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CASE REPORT

The usefulness of proximal anchor balloon 
technique during implantation of a cardiac 
resynchronization therapy device in a patient 
with complex coronary venous anatomy: a case 
report
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Abstract 

Background:  Cardiac resynchronization therapy (CRT) is an accepted device treatment in stable heart failure (HF) 
patients. In recent years increased awareness of coronary anatomy and implantation techniques have significantly 
impacted this evolving therapy.

Case presentation:  In this article, we present a case describing the usefulness of the proximal balloon anchoring 
technique to enable initial coronary sinus (CS) cannulization and left ventricular (LV) lead placement in the tortuous 
coronary sinus during CRT implantation.

Conclusions:  The proximal anchor balloon technique can easily enable coronary sinus cannulization and left ven-
tricular lead placement in patients with complex venous anatomy.
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Background
In the process of implanting a cardiac resynchronization 
therapy device, the coronary venous anatomy can make 
successful implantation difficult or impossible [1]. This 
case report describes the use of balloons as anchors to 
enable coronary sinus (CS) cannulization and left ven-
tricular (LV) lead placement in patients with complex 
venous anatomy.

Case presentation
A 70-year-old man presented to the hospital with exer-
tional dyspnea and pedal edema. The patient had a com-
plete heart block one year back, for which he got a DDDR 
pacemaker implanted. LV function and coronary angio-
gram were normal at the time of pacemaker implanta-
tion. Before presenting to our hospital, the patient was 
admitted to the local hospital and managed for heart 
failure.The echocardiography showed a dilated LV with 
severe LV dysfunction (LV ejection fraction 25%) and 
plasma B-type natriuretic peptide level was found to be 
877 pg/mL. When evaluated at our centre. ECG showed 
paced rhythm with a QRS interval of 160 ms (Fig. 1 pre). 
The decrease in ejection fraction was due to RV pacing 
hence device up-gradation to cardiac resynchronization 
therapy defibrillator (CRT-D) was planned. An organized 
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timeline of the patient’s symptoms and interventions is 
presented in Table 1.

A coronary angiogram was done to rule out coronary 
artery disease (CAD) as a cause for severe LV dysfunc-
tion. During the coronary angiogram, levophase was 
done to visualize the coronary sinus and locate its ostium 
in the left and right anterior oblique views. After visual-
izing the anatomy of the CS, the posterolateral vein was 
pointed out as a possible vessel for LV lead implantation. 
The posterolateral vein had difficult annatomy as it origi-
nated perpendicular to CS. Left subclavian vein puncture 
was taken, and an LV sheath was inserted. Using AL-1 
diagnostic catheter, CS was cannulated through the LV 
sheath with 0.014 × 180 cm Terumo guidewire. Whisper 
Extra Support (WES) guidewire was placed in the poste-
rolateral vein. LV lead could not be advanced through the 
ostium of the posterolateral vein due to difficult angu-
lation. Since the LV lead could not be advanced, a sub-
selector catheter was used, but despite this, the LV lead 
could not be advanced. Hence, a second WES wire was 
placed in the posterolateral vein. LV wire was inserted 
into the posterolateral vein with a second support wire. 
LV lead was positioned in Coronary Sinus, but while try-
ing to slit the Coronary Sinus delivery catheter, LV lead 
dislodged.

Two wires were again placed in the posterolateral vein. 
This time on one of the wires, a 1.5 × 8 mm balloon was 
passed distally and inflated to entrap the other wire. 
Following this, the LV lead could be advanced distally. 
The balloon was then deflated, and slitting of the deliv-
ery catheter was attempted, but again, the lead got dis-
lodged. (Fig.  2A) On the third attempt again, two wires 
were placed in the posterolateral vein. An inflated bal-
loon was used on one of the wires to trap the second wire 
and push the LV lead distally into the posterolateral vein. 
Subsequently, this balloon was deflated, removed and 
another balloon 2 × 12 mm was passed on the same wire. 
This balloon was placed proximal to the lead and inflated 
to entrap the LV lead so that it would not dislodge while 
slitting the delivery catheter. (Fig. 2B) After inflating the 
balloon, the sub-selector catheter was removed, and then 
the delivery catheter was slit. Then the balloon on the 
second wire was deflated and removed along with the 
second wire. With an anchor balloon inflated proximal to 
LV lead, the delivery sheath was slit successfully without 
lead dislodgement. The proximal anchor balloon effect 

