
Chapter 3.  Results and Conclusions

Overview


This systematic review of the use of epoetin in patients with CRF seeks primarily to compare outcomes of maintaining a target Hct above 36 percent with outcomes of maintaining a target Hct in the 33 to (36 percent range.  The published clinical trial evidence that addresses the specific comparison of primary interest to this systematic review was quite limited.  To maximize the comprehensiveness of this report, the EPC team decided, in consultation with advisory experts, also to synthesize and analyze results of studies reported only in abstract form,
 studies using any form of controlled design; and studies reporting intermediate outcomes known or thought, to predict health outcomes.  Therefore, this report includes associational studies as well as interventional studies—studies in which the control group Hct was maintained in the 30 to 

<33 percent range as well as those in which the control group was maintained in the 33 to 

(36 percent range.


In this systematic review, the EPC team was primarily interested in outcomes that would be considered health outcomes, those that are recognizable to patients as being meaningful in their lives.  For example, health outcomes would include mortality or MI rate.  However, in the interest of completeness, the team considered a variety of intermediate outcomes.  For an intermediate outcome to be relevant for this systematic review, the intermediate outcome measure must be known or believed to be predictive of a health outcome.


Guidelines issued by the NKF-DOQI recommend a target range for maintenance Hct of 33 to 36 percent based on their review of the literature showing improvement in outcomes associated with this Hct range.  For the objectives of this systematic review, studies that compare Hct above 36 percent against 30 to <33 percent are less relevant than those studies that compare Hct above 36 percent with Hct 33 and (36 percent.  Benefits reported in the former studies might be attributable, at least in part, to improvements associated with raising the Hct from 30 to 

<33 percent to 33 to (36 percent.  Thus, the comparison of highest interest in this report is the comparison between maintaining Hct above 36 percent and maintaining Hct 33 and (36 percent.  


Each of the three parts of this systematic review is focused on one of three different populations of interest.  Part I addresses adult CRF patients, Part II addresses pediatric CRF patients, and Part III addresses subpopulations of interest with or without CRF who have any one of a predefined list of clinical characteristics that are postulated to warrant maintaining Hct above 36 percent.

Part I:  Adult Patients with Chronic Renal Failure


The key questions detailed below create the analytic framework for Part I, which focuses exclusively on adult patients with CRF.  The analytic approach is separated by study design to emphasize the difference in the type of information that may be derived from each type of study design.  Controlled intervention studies may demonstrate an effect observed following the intervention, whereas cross-sectional studies describe statistical relationships between defined variables.  In the latter circumstance, no conclusion regarding a causal relationship between statistically associated variables can be inferred. 


The key questions focus on the relationship between Hct and health outcomes and do not address the relationship between alternative ways of administering epoetin and the resulting effect on Hct.  As described in Chapter 1, Introduction, specific aspects of administering epoetin, such as subcutaneous as opposed to intravenous route of administration, have been found to influence the efficiency of epoetin in modulating Hct.

Key Questions

1. Based on evidence from interventional studies, what are the outcomes of maintaining target Hct above 36 percent compared with maintaining target Hct in the 30 to (36 percent range or, more specifically, in the 33 to (36 percent range?

2. Based on evidence from associational studies, what are the outcomes of maintaining target Hct above 36 percent compared with maintaining target Hct in the 30 to (36 percent range or, more specifically, in the 33 to (36 percent range?

Overview of the Evidence


The literature search and selection process identified 13 full reports and 10 scientific abstracts that reported findings on the relationship between outcomes associated with an Hct level above 36 percent and outcomes associated with an Hct level between 30 and 36 percent in patients with CRF (see Evidence Tables 1 through 3).  Some of these reports originate from the same authors and/or institutions, and the degree of overlap of patients across separate reports cannot be determined from the information provided.

Interventions


All interventional studies included in this systematic review used epoetin to raise the Hct level above 36 percent in the treatment group and to maintain Hct in the range (30 and 

(36 percent for control comparison.  There were no clinical studies using other anemia treatments that met study selection criteria.  The cross-sectional analyses varied in regard to anemia treatments being used in the study population.  Most of these analyses were performed in populations already being treated with epoetin, though one study specifically selected patients newly started on epoetin therapy (Levin, Lazarus, and Nissenson, 1993) and another study did not specifically require patients to be receiving epoetin at all (Lowrie, Huang, Lew et al., 1994).  

Patient Populations


Type of dialysis.  The available evidence is largely derived from hemodialysis patients.  Few studies included a small number of peritoneal dialysis patients:  9.6 percent in Levin, Lazarus, and Nissenson (1993), 7 percent in Collins, Hao, Ebben, et al. (1999c), and 4 percent in Moreno, Lopez-Gomez, Sanz-Guajardo, et al. (1996).  Two studies examined patients with CRF who did not require dialysis (Levin, Singer, Thompson, et al., 1996; Levin, Thompson, Ethier, et al., 1999).


Heterogeneity of the patient populations.  Although the studies in this systematic review are largely targeted to hemodialysis patients, it must be recognized that there is considerable clinical heterogeneity within the hemodialysis population.  The length of time that patients had been on dialysis varies within and across studies.  Some studies analyzed Medicare ESRD data, thus including only subjects who qualified for ESRD benefits.  The presence of significant comorbid conditions (e.g., vascular disease, diabetes mellitus, cardiac disease) varies across studies, with some studies specifically excluding patients with severe comorbid conditions and others specifically requiring comorbid conditions for inclusion in the study.  Age is another factor that varied across studies.  Finally, the normal range of Hct level varies by gender with males having a higher normal Hct level than females, but none of the studies included in this systematic review reported results separately by gender.

Quality of Study Design and Conduct


The study selection criteria for this systematic review required that studies use some form of control in conducting the analysis; however, multiple methodologies and study designs were considered to meet this criterion.  The primary assessment of study quality that was used in this systematic review is based on study design with a three-tier hierarchy of quality.  Accordingly, each section regarding study quality is subdivided into three categories (listed in order of strongest to weakest design):  RCT, nonrandomized controlled clinical trial, or cross-sectional analysis.  The majority of nonrandomized controlled trials were single-arm intervention trials, where patients served as their own controls and outcome measures at baseline Hct levels were compared with those observed after raising the Hct level above 36 percent (pre/postdesign).  Discussion of results within each category of study design addresses both results described in full reports and results described in abstracts.  Results from full reports are viewed with greater confidence than are those from abstracts presented at scientific meetings.


The quality and relevance of each study included in this systematic review is further described along five dimensions (Table 3).  For the purpose of this report, the first two dimensions serve to define better studies (uses double-masked design, or compares Hct above 

36 percent with 33 to (36 percent
); whereas the second two dimensions serve to define worse studies (loss to followup or missing data for >10 percent, or potential bias in control group comparison).  Finally, the extent to which each cross-sectional analysis study identified and controlled for potential confounding influences in the data analysis is described under the method of case-mix adjustment.
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Levin, Lazarus, and Nissenson, 1993
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(
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et al., 1999a
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Abstract
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Abstract
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N/A
(
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Abstract

Riedel, Hampl, Nundel, et al., 1996
75
N/A
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N/A
Not reported

N = number of patients; N/A = not available.

Outcomes


The outcomes identified for this report include mortality, quality of life, hospital utilization, red blood cell transfusion, treatment-related morbidity, and cardiac events as well as cardiac-related intermediate outcomes, including left ventricular mass index(LVMI) as a measure of LVH and left ventricular cavity volume as a measure of left ventricular dilatation (LVD).  Several additional intermediate outcomes were identified including physiologic measures of exercise performance, physiologic measures of cognitive function, physiologic measures of sleep quality, and serum levels of amino acids as a measure of nutritional status.  An overview of which studies report each of the various outcome measures is provided in Table 4.

Results

Mortality


Overview.  Four full reports and one abstract described the relationship between mortality and maintaining an Hct above 36 percent compared with maintaining an Hct (30 and (36 percent (Besarab, Bolton, Browne, et al., 1998; Collins, Hao, Ebben, et al., 1999c [abstract]; Lowrie, Huang, Lew, et al., 1994; Ma, Ebben, Xia, et al., 1999; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000).  The overall quality of the evidence was strengthened by the inclusion of a large RCT although the remaining studies were weak in design for evaluating effect on mortality.  However, only the three cross-sectional analyses actually provided evidence relating Hct above 36 percent compared with Hct 33 to (36 percent, the primary Hct ranges of interest in this systematic review.  


Evidence from randomized controlled clinical trials.  Besarab, Bolton, Browne, et al. (1998; n=1,233) was the largest, prospective, RCT designed to examine the outcomes associated with targeting the Hct to 42 percent (“normal target group”) compared with targeting the Hct at 30 percent (“low target group”) in long-term hemodialysis patients with documented cardiac disease (congestive heart failure or ischemic heart disease).  The primary endpoint was combined death or first nonfatal MI.  The report compared overall mortality as well as cause-specific mortality between the two study groups on an intent-to-treat basis and reported results of a cross-sectional analysis of the data as well.


At the third interim data analysis, higher mortality was observed in the normal target group, although this difference was not statistically significant.  Nevertheless, the independent data monitoring committee recommended that the study be halted after 29 months because, in light of the increased death rate in the normal target group, the trial could not demonstrate a benefit for the normal target Hct group.


The primary analyses were performed on an intention-to-treat basis so that all 1,233 patients were included in the analysis with median followup of 14 months.  When the study was halted (29 months), the normal target group had 183 deaths and 19 first nonfatal MIs whereas the low target group had 150 deaths and 14 first nonfatal MIs.  These differences did not reach statistical significance and correspond to a risk ratio of 1.3 and 95 percent confidence interval (CI) of 0.9 to 1.9.  Additional analyses adjusting for a variety of prespecified baseline characteristics did not affect these results.  Overall mortality at 1 and 2 years was reported to be 7 percentage points higher in the normal target group compared with that in the low target group.  Data presented in Evidence Table 4 showed slightly higher rates of infectious mortality (5.2 percent compared with 3.6 percent) and cardiac mortality (20.2 percent compared with 18.2 percent) in the normal target group compared with those in the low target group, but statistical significance of these comparisons was not provided in the article.


Besarab, Bolton, Browne, et al. (1998) also reported a cross-sectional analysis of mortality based on the average Hct value achieved for each patient over the course of the study regardless of target Hct group assignment.  Average Hct was calculated using all Hct values for each patient up to the point of death, loss to followup, or March 31, 1996.  Each patient was categorized into one of five ranges for average Hct:  27 to 29.9; 30 to 32.9; 33 to 35.9; 36 to 38.9; or 39 to 41.9 percent.  

Table 4.  Overview of outcomes reported in each study:  Results and conclusions, Part I




Efficacy Outcomes
Treatment-Related Morbidity

Author(s)

Year
Sample

Size
Study

Design
Mortality
Quality

of

Life
Hospital

Utilization
RBC

Transfusion
Cardiac
Other
Increased

Blood

Pressure
Vascular

Access

Thrombosis
Other

Besarab, Bolton, Browne, et al., 1998
1,233
Randomized,

prospective,

open-label trial
(

(
(
(

(
(
(

McMahon, McKenna, Sangkabutra, et al., 1999
14
Randomized, double-blind, crossover study





(
Exercise Performance




Abstract

Foley, Parfrey, Morgan, et al., 1998
146
RCT

(Canadian

Study)




(





Abstract

Wells, Coyle, Lee, et al., 1998
130
RCT

(Canadian Study)

(








Abstract 
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115
Pre/post
(
(
(







Table 4.  Overview of outcomes reported in each study:  Results and conclusions, Part I (continued)




Efficacy Outcomes
Treatment-Related Morbidity

Author(s)

Year
Sample

Size
Study

Design
Mortality
Quality

of

Life
Hospital

Utilization
RBC

Transfusion
Cardiac
Other
Increased

Blood

Pressure
Vascular

Access

Thrombosis
Other

Pickett, Theberge, Brown, et al., 1999
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et al., 1999
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Cross-sectional analysis
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1996
1,013
Cross-sectional analysis
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Abstract

Collins, Hao, Ebben, et al., 1999a
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Cross-sectional analysis
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Cross-sectional analysis
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Abstract
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82,879
Cross-sectional analysis
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Abstract

Riedel, Hampl, Nundel, et al., 1996
75
Cross-sectional analysis





(
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RBC = red blood cell; RCT = randomized controlled trial.


Figure 1 provides a comparison of the observed death rate versus the average Hct category, stratified by assigned target group.  

Figure 1.  Mean Mortality Rate as a Function of the Average Hematocrit Value
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(Adapted from Besarab, Bolton, Browne, et al., 1998 (Copyright (c) 1998 Massachusetts Medical Society. All rights reserved.)

In the study by Besarab and coworkers (1998) there was an insufficient number of patients randomized to the low target group that maintained an average Hct above 36 percent to allow comparison between study groups at the higher levels of Hct.  The lowest mortality was seen in those who achieved Hct 39 to 41.9 percent.  However, there was no difference in mortality between patients who achieved Hct 36 to 38.9 compared with those who achieved Hct 33 to 35.9.  When the normal target group was compared with the low target group within the same range of achieved Hct, mortality was actually lower in the low target group.  Moreover, mortality in the low target group patients who achieved an average Hct of 33 to 35.9 percent was only slightly higher than that for those normal target level patients who achieved Hct 39 to 41.9 percent, roughly 19 percent versus 14 percent, respectively.


