
 
172

mediciNe & HealtH/RHode islaNd

anemia is a Common finding among 
patients with chronic kidney disease 
(CKD) and end-stage renal disease 
(ESRD). Data from National Health 
and Nutrition Examination Survey 
(NHANES) demonstrated a prevalence of 
anemia in 1.3%, 5.2%, and 44.1% among 
patients with stage III, IV and V CKD 
respectively.1 It is associated with a higher 
risk of cardiovascular and renal events, 
and its prevalence and severity increase 
with worsening renal function.2 Anemia 
in CKD is mostly related to the reduced 
endogenous production of erythropoietin 
by the peritubular capillary endothelial 
cells in the injured renal parenchyma.1, 3 

The pathogenesis is not complete 
understood, but in animal models the 
kidney production of erythropoeitin was 
increased by the anemia mediated by 
hypoxia-inducible factor (HIF).4 HIF 
binds to the erythropoietin receptor 
(EpoR) on the red cell surface and acti-
vates a Janus-Kinase 2 (JAK2) cascade. 
This receptor is also found in a large num-
ber of tissues which activate intracellular 
biological pathways upon binding with 
erythropoeitin.5

Anemia treatment and the target 
hemoglobin level remain a controversial 
topic not only in chronic kidney disease 
but also in patients with coronary artery 
disease (CAD) and cancer patients.6, 7 
In CKD patients several recent studies 
reported no benefit in having patients 
achieve a high hemoglobin (target >13 
g/dL). Two clinical trials published 
in 2006 evaluated anemia correction 
management in CKD patients found no 
evidence that achieving higher hemoglo-
bin targets was beneficial; in fact it had 
worse outcomes.8, 9 The Trial to Reduce 
Cardiovascular Events with Aranesp 
(TREAT) study, published in 2009, re-
inforced data reported in previous CKD 
trials investigating optimal methods to 
manage anemia. There was no benefit 
for composite cardiovascular events end-
point but an increase risk of stroke.10 The 

Medicare beneficiaries during September 
2006 to March 2008. 

daTa 
The blood samples collected from 

patients were transported to the DSI 
central laboratory, Hemoglobin was 
measured using peak absorbance of 
cyanomethemoglobin by spectrophotom-
eter. Erythropoietin stimulating agents 
(ESAs) were given intravenously weekly 
in hemodialysis section and based on a 
weight based protocol. Mortality was 
identified via the DSI central computer 
(PEARL) data registry. Death certificates 
were certified by the unit charge nurse 
and nephrologist. 

Dialysis quality assurance data, dialy-
sis adequacy data, laboratory data collected 
included: Chemistry (Albumin, potassium 
[K]), dialysis adequacy (Kt/V, URR %), 
Anemia, (hemoglobin average, percent of 
patients with hemoglobin <11/dL, hemo-
globin 11-13/dL and hemoglobin >13/dL, 
Ferritin, Reticulocytes Count and % Iron 
Saturation), Bone Metabolism (Ca, PO4, 
PTH) and Diabetes (HbA1C). These ag-
gregated data were collected monthly.

sTaTisTiCal analysis
Data was confirmed by PEARL 

online chart review for outliers and log 
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cumulative evidence in the literature in 
anemia management in CKD patients 
supports the findings of the Normal 
Hematocrit Study (NHS) conducted in 
ESRD patients in 1990’s which showed 
no benefit and a potential harm with in-
creased mortality in patients randomized 
to the higher hemoglobin group.11

We conducted a retrospective obser-
vational cohort study to test the hypoth-
esis that treatment protocols designed 
to lower hemoglobin levels in dialysis 
patients would be associated with lower 
hemoglobin levels and a concomitant 
decrease in overall mortality. 

