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Background: Cardiac resynchronization therapy (CRT) is a 
non-pharmacological option for patients with heart failure and 
interventricular dyssynchrony. Elevated red cell distribution 
width (RDW) reflects higher size and heterogeneity of 
erythrocytes and is associated with poor outcome in patients 
with chronic heart failure. 
objectives: To examine the association between RDW levels 
and outcomes after CRT implantation.
methods: We conducted a cohort analysis of 156 patients (126
men, median age 69.0 years) who underwent CRT implantation
in our institution during 2004–2008. RDW was measured
at three time points before and after implantation. Primary 
outcome was defined as all-cause mortality, and secondary 
outcome as hospital re-admissions. We investigated the 
association between RDW levels and primary outcome during 
a median follow-up of 61 months.
results: Ninety-five patients (60.9%) died during follow-up.
Higher baseline RDW levels were associated with all-cause 
mortality (unadjusted HR 1.35, 95%CI 1.20–1.52, P < 0.001). On
multivariate analysis adjusted for clinical, electrocardiographic 
and laboratory variables, baseline RDW levels were associated 
with mortality (HR 1.33, 95%CI 1.16–1.53). RDW levels 6
months and 12 months post-implantation were also associated
with mortality (HR 1.22, 95%CI 1.08–1.38, P = 0.001; and
HR 1.15, 95%CI 1.01–1.32, P = 0.02, respectively). Patients
who were re-admitted to hospital during follow-up (n=78) had
higher baseline RDW levels as compared to those who were 
not (14.9%, IQR 14.0, 16.0% vs. 14.3%, IQR 13.7, 15.0%,
respectively, P = 0.03).
conclusion: An elevated RDW level before and after CRT 
implantation is independently associated with all-cause 
mortality. 
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c ardiac resynchronization therapy (CRT) is a non-pharma-
cological treatment for patients with congestive heart fail-

ure (CHF) who have electrical interventricular dyssynchrony. 
Although CRT reduces morbidity and mortality [1-4], about 30% 
of patients who undergo CRT implantation do not benefit from it 
and are defined as “non-responders” [5,6]. Patients who benefit 
more from CRT are those with non-ischemic cardiomyopathy, 
left bundle branch block (LBBB), a wider QRS on electrocardio-
gram (ECG), and women [2,4,7,8]. Other potential predictors of 
clinical outcomes after CRT implantation could be important. 

Red cell distribution width (RDW) is a quantitative measure 
of anisocytosis that describes the variability in erythrocyte size 
on complete blood count. In recent years several studies have 
demonstrated that an elevated RDW level is associated with poor 
outcome in patients with cardiovascular diseases including CHF, 
coronary artery disease (CAD) and post-myocardial infarction 
[9-13]. Two recent trials demonstrated that RDW levels are 
inversely associated with a positive response after CRT implan-
tation, as defined by an improvement in echocardiographic 
parameters [14,15]. However, sparse data on the association 
between RDW levels before and after CRT implantation and 
between clinical outcomes are available. We therefore conducted 
a study aiming to examine the association between RDW levels 
and outcome in patients undergoing CRT implantation. 

Patients and metHods

A total of 174 patients underwent CRT implantation at Rabin 
Medical center during the years 2004–2008. Eighteen of them 
had incomplete data and were excluded from the analysis. 
Demographic, laboratory and outcome data were derived from 
our facility’s computerized database. Mortality data were con-
firmed by the Israel Central Bureau of Statistics. During the 
follow-up, all-cause mortality was the primary endpoint, and 
re-admission rates to the hospital the secondary endpoint. For re-
admission etiologies we included: decompensated CHF, angina, 
stroke, shock from defibrillator (either appropriate or inappro-
priate), and assist device implantation. We also assessed which 
prognostic clinical, ECG and echocardiographic characteristics 
were associated with worse outcome in patients who underwent 
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CRT implantation. Data collection was approved by the hospital 
ethics committee, with a waiver for individual informed consent. 
The follow-up ended on 31 December 2013 for mortality data and 
on 30 October 2012 for hospitalization data. 

variaBle deFinition and classiFication

Baseline characteristics at the time of CRT implantation were 
obtained from the patients’ files. Functional capacity was classi-
fied according to the New York Heart Association (NYHA) and 
was determined at the time of CRT implantation. Chronic renal 
failure was defined as glomerular filtration rate < 60 ml/min. 