It is notable that the group of patients in the normal target group that maintained an average Hct of 39 to 41.9 percent had the lowest mortality; however, multiple factors should be considered in interpreting this finding.  First, a favorable patient selection process may account for this finding (i.e., those patients able to achieve and maintain a normal Hct level may tend to be the healthiest patients to begin with and those with the lowest a priori likelihood of death independent of their average Hct level).  Second, Besarab and colleagues (1998) noted that, at least in some patients, “the Hct fell considerably before they died.”  Study therapy was prematurely terminated in some patients weeks or even months before they died, which could affect the calculated average Hct category to which the patient was assigned for this analysis.  Thus, a patient who ultimately died during the study may have had a period of time before death with a relatively low Hct that would serve to lower his average Hct.  Third, intercurrent illness, particularly infection, may lower the achieved Hct during the time of illness because of development of resistance to epoetin.  Since patients who died during the study may reasonably be expected to have a higher frequency of such illness, the effect would be to further depress the average Hct in such patients.  Each of these factors would serve to categorize sicker patients into a lower Hct group, leaving only relatively healthy and robust patients surviving in the highest average Hct group.


A Cox regression analysis was performed on the primary endpoint (combined endpoint of death or nonfatal MI) using the average Hct instead of randomized group assignment in the model.  This model adjusted for the 11 prespecified baseline conditions including:  age, gender, race, adequacy of dialysis, type of vascular access, hypertension, diabetes mellitus, peripheral vascular disease, congestive heart failure, ischemic heart disease, and New York Heart Association class III cardiac disability.  Based on this analysis, the risk ratio associated with Hct was 0.7 (95 percent CI, 0.6 to 0.8 p<0.001).  That is, a 10 point higher Hct was associated with a 30 percent lower risk of death or MI.  However, this type of cross-sectional analysis adjusts for some but not all of the differences in patient characteristics that may influence the primary study endpoint, and the potential for additional factors not included in the model to confound the analysis remains.  


Interpretation of this analysis raises several questions.  The full report did not specify the manner in which average Hct was modeled.  It appears that the model may have assumed a linear relationship between average Hct and the primary endpoint; however, the data presented in Figure 1 do not clearly support using a linear assumption.  Moreover, the analysis assumes that a single Hct value for each patient (calculated by averaging all Hct values over the entire study period) accurately describes the relationship between Hct and mortality.  The actual Hct values observed over time may not be well represented by this average value.


Analyzing the results using this single average Hct value might obscure a potential relationship between actual Hct and outcome.  Personal communication with one of the coauthors (Goodkin D, January 2000) revealed that multiple additional unpublished analyses were performed by the investigators’ modeling Hct in numerous ways.  Reportedly, none of these analyses demonstrated a relationship between higher achieved Hct level and increased mortality.  If this is the case, then having a higher Hct per se may not be toxic, but some other factor associated with trying to normalize Hct could be causing the increased morbidity and mortality in these cardiac patients.  


Besarab, Bolton, Browne, et al. (1998) noted that there were differences between the two treatment groups other than the assigned target Hct level.  Two particular factors distinguishing the two treatment groups were discussed.  These two factors were a higher use of intravenous iron dextran and lower values of Kt/V, a measure of the adequacy of dialysis, in the normal target group.  The authors discuss several theories on how intravenous iron dextran may be related to the unfavorable outcomes associated with the higher Hct target observed in this study.  Iron may be implicated in free-radical generation, damage of the myocardium, worse cardiac outcomes in men, and a greater predisposition to infection in hemodialysis patients.  


Evidence from nonrandomized controlled clinical trials.  Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) studied 156 selected hemodialysis patients who were observed over a 

6-month period after Hct was raised from a baseline mean ( standard deviation (SD) of 31 ( 

2 percent up to 38.5 ( 2.5 percent.  The authors reported no deaths observed in this cohort during the study.  However, it is important to acknowledge the stringent selection criteria that were used to enroll patients into this study when interpreting this favorable observation.  These selection criteria are detailed in the study description table (Evidence Table 2), but briefly, patients with diabetes, uncontrolled hypertension, or history of severe comorbidity were excluded.  This type of cohort was quite different and considerably more healthy than the patients enrolled in the study by Besarab and colleagues (1998).  In addition, the length of followup in the study by Moreno and coworkers (6 months) was much shorter than that in the study by Besarab and coworkers (median 14 months), and a 6-month followup is probably too short to assess long-term benefits or adverse effects.


Evidence from cross-sectional analyses.  Ma, Ebben, Xia, et al. (1999) performed a cross-sectional analysis on 1993–94 administrative data from the Health Care Financing Administration ESRD Program Management and Medical Information System (PMMIS).  The analysis included 75,283 hemodialysis patients and categorized patients into the following Hct ranges:  <27, 27 to <30, 30 to <33, 33 to <36, and above 36 percent.  All-cause mortality was significantly decreased in the 33 to <36 percent group compared with that in the reference group, 30 to <33 percent (relative risk [RR]=0.9, 95 percent CI 0.85 to 0.95).  Risk of cardiac death was also decreased in this comparison (RR=0.92, 95 percent CI=0.85 to 0.99), but risk of infectious death was not significantly decreased.  In contrast, mortality in the above 36 percent group was compared with that in the 30 to (33 percent reference group, and no significant differences in mortality risk were identified.  In the Hct >36 percent group, all-cause mortality had a relative risk of 1.06 (95 percent CI=0.89 to 1.27), cardiac mortality had a relative risk of 1.15 (95 percent CI=0.9 to 1.47), and infectious mortality had a relative risk of 1.04 (95 percent CI=0.62 to 1.73).  The full report did not directly compare mortality in the above 36 percent group with that observed in the 33 to (36 percent group; however, the 95 percent confidence intervals for each of these two groups compared against the same reference group (30 to (33 percent) could be compared with each other.  When the results for Hct above 36 percent were compared with those for Hct 33 to 36 percent, no mortality advantage was seen.  There is some suggestion of greater mortality in the Hct above 36 group, but this may be related to population selection rather than any adverse effect of using epoetin to maintain Hct above 36 percent.


Ma, Ebben, Xia, et al. (1999) controlled for covariates including:  age, gender, race, prior dialysis exposure, comorbidity, primary renal diagnosis, and severity of disease (number of vascular access procedures, number of blood transfusions, hospital length of stay); however, no R2 was reported in this paper.  Since the subjects included in the analysis by Ma and colleagues (1999) were managed in the Medicare ESRD program, it should be noted that Medicare requires a medical justification (i.e., the patient must have a medical condition such as angina) to obtain reimbursement for maintaining an Hct above 36 percent.  Thus, patients in this cohort with Hct above 36 percent likely would have been sicker than the general ESRD population and have had a mixture of comorbidities that justified a target Hct above 36 percent.  This type of unfavorable selection process would bias upward the observed mortality in the higher Hct group, assuming these selection factors were not fully accounted for in the regression analysis.


Some of the same investigators as those who worked on the study by Ma, Ebben, Xia, et al. (1999) published an abstract reporting an analysis restricted only to patients newly on dialysis and in the Medicare ESRD population (incident Medicare patients) as opposed to their prior analysis, which included all eligible prevalent Medicare patients (Collins, Hao, Ebben, et al., 1999c [abstract], n=82,879).  This abstract showed that, when compared with that for patients with Hct 30 to <33 percent, the relative risk of mortality was significantly decreased for hemodialysis patients with Hct 33 to <36 percent (RR=0.85, p=0.0001) or for those with Hct above 36 percent (RR=0.81, p=0.0001).  There was insufficient information provided in the abstract to determine if the improvement at Hct above 36 percent represented any significant difference when compared with that at Hct 33 to <36 percent.  In addition, peritoneal dialysis patients with Hct 33 to <36 percent had significantly lower mortality (RR=0.85, p=0.01) than those who had Hct 30 to <33 percent.  When the relatively small number of peritoneal dialysis patients who had Hct above 36 percent (n=305) was compared with the reference group 

(Hct 30 to <33 percent), no significant difference in mortality was seen (RR=0.95, p=0.67).  Although use of an incident population may be more homogenous with respect to severity and duration of CRF than a prevalence population, the followup period (which was not clearly stated in the abstract and was assumed to be less than or equal to 1 year) may have been too short to discern any mortality differences.  


Lowrie, Huang, Lew, et al. (1994) performed a cross-sectional analysis on 1991 administrative data from National Medical Care.  The analysis included 16,153 hemodialysis patients and categorized patients into the following Hct ranges:  (20, 20 to 25; 25 to 30; 30 to 35; 35 to 40, and >40 percent.  The authors found that mortality was statistically significantly higher when Hct increased above the reference range of 30 to 35 percent.  The odds ratio of mortality for Hct of 35 to 40 percent compared with 30 to 35 percent was 1.45, p<0.0001.  Similarly, the odds ratio of mortality for Hct >40 percent compared with 30 to 35 was 1.8, p<0.01.  


The analysis by Lowrie and colleagues adjusted for case-mix predictors of death such as age, gender, diabetic status, and renal diagnosis.  In addition, a variety of laboratory variables were noted to be predictors of death and were adjusted for in the model.  However, the R2 for this model suggests that the model accounts for no more than 20 percent of the variation in mortality among these hemodialysis patients.  

Quality of Life


Overview.  Six publications including three full reports (Besarab, Bolton, Browne, et al., 1998; Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000) and three abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Mason and McMahon, 1997 [abstract]; Wells, Coyle, Lee, et al., 1998 [abstract]) described quality of life results associated with Hct above 36 percent in ESRD patients.  Two of the three full reports described by the same coauthors and the remaining sources provided very limited information on quality of life outcomes.  Unfortunately, none of these studies addressed the comparison of Hct above 36 percent with Hct 33 and (36 percent, which is the comparison of primary interest to this systematic review.


The overall quality of the evidence on quality of life is weakened by the frequent use of unmasked, poorly controlled study designs and the relatively high degree of patients who are lost to followup or excluded from the analysis.  Such deficiencies in study design and conduct may be associated with overestimation of the magnitude of effect and its associated statistical and clinical significance.  The studies by Besarab, Bolton, Brown, et al. (1998) and Moreno, Lopez-Gomez, Sanz-Guajardo, et al. (1996), both cross-sectional analyses, were large and included over 1,000 subjects.  The studies by Wells, Coyle, Lee, et al. (1998 [abstract]) and Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) were moderate in size and included over 100 patients each; the former was an RCT whereas the latter was a pre/postintervention study.  The studies described in the abstracts by Eschbach, Glenny, Robertson, et al. (1993) and Mason and McMahon (1997) were small and included 10 patients each. 


Two of these studies used the Short Form 36-Item Health Survey (SF-36) (Besarab, Bolton, Browne, et al., 1998; Wells, Coyle, Lee, et al., 1998 [abstract]), and three used the Sickness Impact Profile (SIP) (Mason and McMahon, 1997 [abstract]; Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000).  Otherwise, studies incorporated one or more of a variety of instruments including the Kidney Disease Questionnaire, Health Utilities Index (HUI), Karnofsky Performance Scale, Nottingham Health Profile, and an unspecified questionnaire used by Eschbach and colleagues (1993).  This variation in assessment tools makes evaluation across studies difficult.  


Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) prospectively studied quality of life in a cohort of 156 selected hemodialysis patients using a pre/postdesign and assessing quality of life both before and after raising Hct above 36 percent.  Moreno, Lopez-Gomez, Sanz-Guajardo, 

et al. (1996) randomly selected 1,188 patients on dialysis from 42 hospital centers and distributed questionnaires that the patients completed at home and returned.  This article provides a cross-sectional analysis of two different quality of life measures in 1,013 patients who completed and returned the survey according to instructions.  Neither of these studies reported using masking in the assessment of outcomes.


The three abstracts and the full report by Besarab, Bolton, Browne, et al. (1998) provided very limited information on quality of life.  The Besarab, Bolton, Browne, et al. (1998) study and the Wells, Coyle, Lee, et al. (1998 [abstract]) study were both designed as open-label RCTs, and Mason and McMahon (1997 [abstract]) used a crossover design comparing a normalized Hct arm with a control arm maintained at approximately 30 percent Hct level.  However, given the very limited quality of life information provided by Besarab and colleagues (1998), it is difficult to determine whether the statements made regarding quality of life results were actually derived from a cross-sectional analysis relating achieved Hct to quality of life results or were derived from an intention-to-treat analysis.  Personal communication with a study coauthor (Goodkin D, December 1999 and January 2000) confirmed that quality of life results were reported based on cross-sectional analysis; and for the purposes of this systematic review, the study by Besarab and colleagues (1998) will be discussed along with other cross-sectional analyses.


