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Abstract

AIM: To determine the impact of red blood cell distribution
width on outcome in anemic patients undergoing
transcatheter aortic valve implantation (TAVI).

METHODS: In a retrospective single center cohort study
we determined the impact of baseline red cell distribution
width (RDW) and anemia on outcome in 376 patients
with aortic stenosis undergoing TAVI. All patients were
discussed in the institutional heart team and declined for
surgical aortic valve replacement due to high operative
risk. Collected data included patient characteristics,
imaging findings, periprocedural in hospital data,
laboratory results and follow up data. Blood samples for
hematology and biochemistry analysis were taken from
every patient before and at fixed intervals up to 72 h after
TAVI including blood count and creatinine. Descriptive
statistics were used for patient’s characteristics. Kaplan-
Meier survival curves were used for time to event
outcomes. A recursive partitioning regression and
classification was used to investigate the association
between potential risk factors and outcome variables.

RESULTS: Mean age in our study population was 81 + 6.1
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years. Anemia was prevalent in 63.6% (n = 239) of our
patients. Age and creatinine were identified as risk factors
for anemia. In our study population, anemia per se did
influence 30-d mortality but did not predict longterm
mortality. In contrast, a RDW > 14% showed to be highly
predictable for a reduced short- and longterm survival in
patients with aortic valve disease after TAVI procedure.

CONCLUSION: Age and kidney function determine the
degree of anemia. The anisocytosis of red blood cells in
anemic patients supplements prognostic information in
addition to that derived from the WHO-based definition
of anemia.

Key words: Anemia; Red cell distribution width; Red
blood cells; Transcatheter aortic valve implantation; Aortic
stenosis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
impact of prevalent anemia and the importance of red
cell distribution width (RDW) on the outcome in patients
undergoing transcatheter aortic valve replacement.
Anemia was prevalent 63.6% of the patients and did
influence 30-d mortality but did not predict longterm
mortality. In contrast, a RDW > 14% showed to be highly
predictable for a reduced short- and long-term survival in
patients with aortic valve disease after transcatheter aortic
valve implantation procedure. Age and creatinine were
identified as risk factors for anemia.

Hellhammer K, Zeus T, Verde PE, Veulemanns V, Kahlstadt
L, Wolff G, Erkens R, Westenfeld R, Navarese EP, Merx MW,
Rassaf T, Kelm M. Red cell distribution width in anemic patients
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INTRODUCTION

Anemia is common in elderly patients with cardio-
vascular disease. An association of increased mortality
with decreasing levels of hemoglobin has been shown
in patients with coronary artery disease (CAD), acute
myocardial infarction, cardiac heart failure (CHF) and
structural heart disease™ . Anemia also affects outcome
after percutaneous coronary artery intervention (PCI),
coronary artery bypass graft (CABG), and transcatheter
aortic valve replacement (TAVI)®7), In patients with
aortic valve disease anemia often occurs in combination
with occult bleeding within the gastro-intestinal tract.
According to the WHO, anemia is defined by a level of
hemoglobin < 13 g/dL in men and < 12 g/dL in women®®.
Studies correcting anemia by either erythropoiesis
stimulating agents (ESA) or by transfusion of packed red

Raishidenge ~ WJC | www.wjgnet.com

221

Hellhammer K ef a/. RDW in anemic TAVI patients

blood cells (RBC) yielded conflicting results™. ESA failed to
improve outcome in acute myocardial infarction'™®, chronic
kidney disease™, and heart failure™. RBC transfusions
to patients undergoing primary PCI™**, CABG™, and
TAVIY!, respectively, may be even harmful and were
associated with increased mortality. The storage lesion and
subsequent scavenging of nitric oxide (NO) through occult
hemolysis after transfusion may at least in part account
for these detrimental effects™"”). These data raise the
question whether or not the mere determination of the
hemoglobin levels is appropriate for risk stratification and
guidance of anemia treatment in mostly elderly patients at
high cardiovascular risk.

