
243

Similar pattern of diastolic function adaptation of both 
ventricles to programmed atrioventricular interval 

modification in patients with DDD pacing
DDD pacing`li hastalarda programlanm›fl atriyoventriküler intervalin modifikasyonuna

her iki ventrikülün benzer diyastolik fonksiyon adaptasyon paterni

OObbjjeeccttiivvee:: To evaluate both left ventricular (LV) and right ventricular (RV) diastolic performance adaptation to variable atrioventricular
interval (AVI), in patients with DDD pacing for complete heart block and to investigate a possible interaction between LV and RV in this
specific cohort of patients.
MMeetthhooddss:: We studied 22 consecutive patients (mean age 65.2 ± 14.3) who underwent DDD pacemaker implantation following admission
for complete heart block. One day following implantation, patients were paced at 3 different pacing modes, under the same programmed
heart rate and a different AVI (100, 150 and 200 ms respectively). Standard Doppler echocardiography of mitral and tricuspid valve inflow
was performed to evaluate LV and RV diastolic function, during each pacing mode.
RReessuullttss:: Left ventricular  and RV diastolic performance adaptation to variable AVI modifications was similar, showing a progressive
increase of late diastolic filling velocities and a subsequent decrease of E/A wave ratios following AVI prolongation. A short AVI of 100
or 150 ms was associated with improved LV and RV diastolic filling dynamics.
CCoonncclluussiioonnss:: In elderly patients with complete heart block and unimpaired systolic function undergoing DDD pacemaker implantation,
both ventricles share a similar pattern of diastolic function adaptation to AVI modifications and that might be the reflection of ventricular
interaction under this specific pacing mode.  (Anadolu Kardiyol Derg 2006; 6: 243-7)
KKeeyy wwoorrddss:: DDD pacing, diastole, AVI, adaptation, ventricular interaction

ABSTRACT

Ioannis H. Styliadis, Christodoulos E. Papadopoulos, Nikolaos I. Gouzoumas, Georgios Giannakoulas, 
Haralambos I. Karvounis, Mihail Karamouzis, Amalia Boufidou, Georgios E. Parharidis 

1st Department of Cardiology, AHEPA University Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece

AAmmaaçç:: Bu çal›flman›n amac› tam atriyoventriküler (AV) blok nedeni ile DDD pacemaker tak›lan hastalarda de¤iflen AV interval'e (AVI) hem
sol (LV) hem sa¤ (RV) ventrikül diyastolik fonksiyonlar›n adaptasyonunu de¤erlendirmek ve bu spesifik hasta grubunda  LV ile RV
aras›ndaki olas› etkileflimi araflt›rmakt›r.   
YYöönntteemmlleerr:: Tam AV blok nedeni ile klini¤e kabul sonras›  DDD pacemaker implantasyonu yap›lan 22 ard›fl›k hasta (ortalama yafl 65.2 ± 14.3
y›l) çal›flmaya al›nd›   ‹mplantasyon'dan 1 gün sonra hastalar 3 farkl› pacing modda ayn› programlanm›fl kalp h›z›nda ve farkl› AVI de (100
ms, 150 ms ve 200 ms, s›ras› ile) pacing edildi. Her pacing modda, LV ve RV diyastolik  fonksiyonlar› de¤erlendirmek amac› ile mitral ve
triküspid ak›mlar› standart Doppler ekokardiyografi ile incelendi.   
BBuullgguullaarr:: De¤iflen AVI'lere LV ve RV diyastolik performanslar›n adaptasyonu benzer idi, her AVI uzamas› sonunda geç diyastolik dolufl
h›zlar› progresif olarak artm›flt›r ve takiben E/a oranlar› azalm›flt›r. K›sa AVI (100 ms veya 150 ms) LV ve RV diyastolik dolufl dinamiklerinin
iyileflmesine neden olmufltur. 
SSoonnuuççllaarr:: Tam AV blok'lu ve korunmufl sistolik fonksiyonu olan DDD pacemaker tak›lan yafll› hastalarda, her iki ventrikül AVI modifikasy-
onlara benzer diyastolik fonksiyonun adaptasyon paterni paylaflmaktad›r ve bu spesifik pacing modda her iki ventrikülün etkilefliminin
göstergesi olabilir. (Anadolu Kardiyol Derg 2006; 6: 243-7)
AAnnaahhttaarr kkeelliimmeelleerr:: DDD pacing, diyastol, AVI, adaptasyon, ventriküler etkileflim

Introduction

In patients receiving a dual chamber DDD pacemaker, atri-
oventricular interval (AVI) is a critical parameter to increase he-
modynamics since an appropriately timed atrial systole can imp-

rove left ventricular filling and stroke volume according to the
Frank-Starling law. Previous reports have been focused mainly
on LV diastolic function optimization following DDD pacemaker
implantation demonstrating a large inter-individual variability of
the optimal AVI (1-3). In contrast, reports evaluating right ventri-
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cular diastolic function adaptation to different AVIs following
DDD pacemaker implantation are sparse and limited (4,5).

