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Background and objectives: The purpose was to evaluate changes in the left ventricular mass index (LVMi) among anemic
chronic kidney disease (CKD) and end-stage renal disease (ESRD) patients treated with recombinant human erythropoietin
(EPO).

Design, setting, participants, & measurements: A systematic review of the literature, reporting LVMi for patients before and
after EPO therapy, was performed. The change in LVMi from baseline to the end of treatment was calculated and stratified
by severity of anemia at baseline, target hemoglobin (Hb), and stage of kidney disease.

Results: Fifteen eligible studies involving 1731 patients were identified. Cohorts with severe anemia at baseline (<10 g/dl),
when given EPO using a lower target level (Hb = 12 g/dl or Hct =< 36%) experienced significant reductions in LVMi (—32.7
g/m?; 95% CI: —49.4 to —16.1, P < 0.05). However, these studies lacked control groups. Cohorts with moderate anemia at
baseline showed insignificant changes in LVMi: 5.3 g/m? (95% CI: —0.8 to 11.3) for patients assigned to a lower target, and —6.6
g/m? (95% CI: —17.2 to 4.0) for patients assigned to a higher target (Hb > 12 g/dl or Hct > 36%). The effect size was similar
in direction for both CKD and ESRD cohorts.

Conclusions: Aggregated results from multiple studies suggest that in severe anemia conventional Hb targets for EPO
therapy are associated with a reduction in LVMIi, but that in moderate anemia target Hb above 12 g/dl does not have a

significant beneficial impact on LVMi compared with conventional targets.
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ompared with the general population, the annual car-
diovascular death rate in dialysis patients is higher for
all age groups, particularly for the young, whose mor-
tality is up to 100 times greater (1). Chronic kidney disease
(CKD) is associated with a substantially increased incidence of
congestive heart failure and of atherosclerotic vascular disease
events in both diabetic and nondiabetic patients (2). In dialysis
patients, cardiomyopathy predisposes to heart failure and to
earlier death (3). A reduction in left ventricular mass index
(LVMi) has been linked with an increase in both all-cause and
cardiovascular survival (4), and progression of cardiomyopa-
thy has been associated with the development of de novo heart
failure (5). Anemia is an independent predictor for heart failure
in dialysis patients (6), in renal transplant recipients (7), and in
CKD patients (8). It is associated with the development of
echocardiographic left ventricular hypertrophy (LVH) in pre-
dialysis CKD patients (9) and in dialysis patients (10), and with
electrocardiographic LVH in transplant recipients (11).
Recombinant human erythropoietin (EPO) is indicated for
the treatment of anemia in patients with CKD and end stage
renal disease (ESRD). Numerous studies, including many ran-
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domized controlled trials (RCTs), have demonstrated that treat-
ing anemia related to kidney disease with EPO increases he-
moglobin/hematocrit (Hb/Hct) levels, reduces transfusion
requirements, and improves the quality of life (QOL) (12-14).
Other RCTs in which a normal hemoglobin target was com-
pared with partial correction of anemia with EPO suggested
that higher hemoglobin targets may be harmful. Clinical events
related to higher hemoglobin targets in some trials have in-
cluded higher vascular access thrombosis (15), higher BP or
greater requirements for antihypertensives (16,17), cerebrovas-
cular events (17), cardiovascular events (15,18), earlier need for
renal replacement therapy (19), and higher mortality (15,18).
In recent years, RCTs have been undertaken to determine the
optimal target hemoglobin level for EPO therapy using changes
in cardiac structure as a primary or secondary outcome, on the
assumption that this outcome is a surrogate for subsequent
cardiac events (4,5). An attractive hypothesis is that treatment
of anemia with EPO will decrease or prevent LVH, and subse-
quently prevent cardiac events associated with LVH. The pur-
pose of this study was to evaluate the impact of EPO therapy on
changes in the LVMi among anemic CKD and ESRD patients
receiving recombinant human erythropoietin, and to evaluate
whether target Hb is a determinant of the LVMi effect size.

Materials and Methods
Search Strategy

Using the PubMed database, we performed a systematic review of
the medical literature published between January 1990 and February
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2007 to identify studies relating EPO treatment and cardiac outcomes.
The initial search was performed using the following keywords: “EPO
or rHuEPO or erythropoietin,” “
or renal or dialysis.” An additional search for abstracts from relevant
conference meetings, such as the American Society of Nephrology and
the European Dialysis and Transplant Association, was also conducted.
Results of the search were initially analyzed in title and abstract format.
Reference sections from selected publications were then checked for
additional articles or abstracts.

cardiac or cardio or heart,” and “CKD

Criteria for Inclusion of Studies

Further investigation of full-text versions of eligible publications
revealed that LVMi was the most consistently reported cardiac out-
come in the literature, leading to the choice of change in LVMi as the
primary endpoint of interest for this study. On the basis of this infor-
mation, we revised our search to include the additional keywords
“epoetin” and “left ventricular hypertrophy” and included all studies
that reported LVMi values before and after EPO treatment for anemia
in CKD or ESRD patients. All of the selected articles were published in
peer-reviewed journals. Only one eligible abstract was excluded from
this analysis because the results presented therein had not subse-
quently been published in a peer-reviewed publication outlet.

