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Abstract: The treadmill test combined with myocardial perfusion imaging
(MPI) is a commonly used technique in the assessment of coronary artery disease
(CAD). However, there is a group of patients who may not be able to undergo the tread-
mill test. Pharmacologic stress testing is increasingly utilized for stress perfusion ima-
ging and currently accounts for nearly 40% of all nuclear stress testing [8]. The aim of
this study was the introduction of adenosine stress protocols in our nuclear laboratory,
and the following, recording and comparing of the frequency and severity of side-
effects.

Methods: We performed two kinds of adenosine stress protocols on 186 pati-
ents who underwent MPI with radiotracer *”™Tc-sestamibi: 1st: 47 patients underwent
AdenoSCAN abbreviated protocol IV. adenosin 140pg/kg/min for 3 minutes; 2nd:
AdenoEX combined with low level S0W bicycle exercise in 139 patients. We followed
and compared side-effects (minor and major events) between AdenoSCAN and Ade-
noEX protocol, and established an adequate time for imaging of both protocols.

Results: Compared with AdenoSCAN, AdenoEX protocol was tolerated by all
patients; it reduced all side-effects and improved image quality. Using AdenoEX proto-
col we found that the heart-to-liver ratio was significantly better, and we established a
time of imaging of 15 minutes after stress, compared to the AdenoSCAN time of ima-
ging which was a minimum of 45 minutes after stress.
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Conclusion: This study gives advatages to AdenoEX protocol, because it had
fewer side-effects, improved patients' tolerance, improved image quality, and enhanced
efficiency and throughput given the opportunity for earlier imaging.
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Introduction

An estimated 2.8 million pharmacologic studies were performed in the
United States in 2001, including 1.4 million with adenosine [2, 3, 4, 8]. Adeno-
sine is an endogenous purine nucleotide, which slows atrioventricular conduc-
tion and dilates coronary and peripheral vessels. Adenosine is produced intra-
cellularly, in vascular smooth muscle and endothelial cells from adenosine trip-
hosphate or S-adenosyl methionine pathways. There are several types of adeno-
sine receptors. The A2 receptor, located in vascular cells, is divided into two
types; a and b. The A2a receptor predominantly mediates coronary arterioral
vasodilatation, the A2b receptor produces vasodilatation in most vascular beds
except the renal afferent arterioles and hepatic veins where it causes vasocon-
striction. The A1l receptor is located in the cardiac myocites and its activation
causes negative dromotropic effects, atrioventricular (AV) block, tachypnea,
and chest pain. The A2b and A3 receptors are likely to be responsible for bron-
chospasm [1, 2, 3, 6, 8].

Adenosine has a very short half-life of less than 2 seconds and a rapid
onset of action. It induces its peak hyperemic effect within 2 minutes (84 + 46
seconds, range 23—125 seconds) of infusion and returns to baseline within 2 mi-
nutes (145 = 67 seconds, range 54-310 seconds) after termination of the infu-
sion [13, 14]. The radiotracer for MPI must therefore be administrated during
the infusion.

Material and Methods

A total of the 186 (125 males, age range 2474, 61 femals, age range
28-78) patients who underwent MPI with radiotracer **™Tc-sestamibi were in-
cluded in this study. This study included patients who had exercise limitations,
a limited capacity for exercise, or contraindication to exercise. We examined
patients with medically stable chest pain (or anginal equivalent), symptoms for
the evaluation of suspected cardiac ischaemia, with prior coronary disease or
myocardial infarction, and follow-up effects of therapy percutaneous coronary
intervention (PCI), and by-pass surgery (ACB). In all patients we performed
two kinds of adenosine stress protocols; in 47 of them (21 males, age range 65
to 74, 26 females, age range 61 to 78) we used adenosine — AdenoSCAN ab-
breviation protocol — and in 139 (104 male, 35 female) adenosine in combina-
tion with low level bicycle exercise 50 W — AdenoEX.
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Adenosine stress protocols:

1. Abbreviated AdenoSCAN protocol when we administrated adeno-
sine by IV. infusion 140 pg/kg/min during 3 minutes. Radiotracer **"Tc-sesta-
mibi, was administrated during the infusion at the end of the 2nd minute (Fig. 1).