Fig. 1  Twelve-lead ECG (25 mm/s) showing sinus rhythm and left 
bundle branch block with a QRS duration of 160 ms before cardiac 
resynchronization therapy (Pre) and marked narrowing of the QRS 
(110 ms) upon implantation of a cardiac resynchronization therapy 
(Post)
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enabled LV lead positioning at the midportion of the pos-
terolateral vein. The leads were connected to a CRT pace-
maker (Additional File 1). After the procedure, narrowing 
of the (110 ms) on ECG was observed (Fig. 1 post).

The patient underwent the procedure well without any 
complications and was discharged from the hospital the 
following day. The fluoroscopy time was 45 min. Device 
programming and lead values at the time of discharge 
from the hospital are summarized in Table 2.

Discussion and Conclusions
Although the patient had normal EF at the time of pace-
maker implantation, he developed heart failure with 
reduced ejection fraction in a short timeframe. This fall 
in ejection fraction was due to right ventricular pacing 
(RVP), resulting in a lack of synchrony of the left ventri-
cle due to mechanical and iatrogenic causes. RVP induces 
LV dysfunction and heart failure in around 10% to 20% of 
pacemaker patients, called pacing-induced cardiomyopa-
thy [2, 3]. In such patients upgrading the device to CRT 
is a good option. Previously one study has reported that 
CRT upgrading significantly improves pacing-induced 

cardiomyopathy [4] while ongoing prospective trials 
like BUDAPEST-CRT Upgrade Study will provide cru-
cial information on the role of CRT-D upgrade in such 
patients [5]. CRT is known to improve both symptoms 
and quality of life of the patient. Additionally, it also 
improves functional capacity and reverses LV remod-
eling. This results in the reduction of morbidity and mor-
tality [6].

Despite advancement of technology and improve-
ments in LV pacing leads and delivery systems, their 
placement goes on to be demanding due to complex 
coronary venous anatomy [7]. LV lead implantation fail-
ure occurs in 5–15% of the patients during attempted 
CRT implantation [8]. Primary reasons for the failure 
include inadequacy to cannulize the CS ostium, inade-
quacy to position the LV lead into a CS branch, phrenic 
nerve stimulation, or unsatisfactory pacing parameters. 
Balloons can enable the implantation of left ventricular 
(LV) lead, broadening the obstructions in the coronary 
sinus (CS) and small and/or stenotic coronary veins 
[9]. Similar procedure was described in the past with 
the distal anchor balloon technique [10]. This article 

Table 1  Organized timeline of the patient symptoms and interventions

03/2017 Progressive shortness of breath and angina upon exertion since last few 
years

New York Heart Association (NYHA) Class III

04/2017 Permanent Pacemaker implantation Heart Failure (HFrEF)

06/2018 Worsening of shortness of breath and angina upon exertion since last few 
months

07/2018 Patient admitted to outside facility Left ventricular ejection fraction (LVEF) 25%

Heart Failure (HFrEF)

LBBB ACE inhibitor and beta-blocker

Reduced left ventricular systolic function

Heart Failure medications initiated

08/2018 Referred to our centre

Coronary angiography No coronary artery disease, slow flow

Heart failure medication intensified ACE inhibitor + betablocker + MR antagonist 
dose increased

08/2018 Heart failure (HFrEF) NYHA class III

Left bundle branch block QRS 160 ms

Reduced left ventricular systolic function LVEF 25%

08/2018 CRT D Implantation QRS 110 ms

09/2018 Heart failure (HFrEF)
Patient symptomatically improving

New York Heart Association (NYHA) Class II

Fig. 2  a (A) LV lead in Coronary Sinus (arrow), (B) While trying to slit the Coronary Sinus delivery catheter, LV lead dislodged (arrow), (C) Double 
wire (arrowhead) into the posterolateral vein, re-attempting to insert the LV lead (arrow) but LV lead could not be pushed more distally hence 
1.5 × 8 mm balloon was used as support on second wire and LV lead could be pushed, (D) While trying to slit off the delivery catheter, LV lead 
(arrow) got dislodged during the second time again. b (Ea, Eb) LV lead (arrow) positioned more distally, and 2 × 12 mm balloon (arrowhead) inflated 
just distal to ostium of posterolateral vein, (F) Second ICD RV lead (arrow) was positioned and delivery sheath slit successfully, (G LAO view showing 
the position of all the leads. Note good separation in RV (arrowhead) and LV leads (arrow)

