in the heart rate. The cardiac
function curve remarkably improved up to 140/min, but was aggravated at further
increases in the heart rate. The LV end-diastolic pressure-volume relation moved
to the left upper area, and the lactate extraction ratio and coronary sinus oxygen
saturation were reduced from a heart rate of 160/min to 180/min. Thus, it was
concluded that in severe AR, cardiac hemodynamics improved up to 140/min due
to a decreased regurgitant fraction, but they were aggravated at further increases
in the heart rate due to an increased regurgitant fraction caused by increased
total systemic resistance and myocardial ischemia. In mild AR, the influence of
the heart rate on cardiac hemodynamics was not significant. (Accepted on August
2,1990) Kawasaki Igakkaishi 16 (2) : 119—134, 1990
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Fig. 1. Schematic diagram of experimental
preparations

Abbreviations: AO=aorta, LA=Ileft atri- -

um, LAD=anterior descending branch of
left coronary artery, LCX=circumflex
branch of left coronary artery, RA=
right atrium, SVC=superior vena cava,
IVC=inferior vena cava, IVS=intra-
ventricular septum, LVPW=left ven-
tricular posterior wall
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Fig. 3. Original tracings of cardiac hemodynamic data. Control, (A): mild aortic regurgita-
tion, (B): severe aortic regurgitation, (C): at heart rate of 120/min
Abbreviations: TSV=total stroke volume, RV=regurgitant volume, LV dimension=1eft
ventricular dimension, CBF=coronary blood flow, AoF=aortic blood flow, AoP=aortic
pressure, LVEDP=Ileft ventricular end-diastolic pressure
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Effect of increasing heart rate on cardiac hemodynamics, lactate extraction

ratio and coronary sinus oxygen saturation in 11 control dogs

pacing rate (/min) % 1%% 1%)0 1%)0 1(2)0 1(?0 BTG 12@ ';21;; e
SV (ml) 9 2ak | 8355 | T 25k |8 13k 135k 1492 0. 001/<0. 001|<0. 001/<0. 001/ <0. 01
o wmim M " | T | v | v | x| s | s
EDD (cm) 19-94 119.64 115,04 118,24 11764 116.9: | 9 01 |<0.01 |<0. 05 |<0.01 |<0. 001
MEP (mmHg) |7 3% (1016 10362 1050+ 1045+ 199,72 | \s | xg | Ns | Ns | NS
CBF (mi/miny  |7-8%|25.82 |28.1%130.64 38.62136. 1 | o 0010, 01 |<0.01 |<0.01 |<0.01
LVEDP (mmHg) |% 03, |76k, |7-0F, |6-5& |6-25 18-9:& 10,05 <0.001/<0. 01 |<0.01 |<0.05
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BILM2TE] NS | NS | NS | NS | NS
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Abbreviations:

SV=stroke volume, CO=cardiac output, EDD=end diastolic dimension, MBP=mean blood

pressure, CBF=coronary blood flow,
TSR=total systemic resistance

LVEDP=left ventricular end diastolic pressure,

All parameters are shown as mean value +standard error.
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Fig. 4. Effect of increasing heart rate on cardiac hemo-

dynamic data

90100 120 140 160 180/min

meaqiSE
2D BRSO i S 2 i
& T o7, FARRRIE M Bifn
X5 BHTIT » 7z,

Abbreviations: TSV=total stroke volume, FSV=

forward stroke volume, TCO=total cardiac output,
FCO=forward cardiac output, open square=control,
open circle=mild aortic regurgitation,closed circle=

severe aortic regurgitation

§ 0.05<p<0.1 * p<0.05 ** p<0.01 *** p<0.001
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Fig. 5. Effect of increasing heart rate on cardiac hemodynamic data
Abbreviations: EDD=end-diastolic dimension, RV=regurgitant volume,
RF=regurgitant fraction
§ 0.05<p<0.1 * p<0.05 ** p<0.01  **x p<0,.001
b MBP mb/min CBF mmHg LVEDP
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Fig. 6. Effect of increasing heart rate on cardiac hemodynamic data