Data Extraction

Two reviewers (M.L. and D.L.V.) independently applied the inclu-
sion criteria and assessed the quality of the data collected. Each re-
viewer evaluated the relevant data from the eligible studies and entered
the information electronically into an Excel data collection form with
prepared fields. If relevant data were reported only graphically, values
were estimated by physically measuring the charts with a ruler. Quality
control was done by comparing the two independent datasets. Any
differences were reconciled by a third party, referring to the original
sources.

Data on the study design, patient characteristics, and outcomes were
collected for each selected study. These include, but are not limited to,
the number of subjects; study duration; dose schedule and titration;
target Hb/Hct; as well as baseline and final values for Hb/Hct, weight,
BP, body surface area and LVMi.

Definitions

Severe anemia was defined as mean baseline Hb <10 g/dl; moderate
anemia, as mean baseline Hb =10 g/dl <12 g/dl. The lower target Hb
was Hb =12 g/dl or Het =36%; higher target Hb was Hb >12 g/dl or
Hct >36%.

Note that the definition of lower target Hb coincides with the current
recommended guidelines for the treatment of anemia in CKD as estab-
lished by the National Kidney Foundation. These guidelines suggest a
target Hb in the range of 11 to 12 g/dl in most patients (20).

Statistical Analyses

For each study cohort treated with EPO, the change in LVMi was
calculated as the difference between the baseline and final LVMi val-
ues. When LVMi measurements were reported at several points in time,
the last available data point was used to determine the effect size.
Pooled effect sizes (or changes in LVMi) and 95% confidence intervals
(CI), stratified by baseline Hb level and target Hb, were calculated and
plotted for each cohort using traditional meta-analysis techniques. To
further investigate the characteristics that could influence the impact of
EPO on LVMi, we also pooled estimates generated for the set of all
cohorts, stratified by baseline Hb, target Hb/Hct, and stage of kidney
disease (CKD versus ESRD). The stratified pooled estimates were com-
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puted using either a fixed-effects model—in the event that the between-
study variance was small and a statistical test confirmed that the
studies were sufficiently homogeneous—or a random-effects model,
otherwise. To generate a fixed-effects estimate, the effect size of each
study is weighted according to the inverse of its variance. For a ran-
dom-effects estimate, it is assumed that there is variability between
studies in addition to variability within studies. Therefore, each effect
size is weighted according to the sum of between- and own-study
variance. A two-sided alpha error of 0.05 was used to determine sta-
tistical significance.

Results
Selection of Studies

Figure 1 summarizes the search strategy that was used. The
initial search yielded 635 research publications, of which 598
were excluded for the following reasons: anemia not treated
with EPO, primary outcome not cardiac related, or patients
without kidney disease involved (n = 258); studies presented a
review of existing literature, meta-analysis, letter to the editor,
editorial, or practice guidelines (n = 254); studies were pub-
lished before 1990 or evaluated nonhuman subjects (n = 68);
and other reasons including, but not limited to, same study
population used in one of the selected articles, cross-over de-
sign used, and study not published in English (n = 18). An
additional 22 publications were excluded because they did not
report baseline and final LVMi values.

Study Characteristics

A total of 15 unique studies with nonoverlapping patient
populations and involving 1731 CKD and ESRD patients
treated with EPO were selected for inclusion in this analysis.
Table 1 describes the study characteristics, including change in
LVMi, for each of the 23 treated cohorts in these 15 studies
(4,16-17,21-32). Five of the studies assigned cohorts using a
randomized study design (16-17,28,30,33), and six compared
the LVMi outcomes of patients assigned to a lower Hb/Hct
target level to those of patients assigned to a higher Hb/Hct

Potentially relevant publications identificd

and screened for retrieval {n = 635) Reason for exclusion (n = 598)

Anemia not reated with EPO. primary oulcome nol candiac
related. or non-CRD patients invelved (n = 258)

Presented a review of existing literare, meta-analysis, letier
1o the editor. editorial or practice guidelines (n = 254)

Published prior 1o 1990 or cvalnated non-homan subjects
in=n%)

————— | Other reason in = 18}

Studies identified for potential amalysis (n = 37)
32 published articles
5 pbstracts or posters

> Dnd not report LVMi outcomes (n = 22)

Studics sclected for analysis (n = 15)
13 published articles

Figure 1. Flowchart showing how studies were selected.
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target level. None of the studies compared the outcomes of
treated patients to a randomly assigned, untreated control
group. The treatment period for these studies ranged from 4 mo
to 4.4 yr, with a mean duration of 16 mo.

