
The incidence of cardiac implantable electronic device (CIED) 
implantation is growing steadily as life expectancy of the 

population increases and indications for these devices expand. 
The potential of CIED lead-mediated interference with tri-

cuspid valve (TV) function is gaining increasing recognition 
as a cause of adverse clinical outcome [1-3]. CIED-related TV 
dysfunction includes regurgitation and, less commonly, steno-
sis. The prevalence of significant device-related tricuspid regur-
gitation (TR) ranges between 7–45% [2,4,5]. 

TR may occur over time after lead implantation or may de-
velop acutely. The mechanism may be implantation-related, 
pacing-related, and device-mediated. Causes of device-mediat-
ed TR may include valve obstruction caused by lead placed in 
between leaflets, lead adherence due to fibrosis and scar for-
mation to valve causing incomplete closure and restriction of 
leaflets, lead entrapment in the TV apparatus, interference with 
valve coaptation, mechanical perforation or laceration of leaf-
lets, annular dilatation, or functional-asynchronized activation 
of right ventricular (RV) from apex to base in patients with high 
pacing burden [1,6,7].

Conflicting data are available regarding the significance of 
pacing induced RV dyssynchrony in device-related TR [2,3,8,9]. 
There are also limited or conflicting data regarding the contribu-
tion of the following factors to CIED-induced TR, which may 
include the implantation technique, physical properties of the 
leads, their bulkiness and stiffness, number of leads crossing the 
TV annulus, and lead location [5]. 

TR is not a benign condition. Although generally well-toler-
ated in its early stages [10], with time, TR might be associated 
with pulmonary hypertension, right sided heart failure, and in-
creased morbidity and mortality [11-13].

Several issues remain unanswered, such as the true preva-
lence of CIED-mediated TV dysfunction and the true mecha-
nism of CIED-related TR. The role of routine baseline echo-
cardiography prior to implantation is still unknown as well as 
the need for monitoring TR post procedure. In addition, it is 



still unknown whether echocardiography has a role in provid-
ing intraprocedural guidance for optimal lead position prior to 
lead fixation.

We performed a prospective randomized controlled study 
to compare the rate of TR deterioration in patients undergoing 
device implantation with intraprocedural 2-dimensional-trans-
thoracic echocardiographic (2DTTE) guidance versus patients 
without echo guidance. The yield of this method was investi-
gated individually. Each patient served as his/her own control.

The study objectives were to evaluate prospectively in a 
randomized controlled design the efficacy of intraprocedural 
2DTTE in reducing/preventing lead associated TR and to ex-
plore the role of several factors in aggravation of TR post-CIED 
implantation. Concerns with CIED implantation included lead 
location (role of intraprocedural echo), high percentage RV pac-
ing, venous access (cephalic/axillary or subclavian), lead prop-
erties (pacing/defibrillation, passive/active, device/lead man-
ufacture), lead location (RV outflow tract/ apex), presence of 
temporary pacing, rhythm during procedure (atrial fibrillation 
vs. sinus), single chamber vs. dual-chamber device, and pocket 
location (right vs. left).

We prospectively enrolled consecutive patients who underwent 
CIED implantation at our center between 2018 and 2019. All 
patients were enrolled during the index hospitalization for im-
plantation and were randomized to intraprocedural echo-guid-
ed RV lead placement (Group 1) or non-echo guided implanta-
tion (Group 2) prior to the procedure. The study was approved 
by the investigational review board (ethics committee) of our 
institution and all subjects provided written informed consent. 

The initial design of the study aimed to use 3DTTE imag-
ing, following the recommendations for lead placement in an 
inter-commissural or middle-of-the-annulus position, to mini-
mize lead-associated TR [8]. In real life though, 2D imaging is 
much more practical, approachable and less time consuming to 
perform during sterile conditions and open surgical pocket of 
device implantation procedure.

All cohort patients underwent 2DTTE at baseline. Excluded 
were patients with baseline TR more than moderate, indications 
of cardiac resynchronization (CRT) implantation procedures, 
baseline moderate/severe RV dysfunction, a non-de-novo im-
plantation (post old implantations, device upgrades, or lead re-
positioning), and inadequate baseline image quality. 

Patients who were randomized to Group 1 had intraprocedur-
al echocardiographic assessment of TR grade just after RV lead 
implantation using the same echo-machine as in baseline. If TR 
grade was worse versus baseline, the RV lead was re-positioned 
and another echo-measurement was made. Lead position with 

least grade of TR was chosen as final in Group 1. Lead sensing, 
threshold, and resistance were measured thereafter to ensure ac-
ceptable values. Patients were scheduled for follow-up 2DTTE 
exams 3 and 6 months after implantation. The echocardiogra-
phists were blinded to the randomization of the patients and did 
not know whether they had undergone intraprocedural 2DTTE. 
Routine follow-up visits to our pacemaker clinic were scheduled 
as well.