Radiopharmaceutic (99mTc—sestamibi)

'

ADENOSINE /) MPI
I I [ [ 7/1 | [ [
0 1 2 3 4 30 45 60 75
minutes minutes

140pg/kg/min IV. infusion

Figure 1 — AdenoSCAN abbreviated protocol
Cinka 1 — Crycen mpo1okon na AdenoSCAN

2. AdenoEX protocol — we administered adenosine in a dose of 140
pg/kg/min in combination with supine low level bicycle exercise 50 W. We
started with the infusion at the end of the 1st minute of bicycle exercise, and
finished in the 5th minute. The bicycle exercise continued for one minute more
to the end of 6th minute. Radiotracer **™Tc-sestamibi was administered during
the adenosine infusion at the end of the 2nd minute (Fig. 2).
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Figure 2 — AdenoSCAN protocol 6 minute adenosine IV 140 ug/kg/min (a); AdenoEX
protocol 4 minute adenosine IV 140ug/kg/min with adjunctive low level exercise 50 W (b)
Cirka 2 —Iporokos Ha AdenoSCAN 6 munytu agerosun IV 140 mg/kg/min (a),
AdenoEX nporokoir 4 murayTu afgerosus IV 140 mg/kg/min co JomoaHHTETHH
co HHCKO HUBO Bexkou S0W (b)
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During both kinds of protocols we followed these procedures: We
recorded blood pressures (BP); heart rate (BPM) ECG on the monitor, recorded
occurrence of symptoms (chest pain, nausea, dyspnea, etc.); marked the clock
time of the injection of radiotracer relative to the start and the end of the
adenosine infusion; after injection of the raditracer, the infusion continued for 2
minutes; the patient continued with exercise (AdenoEX) for 1 minute after the
infusion stopped. We monitored BP, BPM and ECG for the next 5 minutes after
the completion of the infusion, continuing clinical monitoring if chest pain or
significant ECG changes persisted [9, 10, 11, 12].

We started imaging 15 minutes for AdenoEX, and 45 minutes for
AdenoSCAN, after the radiotracer was injected.

Results

We compared side-effects using various pharmacologic agents in our
laboratory for the pharmacologic stress tests and concluded: In our group non-
cardiac side-effects occurred in 50% of the patients who were receiving dipyri-
damole, and almost 80% of the patients receiving adenosine. Use of aminophyl-
line for the reversal of side-effects was required in less than 4% of the patients
receiving dipyridamole and by none receiving adenosine. We founded side-effects
were more common with adenosine than dipyridamole, but they were short-
lived and well tolerated. AV block (1st and 2nd degree) occurred in less than 4%
of patients, and it was usually in the first 2 minutes of adenosine infusion and
was transient. The most common side-effects with adenosine were chest pain 23%,
flushing 39%, dyspnea 31% and gastrointestinal discomfort 12%. The most com-
mon side effects with Dobutamine were chest pain 34%, dyspnea 8%, ST chan-
ges 23%, and arrhythmias up to 49%, when the test must be interrupted. Ventri-
cular arrhythmias occurred more frequently in patients with LV disfunction,
fixed perfusion defects, or wall motion abnormality in the rest (Table 1).

Table 1 — Ta6ena 1

Pharmacologic Stress testing — side-effects
DapMaKoJIOHIKO TeCTAPALE HA CTPEC — CITOPEHA ePeKTH

Side-effects ADENOSINE DIPYRIDAMOLE DOBUTAMINE
n=186 n =764 n =98

Chest Pain 23% 18% 34%

Flushing 39% 26% <1%

Dyspnea 31% 2% 8%

Dizziness 8% 6% 3%

GI discomfort 8% 7% 3%
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Side-effects ADENOSINE  DIPYRIDAMOLE DOBUTAMINE
n=186 n =764 n =98
Headache 7% 18% 6%
Arrhytmia 2% 5% 49%
AV block 4% 0% 0%
ST A 5% 9% 23%
ANY 79% 49% 55-80%

STA = St segment changes on ECG, ANY = any side-effect

In this study we compared frequency and severity of side-effects using
two kind of adenosine protocols: AdenoSCAN and AdenoEX. AdenoEX
markedly reduced side-effects: less hypotension, reduced symptoms like chest
pain (11% versus 24%), flushing (15% vs. 41%), dyspnea (12% vs. 35%), fewer
noncardiac side-effects (57% vs. 87%), not one AV block occurred and there
were no arrhythmias (Table 2). None of the patients had an incidence of severe
adverse events (major events): death, myocardial infarction, or bronchospasms.