Patient cohorts varied considerably with respect to several
dimensions at baseline (Table 1). Sample sizes ranged from 7 to
300 patients. In eight of the 23 cohorts, patients were assigned
to a higher Hb/Hct target, defined as Hb > 12 g/dl or Hct >
36%. The remaining 15 cohorts were assigned to a lower Hb/
Hct target (Hb = 12 g/dl or Hct = 36%). A majority of the
cohorts (14 out of 23) comprised only dialysis patients. In the
remaining nine, six contained a mix of predialysis and dialysis
patients, and the rest were composed entirely of predialysis
patients. Of note, mean LVMi at baseline was within the normal
range (< 125 g/m?) in just one of nine cohorts with severe
anemia and in eight of 14 cohorts with moderate anemia (34).
More than half of the total patients evaluated were being
treated for hypertension.

Meta-Analyses

Figure 2, which provides a graphical representation of the
data points and 95% ClIs used to generate the pooled estimates,
reveals that several study cohorts experienced reductions in
LVMi that were considerably larger than the overall pooled
value of —=9.2 g/ m? (all studies; Table 2), whereas several others
experienced much smaller, even positive, changes in LVMi. In
this Figure, the 23 study cohorts were stratified according to
severity of anemia at baseline (mean Hb < 10 g/dl versus mean
Hb = 10 g/dl) and target Hb for EPO therapy (lower versus
higher).

Table 2 presents the pooled LVMi effect size for various
subsets of the 23 treated cohorts that were identified in the 15
selected studies. The stratified analysis reveals that the esti-
mated effect size for the pooled cohorts with severe anemia at
baseline, all of whom were assigned to a lower target, was
—32.7 g/m* (95% Cl: —49.4 to —16.1, P < 0.05; Figure 2a).
Likewise, among the cohorts with moderate anemia at baseline,
the estimated effect size ranged from 5.3 (95% CI: —0.8 to 11.3;
Figure 2b) for lower target cohorts to —6.6 (95% CI: —17.2 to 4.0;
Figure 2c) for higher target cohorts. The estimated change in
LVMi was not significantly different from zero for either group
of pooled cohorts with moderate anemia at baseline. The two
studies showing a significant reduction in LVMI with increase
in Hb levels did not have a control group (Figure 2c) (31,32),
and one of them included co-intervention with optimized heart
failure therapy (32).

Among cohorts with severe anemia at baseline, LVMI out-
comes may have been influenced by a decrease in systolic BP
during the studies, as final systolic BP was significantly lower
than baseline (-9.6mmHg; 95% CI: —17.6 to —1.66, P < 0.05;
Table 3). The estimated BP effect size among cohorts with
moderate anemia at baseline was not significantly different
from zero, irrespective of target Hb.

Once cohorts were further stratified by stage of kidney dis-
ease, the number of observed data points that contribute to each
pooled estimate was small. Four of the six resulting cohort
subsets rely on three or fewer cohorts each to generate a pooled
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Figure 2. (a) Study cohorts with severe anemia at baseline and
lower target Hb. (b) Study cohorts with moderate anemia at
baseline and lower target Hb. (c) Study cohorts with moderate
anemia at baseline and higher target Hb.

estimate (Table 2). Under these conditions, traditional meta-
analysis techniques do not contribute a lot beyond what can
be plainly observed by looking at individual data points.
Nevertheless, one can observe that among the cohorts with
moderate anemia at baseline, dialysis patients (as repre-
sented by eight cohorts) were no more likely to experience an
increase in LVMIi than predialysis patients (as represented by
six cohorts).
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Table 2. Weighted average LVMi effect size for various cohort stratifications

Estimated Effect Size (gm/m?)

Iy No. of  Sample Sample
Stradfication Cohorts  Min  Max  peyaie 95% CI Type
All studies 23 7 300 -920  -16.05to —2.34 R
By severity of anemia and target Hb/Hct
severe anemia / lower target 8> 7 153 -32.73  -49.37 to —16.10 R
moderate anemia / lower target 6 36 300 5.26 -0.80 to 11.33 R
moderate anemia / higher target 8 23 296 -6.63  -17.21t03.95 R
Severe anemia/lower target by stage of
kidney disease
CKD CH 9 11 -17.57  -44.66 to 9.51 F
ESRD 6 7 153 -36.12  -55.97 to —16.27 R
Moderate anemia/lower target by stage of
kidney disease
CKD 3 74 82 3.89 -0.67 to 8.46 F
ESRD 3 36 300 6.42 -5.84 to 18.67 R
Moderate anemia/higher target by stage
of kidney disease
CKD 3 74 88 0.54 -3.52 to 4.61 F
ESRD 5 23 296 -11.55  -32.13t09.04 R

Severe anemia: Hb < 10 g/dl; moderate anemia: Hb = 10 g/dl; lower target: Hb = 12 g/dl; higher target: Hb > 12 g/dL

aF, fixed effects estimate; R, random effects estimate.