Red blood cell distribution width (RDW) is a quant-
itative measure of anisocytosis, the variability in size of
circulating RBC. It is routinely measured in automated
hematology analyzers and is reported together with
hemoglobin, RBC number, and hematocrit as a comp-
onent of complete blood count. RDW is typically elevated
in conditions of ineffective RBC production, e.g., iron
or vitamin B12 deficiency, increased RBC destruction
such as in hemolysis, after blood transfusion or during
severe inflammation. Conceivably, RDW may represent
an integrative measure of multiple pathologic processes
in the elderly patient with structural heart disease,
explaining its strong association with clinical short and
long term outcomes!'®*¥, Relevant comorbidities affecting
RDW in those patients may include renal dysfunction,
inflammatory stress, and nutritional deficiencies. Thus, the
measurement of RDW as compared to hemoglobin may
add or provide even superior information to stratification
of those high risk patients with advanced aortic valve
stenosis undergoing TAVI procedures.

Recent studies indicate that the detrimental effects of
anemia is not only mediated by the absolute hemoglobin
levels, but also by the quality of the endogenous and
the substituted RBCs. Different subtypes of anemia
affect the outcome after stenting in stable coronary
artery disease distinctly®®*. Red cell distribution width
(RDW) has emerged as a novel marker not only of the
size of erythrocytes, but also as an index of quality and
function of RBC!*>?], RDW is a powerful and independent
predictor of mortality in cardiac heart failure™®**?!, The
role of RDW in anemic patients undergoing TAVI is not
clear. We therefore investigated whether RDW may have
the potential to act as a novel prognostic parameter for
risk stratification in addition to anemia, as defined by
WHO criteria.

MATERIALS AND METHODS

Patient selection and study design

The study population consisted of 376 patients with
severe symptomatic aortic stenosis who underwent TAVI
with either the Medtronic CoreValve system (Medtronic
Inc, Minneapolis, MN) or the Edwards SAPIEN Valve
(Edwards Lifesciences, Irvine, CA) from August 2009 to
August 2013 at the Heart Center Duesseldorf. All patients
were discussed in the institutional heart team and
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declined for surgical aortic valve replacement due to high
operative risk. All patients gave their written informed
consent for TAVI and the use of clinical, procedural and
follow up data for research. Study procedures were
in accordance with the Declaration of Helsinki and the
institutional Ethics Committee of the Heinrich-Heine
University approved the study protocol. The study is
registered at clinical trials (NCT01805739).

Data collection and definitions

Collected data included patient characteristics, imaging
findings, periprocedural in hospital data, laboratory
results and follow up data. Blood samples for hematology
and biochemistry analysis were taken from every
patient before and at fixed intervals up to 72 h after
TAVI including blood count and creatinine. As reported
by the World Health Organisation (WHO) baseline
anemia was defined as a hemoglobin (Hb) level of < 13
g/dL for men and < 12 g/dL for women. Preoperative
serum creatinine values were used to calculate the
baseline serum creatinine clearance using the Cockcroft
and Gault equation™”’. Chronic kidney disease (CKD)
was defined as a calculated serum clearance < 60
mL/min®, Clinical endpoints were reported according
to The Valve Academic Research Consortium (VARC)
consensus statement®®. Follow up data for mortality
were collected by contacting the attending physician and
the civil registries. Technical appendix, statistical code,
and dataset are available from the corresponding author.
Participants gave informed consent for data sharing.

TAVI procedure

TAVI procedures were performed according to current
guidelines®™. A single antibiotic shot was given shortly
before TAVI procedure. All patients were referred to
intensive care after the procedure. For antiplatelet
therapy, patients received a combination therapy of
aspirin 100 mg/d and clopidogrel 75 mg/d for three
months after TAVI followed by permanent aspirin
mono therapy. Patients on oral anticoagulation received
clopidogrel 75 mg/d and oral anticoagulation for three
months followed by oral anticoagulation.

