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Abstract t 

Aims s 

too examine whether Cardiac resynchronization therapy (CRT) induces improve-

mentss in the neurohumoral system. 

Methodss and methods 

Thirteenn patients with heart failureHF (left ventricular (LV) ejection fraction <35%) 

weree included. Before and after 6 months of CRT, myocardial  123I-metaiodobenzyl-

guanidinee (123I-MIBG) uptake indices, used as an index of neural norepinephrine 

reuptakee and retention, and brain natriuretic peptide (BNP) levels, used as an index 

off  LV end-diastolic pressure. NYHA classification and echocardiographic indices 

weree assessed. 

Results s 

Sixx months of CRT resulted in significant improvement in 1) NYHA classification 

andd reduction in QRS width (p<0.001, 2) decrease of LV end diastolic diameter 

(p=0.005),, LV end systolic diameter (p= 0.005), septal to lateral delay (p = 0.01) and 

mitrall  regurgitation. (MR, p=0.04), 3) Delayed 123I-MIBG heart/mediastinum ratios 

improvedd (p=0.03) and 123I-MIBG washout decreased (p=0.001) 4), and BNP levels 

decreasedd (p=0.001). 

Conclusions s 

Parallell  to significant functional improvement and echocardiographic reverse 

remodelingg and resynchronization. our data indicate that CRT induces favorable 

changess in the neurohumoral system. 
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Background d 

Heartt failure (HF) is a complex clinical syndrome resulting from any structural or 

functionall  cardiac disorder that impairs the ability of the ventricle to fil l with or eject 

blood'' The reduction in cardiac performance induces a series of neurohumoral 

adjustments,, including an increase in atrial natriuretic peptide, brain natriuretic 

peptidee (BNP), and activation of the renin-angiotensin-aldosterone system. Brain 

natriureticc peptide is mainly synthesized in the ventricles of the heart and reflects the 

leftt ventricular (LV) end-diastolic pressure, LV end-systolic and LV end-diastolic 

volumee index.2 Initially , the activation of the neurohumoral system functions as a 

compensatoryy mechanism but long term activation has many detrimental effects. The 

activatedd neurohumoral system is reversibly correlated with the worsened prognosis 

off  (HF) patients. Also, elevated catecholamines have a direct cardiotoxic effect and are 

importantt predictors of HF mortality and morbidity.2 

Largee scale pharmacological trials in HF patients have shown that treatment with ACE-

inhibitors.. p-blockers and aldosterone inhibitors improves the imbalance in the 

neurohumorall  system and thereby improve the prognosis of patients with HF. 

Cardiacc resynchronization on top of optimal pharmacological therapy has already 

beenn shown to improve the symptoms of HF. reduce hospital admission and improve 

LVV function.0 A recent meta-analysis suggests that cardiac resynchronization therapy 

(CRT)) also reduces mortality from HF. ' This is confirmed by theCOMPANION study, 

thee largest prospective trial yet.s However, limited data are available whether func-

tionall  improvement, induced by CRT. is related to changes in the neurohumoral 

system.55 6 

Cardiacc adrenergic nerve activity can be estimated using several techniques: first, 

usingg iodine-123metaiodobenzylguanidine (125 I MIBG) as a noradrenaline ana-

logue.00 123I-MIB G is a guanethidine analogue that shares the same uptake, storage 

andd release pathway as norep inephr ine and has the potential to reflect the whole 

myocardiall  adrenergic pathway.0, i0 123I-MIB G myocardial uptake indices can be used 

ass a predictor of prognosis in patients with chronic HF.11"14 Second, BNP may have a 

sympathoinhibitoryy effect on the sympathetic nerve activity. 

Wee prospectively studied a group of chronic HF patients to determine the 6 months 

effectss of CRT on the neurohumoral system using 123 I MIBG scintigraphy and BNP. 
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Methods s 

Patientt population 

Thirteenn consecutive patients with chronic symptomatic HF referred for  implantation 

off  a CRT device were included in the present study after  informed consent. Patients 

receivedd CRT according to the accepted criteri a of ejection fraction < 35%. QRS width 

>> 120 ms, and severe HF in NYHA functional classes II I  or  IV despite maximally 

toleratedd medical treatment for  HF (American Heart Association Pacing / ICD guide-

lines).. 5 Patients were studied before pacemaker  implantation (baseline) and 6 

monthss after  biventricular  pacing. NYHA classification, QRS width . LV functional 

parameterss using echocardiography. 125 I MIBG myocardial uptake indices and BNP 

weree assessed. Medical therapy was unchanged durin g the follow up of 6 months. 

