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ABSTRACT

Background: Renal insufficiency is highly prevalent in heart failure patients, includ-
ing patients eligible for CRT, and is associated with poor prognosis. Aims of this study
were to investigate the effect of renal function on left ventricular (LV) reverse remod-
eling and long-term outcome after cardiac resynchronization therapy (CRT), and to
explore the relation between LV reverse remodeling and changes in renal function at
6 months follow-up.

Methods: The study comprised 490 patients undergoing CRT. Response to CRT was
defined as a decrease in LV end-systolic volume =15% at 6 months follow-up. Primary
end point during long-term follow-up was all-cause mortality.

Results: At baseline, mean estimated glomerular filtration rate (eGFR) was 70+28 ml/
min/1.73m?2 At 6 months follow-up, 263 patients (54%) demonstrated response to
CRT. Responders had an eGFR of 7426 ml/min/1.73m? vs. 64428 ml/min/1.73m? in
non-responders (p<0.001). During long-term follow-up, patients with an eGFR <60 ml/
min/1.73m? had higher mortality than patients with an eGFR of 60-90 ml/min/1.73m?
or an eGFR >90 ml/min/1.73m? (p<0.001). Finally, responders to CRT had preservation
of renal function (A eGFR -0.6), while non-responders had a slight worsening in renal
function (A eGFR -4.7), p<0.05.

Conclusions: Impaired renal function in CRT candidates is associated with non-
response during 6 months follow-up. Additionally, patients with impaired renal func-
tion have worse long-term survival after CRT. Response to CRT results in preservation

of renal function.
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INTRODUCTION

Cardiac resynchronization therapy (CRT) is a well established treatment for patients with
symptomatic heart failure, depressed left ventricular (LV) ejection fraction (LVEF) and a QRS
complex =120 ms.! Several studies have demonstrated not only improvement in clinical
symptoms, exercise capacity, quality of life and LV systolic function, but also increased sur-
vival and lower incidence of heart failure related hospital admissions in patients treated with
CRT as compared to patients receiving optimal medical treatment alone.**

In addition to the above-mentioned beneficial effects of CRT, improvement in LV systolic
function in these patients has recently been linked to a sustained improvement in systemic
hemodynamics.>® One study demonstrated that patients with significant LV reverse remodel-
ing after CRT showed an improvement in renal function and in turn, this improvement in
renal function resulted in improved survival after CRT.®

Renal failure is common in heart failure patients and is associated with poor long-term
prognosis.”'" Many of these heart failure patients are considered candidates for CRT. The ben-
eficial effect of CRT on systemic hemodynamics (including renal function) can be a possible
explanation for the increased survival that is observed in these patients.

Accordingly, aims of the current study were to: 1) investigate the effect of renal function on
LV reverse remodeling and long-term outcome after CRT and 2) explore the relation between

LV reverse remodeling at 6 months follow-up and changes in renal function.

METHODS

Patient population and protocol

Out of a large single-center registry including all patients referred for CRT implantation,
490 patients were included, who presented with heart failure symptoms according to NYHA
class Ill or IV and had routinely acquired blood samples at the time of implantation avail-
able. Patients were included between 1999 and 2007. All devices were implanted according
to current guidelines.! Before CRT device implantation, blood samples were obtained for
evaluation of renal function and patients were divided into 3 sub-groups based on baseline
estimated glomerular filtration rate (eGFR). All patients underwent extensive evaluation,
including assessment of clinical status as well as transthoracic 2D-echocardiography before
CRT implantation and at 6 months follow-up. Medication remained unchanged during
the 6 months follow-up period. Response to CRT was defined as a reduction =15% in left
ventricular end-systolic volume (LVESV) at 6 months follow-up.'>'* Patients who died within

153



Chapter 9

the 6 months follow-up period, or underwent heart transplantation were classified as non-
responders. All cause mortality was evaluated during a mean follow-up of 26£21 months.

