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ChapterChapter 4 

Propertiess of Unipolar 
Electrogramss Recorded 
Withh a Basket Catheter 

Unipolarr electrograms obtained from a basket catheter in the blood-filled 
cavityy differ from those obtained by endocardial balloons during antiar-
rhythmicc surgery. We investigated these differences using basket catheter 
recordingss obtained from isolated porcine and canine hearts which could 
bee filled with perfusion fluid and evacuated at will . The results indicated 
thatt the differences between basket and balloon recordings are largely at-
tributablee to the presence and absence of blood. Activation maps obtained 
inn the presence and absence of blood were usually similar and only dif-
feredd in a minority of cases at sites where electrograms revealed multiple 
deflections.. — Submitted for publication [203]. 

4.11 Introduction 

Multielectrodee "basket" catheters allow the simultaneous recording of up 
too 64 unipolar endocardial electrograms. Basket catheters have been used in 
animalss [63,78,117], human atria [221], and the human left ventricle [229], 
andd are applied in patients to analyze a tachycardia circuit prior to ablation 
[78].. Our group has used the Constellation™ Basket catheter (Boston Scien-
tifi cc Inc., Natick, MA, USA) with 64 unipolar leads in combination with body 
surfacee mapping, e.g. to study the arrhythmogenic substrate and exit-site 
localizationn of postinfarction ventricular tachycardia (VT) [48]. The study 
revealedd that electrograms obtained with the basket catheter differed from 
thosee obtained with other recording techniques, most notably by showing 
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relativelyy slow deflections and a low incidence of R waves. These differ-
encess were not apparent in earlier reports on basket catheter applications, 
wheree bipolar recordings were used [63,78,117,221,229]. 

AA modality that lends itself for comparison is the endocardial balloon, 
whichh has been used during antiarrhythmic surgery [7,8]. Basket and bal-
loonn recordings made by our group are comparable in the sense that they 
bothh have 64 unipolar leads and a similar interelectrode distance. 

Thiss study was aimed at characterizing the quantitative differences be-
tweenn electrograms recorded with basket catheters, with endocardial bal-
loons,, and with conventional catheters, in order to detect possible sources 
off  error when using the basket catheter for diagnosis. 

Itt was expected that the presence of blood would be a major cause of dif-
ferencess between electrograms recorded with the endocardial balloon and 
thee basket catheter. Therefore, we recorded electrograms with the basket in 
thee left ventricle of isolated canine and porcine hearts, where the ventricle 
couldd be filled with perfusion fluid and evacuated at will . This allowed us 
too record electrograms in both absence and presence of fluid in otherwise 
comparablee circumstances. 

Thee differences between the empty and filled cavity found in these ex-
perimentss are compared to differences between balloon recordings and bas-
kett recordings in patients, in order to estimate the applicability of the re-
sultss to human electrograms. 

4.22 Methods 

Endocardiall  electrograms were recorded in unipolar mode in patients and 
inn isolated animal hearts, using a total of three modalities: the endocardial 
balloonn [7,8], the basket catheter, and conventional mapping catheters. The 
endocardiall  balloon was only used in patients, because the available bal-
loonss were too large for the animal hearts. Measurements with the basket 
catheterr were made in both patients and isolated canine and porcine hearts. 
Sincee the recording system used for standard mapping catheter recordings 
inn patients did not allow digital export of data, we could not use these data 
forr quantitative analysis. Therefore, only mapping catheter data obtained 
fromm isolated animal hearts were analysed. 

Itt was shown previously that activation times correspond with the in-
stantt of maximum negative dV/dt in the local unipolar electrogram [5,248]. 
Sincee activation detection is an important application of endocardial map-
ping,, we studied max( —dV/dt) values in the electrograms. Using the no-
tationn D = dV/dt we denote max( dV/dt) as Dmin. In addition, R-wave 
peakk amplitudes and total QRS amplitudes were studied. Analysis was per-
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formedd using our own MAJJAB software [207,208] (chapter 10) and custom 
softwaree written in MATLA B (The Math Works Inc., Natick MA, USA). 