Statistical analysis

The statistical methods of this study were reviewed
by Pablo E Verde from the Coordination Center for
Clinical Trials Disseldorf. Descriptive statistics are based
on frequency tables for categorical data, means and
standard deviations for continuous variables and Kaplan-
Meier survival curves for time to event outcomes. Asso-
ciation between continues variables are analyzed with
Person’s correlation coefficient and displayed graphically
with scatter plots.

A recursive partitioning regression and classification
was used to investigate the association between potential
risk factors and outcome variables. This approach is
based on the method describe by Horhorn et a/**4.
This technique combines an algorithm for recursive
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partitioning together with a well defined theory of
permutation tests. Multiple test procedures are applied
to determine whether a significant association between
any of the covariables and the response variable can
be stated. The resulting partitioning regression analysis
is graphically displayed as a classification tree. The
partitioning nodes are displayed by an optimal cut-off
point for continues covariables and with a classification
split for categorical covariables. Each node-split is
assessed with a P-value calculated by a permutation
test. In addition, regression analysis for binary outcomes
was performed using the classical logistic regression
and for time to event outcomes the proportional hazard
Cox’s regression. In each case we report results for all
covariables included in the model and with covariables
selected by using a step-wise variable selection based on
taking the minimum value of AIC (Akaike Information
Criteria). As graphical outputs for regression analysis a
forest plot is used, in this figure the odds ratio and the
95% confidence interval is displayed for each variable
in the model. Data analysis was performed using the
statistical software R version 3.1.0%%, SPSS Statistics 22
(IBM®) and GraphPad (Prism®).

RESULTS

Baseline characteristics

Anemia was prevalent in 63.6% (n = 239) of our study
population (Table 1). Groups with and without anemia
did not differ except for chronic kidney disease (P =
0.001), history of myocardial infarction (P = 0.029), and
the need for dialysis due to end-stage chronic kidney
disease (P = 0.009).

Serum levels for baseline serum creatinine (anemia:
1.5 mg/dL £ 1.2 mg/dL vs no anemia: 1.0 mg/dL %+
0.5 mg/dL; P < 0.001) and C-reactive Protein (anemia:
1.4 mg/dL £ 2.0 mg/dL vs no anemia: 0.8 mg/dL £+ 1.1
mg/dL; P < 0.001) were higher in patients with anemia
whereas baseline creatinine clearance was lower in
anemic patients (54.5 mL/min £ 23.6 mL/min vs 65.9
mL/min £ 22.2 mL/min; P < 0.001). As a marker for
the variability in size of the circulating erythrocytes the
RDW was higher in patients with anemia (15.4% + 1.8%
vs 14.4% £ 1.6%; P < 0.001).

Procedural outcome and 30-d mortality

Clinical outcome was reported according to VARC
criteria®. The findings are summarized in Table 2. There
was no difference with regard to vascular or bleeding
complications in between both groups. Overall incidence
of acute kidney injury (AKI) after TAVI was higher in
patients with anemia (25.1% vs 10.9%; P = 0.001).
Further clinical endpoints as stroke (anemia: 2.9% vs
no anemia: 2.2%; P = 0.668), myocardial infarction
(anemia: 0.4% vs no anemia: 0.0%; P = 0.448),
endocarditis (anemia: 0.0% vs no anemia: 0.0%) and
need for permanent pacemaker after TAVI (anemia:
21.3% vs no anemia: 19.0%; P = 0.585) did not differ
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Table 1 Baseline characteristics of patients undergoing transcatheter aortic valve replacement according to the presence of baseline anemia 77 (%)