Tablee I . Demographics and clinical variables 

Agee (year) 63.6  12,8 
Sexx (male/female) {%) 61/39 
lHD/non-IHDD 1%) 23/77 
NYHAA 37  0.4 
QRSS duration vmsl 182.4  18.2 
Medication n 

ACEACE inhibitor [%) 92 
B-biocket[%)B-biocket[%) 50 
DiureticsDiuretics i%) 69 
SpironolactoneSpironolactone (%J 54 
DigoxinDigoxin (%) 38 

Valuess are given as mean  SD or percentage: IHD - ischemic heart disease: NYHA - New York 
Heartt Association. 

Pacemakerr system and implantation technique 

Commerciallyy available biventricular  pacemakers were used (Guidant. Minnesota. 

USA;;  Medtroni c Minneapolis USA: St Jude Medical. Californi a USA). The right atrial 

leadd was positioned in the right atrial appendix and the ventricular  lead was posi-

tionedd in the right ventricular  apex. The LV pacing lead was positioned in a posterior 

orr  lateral branch of the coronary sinus in all patients. A biventricular  DDDR system 

wass used in 10 patients. In 3 patients the implantation of an internal defibrillato r  was 

alsoo indicated.l 5 In these patients a combined device was implanted. 
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Cardiacc MIBG imaging 

Patientss underwent myocardial scintigraphy to determine 123I-MIBG uptake, used as 

ann index of neural norepinephrine reuptake and retention. The analysis of the 

myocardiall  scintigraphy at baseline and after 6 months was blinded. To block 

thyroidd uptake of free 123I. all patients received 100 mg potassium iodide orally, one 

hourr prior to the injection of  I23I-MIBG. After a subsequent resting period of at least 

300 minutes, patients were injected intravenously with approximately 185 MBq of 
123"I-MIB GG (Amersham Health, Eindhoven, the Netherlands). Twenty minutes (early 

imaging)) and 4 h (delayed imaging) after MIBG administration, a 10-min planar 

anteriorr image of the chest was acquired using a dual-head gamma-camera (e-cam, 

Siemens,, Hoffman Estate, Illinois, USA). A 20% energy window was centered on the 

1599 keV photopeak of  123I . Images were acquired using a medium energy collimator 

andd stored in 128 xl28 matrix. 123I-MIBG myocardial activity was measured using a 

manuallyy drawn region of interest around the LV. Mediastinal activity was measured 

usingg a fixed 20 x 20 pixel region of interest placed over the upper mediastinum. 

Mediastinall  and myocardial values are expressed as mean counts/pixel. To evaluate 
123I-MIBGG myocardial uptake the H/M ratio was calculated from the early and 

delayedd images. Myocardial  I23I-MIB G WO was defined as the percentage of change 

inn activity from the early and delayed images: ((H early-H delayed) / H early) x 100, 

HH values being corrected for 123I physical decay. 

Echocardiography y 

Patientss were imaged in the left lateral decubitus position using 2 D, M mode and 

color-dopplerr and tissue doppler echocardiography {Vivi d 7, GE-Vingmed Ultra-

sound.. Horten Norway). The left ventricular end-diastolic diameter (LVEDD) and left 

ventricularr end-systolic diameter (LVESD) were measured from the parasternal long 

axiss view. Mitral regurgitation was classified semi-quantitatively in eight degrees 

(0== none, 1= minimal. 1.5= minimal to mild, 2= mild. 2.5= mild to moderate. 3 = 

moderate.. 3-5= moderate to severe, 4 = severe). The left ventricular ejection frac-

tionn is echocardioghraphically measured. 

