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Abstract

The usefulness of 80° head-up tilt testing with and without low dose isoproterenol provocation was eval-
uated for the diagnosis of neurally mediated syncope (NMS) in Japanese.

Head-up tilt testing was performed in 114 consecutive patients with clinical diagnoses of NMS (68 men,
46 women, mean age 46 & 21 years), and 57 times in 36 healthy volunteers (26 men, 10 women, mean age
31 = 8 years) who had no history of syncope or presyncope.

Head-up tilt testing used an 80° angle for 30 minutes (passive tilt), and if the passive tilt resulted in neg-
ative response, isoproterenol was infused at 0.01—0.02 « g/kg/min and the tilt repeated for 10 minutes (iso-
proterenol tilt). A positive response was defined as the development of syncope or a presyncopal state
associated with hypotension, bradycardia or cardiac arrest.

The sensitivities of passive tilt testing for a positive response after 5-, 10-, 15-, 20-, 25- and 30-minute
tilting were 1%, 9%, 14%, 19%, 24%, and 28%, respectively, and specificities after 5-, 10-, 15-, 20-, 25-
and 30-minute tilting were 100%, 95%, 91%, 88%, 86%, and 84%, respectively. The sensitivities of iso-
proterenol tilt testing with 0.01 and 0.02 x g/kg/min were increased to 37% and 48%, respectively. This
improvement was statistically significant between the passive tilt and isoproterenol tilt testing with a dose
of 0.02 xg/kg/min (p < 0.01) . However, specificities were comparable with those of the passive tilt testing
(84% and 82%, respectively).

In conclusion, 80° passive tilt testing for 30 minutes showed a low sensitivity (28%) but acceptable
specificity (84%) . Low-dose isoproterenol provocation was useful for improving sensitivity (48%) while
maintaining a comparable specificity (82%) .
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XY, 4vFuasFL /) —viEBwi-BHOHBENER
£ &N, neurally mediated syncope (NMS) Dl & L
TR EN7z. & 512, Grubb 5392 % ) NMS DA
PEEFIiD 5 2 Td, head-up it REEVSERHTHBHZ &
PEHRE SN 1990 F R Y EAFEIICBVTD
NMS DFZ T, BERHEICLECHVORD L)tk -
7o. L LaDS, BRTIEEHERRE Ttilting DA FE,
tilting B DEEBEEER, 1 Va5 L/ —VOREMKE
ErlorEZE 7o barid—shTwnizn, $7,
BRAKANE HERNTIZEEZED D Y, head-up tilt KERIZ
NITHRIGDFE—THBHEIFIROEVEEZILNS
A5, FAENZB V> Tid head-up it RERDRE 70 b o
WAZDOWTHGRES L7z#RkiEid 2.
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head-up tilt FER D tilting B DFFHEEH &, 1 v 7O
TL—=VEAROKRETT FaViZonT, NMS®
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19944E 12 B — 19994 1 R ORIz, kb L itk
MRIEREZ ERICLUBEZZ L, BRMICNMS L2
B S M7= BE T, head-up tilt SRER % MifT L 723855 114
Bl (BrE68Bl, ikaoBl, FHER46+217%; NMS
B)EH L L7, NMSOBENE, ARNZE, W
XMEH, RFELEN, sy —0EBX, LEEET
BRELZIT, T2, LEZBLTHI Y 2 —¥—
Wi, Wik, EERELS L OCEEREEEN
BEIIT- T, MOBERIZE ZEMIPBENTH -7
FEFIT, KMOMBRR (LA F 72 3EMICBWTE
RAHB. BE, [ORRRERF L L OREER%
vy, BBEER CERLMICEET B) 2 5 BHRIC
1o 7.