4.2.11 Patient data 

InIn five patients, both endocardial balloon and basket catheter recordings 
weree obtained (not simultaneously). 

Balloonn recordings were made during antiarrhythmic surgery [9]. Sig-
nalss were band-pass filtered (3 dB points 0.16 and 400 Hz), and digitized at 
aa frequency of 1 kHz with 2uV resolution and a range of 16 bits. Sixty-four 
channell  recordings of 1.5 s duration were made during endocardial pac-
ing.. A total of 316 paced complexes was analyzed. We limited the study to 
pacedd beats because we wanted to assess the influence of the activation or-
der,, particularly in the animal data, which requires pacing, and paced beats 
cannott easily be compared with spontaneous beats. 

Recordingss with the basket catheter were made during preoperative 
electrophysiologicc study. Pacing was attempted at all basket electrodes; 
pacedd beats were recorded while pacing with a current strength just above 
threshold.. Simultaneous recordings from 61 basket leads and 64 body sur-
facee leads were made continuously during the procedure. The surface leads 
weree used in this study for QRS detection, and were used in other studies. 
Signalss were band-pass filtered (3 dB points 0.16 and 400 Hz) and digitized 
att a frequency of 2 kHz with 2 uV resolution and a range of 16 bits. For each 
pacingg electrode where capture was obtained, at most nine complexes were 
analyzedd (eight complexes on average). 

Automatedd analysis of basket data The basket recordings obtained from 
patientss were analyzed automatically. Techniques for automatic QRS detec-
tionn and baseline correction described in chapter 6 were used for this pur-
pose.. This approach made it possible to analyze vast amounts of data with 
relativelyy littl e effort. Typically nine beats were analyzed for each of the 64 
pacingg electrodes while these paced beats had to be located first within a 
numberr of recordings, each of several minutes length—a task that would 
havee been rather tedious to perform manually. 

4.2.22 Animal data 

Endocardiall  electrograms were recorded with the basket in one canine heart 
andd two porcine hearts in Langendorff setups [171]. Because the aorta was 
cannulated,, the basket catheter was inserted into the left ventricle through 
thee mitral valve ring, after removal of the left atrium. The ventricle was 
filledd with perfusion fluid (50 % blood 50 % Tyrode's mixture), allowing the 
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recordingg of electrograms in the presence and absence of blood but other-
wisee equal conditions. The filled cavity was emptied by opening a canula 
whichh was located in the LV apex. Recordings were made while the heart 
wass paced either at the right atrium, at the LV apex, or at the LV base. In the 
porcinee hearts, a standard 7 F endocardial catheter was inserted between 
thee splines of the basket. 

Signalss were band-pass filtered (3 dB points 0.16 and 800 Hz) and digi-
tizedd at a frequency of 1 kHz with 2 uV resolution and a rangee of 16 bits. 

4.2.33 Analysis 

Valuess of Dmin, peak-to-peak amplitudes of the QRS complex, and R-peak 
amplitudess were compared between balloon and basket recordings in pa-
tients.. In animal hearts, additionally values of Dmin, peak-to-peak ampli-
tudess of the QRS complex, R-peak amplitudes, and activation times were 
comparedd between the empty and filled cavity 

Thee s-peak amplitude Vs was defined as the most negative potential 
occurringg in the QRS complex. The R-peak amplitude VR was defined as 
thee highest potential occurring between QRS onset and the s-peak. In leads 
withh a relatively early and initially negative deflection, VR could be slightly 
negative.. Total (peak-to-peak) QRS amplitude was defined as VR - Vs. 

4.33 Results 

4.3.11 Maximum slope values and slope ratio 

Valuess of Dmiri for the three different recording techniques are shown in 
figuree 4.1. The values recorded in isolated animal hearts were larger than 
thosee recorded in in-situ patient hearts. However, there was a consistent 
differencee between values obtained in the filled and empty cavity in all 
subjects,, and for all pacing positions in isolated hearts. 

