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In the western population, approximately 40% of heart failure is
associated with left ventricular ejection fraction (LVEF) of 0.35 or
less. Conduction abnormalities are common in systolic heart fail-
ure. A third of the patients with QRS greater than 120 msec have
left bundle branch block (LBBB) and 17% have QRS duration
�150 msec [1]. Delayed atrio-ventricular (AV) and intra-
ventricular conduction are associated with cardiac dys-synchrony.

The mechanisms that lead to deteriorating cardiac function in
cardiac dys-synchrony are manifold. If prolonged AV conduction
delays LV systolic contraction to the point that diastolic LV pressure
exceeds atrial pressure, diastolic mitral regurgitation will occur.
Loss of ventricular pre-load reduces ventricular contractility based
on the Starling mechanism. Ventricular dys-synchrony due to intra
and inter-ventricular conduction delay reduces LV contractility, in-
creases myocardial oxygen demand, and decreases cardiac output.
Disorganized papillary muscle contraction worsens functional
mitral regurgitation. Progressive decline in LV function is com-
pounded by adverse remodeling of the LV that sets off a downward
spiraling course in heart failure. Cardiac resynchronization therapy
reverses several of these pathophysiological mechanisms. Although
the exact beneficial mechanism in any individual patient may vary,
the end result is improvement in cardiac output with augmented
blood flow and organ perfusion including improved renal function.
Over the longer term, reverse remodeling of the LV is often evident
by reduced LV volume and improved ejection fraction.

To date, over 7000 patients have been studied in clinical trials of
cardiac re-synchronization therapy. These trials showed that in
appropriate patients (patients with LVEF � 0.35, NYHA class II to
IV on optimal medical therapy, and QRS duration greater than
120 msec), CRT improved heart failure symptoms, reduced hospi-
talization for heart failure and lead to a reduction in all cause mor-
tality [2e6]. The majority of these trials utilized a defibrillator in
combination with resynchronization although CRT-pacing alone
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n similar benefits [4]. It should be remembered that CRT
tion is associated with higher costs and complications.

Hence, to maximize benefit from this therapy, judicious selection
of patients is critical. Based on post-hoc analysis of the clinical trials
of CRT, it is now recognized that CRT is most beneficial in patients
with LBBB and QRS duration of 150msec or greater [7,8]. As a result,
the current guidelines include this group as the only Class 1 recom-
mendation for CRT. Benefits of CRT tends to recede as a function of
the nature of the underlying disease process and the type of con-
duction abnormality (Fig. 1) [9].

In this issue of the journal, authors Jeevanantham et al. present
data from a single center (University of Kansas Medical Center, MO,
USA) on the effect of CRT on renal function [10]. In a cohort of 558
patients who underwent CRT implants at their institution, 80% has
mild renal dysfunction (Stage 2 or 3) at baseline. A small proportion
(11%) had stage 4 or 5 renal disease. Sixty five percent of patients
who underwent CRT were classified as responders based on a
finding of greater than 5% increase in LVEF. During a follow up of
just over a year, renal function as measured by glomerular filtration
rate (GFR) remained unchanged in the majority of patients. Howev-
er, in patients with stage 4 and 5 renal failure, there was a signifi-
cant improvement in GFR from a mean of 20e28 ml/min. In
multivariate analysis, deterioration of renal function was a predic-
tor of mortality. Limitations of the present study include lack of
data to correlate the improvement in renal function to the CRT
responder status or the frequency of biventricular pacing as a per-
centage of heartbeats. In addition, the absence of a control group
that was treated with optimal heart failure medications tempers
the conclusions of the study. Nevertheless, the finding of improved
renal function in severe renal failure is encouraging and underlines
the critical interaction between cardiac and renal function. Analysis
of the larger CRT trials has implied a similar, incremental benefit
from CRT in patients with evidence for renal dysfunction as a result
of heart failure.

There are practical issues with implementation of CRT therapy
in patients with severe cardio-renal failure. Epicardial LV lead
placement by surgical techniques carries a higher early mortality
and morbidity that is likely augmented in the face of significant
renal dysfunction [11]. Transvenous techniques run the risk of
worsening renal function with the use of radiographic contrast
used to define coronary sinus anatomy. In the present study [10],
the operators used minimal contrast (40e45 cc) to minimize renal
damage and utilized hydration and sodium bicarbonate over the
24-hour period around the implantation. Other than maintenance
of adequate hydration and maintaining adequate urine flow in
the post exposure period, it is unclear whether any other pre-
treatment alters the risk of contrast nephropathy. N-acetyl cysteine
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Fig. 1. Magnitude of benefit from Cardiac resynchronization therapy. Adapted from
Ref. [9]. NICM ¼ non-ischemic cardiomyopathy, LBBB ¼ left bundle branch block.
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was recently shown to reduce serum creatinine levels in normal in-
dividuals not exposed to contrast. Hence, the role of this drug in
preserving glomerular filtration (as opposed to just maintaining
serum creatinine levels steady) after contrast exposure has been
called to question. The maintenance of hydration prior to CRT in a
patient with chronic heart failure is not simple and may require
invasive measures of filling pressure, a procedure that increases
the risk of infection in a newly implanted device. Fortunately, in
the majority of cases, CRT can be implemented with the minimal
use of contrast (5e10 cc). When one encounters a situation of diffi-
cult coronary venous anatomy and need for higher contrast volume,
serious consideration has to be given to benefit of proceeding
versus the risk of precipitating the need for dialysis.

The relation between cardiac function and renal failure has been
long recognized and studied. Deteriorating renal function portends
a poor outcome in heart failure patients and inability to tolerate
angiotensin converting enzyme inhibitors, angiotensin receptor an-
tagonists or beta-blockers is associated with a higher mortality. The
predominant mechanism of renal deterioration in heart failure is
reduced cardiac output; declining GFR is however, likely due to a
combination of reversible and irreversible renal injury. CRT by
improving renal perfusion allows reversal of a significant compo-
nent of the renal failure. In addition, successful CRT results in a
higher blood pressure that in turn permits gradual reintroduction
and escalation of doses of heart failure medications that improve
cardiac function. Thus, the present study, like others that have
defined the role of CRT in cardio-renal failure, once again under-
lines the importance of “pumping up the volume” by increasing
cardiac output to preserve renal function.
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