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Summary

This is a report of a 65-year-old man with end-stage dilated cardiomyopathy, and first-degree
atrioventricular (AV) block, which had been resistant to intensive medical therapy and was eventually
treated using a DDD pacemaker. The optimal AV interval setting was determined using invasive right
heart catheterization and Doppler echocardiography. At a pacing rate of 92/min, an AV interval setting
between 200 and 100 msec increased left ventricular filling and enhanced myocardial contractility. An
AV interval setting of 50 msec further increased the left ventricular filling. However, this resulted in
deteriorated left ventricular function. Based on these findings, the pacemaker was programmed with
an optimal AV delay of 100 msec, a rate of 82-150 beats/min, and a DDD mode. This resulted in a good
clinical course for 5 months after the therapy, but he eventually died from congestive heart failure 6
months after therapy. This case suggested that in patients with end-stage dilated cardiomyopathy and
first-degree AV block, an optimal AV delay setting using a DDD pacemaker can improve deteriorated
myocardial function. This probably increased left ventricular filling by efficiently utilizing the Frank-
Starling mechanism.
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Fig. 1. M-mode echocardiograms recorded before pacemaker therapy (A) and 4 months

after DDD pacemaker implantation (B).

A) An increased E point-septal separation (upper panel), an increased end-diastolic volume
(255 ml), and severely decreased ejection fraction (18%) (lower panel) are shown.
B) Improved left ventricular wall motion and ejection fraction (29%,) are shown.
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Fig. 2. Chest radiographs.
A-I)
A-II) Convalescent phase before pacemaker therapy.

During exacerbation of congestive heart failure.

After DDD pacemaker implantation.
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Fig. 3. Electrocardiograms obtained before (A)
and after (B) pacemaker implantation.
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Table 1. Invasive hemodynamic and echocardiographic data

Study 1 Study 2
Atrioventricular intervals
200 msec 150 msec 100 msec 50 msec 100 msec

Pressure measurements (mmHg)

Systemic blood pressure 88/64 90/62 96/66 84/62 106/84

Pulmonary artery pressure 26/11 24/8 26/10 27/11 26/16

Pulmonary wedge pressure 9 7 9 10 13
Output measurements

Cardiac output (//min) 3.31 3.37 3.52 3.26 3.77

Stroke volume (ml/beat) 36.0 36.7 38 35.5 41.5
Mitral flow velocity

Duration (msec) 194 210 261 300 260

Flow velocity integral (cm) 12.3 12.8 13.5 17.6 16.5
Aortic flow velocity

Preejection time (msec) 184 185 185 200 174

Ejection time (msec) 180 185 190 170 218

Preejection time/ejection time 1.06 1.0 0.94 1.18 0.8

Flow velocity integral (cm) 8.3 10.5 10.2 8.5 135
Left ventricular measurement

End-diastolic volume (m/) 232 235 243 244 263

Ejection fraction (%) 22, 24 24 23 23

Aortic
ejection
flow

Mitral
flow

AV

interval

(msec) 200 150 100 50 100

Fig. 4. Aortic ejection flow and mitral inflow with settings of various AV intervals ob-
tained from Study 1 (A-1 to A-4) and Study 2 (B).

— 117 —



pagi!

BRICEBHR—2 A — D — 2 BIE LD, %
izik 7= Hochleitner 58 B3¢ TTH 52, O
AR L THEHENEZAETOR—R A =%
—{pg L, FHY, MITEHBERECEREF KR
B5E5Thd. HoOBERELHB LY, A
72 ARG B T o BEOAL (NYHA O
Hegesysm 111, IV EE) ekt L, AV kg 100 msec,
BR$%k 150-50/min D3R E T DDD R—2 2 —%
— AR ERIT L CEHlIicRIF 28 - hEFTR
DE L &, IBRLUNICILELER L, EEER
DEFJEREDDLIIICR T WI. BRDIRED
Z%BiX, DDD R—2 2 —p—ic X 5EHE AV #H
RoOREBIZL Y, BEEHERBEIC X VAU [EIE
PR PR L, EBRWARE LI LICE
Hd s LEELTWS. LALENED, HLD
BF4E < i DN SRR o FHE 238+, 2o RE
HRRFHfTR-oTB LT, SBOMECHFL
ZAEBRKEND,