PExcludes one study (Ayus et al. 2005) that did not achieve the target Hb/Hct.

Table 3. Weighted average SBP and DBP effect sizes for various cohort stratifications

Estimated Effect Size (mmHg)

Type®
Estimate 95% CI

Systolic Blood Pressure

severe anemia/lower target (n = 7) R -9.63 -17.60 to —1.66

moderate anemia/lower target (n = 2) F -1.72 -4.65to 1.21

moderate anemia/higher target (n = 4) R -10.83 -30.70 to 9.04
Diastolic Blood Pressure

severe anemia/lower target (n = 7) R -4.04 -9.66 to 1.58

moderate anemia/lower target (n = 2) F -1.86 -3.62 to —0.09

moderate anemia/higher target (n = 4) R -4.34 -10.14 to 1.47

aF, fixed effects estimate; R, random effects estimate.

Discussion

This study reviewed existing literature to evaluate the impact
of EPO therapy in anemic CKD and ESRD patients on LVMi
and investigate the determinants of the effect size across study
cohorts. The results suggest that patients with severe anemia
had a substantial improvement in LVMi when assigned to a
target Hb =12 g/dl, whereas those with moderate anemia had
no improvement in LVMi, irrespective of target Hb.

Reductions in LVMi are considered to be a surrogate marker
of improvement in the cardiovascular health of ESRD patients
(4,5). The large difference in observed outcomes between
groups with severe versus moderate anemia may be attributable
to the corresponding state of cardiovascular health at baseline.
On the basis of reported LVMi values at baseline, 89% (8/9) of

the cohorts with severe anemia at baseline reported having a
corresponding LVMi =125 g/m?, in contrast to just 43% (6/14)
of the cohorts with moderate anemia at baseline. The potential
for change in the group with severe anemia at baseline is
considerably greater relative to patients in the group with
moderate anemia at baseline, many of whom had LVMi values
in the normal range and would therefore be unlikely to expe-
rience any significant reduction in LVMi as a result of EPO
therapy.

The results for both the severe and moderate anemia groups
can be interpreted as beneficial to the heart. On the one hand,
EPO therapy is linked with a significant reduction in LVMi
among those with severe anemia at baseline, especially among
patients with ESRD. However, this result must be tempered by
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the fact that no control group without EPO therapy was stud-
ied, and the potential for regression to the mean of the echo-
cardiographic measurements was not assessed. On the other
hand, EPO therapy is linked with maintaining LVMi among
those with moderate anemia, which was likely to have kept a
majority of patients within the normal range for LVMi. One
exception applies to four cohorts with moderate anemia who
started the study with LVMi above the normal range and who
were also assigned to a higher target Hb. When pooled, the
estimated change in LVMi for those four cohorts is negative
and significant (-17.9; 95% CI: —35.0 to —0.8, P < 0.05). Al-
though reduction in LVMi was not otherwise observed across
the moderate anemia group, in the absence of any real potential
for reducing LVMi, prevention of LVH could be considered the
best possible outcome. This interpretation must be tempered by
the fact that again no control group with moderate anemia was
left untreated.

Observed outcomes varied considerably across studies in
which cohorts with moderate anemia were assigned to a higher
target Hb. Although these differences may be explained by
certain study or population characteristics, further investiga-
tion may be needed to better understand the relationship be-
tween EPO and LVM. In the largest study reviewed, an RCT of
incident hemodialysis patients without symptomatic cardiac
disease, whose baseline LVMI levels were normal, patients
suffering from moderate anemia were randomly allocated to
either lower or higher Hb targets and followed for 2 yr (17).
Both cohorts demonstrated an increase in LVMi (Figures 2b and
2¢) that was not prevented by EPO therapy. These results are
consistent with the belief that hemodialysis is a state of hemo-
dynamic and metabolic perturbation which predisposes to
LVH (17,33).

In a second large RCT, two cohorts of hemodialysis patients
who demonstrated concentric LVH at baseline were assigned to
lower and higher Hb target groups, both of which experienced
an increase in LVMIi (16). By contrast, a cohort of 230 patients in
yet a third study were assigned to a higher target Hb and
experienced a significant decline in LVMi (32). However pa-
tients in this study may have benefited from a treatment
method that combined the correction of anemia with optimized
heart failure therapy. Regression to the mean may also have
occurred, as no control group was studied.