Whenn available tissue doppler data were obtained in the apical four-chamber view 

att frame rates above 100 fps. The resulting digital cine loops where transferred to a 

computerr for offline analysis (Echo-Pac software. Ge-Vingmed Ultrasound. Horten 
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P== 0.001 

Norway).. The simultaneous velocity curves of 2 selected (septal, lateral) LV seg-

mentss were compared (using the 4-chamber view) for a mean of two consecutive 

beatss to minimize the variability between measurements. The LV tissue velocities 

WOO (%} 

700 -

60 0 

50 0 

40 0 

30 0 

20 0 

10 0 

0 0 
Baselinee 6 months CRT 

Figuree 1. '^ MIBG Cardiac washout (wo) before and after 6 months of CRT. 

weree measured during systole. Indicator of LV asynchrony is considered as the 

differencee between the timing of the peak systolic velocities of the septum and 

laterall  LV. For each patient the atrioventricular interval was individually adjusted 

too maximize the mitral inflow duration using pulsed doppler echocardiography on 

thee first postoperative day. 

BNP-concentration n 

Bloodd for determination of the plasma BNP concentration was sampled from an 

intravenouss canula. Patients were resting in supine position for at least 30 minutes 

beforee blood collection. The samples were withdrawn into evacuated ethylenedi-

aminetetraaceticc acid (EDTA) tubes and centrifuged at 4°C at 4000 rpm for 10 min. 

Thee samples were stored at -70CC until assay. Plasma BNP (pg/mL) was measured 

withh the Triage BNP Test (fluorescence immunoassay device, Biosite San Diego, 

USA).1''' Using the Triage BNP test, the upper level of normal BNP was 100 pg/mL. 
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Statisticall  analysis 

Thee data are expressed as mean  SD. The two-paired sample t-test was applied 

comparingg the 123I-MIBG myocardial uptake indices and echocardiography parame-

terss of LV function before and after 6 months of CRT. Changes in BNP measure-

mentss were expressed as percentage change from baseline. The one sample t-test 

wass used to compare changes in BNP levels. A probability value of P < 0.05 was 

consideredd to indicate a significant difference, The Pearson test (2-tailed) was used 

too test the correlation between MIBG indices and BNP. 

Results s 

Patientt Population 

Thirteenn patients were included in the study, 77 % with non-ischemic heart disease. 

Tablee 1 shows the demographics and clinical variables, including medication. All 

patientss were in sinusrythm except one patient who was in chronic atrial fibrilla-

tionn with slow atrioventricular conduction. 

Clinicall  Parameters 

NYHAA classification improved after 6 months CRT at least one class in all patients 

fromm 3-7  0.4 to 2.2  0.6 (p< 0.001). The QRS duration decreased significantly 

fromm 182.7  17 to 155-0  14,6 msec {p<0.001). Medication was not altered during 

thee pacing period but for furosemide, which had to be withdrawn in one patient 

andd low dose digoxin. which was started in another patient. 

Echocardiography y 

Biventricularr pacing resulted in significant reduction of LVEDD from 73-7  8,9 to 

67.66  9.9 mm (p=0.005) and LVESD from 65-8  7.5 to 58.5  12.2 mm (p = 0.005). 

Alsoo mitral regurgitation decreased from 2.9  0.6 to 2.2  0.9 (p = 0.04). The left 

ventricularr ejection fraction increased from 14  7 to 21 8 % (p = 0.007). There 
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Tablee 2. Echocardiography data,ir?l-MIB G data and BNP before and after CRT. 

Patients s 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
Q Q 

10 0 
11 1 
12 2 
13 3 

Total l 
{mean} } 
l ii  SD) 

LVEDD D 

(mm) ) 

83 3 
84 4 
66 6 
76 6 
68 8 
69 9 
79 9 
72 2 
56 6 
71 1 
74 4 
88 8 
78 8 

73.7 7 
7 7 

LVESD D 

{mm) ) 

76 6 
76 6 
57 7 
60 0 
63 3 
64 4 
73 3 
64 4 
52 2 
68 8 
66 6 
75 5 
68 8 

65.8 8 

7.5 5 

Valuess are given as mean SD. . 
endd diastolic diameter; LVESD = 
EF-- ejection fraction: S-L-

MI I 

(1-4) ) 

3.5 5 
2.5 5 
2.5 5 
0 0 

3.5 5 
2 2 

3.5 5 
3.5 5 
3,5 5 
3 3 
0 0 
2 2 
3 3 

2.9 9 
0.6 6 

EF F 

(%) ) 

10 0 
10 0 
20 0 
21 1 
10 0 
15 5 
15 5 
15 5 
15 5 
10 0 
13 3 
10 0 
15 5 

14 4 
7 7 

Baseline e 

SL L 
delay y 
(msec) ) 

95 5 

97 7 
93 3 
--
--

90 0 
90 0 
97 7 

933 3 
3.3 3 

CRTT = cardiac ^synchronization tr 
== left ventricular end 

septall  to lateral. 
dinee heart/ mediastinum: WO -

weree no sign 

non ischemic c 

laterall  delay 

(p=0 .01.. see 

i ff  i cant clif f ere 

pat ients. . 

decreased d 

tablee 2). 