RDW and other laboratory tests were analyzed in a single 
central laboratory using standardized automated kits (Advia 
2120, Siemens, Erlangen, Germany) at three time points: within 
1 month prior to CRT implantation (baseline RDW), within 6 
months post-implantation (range 4–8 months), and within 12 
months post-implantation (range 10–14 months). The normal 
reference for RDW in our laboratory is defined as 11.5%–14.5%. 
Baseline RDW levels were further subdivided into tertiles: RDW 
≤ 14.0%, 14.0% < RDW ≤ 15.0%, and RDW > 15.0%. 

statistical analYsis

Categorical variables were described using frequency and 
percentages. Continuous variables were evaluated for normal 
distribution using the Kolmogorov-Smirnov test and Q-Q 
plot. Normal distributed variables were described using mean 
± standard deviation, and abnormal distributed variables were 

described using median and interquartile range. Chi-square test 
was used to compare categorical variables between RDW ter-
tiles. Normally distributed continuous variables were compared 
between RDW tertiles using ANOVA and abnormal distributed 
variables using the Kruskal-Wallis test. Survival curves were cal-
culated by the Kaplan-Meier method and comparison between 
tertiles was performed with the log-rank test. Univariate Cox 
regression was used to evaluate the crude hazard ratio for mor-
tality. Variables with P < 0.2 in the univariate Cox regression 
were included in the multivariate analysis (using the backward 
method). The results of multivariate analysis are presented 
as the hazard ratio (HR) with 95% confidence interval (CI). 
Spearman’s correlation coefficient was used to evaluate the cor-
relation between RDW at baseline, 6 months post-implantation 
and 12 months post-implantation. Friedman’s test was used to 
compare RDW levels at the three time points. A two-sided P 
value < 0.05 was considered statistically significant. Statistical 
analyses were performed using SPSS-21 software (Chicago, IL). 

results

The study group included 156 patients with a median age of 69.0 
years (IQR 61.0, 76.0 years), of whom 126 (80.8%) were men. 
Most of the patients had ischemic cardiomyopathy (70.5%) and 
NYHA functional class III-IV (93.6%). Patients’ characteristics 
are depicted in Table 1. Median baseline RDW levels were 14.5% 
(IQR 13.8, 15.6%). Patients were divided into tertiles accord-

table 1. Characteristics of study patients

clinical characteristics
tertile 1
rdw ≤ 14.0%

tertile 2
14.0% < rdw ≤ 15.0%

tertile 3
rdw > 15.0% P value

total  
(n=156)

Age (years), median 67.0 (60.0,75.0) 71.0 (64.5, 76.0) 69.0 (56.5,77.0) 0.32 69.0 (61.0,76.0)

Men, n (%) 38 (71.7) 41 (87.2) 47 (83.9) 0.11 126 (80.8)

comorbidities
Dislipidemia, n (%)
Ischemic cardiomyopathy, n (%)
Hypertension, n (%)
CRF, n (%)
Diabetes mellitus, n (%)
AF, n (%)
COPD, n (%)

36 (67.9)
31 (58.5)
39 (73.6)
13 (25.0)
22 (41.5)
15 (28.3)
7 (13.2)

37 (78.7)
35 (74.5)
31 (66.0)
26 (55.3)
20 (42.6)
24 (51.1)
10 (21.3)

41 (73.2)
44 (78.6)
36 (64.3)
31 (55.4)
22 (40.7)
25 (44.6)
9 (16.1)

0.48
0.06
0.55
0.002
0.98
0.06
0.55

114 (73.1)
110 (70.5)
106 (67.9)
70 (45.2)
64 (41.6)
64 (41.6)

Before crt implantation
LBBB, n (%)
RBBB, n (%)
QRS duration (ms), median
LVEF (%), mean ± SD
NYHA III/IV, n (%)
ACE/ARB, n (%)
BB, n (%)
Diuretic, n (%)
Hemoglobin (g/dl), mean ± SD
WBC (cells/µl), median

36 (67.9)
6 (11.3)
120 (140,160)
27.2 ± 8.0
51 (96.2)
45 (84.9)
36 (67.9)
32 (60.4)
13.2 ± 1.7
8.0 (7.0, 9.7)

35 (74.5)
6 (12.8)
160 (140,160)
26.1 ± 7.3
42 (89.4)
41 (87.2)
34 (72.3)
31 (66.0)
13.0 ± 1.6
7.8 (6.5, 9.4)