This study is subject to several limitations, inherent in the
studies reviewed. First, there is potential for the impact of EPO
therapy to be confounded by the development of EPO-induced
hypertension and prescription of concomitant antihyperten-
sives (16,17). However, it is of interest that in the cohorts with
severe anemia at baseline, systolic BP fell during follow-up,
which may have contributed to the regression of LV hypertro-
phy. Second, there is a lack of optimal control groups (i.e., no
untreated anemic cohorts). Third, there is variation across stud-
ies in terms of study design (cohort versus RCT), patient pop-
ulations (CKD versus ESRD), and achievement of target Hb
levels (27,29). The absence of comparable control groups en-
sures that cohort studies are weak designs for the evaluation of
treatment efficacy. Fourth, the outcome variable of interest in
each study was determined on the basis of a formula that has
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been refined over time. It is possible that more recent studies
would evaluate LVMi size more accurately. Fifth, the potential
for bias resulting from regression to the mean could result in
larger changes in LVMi among patients with low Hb values at
baseline (who, in general, have relatively high LVMi values at
baseline) simply because patients tend to return to their long-
term average LVMi level (35,36). Sixth, the assumption that LV
hypertrophy is a surrogate marker for adverse clinical events in
CKD has not been confirmed by an RCT in which clinical
cardiovascular outcomes after an intervention were mirrored
by LV mass outcomes.

Finally, we recognize that publication bias has the potential
to distort the results of meta-analyses and systematic reviews of
literature. Although there exist techniques for identifying the
presence of publication bias (e.g., plotting effect size against
variance or sample size and checking for symmetry), the most
vulnerable studies (i.e., those with small sample sizes and those
funded by entities with a financial interest in the results) share
traits that could potentially confound the results of such a test.
Larger and more negative LVMi effect sizes were observed
among cohorts with severe anemia at baseline (Figure 2a). It
would be difficult to determine whether the resulting asymme-
try between these cohorts and the moderate anemia cohorts is
due entirely to differences in baseline Hb or, instead, reflects a
degree of publication bias .

Despite these limitations, the results of this study support the
treatment of severe anemia with EPO. Not only will this ther-
apy prevent blood transfusion and improve quality of life, it is
likely to have a beneficial effect on cardiac structure. The results
from RCTs do not support higher target Hb levels for EPO
therapy as there is no evidence for beneficial effects on cardiac
structure. A possible exception is cases in which baseline LVMi
levels are already elevated above normal, but the evidence to
support this conclusion has arisen from two studies without a
control group, one of which included cointervention with both
EPO and optimized heart failure therapy. One must remember
that RCTs have produced a signal that high target Hb may have
negative health outcomes (15-19,37). These adverse outcomes
have not been observed uniformly across these studies, and
several outcomes have had marginal statistical significance and
wide confidence intervals for effect estimates. Current National
Kidney Foundation guidelines recommend a target Hb of 11 to
12 g/dl (20), and a large RCT (N = 4000), TREAT, is examining
the efficacy of a high-target hemoglobin compared with pla-
cebo in type 2 diabetes with CKD (38).

Conclusion

This systematic review and meta-analysis revealed that in
cohort studies of patients with severe anemia, a significant
decrease in LVMi was observed. However, the lack of control
groups was a major problem. In RCTs of CKD and ESRD
patients with moderate anemia, no difference in cardiac struc-
ture was observed in comparisons of patients randomly allo-
cated to lower or higher Hb targets.



Clin ] Am Soc Nephrol 4: 755-762, 2009

Acknowledgments
Financial support for this study was provided by Janssen-Ortho Inc.,
Canada, to Groupe d’analyze.

Disclosures

Dr. Parfrey received no funding from the sponsor and was respon-
sible for interpreting the data and writing the paper. He has received
research funding from AMGEN and Ortho-Biotech.

References

1.

10.

11.

12.

Foley RN, Parfrey PS, Sarnak M: The clinical epidemiology
of cardiovascular disease in chronic renal disease. Am |
Kidney Dis 32: S112-5115, 1998 [suppl]

Foley RN, Murray AM, Li S, Herzog CA, McBean AM,
Eggers PW, Collins AJ: Chronic kidney disease and the risk
for cardiovascular disease, renal replacement, and death in
the United States Medicare population, 1998 to 1999. | Am
Soc Nephrol 16: 489—-495, 2005

Parfrey PS, Foley RN, Harnett JD, Kent GM, Murray DC,
Barre PE: Outcome and risk factors for left ventricular
disorders in chronic uraemia. Nephrol Dial Tranplant 11:
1277-1285, 1996

London GM, Pannier B, Guerin AP, Blacher J, Marchais SJ,
Darne B, Metivier F, Adda H, Safar ME: Alterations of left
ventricular hypertrophy in and survival of patients receiv-
ing hemodialysis: Follow-up of an interventional study.
J Am Soc Nephrol 12: 2759-2767, 2001