Evidence from randomized controlled clinical trials.  Wells, Coyle, Lee, et al. (1998 [abstract]) administered three separate quality of life instruments (Kidney Disease Questionnaire [KDQ], SF-36, and HUI) to 130 hemodialysis patients with asymptomatic LVH or LVD.  The abstract provided limited qualitative information on quality of life results.  Quality of life assessments were performed at baseline, at 24 weeks, and at 48 weeks.  Improvements over baseline were noted in KDQ and SF-36 but not HUI scores at 24 and 48 weeks in all patients (both normalized and partially corrected); however, the actual numerical results and significance of such changes were not reported.  Overall comparisons at 24 weeks between patients with Hct targeted to 40.5 percent (“normalized”) compared with patients with Hct targeted to 30 percent (“partial correction” of anemia) revealed statistically significant improvements in normalized subjects for two of five KDQ subscores:  fatigue (p=0.004) and relationships (p=0.016).  When LVH and LVD patients were analyzed separately, no significant quality of life improvements were seen for LVH patients, but three of five KDQ subscores were statistically significantly improved in normalized patients with LVD:  fatigue (p=0.026), relationships (p=0.004), and depression (p=0.039).  However, the numerical magnitudes of the reported improvements in quality of life scores were not provided in the abstract so the clinical relevance of the reported findings cannot be evaluated.


A second abstract (Mason and McMahon, 1997 [abstract]) reported on a study of 10 hemodialysis patients in a blinded, crossover manner, comparing SIP scores at 30 percent and at a target of 42 percent.  This abstract reported statistically and clinically significant improvements in both the Global SIP Score (change in score of approximately 6 points and p<0.02) and the Psychosocial Dimensional Score (change in score of approximately 10 points and p<0.02) (see Evidence Table 5).  However, these changes are derived from a comparison between Hct of 

30 percent and 42 percent, and specific information about the magnitude of any incremental improvement in quality of life achieved from raising Hct from just below 36 percent to a level above 36 percent is not provided by this study.

Evidence from nonrandomized controlled clinical trials.  Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) used the SIP and Karnofsky Scale (KS) to study a cohort of 156 patients (115 of these were evaluable) with baseline mean (( SD) Hct of 31 (( 2) percent and who were treated with epoetin until mean (( SD) Hct was 38.5 (( 2.5) percent.  Mean scores on the SIP Global Score, Physical Dimension Score, and Psychosocial Dimension Score were slightly lower (i.e., directed toward better quality of life) in this group of patients after Hct was raised above 

36 percent.  Although these differences were reported to be highly statistically significant (p<0.005), the magnitude of change in SIP scores was only approximately two points on these scales ranging from 0 to 100.  A two-point change on the SIP is not generally considered to be clinically significant.  Similarly, scores on the KS were found to be statistically significantly increased (p<0.01) after Hct was raised above 36 percent, but the median score was unchanged and the mean score increased only three points on a 0 to 100 point scale (not clinically significant).


The abstract by Eschbach, Glenny, Robertson, et al. (1993 [abstract]) reported quality of life results on 10 patients who were assessed by a quality of life questionnaire after at least 4 months at baseline Hct (approximately 32.6 percent ( 1.5) and then reassessed after a period of 4 months at a normalized Hct (approximately 42 percent ( 1.9).  Three additional patients in the study (3 of 13 patients, 23 percent) were not included in the quality of life analysis (reason not specified in abstract or by personal communication with J. Eschbach).  The abstract did not include information on the nature of the quality of life questionnaire or the statistical analysis of the reported results.  The Nottingham Health Profile
 was specifically mentioned and scores on it improved in regard to energy (23.8 to 4.8) and sleep (43.2 to 17.8).  The abstract further stated “Perceived health improved from good-excellent in 50-90 [percent]; depression, muscle weakness and leg cramps decreased.”


The type of study design and analysis employed in both Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) and Eschbach, Glenny, Robertson, et al. (1993 [abstract]) raises some concerns.  First, these were unmasked studies of relatively short duration where the patient’s own baseline served as the only control, and, as such, this design did not control for a placebo effect.  Therefore, the possibility of a placebo effect must be carefully considered, particularly given the small magnitude of changes observed in quality of life scores in the Moreno and colleagues study.  In addition, the Moreno study excluded 41 patients (26 percent) from the analysis, including 12 patients who experienced adverse events (9 patients with vascular access thrombosis and 3 patients with difficult-to-control hypertension, including one who developed cardiac failure as a result).  Specifically excluding patients experiencing adverse events from the analysis of quality of life results introduces a bias by removing patients who might have suffered a decline in quality of life as a result of the intervention.  Eschbach and colleagues excluded three patients from the analysis; however, no reason for exclusion was provided.


Evidence from cross-sectional analyses.  Moreno, Lopez-Gomez, Sanz-Guajardo, et al. (1996) performed a cross-sectional analysis on questionnaire data distributed to 1,188 dialysis patients randomly selected from multiple centers.  Patients self-administered the questionnaire at home and returned it to the investigators.  The response was 86 percent (1,023 of 1,188).  Ten additional surveys were excluded for being improperly completed.  The analysis of results by Hct included 910 evaluable patients (89 percent of 1,013 patients) and categorized patients into the following Hct ranges: <24, 24 to 30, 30 to 36, and above 36 percent.  The vast majority of patients were in the two middle categories with only 85 patients in the above 36 percent category.


Results were analyzed by performing a logarithmic transformation (Ln) on the quality of life scores (Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996).  Four outliers were excluded.  The adjusted scores were compared across Hct groups using covariance analysis.  A multivariable analysis adjusting for age, comorbidity, presence of diabetes, gender, socioeconomic level, and educational status found a statistically significant relationship between increasing Hct category and improvement in global score (p<0.05) and physical dimension (p<0.01) of the SIP.  However, this analysis did not permit the EPC team to discern whether there was marginal benefit in the range of Hct above 36.   No significant relationship was demonstrated with the psychosocial dimension of the SIP or the Karnofsky Performance Scale.  


When the mean SIP scores (global score and physical dimension score) were compared between Hct of 30 to 36 percent and above 36 percent, the mean scores were slightly lower, although the difference was less than two points for each of the scores (not clinically significant) (Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996).  Furthermore, the 95 percent confidence intervals were quite wide in the above 36 percent group, and there was complete overlap with the 95 percent confidence interval for the 30 to 36 percent group suggesting that there was no statistically significant difference in mean SIP scores between these two Hct groups.  The strongest independent predictors of improved quality of life were lower age and lower comorbidity score.  Factors with a smaller influence included absence of diabetes, higher educational level, male gender, higher socioeconomic level, and higher Hct.


Besarab, Bolton, Browne, et al. (1998) provided very little detail on quality of life analysis and results in their full report.  Quality of life was assessed using the SF-36 at baseline and every 6 months.  Results for the physical-function score at 12 months “increased by 0.6 point for each percentage-point increase in the Hct (p=0.03).  For example, an increase in the Hct from 

30 percent to 42 percent was associated with a clinically meaningful increase of 7.2 points in the score on the physical-function scale.”  The remaining seven subscales did not demonstrate any significant changes.  However, using this same arithmetic formula, comparing Hct of 42 percent with 36 percent was associated with SF-36 scores that were 3.6 points higher (not clinically significant).

Hospitalization


Overview.  Four full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000; Xia, Ebben, Ma, et al., 1999) and two abstracts (Collins, Hao, Ebben, et al., 1999a, 1999b) reported evidence on the relationship between hospitalization and Hct level.  The studies by Besarab and colleagues (1998; n=1,233) and Moreno and coworkers (2000; n=156) were both clinical trials, with the former being a randomized controlled trial and the latter a longitudinal pre/postdesign.  The other four studies—Levin, Lazarus, and Nissenson (1993; n=324), Xia, Ebben, Ma, et al. (1999; n=71,717), Collins, Hao, Ebben, et al. (1999a [abstract]; n=6,650), and Collins, Hao, Ebben, et al. (1999b [abstract]; n=85,473)—reported cross-sectional analyses relating hospitalization to Hct level, and the latter two sources were published in abstract form only.  Hospitalization outcomes were assessed in various ways, including comparison of risk of hospitalization, comparison of frequency of hospitalization events, and comparison of length of stay.  The available data, summarized in Evidence Table 6, reported inconsistent findings.  


Evidence from randomized controlled clinical trials.  The single RCT by Besarab, Bolton, Browne, et al. (1998) reported no significant difference in risk of hospitalization between the normal target Hct group and the low target Hct group.  


Evidence from nonrandomized controlled clinical trials.  Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) evaluated the total number of hospitalization events and the total length of stay observed in 115 patients during the 6-month study period.  To provide a basis for comparison, the number of hospitalizations and length of stay occurring in the same group of patients during the 6 months preceding the study were assessed.  Results summarized in Evidence Table 6 suggested a statistically significant decrease in hospital utilization with a 

58 percent reduction in total number of hospitalizations (p<0.05) and a 69 percent reduction in length of stay (p<0.05).


Several concerns must be considered in interpreting the reported findings of Moreno and colleagues (2000).  First, the authors excluded 41 subjects from the study analysis.  In particular, 12 patients were excluded because of adverse events (9 because of vascular access thrombosis and 3 because of difficult-to-control hypertension), and it seems likely that some, if not all, of these patients may have required hospitalization.  Post hoc exclusion of patients at higher risk for hospitalization from the analysis would underestimate the risk of hospitalization in the group of patients undergoing the intervention.  In addition, the use of historical data on hospital utilization prior to the study period as the control comparison ignores the potential for a Hawthorne effect (i.e., physicians may alter their hospitalization decisions knowing that a study is being conducted).  The possibility of a Hawthorne effect threatens the validity of reported comparisons of hospital utilization.


Evidence from cross-sectional analyses.  The cross-sectional analyses did not report consistent findings.  Xia, Ebben, Ma, et al. (1999) found a U-shaped relationship between hospitalization such that patients who had Hct maintained at 33 to 36 percent had significantly lower risk for hospitalization and lower numbers of hospitalization events when compared with either the 30 to 33 percent group or the (36 percent group.  Levin, Lazarus, and Nissenson (1993) reported a lesser intensity of hospitalization as Hct category increased, but no assessment of statistical significance was reported.  Hospitalization events (converted to per patient year) were reported to be 0.96 for the 30 to 33 percent group, 0.72 for the 33.1 to 36 percent group, and 0.60 for the above 36 percent group.  Collins, Hao, Ebben, et al. (1999a [abstract]) noted a significantly lower hospitalization risk for infection in peritoneal dialysis patients with Hct above 36 percent (RR=0.61, p<0.03) and nonsignificant trends toward lower risk of all-cause hospitalization (RR=0.88) and higher risk of cardiac hospitalization (RR=1.09) when Hct 30 to <33 percent is the reference group.  In hemodialysis patients, Collins, Hao, Ebben, et al. (1999b [abstract]) reported significantly reduced all-cause hospitalization (RR=0.80, P<0.002) for Hct above 36 percent compared with 30 to <33 percent.  In addition, cardiac but not infectious hospitalization risk was significantly lower as Hct increased in hemodialysis patients.  Insufficient information was provided in these abstracts to determine if results for Hct above 

36 percent were significantly different from those associated with Hct 33 to (36 percent.


Differences in the study populations and treatment patterns may account for the differing observations in the cross-sectional studies.  Levin, Lazarus, and Nissenson (1993) studied a cohort of patients enrolled in a Phase IV clinical trial using epoetin.  Furthermore, this study analyzed only those patients who were new epoetin users and reported hospitalization outcomes as an adverse event.  In contrast, Xia, Ebben, Ma, et al. (1999) evaluated administrative data on a large group of patients within the Medicare hemodialysis population who were ongoing users of epoetin and did a primary analysis of the relationship between maintained Hct and hospitalization.  Patients maintained at Hcts higher than 36 percent in the Medicare population studied by Xia and colleagues (1999) were presumably specifically required to have medical justification of need for a higher than 36 percent Hct in order to be reimbursed.  It is uncertain to what extent Medicare policy influenced the management of patients in the study by Levin and coworkers (1993).  The Medicare reimbursement policy introduced a negative bias with relatively sicker patients in the above 36 percent Hct category in the study by Xia, Ebben, Ma, 

et al. (1999).  Although the analyses by Xia and colleagues (1999) did make some adjustments for case mix and severity of disease, it remains possible that these adjustments did not account for all of the variation resulting from differences in patient characteristics.

Transfusion

Overview.  Only one full report (Besarab, Bolton, Browne, et al., 1998) described results of the effect of increasing target Hct above 36 percent on the use of red blood cell transfusion in patients with ESRD (Evidence Table 7).  


Evidence from randomized controlled clinical trials.  In the RCT by Besarab, Bolton, Browne, et al. (1998; n=1,233), the patients in the normal Hct target group received fewer red blood cell transfusions (21 percent) compared with patients in the low Hct target group 

(31 percent, p<0.001).  


The authors noted that many of the transfusions were related to episodes of gastrointestinal bleeding or surgical blood loss.  Certainly, it would be expected that as the maintenance Hct level increases, the likelihood of needing a red blood cell transfusion in response to acute blood loss should decrease.  This single study provides findings consistent with that hypothesis.  It would also be expected that the absolute reduction in red blood cell transfusions would be related to the likelihood of blood loss events occurring in the study population.  That is to say, populations with the highest incidence of acute blood loss would achieve a greater benefit in terms of reduced need for red blood cell transfusions than populations with a very low incidence of acute blood loss.  