maTerial and meThods
We conducted a retrospective ob-

servational cohort study in over 7,188 
hemodialysis patients in 120 dialysis units 
at Diversified Specialty Institutes (DSI) 
Renal Inc. facilities in the United States 
from September 1, 2006 to March 31, 
2008. Data was collected for health care 
purposes using the PEARL-Electronic 
Medical Record (EMR) computer pro-
gram. The PEARL program is a computer 
based interface with the DSI computer-
ized patient record data system designed 
to aid dialysis units, nephrologists and 
the advisory board with dialysis opera-
tions and patient safety quality assurance 
projects. The cen-
tral DSI review 
board approved 
the study cohort 
and all data was 
de-identified to 
maintain patient’s 
confidentiality. 
Inclusion criteria 
required that all 
patients had at 
least one monthly 
dialysis adequacy 
laboratory panel 
obtained in the 
outpatient dialysis 
setting and were 

Table 1:  DSI Renal Anemia ESA Protocol

DSI Renal ESA Hemoglobin Protocols: 
 A (Pre-FDA) September 2006 to April 2007
  Hold ESA if Hgb>13.3 g/dL
  Resume ESA if * Hgb<13.00 g/dL 
  Target 12-13 g/dL
 B (Post-FDA) May 2007 to August 2007
  Hold ESA if Hgb>12.5 g/dL  
  Resume ESA if * Hgb<11.75 g/dL
  Target 11-12 g/dL
	 C	(Modified	‡)	September	2007	to	March	2008
  Hold ESA if Hgb>13.0 g/dL  
  Resume ESA if * Hgb<12.50 g/dL
  Target 11-12 g/dL

*	Resume	ESA	at	2	levels	below	the	current	dose
‡	Modified	to	optimize	target	11-12g/dL
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tember 2006 to April 2007 [pre-FDA]), 
protocol-B (May 2007 to August 2007 
[post-FDA]) and protocol-C (September 
2007 to March 2008 [modified to optimize 
hemoglobin target to 11–12 g/dL]). (Table 
1) The intent of protocol-B was to reduce 
the % of dialysis patients with hemoglobin 
>13g/dL and the modified Protocol C to 
lower the number of patients that were 
below target. We also compared anemia on 
protocol A (pre-FDA) to protocols B and C 
together since they both had a hemoglobin 
target of 11-12 g/dL. Mortality data was 
analyzed as a number and evaluated as 
percentage  for a specific protocol.

resulTs
The characteristics of the cohort by 

protocol are shown in Table 2. There were 
approximately 7,188 monthly hemodi-
alysis patients included in the analysis. 
There were significant differences between 
protocols. The mean hemoglobin levels 
varied by protocol: A: 11.80 g/dL, B: 
11.45 g/dL and C: 11.66 g/dL (p=0.001) 
by ANOVA. (Table 2 and Figure 1a) The 
percentage of patients with hemoglobin 
<11 g/dL differed by protocol: A: 24%, 
B: 33% and C: 25% (p=0.001). (Table 2 
and Figure 1a) The percentage of patients 
with hemoglobin >13g/dL differed by 

protocol: A: 14%, B: 8%, and 
C: 11% (p=0.0001). (Table 2 
and figure 1a) There were also 
significant differences in per-
cent iron saturation, albumin, 
inorganic phosphorus, urea 
reduction ratio (URR) and 
kT/v between the three proto-
col times. (Table 2) 

The mortality characteris-
tics of the cohort by protocol 
time are shown on Table 3 
and in Figures 1b and 1c. 
Overall monthly mortality rate 
(deaths/100 patient-months) 
differed by protocol time: A: 
1.77, B: 1.40 and C: 1.54 
(p=0.01). (Figures 1b and 
1c) There was a statistically 
significant 21% decrease in 
mortality from protocol A to 
protocol B and a statistically 
significant 17 % decrease in 
mortality between protocol A 
to combined protocols B and 
C (p=0.005). (Figure 1d) 

Table 2. Laboratory characteristics of study cohort by protocol time

Figures 1a–1d. 1a: monthly percentage (%) of patients with hemoglobin <11 and >13 g/dL from September 
2006 to March 2008. 1b: total mortality deaths per 100 patients per protocol time and mean hemoglobin per 

protocol. 1c: mortality death per 100 patients and mean hemoglobin percentage for hemoglobin <11 and >13 g/
dL per protocol time. 1d: hemoglobin mean percentage for hemoglobin <11 and >13 g/dL and mortality deaths 

per 100 patients on protocols A: pre-FDA and combined protocols B and C: post FDA (see protocol table 1) 

transformed for analyses of non-normally 
distributed data. We compared hemoglo-
bin levels by protocol time using ANOVA, 
Kruskal-Wallis. We compared the crude 
mortality rates by protocol time using 