Abbreviations: MBP=mean blood pressure, CBF=coronary blood flow,
LVEDP=left ventricular end-diastolic pressure
* p<0.05 ** p<0.01. **k* p<0,001
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pressure-volume relation
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Fig. 7. Effect of increasing heart rate on cardiac function curve (left panel) and
left ventricular end-diastolic pressure-volume relation (right panel)
Abbreviations: FCO=forward cardiac output, LVEDP=Ileft ventricular end-
diastolic pressure, LVEDD=left ventricular end-diastolic dimension

peak dp/dt diastolic time/systolic time TSR
mmHg/zsec ratio dynes.sec.cﬁ'f
x10 %10?
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301 1.6 1
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pacing rate
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Fig. 8. Effect of increasing heart rate on cardiac hemodynamic data

Abbreviation: TSR=total systemic resistance
§ 0.05<p<0.1 * p<0.05 **+ p<0,01 **+* p<0.001
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Fig. 9. Effect of increasing heart rate on lactate
extraction rate (left panel) and coronary oxygen
saturation (right panel)

* p<0.05 ** p<0.01
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Table 2. Effect of increasing heart rate on cardiac hemodynamics, lactate extraction
ratio and coronary sinus oxygen saturation in 11 mild AR dogs

pecig rte (i) | @ | | B | B | B | B |swasione o ewsowe
TSV (ml) 18.8% 17,94 115, 74 113,24 11184 19.64 19, 001/<0. 001/<0. 001/<0. 001 <0, 001
FSV (ml) .64 11124 19,8 8.3k 7.0k 16. 0 10,001 <0. 001 <0. 001 <0. 001[<0. 01
TCO (1/min) 169417941 1.884 1 1.894 | 180 11935 | 0,05 |<0.05 | NS | NS | NS
FCO (1/min) L OS5 |1 12 1 184 | 1. 16 Li2x 11085 10,05 [<0.05 | <0.1| NS | NS
EDD (cm) 2211218412124 120.54 \19. 84 1934 120,01 |<€0. 001/<0. 001/<0. 001<0. 001
RV (ml) 7. 2&7 6. 756 S. 80i_ . 4. 95{ . -3&3 3. 653 <0. 001|<C0. 001<0. 001/<C0. 001/<0. 001
RF (%) a7, ?35_7 37, %jé 37.}.i7 37.3‘;4(;) 8. %10 37.8.% NS NS NS NS NS
MBP (mmHg) 80. ijf) 81. ?iio 86. %ig 87. 213 9. 2i5 87. gi?) NS |<0.05| NS | NS | NS
CBF (ml/min)  |2-7% Zg-g_io 33.34136.84 130,34 [41.24 |70, 01 |<0. 05 |<0. 05 |<0. 01 [<0. 05
LVEDP (mmHg) |10-4%9.55 7.9 16.8% 16.20 16.1& [0 01 |<0.05 <0.01 [<0.05 | Ns
pek golaieiin (o0 192 o032 o022 520 1082+ o s Lo v | x| o
dnsae el 185 1.9 g 15 197 202 o < o< o <o <n o
o Sec.cm-s) | 625 | 5745 | 574 | 60+5 | 646 | 6345 NS | NS | NS | NS | NS
lactate extraction 42.5+ 40,6+ 37.3+ Qvs®@ @vs®
ratio (%) 3.2 5.5 6.4 NS NS
;‘ég?qniguf;’g{n;? 33. ﬁ) 34. ‘;’iz 33. ?j:a, 33. ’{ig 34, %i3 34. ‘153&2 NS | NS | NS | NS | NS
Abbreviations :