36 (64.3)
7 (12.5)
140 (120,160)
26.0 ± 7.2
53 (94.6)
45 (80.3)
37 (66.1)
47 (83.9)
12.5 ± 1.6
7.9 (6.8,9.2)

0.54
0.97
0.06
0.3
0.31
0.26
0.79
0.02
0.11
0.61

107 (68.6)
19 (12.2)
140 (120,160)
26.6 ± 7.5
146 (93.6)
131 (84.0)
107 (68.6)
110 (70.5)
12.9 ± 1.6
7.9 (6.8, 9.4)

Baseline rdw (%), median 13.6 (13.2,13.8) 14.4 (14.3,14.8) 16.1 (15.5,17.2) NR 14.5 (13.8,15.6)

mortality rate, n (%) 23 (43.4) 28 (59.6) 44 (78.6) < 0.001 95 (60.1)

Hospitalizations, n (%) 20 (37.8) 22 (46.8) 36 (64.3) < 0.001 78 (50.0)

ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blocker, AF = atrial fibrillation, CRF = chronic renal failure, CRT = cardiac 
resynchronization therapy, LBBB = left bundle branch block, LVEF = left ventricular ejection fraction, NYHA = New York Heart Association, RBBB = right 
bundle branch block, RDW = red blood cell distribution width, WBC = white blood cells
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ysis, the HR for mortality in the second and third tertiles of 
baseline RDW levels, as compared to the first tertile, were 1.12 
(95%CI 0.62–2.05) and 2.94 (95%CI 1.64–5.28), respectively. 

correlation Between rdw Post-imPlantation and mortalitY

RDW levels 6 months post-implantation were available for 111 
patients (median RDW levels 14.8%, IQR 13.9, 16.1%), whereas 
at 12 months post-implantation RDW levels were available for 
107 patients (median RDW levels 14.4%, IQR 13.3, 15.6%). 
RDW levels 6 months and 12 months post-implantation were 
correlated with baseline RDW levels (correlation coefficient 
0.581 and 0.489, respectively, P < 0.001 for both). Both RDW 

ing to levels of baseline RDW [Table 1]. Patients in the third 
tertile had chronic renal failure more often (P = 0.002) and were 
treated more commonly with diuretics (P = 0.02). However, 
they did not differ in age, gender or other comorbidities as 
compared to patients in the lower tertiles, as shown in Table 
1. Echocardiography before CRT implantation was available 
for all patients with a mean ejection fraction of 26.6% ± 7.5%. 
Echocardiography post-CRT implantation was available for 
only 53 patients. In these patients, baseline RDW levels were 
not associated with change in ejection fraction, left ventricular 
end-systolic and end-diastolic diameters after implantation, as 
assessed by echocardiography (data not shown). 

rdw and mortalitY

During a median follow-up of 61 months (IQR 28.3, 82.8 
months) 95 patients (60.9%) died. Median baseline RDW 
levels of patients who survived during follow-up were 14.1% 
(IQR 13.5%, 14.7%) as compared to 15.0% (IQR 14.1, 16.1%) 
in patients who died during follow-up. Higher baseline RDW 
levels were associated with all-cause mortality (unadjusted HR 
1.35, 95%CI 1.20–1.52, P < 0.001). Other factors associated with 
mortality were male gender (P = 0.02), age at implantation (P < 
0.001), chronic renal failure (P < 0.001), ischemic cardiomyopa-
thy (P = 0.002), atrial fibrillation (P = 0.045), chronic obstruc-
tive pulmonary disease (COPD) (P = 0.045), right bundle 
branch block (RBBB) (P = 0.02) and low baseline hemoglobin 
level (P = 0.009) [Table 2]. In multivariate analysis adjusted for 
age, gender, chronic renal failure, ischemic cardiomyopathy, 
atrial fibrillation, COPD, hemoglobin, RBBB and QRS dura-
tion, the factors independently associated with mortality were 
male gender (HR 3.45, 95%CI 1.67–7.13), older age (HR 1.06, 
95%CI 1.03–1.08), COPD (HR 2.01, 95%CI 1.11–3.66) and 
baseline RDW level (HR 1.33, 95%CI 1.16–1.53). Patients in 
the third tertile of baseline RDW levels had significantly higher 
Kaplan-Meier mortality rates [Figure 1]. On multivariate anal-

table 2. Independent predictors for mortality as assessed by Cox regression analysis (unadjusted and adjusted hazard ratios and 95% CI)

variable
non death 
(n= 61)

death
(n=95)

unadjusted
Hr (95%ci)

adjusted
Hr (95%ci)*

Age (years), median 65.0 (53.5,74.5) 72.0 (65.0,77.0) 1.04 (1.02-1.06) 1.06 (1.03-1.08)