[ n o o 

-- washout. --

BNP P 

(pg/ml) ) 

316 6 
2140 0 
576 6 
110 0 

2140 0 
1040 0 
529 9 
152 2 
614 4 
2420 0 
1013 3 
1024 4 

1006.2 2 
806 6 

wo o 

i%) ) 

55.8 8 
51.4 4 
373 3 
35.8 8 
36.5 5 
64.0 0 
43.8 8 
27.3 3 
48.1 1 
24.1 1 
30.0 0 
30.3 3 
38.3 3 

40.2 2 
12.0 0 

Latee ]2\ 
MIBGG H/M 

ratio o 

1.2 2 
1.1 1 
1.6 6 
1.3 3 
1.3 3 
1.1 1 
13 3 
1.4 4 
1.1 1 
1.3 3 
1.5 5 
13 3 
1.1 1 

1.3 3 
0.2 2 

ïerapy;; LVEDD - left ventricular 
systolicc diameter: MR -mitrall  regurgitation; 

r;,l-MIBGH/MM = 123-iodine-metaiodobenzylguam-
== not available. 

ncess be tween the ejectionn fr a : t io nn for  the ische 

pat ientss t issue doppler  data were obtained. Se 

afterr  6 months off  pac ingg fro m 93.3  39.3 to 26

;mi cc and 

ptall  to 

26.55 msec 

--- — 

Cardiacc MIBG imaging 

Afterr 6 months of biventricular pacing, early l23I-MIB G H/M ratio remained unchanged 

(fromm 1.4  0.1 to 1.5  0.1, p=0,224). Late 1231-M1BG H/M ratio increased from 1.3

0.22 to 1.4  0.2 (p = 0.03). 1231-MIBG washout significantly decreased from 40.2  12.0 

too 28.3  6.1 (p=0.001, see figure 1 and table 2). The change in H/M ratios and 

myocardiall  washout were not significantly different for ischemic (H/M  earlv: 0.0: H/M 

l a t e:0.1:: washout:12 %) and nonischemic (H/M  early: 0.1; H/M  l a t e;0.1; washout: 11 %) 

heartt failure patients. 
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LVEDD D 

(mm! ! 

82 2 
85 5 
59 9 
59 9 
67 7 
61 1 

59 9 
56 6 
63 3 
68 8 
74 4 
78 8 

67.6 6 
9.9 9 

LVESD D 

imml l 

75 5 
77 7 
51 1 
37 7 
61 1 
52 2 

52 2 
46 6 
54 4 
58 8 
70 0 
69 9 

58.5 5 
12.2 2 

BNP(pg/ml) ) 

25000 J 

2000̂  ^ 

1500̂  ^ 

1000̂  ^ 

5000 -

u u 

Ml l 

11-41 1 

3.5 5 
25 5 
2 2 
0 0 

3.5 5 
1 1 

1 1 

2.5 5 
2.5 5 
0 0 
2 2 
2 2 

2.2 2 
0.9 9 

Baseline e 

Figuree 2. BNP before and after 6 

Afterr 6 

EF F 

i%) ) 

10 0 
15 5 
35 5 
29 9 
10 0 
30 0 

25 5 
25 5 
20 0 
13 3 
20 0 
20 0 

21 1 
8 8 

monthss of CRT 

monthss of CRT 

SL L 
delay y 
(msec) ) 

20 0 

25 5 
26 6 

35 5 
30 0 
20 0 

23.8 8 
5 5 

BNP P 

\pg/mll l 

275 5 
1340 0 
133 3 
58 8 

1440 0 
110 0 
236 6 
41 1 
474 4 
180 0 
131 1 
115 5 

377.8 8 
487.2 2 

WO O 

{%) {%) 