Table 2 — Tabemna 2

Comparing severity and frequency of side-effects with AdenoSCAN versus AdenoEX
Criopegra cumnHa o QopekBernmja Ha cnopennn egpexra co ageHoCKEH

HacrpoTa AdenoEX
Side-effects AdenoSCAN AdenoEX
n =47 n=139

Chest pain 24% 11%
Flushing 41% 15%
Dispnea 35% 12%
Dizziness 9% 3%
GI discomphort 7% 1%
Headache 8% 3%
Arrhythmia 2% 0%
AV block 3% 0%
STA 4% 1%
ANY 87% 57%

STA = St segment changes on ECG, ANY = any side-effect

When we combined adenosine with low level exercise, the adneosine’s
vasodilatation of the splanchnic bed was partially counteracted by the vasocon-
striction of this bed because of the exercise-induced cateholamine increase. That
resulted in an improvement of the cardiac image quality (Fig. 3). We were
improving the heart-to-liver (target-background) ratio and that is extremely
important for the radiopharmaceutical we used (*"Tc-sestamibi), because it was
cleared primarily by the hepatobiliary tract. We standardized the time for ima-
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ging with AdenoEX, and we performed imaging 15 minutes after **™Tc-sesta-
mibi injections, compared with 45 minutes for the AdenoSCAN protocol.

Figure 3 — Myocardial perfusion imaging; a. AdenoSCAN versus b. AdenoEX
Cinka 3 — Ilprkas Ha maokapgHa nep@ysnja a. AdenoSCAN versus 6. AdenoEX

Panel a demonstrates similar intensity in the liver as noted in the myo-
cardium following an adenosine infusion. When low level exercise is combined
with adenosine infusion (b), much less hepatic activity is present when compa-
red with the myocardium.

Discusion

There are many patients who may not be able to perform adequate exe-
rcise due to certain clinical, physical or physiological conditions. Pharmaco-
logic stress combined with MPI is an effective tool for the management (diag-
nosis, risk stratification, treatment and follow-up) of patinets with CAD, and
becomes an especially indispensable tool in the elderly. Using a vasodilatator
(adenosine, dipyridamole) for pharmacologic stress we altered the myocardial
blood flow through the coronary arteries and caused differential dilatation of the
normal and stenosed arteries [5, 6, 7, 8]. We had a high incidence of side-
effects, but these tended to last for a few minutes and rarely required medical
intervention. When we added exercise to adenosine stress, patients' tolerance
was show to improve. In Elliot ef al. [11], patients were asked to rate the inte-
nsity and frequency of their side-effects during AdenoSCAN compared with
AdenoEX. Side-effects were measured on the symptom severity score. The
score averaged 15.5 with the AdenoSCAN and only 4.5 using the AdenoEX
protocol. The number of side-effects occuring per patient was also greater with
AdenoSCAN than AdenoEX (2.7 vs. 1.4). When adenosine stress is combined
with exercise, adenosine's vasodilatation of the splanchnic bed should be at
least partially countracted by the vasocontriction of this bed because of the
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exercise-induced cateholamine increase [8, 10, 11]. The result should be an im-
provement in cardiac image quality, because that improves the heart-to-back-
grund ratio and that is most the important for the radotracers cleared primarily
by the hepatobiliary tract (*"Tc-sestaminbi and tetrofosmin). Image quality was
compared in 3 AdenoEX studies and showed that the heart-liver ratio was sig-
nificantly better with AdenoEX than with AdenoSCAN [11, 12, 13].