Theree was considerable variability in values between electrodes, and 
betweenn pacing positions. Therefore, the ratio of values in filled and empty 
cavitiess should in principle be compared on a per-electrode basis. We com-
putedd this ratio for each electrode in the porcine heart and determined the 
median,, R  ̂(table 4.1). 

Thiss ratio can not be used to compare animal data with patient data 
andd to compare balloon with basket recordings because there are no corre-
spondingg electrode positions. Therefore, we also computed a ratio R2, de-
finedd as the ratio of the median Dmin value over all electrodes in the filled 
cavityy and the median Dmin value over all electrodes in the empty cavity 
(tablee 4.1). Because the animal experiments showed that both ratios are 
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Figuree 4.1: Percentile graphs of dV/dt values, specified in Vjs. The vertical axis 
isis reversed because the values are negative. The central horizontal line in each box 
representsrepresents the median value, i.e. the 50th percentile; the ends of each box indicate 
thethe joth and joth percentiles. The T-shaped lines indicate the 10th and 90th per-
centiles.centiles. To facilitate comparison, the median levels of all 'empty' sets are indicated 
withwith dotted lines. Patients are labelled 1-5, porcine hearts pi and p2, the canine 
heartheart di. Tor animal hearts, data are presented separately for apical (ap), basal (b), 
andand right atrial (ra) pacing; comparing basket recordings in the empty and filled 
cavity.cavity. For patients, basket and balloon data are compared. In all data sets, black 
boxesboxes indicate a filled cavity and open boxes indicate an empty cavity. 

similar,, we used ratio R2 to compute slope attenuation in patients (compar-
ingg balloon and basket recordings), and to compare it with slope attenua-
tionn in isolated animal hearts (computed by comparing basket recordings 
inn an empty and filled cavity). 

4.3.22 R-peak and total QRS amplitude 

Inn figure 4.2, R-peak amplitudes and total (peak-to-peak) QRS amplitudes 
aree shown for all recordings in both patients and isolated animal hearts. In 
patients,, the median R-peak amplitude was 3.6-5.8 mV in balloon record-
ingss and 0.0-1.4 mV in basket recordings. In the isolated animal hearts, 
mostlyy low-amplitude R waves were present even when the cavity was 
empty.. Filling of the cavity yielded either disappearance or attenuation 
off  the R waves by 0-3 mV. 

Mediann total QRS amplitude was 7-15 mV (mean 11.4 mV) in balloon 
recordingss and 4-7 mV (mean 5.0 mV) in basket recordings in patients. In 
isolatedd animal hearts, median total QRS amplitude depended on the pacing 
site;; the mean reduction factor (R.,) was 0.71 on average. 

Forr a quantitative comparison of patient data and animal data, the ra-
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Tablee 4.1: Ratios RT and R2 (see section 4.3.1), for Dmin, R-peak amplitude, and 
totaltotal QRS amplitude. In isolated animal hearts, ratios were computed from compa-
rablerable measurements in the empty and filled cavity. In patients, R2 was computed 
fromfrom the averages of the medians of all balloon and basket recordings. 

subject subject 

1 1 

2 2 

3 3 

4 4 

5 5 

P i g1 1 

pigg 2 

R, , 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

0.677 0 

0.755  0 

Dm i n n 

.19 9 

.14 4 

R2 2 

0.69 9 

0.32 2 

0.44 4 

0.88 8 

0.43 3 

0.66 6 

0.75 5 

R-peak R-peak 

R, , 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

0.433 9 

0.722 2 

ampl. ampl. 

K K 
0.26 6 

0.01 1 

0.02 2 

0.00 0 

0.04 4 

0-34 4 
0.70 0 

QRSQRS ampl. 

R, , 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

n.a. . 

0.711 7 

0.833 7 

R* * 

0.56 6 

0.35 5 

0.49 9 

0.79 9 

0.44 4 

0.71 1 

0.83 3 

tioss R, and R2 for the R-peak amplitude and QRS amplitude are given in 
tablee 4.1. 

