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Abstract t 

Background d 

Althoughh it is known that CRT in HF patients improves systemic circulation, its 

acutee effects on microcirculation are as yet unknown. Therefore we investigated the 

sub-linguall  microcirculatory changes in heart failure (HF) patients due to cardiac 

^synchronizationn therapy (CRT) and right ventricular pacing (RV) by use of orthogo-

nall  polarization spectral (OPS) imaging. 

Materialss and methods 

Twelvee consecutive HF patients with a CRT device and 10 healthy individuals were 

included.. Acute microcirculatory changes were assessed by functional capillary 

densityy (FCD) and capillary velocity (CV) after previous six months of CRT. FCD and 

CVV were measured in HF patients sub-lingually after 15 minutes of programming in 

onee of the pacing modalities (no pacing, RV pacing, and CRT) in dual chamber mode. 

Results s 

FCDD was significantly higher in healthy individuals (10.9  1.9. cm/cm2) compared 

too HF patients with RV pacing (8.9  1,9. cm/cm2, p = 0.025) and no pacing 

(8.33  2.4, cm/cm2, p = 0.008), CRT (12.1  2.2. cm/cm21 significantly increased FCD 

inn HF patients compared to RV pacing (8.9  1.9 cm/cm2, p=0.03) and no pacing 

(8.33  2.4, cm/cm2. p=0.018). CV was normal in all patients with or without pacing. 

Conclusions s 

CRTT improves microcirculatory function as assessed by OPS imaging. 
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Chaprerr S 

Introduction n 

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 

ejectt blood.1 The symptoms of HF can be explained in terms of microvascular 

dysfunctionn within the tissues, either inadequacy of nutritive flow or failure to 

preservee tissue fluid economy,23 

Cardiacc resynchronization therapy (CRT) on top of optimal pharmacological therapy 

hass already been shown to improve cardiac and systemic hemodynamics. CRT 

inducess reduction of symptoms of HF. reduction of hospital admission, improves 

exercisee capacity, V02 max and left ventricular (LV) function,4 

Soo far. imaging of the human microcirculation in patients with HF has been limited 

too observations in nailfold and conjunctiva,235 Orthogonal polarization spectral 

(OPS)) imaging is a recent technique for non-invasive observation and quantification 

off  microcirculatory function in patients. The OPS imaging, which uses green 

(wavelengthh 550 nm) polarized light that is guided through a set of lenses, was 

originallyy introduced by Slaaf et al. The OPS technique was validated in previous 

studiess with septic shock, brain tumors, nailfold skin and comparing OPS with 

conventionall  capillary microscopy in healthy volunteers. In addition, other studies 

weree performed to assess the effects of no rep inephr ine and dopamine on human 

intestinall  mucosal perfusion. 7 1 0 13 

Thee OPS imaging technique provides the unique opportunity to quantify measure-

mentss of relevant physiological parameters in the microcirculation such as function-

all  capillary density (FCD) and capillary flow (CV). FCD is defined as the length of 

capillariess perfused with red blood cells per observation area and is given in cm/ 

cm2.. Since red blood cells are taken into account in the FCD measurements. FCD is a 

directt measure of nutritional tissue perfusion and an indirect measurement of 

oxygenn delivery to tissue.1^ 

AA recent study using OPS imaging, identified abnormal microcirculatory flow 

alterationn in patients with severe HF.7 However, studies examinating the effect of 

CRTT on microcirculation in patients with severe HF are lacking. In this study, we 

testedd the hypothesis that in patients known to respond to CRT, CRT also improves 

microcirculationn in these patients by observation of sub-lingual microcirculation 

withh OPS. 
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Materialss and methods 

Studyy population 

Twelvee consecutive patients (9 male, 3 female. 64.5 5 years) with chronic 

symptomaticc HF referred for implantation of a CRT device were included in the 

presentt study after informed consent. Ten age matched healthy individuals (HI) 

withoutt co-morbidity and medical therapy (10 women: 61.4  2.3 years) were 

includedd to confirm the hypothesis that HF patients have an impaired microcircu-

lation.. Patients received CRT to the criteria of device implantation according to 

ACC/AHAA criteria (ejection fraction < 35%. QRS width > 120 ms, and severe HF in 

NYHAA functional classes III or IV despite maximally tolerated medical treatment for 

HF)) and measured echocardiographic LV asynchrony (septal to lateral delay >60 ms) 

ass previously described.' l5 Between 2000 and september 2004. in 53 patients CRT 

devicess were implanted in our hospital. Due to the criteria used in our academic 

centerr for implantation of CRT devices lower than 10% of the patients with a CRT 

devicee are non-responders. So the majority of the patients are responders. Five 

patientss had a history of managed hypertension and 2 patients had also type II 

diabetess mellitus. 