NMSEIZBWT, KMBEMEOREIT 1-18H (FH
fE20E), H&AEDEMEIED S head-up tilt RERIEIT F
TOHMMIZ, 1-1,095 H(FRHE3ISH)TH o7z, T/,
ERERBLE L CHEME 196, TEIREEIF, R
meBl, BIEELEMBI4B %D, ThoDEFD
BT 1R2RA MERE 2 AR L T i,

MEE LT, RMOBED L WREE 366 (B1H26
Bl, 106, FHERI £ 85K, XHHREE) IcD~N57
[E] O head-up tilt RER % 1To72. 2B, REREBuUIF—
BAT2EETEL, 2BIER 1 BHEULEOHE %2 B

WTfro 7z,

Head-up tilt REROME 7T P a V2 UTIZET. B
EANISREMUEMEREE L, BEREIEARa—) U §
BP-508 AL C, LEN(EIFH)E=y—L b
JAM)—RICED LT EDME % EREFEER L
7. REBSBOEER, BIRNAE (KREREHR
60mi/hr) ZBAME L, 155 MU EORRZ#EOE, BE
DEttBEEAVTHI0OBRH»IF T EFTEZL, 30
5 D tilting (passive tilt) 1T o 7. BEDHE, —F
MWEAMLICR L TA v 785 L/ — )L 0.01 ug/kg/min D
FRAEEZRBL, 109%IOCHABORE LS
T104 M Dtilting 1TV, S HICBEDBEE, WEAAL
KRLTAYZ7aF L/ — )% 0.02ug/kg/min |23 &
L, LHABORE LKA THE 105 M D tilting %
Tolz. RERICEHEL B o881, 72726121l
BEKFICRLRELRT L.

Head-up tilt ABRIZ BT B FHEOHI EEEIL, tilting
R D L IZRMRAEIR (B ARIER L RO E
R)PHB L, YUHEEAIME 90 mmHg K ORIME,
HES50/min KiFOHIR D L { W3HL LD LMELEDOW
ThrzfEo el L. 2B, BEREZHRET
75% LA £ DTEBIRIFEHTERR S NIERI R, L AFEE
TBEEICHE T HES B X Wpassive tilt IS LA
120/min A\ E & o 2BITIX, 1V 7Sa57L ) —VE
HafTbhhol. AVFusrL /) —VEMFltZB
WTiE, RERORKOHEAT 120/min % 88 2 7 EH
T, ghllbof v 7urL /) - VvERRZTDLE
ol Fl, AVTFOFL —LVAKORIERIC &
HIER L VENE, MiE% &) 258V EEDd, 08
HTRELZRT L.
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Fig.1 Relationship between sensitivity and duration of
80’ passive tilt testing in neurally mediated syn-
cope group
Sensitivity gradually increased depending on the dura-
tion of tilting, but was still low at 30 minutes of tilting
(28%).
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1. Passive tiltBFEIC L D BE EFREDOEIL

NMS BBV T, tiltingFM %2 55T L IR o T
AB L, tilting FFE & & b ICHEERA ML, BRE
(RBEOBHER) 1E55T1%2HF), 105 9% (1241),
1557 14% (1781), 20%19% (2261), 254 24% (28 1)
WML 2A%, 3040 F CTHiFTLTd28% (3261) T
?)of:(Fig.l).

—%, HBEICBVTDH, titingEFE & & b IIBEMYE
BIAEmML, HEE(RROBMUS) X554 F Tik
100% Td - 7275, 105795% (261), 154-91% (561),
205 88% (781), 25586% (8%1) &, HFHTiidh 3
BERAIET L, 3045 Tid84% (961) & % - 72 (Fig.
2).

2. AVTAFL/—IVAERTtIIICH T 3 BE &
RE
NMS B2 3B\ T passive tilt 25 TH o 72826
71BN AVTFaFL ) — VARt E T 7. 5HT
WUTOBEBEICL ) At ZTb o7z, 161(78
R DBM) 13 passive tilt 8 T RIS TBIES 0 7-OKRE
WA TERTH D, 161(7458, FH) id passive tilt
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Fig. 2 Relationship between specificity and duration of
80’ passive tilt testing in control group
Specificity gradually decreased depending on the dura-
tion of tilting, but remained at an acceptable level at 30
minutes of tilting (84%) .