Cardiac Events and Related Intermediate Cardiac Outcomes


Overview.  The available evidence included two full reports describing data on clinical cardiac events such as MI rates (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993).  In addition, five publications, two full reports and three abstracts (Foley, Parfrey, Morgan, et al., 1998 [abstract]; Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Levin, Singer, Thompson, et al. 1996; Levin, Thompson, Ethier, et al., 1999; Mason, Skinner, Sangkabutra, et al., 1997 [abstract]), presented results for intermediate cardiac outcomes including LVH as assessed by LVMI, and LVD, as assessed by left ventricular cavity volume index (LVCVI).  Left ventricular mass as assessed on echocardiography has been shown to be predictive of adverse cardiovascular events, both fatal and nonfatal, and is included as a relatively strong intermediate outcome.  


The evidence from clinical trials is drawn from four studies (Besarab, Bolton, Browne, et al., 1998; Foley, Parfrey, Morgan, et al., 1998 [abstract]; Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Mason, Skinner, Sangkabutra, et al., 1997 [abstract]), including over 1,350 patients, and the largest study (n=1,233) was a full report.  The evidence from cross-sectional analyses is derived from three full reports (Levin, Lazarus, and Nissenson, 1993; Levin, Singer, Thompson, et al., 1996; Levin, Thompson, Ethier, et al., 1999).  The latter two studies shared the same first author; yet data acquisition for the two studies was clearly reported to occur over separate time intervals.  The study by Levin and colleagues (1993) was completely independent from the other two studies.


Evidence from randomized controlled clinical trials.  Besarab, Bolton, Browne, et al. (1998) found no significant difference in the rate of nonfatal MI between study groups, with 

3.1 percent of patients in the normal target group and 2.3 percent of the low target group experiencing this event, p=0.48 9 (Evidence Table 8).  In addition, Besarab, Bolton, Browne, 

et al. (1998) found no statistically significant differences between groups for the following cardiac outcomes:  angina requiring hospitalization, congestive heart failure requiring hospitalization, percutaneous transluminal coronary angioplasty, and coronary artery bypass grafting.  Cardiac death rates were 18.2 percent and 20.2 percent in the low target and normal target groups, respectively.


The Canadian study reported in the 1998 abstract by Foley, Parfrey, and Morgan looked at the change in LVH (as assessed by LVMI) and change in left ventricular cavity volume in patients who had asymptomatic LVH or LVD at baseline (Evidence Table 9).  Patients were randomized into either a group with a normal target Hct or a group maintaining Hct approximately 28.5 to 31.5 percent.  Changes on echocardiography were assessed after 40 weeks.  No significant regression in LVH was observed in patients with LVH at baseline.  The development of LVH was not significantly affected in patients with LVD at baseline.  No significant improvement in left ventricular cavity volume was observed in patients who had LVD at baseline.  A statistically significant difference was noted in the development of left ventricular cavity dilatation in patients who had LVH at baseline.  Patients in the lower Hct group had greater increases in left ventricular cavity volume compared with patients in the normalized Hct group (p=0.05).  Excluding patients who were not maintained within their target range, this finding was even slightly more significant (p=0.02).  Thus, in patients with LVH, but with normal left ventricular cavity volume at baseline, this evidence suggests that normalization of Hct may prevent increases in LVD.  


Evidence from nonrandomized controlled clinical trials. Mason, Skinner, Sangkabutra, 

et al. (1997 [abstract]) reported results of 11 patients (58 percent of 19 subjects enrolled) who completed a blinded, crossover trial comparing echocardiographic findings at Hct of 30 percent or 42 percent (see Evidence Table 9).  A statistically significant reduction in LVMI was observed at 42 percent Hct (p<0.01).  Significant reduction in left ventricular end-diastolic diameter but not end-systolic diameter was also observed at the higher Hct level.


Eschbach, Glenny, Robertson, et al. (1993 [abstract]) performed baseline echocardiography in 13 hemodialysis patients with mean Hct of 32.6 percent and repeated echocardiography after 

4 months at a mean Hct of 42 percent.  No significant difference in left ventricular mass was found between baseline and followup assessments.  


Evidence from cross-sectional analyses.  Levin, Thompson, Ethier, et al. (1999) studied a cohort of 446 patients, each of whom had chronic renal insufficiency and was not expected to die or need dialysis within the next year.  Of the original cohort, only 246 patients had assessable echocardiography studies both at baseline and 12-month followup.  At baseline, this group of patients had a mean Hct of approximately 38 percent.  The mean decrease in Hct was significantly greater in those 55 patients who demonstrated significant left ventricular growth
 ((2.55 ( 0.33 percent, mean ( SD) compared with those 191 patients who did not show left ventricular growth ((0.33 ( 0.36 percent, mean ( SD) (p=0.001).  When Hct was included in a regression model, a 1.5 percent decrease in Hct was associated with an increased odds of having significant left ventricular growth (odds ratio equal to 1.32 and 95 percent confidence interval equal to 1.1 to 1.59). 

Levin, Singer, Thompson, et al. (1996) studied a group of 175 consecutive patients with renal insufficiency who were not on dialysis.  In this group, 107 patients met diagnostic criteria for LVH on echocardiography.  The mean Hct was slightly higher in patients without LVH (35.7 ( 5.9 percent) compared with patients with LVH (33.0 ( 6.2 percent) with p=0.0049.  When Hct was included in a multivariate logistic regression model, higher Hct remained a statistically significant predictor of decreased presence of LVH (i.e., each 0.3 percentage point increase in Hct was associated with an odds ratio of having LVH=0.98, p=0.0062).  


The cross-sectional analysis by Levin, Lazarus, and Nissenson (1993) (n=324) reported the number of MI and cardiac arrest events combined together and determined the rate of such events per patient month (Evidence Table 9).  The event rate was quite low within each Hct group (fewer than five events each) and no cardiac events were observed in the small group of patients with Hct above 36 percent.  No statistical analysis was reported for this result, but it would be unlikely to achieve statistical significance.  

Exercise Performance


Overview.  Four studies—one full report of a randomized crossover controlled trial of 14 patients (McMahon, McKenna, Sangkabutra, et al., (1999), one full report of a nonrandomized controlled trial of 10 subjects and 39 controls (Suzuki, Tsutsui, Yokoyama, et al., 1995), one abstract of a pre/postcontrolled study in 13 patients (Eschbach, Glenny, Robertson, et al., 1993 [abstract]), and one abstract of 27 patients (design not reported in abstract but personal communication with an investigator [Goodkin D] described design as “prospective, randomized, double-blinded, controlled study”) (Stray-Gundersen, Sams, Goodkin, et al., 1997 [abstract])—reported findings describing effects on exercise performance using a variety of physiologic measures obtained during cycle ergometry as intermediate outcome measure (Evidence Table 10).  


McMahon, McKenna, Sangkabutra, et al. (1999) provided the most detailed reporting and broadest range of outcome measures.  The remaining reports provided very little detail with regard to methods and results, and overall this body of literature lacked detailed reporting.  The available studies all measured peak oxygen consumption, whereas only some studies reported results on exercise duration, peak heart rate, peak work rate, work done, peak ventilation, or 

6-minute walk distance.


Evidence from randomized controlled clinical trials.  McMahon, McKenna, Sangkabutra, et al. (1999) enrolled 30 stable, sedentary ESRD patients on hemodialysis who had no cardiovascular, respiratory, or musculoskeletal cormorbidity into a prospective, double-blinded, randomized crossover trial.  The study protocol randomly assigned patients to a target Hct of 

30 percent or 42 percent and evaluated exercise performance after 4 weeks at the target Hct.  Then patients were crossed over to the other target Hct level and retested after a 4-week period at the new target Hct.  Fourteen of the 30 patients completed the study protocol.  The reasons the other 16 patients discontinued are reported in Evidence Table 10.  Exercise testing was performed on a cycle ergometer using a predetermined protocol that varied slightly so as to compare younger patients with older patients in terms of work rate acceleration.


When the results achieved at Hct of 42 percent were compared with those at 30 percent, statistically significant improvements were seen in peak work rate, work done, and peak oxygen consumption (McMahon, McKenna, Sangkabutra, et al., 1999).  Normalization of Hct was associated with a 25 percent improvement in work done, which is commonly held by clinicians to be in the range of a clinically meaningful benefit.  No significant changes were noted in peak heart rate or peak ventilation.  These results are summarized in Evidence Table 10.  


McMahon and colleagues (1999) found that, when compared with age- and weight-matched sedentary norms, the observed levels for peak oxygen consumption at Hct of 30 percent were 

70 percent of predicted and at Hct of 42 percent were 83 percent of predicted.  Thus, subjects achieved an 18 percent improvement in peak oxygen consumption with normalization of Hct but did not reach the normal predicted level.  


Stray-Gunderson, Sams, Goodkin, et al. (1997 [abstract]) studied 27 patients using cycle ergometry at target Hct of 30 percent (achieved Hct of 31 ( 2 percent) and again at a target Hct of 42 percent (achieved Hct of 42 ( 2 percent).  In addition to correcting the anemia, this study employed a regular exercise training program during each assessment period.  A 16 ( 4-week crossover period was imposed to permit detraining and Hct adjustment.  For peak work rate, a 

9 percent increase was attributable to correcting anemia alone and a 23 percent increase was attributable to exercise alone.  The combination of correction of anemia and exercise resulted in a 33 percent increase (p<0.001).  For peak oxygen consumption, a 10 percent increase was attributable to correcting anemia alone and an 8 percent increase was attributable to exercise alone.  The combination of correction of anemia and exercise resulted in a 20 percent increase (p<0.001).  The results of this study suggest that training and conditioning effects may outweigh the effect of correcting anemia on measures of physical performance.


Evidence from nonrandomized controlled clinical trials.  Suzuki, Tsutsui, Yokoyama, 

et al. (1995) selected 10 chronic hemodialysis patients (9 male, 1 female), who had no overt circulatory or musculoskeletal disease and increased the target Hct for these patients from 

30 percent up to 35 to 40 percent.  Exercise testing was performed on a treadmill using the Bruce protocol.  Results in these 10 patients were compared with historical exercise testing results obtained 6 years earlier in 39 separate patients who were maintained at an Hct of 30 percent.  It should be noted that differences between the subjects and the control group were evident in regards to gender, age, and length of time on dialysis.  No mention was made in the article regarding how the 10 subjects were selected, leaving open the possibility of a selection bias.  Furthermore, the 6-year difference in time of exercise testing between the study group and the control group might have biased the observed results if other improvements in management of dialysis patients had occurred in the interim that could possibly influence exercise performance.


Peak oxygen consumption was 13 percent higher in the higher Hct group compared with the control group (p<0.01).  The majority of subjects (7 of 10) did not achieve normal predicted levels of peak oxygen consumption when maintained at the higher Hct.  This study also reported exercise duration and peak heart rate, and both were virtually unchanged at the higher Hct level.


Eschbach, Glenny, Robertson, et al. (1993 [abstract]) studied 13 hemodialysis patients by cycle ergometry.  The abstract provides little detail but reports that “maximal oxygen uptake … increased 24 percent and correlated with the percent change in Hct.  Exercise duration on the bicycle increased 20 percent.”  Measures of muscle strength improved in the quadriceps (p=0.01) but not for hand grip.
Cognitive Performance


Overview.  One full report by Pickett, Theberge, Brown, et al. (1999) described results of cognitive function testing in 20 dialysis patients.  Patients were fully evaluated at a baseline mean Hct of 31.6 percent and reevaluated 2 to 3 weeks after Hct was normalized to a mean level of 42.8 percent.  A variety of physiologic measures were recorded using electroencephalogram (EEG) spectra and cognitive event-related potentials (ERPS) during the Auditory Oddball Task and the Continuous Performance Task.  These neurophysiologic tests were listed and discussed in increasing order of difficulty such that the highest level of cognitive function is required to perform the difficult Continuous Performance Task.  Results are summarized in Evidence Table 11.  


Evidence from nonrandomized controlled clinical trials.  EEG spectra were obtained at baseline (T1) and followup (T2) in both the eyes-open and eyes-closed conditions using three different electrode locations:  parietal (Pz), central (Cz), and frontal (Fz).  After normalization of Hct, a decrease in EEG slowing was observed.  The authors noted that this neurophysiologic result is consistent with a “general improvement in mental status.”  EEG results are reported in Evidence Table 11 using a power ratio:


Power ratio  =    3 to 7 Hz band     =          theta            where theta=4-7 Hz


              3 to 13 Hz band         (alpha + theta)           alpha=8-12 Hz


Using within-subjects analysis of variance (ANOVA), the effect from T1 to T2 was significant in the eyes-open condition (p<0.02), but not the eyes-closed condition.  According to the authors, this “was predictable because alpha tends to dominate the EEG spectrum (including theta) during eyes-closed conditions, obscuring any changes in theta power.”  