Doppler echocardiography is a well-established modality for
the evaluation of LV diastolic filling patterns in normal population
and in various types of pacing and remains up to date the stan-
dard method for the assessment of the optimal AVI in DDD pa-
cing mode (2). In normal subjects, standard Doppler-derived LV
filling indexes correlate significantly to those of the RV, demonst-
rating the close interaction between the two ventricles (6,7). This
observation might be the reflection of ventricular interdependen-
ce phenomenon, described almost four decades ago (8). Any-
way, patients with complete heart block are usually old and vent-
ricular interdependence might not exist.

We have recently published a paper assessing LV diastolic
function and atrial natriuretic peptide levels adaptation to vari-
able AVIs in patients with complete heart block and normal LV
and RV systolic function undergoing DDD pacing (9). In the same
population we sought to investigate the effects of the variation of
AVI on both RV and LV diastolic Doppler indices. On these gro-
unds, the present study was performed in order to elucidate two
major issues. The first one is if both ventricles exhibit a similar
pattern of diastolic function adaptation to variable programmed
AVI during DDD pacing, demonstrating indirectly the presence of
ventricular interaction in elderly patients, while the second issue
addresses the need for RV diastolic filling assessment in this co-
hort of patients, when optimizing the AVI. 

Methods

Study patients 
We studied prospectively 22 consecutive patients (mean age

65.2 ± 14.3 years, 12 male) with complete AV block and normal LV
and RV systolic function and without any medical history (9). All
patients were in NYHA functional class I and underwent a DDD
pacemaker implantation following detection of third degree AV
block. Atrial and ventricular leads had been positioned in the
right atrial appendage and in the right ventricular apex respecti-
vely. Exclusion criteria were determined as a poor echocardiog-
raphic window, spontaneous rhythm at rest and the presence of
significant systolic dysfunction, valve disease or pulmonary dise-
ase. 

Pacing protocol
All patients were assessed the day following pacemaker

implantation and they were evaluated under the same protocol
as previously described (9). They were examined in the supine
position and the pacemaker was programmed to a rate of 80 be-
ats / min in order to ensure a sequential AV pacing. Patients we-
re then paced for 3 successive continuous pacing periods of 30
minutes duration, using 3 selective AVIs (100, 150 and 200 ms)
respectively in a randomized fashion. During each specific pa-
cing period, LV and RV diastolic performances were evaluated
by Doppler echocardiography.

Blood pressure was evaluated before and at the end of
each pacing period in order to secure diastolic function assess-
ment under the same haemodynamic conditions. The data col-
lected, were categorized in three groups according to the speci-
fic AVI of DDD pacing under which they were obtained. To eva-
luate the effect of each specific AVI on LV and RV diastolic filling
dynamics, we compared the data obtained under the 3 different
stimulation modes.

Echocardiography
All patients underwent complete transthoracic echocardiog-

raphy and Doppler study before pacemaker implantation, 24 ho-
urs later (before pacing protocol initiation) and at 1 year follow-
up. Additionally LV and RV Doppler systolic and diastolic indices
were recorded during the 3 variable predefined AVIs according
to the methodology of the study. All antihypertensive medicati-
ons were withdrawn before any echocardiographic evaluation.

Transthoracic M-mode, 2-D and spectral Doppler (pulsed and
continuous wave) echocardiographic studies were performed
with a SIGMA “IRIS” apparatus (Kontron Instruments, France)
equipped with 2.8-3.5 MHz transducers. Standard M-mode me-
asurements were obtained from the left parasternal long axis view
according to the recommendations of the American Society of Ec-
hocardiography (10) and left ventricular fractional shortening was
obtained. LV and RV diastolic indices were accessed from the api-
cal four-chamber view by positioning a sized 2-4 mm sample volu-
me at the tips of mitral and tricuspid leaflets accordingly, during di-
astole and at end expiration. The following RV and LV diastolic in-
dices were calculated: peak velocity of E wave, representing early
filling; peak velocity of A wave, representing late filling; ratio of pe-
ak early to peak late velocity (E/A); deceleration time of E wave
(DTE); and finally filling time (FT). Furthermore, from the apical 5-
chamber view and by positioning a sized 2-4 mm sample volume at
the LV outflow tract, the LV outflow tract velocity time integral was
assessed (LVOT VTI). All Doppler indices were measured at six
consecutive beats and their values were averaged. 