Randomizationn protocol and study design 

Beforee pacemaker implantation (baseline) and 6 months after CRT, NYHA classifica-

tion.. QRS width, left ventricular (LV) functional parameters using echocardiography 

parameterss were assessed. Standard biventricular pacemaker implantation was 

performedd using available biventricular pacemakers (Guidant, Minnesota, USA: 

Medtronicc Minneapolis USA). The right atrial lead was positioned in the right atrial 

appendagee and the ventricular lead was positioned in the right ventricular apex. The 

LVV pacing lead was positioned in a posterior or lateral branch of the coronary sinus 

inn all patients. A biventricular DDDR system was used in 11 patients. In 1 patient 

thee implantation of an internal defibrillator was also indicated and a combined 

devicee was implanted. The echocardiographically optimized sensed AV delays were 

betweenn 100-120 msec. 

Echocardiographyy parameters were measured with a Vivid 7 ultrasound device 
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(GE-Vingmedd Ultrasound, Horten Norway). Patients were imaged in the left lateral 

positionn using 2 D, M mode, color-doppler and tissue doppler echocardiography. 

Thee left ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic 

diameterr (LVESD) were measured from the parasternal long axis view. Mitral regur-

gitationn was classified semi-quantitatively in four degrees (I = mild, II - moderate, 

IIII  = moderate to severe. IV = severe). 

Alll  patients responded beneficially to CRT. FCD and CV were measured after 6 

monthss of CRT in an acute setting using OPS imaging. In each patient FCD was 

measuredd in one session at random with 1) no pacing in HF patients, 2) RV pacing 

andd 3) biventricular pacing. The heart rates in the RV and biventricular pacing mode 

weree programmed to fixed 60 beats/min. Measurements were done after fifteen 

minutess of pacing in the at random programmed mode and with no pacing. In each 

patient,, the systolic and diastolic blood pressure was measured once with a mercury 

sphygmomanometerr 15 minutes after each pacing modality. In 10 healthy individu-

alss also the FCD and the CV were measured. 

Orthogonall  polarization spectral imaging 

Thee OPS imaging device uses the absorption of hemoglobin to visualize the micro-

circulationn using a polarized light technique as described before.59,12 16 The subject 

mediumm is illuminated with light that has been linearly polarized in one plane, 

whilee imaging the remitted light through a second polarizer oriented in a plane 

preciselyy orthogonal to that of the illumination. In order to make the image, the 

lightt is collected , passed through a spectral filter to isolate the wavelength region, 

andd linearly polarized. 

Functionall  capillary density and capillary velocity 

Alll  patients and HI were examined in the resting sitting condition in the afternoon 

withh uniform room temperature. The sublingual microcirculation was observed by 

OPSS imaging (Cytoscan A/RII (Cytometrics. Philadelphia, Pa), with a 5 X objective 

providingg a 166 X final magnification as previously described.0 l2Ab For FCD meas-

urements,, three sublingual regions of interest were selected. From each region two 

imagess with the best visual quality in every subject were analyzed. Measurements 

weree digitally videotaped for 1 minute. All computed aided analyses was performed 
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usingg Cap-image computer computer programme (Cap-image; H Zeintl, Heidelberg, 

Germany99 10). FCD was measured as the length of capillaries perfused with red 

bloodd cells per observation area given in cm/cm2 as described previously. ' 

Twoo independent blinded investigators analyzed the perfusion in the microcircula-

toryy bed semi-quantitatively as described elsewhere.12 The perfusion was scored in 

low.. normal and high flow at each measurement. 

Statisticall  analysis 

Thee non-parametric data were analyzed using the Mann- Whitney U test. All data were 

expressedd as mean  SD. A P value <0.05 was considered statistically significant. 