Pickett and coworkers (1999) tested cognitive event-related potentials in three different manners:  Auditory Oddball Task, simple Continuous Performance Task (sCPT), and difficult Continuous Performance Task (dCPT).  These three tasks were listed in increasing order of difficulty, each requiring successively more complex cognitive functioning.  These tasks evoked an event-related potential termed P300 which has two characteristics, namely, P300 amplitude and P300 latency.


Results of a statistical analysis using within-subjects ANOVA of P300 latency and P300 amplitude are summarized in Table 5.  Terminology used in this article to describe effects included time effect, treatment effect, electrode effect, and several interaction terms—time-by-electrode and treatment-by-electrode.  In interpreting the results of cognitive event-related potential testing, the lack of an overall time or treatment effect when comparing mean Hct 

31.6 percent (T1) to mean Hct 42.8 percent (T2) is somewhat concerning.  Although some statistically significant results were reported for other comparisons, the numerous statistical comparisons made in analyzing this data made the importance of the various reported statistically significant results uncertain.


On cognitive event-related potential testing, the P300 amplitude was significantly reduced in the fz electrode after normalization of Hct for the simpler tasks (Auditory Oddball Task and sCPT).  Pickett and colleagues (1999) attributed this finding to an “improved ability to sustain an attentional set.”  Changes in P300 amplitude on the dCPT after Hct normalization were suggested to reflect an improved ability to “maintain a memory trace of the last occurring stimulus” and to make the subject “more certain in detecting the target at the greater Hct level.” 

Table 5.  Summary of results for Pickett, Theberge, Brown, et al., 1999

Pickett,

Theberge,

Brown,

et al., 1999
Time

Effect
Rx

Effect
Electrode

Effect
Time-by-Electrode

Inter-action
Rx-by-

Electrode

Inter-action
Correlation

with Hct

Auditory Oddball Task






P300 latency
ns
ns
p<0.05
??
ns
Yes, in 1 of 3 electrodes

P300 amplitude
? not re-ported
ns
p<0.01
??
ns
No

sCPT







P300 amplitude
ns

p<0.0003
p<0.002

No

P300 latency
ns




No

dCPT







P300 amplitude
ns

ns
p<0.05

No

P300 latency
ns




No

Rx = treatment; Hct = Hct; ns = not specified; sCPT = simple Continuous Performance Task; 

dCPT = difficult Continuous Performance Task.

Sleep Pattern


Overview.  One full report (Benz, Pressman, Hovick, et al., 1999) described findings in 

10 anemic hemodialysis patients who had sleep complaints and who were found to have periodic leg movements of sleep (PLMS) (Evidence Table 12).  At baseline, these patients had a mean Hct of 32.3 percent.  Using a pre/postdesign, these investigators raised the mean Hct to 

42.3 percent using epoetin and studied the effect on the presence of PLMS as well as other measures used to describe sleep pattern.  


Evidence from nonrandomized controlled clinical trials.  Benz, Pressman, Hovick, et al. (1999) used a pre/postdesign to study the effect on sleep pattern of increasing Hct from a mean of 32.3 percent to 42.3 percent.  The author defined PLMS as “repetitive, dorsiflexions of legs occurring during sleep with regular periodicity.”  These movements may cause arousal from sleep and when they do they are termed arousing PLMS (APLMS).  


The average number of PLMS per hour of sleep decreased from 147.5 to 97.7 with normalized Hct (p=0.03).  Also, the average number of APLMS per hour of sleep decreased from 82.8 to 40.3 (p<0.01).  It is important to note that PLMS and APLMS were not reduced to the normal range, that is fewer than five events per hour of sleep (Benz, Pressman, Hovick, et al., 1999).


Maintenance wakefulness testing mean score increased from 9.7 to 17.7 minutes (p=0.04), and stage 1 sleep was significantly decreased (61.9 to 46.9 minutes, p=0.04) whereas rapid eye movement (REM) sleep was significantly increased (37.9 to 53.9 minutes, p=0.07).  Thus, the quality of sleep was improved by patients spending less time in stage 1 sleep (light sleep) and more time in REM sleep.  

Nutritional Status


A single abstract was available (Riedel, Hampl, Nundel, et al., 1996 [abstract]) that addressed the relationship between Hct and nutritional status as measured by plasma free amino acid and ketoacid levels.  Riedel and colleagues (1996 [abstract]) evaluated a population of 75 hemodialysis patients using fluorescence-high-performance liquid chromatography methods to measure leucine, valine, and (-ketoisocaproate (KIC) and reported a cross-sectional analysis by level of Hct.  The results for patients with Hct less than 24 percent (n=25), Hct between 27 and 33 percent (n=25), and Hct between 36 and 42 percent (n=25) (summarized in Evidence Table 13) were compared with normal control values.  Note that these Hct ranges were converted from hemoglobin ranges <8, 9 to 11, and 12 to 14 g/dL and no discontinuity between ranges was intended.  The mean levels for each of these nutritional measures at an Hct of 36 to 42 percent were higher than that associated with Hct of 27 to 33 percent (no statistical analysis reported).  However, these nutritional measures did not reach normal levels with normalization of Hct, and the clinical importance of the increased levels was not defined.  The abstract also mentioned that “[hemodialysis] patients during rhEPO therapy from [Hct 27 to 42 percent] showed a weight gain of 3.19 ( 1.33 kg.”  


The abstract did not provide information about patient selection and lacked any discussion of whether statistical analysis controlling for confounding influences was performed.

Treatment-Related Morbidity


Overview.  The morbidity of using epoetin to maintain Hct above 36 percent in patients with ESRD was described in four full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000; Suzuki, Tsutsui, Yokoyama, et al., 1995) and four abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Mason and McMahon, 1997 [abstract]; Mason, Skinner, Sangkabutra, et al., 1997 [abstract]; Stray-Gunderson, Sams, Goodkin, et al., 1997 [abstract]).  The most frequently reported potential morbidities included effect on blood pressure and vascular access thrombosis.  Some studies also reported other results including cerebrovascular events, seizures, intestinal ischemia, peripheral gangrene, and tests of blood clotting.

Blood Pressure


Evidence from randomized controlled clinical trials.  The RCT by Besarab, Bolton, Browne, et al. (1998), which included 1,233 hemodialysis patients with documented cardiac disease, reported no significant difference in blood pressure between patients randomized to the normal Hct target (42 percent) as compared with those randomized to 30 percent Hct target.  In addition, no significant difference between groups was noted in the use of six categories of cardiovascular medications (angiotensin-converting-enzyme inhibitors, antiarrhythmic drugs, 

(-adrenergic antagonists, calcium-channel blockers, digoxin or digitoxin, and nitrates); however, the details of these data and methods of analysis were not reported. 


Evidence from nonrandomized controlled clinical trials.  Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) reported that for three patients (2 percent), it was difficult to control hypertension.  One of these patients developed cardiac failure secondary to uncontrolled hypertension. The 115 patients that remained in the study did not demonstrate any significant difference in arterial hypertension during the study period.


Three abstracts and one full report of relatively small nonrandomized, controlled studies also reported blood pressure findings.  Mason, Skinner, Sangkabutra, et al. (1997 [abstract]) and Mason and McMahon (1997 [abstract]), both crossover design studies comparing Hct 42 with Hct 30 percent, reported no significant differences in blood pressure between groups.  Eschbach, Glenny, Robertson, et al. (1993 [abstract]) observed 13 patients in a pre/postdesign before and after Hct normalization.  There was no difference in blood pressure after Hct normalization, although two patients did require increased blood pressure medication.  In another study (Suzuki, Tsutsui, Yokoyama, et al., 1995), one-half of the 10 subjects who were selected for study at higher Hct levels had hypertension at baseline.  Two of these five (40 percent) required an increase in blood pressure medication after Hct was raised to 35 to 40 percent.


Evidence from cross-sectional analyses.  Levin, Lazarus, and Nissenson (1993; n=324) reported no significant difference in blood pressure across the various Hct groups.  The rate of accelerated or malignant hypertension was measured as well.  These results are summarized in Evidence Table 14.  None of the few patients who had an Hct above 36 percent developed accelerated/malignant hypertension, although one such event was noted within each of the lower Hct categories.  Statistical comparisons were not available.
Vascular Access Thrombosis


Evidence from randomized controlled clinical trials.  Besarab, Bolton, Browne, et al. (1998) did find a statistically significant increase in vascular access thrombosis in those randomized to a target Hct of 42 percent as compared with those with a target Hct of 30 percent, 39 as compared with 29 percent, respectively (p=0.001).  The majority of subjects in this study (approximately two-thirds) had arteriovenous grafts in place whereas just under one-fourth of the patients had natural arteriovenous fistulas.  The remaining 10 percent of patients had vascular catheters or unspecified types of access.  


Stray-Gunderson, Sams, Goodkin, et al. (1997 [abstract]) saw no significant difference in incidence of thrombotic events in an RCT of 27 patients comparing Hct 42 percent with Hct 

31 percent.


Evidence from nonrandomized controlled clinical trials.  Moreno, Sanz-Guajardo, Lopez-Gomez, et al. (2000) reported that nine patients (5.7 percent) were censored because of vascular access thrombosis.  The cumulative probability of developing thrombosis over the 6-month period was 0.067.  None of the seven subjects with arteriovenous fistula developed thrombosis during the course of the Eschbach, Glenny, Robertson, et al. (1993 [abstract]) study.  Mason and McMahon (1997 [abstract]) reported no significant difference in the rate of vascular access thrombosis with Hct above 36 percent.


Evidence from cross-sectional analyses.  Results described in the Levin, Lazarus, and Nissenson (1993) report on vascular access thrombosis were not categorized by Hct group.

Other Morbidity


Evidence from randomized controlled clinical trials.  Besarab, Bolton, Browne, et al. (1998) did not find any significant difference between study groups in rates of cerebrovascular accident, transient ischemic attack, peripheral gangrene, intestinal ischemia, or seizures.


Evidence from nonrandomized controlled clinical trials.  Eschbach, Glenny, Robertson, 

et al. (1993 [abstract]) reported that no cerebrovascular accidents or MIs occurred during the observation period.  This study was only available in abstract form, and no information was provided regarding additional morbidities.  


Evidence from cross-sectional analyses.  Rates of cerebrovascular accidents (CVAs), transient ischemic attacks (TIAs), and seizures were reported across various Hct groups in Levin, Lazarus, and Nissenson (1993) (Evidence Table 14).  Again the article did not perform a statistical analysis of significance.  One patient in the group with Hct above 36 percent and one patient in the group with Hct between 33.1 and 36 percent each had a CVA.  The calculated rate of CVA was thus higher for the relatively small group of patients with Hct above 36 percent (0.006 events per patient month) compared with the three times larger group with Hct between 33.1 to 36 percent (0.002 events per patient month).  No statistical analysis was reported.

Conclusions

1.  In adult patients with CRF, what are the outcomes of maintaining target Hct above 36 compared with maintaining target Hct in the 33 to (36 percent range?

Evidence comparing the outcomes of maintaining target Hct above 36 percent compared with maintaining target Hct in the 33 to (36 percent range consisted of four full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Ma, Ebben, Xia, et al., 1999; Xia, Ebben, Ma, et al., 1999;) and three abstracts (Collins, Hao, Ebben et al., 1999a, 1999b, 1999c). 


No interventional studies directly addressed this question.  The main source of evidence is derived from multiple cross-sectional analyses of a large Medicare dataset consisting of over 70,000 individuals.  Because Medicare reimburses for maintenance of Hct over 36 percent only for patients with a comorbid condition, the findings of such associational studies are likely to reflect the underlying comorbidity in this population.  Such database analyses cannot anticipate the results of adequately controlled interventional studies where the effects of using epoetin to maintain Hct above 36 percent could be directly compared with maintaining Hct in the 33 to 

<36 percent range.  The study described in Besarab, Bolton, Browne, et al. (1998) was an RCT; however, data specific to the Hct 33 to 36 percent group were available only from a cross-sectional analysis performed on the entire study population.  The report by Levin, Lazarus, and Nissenson (1993) was a Phase IV surveillance study that reported on adverse events of epoetin.  However, all comparisons among target Hct levels were based on cross-sectional analysis, and no tests of statistical significance were reported for differences between these subgroups. 


The evidence is not adequate to compare the outcomes of maintaining target Hct above 36 compared with maintaining target Hct in the 33 to (36 percent range in adult patients with CRF.  The evidence available on each of the specific outcomes of interest is summarized below.

· Three cross-sectional analyses, two full reports (Besarab, Bolton, Browne, et al., 1998; Ma, Ebben, Xia, et al. 1999) and one abstract (Collins, Hao, Ebben, et al. 1999c), provided data on the association between Hct and mortality.  These data did not provide strong or consistent evidence of a mortality benefit in adult patients with CRF whose Hct is maintained above 

36 percent as compared with those maintained at Hct 33 to (36 percent.

· Four cross-sectional analyses, two full reports (Levin, Lazarus, Nissenson, et al., 1993; Xia, Ebben, Ma, et al., 1999) and two abstracts (Collins, Hao, Ebben, et al., 1999a and 1999b), provide data on the association between Hct and hospital utilization.  One full report and one abstract described favorable results but without analysis of statistical significance.  One full report found higher hospital utilization in the group with Hct ( 36 percent, and one abstract found no difference.  These data did not provide strong or consistent evidence of reduced hospital utilization in adult patients with CRF whose Hct was maintained above 36 percent as compared with those maintained at Hct 33 to (36 percent.

