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Ventricular Synchrony increases Cardiac Output as a Response to Temporary 
Biventricular Pacing in Cardiac Surgery Patients as Analyzed by Speckle Tracking 

Echocardiography 
 

I. Study Purpose and Rationale 
 
Patients who undergo open heart surgery are at risk of acute heart failure and low cardiac 

output (CO). Traditional therapies include volume infusion, inotropic and vasoactive agents, 
diuretics and mechanical devices1. These treatments, while effective, are associated with 
complications that increase mortality, morbidity, length of hospital stay and cost 2. Thus, 
additional treatments are needed to improve postoperative ventricular function, with 
biventricular pacing (BiVP) as a potential therapy. 

 
Permanent BiVP, also referred to as CRT, is now a standard of care for patients with New 

York Heart Association Class III or IV congestive heart failure, left ventricular (LV) ejection 
fraction ≤ 35%, and QRS duration > 120 msec complexes3, 4.  Three important clinical studies 
(InSync, MUSTIC, and MIRACLE) showed that the benefits of BiVP in dilated cardiomyopathy 
included improved hemodynamics, quality of life, and decreased hospital admission due to 
congestive heart failure5-7. Importantly, BiVP can improve systolic function without increased 
myocardial oxygen consumption and depletion of high energy phosphates, unlike most inotropic 
agents8. In spite of these benefits, however, approximately 30% of patients do not respond to 
BiVP for reasons including inadequate patient selection criteria, inappropriate lead positioning, 
and suboptimal device programming9.  

 
 There have not been, to the best of our knowledge, studies that have looked at the effects 

of BiVP on open heart surgery patients, a patient population particularly vulnerable to 
hemodynamic instability, often requiring beta agonists, afterload reducing agents, and diuretics.  
In the immediate postoperative period, these patients are often subject to depressed cardiac 
function due to ischemic injury, inflammation, myocardial edema and other factors. The BiPACs 
trial in the Spotnitz Lab proposes that temporary optimized BiVP in cardiac surgery patients will 
cause an increase in CO compared to nonpaced patients.  BiVP will be optimized for 
atrioventricular delay (AVD) and interventricular delay (VVD) at a set paced heart rate 
immediately after weaning off the cardiopulmonary bypass machine.  Unpublished results are 
thus far promising, with open heart surgery patients that are biventricularly paced exhibiting an 
increase in cardiac output.  However, like the nonsurgical heart failure population, a proportion 
are not responding, the reason for which remains unknown.  

 
Speckle tracking echocardiography (STE) is a new technology that can measure temporal 

changes of strain and deformation on individual sections of the ventricle10, 11.   It is able to 



measure radial, circumferential, and longitudinal strain and synchrony and has been shown to be 
an accurate measure of ventricular synchrony12, 13.  In previous unpublished studies from our 
laboratory, radial strain synchrony yields cleaner and more robust data and remains the current 
focus.   Additionally, studies have found that a baseline level of radial strain dyssynchrony is a 
positive predictor for response to CRT and that radial dyssynchrony  of greater than 130 ms was 
able to predict response to CRT with a sensitivity of 83% and a specificity of 80% 13, 14.  
However, there is no known study that has analyzed the relationship between synchrony and 
cardiac output in response to temporary BiVP in open heart surgery patients.  
 

II. Study Design and Statistical Analysis: 
 

This will be a prospective cohort study of temporary BiVP patients undergoing open 
heart surgery with preoperative left ventricular dysfunction and an interventricular conduction 
delay > 120ms.  This study aims to correlate a positive response to BiVP as an increase in 
cardiac output with the improvement of synchrony as measured by speckle tracking 
echocardiography.   
 

Since all patients will be paced with optimized BiVP, patients will be divided into a 
responder group and a nonresponder group.  Those that exhibit an increase in cardiac output will 
be placed into the responder group and those that do not exhibit an increase in cardiac output will 
be placed in the nonresponder group.  All patients will receive transesophageal echocardiography 
that will be analyzed with speckle tracking echocardiography software at 4 time points: before 
sternal opening, prior to BiVP, during a final comparison when the patient is paced with BiVP, 
atrial first pacing, and no pacing each for 30 seconds, and 30 minutes later at sternal closing.  
The primary endpoint is level of left ventricular synchrony, as defined as the standard deviation 
of peak radial strain between 6 ventricular segments.  Change in synchrony will be the difference 
in standard deviation prior to BiVP and during BiVP.  
 

An unpaired T-test will be used to compare the change in synchrony between the 
responder group and the nonresponder group.  An acceptable difference between the 2 groups is 
one standard deviation.  In order to achieve 80% power with an alpha-error rate of 0.05, a sample 
size of 17 patients will be needed in each group.  
 