Conclusion

Combinig exercise with adenosine infusion (AdenoEX) we had advantages
that included absence of arrhythmia, AV block, and hypotensive side-effects. We
improved patient tolerance with the implication of greater patient acceptance,
improved image quality, enhanced efficiency and throughput, given the opportunity
for earlier imaging. We documented the safety of the AdenoEX protocol.
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Pe3zume

IMPOTOKOJIN HA AJEHO3UH-CTPEC 3A HYKJIEPAPHA
KAPJAUOJIOIIKA BU3YEJIU3ALIUMJA
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AncrtpaxT: TpeaMui-TecToT KOMOMHUpAH CO BH3yelU3aluja Ha MHOKapAHa
nepdys3uja e TEXHUKA IITO BOOOMYACHO Ce KOPHCTH 32 OIIEHYBamke Ha O0JiecTa Ha KOpo-
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HapHuUTe aprepuu. Cerak, UMa rpyra NanieHTH IITO He MOXKaT Ja OMaaT NOI0KEeHH Ha
TpeIMUI-TecTOT. DapMaKoIOIIKOTO TECTHPABE 3a CTPEC CE MOBEKe Ce KOPHUCTHU 3a BHU-
3yenu3anyjara Ha nepdysnjaTa ¥ MOMEHTAIHO ce IpuMeHyBa Bo O3y 40% ox cute
HyKJICapHU TeCTHpamba Ha cTpecoT. Llenrta Ha oBaa cTyaquja € BOBEIYBamEeTO Ha MPOTO-
KOJIMTE 32 aJICHO3WH-CTPEC BO HAllaTa HyK/IeapHa JabopaTopHja u CICICHETO, 3alHIy-
BambETO U CIIOPEYBabETO Ha 3aUECTEHOCTa M MHTEH3UTETOT Ha IPUIPYKHHUTE 110jaBH.

MeTtoou: Hue n3BenoBMe JBa BHIa NMPOTOKOJIM Ha aJIeHO3MH-cTpec Ha 186
MalyeHTy Kou Oea MoJUI0KEeH! Ha BU3yelln3allija Ha MUoKapaHara nepdysuja co paano
tpejcep P Tc-sestamibi: 1. 47 marmenTy Ge3 MOIOKEHN 3 MHHYTH Ha CKPATEH TIPOTO-
kos AdenoSCAN IV aznenozun 140pg/kg/min; 2. AdenoEX kxoMOuHHpaH co HHCKO
HuBo Ha S50W BexOa Ha Benocumen kaj 139 mamumentu. ['m crnegeBMe u TH criopeny-
BaBMe NPHUIPYKHUTE M0jaBH (IToMaiu U morojemu) mMery nporokoiure AdenoSCAN u
AdenoEX u koHCTaTHpaBME COOJBETHO BpEMe 3a BU3yelu3allija Ha BaTa MPOTOKOIA.

Pesynmaru: Bo cnopenda co AdenoSCAN, mporokonor AdenoEX Geme To-
JiepypaH OJ] CUTE NAalMEeHTH; TOj TH HaMaJld CUTE IPHUJIPY>KHH MIOjaBH U TO NOA00pH KBa-
JUTETOT Ha BU3yenm3anujata. Kopucrejku ro nporokonor AdenoEX yrBpauBme nexa
OJTHOCOT cple KOH IpH Jpo0 Oemie 3HAYMTEIHO MOJA00ap M YTBPAMBME BpeMe Ha
BU3yeIM3alyja oa 15 MUHYTH IO CTPECOT, BO cropeada co BpeMETO Ha BU3yeIH3allija
Ha AdenoSCAN, koe Oenie MUHUMAIHO 45 MUHYTH IO CTPECOT.

3axnyuox: OBa mpoydyBame My JaBa IpeaHOCT Ha mpoTokonoT AdenoEX, ou-
JIejKr UMare IMOMalIKy IpUAPYXHH eeKTH, mogoOpeHa ToJepaHIija Ha TMalueHTHTe,
moI00peH KBAIUTET HA paHAaTa BU3yeJH3allija U 3acCHIcHa e(PUKACHOCT U KallalluTeT.

Kayuynu 300poBu: BH3yenu3aiija Ha MUOKapIrcKa nepdys3uja, aaeHO3MH, ITPOTOKOIN
Ha aJIcHO3MH-CTPeC
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