· One cross-sectional analysis (Levin, Lazarus, and Nissenson, 1993; n=324) provided data on the association between Hct and cardiac outcomes.  This study also reported on hypertension, CVAs, TIAs, and seizures; however, the absolute number of adverse events observed in each group being compared was quite small and no statistical analysis was reported.  Thus, no conclusions can be drawn on the basis of this data.


No studies specifically compared the Hct ranges of primary interest to this systematic review with respect to the following outcomes:  quality of life, red blood cell transfusion, exercise performance, cognitive function, sleep patterns, or nutrition.

2.  In adult patients with CRF, what are the outcomes of maintaining target Hct above 36 compared with maintaining target Hct in the (30 to (36 percent range?


Evidence comparing the outcomes of maintaining target Hct above 36 percent compared with maintaining target Hct in the (30 to (36 percent range consisted of 13 full reports (Benz, Pressman, Hovick, et al., 1999; Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Levin, Singer, Thompson, et al., 1996; Levin, Thompson, Ethier, et al., 1999; McMahon, McKenna, Sangkabutra, et al., 1999; Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000; Lowrie, Huang, Lew, et al., 1994; Pickett, Theberge, Brown, et al., 1999; Suzuki, Tsutsui, Yokoyama, et al., 1995; Ma, Ebben, Xia, et al., 1999; Xia, Ebben, Ma, et al., 1999) and 10 abstracts (Collins, Hao, Ebben, et al., 1999a, 1999b, 1999c; Eschbach, Glenny, Robertson, et al., 1993; Foley, Parfrey, Morgan, et al., 1998; Mason and McMahon, 1997; Mason, Skinner, Sangkabutra, et al., 1997; Riedel, Hampl, Nundel, et al., 1996; Stray-Gunderson, Sams, Goodkin, et al., 1997; Wells, Coyle, Lee, et al., 1998).  Some of these reports originated from the same authors and/or institutions, and the degree of overlap of patients across separate reports could not be determined from the information provided.  Of the 12 interventional studies, only 4 included more than 100 patients.  Two of these four were full reports (Besarab, Bolton, Browne, et al., 1998, n=1,233; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000, n=115) and two were abstracts and were both actually drawn from the same Canadian trial (Foley, Parfrey, Morgan, et al., 1998, n=146; Wells, Coyle, Lee, et al., 1998, n=130).


Additional evidence is derived from multiple cross-sectional analyses, with five of these publications, two full reports and three abstracts, coming from the same research group that analyzed a large Medicare dataset consisting of over 70,000 individuals.  Because Medicare reimburses for maintenance of Hct over 36 percent only for patients with comorbid conditions, the findings of such associational studies using Medicare data are likely to reflect the underlying comorbidity in this population.  Levin, Thompson, Ethier, et al., (1999) used an observational design to examine the natural history of predialysis patients.


Overall, the evidence is not sufficient to determine whether maintaining target Hct above 

36 percent is more beneficial than maintaining target Hct in the 30 to (36 percent range in adult patients with CRF. 

Mortality


Two interventional studies, both full reports, and four cross-sectional analyses, three full reports and one abstract, described mortality results.  The first interventional study was an RCT of 1,233 hemodialysis patients with documented congestive heart failure or ischemic cardiac disease (Besarab, Bolton, Browne, et al., 1998).  Besarab and colleagues analyzed and reported results of an intention-to-treat analysis and a cross-sectional analysis of the data.  The second interventional study was a nonrandomized controlled trial of 115 hemodialysis patients free of comorbidity (Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000).  The three additional cross-sectional studies (Lowrie, Huang, Lew, et al., 1994; Ma, Ebben, Xia, et al., 1999; Collins, Hao, Ebben, et al., 1999c [abstract]) analyzed large databases of patients on dialysis.


The evidence does not permit a conclusion regarding the effect on mortality of maintaining Hct above 36 percent.  However, to date, a mortality advantage has not been demonstrated.

· There was increased mortality in the patients with cardiac disease who were randomized to normal target Hct (42 percent) as compared with low target Hct (30 percent) with 

31.6 percent versus 26 percent, respectively (statistical significance not reported).  The relative risk for the combined endpoint of mortality and first nonfatal MI was 1.3 (95 percent CI=0.9 to1.9) for the normal target Hct group compared with that for the low target Hct group.  This trial was halted even though these results did not achieve statistical significance.  It was determined that, even if the trial was completed, the results could not demonstrate a statistically significant benefit for the higher target Hct for the primary endpoint, and there was concern over the potential harm associated with attempting to maintain higher Hct in such patients.

· No deaths were observed in a population of CRF patients free of associated comorbidity who were maintained at Hct above 36 percent.  However, the 6-month duration of followup in this study was too short to assess a long-term benefit or adverse effect on mortality.

· Of three large database studies, one study (n=16,153) found a significantly higher mortality in those patients with Hct above 36 percent, one study (n=75,283) found no significant difference in mortality between Hct above 36 percent compared with Hct 30 to <33 percent, and a third study available only as an abstract (n=82,879) found significantly reduced mortality for Hct above 36 percent.

· A fourth cross-sectional analysis was performed on the data from Besarab and coworkers (1998; n=1,233).  So few patients in the 30 percent target Hct group achieved average Hct above 36 percent that none was included in this analysis.  The lowest mortality was noted in those who achieved an average Hct 39 to 41.9 percent.  However, no difference was apparent in mortality between patients who achieve Hct 36-38.9 percent compared with those who achieve Hct (30 to <36 percent.  In patients with average achieved Hct in the 30 to 

36 percent range, mortality was lower in those patients assigned to the 30 percent target Hct group than those assigned to the 42 percent target Hct group.

Quality of Life


Four interventional studies, one full report (Moreno, Sanz-Guarjardo, Lopez-Gomez, et al., 2000) and three abstracts (Eschbach, Glenny, Robertson, et al, 1993 [abstract]; Mason and McMahon, 1997 [abstract]; Wells, Coyle, Lee, et al., 1998 [abstract]), and two cross-sectional studies, both full reports (Besarab, Bolton, Browne, et al., 1998; Moreno, Lopez-Gomez, Sanz-Guarjardo, et al., 1996), described quality of life findings.  All studies suffered from relatively weak design or methodologic flaws that might introduce biases that overestimate effect on quality of life. These data did not provide strong and consistent evidence of a benefit on quality of life of maintaining the Hct above 36 percent compared with Hct (30 to (36 percent. 

Hospital Utilization


Two interventional studies, both full reports (Besarab, Bolton, Browne, et al., 1998; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000), and four cross-sectional studies, two full reports (Levin, Lazarus, and Nissenson, 1993; Xia, Ebben, Ma, et al., 1999) and two abstracts (Collins, Hao, Ebben, et al., 1999a [abstract] and 1999b [abstract]), described hospital utilization.  Overall, these data did not provide strong or consistent evidence of reduced hospital utilization in patients whose Hct was maintained above 36 percent as compared with those maintained at Hct >30 to (36 percent. 

· The trial by Besarab and colleagues (1998) found no significant difference in hospital utilization between patients randomized to either the lower or higher target Hct arms.  The nonrandomized trial by Moreno and coworkers found a significant reduction in hospital utilization when Hct was maintained above 36 percent, but the results of this unmasked study using a comparison with historical data prior to study entry must be viewed with caution. 

· Of the cross-sectional studies, one full report found that hospital utilization in the Hct 33 to <36 group was lower than in either the Hct 30 to <33 or the Hct (36 groups.  Another full report found a slightly lower hospitalization rate in patients with Hct above 36, but no analysis of statistical significance was performed.  Finally, two abstracts described favorable findings for the Hct ( 36 percent group but without analysis of the statistical significance.

Transfusion


One RCT reported on red blood cell transfusion.  This trial of 1,233 patients by Besarab and colleagues (1998) found significant reduction in red blood cell transfusion in the normal target Hct group compared with that the low target Hct group, 21 percent versus 31 percent, respectively (p<0.001).  In this study, the need for transfusion was largely associated with acute blood loss (e.g., as a result of gastrointestinal bleeding or surgery).

Cardiac Events and Related Intermediate Cardiac Outcomes


Four full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Levin, Singer, Thompson, et al., 1996; Levin, Thompson, Ethier, et al., 1999) and three abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Foley, Parfrey, Morgan, et al., 1998 [abstract]; Mason, Skinner, Sangkabutra, et al., 1997 [abstract]) discussed cardiac outcomes.  Besarab and colleagues (1998) and Levin and colleagues (1993) addressed cardiac clinical events, and the other reports addressed cardiac intermediate outcome measures, including LVH (as assessed by LVMI) and LVD (as assessed by LVCVI). 


There is limited evidence on cardiac events, and the available studies were insufficient to draw conclusions.  However, the evidence available does not demonstrate a reduction in cardiac events when Hct is maintained above 36 percent as compared with 30 to (36 percent.

· An RCT by Besarab and colleagues (1998; n=1,233) studied hemodialysis patients who had documented congestive heart failure or ischemic cardiac disease.  In this group of patients, although overall mortality was greater in the higher target Hct arm, no significant difference between the two study arms was seen in fatal or nonfatal cardiac events.  Levin and colleagues (1993) presented a cross-sectional analysis of a Phase IV surveillance study in 

324 patients.  This study reported no MIs in the Hct above 36 percent group, one MI in the Hct 33.1 to 36 percent group, and four MIs in the Hct 30 to 33 percent group.  However, the number of events was small, and, relative to the Hct above 36 percent group, the number of patient-months of observation was almost three times higher in the Hct 33.1 to 36 percent group and almost seven times higher in the Hct 30 to 33 group.  No statistical analysis was reported for these data, thus limiting interpretation of the results. 



The evidence on cardiac intermediate outcome measures described possible relationships between Hct above 36 percent and reduced left ventricular mass and left ventricular cavity size.  Two full-report cross-sectional analyses suggested an association between Hct and cardiac outcome measures.  However, there were insufficient data from well-designed intervention studies to determine whether raising Hct above 36 from Hct 30 to 36 percent would result in a clinically meaningful improvement in LVH.

· Levin and colleagues (1999) conducted a cross-sectional analysis of an observational, longitudinal study in 246 evaluable CRF patients who were not yet on dialysis.  Because CRF is a progressive condition, Hct decreases over time as renal function deteriorates.  Over a 

12-month observation period, this study compared the relative changes in mean Hct level between the group of 55 subjects who met the criteria for significant left ventricular growth and the group of 191 subjects who did not demonstrate significant left ventricular growth.  A significantly greater drop in Hct was observed in the group that showed significant left ventricular growth.  Furthermore, each 1.5 percent decrease in Hct was associated with a 

32 percent increased odds of showing significant left ventricular growth (OR=1.32, 95 percent CI=1.1 to 1.58).

· A separate report with the same first author (Levin, Singer, Thompson, et al., 1996) also reported a significant association between lower Hct level and the presence of LVH in predialysis patients. 

· An abstract of the Canadian multicenter study (Foley, Parfrey, Morgan, et al., 1998 [abstract]) described results of an RCT in 125 evaluable hemodialysis patients with asymptomatic LVH or LVD who were targeted to either an Hct 39 to 42 percent or Hct 28.5 to 31.5 percent.  Changes in left ventricular measurements were compared after 40 weeks.  No significant differences were observable in LVMI.  Only one of four analyses reported achieved statistically significant findings.  Left ventricular cavity size decreased to a greater extent in patients with LVH who were maintained in the higher target Hct group compared with those maintained at Hct approximately 30 percent (p=0.05).  

· An abstract from a crossover study in 11 patients (Mason, Skinner, Sangkabutra, et al., 1997 [abstract]) demonstrated statistically significant reductions in LVMI (p<0.01), left ventricular end-diastolic diameter (p<0.01), but not left ventricular end-systolic diameter.

· An abstract by Eschbach and colleagues (1993; n=13) reported no significant change in left ventricular mass after Hct was maintained above 36 for 4 months.
Exercise Performance


Four small interventional studies, two full reports (McMahon, McKenna, Sangkabutra, et al., 1999; Suzuki, Tsutsui, Yokoyama, et al., 1995) and two abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Stray-Gunderson, Sams, Goodkin, et al., 1997 [abstract]), presented findings on intermediate outcome measures related to exercise performance.  The two full reports included selected patients who were free of significant cardiovascular or musculoskeletal disease; patient selection criteria were not well described in the two abstracts.  No cross-sectional analyses addressed this outcome.


The available evidence is suggestive of an improvement on measures of exercise performance when Hct is maintained above 36 percent compared with Hct 30 to (36 percent.  However, whether these improvements in physiologic measures are predictive of clinically significant benefits needs to be established.  In addition, such findings would need to be reproduced in large studies or populations more representative of the general population of patients with CRF.