FICMEA160mmHg PL EDRE K X, OHED
100/min L EISEL T iz-0B&medlk L. &5
12, 180(65m%, Bt IEBERBICRmMEERESE
MEHD Y ERFTH o 727280T, BHDO26 (165,
B L2658, L)t passive tilt F ORA GBS
120/min LA E & 7% o 72 fEBITH o 7.

AV 78a7 L/ —)0.01 pg/kg/min FEHE Si# T2
tilting Z1T\V>, FIZ10BIBHL 20, BREIZ37%
WER L, S6i226BlicfLTA Y 7usL /) —
V% 0.02 ug/kg/min |2 F THE L T, BE tilting % 1t
TL, FCB3EFEEELY, BEIX48%ICFT
BFEICMLELA(p<0.01; Fig. 3).

—7%, MEECTEI0FMIHF LI Y FaFL ) —
0.01 x g/kg/min FHGEHHE T 12 45 B D tilting % 1T o 724,
FHAIZ R, REEIIID LEDLL Do, &
512581 (5E) T3 0.02 4 g/kg/min 12 F THER L T eilt-
ing 21T o 7295, F7-LBUMIZ1BDOATHY, 4
REIR% LDLTHLRETICE & F o7 (Fig. 4).
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Fig. 3 Comparison of sensitivities of passive tilt and
isoproterenol-tilt testing in neurally mediated

syncope group

The sensitivity of passive tilt testing was low (28%).
Isoproterenol provocation increased the sensitivity to
37%(0.01 . g/kg/min) and 48% (0.02 x g/kg/min). This
improvement was statistically significant between the
passive tilt and isoproterenol-tilt testing with a dose of
0.02 ¢ g/kg/min (p < 0.01).

ISP = isoproterenol.

(13%) Td - 7z (Table 1). HILICE S 72BIEHOA
Fi, MCBNEAB, BE2H (D B GELR), B
BSERER 26, REEEESHEROFR 16, TH
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BRI, —F, dBRETRAI v S urlL )/ —
WVORIWERIC X 2REPILBIZ 2o 7.
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Head-up tilt SRER X NMS DZ T & (R B O ®EIC
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Fig.4 Comparison of specificities of passive tilt and
isoproterenol-tilt testing in control group
The specificities with isoproterenol provocation were
comparable with those of passive tilt testing (84% :
0.01 p2 g/kg/min, 82%: 0.02 pg/kg/min).
Abbreviation as in Fig. 3.

1. Passive tilt (Z 5 1} 3 tilt A & tilting BFE

BEOERK TOEHEIZB T S head-up tilt RERD KA
% Table 212, $¥RE % Table 312773272, TiltfHid
60° & 80°A% <, EIZZ D2 0D tltfAHIZBIT 5 tilting
BRI OWTHRET L TAa 7.

F9, tilt A 60° DA, tilting R (passive tilt) 1
45-60 D% &, BEIRTR EBEVEED D 5,
—RIZ15-50%FETH 5. 305 LAT D tilting B D
WE DR VDT, EEIX25-65% LHEFICL DTS
2VWTEY, 30 UTLEVESEII VT aTL ) —
VARt ZBMLTWA., ThicxtL, 455U ED
BAZAvTurL /) —VEKRIZLALEDEETo
TWwi\, —J, passive tilt DFFRBEIL, Carlioz 52"
D tilting B 455D 82% % R\ T, 90% LA L& BIFT
&% (Table 3). PLED#ERIZINZ, 60°D 71 kv
T, BRSO BBREOKRE L ) 4555588 &
EhB), Westminster 70 b IV & LTI -0 v 8T
L{AVwSLRTWS,

Tilt £ 80° T D1, Voice 57D 4545 D passive
HtDADT— 5 2B E, 10-305 L HEHERE O
passive tilt & £V 707 L ) — VARt BFHLAT
O banvhE—ikeTdh 5. Passive tilt iCBIF 5 EEIL,
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Table 1 Adverse effects of isoproterenol infusion
Case Age (yr) Sex Causes of test cessation ISP dose ( ug/kg/min) Underlying diseases

