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ABSTRACT Paroxysmal atrio-ventricular block (PAVB) is known to be one of the most impor-
tant mechanisms by which Adams-Stokes syndrome is precipitated. To evaluate the pathophysiology of
PAVB, clinical and electrophysiological studies were performed in 23 electrocardiographically
documented patients (pts) . These cases were divided into 3 groups according to the site of the block :
supra-His (AH) group, 6 pts; intra-His (HH’) group, 8 pts; and infra-His (HV) group, 9 pts.

The 12-lead electrocardiogram (ECG) was normal or slightly abnormal in 12 pts (52.5%). Atrio-
ventricular block (AVB) and intraventricular conduction disturbance were more frequent in the HH’
and HV groups than in the AH group (p<0.05). ECG monitoring also showed transient second degree
AVB in 4/6 of the AH, 8/8 of the HH’ and 8/9 of the HV groups.

PAVB was initiated by slowing of the atrial rate in 5/6 of the AH group, but by rate increase or
a premature atrial contraction in 16/17 of the HH’ and HV groups. The duration of ventricular
standstill was longer in the HH’ or HV groups (7.6+3.2sec.) than in the AH (4.7+1.4sec) group.
Ventricular escape terminated PAVB in 5/8 of the HH’ and 5/9 of the HV groups.

The administration of positive chronotropic agents such as atropine and isoproternol caused PAVB
or syncope in 4 pts, 2 pts each from the HH’ and HV groups. Implantation of an artificial pacemaker
was needed to prevent Adams-Stokes syndrome in all cases.

In the electrophysiological studies, rapid atrial pacing was able to reveal PAVB within the critical
zone of the pacing rate (PAVB zone) in 7/16 (43.8%) pts, who were mostly those of the HH’ or HV
groups whose spontaneous attacks were preceded by an increase of the atrial rate. '

These results suggest that PAVB occurs according to different mechanisms depending on the site of
the block. In the HH” and HV groups PAVB was initiated by an increase of the atrial rate not only in

Abbriviation : max SRT : maximum sinus node recovery time
PAVB . ‘paroxysmal atrioventricular block CSRT : corrected sinus node recovery time
AH . supra-His %SRT : percent sinus node recovery time
HH’ . intra-His HPS :  His-Purkinje system
HV . infra-His HRA : high right atrium
ECG : electrocardiogram RV . right ventricle
HBE : His bundle electrocardiogram BCL . basic cycle lenghth
EPS . electrophysiological study ERP . effective refractory period
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spontaneous episodes but also in the electrophysiological study. Repetitive concealed conduction might

play a role in the initiation of PAVB in HH’ and HV groups.
(Received December 19, 1988 and accepted December 28, 1988)
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500 msec., 150% A L& 2E & L.
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Fig. 1 Schematic representation of stimulating proto-
col using high-right atrial (HRA) pacing.
As the pacing cycle length is shortened de-
crementary by 10-20 msec., A)1:1, B)2:1
and C)3:1 atrio-ventricular (AV) conduction
could be obtained. Pacing cycle length is de-
creased until AV conduction shows E)func-
tional AV blocks.
® : non couducted pacing beat
O : couducted pacing beat
A : atrium, AVN: atrioventricular node,
V : ventricle.
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(Fig. 2 B8, cumulative HH) £ FIE A & &k
%, FOE/MEY &/ His-Purkinje {8 (HPS
min) & L His-Purkinje REGEREDIFE L L.
2) BNMNEREFRERE (HRA extrastimulus)
FHIME] 1 BEGEYRTEARBRPC -84
g otk FHRBEENZ, FHENBEERY 10 Fi
20msec. & LIRS, hEROERMLOBEYHR
G & T, FBERSE, His-Purkinje REhFho
BHRIGE, BEMTEHMAERD . ), HRA
extrastimulus Bk v, 2:1 %713 1 FEREY
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Fig. 2 Relationship between atrial cycle length and HPS min, PAVB zone and HPS ERP2.
A) Relation between pacing cycle length (A1A1) and cumulative His interval in patient who can be
induced paroxysmal atrioventricular block by atrial pacing. During atrial pacing minimal cumulative
H1H1 interval (HPS min) which can be conducted to ventricle is nearly constant in each cases.
B) HPS ERP? is defined as non-conducted pacing interval (A1A2) in HRA extra-stimulus which will be

longer than HPS min.

AV min: minimal cycle length when 1:1 atrio-ventricular nodal conduction is obtained.