· The double-masked interventional studies included a full report by McMahon and colleagues (1999; n=14) of a crossover study and an abstract by Stray-Gunderson and colleagues (1997, n=27) of a crossover RCT trial.  Both showed a significant improvement in several physiologic measures of physical work, although the abstract reported that, depending on the outcome being considered, approximately one-half to two-thirds of the improvement was a result of conditioning and training and one-half to one-third of the total improvement was a result of correction of anemia.

· The two remaining studies, one abstract and one full report, also described favorable results when Hct was maintained above 36 percent.  However, the selection of cases and controls in Suzuki and coworkers (1995) appears open to substantial bias; and detail regarding actual results was very limited in the abstract by Eschbach and colleagues (1993).

Cognitive Function, Sleep Pattern, and Nutrition


One interventional study in 20 hemodialysis patients performed neurophysiologic testing (Pickett, Theberge, Brown, et al., 1999) and another interventional study in 10 selected hemodialysis patients evaluated sleep patterns (Benz, Pressman, Hovick, et al., 1999) before and after Hct was raised to approximately 42 percent.  Nutritional status was described in an abstract (Riedel, Hampl, Nundel, et al., 1996 [abstract]) by measuring three different amino acid levels in 75 hemodialysis patients on epoetin therapy, divided equally into three different Hct ranges.  These levels were compared with each other and with healthy control subjects.


Favorable results on physiologic measures of cognitive function, sleep patterns, or nutrition were observed with Hct levels above 36 percent in each of these studies.  However, whether these improvements in physiologic measures were predictive of clinically significant benefits needs to be established.  In addition, such findings need to be reproduced in large studies or populations more representative of the general population of patients with CRF. 

Treatment-Related Morbidity


Eight reports described adverse events associated with maintaining Hct above 36 percent compared with Hct (30 to 36 percent, four full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000; Suzuki, Tsutsui, Yokoyama, et al., 1995) and four abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Mason and McMahon, 1997 [abstract]; Mason, Skinner, Sangkabutra, et al., 1997 [abstract]; Stray-Gunderson, Sams, Goodkin, et al., 1997 [abstract]).  Seven of these were interventional studies, and one full report was a cross-sectional analysis of a Phase IV surveillance study without statistical analysis of results (Levin, Lazarus, and Nissenson, 1993).  Three of the four abstracts included fewer than 15 patients.
Blood Pressure


The evidence, derived from four full reports and three abstracts, shows no significant difference in overall blood pressure measurements when Hct is maintained above 36 percent compared with Hct (30 to <36 percent. However, several studies suggested that some patients require intensified medical management to maintain blood pressure control at Hct above 

36 percent, but these studies did not permit estimation of the magnitude of the frequency of this occurrence.  Besarab, Bolton, Browne, et al. (1998) employed well-designed concurrent controls and reported no significant differences between target Hct groups in the use of various cardiovascular medications.  The listed classes of medications included several antihypertensive agents; however, the reported details of data and methods of analysis did not clarify whether medication dosage might have been increased differentially in the high target Hct group.

Vascular Access Thrombosis


Five studies reported on vascular access thrombosis with Hct above 36 percent compared with Hct (30 to <36 percent, two full reports (Besarab, Bolton, Browne, et al., 1998; Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000) and three abstracts (Eschbach, Glenny, Robertson, et al., 1993 [abstract]; Mason and McMahon, 1997 [abstract]; Stray-Gunderson, Sams, Goodkin, et al., 1997 [abstract]).


Targeting Hct at 42 percent significantly increased the rate of vascular access thrombosis in a population of patients with documented cardiac disease compared with targeting Hct at 30 percent.  There was insufficient evidence in other groups of hemodialysis patients to determine the effect of Hct above 36 on vascular access thrombosis.

· The best quality evidence was from Besarab and colleagues (1998).  In a group of hemodialysis patients with documented congestive heart failure or ischemic cardiac disease, there was a statistically significant increase in vascular access thrombosis in the normal target Hct group (42 percent) as compared with the low target group (30 percent), 39 versus 29 percent, p=0.001.  This group of patients may have been at particularly high risk of vascular access thrombosis because of associated cardiovascular comorbidity. 

· Abstracts of two small concurrent control studies in hemodialysis patients (Mason and McMahon, 1997 [abstract], n=10; Stray-Gunderson, Sams, Goodkin, et al., 1997 [abstract], n=27) reported no significant difference in vascular access thrombosis with Hct of 42 percent as compared with Hct 30 to 31 percent.

· Two pre/postcomparisons in hemodialysis patients, one full report and one abstract, reported the observed rate of vascular access; however, the lack of a comparison control group limits interpretation of these findings.

Other Treatment-Related Morbidity 


The evidence describing other treatment-related morbidities was limited to two full reports (Besarab, Bolton, Browne, et al., 1998; Levin, Lazarus, and Nissenson, 1993) and one abstract (Eschbach, Glenny, Robertson, et al., 1993 [abstract]).  Overall these reports did not suggest any significant increase in other adverse events such as CVA, TIA, peripheral gangrene, intestinal ischemia, or seizure with Hct above 36 percent.

Part II:  Pediatric Patients with Chronic Renal Failure


The key question detailed below creates the analytic framework for Part II, which focuses exclusively on pediatric patients with CRF.  

Key Question

What is the effect on outcomes of maintaining an Hct in the following ranges:

 Above 30 compared to 27 to (30 percent?

 Above 33 compared to 27 to (33 percent?

Results


The available literature evaluating the relationship between Hct in the relevant ranges and outcomes was sparse.  None of the studies identified by the systematic review met the study selection criteria to be included in this evidence review.  The key question for Part II is framed to compare outcomes associated with raising the Hct above 30 percent with outcomes achieved by maintaining the Hct between 27 and 30 percent.  The minimum threshold for baseline Hct of 

27 percent used in the systematic review protocol was prospectively defined based on current medical practice in pediatric nephrology (personal communication, Sandra Watkins, MD, 

April 8, 1999; Jabs and Harmon, 1996).  The primary reason for exclusion of most of the studies reviewed in full text was that the baseline or control Hct to which normalization of Hct was being compared was below 27 percent.  Evidence from these studies does not address the key question as set out in this systematic review, particularly with regard to the efficacy outcomes.  


Several full reports included information on the observed effect on blood pressure when Hct was raised above 30 percent.  These results are briefly summarized in Table 6.  It appears that for some patients an increase in blood pressure, generally requiring increased medication for control, was associated with an increase in Hct above 30 percent.  Most of these studies excluded patients with uncontrolled hypertension at baseline.  The average ages of patients in these studies clustered between 7 and 13 years of age; however, the ranges included patients as young as 

4 months and as old as 20 years of age.
Conclusions

1.  In pediatric patients with CRF, what are the outcomes of maintaining target Hct above 30 compared with maintaining target Hct in the 27 to (30 percent range?

2.  In pediatric patients with CRF, what are the outcomes of maintaining target Hct above 33 compared with maintaining target Hct in the 27 to (33 percent range?

No studies of pediatric patients were identified that met the study selection criteria to be included in this systematic review.  The primary reason for exclusion of most of the studies reviewed in full text was that the baseline or control Hct to which the normalized group was being compared was below 27 percent.  Thus, the available evidence does not address the key question as set out in this systematic review, particularly with regard to outcomes of treatment efficacy. 

Table 6.  Summary of observed effect on blood pressure in selected studies using epoetin 

to raise Hct over 30 percent in pediatric patients

Study
N
Age
Subjects
Effect on Blood Pressure

Yalcinkaya, Tumer, Cakar, et al., 1997
20
10.55 + 2.93

range 5-16 y
CAPD


Increases in BP observed in high-dose epoetin group (150 U/kg) requiring increased medication, particularly in patients with hypertension at baseline.  

Mean Hct achieved = 32.4%.

Brandt, Avner, Hickman, et al., 1999
44
9.3 + 6.25 range 

4 m-20 y


HD, PD,

predialysis


New or worsening hypertension was found in 13 (30%) and was more common in HD patients (66%) than PD (33%) or predialysis (16%) (p=0.02).  Hct target was lower end of normal range for age.

Navarro, Alonso, Avilla, et al., 1991
23
8.3 + 5.7 y
CAPD, HD, predialysis


4 normotensive children developed mild hypertension during epoetin and required antihypertensive therapy.  None had seizures or other major complications.  

Mean Hct target 30-36%.

Scigalla, Bonzel, Bulla, 

et al., 1989
51
12.6 + 

3.9 y
HD, CAPD
16% developed new hypertension, 50% of prior hypertensive patients needed increased medication.  4% had to discontinue epoetin because of uncontrolled hypertension.  Approx. 8% of patients had improved BP or decreased medication.  

Target Hct was greater than 30%.

Scharer, Klare, Braun, et al., 1993
15
7.8 + 5.3 y

range 0.6-17 y
Predialysis
Increase in blood pressure observed with increased medication required in about one-half of patients.  One patient developed uncontrolled hypertension requiring discontinuation of epoetin. 

Mean Hct achieved = 34.2%.

N = number of patients; BP = blood pressure; HD = hemodialysis; PD = peritoneal dialysis; 

CAPD = continuous ambulatory peritoneal dialysis.

Part III:  Subpopulations of Interest (With or Without Chronic Renal Failure)


This part of the systematic review focuses exclusively on subpopulations of interest defined by the presence of one or more specific clinical characteristics listed in the key question below.  Each of these clinical characteristics has been postulated to warrant maintaining Hct above 

36 percent.  For subgroups number 1 through 6, the hypothesis is that the morbidity associated with the specified condition will be reduced if Hct is maintained above 36 percent.  For the adolescent subgroup, it is hypothesized that growth and developmental outcomes would be improved by maintaining Hct above 36 percent.  


Studies considered to be relevant for this section were not required to include patients with CRF.  Our rationale for also including studies in patients without CRF was that the clinical outcomes resulting from different levels of Hct observed in nonrenal patients with one of these clinical characteristics might be generalizable to CRF patients with the same clinical characteristic.  Thus, for example, if an Hct level above 36 percent was shown to improve health outcomes in a general population of patients with peripheral vascular disease, then it might be reasonable to generalize that finding to CRF patients with peripheral vascular disease.

Key Question


What is the effect on outcomes of maintaining the Hct level >36 percent compared with 30 to (36 percent in the following patient subgroups (regardless of the presence of renal failure):  

(1) patients who have coronary artery disease, (2) patients who have congestive heart failure, 

(3) patients who live at high altitude, (4) patients who have arterial occlusive disease, (5) patients who have cerebrovascular disorders, (6) patients who have obstructive lung disease, and 

(7) patients who are in the adolescent age group?

Results


The literature search identified three full reports and no abstracts that met the selection criteria for this key question.  Two of these studies (Besarab, Bolton, Browne, et al., 1998; Carson, Duff, Poses, et al., 1996) reported evidence relevant to patients with cardiovascular disease (including patients with coronary artery disease, congestive heart failure, arterial occlusive disease, subgroups 1, 2, and 4); one study (Kusunoki, Kimura, Nakamura, et al., 1981) addressed patients with cerebrovascular disease (subgroup 5).  Only the study by Carson, Duff, Poses, et al. (1996) reported data comparing Hct above 36 percent compared with Hct 33 to 

<36 percent.  These studies are described in Evidence Tables 15 and 16.  There were no studies addressing patients in subgroup 3, 6, or 7 that met selection criteria for inclusion in this systematic review. 

Interventions


Only one of the three studies (Besarab, Bolton, Browne, et al., 1998) used epoetin to normalize Hct and study the effects on outcomes.  The other two studies (Carson, Duff, Poses, 

et al., 1996; Kusunoki, Kimura, Nakamura, et al., 1981) did not employ any prospective intervention in their design and used cross-sectional analyses to examine the relationship between Hct and various outcomes of interest.  

Patient Populations


For this key question, the patient population of interest was inclusive of patients with or without renal failure.  Patient populations were required to fall into at least one of the subgroups predefined in the key question.  The two full reports addressing patients with cardiovascular disease included a mixture of patients with characteristics defined by subgroups 1, 2, and 4.  Besarab, Bolton, Browne, et al. (1998) specifically focused the study population to include patients with documented ischemic cardiac disease or congestive heart failure.  Carson, Duff, Poses, et al. (1996) used a retrospectively defined, heterogeneous, adult cohort of patients and examined the relationship between Hct and outcomes comparing patients with and without cardiovascular disease.  In this study, cardiovascular disease meant the presence of at least one of these factors:  a history of angina, MI, congestive heart failure, or peripheral vascular disease.  When the study selection criteria for patient inclusion were compared in Besarab, Bolton, Browne, et al. (1998) and Carson, Duff, Poses, et al. (1996), Besarab and colleagues seem to have strictly required patients to have had a documented, qualifying cardiac event within the preceding 2 years whereas Carson and colleagues categorized patients with cardiovascular disease if the patient’s medical record mentioned a history of at least one of several categories of cardiovascular disease.

Quality of Study Design and Conduct


The approach to evaluating the quality of study design and conduct was described in 

Chapter 2, Methodology and in Chapter 3, Part I:  Results and Conclusions.  These same criteria are applied to the three full reports analyzed in Part III of this systematic review, and the descriptive results are displayed in Table 7.