ANOVA. Mortality data analyzed as a 
number and evaluated as percentage for 
a specific protocol. Comparisons were 
made among three groups; the original 
erythropoietin anemia protocol-A (Sep-



 
174

mediciNe & HealtH/RHode islaNd

disCussion
Anemia treatment and hemoglobin 

(Hb) goal target remain a controversial 
topic not only in CKD but also in CAD 
and oncology patients. In CKD patients 
several recent studies reported no benefit in 
having patients achieve a high hemoglobin 
(target >13g/dl). The CHOIR (Correction 
of Hemoglobin and Outcomes in Renal 
Insufficiency) Study a randomized con-
trolled trial, enrolled 1,432 CKD stages II 
to IV patients randomized to erythropoi-
etin (EPO) dosages to achieve target hemo-
globin levels of either 13.5 g/dL or 11.3 g/
dL. This study showed more adverse events 
occurring in the higher hemoglobin group 
compared to the low hemoglobin group.9 
The CREATE (Cardiovascular Risk 
Reduction by Early Anemia Treatment 
with Erythropoietin) Study a randomized 
controlled trial, enrolled 1,200 CKD stages 
II-IV patients and  assigned patients to an 
early or late anemia correction. There was 
no statistical significant difference between 
groups for the primary end-point while 
quality of life (QoL) was improved at 1 
year in the early correction group.8,12 The 
TREAT Study a randomized control trial, 
enrolled 4,404 CKD Stage II to IV type 
II diabetes mellitus patients to darbepoetin 
alpha with the goal to achieve hemoglobin 
target level of 13 g/dL or a placebo group 
with rescue darbepoetin therapy once 
hemoglobin level was <9 g/dL revealed no 
mortality benefit to higher hemoglobin 
targets, but a higher risk of stroke.10

Significant changes have occurred 
since the introduction of epoetin alfa 
(EPO) into clinical practice in late 1988 
when the United States Food and Drug 
Administration (FDA) approved recom-
binant human EPO for use in anemia of 
renal failure to an average goal of (Hb 
7-8 g/dL).13, 14 

In the 1990s EPO reimbursement 
was per EPO units administered. Initial 
anemia correction was viewed simply as 
treatment with EPO along with correc-
tion of iron deficiency to increase hemo-
globin levels from below 10 g/dL. This 
was directly connected with the released 
of publications showing improvement in 
outcomes in EPO-treated patients with 
Hematocrit in low 30s vs. non-EPO-
treated patients with Hct in low 20s.13-15  

Amgen sponsored the National Kidney 
Foundation (NKF) to develop evidence-
based practice guidelines for anemia, dialysis 
adequacy and vascular access (KDOQI 
Guidelines).6, 16, 17  The NHS was the first 
EPO trial that was powered to assess mor-
tality in hemodialysis patients. The NHS 
study was stopped early due to concern for 
higher mortality in patients randomized to 
the higher hematocrit (42%) group vs. low 
hematocrit (30%), and due to an increase 
in vascular access thrombosis.11 

With this new anemia correction data 
and the potential adverse outcomes and 
side effects revealed, the 2001 KDOQI 
Anemia Guidelines was released by the 
National Kidney Foundation setting the 
target hemoglobin range to 11 to 12 g/dl, 
Hct 33-36%, and a more aggressive use of 
IV iron to spare EPO. In 2006 the FDA 
instituted a Black Box Warning to use the 
lowest dose of erythropoietin stimulating 
agents that will gradually increase the 
hemoglobin concentration to the lowest 
level sufficient to avoid the need for red 
blood cell transfusion.

In addition, since safety concern and 
efficacy of anemia correction with eryth-
ropoietin stimulating agents has been the 
subject of numerous observational studies 
hemoglobin levels within the target range 
of 11 to 12 g/dl were adopted from the 
National Kidney Foundation Kidney Dis-

ease Outcomes Quality Initiative clinical 
practice guidelines11, 18-20 differing from 
the 10 to 12 g/dL target recommended 
by the FDA. 