III. Study procedures: 
 

For eligible patients in sinus rhythm as cardiopulmonary bypass reaches conclusion, 
temporary bipolar wires are sewn on the RA, anterior RV and posterior LV.  An appropriately 
sized electromagnetic field probe will be placed around the aorta to measure cardic output.  
Arterial pressure, ECG, flow velocity, cardiac output/stroke volume by EMF and PulseCO, 
central venous pressure and pulmonary artery pressures will be measured. DRIPS, 
antiarrhythmics and doses will be noted.   
 
Optimizing biventricular Pacing:  

Both atrioventricular delay and interventricular delay will be optimized at heart rate of 90 
beats per minute.   



 
AVD optimization: 

Data will be recorded at AVDs of 90, 120, 150, 180, 210, 240, and 270 msec twice in a 
randomized order. Data will be recorded for 10 seconds at each AVD, totaling 130 
seconds.  Cardiac output will be measure at each setting and the AVD setting that 
generates maximum CO will be kept. If maximal CO is equivalent over a range of AVDs, 
the median value in that range will be used. If results of AVD testing are indeterminate, a 
nominal value of 150 msec will be used.  

 
VVD optimization: 

At optimized AVD and heart rate of 90, data will be recorded at VVD of  (+) 80, 60, 40, 
20, 0 msec RV paced first and (-) 20, 40, 60, and 80 msec LV paced first in a randomized 
order.  Data will be recorded for 10 seconds at each VVD.  The VVD setting that 
generates maximum CO will be kept for final comparison. 

 
Final comparison: 
 Testing will be done for 30 seconds at optimized BiVP, right atrial pacing, and no pacing.  
 
Echocardiography: 

Digital transesophageal echos will be taken prior to sternotomy, before BiVP pacing, 
during final comparison of BiVP versus atrial pacing versus no pacing, and 30 minutes 
later at sternal closure.  Echos will be analyzed with speckle tracking software to 
determine synchrony of left ventricular contraction. 

 
IV. Patient eligibility:  

 
Inclusion criteria include preoperative CHF, LVEF < 35%, and an interventricular conduction 
delay of  >119ms. Patients must meet all inclusion criteria. Exclusion criteria include post-
cardiopulmonary bypass heart rate >120, 2nd or 3rd degree heart block, or atrial fibrillation.  
Consent will be obtained prior to the day of surgery.  After consent, a patient can be removed 
from the study at any time by the surgeon based on hemodynamic instability, bleeding, or other 
factors.  Calcification, atheromata, bleeding, or scarring of the AAo may preclude use of an AAo 
EMF. 
 

V. Equipment: 
 
Temporary pace maker: 
This study will utilize the InSync III 8042 pacemaker (Medtronic Inc., Minnesota, MN). This is 
an FDA approved device fully tested and proven for sensing and pacing the atrium and ventricles 
as required for DDD pacing, including adjustable atrial and ventricular stimulation pulse width, 
rate, sensitivity, voltage, RLD, and AVD. 
 
Flow measurement: 



Median sternotomy provides access to the ascending aorta, allowing measurement of stroke 
volume by electromagnetic field probe from Carolina Medical.  A flow probe provides 
instantaneous flow velocity, which can be recorded continuously, with CO = SV x HR.  While 
more accurate flow probe designs are available, the superior safety record of the EMF make it 
the preferred unit for this study.  After the flowprobe has been removed an arterial pressure 
contour device (PulseCO) will be utilized to measure CO. This requires no further 
instrumentation of the patient as all patients receive an arterial line in the OR. 
 

VI. Study Questionnaires 
 

None; questionnaires are not applicable to this study 
 

VII.  Study Subjects 
 

All patients undergoing any relevant surgery at our institution regardless of gender will be 
invited to participate. Children will be excluded from the proposed research. The research topic 
to be studied is not relevant to children. 
 

VII. Recruitment 
 
With consent of the attending surgeon, patients undergoing relevant procedures at NYPH will be 
recruited by the Study Coordinator. Patients will be asked to participate voluntarily and will be 
fully informed of relevant risks and potential benefits. They will be notified of their right to 
withdraw from the study at any time. Consent will be documented by signature on an IRB 
approved consent form, which discusses the nature of the study and the patient's rights in detail; 
the patient will be given a copy of the form. 
 

VIII. Confidentiality of Data 
 

A database has been established that links all data/electronic documents for a given patient to an 
anonymous study identification number, allowing patients data to remain confidential.  
Any information obtained during this study and identified will remain confidential and within the 
standards set by HIPAA. All patients will be notified of their rights through a HIPAA compliant 
form on use and disclosure of information. 
 

IX. Level of Risk: 
 
The level of risk for this study is considered low. Potential risks likely to be attributable to the 
study are limited to those of inserting and removing the pacing wires, multielectrode pacing 
array, and flow probe.  Extended length of cardiopulmonary bypass is expected to be minimal.  
 

X. Potential Benefits 
 
The subject population involves patients who have preoperative CHF.  If patients are responders 
to temporary BiVP, they could potentially experience improved ventricular function at no cost in 



terms of myocardial oxygen demand.  They may also potentially experience reduced morbidity, 
length of stay, and need for inotropic support. 
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