The relation between baseline renal function and echocardiographic response at 6 months
follow-up, as well as long-term prognosis after CRT was assessed in all patients. Finally, in
a subset of 133 patients with routinely acquired blood samples at 6 months follow-up, the
effect of CRT on renal function was evaluated.

Determination of renal function

Before CRT implantation (and at 6 months follow up in 133 patients), venous blood samples
were obtained. All blood samples were analyzed at the Leiden University Medical Center,
The Netherlands. Estimated GFR was calculated using the standard formula by Cockcroft and
Gault and expressed in ml/min/1.73m2'* Patients were divided into 3 sub-groups accord-
ing to the cut-off values proposed by the National Kidney Foundation practice guidelines:
an eGFR =90 ml/min/1.73m? for normal kidney function, an eGFR 60-90 ml/min/1.73m? for
mildly decreased and an eGFR <60 ml/min/1.73m? for moderately to severely decreased
kidney function.’

Echocardiographic evaluation

All patients underwent 2D-echocardiography in the left lateral decubitus position before
CRT device implantation and at 6 months follow-up. Studies were performed using a com-
mercially available echocardiographic system (VIVID 7, General Electric Vingmed Ultrasound,
Milwaukee, USA). Images were obtained using a 3.5 MHz transducer, at a depth of 16 cm in
the parasternal (long- and short-axis) and apical (2- and 4-chamber images) views. Standard
2D and color Doppler data, triggered to the QRS complex, were saved in cineloop format. A
minimum of 3 consecutive beats were recorded from each view and the images were digitally
stored for off-line analysis (EchoPac 7.0.0, General Electric Vingmed Ultrasound, Milwaukee,
USA). LVESV, left ventricular end-diasystolic volume (LVEDV) and LVEF were measured from
the apical 2- and 4-chamber images, using the modified biplane Simpson’s rule.’® Severity of
mitral regurgitation (MR) was graded semi-quantitatively from color-flow Doppler images
at the parasternal long-axis and the apical 4-chamber view and expressed as the ratio of
regurgitant jet area to left atrial area.'” Response to CRT was defined as a reduction >15% in
LVESV after 6 months follow-up.’> '3
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Clinical evaluation

Clinical status of the patients was evaluated at baseline and at 6 months follow-up. Assessed
parameters included: NYHA functional class, quality of life score (Qol) according to the
Minnesota Living with Heart Failure questionnaire' and distance covered in the 6-minute
walk test (6 MWT)."” Outcome data were collected by chart review, device interrogation and
telephone contact. Primary end point was death from any cause.

Device implantation

The LV lead was inserted transvenously via the subclavian route. A coronary sinus venogram
was obtained using a balloon catheter. Next, the LV pacing lead was inserted through the
coronary sinus with the help of an 8Fr guiding catheter and positioned as far as possible in
the venous system, preferably in a (postero-) lateral vein. The right atrial and ventricular leads
were positioned conventionally, and all leads were connected to a dual-chamber biventricu-
lar implantable cardiac device.

Statistical analysis

Continuous data are presented as mean+SD, and dichotomous data are presented as
numbers and percentages. Comparison of data between patient groups was performed
using the independent-samples t test for continuous data. The x? test was used to compare
dichotomous data. Comparison of data within patient groups (at baseline and at 6 months
follow-up) was performed with the paired-samples t test. Comparisons between more than 2
patient groups were performed using one-way analysis of variance (ANOVA) with Bonferroni
post-hoc testing. Survival of patients was evaluated with the Kaplan-Meier method. The ef-
fect of renal function on survival was investigated using the Cox proportional hazards model,
adjusting for age, gender, etiology of heart failure, QRS duration, NYHA functional class, use
of ACE-inhibitors or All-blockers, use of diuretics, LV volumes, LVEF and MR grade. Variables
that showed a statistically significant effect at the 0.05 level on (event-free) survival in uni-
variable analyses were entered in the multivariable Cox proportional hazards model, using
a backward stepwise selection to obtain the final model. At each step, the least significant
variable was discarded from the model, until all variables in the model reached a p-value
below 0.25. All analyses were performed with SPSS for Windows, version 16.0 (SPSS, Chicago,
IL). All statistical tests were 2-sided A p-value <0.05 was considered statistically significant.
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RESULTS