Table 7.  Overview of study quality:  Results and conclusions, Part III

Study
N
Better Study Quality
Worse Study Quality
Method of Case-Mix

Adjustment



Uses

Double-

Masked

Design
Compares

Hct >36%

with

33-36%
Loss to

Followup

or Missing

Data for

>10%
Potential

Bias in

Control

Group

Comparison


Randomized controlled clinical trial





Besarab, Bolton, Browne, et al., 1998
1,233




N/A

Cross-sectional analysis






Carson, Duff, Poses, et al., 1996
1,958
N/A
(
(
N/A
Age; gender; race; cancer in past 5 years; diabetes mellitus; hypertension history; angina pectoris; congestive heart failure; atherosclerosis; cardiovascular disease; cardiopulmonary disease; APS+age score; Charlson score; intraperitoneal, intrathoracic, or aortic procedure; emergency surgery; general anesthesia

Kusunoki, Kimura, Nakamura, et al., 1981
27
N/A


N/A
None

N/A = not available; Hct = Hct; APS = acute physiology score.

Outcomes


The outcomes to be considered in this systematic review were previously described in Chapter 2, Methodology and in Chapter 3, Part I:  Results and Conclusions.  An overview of outcomes reported in each of the three studies is provided in Table 8.

Table 8.  Overview of outcomes reported in each study:  Results and conclusions, Part III

Author(s)

Year
Sample Size
Study

Design
Efficacy Outcomes
Treatment-Related Morbidity




Mortality
Quality

of Life
Hospital

Utilization
RBC

Transfusion
Cardiac

Events
Other
Increased

Blood

Pressure
Vascular

Access

Thrombosis
Other

Besarab, Bolton, Browne, et al., 1998
1,233
Ran-domized, prospec-tive, open-label trial
(

(
(
(

(
(
(

Besarab, Bolton, Browne, et al., 1998
1,233
Cross-sectional analysis

(








Carson, Duff, Poses, et al., 1996
1,958
Cross-sectional analysis
(










Kusunoki, Kimura, Nakamura, 

et al., 1981
27
Cross-sectional analysis





(
Cere-bral blood flow;

arterial oxygen con-tent;

oxygen de-livery




RBC = red blood cell.

Evidence Pertaining to Patients Who Have Cardiovascular Disease

Overview


Two studies reported information on the relationship between Hct level above 36 percent and outcomes in patients with cardiovascular disease.  Besarab, Bolton, Browne, et al. (1998; n=1,233) studied a population of hemodialysis patients with documented cardiovascular disease.  Carson, Duff, Poses, et al. (1996; n=1,958) provided a retrospective analysis of the relationship between preoperative Hct and postoperative morbidity and mortality and, in particular, the difference in these outcomes for patients with and without cardiovascular comorbidity.  

Evidence from Randomized Controlled Clinical Trials


The results of Besarab, Bolton, Browne, et al. (1998) were reviewed in detail in Part I.  For reference here, this study reported that mortality was higher in the group randomized to a normal Hct target compared with that in those randomized to a low Hct target although these results were not statistically significant at the time the trial was halted.  Additional post hoc analyses of mortality were reported stating that mortality decreased with increasing Hct.  However, interpretation of these analyses is worth some discussion.  The theory that providing increased oxygenation through increasing Hct in CRF patients with cardiac disease would decrease cardiac events and mortality is not supported by the results of this study.  Although it may be argued that having a normal Hct per se may not be toxic, the results of the intention-to-treat analysis raise concern that some factor experienced by the group of patients randomized to a target Hct of 

42 percent may adversely affect mortality.  There is a potential for favorable selection factors to bias the results of the cross-sectional analysis such that relatively healthier patients might actually achieve normal Hct levels while less healthy patients do not.  Such a bias might make having a normal Hct itself appear beneficial even though it is the underlying health status of the patient that truly accounts for the better outcomes observed.

Evidence from Nonrandomized Controlled Clinical Trials


Carson, Duff, Poses, et al. (1996) conducted a retrospective analysis using chart review on 1,958 adult patients who had undergone surgery and refused to have blood transfusions because of religious preference.  The level of preoperative Hct was examined in relation to the primary endpoint of perioperative mortality (death within 30 days of surgery) and a secondary endpoint of mortality or inhospital morbidity within 30 days of surgery.


The authors reported the perioperative mortality, perioperative morbidity/mortality, and the unadjusted relative risks of perioperative morbidity and perioperative morbidity/mortality in the overall patient population stratified by preoperative Hct:  30 to <33, 33 to <36, and (36 percent.  These results are summarized in Evidence Table 17.  Rates of both perioperative mortality and perioperative morbidity/mortality increased as preoperative Hct decreased.  The differences between the Hct (36 and the Hct 33 to <36 percent groups were not statistically significant, but the Hct (36 group did have statistically significant improvements compared with the Hct 30 to <33 percent group.


The authors examined the influence of having cardiovascular disease on perioperative mortality and its relationship to preoperative Hct in two ways.  First, a graphic display was reported showing the adjusted odds ratio for perioperative mortality versus preoperative Hct.  Two separate lines were compared, one representing those with and the other those without cardiovascular disease.  As would be expected, patients with cardiovascular disease generally demonstrated higher odds of perioperative mortality than those patients without cardiovascular disease, and this difference increased as Hct decreased below 30 percent.   However, as Hct increased above 30 percent, the two lines converged upon each other and no difference was discernable between the two groups at an Hct of 36 percent.  Thus, it would appear from this graph that no difference would be expected at preoperative Hct values above 36 percent.  This graph did not provide any tests of statistical significance comparing the two groups of patients.


A second analysis reported in the paper examined the relationship between preoperative Hct and mortality in patients with and without cardiovascular disease and stratified the reported results by the magnitude of the decline in Hct after surgery.  These results did not achieve statistical significance, and it must be noted that there was a large amount of missing data on postoperative Hct so this analysis includes only 55.2 percent of the patients.  

Evidence Pertaining to Patients Who Have Cerebrovascular Disease

Overview


The available evidence regarding the relationship between Hct and outcomes in patients with cerebrovascular disease was limited to a single study (Kusunoki, Kimura, Nakamura, et al., 1981), and this study reported a cross-sectional analysis of several intermediate outcomes stratified by Hct level.

Evidence from Cross-Sectional Analysis


Kusunoki, Kimura, Nakamura, et al. (1981) studied 27 patients with ischemic cerebrovascular disease (see Evidence Table 16 for study description).  Cerebral blood flow was measured, and arterial oxygen content was determined based on calculations using arterial oxygen saturation.  From these two measurements, oxygen delivery to the brain was calculated.  The relationship between these outcomes and the Hct level was analyzed and results are summarized in Evidence Table 18.


Cerebral blood flow showed a statistically significant inverse correlation with Hct 

(r=(0.49, p<0.05) and arterial oxygen content was highly correlated with Hct (r=0.91, p<0.001).  When these two factors were combined to calculate the oxygen delivery to the cerebral circulation, a U-shaped distribution was observed with the maximum level of oxygen delivery observed at an Hct level of 40 to 45 percent.  That is to say that optimal oxygen delivery to the brain was achieved in the Hct range of 40 to 45 percent, and oxygen delivery was actually worse at Hct levels above 45 percent or below 40 percent in this group of patients with ischemic cerebrovascular disease.  Statistical significance was reported (p<0.05) for comparisons between Hct 30 to 35 percent and Hct 40 to 45 percent and between Hct 35 to 40 percent and Hct 40 to 

45 percent.  A direct comparison of statistical significance was not reported comparing Hct 30 to 35 percent with Hct 35 to 40 percent, but the data suggested little difference between these two groups with (mean ( standard error of the mean) 6.35 ( 0.33 compared with 6.71 ( 0.22 ml O2/100g/min oxygen delivery for each group, respectively.

Conclusions

1. What is the effect on health outcomes of maintaining the Hct level above 36 percent versus 30 to 36 percent in the following patient subgroups (regardless of the presence of renal failure):  (1) patients who have coronary artery disease, (2) patients who have congestive heart failure, (3) patients who live at high altitude, (4) patients who have arterial occlusive disease, (5) patients who have cerebrovascular disorders, (6) patients who have obstructive lung disease, and (7) patients who are in the adolescent age group?

Patients Who Have Cardiovascular Disease (coronary artery disease, congestive heart failure, and/or arterial occlusive disease)


The evidence describing the outcomes of maintaining Hct above 36 percent compared with Hct (30 to <36 percent in patients who have cardiovascular disease is derived from two full reports (Besarab, Bolton, Browne, et al. 1998; Carson, Duff, Poses, et al. 1996).  Besarab and colleagues (1998) included only patients on hemodialysis whereas patients in the study by Carson and colleagues (1981) were selected regardless of the presence of CRF.  These two studies did not provide strong and consistent evidence of benefit in maintaining Hct above 36 percent in patients with cardiovascular comorbidity.

· The results of Besarab and colleagues were summarized in detail in Part I of this report.  A variety of outcomes were evaluated; however, the primary endpoint analysis for combined mortality and nonfatal MI did not support a benefit from higher target Hct in patients with documented cardiac disease.  

· In contrast, the retrospective analysis by Carson and coworkers noted an association between higher perioperative mortality and lower Hct level, particularly in patients with cardiovascular comorbidity with Hct <30 percent.  However, there was no statistically significant difference between patients who had Hct above 36 compared with those who had Hct (33 to <36 percent.  

Patients Who Have Cerebrovascular Disorders


A single cross-sectional study (Kusunoki, Kimura, Nakamura, et al., 1981) examined several physiologic measures in patients with cerebrovascular disease without regard to the presence of chronic renal disease.  Compared with Hct 30 to 35 percent, this analysis found greater cerebral oxygen delivery associated with Hct levels between 40 and 45 percent, but not between 35 and 40 percent.  No interventional study reported on outcomes of raising and maintaining Hct above 36 percent in a population with CRF and cerebrovascular disease.

Other Patients

With regard to other subpopulations of interest, there were no studies that met selection criteria for inclusion in this systematic review for the following subgroups:  patients who live at high altitude, patients who have obstructive lung disease, or patients who are in the adolescent age group.
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6This is a review of published evidence, including both full reports and abstracts from scientific meetings.  Abstracts were included in the evidence review to maximize the comprehensiveness of the evidence presented.  The decision to include abstracts was made in consultation with advisory experts who suggested that the number of full reports addressing the key questions was not large and that the overall usefulness of the report would be enhanced by including analysis and synthesis of data reported in scientific abstracts.  Full reports of study methodology and findings that have gone through a peer review process are viewed with greater confidence than are abstracts presented at scientific meetings.  Inherent limitations of abstracts relate primarily to the limited detail of information provided in the allowable space as well as the lack of a rigorous peer review process.  Thus, results of abstracts are included to provide information of potential interest to the reader, but the evidence from abstracts would be considered preliminary and of lesser quality compared with evidence drawn from a full report.


� The reports that originate from the same institutions and/or authors include:  two abstracts from a Canadian multicenter trial (Foley, Parfrey, Morgan, et al., 1998; Wells, Coyle, Lee, et al., 1998); two papers from what appear to be two separate Spanish studies but perhaps with overlapping populations (Moreno, Sanz-Guajardo, Lopez-Gomez, et al., 2000; Moreno, Lopez-Gomez, Sanz-Guajardo, et al., 1996); two studies from Vancouver, BC, Canada, overlap substantially in authorship (Levin, Singer, Thompson, et al., 1996; Levin, Thompson, Ethier, et al., 1999); two abstracts and one paper out of Australia overlap substantially in authorship and share similarities in study design (Mason and McMahon, 1997; Mason, Skinner, Sangkabutra, et al., 1997; McMahon, McKenna, Sangkabutra, et al., 1999); and two papers and three abstracts out of Minneapolis, MN (Collins, Hao, Ebben, et al., 1999a; Collins, Hao, Ebben, et al., 1999b; Collins, Hao, Ebben, et al., 1999c; Ma, Ebben, Xia, et al., 1999; Xia, Ebben, Ma, et al., 1999).


� The EPC team recognizes that the comparison of specific Hct ranges is not a measure of study quality; however, this dimension describes how relevant each study is in addressing the primary focus of this systematic review.  Thus, this dimension is included among the quality assessment criteria for simplicity.  


�Consider a hypothetical example of a patient in the normal Hct group who was maintained at an Hct of 40 percent for her first 3 months on the study.  Then she becomes acutely ill, and her Hct drops dramatically to 27 percent.  Her inflammatory illness persists, creating resistance to epoetin, and her Hct remains around 30 percent for the next 


3 months until she dies.  This patient would have an average Hct of 35 percent (3 months at 40 percent plus 3 months at 30 percent and then divide by 6 months).  This patient spent no time with an Hct of 35 percent.  


� Scores on the Nottingham Health Profile (NHP) range from 0 to 100 with higher scores representing greater health problems (American Thoracic Society, 2000; Wiklund, 1990). 


� Significant left ventricular growth was defined in the full report by Levin, Thompson, Ethier, et al., (1999) as greater than 20 percent increase from baseline left ventricular mass or an absolute change of 20 g/m2.
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