® : non conducted pacing beats, ©
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Table 1 Patient profiles.
ex ECG on admission Site of PAVB induction Follow up
Case a%;r/ss) symptom AV block QRS block intiation  termination arrest(sec)  2EPS  (yrg) AV block

1 80/M S 2 CRBBB+LAD HV 2 PAC ES 3.6 =) 6.4 3
2 63/M S 1 - AH 2 BRA AB 3.4 - 8.5 1
3 T75/F S 2 CRBBB HH’ 2 TA AB 6.6 (= 8.0 3
4 59/M S 2 - AH 1 TA AB 4.3 + 7.6 3
5 73/M S - CRBBB+LAD HV 2 PAC ES 12.6 (=) 7.4 3
6 T73/M S - CRBBB HV 2 PAC AB 9.9 + 7.1 3
7 TIF S - [CRBBB Hv - PAC or TA AB 9.9 (=) 6.2 3
8 66/M S - CRBBB+LAD HV 2 TA ES 12.3 = 7.0 3
9 69/F S - - HV 2 PAC ES 9.1 - 6.4 2
10 7/M NS - ICRBBB HH’ 2 TA ES 6.2 (=) 7.5 3
11 71/M S - - AH 2 BRA AB 7.1 - 6.5 -
12 72/M S -1 - AH 2 BRA AB 4.5 - 6.5 -
13 68/F S - ICRBBB HH 2 TA ES 6.4 + 2.0 3
14 62/F S 2 - HH 2 TA ES 8.6 + 1.8 2
15  64/M NS - ICRBBB AH - BRA AB 3.6 - 1.5 -
16 64/F NS - - HH 2 BRA ES 4.8 - 6.6 3
17 7/F S - ORBBB+LAD HV 2 PAC ES 15.4 + 4.9 3
18 59/M S - ICRBBB AH 2 BRA AB 5.5 + 1.1 0
19 61/M S - ICRBBB Hv 2 TA AB 5.0 + 1.1 3
20 T/F S = (=) HH’ 2 TA AB 7.4 - 1.7 2
21 73/M NS 2 CRBBEB HH’ 2 PAC or TA AB 9.3 =) 6.4 3
2 75/M S 1 CRBBB HV 2 TA AB 3.3 - 4.0 3
23 58/M S - ICRBBB HH’ 2 TA ES 10.3 + 1.0 2

S: syncope, NS: near syncope, ICRBBB: incomplete right bundle branch block, CRBBB: complete
right bundle branch block, CRBBB+LAD: complete right bundle branch block with left axis deviation,

AH: supra-His, HH’: intra-His,

HV : infra-His,

TA : tachycardia-related, BRA : bradycardia-

related, PAC: premature atrial contraction induced, ES: resumption of AV conduction initiated by
escape, AB: abrupt resumption of AV conduction, AVB: maximal grade of AV block documented by

Holter or monitored ECG,
not performed

1: first degree,

NERZE7wmy 7 5 fD@Rbicnd, HEcERinso
fo. {05, 361(13.6%) TIIIER/ERE O LERCEE
BHP, 1246 54.5%) TRIEER vy s, TR
EEM TRy 2 DLOBEOENZEEE 7.

—F, EREOCER T3, AHR CT64% 4 44,
HH # ¢ 8 &, HV T 9 Flf 8 Bk Il
Eo7ay s BRD. TOINET =y 2 0REILAH
#© Mobitz 1 1 (Wenckebach &) 2% 4 #i¢, HH,
HV #Cciiefl Mobitz 2 BT 2:13 L1311
7ry Z2RRLT

3:-1-2 RE{ERLEERR

FEVERE & RIFE TR O OERFT A % —§5 L € Table
3R,

D REBHBORE | RFEIIOLEHREKZERL
THEHT S &, OREBRBERC PP EE 10% M E
T 5 MEITE (tachycardia-related), QFIE: S
PP BIFE 23 10% A FIER & 7o 3K O RipERER

2: second degree,

3: third degree, — : not induced, (—):
Table 2 Electrocardiogaphic abnormalities.

Electrocardiogram on adwmission

QRS AH ’ HV
(Bundle Bran%liock) (i=6) =7 (n=9)
ICRBBB 2 3 2
CRBBB 0 2 2
CRBBB+LAD 0 0 4
LBBB 0 0 0

Atrioventricular blocks documented by monitoved electro-
cardiogram

Al HB’ HV

(n=6) m=8) m=9
1 1 0 0
2 Mobitz I 4 1 0
Mobitz I 0 1 0
2:1-3: 1 block 0 6 8

AH: supra-His block, HI’: intra-His block, HV:
infra His block, ICRBBB: incomplete right bundle
branch block, CRBBB: complete right bundle branch
block, LBBB: left bundle branch block
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Table 3 Types of initiation and termination of pavoxys-
mal AV block

AH HH HV
(n=6) (n=8) (n=9
Initiation
Tachy-related 1 7* 4**
Brady-related 5 1 0
PAC 0 1 6
Termination
with escape 0 5
without escape 6 3 3
Preceding AV block
3 4 2

Abbreviations as in Table 1
* ** one case was initiated both PAC and tachy-related
or brady-related, respectively.