Patient characteristics

A total of 490 consecutive patients were included. Optimal medical therapy was administered
to all patients when tolerated, as evidenced by 90% usage of ACE-inhibitors or All-blockers
and 86% usage of diuretics. Patients had severely depressed LV function, with a mean LVEF
of 24+8%.Mean plasma creatinine level was 115+43 pmol/l and mean estimated creatinine

clearance was 70+28 ml/min/1.73m?2.

Response to CRT

In the overall population, improvement in both clinical and echocardiographic parameters
at 6 months follow-up was observed. Mean NYHA class declined from 3.1+0.3 to 2.1+£0.6
(p<0.001), QoL improved from 36+17 to 25+18 (p<0.001) and 6 MWT increased from 300+106
m to 392+124 m (p<0.001). Furthermore, a decrease in LVEDV from 227+83 ml to 198+46 ml
(p<0.001), a decrease in LVESV from 172474 ml to 138+66 ml (p<0.001) and a consequential
increase in LVEF from 254+8% to 32+10% (p<0.001) were noted. Table 1 provides an overview
of patient characteristics for CRT responders (n = 263, 54%) vs. CRT non-responders (n = 227,
46%). No differences between responders and non-responders existed at baseline except for
a more frequently observed ischemic etiology of heart failure in non-responders (p<0.001).
Furthermore, non-responders had higher plasma creatinine levels and lower eGFR (p<0.001
for both), see Table 1.
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Table 1. Patient characteristics of responders and non-responders to CRT

Variable Responders Non-responders p-value
(n=263) (n=227)

Age (years) 65+ 10 66+ 11 0.392
GenderM/F 202/61 190/37 0.070
Ischemic etiology (n) 129 (49%) 164 (72%) <0.001
QRS duration (ms) 159 +33 154 +31 0.130
Systolic blood pressure (nmHg) 111+£20 113+£22 0438
Diastolic blood pressure (mmHg) 69+11 70+13 0.716
ACE-inhibitors/All-blocker 238 (90%) 208 (92%) 0.752
Diuretics 221 (84%) 203 (89%) 0.086
Spironolactone 122 (46%) 118 (52%) 0.239
B-blockers 185 (70%) 153 (67%) 0.49%4
Serum creatinine (umol/l) 104 +30 127 +51 <0.001
eGFR (ml/min/1.73m?) 74 +26 64+28 <0.001
NYHA class

Baseline 3.1+03 3.1+03 0326

follow-up 1.9+0.6* 23£0.7% <0.001
6 MWT (m)

Baseline 308 £99 291113 0.112

follow-up 417 £108* 358 £ 136* <0.001
QoL score

Baseline 35+16 38+18 0.132

follow-up 21+ 16* 29 +20* <0.001
LVEDV (ml)

Baseline 234+ 86 219+79 0.055

follow-up 179+ 71% 223+75 <0.001
LVESV (ml)

Baseline 176 £77 16770 0.181

follow-up 116 + 58* 167 £ 66 <0.001
LVEF (%)

Baseline 26+8 25+8 0.293

follow-up 37+ 9% 26+8 <0.001
MR grade 1.5+£1.0 1.6+1.1 0.400

6 MWT = 6 minute walking test; ACE = angiotensin-converting enzyme; eGFR = estimated glomerular filtration rate; LVEDV = left ventricular
end-diastolic volume; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; MR = mitral requrgitation; NYHA =

New York Heart Association; QoL = quality of life
*:p<0.05, follow-up vs. baseline
# by definition, follow-up vs. baseline
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Renal function and response to CRT