1 66 M Angina pectoris 0.01 CAD, HT

2 46 F Hyperventilation 0.01 Idiopathic edema

3 49 F Intolerable palpitation 0.01 HT

4 30 F Intolerable palpitation 0.01 None

5 67 F Hyperventilation 0.02 Myasthenia gravis

6 45 M Chest pain 0.02 None

7 30 M Intolerable palpitation 0.02 None

8 61 M Tremor 0.02 PAF

9 16 F Intolerable palpitation 0.02 None

10 20 F PSVT provocation 0.02 None
M=male ; F=female ; PSVT=paroxysmal supraventricular tachycardia; CAD=coronary artery disease; HT =
hypertension ; PAF=paroxysmal atrial fibrillation. Other abbreviation as in Fig. 3.

Table 2 Sensitivity of head-up tilt testing
Number of Mean age of Duration of Sensitivity of ISP dose Duration of Overall

Angle Report

patients  patients(yr) passive tilt(min) passive tilt(%) (ug/min) ISP tilt(min) sensitivity (%)
40° Kenny et al? 15 6510 60 67 - - -
60° Morillo et al ¥ 120 40t18 15 25 1-3 15 61
Abi-samra et al 9 151 56 20 65 - - -
Carlioz et al 2V 28 21+ 2 30 28.6 2-5 10 85.7
Blanc et al 2 29 47+18 45 13.8 3-5 10* 51.7
Carlioz et al 2V 48 21+ 2 45 21 - - -
Grimm et al 2 80 ~40£16 45 18 - - -
Voice et al '” 50 54+21 45 42 - - -
Raviele et al 1 30 65+14 60 50 - - -
Fitzpatrick et al '¥ 71 69110 60 75 - - -
Strasberg et al 'V 40 36£19 60 37.5 - - -
75° Ruizetal® 56 39423 60 52 - - -
80° Sheldon et al ® 85 42+20 10 5 2-5 10 78
Almquist et al ¥ 15 44124 10 27 1-5 10 87
Cox et al 296 55+20 10 11 1-5 10 65
Kapoor et al " 20 26 15 10 1-5 10* 75
Grubb et al © 25 73+ 6 30 36 1-3 30 64
Grubb et al ¥ 25 5016 30 24 1-3 30 60
Mineda et al 114 46+21 30 28 0.01-0.02 ug/kg/min 10 48
Voice et al " 59 54+21 45 54 - - -
90° Pongiglioneeral® 20 12,5 15 20 0.01-0.1 ug/kg/min 15 80

Continuous values are mean=SD. * ISP infusion was started during tilting.
Abbreviation as in Fig. 3.

Almquist 5Y DHEFERE, 10—155 O tilting BEfE T
10% FRRE LR\ 2%, 3043 Cid24—-36% & 72 1), tilting
REOERICHEVEEDOH EAFRD bz, Zhid,
Fe4 DRER(1059%, 155 14% B L U°304-28%) & b
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Table 3 Specificity of head-up tilt testing
Angle Report Num'ber of Mea:n age of Dl.lratic.)n of . Sen‘sitiv‘ity of ISP do.se Dure}tion ?f O.\.'efall
patients  patients(yr) passive tilt(min) passive tilt(%) (ug/min) ISP tilt(min) sensitivity (%)

40° Kenny et al? 10 70+ 6 60 90 - - -

60°  Morillo et al ¥ 30 3916 15 96.3 1-3 15 93.4
Abi-samra et al 9 15 (18-51) 20 100 - - -
Natale et al 19 25 40£13 20 92 1.7+0.5** 20 88
Carlioz et al 2V 18 22+ 4 30 100 2-5 10 61.1
Carlioz et al 2 17 23+ 2 45 824 - - -
Raviele et al 12 8 65+ 7 60 100 - - -
Fitzpatrick et al 19 27 64t12 60 93 - - -
Fitzpatrick et al ¥ 12 3616 60 92 - - -
Strasberg et al 'V 10 40 60 100 - - -