Foley RN, Parfrey PS, Kent GM, Harnett JD, Murray DC,
Barre PE: Serial change in echocardiographic parameters
and cardiac failure in end-stage renal disease. ] Am Soc
Nephrol 11: 912-916, 2000

Harnett JD, Foley RN, Kent GM, Barre PE, Murray D,
Parfrey PS: Congestive heart failure in dialysis patients:
Prevalence, incidence, prognosis and risk factors. Kidney
Int 47: 884-890, 1995

Rigatto C, Parfrey P, Foley R, Negrijn C, Tribula C, Jeffery
J: Congestive heart failure in renal transplant recipients:
Risk factors, outcomes, and relationship with ischemic
heart disease. | Am Soc Nephrol 13: 1084-1090, 2002
Walker AM, Schneider G, Yeaw ], Norstrom B, Robbins S,
Pettitt D: Anemia as a predictor of CV events in patients
with elevated serum creatinine. ] Am Soc Nephrol 17: 2293~
2298, 2006

Levin A, Thompson CR, Ethier ], Carlisle EJ, Tobe S, Men-
delssohn D, Burgess E, Jindal K, Barrett B, Singer J, Djurd-
jev O: Left ventricular mass index increase in early renal
disease: Impact of decline in hemoglobin. Am | Kidney Dis
34: 125-134, 1999

Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC,
Barre PE: The impact of anemia on cardiomyopathy, mor-
bidity and mortality in endstage renal disease. Am | Kid Dis
28: 53-61, 1996

Rigatto C, Foley R, Jeffrey J, Negrijn C, Tribula C, Parfrey
P: Electrocardiographic left ventricular hypertrophy in re-
nal transplant recipients: Prognostic value and impact of
blood pressure and anemia. | Am Soc Nephrol 14: 462—-468,
2003

Stone WJ, Graber SE, Krantz SB, Dessypris EN, O’Neil VL,
Olsen NJ, Pincus TP: Treatment of the anemia of predialy-
sis patients with recombinant human erythropoietin: A

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Impact of EPO on LVMi in CKD 761

randomized, placebo-controlled trial. Am | Med Sci 296:
171-179, 1988

Canadian Erythropoietin Study Group: Association be-
tween recombinant human erythropoietin and quality of
life and exercise capacity of patients receiving haemodialy-
sis. . BMJ 300: 573-578, 1990

Beusterien KM, Nissenson AR, Port FK, Kelly M, Steinwald
B, Ware JE, Jr: The effects of recombinant human erythro-
poietin on functional health and well-being in chronic di-
alysis patients. ] Am Soc Nephrol 7: 763773, 1996

Besarab A, Bolton WK, Browne JK, Egrie JC, Nissenson AR,
Okamoto DM Schwab SJ, Goodkin DA: The effects of nor-
mal as compared with low hematocrit values in patients
with cardiac disease who are receiving hemodialysis and
epoetin. N Engl | Med 339: 584-590, 1998

Foley RN, Parfrey PS, Morgan ], Barre PE, Campbell P,
Cartier P, Coyle D, Fine A, Handa P, Kingma I, Lau CY,
Levin A, Mendelssohn D, Muirhead N, Murphy B, Plante
RK, Posen G, Wells GA: Effect of hemoglobin level in
hemodialysis patients with asymptomatic cardiomyopa-
thy. Kidney Int 58: 1325-1335, 2000

Parfrey PS, Foley RN, Wittreich BH, Sullivan DJ, Zagari
MJ, Frei D: Double-blind comparison of full and partial
anemia correction in incident hemodialysis patients with-
out symptomatic heart disease. ] Am Soc Nephrol 16: 2180—
2189, 2005

Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolf-
son M, Reddan D (CHOIR Investigators): Correction of
anemia with epoetin alpha in chronic kidney disease.
N Engl ] Med 355: 2085-2098, 2006

Driieke TB, Locatelli F, Clyne N, Eckardt KU, Macdougall
IC, Tsakiris D, Burger HU, Scherhag A (CREATE Investi-
gators): Normalization of hemoglobin level in patients
with chronic kidney disease and anemia. N Engl ] Med 355:
2071-2084, 2006

KDOQI Clinical Practice Guideline and Clinical Practice
Recommendations for Anemia in Chronic Kidney Disease:
2007 Update of Hemoglobin Target. Am | Kidney Dis 50:
529-530, 2007

Cannella G, La Ganna G, Sandrini M, Gaggiotti M, Nordio
G, Movilli E, Maiorca R: Renormalization of high cardiac
output and of left ventricular size following long-term
recombinant human erythropoietin treatment of anemic
dialyzed uremic patients. Clin Nephrol 34: 272-278, 1990
Pascual ], Teruel JL, Moya JL, Liano F, Jimenez-Mena M,
Ortuno J: Regression of left ventricular hypertrophy after
partial correction of anemia with erythropoietin in patients
on hemodialysis: a prospective study. Clin Nephrol 35: 280—
287, 1991