Entire cohort (7 = 376) Anemia (n = 239) No anemia (7 = 137) P-value
Age, years + SD 81+6.1 82+6.2 81+5.9 0.101
Male 167 (44.4) 112 (46.9) 55 (40.1) 0.207
Weight, kg + SD 74 +14.4 73+14.2 75+15.0 0.351
Height, cm + SD 168 + 8.8 168 +8.7 168 +£9.1 0.685
NYHA I and IV 288 (76.6) 187 (78.6) 101 (73.7) 0.284
CAD 263 (69.9) 170 (71.1) 93 (67.9) 0.209
Previous myocardial infarction 39 (10.4) 31 (13.0) 8 (5.8) 0.029
Previous percutaneous intervention 168 (44.7) 113 (47.3) 55 (40.1) 0.181
Previous CABG 89 (23.7) 55 (23.1) 34 (24.8) 0.708
Previous valve 8(2.1) 5(2.1) 3(22) 0.954
Previous stroke 34 (9.0) 23 (9.6) 11 (8.0) 0.604
Diabetes mellitus 93 (24.7) 59 (24.7) 34 (28.4) 0.977
Hypertension 355 (94.4) 224 (93.7) 131 (95.6) 0.441
Peripheral vascular disease 115 (30.6) 75 (31.4) 40 (29.2) 0.658
Cerebroarterial vascular disease 81 (21.5) 56 (23.4) 25 (18.2) 0.239
COPD 72 (19.1) 46 (19.2) 26 (19.0) 0.949
Atrial fibrillation 87 (23.1) 52 (21.8) 35 (25.5) 0.414
Permanent pacemaker 64 (17.0) 43 (18.1) 21 (15.3) 0.497
Chronic kidney disease 203 (54.0) 144 (60.3) 59 (43.1) 0.001
Dialysis 21 (5.6) 19 (7.9) 2 (1.5) 0.009
Aortic valve area, cm?2 £ SD 0.73+£0.2 0.71 £0.19 0.75+£0.22 0.094
Mitral regurgitation = grade II 114 (30.3) 73 (32.2) 41 (31.5) 0.904
LVEF < 30% 20 (5.3) 16 (6.7) 4(2.9) 0.253
LVEF 30%-44% 68 (18.1) 47 (19.7) 21 (15.3) 0.292
LVEF 45%-55% 49 (13.0) 29 (12.1) 20 (14.6) 0.493
LVEF > 55% 239 (63.6) 147 (61.5) 92 (67.2) 0.273
Logistic EuroSCORE, % # SD 19.7+129 20.5+13.1 184 +125 0.133
Baseline hemoglobin, g/dL + SD 119+17 11.0+1.1 13611 <0.001
Baseline RDW, % +SD 150+1.8 15418 144+16 <0.001
Baseline serum creatinine, mg/dL + SD 13+£1.1 15+£1.2 1.0+£0.5 <0.001
Baseline GFR, mL/min + SD 58.7+23.7 54.5+23.6 65.9+222 <0.001
Baseline CRP, mg/dL + SD 12+18 1420 08+1.1 <0.001
TF access 270 (71.8) 172 (72.0) 98 (71.5) 0.742
TA access 105 (27.9) 66 (27.6) 39 (28.5) 0.862
TS access 1(0.3) 1(0.4) 0 (0.0) 0.637

CABG: Coronary artery bypass grafting; CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; GFR:
Glomerular filtration rate; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association; RDW: Red cell distribution width; TA: Transapical;

TF: Transfemoral; TS: Transsubclavian.

between the groups. The incidence of a septical event
was higher in patients with anemia (8.4% vs 2.2%; P
= 0.016). Overall 30-d mortality was 7.2% (n = 27). In
patients with anemia 30-d mortality was 9.2% (n = 22)
whereas 3.6% (n = 5) of the patients without anemia
died within 30 d (P = 0.045). The partitioning regression
analysis, displayed as a classification tree, showed that
life-threatening bleeding (P < 0.001) after TAVI and
occurrence of AKI (P = 0.002) were statistically relevant
risk factors for 30-d mortality (Figure 1A). Stepwise
multiple logistic regression analysis with all covariables
and the best selected covariables (Figure 1B and C)
confirmed these findings and showed that RDW was a
statistically significant risk factor as well (P = 0.044).

