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Background 

 

Anemia and the need for allogeneic blood transfusion are both frequently 

encountered in critically ill patients.  Observational studies have shown that anemia 

occurs in 95% of patients who have been admitted in an intensive care unit for 3 or more 

days(1-3).  Furthermore, studies conducted in Western Europe and North America have 

demonstrated that 42-50% of patients admitted to an intensive care unit will require 

transfusion of packed red blood cells due to anemia(2;4).  In patients who are admitted to 

an ICU for more than 13 days, 85% will eventually require red cell transfusion(2). 

Among these patients the need for allogeneic blood is not confined to the period of ICU 

admission such that 13% of patients require addition blood transfusion following 

discharge from the ICU(2). 

 In critically ill patients, anemia can occur for a variety of reasons.  Blood loss 

may be obvious and related to surgical procedures, trauma, or gastrointestinal bleeding.  

A more insidious but equally important cause of anemia includes repetitive diagnostic 

phlebotomy. Blood loss for the purposes of laboratory testing has been shown to average 

41 ml per day of ICU admission(4;5), but can be greater than 240 ml per day in specific 

surgical units(6).  Many reasons for anemia exist; however, over two thirds of patients 

receive allogeneic blood simply because their hemoglobin falls below a given threshold 

value(7).  In these patients, anemia of inflammation (aka: anemia of chronic disease) 

plays an important role. 

 Anemia of inflammation occurs in response to various systemic illnesses such as 

sepsis and heart failure and malignancy.  This anemia is characterized iron sequestration, 

decreased red cell survival, and reduced erythropoietin.  In critically ill patients, 



endogenous production of the hematopoietic growth factor erythropoietin has been shown 

to be decreased relative to the degree of anemia(8).  The response of marrow precursors 

to circulating erythropoietin is also ‘blunted.’(9)   Reduced erythropoietin secretion and 

impaired response has been shown to be related to cytokines and inflammatory mediators 

such as interleukin-6 and tumor necrosis factor. 

 Given the frequent need for red cell transfusion in the ICU and the risks 

associated with the administration of blood products, several experimental studies of 

recombinant erythropoietin have been conducted(1;10-12).  In an effort to overcome the 

relative erythropoietin deficiency observed in critical illness, recombinant erythropoietin 

has been used to stimulate erythropoiesis, mitigate anemia and reduce the need for blood 

products.   

The utility of the erythropoietin administered in the setting of critical illness is 

unclear despite the publication of several randomized controlled trials.  The goal of this 

systematic review is to synthesize and quantitate (if appropriate) the available data 

concerning the use of erythropoietin in the setting of critical illness.  Clinically relevant 

outcomes such as mortality and morbidity will be considered, as will the side effects 

associated with treatment.   

 

 

 



 

Review Question 

 

Free form question: 

In patients who are admitted to an Intensive Care Unit, are the administration of erythropoietin 

receptor agonists (erythropoietin, darbepoetin) associated with improved mortality or morbidity 

(decreased transfusion requirements, decreased ICU length of stay, duration of mechanical 

ventilation, or incidence of blood stream infection).  Is there evidence of harm associated with 

the use of these agents (thrombosis, stroke, or myocardial infarction)? 

 

Structured Question: 

 

Population – Patients (adults and children, not infants) admitted to an intensive care unit 

(excluding those active bleeding, or who have sustained trauma)… 

 

Intervention – scheduled administration of erythropoietin receptor agonists (primarily 

erythropoietin, but this term captures darbepoetin as well)… 

 

Comparator – placebo, transfusion or alternative therapies… 

 

 

 



Outcomes 

 

Primary outcome:  Mortality 

 

 Secondary outcomes:  Decreased ICU or hospital length of stay 

Decreased organ failures or duration of ventilator days 

Decreased bloodstream infection 

Decreased allogeneic red cell transfusion 

Transfusion independence 

Increased rates of hypertension, thrombosis, stroke or myocardial 

infarction 

 

Studies 

 Only prospective randomized control trials will be considered 

 

 

 

 



Eligibility 

 

Inclusion Criteria 

 
1. Patients admitted to an intensive care unit 

2. Patients were ≥ 1 year of age 

3. Patients receiving scheduled doses of an erythropoietin receptor agonist 

4. Randomized clinical trial 

5. Any comparator:  None, placebo or other medications 
 
 
Exclusion Criteria 

 