Portoles J, Torralbo A, Martin P, Rodrigo J, Herrero JA,
Barrientos A: Cardiovascular effects of recombinant hu-
man erythropoietin in predialysis patients. Am | Kidney Dis
29: 541-548, 1997

Massimetti C, Pontillo D, Feriozzi S, Costantini S, Capez-
zuto A, Ancarani E: Impact of recombinant human eryth-
ropoietin treatment on left ventricular hypertrophy and
cardiac function in dialysis patients. Blood Purif 16: 317—
324, 1998

Hayashi T, Suzuki A, Shoji T, Togawa M, Okada N, Tsub-
akihara Y, Imai E, Hori M: Cardiovascular effect of nor-
malizing the hematocrit level during erythropoietin ther-



762

26.

27.

28.

29.

30.

31.

Clinical Journal of the American Society of Nephrology

apy in predialysis patients with chronic renal failure. Am |
Kidney Dis 35: 250-256, 2003

Sikole A, Polenakovic M, Spiroska V, Polenakovic B, Klink-
mann H, Scigalla P: Recurrence of left ventricular hyper-
throphy following cessation of erythropoietin therapy. Art
Organs 26: 98-102, 2002

Roger SD, McMahon LP, Clarkson A, Disney A, Harris D,
Hawley C, Healy H, Kerr P, Lynn K, Parnham A, Pascoe R,
Voss D, Walker R, Levin A: Effects of early and late inter-
vention with epoetin a on left ventricular mass among
patients with chronic kidney disease (stage 3 or 4): Results
of a randomized clinical trial. ] Am Soc Nephrol 15: 148156,
2004

Ayus JC, Go AS, Valderrabano F, Verde E, Garcia de
Vinuesa S, Achinger SG, Lorenzo V, Arieff Al, Luno J:
Effects of erythropoietin on left ventricular hypertrophy in
adults with severe chronic renal failure and hemoglobin
<10 g/dL. Kidney Int 68: 788-795, 2005

Levin A, Djurdjev O, Thompson C, Barrett B, Ethier J,
Carlisle E, Barre P, Magner P, Muirhead N, Tobe S, Tam P,
Wadgymar JA, Kappel ], Holland D, Pichette V, Shoker A,
Soltys G, Verrelli M, Singer J: Canadian randomized trial of
hemoglobin maintenance to prevent or delay left ventric-
ular mass growth in patients with CKD. Am ] Kidney Dis 46:
799-811, 2005

Ritz E, Laville M, Bilous RW, O’Donoghue D, Scherhag A,
Burger U, de Alvaro F: Target level for hemoglobin correc-
tion in patients with diabetes and CKD: Primary results of
the Anemia Correction in Diabetes (ACORD) Study. Am |
Kidney Dis 49: 194-207, 2007

Frank H, Heusser K, Hoffken B, Huber P, Schmieder RE,
Schobel HP: Effect of erythropoietin on cardiovascular

32.

33.

34.

35.

36.

37.

38.

Clin ] Am Soc Nephrol 4: 755-762, 2009

prognosis parameters in hemodialysis patients. Kidney Int
66: 832-840, 2004

Hampl H, Hennig L, Rosenberger C, Gogoll L, Riedel E,
Scherhag A: Optimized heart failure therapy and complete
anemia correction on left-ventricular hypertrophy in non-
diabetic and diabetic patients undergoing hemodialysis.
Kidney Blood Press Res 28: 353-362, 2005

Lin YP, Chen CH, Yu WC, Hsu TL, Ding PYA, Yang WC:
Left ventricular mass and hemodynamic overload in nor-
motensive hemodialysis patients. Kidney Int 62: 18281838,
2002

Koren M], Devereux RB, Casale PN, Savage DD, Laragh
JH: Relation of left ventricular mass and geometry to mor-
bidity and mortality in uncomplicated essential hyperten-
sion. Ann Intern Med 114: 345-352, 1991

Morton V, Torgerson DJ: Effect of regression to the mean
on decision making in health care. BMJ] 326: 1083-1084,
2003

Barnett AG, van der Pols JC, Dobson AJ: Regression to the
mean: What it is and how to deal with it. Int | Epidemiol 34:
215-220. 2005 [Epub 2004 Aug 27]

Phrommintikul A, Haas SJ, Elsik M, Krum H: Mortality
and target haemoglobin concentrations in anaemic patients
with chronic kidney disease treated with erythropoietin: A
meta-analysis. Lancet 369: 381-388, 2007