Data were collected regarding demographics, co-morbidi-
ties, medications. In addition, we collected information about 
indication for implantation, implantation data (rhythm, device 
and electrodes, implantation approach and pocket location, 
backup temporary pacing), 2DTTE measurements before the 
implantation as well as during the implantation and during fol-
low-up of 3 and 6 months post-implantation, and device and 
lead parameters during implantation and during follow-up in the 
pacemaker clinic.

Comprehensive 2D and color Doppler evaluation was per-
formed with the Philips EPIQ 7 imaging system equipped 
with a fully sampled matrix-array probe (X5-1 xMatrix trans-
ducer, Philips Healthcare, AndoPhilips EPIQ 7ver, Massachu-
setts, USA). Alternatively, the Cx 50 imaging system (Philips) 
was mostly used during implantation procedure due to its 
availability and possibility to easily enter and exit the oper-
ating room. In these cases, baseline assessment of TR grade 
was conducted with this system just prior to the implantation 
procedure.

Images were analyzed online to determine the position of the 
RV lead relative to the TV leaflets. The severity of TR was es-
timated visually and based on vena contracta measurements in 
centimeters from either the RV inflow view or the apical four 
chamber view, according to guidelines [14]. Peak TR gradient 
was measured with the modified Bernoulli equation, incorporat-
ing the maximum TR jet velocity.

Baseline characteristics of the study population were summa-
rized by using descriptive statistics. Categorical variables were 
tested using the chi-square test with Fisher's exact test when 
appropriate. Data for categorical variables were presented as 
percentages. Continuous variables were tested by using Stu-
dent's t-test for independent samples for normally distributed 
variables and by Mann-Whitney U test for non-normally dis-
tributed variables. Results were presented as mean ± standard 
deviation (SD) for normally distributed continuous variables or 
as median and interquantile range (IQR) for non-normally dis-
tributed variables. Statistical significance was accepted at P < 
0.05. Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences statistics software, version 25 
(SPSS, IBM Corp, Armonk, NY, USA).



The study comprised 111 patients (age 74.14 ± 11 years, 58.6% 
male). Among the participants, 56 underwent intraprocedural 
2DTTE (Group 1) and 55 did not undergo intraprocedural echo 
(Group 2). Baseline clinical characteristics are described in Table 1. 
The patients in Group 2 were older and presented with a higher per-
centage of hypertension, chronic kidney disease, and diuretic use.

Table 1 also shows baseline echocardiographic parameters 
prior to CIEDs implantation. LV contraction was normal in 82% 
with mean ejection fraction (EF) 53 ± 11%. EF was significantly 
higher in Group 2 (55.24 ± % compared to 51±12% in Group 1, 

= 0.046). In the whole cohort, there was no/trivial TR in 48 
patients, mild TR in 62 (among them 14 with mild-moderate), 
and moderate TR in one patient only [Figure 1A]. Other than 
EF, there were no significant differences between the groups re-
garding baseline echocardiographic parameters [Table 1].

Table 2 presents baseline implantation data. Among the co-
hort patients, 90 patients (81%) were implanted with PPM, of 
whom 41 (37%) were implanted for advanced atrioventricular 
block indication, and 21 patients were implanted with ICD, of 
whom 18 (16.4%) for primary prevention of sudden cardiac 
death. There were significantly more PPM patients in Group 2 
(49 vs. 41,  = 0.033). In our study, 71% of the patients were in 
normal sinus rhythm during the implantation with no difference 
between the groups; 97% of the devices were dual chamber, and 
four lead/device manufactures were used, with no difference 
between the groups. We used active RV leads in 42.5% of the 
patients (29 in Group 1 vs. 16 in Group 2,  = 0.026). We used 
the axillary approach in 71 (64%) patients and a left sided pock-
et in 107 patients (96%) and a backup temporary pacemaker 
in 6 patients. No statistical difference between the groups was 
observed in these parameters [Table 2].

During implantation, of 56 patients in Group 1, only two (3.6%) 
showed worsening of TR grade in the intraprocedural 2DTTE 
with subsequent RV lead repositioning to another location, where 
TR was comparable to baseline. After the repositioning, the RV 
electrode measurements (sensing and pacing thresholds) in the 
two cases were worse versus the first locations but were accept-
able by the operators and thus the electrodes were left there. Six 
months of echocardiographic follow-up as well as follow-up in 
the pacemaker clinic were unremarkable for both patients. 

Of 111 cohort patients, 98 (88%) had 3 months and/or 6 
months of echocardiographic follow-up and 75 (68%) had both, 
with no statistical difference between the groups [Table 2]. 
During follow-up three patients underwent right atrium (RA) 
lead repositioning (two from Group 1 and one from Group 2) 

and 36 patients (34%) had RV pacing > 40% in subsequent de-
vice interrogations [Table 2]. 