1. Neonates or infants 

2. Preoperative patients when erythropoietin is used to decrease intraoperative or 

postoperative transfusion 

3. Exclusive enrolment of cardiac surgical patients 

4. Uncontrolled trials 

 



Systematic Review Team Members (Total = 5) 

 

4 - Clinical Team: 

• 2 hematologists and 2 intensivists to provide content expertise.  All clinical members 

have previously conducted systematic reviews 

1 – Methods/Statistical Expert 

• To provide operational expertise.  This team member is also a content expert in the field 

1 – Information Specialist 

• An information expert from the hospital library will assist with finalizing a search 

strategy and searching the grey literature 

 

 



Search strategy for identification of studies  

 

A MEDLINE and Cochrane Database search for published systematic reviews was first 

conducted to confirm that a recent review of this topic had not been published.  No past 

systematic review was found. 

• An initial OVID search strategy will be used to search the following databases: 

o MEDLINE  (1950 to February week 1 2007) 

o EMBASE  (1980 to February week 1 2007) 

o Cochrane Central Register of Controlled Trials (1st Quarter 2007) 

The above search strategy has been formulated with the help of an information specialist at the 

Ottawa Hospital (Ottawa, Ontario, Canada).  The strategy has been formulated as a “high recall” 

search.  Search terms were modified to reflect differences in EMBASE and Cochrane indexing.  

As an example, the MEDLINE search strategy is included in Appendix 1.  Before this systematic 

review is published, and should this review be updated in the future, additional search measures 

will be incorporated into the OVID search to identify records added since the initial search (e.g., 

ed=20070201-new date). 

 

• In a further attempt to identify ongoing or planned trials of erythropoietin receptor 

agonists, the ‘ClinicalTrials.gov’ database will be searched. 

• Efforts to identify “Grey literature” will occur by searching the SIGLE (System for 

Information on Grey Literature in Europe) database and Google Scholar. 



• The manufacturers of erythropoietin receptor agonists (Johnson & Johnson, Roche, 

Amgen) will be contacted regarding ongoing trials in this area, and previous unpublished 

trials. 

• Abstracts and Conference proceedings involving the following annual Critical Care 

Conferences will be searched from 2002 onward 

o Society of Critical Care Medicine 

o European Society of Intensive Care Medicine 

o International Symposium on Intensive Care Medicine 

• The SCOPUS abstract and citation database will be canvassed to so that trials from 

relevant journal are not missed by the preceding electronic search methods.  I have 

identified all relevant journals that would be expected to publish a trial relating to the 

subject matter in question.  The list of journals is complete is contained in Appendix 2. 

• Records from MEDLINE, EMBASE AND Cochrane will be imported into Reference 

Manager™ (ver. 10), and then de-duplicated. 

• If the remaining records are >600 in total, a Dickersin filter will be applied to help 

identify randomized controlled trials(13). 

Two reviewers (RZ and AT) will review all records (title, abstract and keywords) and apply the 

inclusion criteria.  To remain ‘inclusive,’ the only exclusion criterion that will applied at this 

point are records that explicitly pertain only to infants and neonates.  Potential records for 

inclusion will be highlighted and full text articles of these records will be obtained.  No 



adjudication of relevancy will occur at this stage due to the expected small number of records in 

this field.  

Full text articles of manuscripts will be reviewed independently by RZ and AT.  Inclusion and 

exclusion criteria will be applied at this point.  Each reviewer will decide which trials should be 

included in this systematic review.  Disagreements will be resolved by consensus, with input 

from the remaining clinical team (1 hematologist and 1 intensivist) and the methods experts.  

Inter-rater agreement between the 2 reviewers (RZ, AT) will be calculated using Cohen’s kappa. 

Records/manuscripts identified through SIGLE, SCOPUS, industry sources or conference 

proceedings will be adjudicated in the same manner. 

A list of all trials to be included will be prepared and this list will be presented to two identified 

experts in the field of erythropoietin and critical illness.  These individuals have been involved 

with many of the published trials in this clinical domain. 

A flow diagram that illustrates the records and manuscripts under consideration and those 

selected or withdrawn will be constructed.  If records/manuscripts are rejected, justification will 

be offered. 