Echocardiographic studies were recorded on SVHS videota-
pe and were analyzed offline by two experienced operators, blin-
ded to the clinical data. Intraobserver variability was established
by having one observer to measure echocardiographic data on
at least two occasions in 10 subjects selected at random from
the patient population under study (r=0.94). Interobserver vari-
ability was determined by having a second operator to measure
independently the same parameters in these subjects (r=0.89).

Follow-up
All patients were followed for 1 year in the outpatient pace-

maker clinic. Patients were reevaluated by echocardiography 1
year following implantation and the echocardiographic examina-
tion was performed under the baseline (implantation) conditions
(same AVI, pacing at 80 bpm for at least 30 minutes).

An informed consent has been obtained from all patients,
which comprised the study population. The study complied with
the Declaration of Helsinki and was approved by the Institutional
Committee on human research of our hospital.

Statistical analysis 
Results are expressed as mean values ± SD. For all variables

(except deceleration time of E wave) ANOVA for repeated me-
asurements (multivariate approach) was performed. For paired
comparisons “t-test” was implemented, verified by the “Tuc-
key's honest significant difference”. A linear regression model
was used in order to correlate diastolic and systolic Doppler in-
dices obtained during the 3 different stimulation modes. Values
of p<0.05 were considered to be statistically significant. 

Results

Of the total 22 patients, 20 were discharged on DDD pacing
mode with an AVI of 100 ms, while in 2 an AVI of 150 ms, was se-
lected due to a more favorable echocardiographic diastolic filling
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performance. There was no AVI modification throughout the fol-
low-up period. That means all patients were under the baseline
implantation conditions (same AVI, pacing at 80 bpm for at least 30
minutes) when evaluated by echocardiography 1 year following
implantation. Four patients were lost during follow-up period, whi-
le none of the rest complained of any symptom during this period. 

The effect of DDD pacing on heart rate and LV ventricular
systolic and both ventricular diastolic echocardiographic indices
throughout the follow-up period, are presented in Table 1. Left
ventricular fractional shortening showed no change throughout
the period of evaluation, meaning that DDD pacing did not offer
an analogous to diastolic filling improvement in LV systolic per-
formance. Both ventricular sizes, reflected by end-diastolic di-
ameter remained unchanged between implantation date and 12

months later, while both LV and RV Doppler diastolic indices sta-
yed unaffected as well (Table 1).

LV and RV diastolic function adaptation to variable 
AVI modification

Table 2 presents Doppler diastolic indices of both LV and
RV, during DDD pacing under the 3 different selected AVIs. We
noticed that both ventricles shared a similar pattern of diastolic
performance adaptation to programmed AVI modification, con-
sisting in a progressive greater contribution of late diastole to
ventricular filling together with a decrease of E/A ratio and filling
time, following prolongation of AVI. 

In addition, we observed that LV diastolic filling velocities al-
ways prevailed over RV ones, while differences in E/A ratios,
DTE and FT did not reach statistical significance. It must be emp-
hasized that LV and RV DTE evaluation under an AVI of 200 ms,
was not feasible due to the fusion effect of E and A waves under
this specific AVI.

Evidence of ventricular interaction during DDD pacing
Figure 1 represents a statistically significant positive corre-

lation between LV and RV E/A ratios obtained under an AVI of 100
ms. This finding in addition to a statistically significant positive
correlation between RV E/A ratio (TV E/A ratio, RV diastolic func-
tion index) and LVOT VTI (LV stroke volume index) obtained du-
ring all 3 different pacing protocols (Figure 2), demonstrates the
physiologic ventricular interaction in patients with DDD pacing. 

AVI selection
Our findings suggested that the shortest AVI of 100 ms or 150 ms

compared to 200 ms, exerted the most beneficial effect on diastolic
filling dynamics of both ventricles (Table 2) and was associated with
a more favorable LV stroke volume index (LVOT VTI) (Table 2).