70° Natale et al 1 25 42116 20 92 1.631+0.45** 20 88

80° Almgquist et al ¥ 18 13-70 10 96 1-5 10 85
Kapoor et al 20 26 15 85 1-5 10* 35
Kapoor et al 7 20 26 15 80 1-5 10 55
Natale et al 15 25 42+15 20 80 1.75+0.61** 20 60
Grubb et al ® 7 70+ 4 30 100 1-3 30 100
Grubb et al 19 34 33£10 30 94 1-3 30 91
Mineda et al 36(57)* 31+ 8 30 84 0.01—-0.02 ug/kg/min 10 82

Continuous values are mean+SD. * ISP infusion was started during tilting. ** Dose of ISP infusion was gradually increased until the
mean heart rate increased to least 20% over the baseline value. * Number of tilt testing procedures.

Abbreviation as in Fig. 3.

tilting B¥ 41 10—304- T 80—-95% & LB BEIFTH o 7=
A, tilting B 455 TOFE L2V, SEHOFAL D
7 — 4T, tiltingFREf & L HICHFREIIIRLITETL
TWAHIL2ERTHE, 4550FTEETHI L
XY, BRERALTADODEREIELIETTS
bDEEZOND., FD-%, HEE®80% L EI
Ro7-D121F, tilting FFRIZ 303 S EEITH 5 & E 2
L.

Ripo7-tilt A% F— R CLB LRI 2w,
Natale 5913 tilting B 20 3 C D tilt £ 60°, 70°, 80°
BT ZENETNRORERELHEMREFT LTS, 20
FER, tiltf60° L 70°DIFREIL92% & RIFTH 575,
80" TII80% IS RENFKT 5 Z LA 5, tiltA60°
bLARTCOEMEZEHBLTHY, BKIZBWT
t& American College of Cardiology D /' 4 K5 4 ¢
TO°HFFLWEEINRTWS, LHALRDAS, tiltf
S80° THREEN 8O B E R LAZDMOFHE T,
SHBEOFHERI2W6RTHY, /2, HERAICE
WTOXNBEDOFHERIIIIR L LBEWE, o 72,
—f&iz, /NBRFEEE Tl head-up tilt RERIC BV TEE

BHEEIBN LML TBYER), T Lis
REZETSEL—HLEEIOND, BAPREL X
-HETIE, tltAT70°TOREICOWTEHMICKRE L
7o IE 7% £, 70°?D head-up tilt RERDEEIZDOWT
i, 80°DFELEBEPELICOVTIEHALMIEH
TWi W,

2. 1V7AFL/—IVAafRtitDH B & MER

SEOBRANIBITHERTIE, 0.01, 0.02pg/kg/
min LEHEDA v 77 L/ — VEFtilt OB
Xy, BREEFZNENITI%, 48% LHEL, HFREIL
FNEN8A%, 2% LIFLALKT LD o/. 4V
TaT7 L — VARIUIECK T b E Tl £ 80° TD
7a P INICBNT, RERBOEMREEREOMEE
BEIZMEHE &R, passive tilt (303 F T) DKW EE
(5-36%) %%, 4 v 7us L/ —VERtDBHMIC
£V 60-87%~HET L OFRHLBEIATY
5357824 Rk DIEFIIEEATA8% & o R EH o 1278,
HEFTIEA YV TOFL ) —VEE3-5ug/min &
HAEIFCAEWHLTWADIIRL, L&D TST baNVT
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RIEREICEEDTWELDEEZ bR,

—7%, BERELRET S L, Kapoor 57 DHETIX
AvV7asl /) — VARt DFREN35-55% L&
WS, £V 757l —VORMED S ug/min TL
£, NBEROFHERI2REEFETHo 7.
ECIE35% LIEVWREELZ/RLA 7D P2V TH,
AvFaslL /) —VAEROBRIZtltE Z Vo 2 AMEK
MRS %L, tiltingz M LT ETBFEITo
TV EPFEBEADOE EoEREEZLN
7z. ¥ 72, Natale 5912 tilt A& 80° DA, FFEREAMN
passive tilt ® 80% 2> 5, F31.75 pg/min DEFEA V
Fus L/ — VARt OB LY 60% 2 F TET
L, &5I3-5gminDEHARTIZIHM4 T TETL
ERELTWS., L2l S, HESIIARKD
tilting I 2 20 B LTHD, iilting FHOER
PEREEYETIEL—HEEEIOND,