Thee activation order, which was varied by changing the pacing site (fig-
uree 4.3), had an influence on both R-peak amplitude and total QRS ampli-
tude,, as shown for a subset of leads in figure 4.4. The magnitude of these 
differencesdifferences was comparable to that resulting from the presence or absence 
off  perfusion fluid in the cavity. 

4.3.33 QRS morphology in isolated hearts 

Inn the isolated porcine hearts, pacing was performed at three positions: api-
cal,, basal, and right atrial. For each of the three pacing positions, record-
ingss were made with empty and filled cavities. Electrograms were com-
paredd between pacing positions and the presence or absence of perfusion 
fluid;; time alignment was based on the pacing spike. Complexes recorded 
withh an identical pacing position and cavity fillin g resembled each other 
welll  in morphology, dV/dt, and amplitudes. These features were all repro-
duciblee after repeated cavity fillin g and draining. Clear differences were 
presentt between complexes recorded in different situations: both the acti-
vationn order and the fillin g of the cavity yielded changes in the shape of the 
electrograms.. Results for a subset of leads are shown in figure 4.4. 

Electrogramss recorded with a conventional mapping catheter, which 
wass inserted between the splines of the basket, did not differ substantially 
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Figuree 4.2: R-peak and total QRS amplitude, both in mV. Labels are the same as 
inin figure 4.1. In all data sets, black boxes indicate a filled cavity while open boxes 
indicateindicate an empty cavity. In the animal hearts, R peaks are always smaller in the 
filledfilled cavity, as compared to the same pacing position in the empty cavity. Rela-
tivelytively large R peaks are observed in pi for basal pacing (especially at late activated 
sites,sites, as can be seen in figure 4.4); these peaks are attenuated when the cavity is 
filled.filled. Slightly negative R peak values are sometimes observed (see section 4.2.3). 
TotalTotal QRS amplitude is also consistently reduced by cavity filling. It is larger in 
isolatedisolated porcine hearts than in in-situ human hearts, and even larger in the canine 
heart. heart. 

fromm those recorded at the surrounding basket electrodes. An example is 
shownn in figure 4.5. 

4.3.44 Activation times in isolated hearts 

Inn the recordings made during apical stimulation in one of the isolated 
porcinee hearts (pi), activation times were compared between empty and 
filledd cavity. Statistically significant (p < 0.05) differences in estimated ac-
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emptyy cavity filled cavity 

A B C D E F G HH A B C D E F G H 

Figuree 4.3: Examples of activation maps obtained from a porcine heart (pi) with 
basalbasal (upper panels) and apical pacing (lower panels), in the empty cavity (left 
panels)panels) and in the blood-filled cavity (right panels). The base of the ventricle is 
locatedlocated just above the mapped region, near row 8; the apex is located below row 1. 
EachEach basket spline is represented by a column of the map, labelled A-H. Splines 
AA and H are adjacent and located at the septal wall. Splines B and C are located 
anteriorly;anteriorly; D and E laterally; F and G posteriorly. Basal pacing was performed near 
splinespline A and apical pacing near spline G. Activation times are given in milliseconds 
withwith respect to the pacing spike. No activation time is printed at sites where it 
couldcould not be determined due to broken wiring of the basket catheter. Isochrones are 
drawndrawn at 2 ms intervals. The electrode naming scheme is indicated at the sides of 
thethe activation maps. Most activation times differ little between recordings obtained 
eithereither in an emtpy or filled cavity. An exception is electrode Gi (arrows); this is 
explainedexplained in figure 4.7. 
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Figuree 4.4: Selected electrograms obtained from a porcine heart (pi) with basal 
(upper(upper panel) and apical pacing (lower panel). The corresponding activation maps 
areare shown in figure 4.3. To show both the differences between the empty and filled 
cavitycavity and the variability in each situation, electrograms of several complexes are 
superimposed,superimposed, using the pacing spike for alignment. Grey lines represent com-
plexesplexes recorded in the empty ventricle; black lines complexes recorded in the filled 
ventricle.ventricle. Unusual variability is observed in the electrograms recorded in the filled 
cavitycavity in leads A6 and H5 with basal pacing. This is probably due to incomplete 
filling,filling,  as it is only observed in basal leads. During basal pacing, large R peaks (up 
toto is mV) are observed at sites with the latest activation times in the empty cavity 
(G2,(G2, H$); in the presence of perfusion fluid these R peaks almost disappear. During 
apicalapical pacing, R peaks are much smaller in most leads; a notable exception is lead 
C4.C4. Complete statistics are given in table 4.1. 
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Figuree 4.5: Example electrogram recorded from the tip electrode of a stan-
darddard 7 F mapping catheter (tip), inserted between the splines of the basket in 
anan isolated porcine heart (pi). Electrograms from surrounding basket electrodes 
(A4,As,B4,B^)(A4,As,B4,B^) are plotted for comparison; with grey lines and superimposed on 
thethe tip lead signal, and in scaled-down versions adjacent to it. The electrograms 
werewere recorded at mid-wall positions (see for example the activation map in fig-
ureure 4.4) during apical pacing in the filled cavity. 