Men, n (%) 42 (68.9) 84 (88.4) 2.17 (1.15-4.08) 3.45 (1.67-7.13)

Ischemic cardiomyopathy, n (%) 33 (54.1) 77 (81.1) 2.29 (1.37-3.84) 0.80 (0.40-1.58)

Chronic renal failure, n (%) 14 (23.3) 56 (58.9) 2.40 (1.59-3.63) 1.17 (0.68-2.02)

Atrial fibrillation, n (%) 21 (34.4) 43 (45.3) 1.52 (1.01-2.29) 1.28 (0.77-2.14)

COPD, n (%) 7 (11.5) 19 (20.0) 1.68 (1.01-2.80) 2.01 (1.11-3.66)

RBBB, n (%) 3 (4.9) 16 (16.8) 1.88 (1.09-3.22) 1.74 (0.84-3.63)

Hemoglobin (g/dl), mean ± SD 13.2 ± 1.7 12.7 ± 1.6 0.84 (0.74-0.96) 0.84 (0.72-0.98)

Baseline RDW (%), median 14.1 (13.5,14.7) 15.0 (14.1, 16.1) 1.35 (1.20-1.52) 1.33 (1.16-1.53)

*Adjusted for age, gender, ischemic cardiomyopathy, CRF, AF, COPD, hemoglobin, RBBB and QRS duration  
COPD = chronic obstructive pulmonary disease, RBBB = right bundle branch block, RDW = red cell distribution width

Figure 1. Kaplan-Meier survival curves for baseline tertiles of RDW
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tion. It is a routine component of a complete blood count 
and is readily available. Although it is not a cardiac-specific 
marker, elevated RDW has been associated with poor short 
and long-term outcomes in patients with cardiovascular 
diseases including CHF, CAD, pulmonary hypertension and 
stroke [9-13]. In a sub-study of the CHARM trial, which 
examined candesartan in patients with heart failure, RDW 
levels were independently associated with cardiovascular 
death and heart failure hospitalization [9]. Nevertheless, this 
association has never been addressed before in CHF patients 
undergoing CRT implantation. 

We demonstrated the association between RDW and mor-
tality in patients undergoing CRT implantation. The exact 
mechanism by which RDW is associated with poor outcome 
is not well established. It is not clear whether RDW is simply 
a marker of more advanced disease or a marker of a complex 
interplay between several pathologies associated with CHF, 
including anemia, chronic renal failure, nutritional deficien-
cies, oxidative stress, and inflammation. Indeed, we have dem-
onstrated that patients with elevated RDW levels have more 
renal failure, suggesting a higher systemic burden associated 
with CHF. However, even after adjusting for CRF and other fac-
tors, RDW was still associated with worse outcome. Therefore, 
we assume that an elevated RDW level is a marker of a more 
advanced CHF disease associated with systemic organ damage. 
As a byproduct, patients with elevated RDW who are undergo-
ing CRT implantation have higher mortality rates.

To our knowledge, only two studies have investigated the 
association between RDW levels and clinical outcomes in 
patients undergoing CRT implantation [14,15]. Rickard et 
al. [14] demonstrated a direct correlation between elevated 
RDW levels and impaired left ventricular reverse remodeling 
and worse outcomes. Celikyurt et al. [15] found an inverse 
correlation between RDW levels and positive response to 
CRT as defined by a relative increase in ejection fraction ≥ 
15% measured by echocardiography [15]. To our knowledge, 
our study is the first to examine, as a primary endpoint, the 
association between baseline and post-implantation RDW 
levels and mortality. An additional finding that was not 
addressed in previous studies is the association between the 
difference between RDW levels post- and pre-implantation 
and its association with mortality. Our findings suggest that 
RDW levels, rather than the change in RDW levels over time, 
are associated with mortality in these patients. Therefore, 
RDW levels might be considered as a tool to predict risk and 
follow-up in patients undergoing CRT implantation. 