Discussion

The present study demonstrates that DDD pacing mode in pa-
tients with complete heart block and a relatively preserved LV and
RV systolic functions, is associated with a similar pattern of diasto-
lic function adaptation of both ventricles to various AVI modificati-
ons and that might be the reflection of ventricular interaction du-
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VVaarriiaabblleess BBaasseelliinnee 2244 hhoouurrss 11 yyeeaarr 

((NN==2222)) ((NN==2222)) ((NN==1188)) 

Heart rate, bpm 41 ± 4 78 ± 8* 73 ± 5+

LVFS, % 37.23 ± 3.75 37.27 ± 3.72 36.88 ± 3.52

RVEDD, cm 2.3 ± 0.8 2.2 ± 0.6 2.3 ± 0.9

LVEDD, cm 6.1 ± 1.3 5.8 ± 1.0 6.1 ± 0.9

LVOT VTI, cm - 24.28 ± 3.16 25.65 ± 2.36

MV-E/A - 0.57 ± 0.22 0.65 ± 0.26

TV-E/A - 1.02 ± 0.29 1.02 ± 0.26

MV-DTE, sec - 0.149 ± 0.03 0.150 ± 0.02

TV-DTE, sec - 0.158 ± 0.02 0.161 ± 0.02

* denotes statistically significant difference (p<0.05), between baseline and 24 h post
implantation
+  denotes statistically significant difference (p<0.05), between baseline and 1 year post
implantation

LVEDD-  left ventricular end-diastolic diameter, LVFS-  left ventricular fractional short-
ening, LVOT VTI- left ventricular outflow tract velocity time integral, MV-DTE -left ven-
tricular deceleration time, MV-E/A- left ventricular ratio of peak early to peak late veloc-
ity, RVEDD- right ventricular end-diastolic diameter, TV-E/A- right ventricular ratio of
peak early to peak late velocity,  TV-DTE- right ventricular deceleration time

TTaabbllee 11.. HHeeaarrtt rraattee aanndd eecchhooccaarrddiiooggrraapphhiicc ddaattaa iinn ppaattiieennttss wwiitthh DDDDDD
ppaacciinngg bbeeffoorree,, aafftteerr aanndd oonnee yyeeaarr ffoolllloowwiinngg ppaacceemmaakkeerr iimmppllaannttaattiioonn

pp pp pp
AAVV ddeellaayy AAVV ddeellaayy AAVV ddeellaayy 110000 vvss 115500 mmss 110000 vvss 220000 mmss 115500 vvss 220000 mmss
110000 mmss 115500 mmss 220000 mmss AAVV ddeellaayy AAVV ddeellaayy AAVV ddeellaayy

MV-PVE, m/s 0.60 ± 0.10 0.55 ± 0.10 0.46 ± 0.10 NS 0.002 0.007

MV-PVA, m/s 0.69 ± 0.10 0.77 ± 0.10 0.87 ± 0.10 0.003 0.0005 0.002

MV- E/A 0.90 ± 0.20 0.72 ± 0.10 0.53 ± 0.10 0.012 0.0005 0.0005

MV-FT, sec 0.40 ± 0.00 0.37 ± 0.00 0.33 ± 0.00 0.003 0.0005 0.0005

MV-DTE, sec 0.15 ± 0.00 0.14 ± 0.00 NA NS NA NA

TV-PVE, m/s 0.46 ± 0.10 0.42 ± 0.10 0.37 ± 0.10 0.001 0.0005 0.0005

TV-PVA, m/s 0.43 ± 0.10 0.46 ± 0.10 0.51 ± 0.10 NS 0.0005 0.002

TV- E/A 1.10 ± 0.30 0.94 ± 0.20 0.74 ± 0.10 0.001 0.0005 0.0005

TV-FT, sec 0.42 ± 0.10 0.40 ± 0.10 0.36 ± 0.10 0.001 0.0005 0.0005

TV-DTE, sec 0.15 ± 0.00 0.14 ± 0.00 NA NS NA NA

LVOT VTI, cm 26.88 ± 3.60 26.26 ± 2.90 24.76 ± 2.50 NS 0.0005 0.0005

LVOT VTI- left ventricular outflow tract velocity time integral, MV-DTE- left ventricular deceleration time, MV-E/A- left ventricular E/A ratio, MV-FT- left ventricular filling time, 
MV-PVA- left ventricular  A wave peak velocity, MV-PVE-  left ventricular E wave peak velocity, NS- non significant, NA- non applicable, TV-DTE- right ventricular deceleration time; TV-
E/A- right ventricular E/A ratio, TV-FT- right ventricular filling time, TV-PVA- right ventricular A wave peak velocity, TV-PVE- right ventricular E wave peak velocity

TTaabbllee 22.. DDoopppplleerr ddiiaassttoolliicc ffiilllliinngg iinnddiicceess aanndd LLVV ssttrrookkee vvoolluummee iinnddeexx ((LLVVOOTT TTVVII)) aaddaappttaattiioonn ttoo vvaarriiaabbllee AAVVII



ring this pacing mode. Thus, we concluded that in this specific co-
hort of patients there might be no justification for RV diastolic func-
tion assessment during AVI programming and the routinely used LV
diastolic filling evaluation is sufficient for AVI optimization. 