tivationn times were found in 8 of 40 leads (figure 4.6 (a)). The most pro-
nouncedd difference, 12 ms, occurred in lead G2 (arrows in figure 4.3; fig-
uree 4.7). This was caused by a double deflection where the presence of 
bloodd decreased the slope of the first deflection, which was the steeper in 
thee empty cavity. Filling of the cavity did not influence the slope of the sec-
ondd deflection, so that the second deflection became slightly steeper than 
thee first. A similar effect yielded an activation-time difference of 8 ms in 
leadd B4 in the same recordings (see the activation maps in figure 4.3). Other 
differencesdifferences in activation times were in the order of 2-4 ms, and appeared to 
bee due to a continuous shift in the timing of the deflection (figure 4.6 (a)). 

444 Discussion 

4.4.11 QRS morphology and amplitude 

Unipolarr endocardial electrograms obtained during activation of healthy 
myocardiall  tissue consist of either a positive and a negative deflection (a 
"RSS wave"), or a single positive deflection ("R wave"), or a single nega-
tivee deflection (a "QS wave"). Particularly in diseased tissue, more complex 
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(a)) (b) 

Figuree 4.6: Time dependence of the effects of cavity filling on electrograms, (a) Ac-
tivationtivation times of selected leads, obtained by a basket catheter in an isolated porcine 
heartheart (pi; see also the lower panel of figure 4.4) are shown. Tick marks on the hor-
izontalizontal scale of each plot indicate the recording number; approximately 30 seconds 
elapsedelapsed between recordings. The lead names shown in the bottom right corner of 
thethe plots are the same as in figures 4.3 and 4.4. The recording sequence begins 
withwith two recordings in the filled cavity (solid circles), followed by 6 recordings in 
thethe empty cavity (open circles), and another three recordings in the filled cavity. 
ForFor most leads, a linear trend is visible when the cavity is drying. In lead G2 
(figure(figure 4.7), the change in the estimated activation time is due to a discontinuous 
effect,effect, and occurs immediately when the blood is removed, (b) Effect of presence 
ofof fluid on activation time, Dmin, R-wave amplitude, and total QRS amplitude, in 
leadlead El in a porcine heart (pi), while pacing apically. Each complex is represented 
withwith a solid dot (filled cavity) or an open circle (empty cavity). Tick marks on the 
horizontalhorizontal axis represent intervals of 100 seconds. The cavity was filled for two 
periodsperiods of approximately three seconds each. In this lead, effects of presence of fluid 
lastedlasted over 100 s in Dmin and R-wave amplitude. 
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Figuree 4.7: Electrogram from lead G2 (upper panel) and its first derivative (lower 
panel)panel) in a porcine heart (pi, the same as in the lower panel of figure 44). A 
totaltotal of 11 complexes is superimposed. Five complexes were recorded in the blood-
filledfilled ventricle (black lines) and six in the empty ventricle (grey lines), all during 
apicalapical pacing. In the electrograms recorded in the empty cavity, the first deflection 
(labelled(labelled e1) was steeper than the second (ej. In the filled cavity, the first deflection 
waswas attenuated more than the second. Therefore, in the filled cavity, the second 
deflectiondeflection (f2) was steeper than the first (fj. Consequently, in the filled cavity 
thethe local activation time was estimated 12 ms later than in the empty cavity. The 
correspondingcorresponding activation maps are shown in figure 4.3. 