38.0 0 
38.6 6 
22.3 3 
27.0 0 
34.9 9 
26.4 4 
30.2 2 
23.6 6 
34.8 8 
24.5 5 
18.6 6 
292 2 
24.1 1 

28.3 3 
6.1 1 

PP <0.001 

66 months CRT 

Latee 123I-
MIBGG H/M 

ratio o 

1.3 3 
1.2 2 
I I 
1 1 
1 1 
1 1 
1 1 
1 1 
I I 
1 1 

4 4 
5 5 
3 3 
3 3 
4 4 
7 7 
4 4 
4 4 

1.4 4 
1.8 8 
1.4 4 

1.4 4 
0.2 2 
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BNP-concentration n 

BNPP levels decreased significantly 1006.2  806 to 377.8  487.6 pg/mL (p<0.001) 

att 6 months. There was a great interindividual variability in the measured BNP 

values,, expressed by the large SD. The normalized BNP level (baseline value set at 

100%)) decreased at least 13 %, not exceeding 93% with a mean of 53-4  29.7% 

(p<0.001)) after 6 months of biventricular pacing (see figure 2), In one patient 

BNPP could not be measured for technical reasons. We tested with the Pearson test 

(2-tailed)) whether a correlation is between MIBG indices and BNP and could not 

showw any correlation. 

Discussion n 

Thiss study showed that CRT induced improvement of functional parameters in a 

patientt group with severe HF and broad QRS is accompanied by favorable changes in 

neurohumorall  system. These favorable changes are illustrated by a significant 

decreasee of BNP combined with a reduction of  123I-MIBG washout and improved 

delayedd H/M ratio. In accordance with previous studies clinical improvement was 

alsoo obtained, indicated by the lower NYHA class, increase of LV ejection fraction 

decreasee of mitral regurgitation, echocardiographic reversed remodeling and «syn-

chronizationn of the LV. 6 J 6 1 8 19 All patients responded clinically to CRT, This was 

predictedd by the large septal to lateral delay and the very broad QRS complexes. 

CRTT and 123I-MIB G 

Previouss studies have shown that 123I-MIBG is capable of visualizing the improved 

neurohumorall  status in HF patients treated with b- blockers and ACE- inhibitors.3'4 

Inn these studies, 123I-MIBG WO decreased and late 123I-MIBG H/M ratio increased. 

Agostinii  et al. showed an increased cardiac 123I-MIBG uptake after 6 months treat-

mentt with carvedilol in HF patients (NYHA 2 or 3)3 Somsen et al. observed a similar 

increasee in myocardial  123I-MIBG uptake after 6 weeks of treatment with the ACE-

inhibitorr enalapril.20 In addition, Fukoka et al. found a decrease in I23I-MIB G WO 

afterr therapy with metoprolol."1 Our findings show analogue to these studies an 

increasee of cardiac 123I-MIBG uptake and less competition between plasma no-
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radrenalinee and 123I-MIBG reflected by a decreased washout after 6 months of CRT. 

Thiss may also reflect a restoration of pre-synaptic cardiac sympathetic nerve func-

tion.. In addition, also the decrease of isolated, nonischemic mitral regurgitation can 

inducee the favorable neurohumoral changes.19 The favorable changes found in this 

studyy are at least on top of ACE-inhibitors and in half of the patients also on top of 

B-blockers,, In contrast to these favorable changes after CRT, previous studies 

showedd worsening of 123I-MIBG parameters after sole right ventricular pacing.22 

Ourr data supports that CRT induces reduced sympathetic activity as expressed by an 

improvedd 123I-MIBG WO. The recent study of Adamson et al. reported that CRT 

inducess a relative shift in cardiac autonomic balance toward a more favorable 

profilee that is less dependent on sympathetic activation.25 However, they failed to 

showw a clear reduction in sympathetic activity since they did not find a change in 

plasmaa catecholamines. This difference in findings might be explained by differ* 

encee in patient population and used measurements of sympathetic activity. Moreo-

ver,, more severe asynchrony may have been present in our patient population given 

thee wider ORS-complex and larger LV diameters. Another striking difference be-

tweenn our study and the study of Adamson et al is the longer pacing period of 6 

monthss compared to 3 months. Whether this difference can explain the differences 

inn plasma catecholamines, remains unclear. 