To evaluate renal function as an indicator for response to CRT, patients were divided into 3
sub-groups according to the National Kidney Foundation practice guidelines; patients with
an eGFR <60 ml/min/1.73m? (n = 193), patients with an eGFR 60-90 ml/min/1.73m? (n = 204)
and patients with an eGFR =90 ml/min/1.73m? (n = 93). Baseline characteristics of the 3 sub-
groups are displayed in Table 2. Patients with higher eGFR tended to be younger, have a less
wide QRS complex, use fewer diuretics, and have a better exercise tolerance, higher LVEF and
less MR. Next, response rates in the 3 sub-groups were assessed and are displayed in Figure 1.
Significantly less patients (43%) in the group with moderately to severely decreased kidney
function (eGFR <60 ml/min/1.73m?) demonstrated echocardiographic response to CRT at 6
months follow-up as compared to the 2 other groups (p<0.001 for eGFR <60 ml/min/1.73m?
vs. eGFR 60-90 ml/min/1.73m? and p = 0.023 for eGFR <60 ml/min/1.73m? vs. eGFR =90 ml/
min/1.73m?). No differences in response rate were observed between the group with an eGFR
290 ml/min/1.73m? (58% responders) and the group with an eGFR 60-90 ml/min/1.73m?
(62% responders, p = 0.609).

Table 2. Patient characteristics of the 3 eGFR sub-groups

Variable eGFR <60 ml/ eGFR 60-90 ml/ eGFR 290 ml/ p-value
min/1.73m? min/1.73m? min/1.73m?
n=193 n=204 n=93
Age (years) 71+8 65+8 56+ 11 <0.001
GenderM/F 152/41 165/39 75/18 0.856
Ischemic etiology (n) 123 (64%) 121 (59%) 49 (53%) 0.200
QRS duration (ms) 161+ 30 159+ 33 147 £35 0.001
Systolic blood pressure (mmHg) 1M1+19 112420 115423 0.387
Diastolic blood pressure (mmHg) 69+12 69+12 70+13 0.868
ACE-inhibitors/All-blockers 169 (88%) 189 (93%) 88(95%) 0.084
Diuretics 176 (91%) 179 (88%) 69 (74%) <0.001
B-blockers 129 (67%) 136 (67%) 73 (78%) 0.088
NYHA class 31+£03 31+£03 30+0.2 0.160
6 MWT (m) 266 + 99 308 £ 105 352+98 <0.001
QoL score 3716 38+18 3318 0.091
LVEDV (ml) 21877 235+92 229+72 0.127
LVESV (ml) 168 £ 71 177 £80 170 + 64 0423
LVEF (%) 24+8 26+8 27+8 0.022
MR grade 1.7+£1.1 1.5+1.1 1.1+£08 <0.001

Abbreviations as in Table 1
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80%
* * 1 Responders
I Non-responders
60%-
40%
20%-
%

<60 (n=193) 60-90 (n=204) >90 (n = 93)
eGFR (ml/min/1.73m? )

Figure 1. Differences in response to CRT between the 3 sub-groups.*p<0.05 (Bonferroni corrected for 3 comparisons), percentage
responders vs. eGFR <60 ml/min/1.73m2

Renal function and long-term prognosis after CRT

Renal function was also investigated in relation to mortality after CRT. At the end of the
follow-up period (mean: 26221 months), 106 patients (22%) had died. Survival between the
3 patient sub-groups (eGFR <60 ml/min/1.73m?, eGFR 60-90 ml/min/1.73m? and eGFR =90
ml/min/1.73m?) was compared using Kaplan-Meier curves. Patients with an eGFR <60 ml/
min/1.73m? had a significantly worse survival as compared to the other 2 groups (p<0.001 vs.
eGFR 60-90 ml/min/1.73m? and p<0.001 vs. eGFR =90 ml/min/1.73m?). On the contrary, sur-
vival was comparable between the eGFR =90 ml/min/1.73m? and eGFR 60-90 ml/min/1.73m?
sub-groups (p = 0.138), see Figure 2.