Four patients (3.6%) died during the follow-up period from 
unrelated causes (2 from each group): one patient from Group 
1 implanted with ICD for primary prevention of sudden cardiac 
death (SCD) died after multiple shocks for ventricular fibrilla-



tion, syncope, and severe head trauma about one month after 
implantation. Another patient with AF from Group 1 died 10 
months post PPM implantation from a mesenteric event. The 
third patient with sick sinus syndrome (SSS) from Group 2 died 
7 months post PPM implantation from septic shock after a sub-
cutaneous biopsy, and the fourth patient with SSS from Group 2 

died 3 months post PPM implantation from urosepsis and acute 
renal failure.

Follow-up echocardiography 3–6 months showed no differ-
ences between Group 1 with intraprocedural echo and Group 2 
without intraprocedural echo, except for intraventricular septum 
diastolic diameter and LV posterior wall thickness at end-diastole 





measurements [Table 2, Figure 1B]. Eight patients had worsen-
ing of EF due to high RV pacing rate with no change in TR grade 
during follow-up. 

Four patients from the cohort showed worsening of TR (two 
from each group) [Table 2, Table 3]. They all had follow-up 
echo of 6 months. Baseline EF was normal or mildly reduced. 
All four patients were implanted with dual chamber PPM: two 
for SSS and two for high degree AV block. Three of them had 
AF rhythm during the implantation and none had temporary PM 
during the procedure. The venous access was cephalic in two 
patients and axillary in the other two, all from the left side. The 
RV lead was passive in three patients. There were different man-
ufacturers and the location was apical in three. Two patients had 
RV pacing > 40% during the 6-month follow-up and two were 
not dependent on pacing. One patient had worsening of TR from 

mild at baseline to moderate after 6 months, and two patients 
had worsening of TR from mild-moderate at baseline to moder-
ate after 3 and 6 months of follow-up. One patient had baseline 
mild TR as well as baseline mild-moderate AR and they both 
deteriorated to severe AR and TR within 3 months with signifi-
cant morbidity and a need for aortic valve replacement and TV 
ring surgery 6 months after PPM implantation. This patient was 
in Group 2 without intraprocedural 2DTTE [Table 3].

In our prospective randomized controlled study, we found that 
the rate of mechanically induced lead-associated TR in patients 
with previously non-significant TR is low (3.5%) and that by us-
ing intraprocedural 2DTTE guidance, the rate of intraprocedural 



RV lead repositioning is low (3.6%). Thus, a routine intrapro-
cedural 2DTTE does not have a significant role in reducing or 
preventing lead-associated TR. 

The very low rate of intraprocedural lead repositioning due 
to TR worsening shows that the rate of mechanical mechanism 
in CIED-associated TR is very low and that the high rates of 
CIED-associated TR reported in the literature [5] are probably 
not directly related to the position of the lead after implantation. 
It may be true that the lead does not stay in exactly the same 
position with respect to the TV apparatus overtime. The lead 
may in fact change position at the level of the annulus or with 
respect to the sub-valvular apparatus as time elapses. More-
over, it is true that TV dysfunction does not occur immediately 
after implantation, but can occur weeks or months later when 
inflammation and further fibrosis have occurred. However, in 
our prospective follow-up neither in 3 months nor in 6 months 
follow-up could we detect significant deterioration of TR as a 
function of time.

2DTTE did not give a significant yield in reducing the level 
of TR since there were only a few cases where reposition of 
the device lead was needed during the procedure. So from the 
procedural perspective, echocardiography guidance is probably 
not required for the purpose of confirming optimal lead position 
prior to its fixation.

However, since significant TR with further right heart failure 
confers high morbidity and mortality [11], and since, as in mitral 
valve disease, TR begets further worsening of TR, we recognize 
the limitation of our study of including patients with maximum 
mild to moderate form of TR at baseline (only one patient with 
moderate TR was included). It is probably of extreme impor-
tance to perform echocardiographic guidance of device lead po-
sitioning in those patients with significant TR at baseline echo, 
since we know that secondary TR is an independent predictor 
of mortality in patients with left heart failure. The large major-
ity of significant TR is secondary to conditions that cause RV 
and/or right atrial dilatation, including left-sided heart disease 
and persistent AF. Another important group is patients with pul-
monary hypertension and secondary TR, although pulmonary 
hypertension is not always associated with significant TR and 
46% of patients with severe pulmonary hypertension have only 
mild TR [15]. Many of those difficult patients have indications 
for CRT. In those complicated cases with secondary significant 
TR, the need for echocardiographic guidance for RV lead place-
ment is of great importance to avoid further deterioration in the 
severity of TR.