Thee improvement in 125I-MIBG parameters may have prognostic implications. 

Decreasee of MIBG uptake is probably a late event in the history of the disease, 

explainingg its prognostic value in end-stage HF. It has been shown that cardiac 
123I-MIBGG imaging, especially cardiac 123I-MIBG WO, has prognostic value in patients 

withh chronic HF.U1A 123I-MIBG WO is more useful as an index of adrenergic nervous 

activityy because it is independent of the number of neurons available, whereas the 
123l-MIBGG H/M activity ratio is not. Therefore, although the 1Z3I-MIBG H/M activity 

ratioo and 123I-MIBG WO represent different functions of adrenergic presynaptic 

activity,, washout may be a more accurate marker of severity of HF. 

CRTT and plasma BNP 

Inn our study, plasma BNP levels decreased significantly after 6 months of CRT 

(p<0.001)) in all patients, although there were important interindividual differences, 

ass frequently observed in HF patients. Pressure and volume overload of the cardiac 

chamberss stimulate enhanced production and release of natriuretic peptides. These 
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peptidess result in natriuresis, diuresis, vasodilatation and the suppression of the 

renin-angiotensin-aldosteronee system in the cardiovascular system and are the 

commonn denominator present in patients with systolic or diastolic dysfunction, 

volumee overload, and HF, regardless of the underlying cardiovascular disease.25 

Atriall  and brain natriuretic peptides are elevated in patients with HF, and these 

peptides,, especially BNP, are independent prognostic parameters.26"28 Not only are 

thee natriuretic peptides important predictors of HF mortality and morbidity, but 

changess in these neurohormones over time are associated with corresponding 

changess in mortality and morbidity.2 Among the neurohumoral parameters (nore-

pinephrine,, renin activity, aldosterone, arginine-vasopressin and endothelin) BNP is 

thee strongest marker for LV dimensions and LV ejection fraction in patients with 

systolicc HF.29 

Ass has been previously shown, short term CRT results in a significant decrease in 

BNPP levels in HF patients, but long term data about the effects of CRT on BNP are 

limited.23,300 31 Sinha et al. studied the usefulness of BNP release as a surrogate 

markerr of the efficacy of 6 months effect of CRT in 17 patients. After already 6 

monthss of pacing, CRT was inactivated using a backup mode (WI 40 beats/min) for 

100 days  3 days and then reinitiated using the same stimulation parameters. BNP 

levelss were measured after 6 months of pacing just before discontinuation CRT, at 

thee last day before and 10 days after CRT reinitiating. Although in the study of Sinha 

ett al., the baseline BNP levels (before CRT) was not measured, they showed that BNP 

levelss significantly increased immediately after short-term CRT termination and 

decreasedd again after CRT reinitiating. In addition to the data of Sinha. we showed 

thatt already in the first 6 months the BNP level is reduced. These data indicate that 

BNPP might be a reliable marker to assess the effect of CRT and also guide medical 

interventionn in case of worsening HF during CRT therapy. Furthermore, we could 

nott show a correlation between MIBG indices and BNP levels. Possibly this lack of 

correlationn between the two tests may be synergistic, with each test perhaps 

examiningg a different aspect of the sympathetic nervous system. 

Limitations s 

Theree are some potential limitations to the present study. It has been shown that 

somee beta-adrenoreceptorblockers and it has been suggested that some ACE-

inhibitorss may influence myocardial  123I-MIBG uptake. As medication was obviously 
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nott withdrawn in the present study, this could have influenced absolute myocardial 
123I-MIBGG uptake measurements. On the other hand as medication was not altered, 

measuredd differences in I23I-MIBG uptake will still reflect the effect of CRT. 

Anotherr possible limitation might be that in the present study we did not perform 

tomographicc imaging. However, especially in patients with end-stage HF it is 

extremelyy difficult to obtain adequate tomographic acquisitions, due to poor 

contrastt between myocardium and surrounding tissue. 

Furthermore,, the present study might be limited by the lack of a control group. 

However,, in light of clinical evidence, it is not ethical to withheld CRT in a control 

groupp with severe HF and clear indications for CRT. 

Conclusions s 

Cardiacc resynchronization therapy induces favorable changes in the neurohumoral 

systemm already within the first 6 months in patients with severe HF. 
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