Results s 

Patientt Population 

Twelvee patients were included in the study, of which 8 had non-ischemic heart 

disease.. All patients were in sinus rhythm except one patient who was in chronic 

atriall  fibrillation with slow atrioventricular conduction. All of the patients used 

diuretics.. 83% ace-inhibitors. 42% p-blocker. 25% amiodarone and 8% calcium-

antagonist.. All patients were responders to CRT indicated by a significant decrease 

inn NYHA classification from 3.6  0,5 to 2.3  0.6 (p< 0.001), decrease in QRS width 

fromm 179  17 to 156.0  14 msec (p<0.001). increased LV ejection fraction from 14 

too 22% (p<0.001), reduction of LVEDD from 73  9 to 67  9 mm (p = 0.005) and 

LVESDD from 64.8  7 to 57.5  12.2 mm (p = 0.005). In addition, mitral regurgitation 

decreasedd from 3  0.5 to 2.2  0.8 (p = 0.04). Mean blood pressure in the HF 

patientss with biventricular pacing was 125  13 mm Hg, with RV pacing 121  9 mm 

Hgandd no pacing 114  7 mm Hg (p = 0.786). 

Functionall  capillary density and capillary velocity 

Inn four patients pacing could not be terminated because of inadequate intrinsic 

rhythm.. During intrinsic rhythm FCD was the lowest [&.  2.4 cm/cm2). Biventricular 
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Figuree 1, Functional capillary density 
off  heart failure (HF) patients with 
intrinsicc rhythm (INT), with cardiac 
^synchronizationn therapy (CRTV right 
ventricularr pacing (RV) and of healthy 
individualss (HI). HF vs. CRT = 
pp = 0.018: HF vs. HI =p = 0.008; CRT vs. 
RVV = p = 0.03: RVvs. HI =p = 0.025. 

HF-INTT HF-CRT HF-RV HI I 

Figuree 2.a.: Images of the microcircu-
lationn with the CRT device pro-
grammedd Off. 

Figuree 2.b.: Images of the microcircu-
lationn with the CRT device pro-
grammedd On. Notice that the capillary 
densityy is higher when the CRT device 
iss programmed On. 
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TableTable 1, Functional capillary density of HF patients, 
duringg right ventricular pacing and CRT. 

Patients s 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 

HF-INT T 

8.7 7 
11.5 5 
7.1 1 
8.8 8 
3-8 8 
7.2 2 
9,5 5 
8.9 9 

RV V 

8.8 8 
11.4 4 
6.4 4 
7.7 7 
6.2 2 
8.8 8 
7,7 7 
8 8 

12.3 3 
10.6 6 
8.8 8 

10.5 5 

CRT T 

93 3 
14.1 1 
12 2 
9.3 3 

14.5 5 
10.1 1 
14 4 
13 3 
14.9 9 
138 8 
10.4 4 
10.1 1 

HF-INTT = heart failure patients with intrinsic rhythm; 
RV== right ventricular pacing: CRT = cardiac 
^synchronizationn therapy: -notavailable. 

pacingg significantly increased FCD compared to RV pacing (12,1  2.2. cm/cm2) vs. 

(8.99  1.9 cm/cm2, p = 0.03) and no pacing in HF patients (8.3  2.4, cm/cm2. 

p=0.018,, see table 1, figure 1). Figure 2.a and 2.b are representative figures showing 

thee capillaries during pacemaker programmed off and with CRT on, Age matched HI 

hadd significantly higher FCD than HF with the intrinsic rhythm; 10.9  2.0 vs. 8.3

2.44 cm/cm2, p = 0.008. The FCD in age matched HI compared to FCD induced by CRT 

weree not significantly different {10.9  2.0. vs. 12.1  2.2, cm/cm2). Capillary 

velocityy was normal in all patients in each pacing modality and also when the 

pacemakerr was programmed off. 

Discussion n 

Inn this study, we showed for the first time that cardiac resynchronization therapy 

acutelyy improves microcirculatory perfusion. Today, the beneficial effects of CRT on 

topp of optimal pharmacological therapy, regarding HF symptoms, hospital admission 

ratess and LV function together with systemic circulation, are well establised. The 

MUSTICC study showed the maintenance of clinical and hemodynamic benefits after 

122 months of CRT and an improvement of left ventricular ejection fraction.1' Acute 

hemodynamicc studies with CRT showed improvement in systolic blood pressure, 

pulmonaryy capillary wedge pressure, dp/dt, V02 max and cardiac output.18 19 In the 
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PATH-CHFF study, CRT decreased the left ventricular end diastolic pressure signifi-

cantlyy and increased dp/dt.4 Stroke volume and ejection fraction increased within 2 

dayss after CRT in the recently published study by Gorscan et al. 18 The microcircula-

toryy changes in our study were already reached within 15 minutes, while previous 

studiess showed also that the macrocirculatory changes could be observed within 20 

minutes.44 20 The improvement in microcirculation likely contributes to the ob-

servedd beneficial clinical respons and may explain why some patinets with marked 

functionall  benefit despite limited objective increase in LV ejection fraction im-

prove,, since improvement in microcirculation means more oxygen delivery to the 

tissuess (like muscles). 