configurationss may occur ("fractionation"). Initial positive deflections are 
associatedd with an approaching wavefront, QS waves are associated with 
sitess from which the activation only moves away, i.e. mainly early activa-
tionn sites. 

Inn a set of recordings made in unipolar mode with a 64-channel basket 
catheterr in patients, we observed almost exclusively QS waves even at sites 
farr from the pacing site. 

Initiall  negativity in the electrogram was shown by Zimmerman and 
Hellersteinn to be a characteristic of the cavity potential, which is entirely 
negativee in the left ventricle [284]. Durrer and Van der Tweel, who recorded 
electrogramss with multi-electrode needles in the intact in-situ heart, re-
portedd that R waves occur only in epicardial and subepicardial layers; cav-
ityy leads (recorded from the distal electrodes of the epicardially inserted 
needles)) featured slow symmetric QS complexes [58, 59]. In a computer 
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modell  study, Geselowitz et al. reported large differences in both R-wave 
andd s-wave amplitude between endocardially and intramurally obtained 
electrograms,, even at a very small depth (50 um) [73]. In a study with an 
intracavitaryy probe, Liu et al. presented examples of cavity potentials in 
ann isolated blood-filled canine heart [156]. These recordings also featured 
smalll  or absent R waves. 

Inn this study, we observed a profound difference in R-wave amplitude 
betweenn electrograms recorded with the balloon (empty cavity) and the 
baskett (filled cavity) in patients, and hypothesized that this is due to the 
greaterr influence of remote tissue through the cavity potential when blood 
iss present in the cavity. 

Too test this hypothesis we made recordings in isolated animal hearts 
whichh could be filled with perfusion fluid and evacuated at will . Few 
RR waves were present in any of the basket recordings in the isolated hearts, 
inn both empty and filled cavity. Filling of the cavity yielded disappearance 
off  the R wave in some cases, and attenuation of the R wave in other cases. 
Inn many leads, attenuation of the s wave was observed after fillin g of the 
cavity. . 

Wee observed in individual leads that the presence of blood in isolated 
animall  hearts caused attenuation of the electrograms and decrease of Dmin, 
withh approximately a factor 0.7 (median over all leads; R1 in table 4.1). Us-
ingg a ratio of median values in the empty and filled cavity, these data can 
bee compared to the patient data (R2, table 4.1). The average ratio found af-
terr comparison of balloon and basket recordings in patients, which ranged 
fromm 0.32 to 0.88, was comparable to that found in animals (0.66 and 0.75, 
respectively). . 

Wee conclude that the differences between balloon and basket recordings 
aree largely due to the presence of blood in the cavity during basket record-
ings.. Another possible source of differences is the electrode geometry and 
walll  contact. The basket splines are thin and are not pressed against the 
walll  as adequately as the balloon electrodes or the tip electrode of a con-
ventionall  catheter. In addition, wall contact is reduced because the basket 
electrodess do not project from the basket splines like the electrodes of the 
endocardiall  balloon do. Lastly, trabeculae may prevent splines from mak-
ingg proper contact with the endocardium at all electrode positions. We in-
sertedd a conventional catheter between the basket leads for a limited num-
berr of measurements. An example is shown in figure 4.5. In all cases, the 
signall  from the catheter was similar to the signals from surrounding basket 
leads,, although the negative wave in the catheter tip signal in figure 4.5 is 
slightlyy narrower than that in the surrounding basket leads. 