Factors associated with anemia

The partitioning regression analysis using anemia as
outcome parameter showed that a creatinine level >
1.1 mg/dL (P < 0.001) and age > 83 years (P = 0.027)
were statistically relevant risk factors for anemia (Figure
2A). Stepwise multiple logistic regression analysis
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with all covariables and the best selected covariables
confirmed these findings (Figure 2B and C). Mean Hb
concentration in our study population was 11.9 g/dL +
1.7 g/dL. In Figure 3A the distribution of Hb levels in
our study population and marking lines for cut-off points
defining anemia based on the WHO definition is shown.
The distribution of RDW as a marker for the variability
and function of circulating erythrocytes is shown in
Figure 3B.

Hemoglobin level and 1-year survival

One-year follow up was completed in 100% (n = 376)
of patients. The Kaplan-Meier survival curves for one-
year mortality in patients with and without anemia are
shown in Figure 4A. As the mean Hb concentration in
our study population was 11.9 g/dL, the 1-year survival
of patients grouped according to their Hb below or
above this value is shown in Figure 4B. To find the best
hemoglobin cut-off point to predict One-year mortality
we performed a partitioning regression analysis which
found a hemoglobin of 9.7 g/dL to be the optimal cut-
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Table 2 Clinical outcome of patients undergoing transcatheter aortic valve replacement according to the presence of baseline anemia 77 (%)

n=20 n=70

n =286

Log (odds ratio)

Entire cohort (7 = 376) Anemia (7 = 239) No anemia (7 = 137) P-value
Vascular complications
Any vascular complications 34 (9.0 24 (10.0) 10 (7.3) 0.372
Minor vascular complications 20 (5.3) 14 (5.9) 6(4.4) 0.639
Major vascular complications 4(1.1) 3(1.3) 1(0.7) 0.633
Bleeding complications
Any bleeding complications 45 (12.0) 27 (11.3) 18 (13.1) 0.596
Life-threatening bleeding 20 (5.3) 12 (5.0) 8(5.8) 0.732
Minor bleeding 21 (5.6) 12 (5.0) 9 (6.6) 0.529
Major bleeding 4(1.1) 3(1.3) 1(0.7) 0.633
Percutaneous closure device failure 10 (2.7) 7 (2.9) 32 0.668
Acute kidney injury 75 (31.4) 60 (25.1) 15 (10.9) 0.001
Acute kidney injury stage I 44 (11.7) 33 (13.8) 11 (8.0) 0.093
Acute kidney injury stage II 1(0.3) 1(0.4) 0(0.0) 0.636
Acute kidney injury stage IIl 30 (8.0) 26 (10.9) 4(29) 0.007
Need for dialysis 22 (5.9) 18 (7.5) 4(29) 0.069
Myocardial infaction 1(0.3) 1(0.4) 0 (0.0) 0.448
Stroke 10 (2.7) 7 (2.9) 3(2.2) 0.668
Conversion to open surgery 8(2.1) 6 (2.5) 2 (1.5) 0.497
Sepsis 23 (6.1) 20 (8.4) 3(2.2) 0.016
Endocarditis 0(0.0) 0(0.0) 0(0.0)
Need for pacemaker 77 (20.5) 51 (21.3) 26 (19.0) 0.585
Length of stay >14 d 235 (62.5) 152 (63.6) 83 (60.6) 0.561
30-d mortality, n (%) 27 (7.2) 22 (9.2) 5(3.6) 0.045
A B C
LT bleeding [ ROW
RDW
NYHA_pres-4 ——
Yes i Minor_vascularl
Major_vasculart
Vascular_complication1 ES_Log
T okeeang :
Bleeding_complication
Infant_prel
Yes No etoke_pret NYHA_pre3-4
\ ?Iysejrel
No / 1.0 *@rel
! i CAVK prel LT_bleeding
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,0.6 ﬂtervent\on transitional
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ﬂ
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Log (odds ratio)