Representative cases of Paroxysmal AV Block

Brady-Related

T B WP P | I
Ao 0 1
w7 e N i e e =

My

PAC induced

A

Fig. 3 Classification and representative cases of initia-

tion of paroxysmal atrio-ventricular block in
longterm electrocardiogram.
Upper panel : tachycardia-related, middle
pannel : bradycardia-related and lower pan-
nel: premature atrial contraction (PAC:
shown as * in Fig.) induced paroxysmal
atrioventricular block.

(bradycardia-related), @ LB IS Xk &
PAVB 32 = 5L BN IRFEH A (PAC induced)
A E R (Fig 3). ZoaEcit i, Oki12 4,
@76 Bl, @NT BITHote. Feril, case T(HH BE)
& case2l (HVED) o243, ©, @il DRIFE
BERA R L O, His REMK EoBEETRA & 0B
Hoix, OFEBERER AHELMN, HH 374,
HV# 40, QFHEEFEH CAHES 4, HH #1
#l, @ULEIMEFREIHHE 141, HV 36 T
Ho, OCHI #, @TAH#, QTHVENEL,
BEERA & BBIFBAREA OB EE I RB I i,

2 RFELEORR 23 Fid 22 FICRIFELOR

FLBLER L

GrELh. BEEEOFRE, OFFEBES 1-2
HEBEB I EEEENTET A0 6D, ORAHTH
TAE A2 6D ok, WiZEHHE BS54, HV #F
541, ®%EITAHE 64, HIT 34, HVE3IfC
Bt L, B & EIEORILCEE ORIEMER
%<, FREEEEOHELLBEROBKE—ED
FBIIEED b o - e,

3 DLEEIERE  GOEEERMCBEL T AHEF
D 411480, ZOFLUANOFHT.6£3.2 Wt
LEE (p<0.05) W@ - fe. ¥ 1B LRI iE
MHBE Lo 8.2£3.4 51, HELWHIO 5.7+
3.0 MR T DRI EWER AR L.

BAE, FfEROBRPRCE, BERMCL T,
EIEOHIA L BB E B 2B 058RS n
72, Ticbb, AH HTIZ PAVB 2L 04 & B
HL, ERFECEIFHT oL, HH' F L
HV BT OERBROEINCE/L, B TroR
AR T A b OWMTIEHBE Y E L.

3-1-3 BUERERERS & XHEEORE

23 Fidh 16 I, ATL_— R A—H—FEAECOINE
XL, H 5\ % EPSE: iz isoproterenol 7% 14 41,
atropine 739 B 5 & i, ThBHEEFRSCL Y,
16 Bk 4 B (25%) 12, FEEORMBEIENT D LI
72 (Tabled). Z o 4HoWFE, HV F 24, HH
B2 ple, RIEBHOR MK HAREER TH T
¥, TOBROKMRBIFORIMEF BN &,
RIEMERE 7 v v 7 24, —B@AFTNEILES 25
OB OWFFAESINRANT, FELV RR OEELH
SHEEGIN 2 BITH - T,

32 BEXEEFHREER

BB L2 P RFE 2507, HRA pacing THSIF
WS 7 f v 7 DFRHTTHETH - 7261(Table 5) 1%,
16 iR 7 41 (AH B 141, HHE 361, HV B 34D
T, BElcERLbREh -t T, mALERIE
PELULRERYEAS EOBREEL L THELE
BE, LDEREioES LBET A ERKRFEE G, o
A (2/9:22.2%) wlil, &E (5/7:71.4%, p<
0.01) wHERTBETH . ¥, RV pacing HED
BE7 ey 2132 THEIRL (Table5-2). #HF
TR T H - 72 5 FIICiifT L %o & b 884l 7 HRA pacing
DFEE (Table6) 2:51%, BVHEMEAYL - TRIFH
7= v 7 (paroxysmal block zone) *#EF#ET%Z
E AR, X561z, HRA extrastimulus ¢, 3T
HPS min #H L T3 icd b b PLEfZEI R
Teu il (HPS ERP2 : Fig. 2) #3, 5 @i+ 3 4Ic#l
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Table 4 Patients exacerbated with positive chronotropic agents.
. Initiation of ECG .
Case Sblltgci){f Zgletéticular Dose pre post  escape beat Ventricular artl;egé
7 HY  PAC or TA 1 1lpg/min GV jopppp CAVE  narowQRS irreg. escape
AT: 0.5mg(v)
10 HV TA IP: 1 gg/min. (iv) WNL CAVB wideQRS irreg. escape
21 HH PAC or TA IP: 30 mg(perOS) CRBBB CAVB narowQRS PAVB
23 HH TA IP: 1yolus iv)  1opppp VB wideQRS PAVB