Some limitations in our analysis must be noted. First, due 
to the study’s observational nature it cannot be determined 
whether the relationship between RDW levels and mortality 
is causal. Still, it is unique in its long-term clinical follow-up 
and it represents the experience of a single tertiary medical 
center in consecutive patients referred for CRT implantation. 

levels 6 months and 12 months post-implantation were associ-
ated with all-cause mortality (HR 1.22, 95%CI 1.08–1.38, P = 
0.001; and HR 1.15, 95%CI 1.01–1.32, P = 0.02, respectively). 

association Between cHange in rdw levels and mortalitY 

We examined the association between the change in RDW 
levels 6 months post-CRT implantation and mortality. The 
change in RDW levels was defined by the difference between 
RDW levels 6 months post-implantation and between base-
line RDW levels. Although the mean difference was found 
to be higher in patients who died vs. patients who were 
alive during follow-up (mean difference of +0.3 vs. +0.007, 
respectively) [Figure 2], this difference was not associated 
with mortality (P = 0.85). 

correlation Between rdw and re-admissions 

The median baseline RDW levels of patients who were re-
admitted to the hospital during follow-up (n=78) were higher 
as compared to those who were not (14.9%, IQR 14.0, 16.0% 
vs. 14.3%, IQR 13.7, 15.0%, respectively, P = 0.03) [Table 1]. 
Among patients who were re-admitted to hospital during 
follow-up, higher baseline RDW levels were also associated 
with a higher number of re-admissions (P = 0.03). 

discussion

The main finding of our study is that higher baseline RDW 
levels, as well as RDW after CRT implantation, are indepen-
dently associated with mortality in patients who undergo 
CRT implantation. CRT is a well-established treatment used 
in patients with CHF. It remains a challenge to predict which 
patients will benefit most from CRT. Most trials focused on 
cardiac characteristics such as left ventricular dyssynchrony, 
ejection fraction and ECG parameters; the data on non-car-
diac characteristics in patients undergoing CRT implantation 
are sparse. RDW is a numeric parameter that describes the 
variation in the size of red blood cells in the blood circula-

Figure 2. RDW levels at baseline and 6 months post-CRT implantation 
in patients who died and those who survived during follow-up (n=111)
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Echocardiography data were not available for all patients during 
follow-up and therefore this was not a pre-defined outcome. 
Since we have no systematic data collection of functional class 
or quality of life post-procedure, we only examined clinical out-
comes such as mortality and hospitalizations. We had data only 
on all-cause mortality and not on specific causes of death such 
as cardiovascular death. RDW data following CRT implanta-
tion were missing. This could be due to mortality which we did 
not account for. Finally, this study is based on a single RDW 
measurement at each time point. RDW levels are subject to 
variation which was not addressed in the present analysis. 

conclusions

An elevated RDW level before and after CRT implantation is 
independently associated with all-cause mortality. 
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The inflammasome activates caspase-1 and the release of 
interleukin-1β (IL-1β) and IL-18, and several inflammasomes 
protect against intestinal inflammation and colitis-associated 
colon cancer (CAC) in animal models. The absent in melanoma 
2 (AIM2) inflammasome is activated by double-stranded DNA, 
and AIM2 expression is reduced in several types of cancer, 
but the mechanism by which AIM2 restricts tumor growth 
remains unclear. Wilson et al. found that Aim2-deficient 
mice had greater tumor load than Asc-deficient mice in the 
azoxymethane/dextran sodium sulfate (AOM/DSS) model of 
colorectal cancer. Tumor burden was also higher in Aim2−/−/
ApcMin/+ than in APCMin/+ mice. The effects of AIM2 on CAC were 

independent of inflammasome activation and IL-1β and were 
primarily mediated by a non-bone marrow source of AIM2. 
In resting cells, AIM2 physically interacted with and limited 
activation of DNA-dependent protein kinase (DNA-PK), a PI3K-
related family member that promotes Akt phosphorylation, 
whereas loss of AIM2 promoted DNA-PK-mediated Akt 
activation. AIM2 reduced Akt activation and tumor burden in 
colorectal cancer models, while an Akt inhibitor reduced tumor 
load in Aim2−/− mice. These findings suggest that Akt inhibitors 
could be used to treat AIM2-deficient human cancers.
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inflammasome-independent role of aim2 in suppressing colon tumorigenesis via dna-PK and akt

“i want to put a ding in the universe”
Steve Jobs (1955-2011), American pioneer of the personal computer revolution of the 1970s (along with engineer, inventor and Apple 

Computer co-founder, Steve Wozniak). He was described as the “creative entrepreneur whose passion for perfection and ferocious drive 
revolutionized six industries: personal computers, animated movies, music, phones, tablet computing, and digital publishing”