Figure 1 Regression analysis for risk factors associated with 30-d mortality. A: Results from the classification tree with significant node-splits and distribution
of patients. Life-threatening bleeding (P < 0.001) and acute kidney injury (P = 0.002) were found to be statistically relevant risk factors for 30-d mortality; B: Logistic
regression with all covariables which were supposed to be associated with 30-d mortality. Forest plot with odds ratios and 95%ClI (logarithmic scale); C: Logistic
regression with the best selected covariables using AIC. Life-threatening bleeding (P < 0.001), acute kidney injury post procedure (P = 0.018) and RDW (P = 0.044)
were found to be statistically relevant risk factors for 30-dmortality. AIC: Akaike information criterion; AKI stage post: Acute kidney injury stage I-lll post; CAD: Coronary
artery disease; Cavk: Cerebroarterial vascular disease; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; ES log: Logistic EuroSCORE; LT
bleeding: Life-threatening bleeding; NYHA: New York Heart Association; pAVK: Peripheral vascular disease; RDW: Red cell distribution width.

off point (P = 0.012). The Kaplan-Meier survival curves
of patients grouped according to their hemoglobin level
above or below this cut-off point is shown in Figure 4C.

factor for 30-d mortality in our study population. The
partitioning regression analysis using 30-d mortality
as an outcome parameter showed a RDW cut-off point
of 14% to predict 30-d mortality with the highest
sensitivity and specificity (Figure 5A). In patients with
RDW > 14% 30-d mortality and one-year mortality was

RDW and mortality
As already described, RDW was found to be a risk
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Figure 2 Regression analysis for risk factors associated with anemia. A: Classification tree with significant node-splits and distribution of patients with anemia.
A creatinine > 1.1 mg/dL (P < 0.001) and age > 83 (P = 0.027) were found to be statistically relevant risk factors for anemia; B: Logistic regression with all covariables
which were supposed to be associated with anemia. Forest plot with odds ratios and 95% confidence intervals (logarithmic scale); C: Logistic regression with the best
selected covariables using AIC. A creatinine > 1.1 mg/dL (P < 0.001) and age > 83 (P = 0.001) were found to be statistically relevant risk factors for anemia. a: Years;
AIC: Akaike information criterion; CAD: Coronary artery disease; CKD: Chronic kidney disease; Crea pre: Creatinine (mg/dL) preoperative; DM: Diabetes mellitus;
LVEF: Left ventricular ejection fraction (%).
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Figure 3 Histogram of the distribution of hemoglobin and red cell distribution width levels. A: Histogram of the distribution of hemoglobin levels. Vertical lines
at 12 g/dL and 13 g/dL for population based cut-off points for women and men according to WHO definition of anemia; B: Histogram of RDW levels. Hb: Hemoglobin;
RDW: Red cell distribution width.

significantly higher than in patients with a RDW < 14%
(Figure 5B).

To assess the association between hemoglobin
and RDW we performed a correlation analysis (Figure
6) which revealed a significant negative correlation
between hemoglobin and RDW (-0.36; 95%CI: -0.45,
-0.27; P < 0.001) reflecting that an increasing severity
of anemia is associated with an increased heterogeneity
of red blood cell size.

Anemia and RDW
RDW has been shown to be elevated in conditions of

JRaishideng®
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ineffective RBC production™®. In our study population,
anemic patients presented with a higher RDW than
patients without anemia (P < 0.001). The distribution
of RDW levels in patients with and without anemia is
shown in Figure 7A and B. The Kaplan-Meier survival
curves of anemic patients grouped according to the
presence of a RDW below or above 14% are shown in
Figure 7C (P = 0.013).