Thee present study confirmed recent observations by De Backer et al, 7 of decreased 

microcirculationn in HF patients imaged with the OPS technique. Main changes in 

microcirculatoryy in patients with HF are reduction of capillary density and blood 

velocityy as described in previous reports using several other techniques,3 21 22 The 

mechanismm for the changes is not clear yet. Influencing factors for these changes 

couldd be various inflammatory mediators, increase of tumor necrosis factor, reactive 

oxygenn species, increase of adrenergic agents, and increase of sympathovagal 

imbalance.. 3' 5 Whether long term CRT can undo these negative changes by e.g. 

reducingg sympathovagal imbalance and by improving cardiac output has to be 

investigatedd in the future. 

Inn the present study, the FCD increased significantly with CRT. A possible explanation 

forr the direct increase of the FCD with CRT is the improvement of tissue perfusion by 

ann increase in dp/dt and stroke volume, because microcirculatory control mechanisms 

activelyy respond to changes of cardiac output as the heart similarly reacts to altera-

tionss in pre- and afterload. However, clinical studies showed that improvement of 

macrocircualtionn does not necessarily result in improvement of microcirculation.7 21 

Nevertheless,, in our opinion improving microcirculation might be more important 

thann improving macrocirculation as illustrated in the study of De Backer et al. These 

investigatorss showed that in patients with acute severe HF and cardiogenic shock, the 

proportionn of especially perfused small vessels was higher in patients who survived 

thann in patients who did not survive, although the perfusion of large vessels was 

preservedd in all patient groups. 

Similarr improvement in FCD was observed in a recent OPS study by Creteur et al. in 

septicc patients where correction of systemic hemodynamic parameter also led to an 

improvedd FCD. Treatment by catecholamines of septic shock patients also resulted 
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inn capillary recruitment. 

Thee capillary velocity in our patients were normal and did not change with CRT and 

RVV pacing. Which is in contrast to the study of the Backer et al,7The difference in 

resultss could be explained by the different methods used for the analysis. They 

recordedd 20 seconds, whereas we recorded 1 minute. Furhtermore, the patient 

populationn in the study of De Backer et al. have more severe heart failure compared 

too the patients in our study. Namely 77% of the patients were in cardiogenic shock 

usingg inotropics Idobuatmine, dopamine, noradrenaline) with dilating effect on 

capillariess with as consequence lower flow. However, in our patients there was 

alreadyy normal flow but new capillaries are recruited. 

Limitations s 

AA limitation to the present study might be the fact, that we were not able to investi-

gatee stroke volume and dp/dt simultaneously with the OPS measurements. These 

dataa could provid more detailed information about the correlation of systemic 

hemodynamicss and microcirculatory changes. Furthermore, measurements were 

donee for 15 minutes only in responders to CRT and only after device implantation. 

Futuree research should investigate whether non-responders show no or reduced 

microcirculatoryy changes. In addition, it would be of interest to know whether 

microcirculatoryy changes at implant could predict beneficial response to CRT and 

whetherr CRT induces beneficial long-term microcirculatory changes. The study 

populationn is too small to directly correlate the improvement in microcirculation to 

thee observed clinical benefit. 

Itt is known that hypertension and diabetes mellitus can induce microcirculatory 

alterations.277 2S However, in our opinion the role of these possible alterations have 

noo significant role in our study for several reasons. First, the patients had no severe 

hypertensionn or complicated diabetes. Second, each patient was his/her own 

reference.. Third, patients with hypertension and diabetes mellitus responded with 

aa identical microcirculatory changes to the switch in pacing mode compared to the 

otherr patiens. 
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Conclusions s 

Ourr data confirm that heart failure patients have a disturbed microcirculation 

comparedd to healthy individuals. Cardiac resynchronization therapy induced an 

acutee improvement of microcirculation as assessed by OPS. 
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