 



Data Extraction 

Data from the included trials will be independently extracted by two reviewers (RZ and AT) and 

entered into RevMan (version 4.2) using a double-entry system.  The data extraction process will 

be standardized by the using data extraction forms (Appendix 3).  These forms will be test 

piloted to ensure accuracy and completeness.  If necessary, individual authors will be contacted 

should necessary data be absent from the published manuscripts. 

The following data will be extracted: 

General Study information 

• Unique trial ID number, title, authors, contact information, journal/source, year of 

publication, country, study sponsor, and language of publication 

Study characteristics 

• Type of trial design, setting (type of ICU), number of centres included, total number of 

patients randomized, inclusion/exclusion criteria, blinding methods, randomization 

methods, allocation and allocation concealment procedures,  

Characteristics of study population and baseline characteristics of the study and control 

groups 

• Age, sex, admission diagnosis, APACHE II score, baseline hemoglobin concentration 

and reticulocyte percentage. 

 



Characteristics of the intervention 

• Type of erythropoietin stimulating agonist studied, dose and dosing schedule, route of 

administration, and duration of treatment 

Outcome measures 

• Mortality, ICU and hospital length of stay, duration of ventilator days, incidence of 

bloodstream infection, rate and total amount of allogeneic red cell transfusion 

• Complications including thrombosis, hyptertension, stroke or myocardial infarction. 

• Associate tests of significance, confidence intervals, and standard deviations where 

available.  Reporting of dropout rates, those lost to follow up and reasons for withdrawal 

 

See Appendix 3 for a sample Data Extraction Form  



Assessment of Methodologic Quality 

 

The methodological quality of included studies was assessed by two reviewers (RZ, AT) using 

the Jadad scale(14).  The Jadad scale provides a score based on the reported methods and 

description of randomization (0 to 2 points), blinding (0 to 2 points), and participant withdrawals 

(1 point).  Possible scores varied from 0 to 5, and a score of 5 was considered ‘high’ 

methodological quality.   

 

Allocation concealment was assessed using the method developed by Schultz(15). 

 

Information regarding methodological quality will be used to guide sensitivity analyses and 

explore sources of heterogeneity. 

 

 



Measures of Treatment Effect 

 
The data from included studies will be analyzed using RevMan (version 4.2).  A formal meta-

analysis will be conducted if the data are sufficiently homogeneous.  Continuous data will be 

expressed as a weighted mean difference (WMD) or standardized mean difference (SMD) and 

will be contingent upon the similarity of scales measuring each particular outcome.  

Dichotomous data will be presented as relative risk (RR) or the odds ratio (OR).  Heterogeneity 

of the data will be explored and quantitated.  If significant heterogeneity is suspected, further 

analysis including subgroup analysis will be conducted.  Publication bias will be assessed using 

funnel plot techniques.  Clinical outcomes may include measures expressing the absolute benefit 

of the interventions and number needed to treat. 

 

 



Sensitivity Analysis 

 

The following a priori sensitivity analysis is proposed.  Such analysis will depend on the number 

of studies included and the availability of appropriate outcomes and covariates. 

 

 Methodological 

  Country  (North American vs. non-North American) 

  Sponsor (Industry Funded vs. non-industry funded) 

  Quality (low quality vs. high quality) 

  Quality (blinded vs. unblinded) 

  Source  (Published vs. Grey literature/abstracts/Conf. Proceedings)  

 

 Clinical 

  Doses      (low vs. high dose) 

  Duration     <14> days 

  Transfusion Strategy    (Restrictive vs. Liberal) 

  Mortality by APACHE score    (< 25 >) 
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Appendix 1: Medline Search Strategy 

 
 
1     exp critical care/ (29085) 
2     exp intensive care units/ (33607) 
3     critical illness/ (7343) 
4     life support care/ (5892) 
5     life support.tw. (4636) 
6     critical care.tw. (9031) 
7     (critical$ adj ill$).tw. (15167) 
8     icu.tw. (13004) 
9     intensive care$.tw. (47765) 
10     exp ventilators, mechanical/ (7026) 
11     Respiration, Artificial/ (27524) 
12     ((artifical or mechanical) adj (respirat$ or ventilat$)).tw. (15211) 
13     mechanical ventilation.mp. (14189) 
14     exp erythropoietin/ (15058) 
15     (erythropo$ or rheupo or epo or rhepo).tw. (23587) 
16     (r adj HuEPO).tw. (387) 
17     (darbopoiet$ or darbepo$).tw. (340) 
18     (epoetin or procrit or eprex or epogen or neorecormon or aranesp or dynepo).tw. (1199) 
19     hematopoietic cell growth factors/ (2172) 
20     hematopoietin$.tw. (171) 
21     or/1-13 (133023) 
22     or/14-20 (28295) 
23     21 and 22 (208) 
 