DISCUSSION

The major findings of the present study are: (1) two
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grouped according to their hemoglobin level above or below mean Hb level of 11.9 g/dL; C: One-year survival curves of patients grouped according to their

hemoglobin level above or below cut-off point of 9.7 g/dL.
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Figure 5 Red cell distribution width and mortality. A: Classification tree for
30-d mortality with significant node split at RDW 14% (P = 0.021); B: Thirty-day
(P <0.01) and one-year mortality (P < 0.001) of patients grouped according to
the presence of RDW < 14% or > 14%. RDW: Red cell distribution width.

thirds of TAVI patients are anemic according to the WHO
definition; (2) age and level of creatinine determine
independently the incidence of anemia in this population;
(3) anemia affects incidence of TAVI related kidney injury
and 30 d mortality according to VARC criteria for short
term outcome; (4) a lower threshold of Hb (9.7 mg/dL)
predicts 1 year mortality more precisely than the classical
WHO definition of anemia in this patient cohort in our
study; (5) absolute levels of hemoglobin are related
only loosely to size, distribution and presumably function
of red blood cells; and (6) a red blood cell distribution
width of > 14% is highly predictable for a reduced rate
of survival in patients with aortic valve disease one year
after TAVI procedure, particularly in those patients with
already preexisting anemia. These findings raise the
question whether or not the RDW should be integrated
in the risk stratification in elderly anemic patients under-
going TAVI procedure.

Definition and incidence of anemia
In elderly patients with aortic valve disease the age
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Figure 6 Correlation of hemoglobin with red cell distribution width. RDW
and hemoglobin showed a significantly negative correlation (-0.36; 95%Cl:
-0.45,-0.27; P < 0.001). Hb: Hemoglobin; RDW: Red cell distribution width.

and the kidney function are the major predictors on the
prevalence of anemia, which is similar to reports in patients
with CAD and CHF**, Kidney function deteriorates with
increasing age and the number of circulating RBC is
critically dependent on the axis of renal stimulation of
bone marrow synthesis of erythrocytes. According to the
definition of the WHO, anemia was common in elderly
patients with aortic valve stenosis and the mean value of
hemoglobin level in the entire cohort was only 11.9 g/dL.
Both the threshold levels suggested by the WHO and the
mean value of Hb failed to precisely discriminate those
patients at increased or reduced mortality rate in our study
cohort. Only a level of < 9.7 g/dL hemoglobin identified
patients with a reduced survival at one year after TAVI.
This finding is in line with previous reports on an increased
mortality one year after TAVI with decreasing levels of
hemoglobin"”’. These data imply that categorizing patients
as anemic or non-anemic according to the WHO criteria
might be helpful to stratify patients undergoing TAVI for
their periprocedural risk and short term survival, whereas
long term mortality and overall risk is better achieved with
a threshold of < 10 g/dL of hemoglobin.
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Figure 7 Distribution of red cell distribution width and survival of anemic patients according to their red cell distribution width. A: Distribution of RDW in
patients without anemia; B: Distribution of RDW in patients with anemia; C: Survival curves of patients with anemia grouped to their RDW above or below cut off point

of 14% (P = 0.013). RDW: Red cell distribution width.

Assessment of red blood cell function

The major task of erythrocytes is to deliver oxygen
required to meet metabolic demands to tissues. Apart
from the hemoglobin-dependent transport of oxygen, RBC
serve many other functions. Number and distribution of
RBC in the circulation are determined by their membrane
and erythrocrine function®®, Alterations of the redox
status and the conformation of membrane regulate
their shape, their distribution, passage through the
microcirculation and their removal from the circulation
by the reticulo-endothelial. RBC release ATP, NO, nitrite,
prostanoids, chemo kinins and sulfide™. More recently
we and others have shown that RBCs modulate their
deformability, vascular tone, infarct size and thrombus
formation at the endothelium through NOS/sGC sign-
aling®*”. The RBC deformability and the rapid shape
change are of paramount importance for the passage
through the microcirculation and effective tissue perfusion.
An increased RDW is associated with an impairment of
RBC deformability™™’. These data may raise concerns
with the view that sole measurements of hemoglobin
levels reflect appropriately consequences of anemia and
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their impact on outcome in cardiovascular diseases and
interventions.