ZRIZHLTGubb 59D L H 2, 41V 7aFL
/ =)V 1-3 pg/min T304 Mtilting 7> TH, FFE
FEI391% L BIFCTho b DHELHBH. T2, #
£ 3LV, 60" IcBNTdhA Y SO FL ) —
VEFIREOR EICAR L ShTna4 . 20
—/T, BEEIBWIAVYTuTL /) - VARE
2—5 pg/min & V724, BREF61% L IRVEHRE
bHY, 60°TIToLB{ATOEHAENA VY FUT L
J—VARIIEREEEMSEL LEZ LN,

DEowstsy, 4 v 7a5L /- VARIIKRER
MzZEmL, REZALEELDICERATH S, ¥
REZETSER2VE)IVEARICELDERETH
ALEZ LN,

Av7asl /- VARtRRIIBWTA, Y /o
TV - VORKEEZRET A5G, BREDKED
MEBL%A. bbb, RRTOAWEIIRKETD
lpgmin T Y, BHEADBENEKE (50-60kg) &%
RB$ 5% &0.015-0.02 ug/kg/min IZHHE L, 4 DKRE
7O baNIIBIAARRLIZIZ-HTAS. L,
SEDFERTIX, 0.02ug/kg/min T TOHRESETHA
v 7ay L/ — VARt & #1T L7 13% ORI TR
EEHERE2 222 VEERAZROTBY, LI
0.02 2 g/kg/min Ti323% L HWHRTdH o7z (Table 1). %
Dz, AV 7arFlL /) —VvEHEELIZEES,
BIfEFH O MBUEEI ML, BREORTICEEL X 7-
THEEMAE R S5, Natale 5PVOHETDH, A
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BOEMORE (RO D 20-25% 1) £ EEL L
TAv7usb/ —VEHZT, 1-2pug/min P E
BEMETHHELTVAS. ZoLEEEMD BLED
B THE0EPIRALDPTIELVA, HRADEHE,
Av7FarlL /- VAREEREL-)VOKRIIZD
D ERTIZ, FEICE L T0.01-0.02 ¢« g/kg/min DK
HECHP»2ASZITIZLICEY, BEEZET
BT, REOMLIBOLALbDLEZ LR,

B, AVFuFL ) —VERIIHY, Reld
passive tilt D%, MWEAMICRE L CTEHICHEE LM
BWE VO AERSET, AV 7uTL ./ —Voilk
W5 LB - MET 52 HEEZRo 2. T hidiilting
LAV asrL /) — VARG - BELS
4, Kapoor 57DOHED L ) ICHEREOKT 2 &7
WMEEESHEPLTHS.

B#&IZ, AV/arL ) - VAFOMESELT,
FAMRERLZE ), Bl RELEREICETS
EBTIX, 4V 7a57 V7 —VERIZX ) ROENS
RENLERIEDE. ZDLHI%, AVTuFlL /) —
VEFIHFE L 2VIERITIE, MR HELER
Lz siwv, £F, = ey E) VAR
iz, 1 v7rusrl )/ —VaRLASEOFRED
ENEoh, BRATHLEHESRS, ¥/, = FO
Ry AR T )V PORAFIZ L AFROFRNE
bHESNTS., £, FilcsESubarel
TRELTW D LRSS,

3. Head-up tilt XBRDEH

Bk L7z & 912, head-up tilt RBRIZEERICB VT,
NMS DZ TR H B L AV o, Z0ERAN
IZOWVWTERDRVWEZATIRD B, RBOBEAED
BOWBEETH1020% 0 mHEL L2 LddY, 2
Wik e LT ZDDTIERW. T4hbb, NMS
DFHIE, KMEFORI 2 LM 2 RERERICMZ,
OBERIFBENTHLI L EBT 2, BENICEZE
NBLDTHAH. Head-up tilt RERIZEHAHD LA
HIZBWTRESBHELZNE, P2 ) OHEET
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