Right ventricular in contrast to LV adaptation to different DDD
pacing modes, has not been widely investigated yet (4,5). Stan-
dard Doppler echochardiography is the more established techni-
que for AVI optimization in different kinds of pacing (1,3,6). This
modality that shares simplicity, accessibility and lower cost com-
pared to novel Doppler techniques was used in the present study
to assess diastolic function adaptation of both ventricles to diffe-
rent DDD pacing stimulations. We have shown that in both vent-
ricles there were a progressive greater contribution of late diasto-
le to ventricular filling together with a decrease of E/A ratio and fil-
ling time, following prolongation of AVI. Our results are consistent
with the findings of D' Andrea et al. who evidenced an analogous
ventricular adaptation, using both Doppler echocardiography and
tissue Doppler imaging (4). Additionally, we observed the strong
positive correlation between LV and RV E/A ratios as well as bet-
ween TV E/A ratio and LVOT VTI, displayed quite sufficiently physi-
ologic ventricular interaction. This association first described in
an experimental setting almost 4 decades ago (8) has been proved
to occur in normal subjects using standard Doppler echocardiog-
raphy (6,7). Elderly patients with DDD pacing have not been widely
evaluated yet for the presence of this phenomenon.

Currently there is increased evidence that the determination
of the optimal AVI for each patient should be individualized as it
has been proposed during the last decade (1-3,11,12). We have de-
monstrated that an AVI of 100 ms in the majority of the patients
tested, resulted to a more favorable RV and LV diastolic filling per-
formances. Interestingly this effect remained consistent throug-
hout the follow-up period, compared to longer AVIs. In addition,
differences in the parameters tested were consistently more sig-
nificant when shorter AVIs were compared with the longer AVI of
200 ms, while they were less significant when the shorter AVIs
(100 vs 150 ms) were compared together. Thus we concluded that
this beneficial and sustained effect of a short AVI on myocardial
performance might be attributed to the similar pattern of diastolic
function improvement of both ventricles, under this specific AVI
and not only to the LV diastolic function optimization alone. This

statement of course stands for patients with complete heart block,
normal or near normal LV systolic function with no evidence of co-
ronary artery disease or conditions affecting RV performance. In
contrast, in patients with RV dysfunction and disturbed systolic
and diastolic function there might be a need for evaluating RV di-
astolic filling dynamics during AVI optimization for DDD pacing.
This could be performed using the standard Doppler echocardiog-
raphy or tissue Doppler myocardial imaging modality.

There are some limitations in the study design that must be
taken into account. First, the number of the patients was relati-
vely small. Second, in the present study all echocardiographic
measurements were performed at a programmed heart rate (80
beats per min) at rest and supine position and no evaluation of di-
astolic function adaptation was performed during physical exer-
cise that might improve the reliability of our findings. Third and
possibly most important, diastole is a complex phenomenon and
diastolic filling patterns, may be influenced by a number of fac-
tors such as autonomous nervous system, preload and afterload
variations. In accordance we evaluated diastolic function under
relatively stable haemodynamic conditions for all patients, which
anyhow served as their own control. All measurements of dias-
tolic function indices were assessed at the end-expiration. Addi-
tionally, although these indices might be influenced by load vari-
ations and respiration, those could not affect our results due to
the inter-individual method of assessment (paired comparisons)
and furthermore due to the synchronous LV and RV diastolic
function evaluation. Nevertheless, this remains a compromise
and a limitation of the study. Novel modalities, such as automa-
tic border detection (13), assessment of RV myocardial perfor-
mance index (14) and especially Doppler tissue imaging
(4,5,15,16) have emerged as promising tools in the evaluation of
RV diastolic function and are currently under validation.

Conclusions

The results of the present study suggest that in elderly pati-
ents with complete heart block and normal RV and LV systolic
function, RV adapts to DDD pacing mode and AVI modifications
in an analogous and sustained manner to the LV and this finding
exhibits a mode of ventricular interaction. 
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Figure 1.  Correlation between RV and LV E/A ratios during pacing with
an AVI of 100 ms
AVI- atrioventricular interval,  RV E/A ratio- right ventricular ratio of peak early to peak late
velocity,  LV E/A ratio-  left ventricular ratio of peak early to peak late velocity

Figure 2. Correlation between  RV E/A ratio and LVOT VTI  values obtained
during all 3 stimulation modes
RV E/A ratio- right ventricular ratio of peak early to peak late velocity,  
LVOT VTI- left ventricular outflow tract velocity time integral
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