TSV=total stroke volume, FSV=forward stroke volume, TCO=total cardiac output, FCO=

v forward cardiac output, EDD=end diastolic dimension,

RV=regurgitant volume, RF=

regurgitant fraction, MBP=mean blood pressure, CBF=coronary blood flow, LVEDP=
left ventricular end diastolic pressure, TSR=total systemic resistance
All parameters are shown as mean value+standard error.
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3 EEINERPE X, OREES 015 90 /25 140 T Tk, DR DRENEEE
180 T b FEICHIR L 7= (Fig. 5). TH o7 (Fig. 5). wERE, OEEES 90
4) mEE, OWEES 9055 1801 AT 20 0T TEEBECHIR L. LaL,
ThTFhd BECER L. e oEfEs OHBES 140 235 160 @ hs i Tl IntE s %

Table 3. Effect of increasing heart rate on cardiac hemodynamics, lactate extraction
ratio, coronary sinus oxygen saturation and myocardial oxygen consumption
in 15 severe AR dogs

pacing rate (/min) | & | ) 1%)0 1%)0 1%)0 o @VS@@VS@;I)@‘;?;@VS@ ovs®
TSV (ml) 25. %il 24. %il 20.1:;/ 17. (1)% 14. %:% 11.%;9 <0. 001|<C0. 001/<C0. 001|<0. 001|<C0. 001
FSV (ml) 5.9k, |64k 6.6k 5.9k 14.8% 1365 | NS | NS |<0.05 |<0.001/<0.01
TCO (I/miny |2 ZTEI241L12.49.5 12,884 12,864 12. 13 |00, 01 | NS |<0.05 |<00.05 |<0.001
FCO (1/min) 0525k |0 645 10. 794 1 08310 64 10. 84 0. 0011<<0. 001 NS |<0.1  |<C0. 001
EDD (cm) 28. ?iG 27. Z% 26. (1)16 24. flz¢5 23, %d% 22. 313% < 0. 001]<20. 001/<C0. 01 [<0. 01 |<0.001
RV (ml) 19. 51318 17. '173:7 14 %3;2 11.%;0 9 3&7 8. 2&6 <0. 001/<C0. 001{<0. 001|<0. 001|<0. 001
RF (%) 76.34172.84 168.04 16464 | 66. 34169.8 |0 001/<<0. 001<C0. 01 [<0.1 |<C0.01
MBP (mmHg) 73. gig 78. gil 84. giS 86. g% 85. ;14 83. §i5 <0.001/<0.01 [<0.05 | NS | NS

CBF (ml/min) 32. §i7 36. ?fg 38 iiﬁ 41. giﬁ 42. gio 41. gj?; <0.05 |<0.01 |<0.001/<0.05 | NS

LVEDP (mmHg) |1%9%/13-34110.54 8.5k 18.3% 19.3% | <0.001<0.001/<0.01 | NS |<0.001
pak pagan | 4545 542 8082 0,92 0.2 5,82 o <o oot | s (<0
g e 1985 187 15 100 1.8 1139005 <o o<t <nom s

et gec.cm-sy | 055184, 19641393614 | 9914 | 121E 0,05 [<0.01 | NS | NS [<0.05
lactate extraction 38. 4+ 43.8+ 1.9+ @vs@ @vs®
ratio (%) 470 6.0 45 NS 0.05
§‘;2%“22¥5§2§§(r; }; 26-%% 26 5% 2.3% |26, ?is 25. 54 18-33:3 NS | NS | NS | NS [<0.01
Ic%ﬁ@ﬁ?(%?cé{;ﬁg 25.8:4130.54133. 04 135. 84 136. 84 139. 3 | 70,05 |<0.001/<0.01 | NS |<0.05

Abbreviations :
TSV =total stroke volume, FSV=forward stroke volume, TCO=total cardiac output, FCO=
forward cardiac output, EDD=end diastolic dimension, RV=regurgitant volume, RF=
regurgitant fraction, MBP=mean blood pressure, CBF=coronary blood flow, LVEDP=
left ventricular end diastolic pressure, TSR=total systemic resistance
All parameters are shown as mean value +standard error.
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Table 4. Mechanism of cardiac hemodynamic

changes on increasing heart rate
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