AR VEFORTIEDL B2, EYiEHER
DAL T YR L IBRELLE ¢ DDD <
— R A—H—REPEH LBl TS Z0ER
Hrix PQ RIBIERERC BT 2 ERAEHKARK
LEREINFERAR OBE S, PQ MROMEMLE L
LiCHEEL, EERBICHTIEEDOFENSEX
Lizizd L &2 5h, AV [EEH 50 msec DI
EZXHERIEE Fy 7 7-0za—KEX
DIl Lic EERMR bR L Rofe. EDX
51z, PERDOBMEIO LR, EERMICHLT
i, OF - DEOWRAMLEECTH Y, HHEL
e BT HHERLGHEICR TS DDD <—
R A —H—IRRORREH L, FR2ETFICL
LR . PER, DiEE L OBEIcE
WTLEBEORE R LiclEE 2D L, O
RECBTZ220RENIDEVEETEVLETS
DO N H B—F, AELICBWTIZEEL
THERV LD, FEFTOBREZZzOEE
HEFRTEL0LEbRS.

AFEOMITERE 2 B FH i+ 5 &,
PQ [fE 100 msec F Ti, AZEFiMOKEIX

Frank-Starling #0818 icBIFIc{ERAL, O
I AT 543, S0msec BT EHIT
EERBEHLEART % L ESDLHH D over-stretch-
ing kL, FOHIFENOBEMERNZ LD
LEEE N, STI X Y Zie ke nBIE L,
TDZ L EREMIFTWS. L EXY, preload re-
serve (ZZ LWEHAMEOA R & 23 2 IRELLA
FEF > DDD R— 2z X —H —JREIC Hiz - T,
EZRBOREZ, 12> TOHOBRLRAT %
BAEELD Y, BEETREALLLAR V.
Hochleitner %43, i~k & 5ic, £HH
R—y v 7T k& BEERYROBE £ REDR O
—H L LTHBELTWS, i 0ES T, *
DEEREE TR P

Pt EHFOEFEBRTIEX, DDD R—x2 2 —
B —iRERE, EEMEOARE R 2T IBRBLOE
IZBWTAEET R 23 L, preload reserve (24
whphid Frank-Starling BFE0BIRIC X YL
BUUGE L, DARREDRE LT L
Ez ol 72 LAEMITHRFICRITS5—
yvFr—t 92/min OELETTOHRDOBRETH
b, Bk S MATEIBRE L0 3 5 Eddkiic
DNTRATLTE LT, #lAE0mEEmc R
B o AV BRSO R X, SBOBETH
5. %7, DARLERLCEL>ERETFX, Hic
AV BROMEO » 1B ¥, IR E=H
W, EEHRE Bid5 v X RAT, OEEEL
&, B cikAR - TR Y, EfkEERTRE
BT 208X 5.

2 #

BIEREE v v 7 2o IBRBLOHES
Z DHBMEDAREDOHRICATAN—R 2 —H —
(DDD R—2 % —#—) DA TH -7z 1 EEH %
B, nTSEFEmcAELI T TN, Fy7F
—ihT o —RRE EFHEITL, TOBF R L
7z
EFIE 65 5%, BHET, 3ERIcHb VLARED
e ABBE 24 0R L TWiehs, HiprhiRiciEi

—118—



iy, zoER0—o L LTEIEER R
v 72 & 505 - DEFFHIMELE 2 5h,DDD
R R A —J —FERIABW AT L. Hitksg 1
HHiz AV i % 200 msec & » 50 msec % G,
50 msec = L iz EHE L7228 & MATEEE 2 4047 L 7.