AT: 0.5mg(v)

ICRBBB: incomplete right bundle branch block, CRBBB: complete right bundle branch block, HYV : infra-

His,,
atropine,

HH : intra-His.,

Table 5 Induction of paroxysmal AV block in the
electrophysiological Study

1) Site of block

PAC: premature atrial contraction,
CAVB: complete AV block, PAVB: paroxysmal AV block,

AH HH’ HV
(n=6) (n=5) (n=5)
HRA rapid pacing - 1 3 3
Post-RV pacing 0 2 0
Total cases 1 3 3
2) Type of initiation
Brady- PAC Tachy-
related related
(n=6) n=3 (=7
HRA pacing 0 2 5
Post RV pacing 0 0 2

Abbreviations as in Table 1

223 h, ERP2 & PAVB zone © LR E « DR
IHF—B LT\ (Table 6). 5% 2 #]¢it AVN min
& PAVB zone EFRD3£73 200 msec. LA L lEh o T
PR A

33 EERERTOREEL

TA : tachycardia related, IP: isoproterenol, AT:
escape : irregularity of escape beat.

EUNCKAN—A X — I AR, L, F
4.2 F0fiM, SR TRBBRESTTHB. L0
R, WThofEd EBERCEREL W%, BFEEE
EEOERL, AHBIBEZGEENMIZERE T, %4
(ME) 7wy 7B LD IHADHZTH 5 . &
KL, HH B, HV BT ThFh 84l 54, 9
Fik 8 FIRTELBE 7 v v 7 1B LT\ 7-(Fig. 5).
Thbb, RIEMEE e v 7 BECRT 5 EHEEE
DOHERIL, His ROBER EORERAIZL h AE ik
THZEBE S E IR

4 % =

41 RIEMBEET D v I OERMES

BE7 ey s %1 IE MECHT 358
Wenckebach?, Mobitz® D$EicE3 0T, 4H
TRERKACILE S h, BERES Lo&EEL L7c-T
WA Lal, BEEEBSTLL—FET, BF
BRORELLNE T » v 7 TREEBEDCE RBL,
BBIL, RERFHOLBESEEEEYSEL, R
FRIECEERLERNYET 5845 5. £u

Table 6 Paroxysmal AV block zone, AV node and His-Purkinje function in electrophysiological

study.
Case Age/ Sex  Site of AVN function . HF_’S fuction PZ%XE HRA g(lfl(r:agi:fimulus
yrs. ) block AH FRP AV min HPS min HPS ERP2 (msec. ) (AV conduction)

(msec.) (msec. ) (mese. ) (msec. ) (msec. )

6 73/M HV 430 430 440 430 430 4401: D
14 62/F HH 400 375 1,340 — 400-380 7502 : D
17 69/M HV 345 333 1,200 — 375 75002 1D
19 61/M HV 400 400 2,300 660 640-410 750(4: 1)
23 58/M HH 340 333 1,200 560 540-375 7502 : 1D

AVN ; atrioventricular node,
PAVB; paroxysmae AV block

HH ; intra-His,

HV ; infra-His,

HPS ; His-Purkinje system,
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Fig. 4 Induced paroxysmal atrioventricular block
(PAVB) in electrophysiological study (case
14).
High right atrial (HRA) pacing: upper panel,
cycle length 300 msec. causes complete cessa-
tion of atrioventicular conduction, because of
intra-His PAVB. Immediately after right
ventricular pacing : lower pannel PAVB in also
happenned in the same case.
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Fig. 5 Changes of the severity of atrio-ventricular

blocks according to the site of block in His-
bundle electrocardiogram.
A : 12-lead ‘electrocardiogram (ECG) on
admission, B: long-term ECG using Holter’s
or monitoring ECG, C: follow-up ECG after
implantation of artificial pacemakers, AVB
(=) : atrioventricular block (AVB) is not
documentated, 1AVB: the first degree AVB,
2AVB: the second degree AVB, 3AVB: com-
plete AVB, ©: supra-His, (3): intra-His,
® : infra-His.
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Fig. 6 Schematic representation of the relationship

between AVN ERP, HPS ERP2, basic cycle
length (BCL: S1S1) and premature pacing
interval (S182) of right atrial extrastimulus in
the presumption of mechanisms of paroxysmal
atrioventricular block (PAVB).
When A) AVN ERP>HPS ERP or O
S1S1+S1S2>HPS ERP, HPS ERP2 is not
estimate as B) in electrophysiological study.
Furthermore, tachycardia-dependent PAVB:
D) should be occured in patients who have not
only distal lesion with longer ERP but also
proxismal lesion with moderate ERP by the
mechanisms called repetitive concealement.
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