(See figure on next page.)
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Fig. 2  (See legend on previous page.)
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describes an interesting case with complex coronary 
sinus anatomy and LV lead placement during CRT 
implantation due to tortuosity of the posterolateral 
vein. After multiple attempts, the proper lead place-
ment was achieved with the use of an inflated balloon 
in the target vein as an anchor to enable initial coronary 
sinus cannulization and left ventricular lead placement. 
The interesting point, in this case, is that we inflated a 
balloon proximally to the lead to entrap it in the vein 
wall and thus slit the delivery sheath without lead dis-
lodgement (proximal anchor balloon).

There are two ways to facilitate LV lead placement. 
One technique is to advance a vein selector over an 
angled Glidewire into the CS. Keeping the vein selec-
tor in the CS, the Glidewire is replaced with a long 
J-tip Extra Stiff wire that acts as a more robust rail to 
advance the CS sheath across the body of CS. Follow-
ing this, smaller branches of CS are selectively can-
nulized to provide additional stability to the CS outer 
sheath during lead positioning. Besides conventional 
coronary vein interventions, the second technique 
available is to use the proximal anchor balloon, which 
was performed successfully in this case with angulated 
and tortuous coronary sinus branches, thus improv-
ing the success rate of LV lead placement for CRT. In 
this case, the perpendicular origin of the posterolateral 
vein and its proximity to the ostium of CS hampered 
the introduction of an LV delivery catheter and a wire. 
The guidewire did not provide adequate support for the 
placement of LV lead into the CS. With this approach, 
a small-caliber sheath was used to engage the ostiun of 
CS, through which an angioplasty wire was advanced 
into the body of CS. Then, a compliant coronary balloon 
was advanced over the angioplasty wire into the CS and 
into the candidate vessel for LV lead implantation, pos-
terolateral vein. The balloon was then inflated to cre-
ate an anchor. The procedure using balloons as anchor 
was initially described by Fujita et  al. [11]. Another 
option is the ergonomic slitting technique which could 

enable the use of guide catheters for positioning endo-
cardial leads by reducing the risk of lead dislodgement 
[12]. Additionally, an active fixation mechanism can 
be used to reduce the rate of lead dislodgement, but 
if its extraction is required, it can be problematic [13]. 
A transvenous approach for CRT implantation is rou-
tine practice. However, when transvenous coronary 
sinus lead placement or lead extraction is unsuccess-
ful because of infection or lead failure, epicardial LV 
screw-in lead placement could be an option [14].

The proximal anchor balloon technique may improve 
LV lead placement success rate during CRT implanta-
tion in patients with difficult venous anatomy. This 
procedure is safe and can be easily applied. In conclu-
sion, balloons can be used as anchors to facilitate CS 
cannulization and LV lead placement in patients with 
complex venous anatomy.
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Table 2  Device programming and lead values at the time of discharge from the hospital

LV → RV, Interval between left ventricular and right ventricular pacing; PAV, paced AV interval; SAV, sensed AV interval

Pacing parameter Lead value Atrium RV LV

DDD 50–130/min Signal amplitude 3.0 mV 12 mV 17.1

SAV 100 ms Pacing threshold 0.5 V 0.4 V 0.9 V

PAV 140 ms Pacing impedance 540 Ω 660 Ω 535 Ω

LV → RV 30 ms

Impulse amplitude 1.5 V (Auto) 2.0 V (Auto) 2.0 V (Auto)

Impulse width 0.5 ms 0.5 ms 0.5 ms

Sensitivity 0.3 mV (Auto) 0.5 mV (Auto) 0.6 mV
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