A previous study by Mediratta et al. [8] using 3DTTE images 
of the lead location showed clear association between device 
lead position and TR. 3DTTE clearly depicted lead position in 
90% of patients. The RV lead was impinging on either the pos-
terior (20%) or septal (23%) leaflet or was not interfering with 
leaflet motion (53%) when positioned near the posteroseptal 
commissure or in the central portion of the TV orifice. In the 

remaining patients, leads were impinging on the anterior leaflet 
(4%) or positioned in either the anteroposterior or anteroseptal 
commissure (3%). Leads interfering with normal leaflet mobili-
ty were associated with more TR than non-impinging leads. The 
authors concluded that to minimize TR induced by device-leads, 
3D TTE guidance should be considered for placement in a com-
missural position [8]. However, in this study the images were 
viewed offline to determine the position of the device-lead 
relative to the TV leaflets. In real life though, 2D imaging is 
much more practical, approachable, and less time consuming 
to perform during sterile conditions and open surgical pocket 
of device implantation procedure. It took us 5 to 10 minutes 
to complete the intraprocedural TV assessment using 2DTTE 
in patients from Group 1, and the intraprocedural assessment 
enabled us to correct lead position immediately in case of wors-
ening TR.

Conflicting data are available regarding the significance of 
mechanical lead impairment versus the functional cause in this 
subgroup of patients with high degree of pacing. A number of 
studies have associated RV pacing with worsening degree of TR 
[9]. This effect is not induced by acute changes in the RV area 
and is unrelated to an interference with leaflet closure by the 
electrode but is probably related to alteration in RV geometry 
with pacing [9]. However, in other studies the percentage of 
time spent in pacing did not appear to be associated with wors-
ening TR [2,3]. In our study cohort, of four patients with TR 
worsening, two were with high ventricular pacing burden and 
two were with 1–2% ventricular pacing burden; therefore, a di-
rect association could not be proved.

Although some studies have suggested that the bulkier and 
stiffer defibrillation leads have a higher incidence of worsening 
TR than pacemaker leads [16], this observation has not been re-
produced in other studies [2,17,18]. In our study, all four patients 
with worsening of TR were implanted with PPM and none with 
ICD.

Finally, certain technical factors have been associated with 
increased likelihood of damage to the TV apparatus [19]. There 
are limited data regarding the physical properties of the leads 
and their effect on TR development. Few reports have suggested 
less TR with RV outflow tract compared to apical pacing [2,20] 
while other studies could not find this link [21]. In our study we 
could not find a clear association between TR worsening and 
implantation-related, pacing-related, or device-mediated fac-
tors. However, our study is limited by a small study group and 
thus is too small for sub-analysis of all these factors. 

The rate of mechanically induced lead-associated TR is low in 
patients with non-significant TR prior to CIED implantation. A 
routine intraprocedural 2DTTE does not have a significant role 
in reducing or preventing it. Larger studies are needed to vali-
date our results.



A phase 1, dose-finding study and an ongoing phase 2–3 
randomized trial are being conducted to investigate the 
safety, immunogenicity, and efficacy of two doses of the 
BNT162b2 vaccine administered 21 days apart in children 
6 months to 11 years of age. Walter and colleagues 
presented results for 5- 11-year-old children. In the phase 
2–3 trial, participants were randomly assigned in a 2:1 
ratio to receive two doses of either the BNT162b2 vaccine 
at the dose level identified during the open-label phase 1 
study or placebo. Immune responses 1 month after the 
second dose of BNT162b2 were immunologically bridged 
to those 16 to 25 years of age from the pivotal trial of 

COVID-19 at 7 days or more after the second dose was 
assessed. During the phase 1 study, a total of 48 children 

the BNT162b2 vaccine (16 children at each dose level). 
On the basis of reactogenicity and immunogenicity, a 

phase 2–3 trial, a total of 2268 children were randomly 
assigned to receive the BNT162b2 vaccine (1517 
children) or placebo (751 children). At data cutoff, the 
median follow-up was 2.3 months. In the 5- 11-year-old 
children, as in other age groups, the BNT162b2 vaccine 
had a favorable safety profile. No vaccine-related serious 
adverse events were noted. One month after the second 
dose, the geometric mean ratio of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) neutralizing titers 
in 5 to 11 year olds to 16 to 25 year olds was 1.04 (95% 
confidence interval [95%CI] 0.93–1.18), a ratio meeting 
the prespecified immunogenicity success criterion (lower 
bound of two-sided 95%CI > 0.67; geometric mean ratio 

after the second dose was reported in three recipients 
of the BNT162b2 vaccine and in 16 placebo recipients 
(vaccine efficacy 90.7%; 95%CI, 67.7–98.3).