Finally, eGFR was tested as an independent predictor for mortality using a Cox proportional
hazards model, adjusting for age, gender, etiology of heart failure, QRS duration, NYHA func-
tional class, use of ACE-inhibitors or All-blockers, use of diuretics, LV volumes, LVEF and MR
grade. Estimated GFR remained a very strong predictor of survival after CRT, with a corrected
hazard ratio (HR) of 0.97 (95% C.I. 0.96 — 0.98, p<0.001) for every 1 ml/min/1.73m?2 increase in
baseline eGFR, see Table 3.
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100%1
5 eGFR 290
% 80%| —__
3 eGFR 60-90
o 60%
o
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T 40%-
g eGFR <60
[IT]
20%
0% T T T T 1
0 12 24 36 48 60
Follow-up (months)
Patients at risk
eGFR 290 ml/min/1.73m2 93 59 38 23 10 9
eGFR 60-90 mlI/min/1.73m2 204 139 85 63 37 30
eGFR <60 ml/min/1.73m2 193 123 76 42 23 15

Figure 2. Kaplan-Meier survival curves for time to all-cause mortality in patients with an eGFR > 90 ml/min/1.73m?, an eGFR 60-90 ml/
min/1.73m?and an eGFR <60 ml/min/1.73m?

p<0.001, overall comparison between the 3 groups.

p=0.138%, eGFR =90 ml/min/1.73m? vs. eGFR 60-90 ml/min/1.73m?.

p<0.001*, eGFR 60-90 ml/min/1.73m? vs. eGFR <60 ml/min/1.73m2.

p<0.001*, eGFR =90 ml/min/1.73m?vs. eGFR <60 ml/min/1.73m?,

* p-values Bonferroni corrected for 3 comparisons.

Table 3. Uni- and multivariable Cox proportional hazards models for time to all-cause mortality

Univariable Multivariable

HR (95%-C.I.) p-value HR (95%-C.I.) p-value
Age (years) 1.04 (1.02-1.06) <0.001
Male gender 1.79(1.02-3.14) 0.043 2.34(1.30-4.22) 0.005
Ischemic HF 1.69 (1.13-2.54) 0.011
QRS (ms) 1.00(0.99-1.01) 0.939
NYHA class 2.25(1.38-3.68) 0.001 1.72(1.02-2.89) 0.041
Diuretics 2.15(1.05-4.42) 0.038
ACE-inhibitors/All-blockers 0.75(0.41-1.36) 0.342
eGFR (ml/min/1.73m?) 0.97 (0.96-0.98) <0.001 0.97 (0.96-0.98) <0.001
LVESV (ml) 1.00 (1.00-1.01) 0.034
LVEDV (ml) 1.00 (1.00-1.00) 0.124
LVEF (%) 0.96 (0.94-0.99) 0.004 0.98 (0.96-1.01) 0.213
MR grade 1.45(1.23-1.72) <0.001 1.31(1.10-1.57) 0.003

C.l. = confidence interval, rest of abbreviations as in Table 1
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Changes in renal function after CRT

In a subset of 133 patients with routinely acquired blood samples at 6 months follow-up, the
effect of CRT on evolution of renal function was assessed. In this subset of patients, a slight
deterioration of renal function at 6 months follow-up was noted (eGFR 71 ml/min/1.73m? at
baseline vs. eGFR 69 ml/min/1.73m? at follow-up, p = 0.012). Patients who did not respond to
CRT showed deterioration of renal function over the 6 months follow-up period (A eGFR -4.7
ml/min/1.73m? for baseline vs. follow-up, p = 0.001) while in CRT responders, renal function
remained stable at 6 months follow-up (A eGFR -0.6 ml/min/1.73m? for baseline vs. follow-up,
p = 0.659). Changes in eGFR between responders and non-responders differed significantly
(A eGFR -4.7 for non-responders vs. A eGFR -0.6 for responders, p<0.05), see Figure 3.

e

p<0.05 |

Change in eGFR (ml/min/1.73m?)
1
+

[ [
Responders Non-responders

Figure 3. Change in eGFR from baseline to 6 months follow-up, responders vs. non-responders to CRT.
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DISCUSSION

The findings of the current study can be summarized as follows: heart failure patients with
moderately or severely decreased renal function show lower response to CRT as compared to
patients with normal or mildly decreased renal function. Additionally, patients with severely
decreased renal function have worse long-term prognosis after CRT. Finally, patients who
demonstrate significant LV reverse remodeling after CRT (reduction in LVESV >15% at 6
months follow-up) have preservation of renal function, while patients who do not exhibit
significant LV reverse remodeling have a slight worsening in renal function after CRT.