100 msec % TiXEZEFMA, BFHIMmFEHEML,
EBERH (STI) X b Ziz DIRHET S #AL
7z. 50msec TAEBRHAIZE SITHM LA, BE
HfLHE, CURRE/NE T Lz, Bl AV kg
L LT 100 msec #3&R L, DDD £ — Fiz Tk
¥ 82-150/min iz E L, #itk 10 B B ofdt ¢z,
IREE OFFBIRERS I, EBILES LRSI, E
EHA, BHMmMHE, SRS EE L.
0%, EEHEIRELY, BHRLHAEO 18%
25 29% ~L®MLi. BBHIT—Fy 7 T—
DT a—Rkic X 88T, nTERcRET
gAY OB G X2 d o7, HiEKS » H O
KIRBOHEO DD, FEMICIE, 6 »AH Kb
AL I VFEE L.

PEXy, 8 1 EEE7 vy 7 itk 50178
BREICAEBRN— 2 2 —h — AR EFE
LRVBHZEWTFREH, ZOBFLLT, R
HBREIEERBEREL, Thicfky, XV E
#hic Frank-Starling BF &R S ¥ 5 2 L2
E&hiz.

o O

BEKRZBIZHIZY, R—2 A —H—fH2RARZH
Anie i SBEAFHDBEES, Sl FRFED
HARE, #oNICETRIHEBLRIBELIEE»
-RMEaRREREMN EREEH - LET

X Bk

1) Fuster V, Gersh BJ, Giuliani ER, Tajik A],
Brandenburg RO, Frye RL: The natural history
of idiopathic dilated cardiomyopathy. Am J Car-
diol 47: 525-531, 1981

2) Sharma B, Goodwin JF: Beneficial effect of sal-
butamol on cardiac function in severe congestive
cardiomyopathy. Circulation 58: 449—460, 1978

3) Elkayam U, Gardin JM, Berkley R, Hughes CA,
Henry WL: The use of Doppler flow velocity

PEBRBLOHIE D~ — R A — h — TR

measurement to assess the hemodynamic response
to vasodilators in patients with heart failure. Cir-
culation 67: 377-383, 1983
4) Monrad ES, McKay RG, Baim DS, Colucci WS,
Fifer MA, Heller GV, Royal HD, Grossman W:
Improvement in indexes of diastolic performance
in patients with congestive heart failure treated
with milrinone. Circulation 70: 1030-1037, 1984
5) Waagstein F, Hjalmarson A, Swedeberg K, Wal-
lentin I: Beta-blockers in dilated cardiomyopa-
thies: They work. Eur Heart J 4 (Suppl A): 173—
178, 1983
6) Engelmeier RS, O’Connell JB, Walsh R, Rad N,
Scanlon PJ, Gunnar RM: Improvement in
symptoms and exercise tolerance by metoprolol in
patients with dilated cardiomyopathy: A double-
blind, randomized, placebo-controlled trial. Cir-
culation 72: 536-546, 1985
Waagstein F, Caidahl K, Wallentin I, Bergh CH,
Hjalmarson A: Long-term g-blockade in dilated
cardiomyopathy. Circulation 80: 551-563, 1989
8) Hochleitner M, Hortnagl H, Ng CK, Hortnagl
H, Gschnitzer F, Zechmann W: Usefulness of
physiologic dual-chamber pacing in drug-resistant
idiopathic dilated cardiomyopathy. Am J Cardiol
66: 198-202, 1990
9) Abbasi AS, Chahine RA, MacAlpin RN, Kattus
AA: Ultrasound in the diagnosis of primary con-
gestive cardiomyopathy. Chest 63: 937-942, 1973
10) Corya BC, Feigenbaum H, Rasmussen S, Black
M]: Echocardiographic features of congestive
cardiomyopathy compared with normal subjects
and patients with coronary artery disease. Circula-
tion 49: 1153-1159, 1974
11) Carleton RA, Passovoy M, Graettinger JS: The
importance of the contribution and timing of left
atrial systole. Clin Sci 30: 151-159, 1966
Ogawa S, Dreifus LS, Shenoy P, Brockman SK,
Berkovits BV: Hemodynamic consequences of
atrioventricular and ventriculoatrial pacing. PACE
1:8-15, 1978
Leman RB, Kratz JM: Radionuclide evaluation of
dual chamber pacing: Comparison between var-
iable AV intervals and ventricular pacing. PACE
8: 408-414, 1985
14) Freedman RA, Yock PG, Echt DS, Popp RL:
Effect of variation in PQ interval on patterns of
atrioventricular valve motion and flow in patients
with normal ventricular function. J] Am Coll Car-
diol 7: 595-602, 1986
15) Wish M, Fletcher RD, Gottdiener JS, Cohen AI:
Importance of left atrial timing in the program-