Mix TC, Brenner RM, Cooper ME, de Zeeuw D, Ivanovich
P, Levey AS, McGill JB, McMurray JJ, Parfrey PS, Parving
HH, Pereira BJ, Remuzzi G, Singh AK, Solomon SD, Steh-
man-Breen C, Toto RD, Pfeffer MA: Rationale—Trial to
Reduce Cardiovascular Events with Aranesp Therapy
(TREAT): evolving the management of cardiovascular risk
in patients with chronic kidney disease. Am Heart | 149:
408-413, 2005



ASN

HNEPHROLOGY 1725 I Street NW = Suite 510  Washington, DC 20006
Tel 202-659-0599 = Fax 202-659-0709 = www.asn-online.org

EMBARGOED FOR RELEASE UNTIL 5:00 PM ET ON APRIL 1, 2009

Contact: Shari Leventhal: 202-416-0658, sleventhal @asn-online.org

ANEMIA TREATMENT IMPROVES HEART STRUCTURE AND
QUALITY OF LIFE IN KIDNEY DISEASE PATIENTS

However, Different Levels of Erythropoietin Therapy Are Needed to Achieve These Effects

Washington, DC (Friday, March 27, 2009) — In chronic kidney disease patients, different levels of
anemia treatment have a beneficial effect on the heart and improve quality of life, according to a pair of
studies appearing in the April 2009 issue of the Clinical Journal of the American Society Nephrology

(CJASN). The findings indicate that different levels of treatment may be warranted for different patients.

Patients with chronic kidney disease often have low levels of erythropoietin (a hormone that
stimulates the formation of red blood cells) and develop anemia. Anemia can cause enlargement of the
heart, predisposing individuals to heart failure and death. Synthetic erythropoietin partially corrects anemia,
and doctors prescribe it to try to increase patients’ hemoglobin levels to 10-12 g/dl (hemoglobin is the
predominant protein in red blood cells). Prescribing higher levels of erythropoietin may result in normal
hemoglobin levels (greater than 13 g/dl), but recent clinical trials suggest that this may cause serious

adverse effects, including death.

Two recent studies by Patrick Parfrey, MD (Memorial University of Newfoundland), and
colleagues examined the effects of different levels of anemia treatment on heart structure and quality of life

in chronic Kidney disease patients.

The first study was a systematic review of published data on the effects of anemia on the heart. By
analyzing 15 available studies involving 1,731 patients with kidney disease, the investigators found that
partial correction of severe anemia with erythropoietin improved heart structure, but fully correcting anemia

provided no additional benefit.

The second study assessed whether normalization of hemoglobin improves quality of life in kidney
disease patients. The study was conducted because anemia-induced fatigue is a prominent symptom in
patients with kidney disease. In a randomized trial performed in Canada and Europe, Dr. Parfrey and his

team enrolled 596 relatively healthy patients starting dialysis. The researchers found that patients

MORE



experienced less fatigue when they were treated with erythropoietin to reach a normal hemoglobin level

compared with patients who were treated to achieve only partial correction of anemia.

Erythropoietin therapy can provide some benefits (such as reduced fatigue), but investigators
concluded that the recommended hemoglobin target range is 10-12 g/dl. Treating patients to reach a normal

hemoglobin level (>13 g/dl) does not improve heart structure and can cause significant harm to patients.

“It is possible that patients at low risk of an adverse side effect from erythropoietin therapy would
value the improvement in quality of life provided by the higher hemoglobin level,” said Dr. Parfrey.
“However the cost of this improvement in quality of life will be high, because erythropoietin is expensive,”
he added.

The authors noted that a large clinical trial (TREAT) of 4,000 diabetic patients with chronic kidney
disease will end this year and should provide additional information on the benefits and harms of

prescribing erythropoietin to achieve a normal hemoglobin level.
The authors reported no financial disclosures.

The articles, entitled “Erythropoietin Therapy and Left Ventricular Mass Index in CKD and ESRD
Patients: A Meta-Analysis” (doi 10.2215/CJN.02730608) and “Erythropoietin Therapy, Hemoglobin
Targets, and Quality of Life in Healthy Hemodialysis Patients: A Randomized Trial,”

(doi 10.2215/CJN.04950908) will appear online at http://cjasn.asnjournals.org/ on April 1, 2009.

More than 11,000 physicians and scientists committed to preventing kidney disease and making life
better for patients work together as members of the American Society of Nephrology (ASN). Whether
providing expert care to patients, performing cutting-edge medical research, or training the next generation
of kidney experts, these nephrologists change lives. Through advocacy, ASN informs policymakers about
issues of importance to kidney doctors and their patients. ASN also funds research, convenes world-
renowned meetings, and generates educational tools that enable nephrologists to be most effective. Building

on a 40-year history, ASN brings rigor, integrity, and ingenuity to all its work.
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