Renal failure is highly prevalent among heart failure patients. It has been estimated that
as many as 25% - 50% of patients with heart failure have impaired renal function (creatinine
clearance <60-75 ml/min/1.73m?).”2° A retrospective analysis of the Studies of LV Dysfunc-
tion (SOLVD) trial revealed that in heart failure patients with a LVEF <35%, a total of 32% of
patients had a eGFR <60 ml/min/1.73m?2. The same analysis demonstrated a strong relation
between renal function and all-cause mortality; a 10 ml/min/1.73m? lower eGFR was associ-
ated with a 1.064 (95% C.I. 1.033 - 1.096) higher risk for mortality in these patients.” The
currently observed hazard ratio for eGFR is fairly higher than that reported by SOLVD, but
may be attributed to the fact that in the SOLVD trial, only 12% of patients were in NYHA class
Il or IV, vs. 100% in the present study.

Similar observations as in SOLVD were noted in another large trial, Candesartan in Heart
Failure: Assessment of reduction in Mortality and Morbidity (CHARM).2 In this study, around
35% of the 2680 patients had an eGFR <60 ml/min/1.73m? and this was associated with
increased mortality during long-term follow-up (HR 1.50, 95% C.I. 1.15 - 2.00). The findings
of these large interventional trials in heart failure patients demonstrate that renal failure is a
major determinant of long-term outcome in this population.

More recently, interactions between renal function and CRT have been described. Fung
et al first reported an association between impaired renal function and clinical outcome in
patients treated with CRT.® The authors found in a small cohort of 85 patients, that patients
without reverse remodeling had a deterioration in renal function (61.9+17 ml/min/1.73m?
vs. 48.8+13.0 ml/min/1.73m?) while patients with significant LV reverse remodeling (defined
as =10% reduction in LVESV) showed a slight improvement in renal function (51.7+20.4 ml/
min/1.73m? at baseline vs. 54.2+19.1 ml/min/1.73m? at 3 months follow-up, p<0.001). In ad-
dition, patients with a deterioration in renal function during follow-up had a significantly
higher mortality rate than patients with preserved renal function (HR 1.96, p<0.01). Surpris-
ingly, patients who showed no significant LV reverse remodeling at 3 months follow-up had
a higher baseline eGFR than patients who demonstrated >10% reduction in LVESV. This is
to some extent contradictory to the current findings, where CRT responders (patients who
showed >15% reduction in LVESV) had higher baseline eGFR than non-responders. Perhaps
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the definition of response or differences in patient characteristics (overall higher baseline
eGFR, larger baseline volumes in the current study) might be responsible for this discrepancy.

Another small study on the evolution of renal function during CRT showed similar results.
In 33 patients undergoing CRT, Kimura et al reported that responders to CRT (patients with
>0% increase in LVEF at 3 months follow-up) had an improvement in eGFR of +3.0+3.4 ml/
min/1.73m?, while non-responders (patients with a decrease in LVEF at 3 months follow-up)
had a deterioration in renal function of -11.5£4.3 ml/min/1.73m?22' There were no significant
differences in baseline renal function between responders and non-responders. The authors
concluded that response to CRT results in preservation of renal function, while non-respond-
ers had (further) deterioration, a finding similar to that in the present study.