7

~

12

~

13

~

— 119 —



Fri

ming of dual-chamber pacemakers. Am J Cardiol

60: 566-571, 1987

Ronaszeki A, Ector H, Denef B, Aubert AE, van

de Werf, de Geest H: Effect of short atrioventric-

ular delay on cardiac output. PACE 13: 1728-

1731, 1990

17) Kronik G, Slany J, Mésslacher H: Comparative
value of eight M-mode echocardiographic for-
mulas for determining left ventricular stroke vol-

16

~

ume: A correlative study with thermodilution and
left ventricular single-plane cineangiography.
Circulation 60: 1308-1316, 1979

18) Lewis JF, Kuo LC, Nelson JG, 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

Weissler AM, Harris WS, Schoenfeld CD: Bed-

side technics for the evaluation of ventricular

function in man. Am J Cardiol 23: 577-583, 1969

20) ACC/AHA Task Force: Special Report: Guide-
lines for permanent cardiac pacemaker implanta-
tion, May 1984. J Am Coll Cardiol 4: 434442,
1984

21) Morgan JM, Joseph SP, Bahri AK, Ramdial ],
Crowther A: Choosing the pacemaker: A rational
approach to the use of modern pacemaker technol-
ogy. Eur Heart J 11: 753-764, 1990

22) I EFFE, xRS, KBHEE WA * &
A, DESE BRANBES RE 6 il %
TATEEPUER : == R A — o —HHIA B & AT - T he FE
DFFESRE O BEMTHME O~<—v 7 3
417-422, 1987

23) Moss AJ, Rivers RJ Jr: Termination and inhibi-
tion of recurrent tachycardias by implanted per-
venous pacemakers. Circulation 50: 942-947,
1974

24) Hyman AL: Permanent programmable pacemak-

19

~

ers in the management of recurrent tachycardias.

PACE 2: 28-39, 1979

Fisher JD, Kim SG, Matos JA, Waspe LE: Pac-

ing for ventricular tachycardia. PACE 7: 1278-

1290, 1984

26) Csapo G, Arvay A, Lonyai T, Sarkézi K, Yeh
BK: Support of cardiac performance following
heart valve surgery by raising heart rate to the
optimal pacing rate. J Cardiovasc Surg 17: 270-
277, 1976

27) Rutishauser W, Wirz P, Gander M, Liithy E:
Atriogenic diastolic reflux in patients with atri-
oventricular block. Circulation 34: 807-817, 1966

28) Iskandrian AS: Pacemaker therapy in congestive
heart failure. Am J Cardiol 66: 223-224, 1990

29) Reiter M]J, Hindman MC: Hemodynamic effects
of acute atrioventricular sequential pacing in pa-
tients with left ventricular dysfunction. Am J Car-
diol 49: 687-692, 1982

30) Stewart WJ, Dicola VC, Harthorne JW, Gillam
LD, Weyman AE: Doppler ultrasound measure-
ment of cardiac output in patients with physio-
logic pacemakers. Am J Cardiol 54: 308-312, 1984

31) Sutton R, Perrins J, Citron P: Physiological car-
diac pacing. PACE 3: 207-219, 1980

32) Ross J Jr: Afterload mismatch and preload re-
serve: A conceptual framework for the analysis of
ventricular function. Prog Cardiovasc Dis 18:
255-264, 1976

33) Barbieri D, Percoco GF, Toselli T, Guardigli G,
Ansani L, Antonioli GE: AV delay and exercise
stress tests: Behavior in normal subjects. PACE
13: 1724-1727, 1990

34) Luceri RM, Brownstein SL, Vardeman L, Gold-
stein S: PR interval behavior during exercise: Im-
plications for physiological pacemakers. PACE 13:
1719-1723, 1990

25

=

—120 —