Two recently published studies inves-
tigated variability in hemoglobin concen-
tration is their correlation to mortality in 
patients with end-stage renal disease.21, 22 
Hemoglobin variability was shown to be 
independently associated with decreased 
survival for each 1 g/dL increase in he-
moglobin variability and was associated 
with a 33% increase in the risk of death. 
Gilbertson et al23 stated that mortality was 
greatest in patients who had low hemo-
globin levels for ≥3 months and that the 
number of months with hemoglobin below 
the target level might be a better predictor 
of mortality than variability itself. 

Based on current guidelines, ESA 
dosing protocols should strive to maximize 
the number of patients with hemoglobin 
levels in the 10-12 g/dL range while mini-
mizing the proportion of patients in the 
high-hemoglobin range. To achieve this 
level of control, it would be necessary to 
allow for timely changes in hemoglobin 
levels through more frequent hemoglobin 
monitoring and more frequent dose adjust-
ments. Additional factors, such as the mode 
of ESA dose and holding practices may also 
influence hemoglobin curve distribution. 

Our study shows that we are able to 
manipulate the overall level of hemoglobin 
with the institution of ESA automated 
protocols. The change in hemoglobin lev-
els among protocols was apparent; indicat-
ing that the ESA automated protocols were 
effective for achieving desired hemoglobin 
targets. In addition, even though the entire 
distribution appears to have shifted toward 
lower hemoglobin ranges initially it back 
toward higher hemoglobin levels after 
institution of modified protocol C. 

Our data demonstrated that the re-
duction in the percentage of individuals 
with hemoglobin >13g/dL was correlated 
with reduction in mortality. The increase in 
the percentage patients with hemoglobin 
<11g/dL was not associated with increase 
in mortality even though the distribu-
tion resulted primarily from migration of 
patients from higher hemoglobin toward 
the lower ranges. Although there were 
variations in the study co-variables it did 
not indicate that these dialysis adequacy 
parameters may have contributed to the 
observed changes. Noteworthy, there 

Table 3. Mortality characteristics study cohort by protocol time
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were no changes in the iron management 
protocols or any other protocol other than 
the instituted ESA dosing protocols. 

Some important limitations of our 
study need to be considered. Although 
the sample size was relatively large, we 
incorporated all the DSI dialysis centers 
data available and we excluded those that 
did not have a fully functional electronic 
system for patient-level data collection.

We consider it to be extremely un-
likely for changes in patient characteristics 
to be an explanation for the hemoglobin 
variations reported in this study because 
patient characteristics change over a 
much longer period of time and anemia 
management practices have a far greater 
and immediate impact on the mode of 
hemoglobin level distribution in the 
evaluated patient population.

It is possible that there are other differ-
ences that were not measured or accounted 
for in this analysis that caused the mortality 
differences. Due to missing data we were 
not able to performed multivariable model 
to account for confounding. However, 
evaluating Table 2 shows that most clini-
cal characteristics worsened (KT/V, URR) 
rather than improved during this time 
period. In addition some of the results 
observed in this study may be accounted 
for the seasonal variation in mortality.24

Another limitation of the study is 
that although most of hemoglobin data 
was from outpatient dialysis units, data 
from inpatient hospitalization records 
were also included if mortality ensued. It 
is noteworthy to mention that only about 
<5% of dialysis sessions per patient per 
year occur in the inpatient setting hence, 
hospitalizations is very unlikely to explain 
the results discussed in this study. 

Despite these limitations, this study 
offers important findings regarding 
changes in hemoglobin level distribution 
and mortality for a large hemodialysis pro-
vider. How these changes will ultimately 
affect patient outcomes in the longer term 
is unclear and is a topic of further inves-
tigation. It would be prudent to conduct 
clinical trial in a large hemodialysis pro-
vider for longer period of time in order to 
avoid seasonal variation, to withhold ESA 
dosage when hemoglobin reaches either 11 
g/dL or 12g/dL and to have a target goal 
hemoglobin of 9-11g/dL or 10-12g/dL 
respectively in order to be able to properly 
evaluate adverse events and mortality.
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