Thee differences in amplitude of QRS complexes between the empty and 
thee filled cavity are similar to the results of Geselowitz et al. [73], who ob-
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servedd profound differences between dry tissue and tissue in a layer of fluid 
usingg computer model studies. Interestingly, these authors reported that 
evenn a very thin layer of fluid (50 urn) can have the effect of diminishing 
thee amplitude by approximately a factor 2. This could explain the slow ef-
fectt of draining the cavity in our experiments (figure 4.6 (b)), because the 
withdrawingg of most of the perfusion fluid may take a few minutes. 

4.4.22 Differences in estimated activation times 

Activationn times estimated as the instant of Dmin in a unipolar electrogram 
weree mildly affected by the presence of blood. In our experiments, no sig-
nificantt difference was observed in the majority of leads. Usually, differ-
encess were in the order of a few milliseconds, but values up to 12 ms were 
observedd in fractionated electrograms (figure 4.7). 

4.4.33 Implications 

Mappingg catheters usually have a ring-shaped electrode proximal to the tip 
electrode,, making it possible to record both unipolar and bipolar electro-
grams.. Ambiguities in the unipolar electrogram can therefore be resolved 
byy the bipolar electrogram, which due to the ring shape of the second elec-
trodee is not orientation-dependent if the angle between the wall and the 
catheterr is large. The endocardial balloon and basket electrodes do not have 
thiss option. Particularly the basket electrode has a limited number of leads 
duee to the limitation in the number of wires that can be contained in the 
catheterr shaft. Currently, at most 32 bipolar positions or 64 unipolar posi-
tionss can be used. Bipolar positions consist of two electrodes separated by 
aa shorter distance than the distance between the pairs, or between the elec-
trodess of the unipolar version of the basket catheter. Unipolar positions, 
inn contrast, are equally spaced. Since the resolution of unipolar mapping 
iss twice the resolution of bipolar mapping with the same (limited) number 
off  leads, unipolar mapping may be preferable. In addition, bipolar basket 
electrodee pairs have an orientation parallel to the wall, making them highly 
dependentt on the direction of an activation front, and thus weakening the 
advantagess of bipolar leads. 

Givenn the double resolution of the unipolar basket and the limited use 
off  bipolar pairs parallel to the tissue it is worthwile to attempt unipolar 
mappingg with either the balloon or the basket catheter. We showed that 
inn the presence of blood, activation times can still be estimated using the 
Dmirii instant. However, the presence of blood may influence the decision 
inn double activations or fractionated electrograms, like leads G2 and B4 in 
figuree 4.7. Fractionation is rare in our data of isolated animal hearts, but 
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iss frequently observed in electrograms recorded with the basket catheter in 
patients,, since the basket is usually applied in patients who suffered from 
previouss myocardial infarction and considerable scarring of the left ventri-
cle.. For improved accuracy and robustness, activation times may be esti-
matedd using the Laplacian of the potential as a measure of the transmem-
branee current Im [143,165,277]. For accurate Im estimation, interelectrode 
distancess should be very small, that is, in the order of 0.1 mm. Coronel 
ett al. showed that the Laplacian decreases with interelectrode distance 0.3, 
0.6,, ... 1.8 mm, but that the instant of zero crossing, which is used to esti-
matee the activation time, does not change [37]. Additional work is needed 
too establish the applicability of this technique to grids with interelectrode 
distancess in the order of 1 cm, which were used in our studies. 

Thee Dmin value in an electrogram is sometimes used to estimate the po-
sitionn of infarct scars. When selecting a threshold value for this purpose, the 
attenuationn caused by the presence of blood should be taken into account. 

Inn conclusion, we have shown that unipolar electrograms recorded with 
aa basket catheter are affected by the presence of blood, but can still be used 
forr activation mapping if appropriate care is taken in the analysis of frac-
tionatedd electrograms. 
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