The largest, currently available, body of evidence for the beneficial effects of CRT on renal
function comes from a sub-analysis of the Multicenter InSync Randomized Clinical Evalua-
tion (MIRACLE) study.? In this trial, 453 patients were randomized to either CRT or control
group. Patients were divided into 3 sub-groups (eGFR 30<60 ml/min/1.73m?, eGFR 60<90 ml/
min/1.73m? and eGFR =90 ml/min/1.73m?), similar to the currently constructed sub-groups.
In all 3 sub-groups, the patients in the CRT group derived superior benefit to the control
group with regard to decrease in LV volumes and increase in LVEF. There was however, an
interesting difference in LV reverse remodeling at 6 months follow-up between the 3 sub-
groups. Patients with an eGFR 290 ml/min/1.73m? had a mean reduction in LVESV of 5310
ml, patients with an eGFR 60<90 ml/min/1.73m? had a mean reduction in LVESV of 40+7 ml,
and finally, patients with an eGFR 30<60 ml/min/1.73m? had a reduction of 30+9 ml. Although
the authors did not test for significance of these results, this observation remains interesting
and further strengthens the current observation that impaired baseline renal function results
in less response (reverse remodeling) after CRT.

What the exact underlying mechanism on the observed higher response in patients with
preserved renal function remains currently unclear. Theoretically, impaired renal function
could be caused by an increased venous pressure,” which in turn may result in less reverse re-
modeling after CRT. Conversely, impaired renal function was also associated with lower LVEF
and more severe MR in the present study, which in turn may have influenced CRT response.
However, these assumptions cannot be confirmed by the current (or any other published)
study.

Perhaps the most important question raised by the present and earlier mentioned stud-
ies,® 222 js through which mechanism CRT improves (or maintains) renal function in heart
failure patients. Since renal function (eGFR) is strongly influenced by renal perfusion,” one
explanation might be the fact that renal perfusion is improved by a CRT induced systemic he-
modynamic benefit.> In turn, this systemic hemodynamic benefit is most likely effectuated by
an improvement in LV systolic function and/or reduction in MR.2*2 Although this hypothesis
cannot be confirmed by the current results, the mechanism is supported by recent findings
reported by Mullens et al, obtained with invasive hemodynamic evaluation in CRT recipients.®
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In this study, including 40 patients who previously underwent CRT implantation, switching
OFF biventricular pacing resulted in an immediate 7% decrease in systemic systolic pressure,
as well as a 22% increase in central venous pressure. Since CRT increases systemic systolic
pressure and decreases central venous pressure, it is not unlikely that either of these, or an
interplay between the 2, is responsible for the observed favorable effect of CRT on eGFR (and

prognosis).>

Limitations

Since the current study represents a non-randomized observational design, we could only
assess the absolute effect of CRT in the different eGFR sub-groups. The relative effect of CRT
(vs.no CRT) may be similar among sub-groups, as reported by both the sub-analysis from the
MIRACLE trial?> and CARE-HF.?

Also, progression of renal dysfunction as part of the natural course of disease may have
been of influence. Patients with a small reduction in renal function were classified as “non-
responders” but (in individual patients) may well be “responders’, since progression of
disease may have been attenuated compared with natural history, and deterioration of renal
function may have been more extensive in the absence of CRT.>?® The same reasoning may

be applicable to LV reverse remodeling.

Conclusions

The current study provides novel insight in the effect of baseline renal function on reverse
remodeling and the subsequent long-term prognosis, the effects of remodeling on changes
in renal function, in the largest patient cohort described to date. Although it is known from
the important sub-analysis from MIRACLE that the relative effects of CRT (as compared to
controls) on LV volumes and LVEF is similar among the 3 renal function sub-groups, the cur-
rent study confirms the suggestion that the absolute effect of CRT may be larger in patients
with preserved renal function. In addition, these patients have a better long-term prognosis
than patients with impaired renal function. The present findings may help to further de-
termine which patient will respond after CRT, and which patient might not respond. Even
though patient selection for CRT may not be altered by knowledge of pre-implantation renal
function, it may help to place the individual patient in the appropriate part of the response

spectrum and aid in setting of expectations.
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