The distribution and width of RBC as a novel marker
for adverse outcome in CHF has been described in
the cohort of the CHARM trial only recently’®®. Among
36 routine laboratory values including hematocrit and
hemoglobin, higher RDW showed the greatest association
with morbidity and mortality. Given the association of
hemoglobin with adverse outcome in CHF and CAD we
evaluated the relationship of RDW and level of hemoglobin
(Figure 6). We observed a moderate negative correlation
as was also reported for CHF*®, In all final multivariate
models RDW was a significant predictor of short term
outcome after TAVI.

Conclusion

Age and kidney function determine the degree of anemia.
The anios cytosis of red blood cells in anemic patients is
emerging as an important parameter to assess short and
long term mortality in patients undergoing TAVI. These
findings demonstrate that RDW supplements prognostic
information in addition to that derived from the WHO-

February 26, 2016 | Volume 8 | Issue 2 |



Hellhammer K ef a/. RDW in anemic TAVI patients
based definition of anemia.

Study limitations

Our results have to be confirmed in larger cohorts
with a longer follow up period to establish RDW as
an independent and powerful prognostic marker in
elderly patients with structural heart disease. In our
retrospective single center cohort study we did not
systematically substitute anemia with packed red
blood cells and left this decision at the discretion of the
interventionalists and the colleagues supervising the
patients after the TAVI procedure on the ICU and the
regular ward. However, we did focus on the Hb levels
and RDW at the time of admittance prior to the TAVI
procedure and the percentage of patients that received
transfusion within the hospital was comparable in the
anemic and the non-anemic group. Therefore, we
believe that this did not affect outcome differences with
respect to RDW (prior to TAVI) between both groups.
Further, we did not investigate the treatment of anemic
patients and patients with chronic kidney disease which
may have been an interesting aspect.

In addition mechanistic studies focusing on RBC
signaling cascades that might be altered in these elderly
patients appear highly mandatory to identify potential
novel therapeutic targets to improve RBC function
and to determine how treatment of anemia should be
guided and monitored in this elderly population with
aortic valve disease.

COMMENTS

Background

Anemia is common in elderly patients with cardiovascular disease. An
association of increased mortality with decreasing levels of hemoglobin
has been shown in patients with coronary artery disease, acute myocardial
infarction, cardiac heart failure and structural heart disease. Red blood cell
(RBC) distribution width (RDW) is a quantitative measure of anisocytosis, the
variability in size of circulating RBC. It may represent an integrative measure
of multiple pathologic processes in the elderly patient with structural heart
disease, explaining its strong association with clinical short and long term
outcomes. Recent studies indicate that the detrimental effects of anemia are
not only mediated by the absolute hemoglobin levels, but also by the quality of
the endogenous and the substituted RBCs. The role of RDW in anemic patients
undergoing TAVI is not clear. The authors therefore investigated whether
RDW may have the potential to act as a novel prognostic parameter for risk
stratification in addition to anemia, as defined by WHO criteria.

Research frontiers

Red cell distribution width has been shown to be a novel marker not only of
the size of erythrocytes, but also as an index of quality and function of RBC.
It has been shown to be a powerful and independent predictor of mortality in
cardiac heart failure. The results of this study contributes to evaluate the impact
of prevalent anemia on outcome and to clarify the prognostic value of RDW in
anemic TAVI patients.

Innovations and breakthroughs

In this study, anemia was prevalent 63.6% of the patients and did influence
30-d mortality but did not predict longterm mortality. In contrast, a RDW > 14%
showed to be highly predictable for a reduced short- and long-term survival in
patients with aortic valve disease after TAVI procedure. Age and creatinine were
identified as risk factors for anemia.
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Applications

This study suggests that RDW is a useful additional parameter which gives
prognostic information concerning the outcome of anemic patients undergoing
transcatheter aortic valve implantation.

Terminology

Red cell distribution width (RDW): RDW is a quantitative measure of anisocytosis,
the variability in size of circulating RBC. It has been shown to be a novel marker
not only of the size of erythrocytes, but also as an index of quality and function of
RBC.

Peer-review

The paper is well structured, the presentation is clear and the discussion is in
accordance with the results presented. The paper brings some novelty in the
field.
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