Before this systematic review goes to publication, and when it is updated in the future, the 
following search line will be added to the search strategy: 
 
24  limit 23 to ed=20070201-current date"  
 



Appendix 2:   Relevant periodicals indexed in the SCOPUS database 

 
Acta Anaesthesiologica Italica / Anaesthesia and Intensive Care in Italy 96-06 
American Journal of Respiratory and Critical Care Medicine 94-06 
American Journal of Critical Care 92-06 
Anesthesia and analgesia 65-06 
Anaesthesia and Intensive Care 72-06 
Anaesthesiology and Intensive Care 02-06 
Anasthesiologie und Intensivmedizin 78-06 
Anesthesiology 65-06 
Blood 65-03 
British Journal of Intensive Care 92-06 
Canadian Journal of Respiratory Therapy 96-06 
Care of the Critically Ill 90-06 
Chest 70-06 
Clinical Intensive Care 90-06 
CPD Journal Acute Medicine 02-06 
Critical Care 98-06 
Critical Care and Shock 01-06 
Critical Care Clinics 85-06 
Critical Care Medicine 73-06 
Critical care nurse 80-06 
Critical Care Nursing Clinics of North America 89-06 
Critical Care Nursing Quarterly 78-06 
Current Anaesthesia and Critical Care 89-06 
Current Opinion in Critical Care 96-06 
Emergency Medicine Clinics of North America 83-06 
Emergency Medicine Journal 01-06 
European Journal of Intensive Care Medicine 76 (now inactive) 
Heart and Lung: Journal of Acute and Critical Care 73-06 
Indian Journal of Critical Care Medicine 04-06 
Intensiv- und Notfallbehandlung 91-06 (DUE) 
Intensive Care Medicine 77-06 
Intensive and Critical Care Nursing 92-06 
Intensivmedizin und Notfallmedizin 86-06 (DUE) 
Intensiv- und Notfallbehandlung 91-06 
International Journal of Intensive Care 97-06 
JAMA 85-94, 02-06 
JEUR 88-06 (FRA) 
Journal of Critical Care 86-06 
Journal of Critical Illness 91-06 
Journal of Intensive Care Medicine 86-06 
Journal of Trauma - Injury, Infection and Critical Care 95-06 
Lancet 65-06 
Medicina Intensiva 88-06 (ESP) 
Neurocritical Care 04-06 
NEJM 65-06 
Notfall Medizin 80-03 
Pediatric Critical Care Medicine 03-05 
Seminars in Respiratory and Critical Care Medicine 94-06 
Southern African Journal of Critical Care 01-06 
Transfusion Medicine and Hemotherapy 03-06 



Appendix 3:  Data Extraction Form 

 

Data Extraction form for Eligible Studies 
 
Name of Review: Erythropoietin in Critical Illness-2007 
 
 
Reviewer’s Initials: __________  Date of data extraction:___________________ 
                 (dd/mm/yyyy) 
 
 

Article Identification 
 
Ref  ID number: __________ 
 
 
Title:    _________________________________________________________ 

    _________________________________________________________ 

    _________________________________________________________ 

 
First Author:  _____________________________ 

Second Author: _____________________________ 

 
Journal name/  _________________________________________________________  
Reference Source 
 

�Journal article �Published Abstract    �Conference Proceeding �Other___________ 
 
 
Year:_______  Volume:_______ Starting Page:_______ 
 
Language of Publication:  _____________________________ 
 
Source of sponsorship (Study) _____________________________ 
 
Study - country of origin  _____________________________ 
 
Comments: __________________________________________________________________ 
 
____________________________________________________________________________ 



Verification of Eligibility 

 
 

 
Inclusion Criteria 

Verify by a 
“tick” mark 

1. Patients admitted to an intensive care unit  

2. Patients receiving schedule doses of an erythropoietin receptor 

agonist 
 

 

3. Any comparator: None, placebo or other medications 
 

 

4. Randomised Clinical Trial  

 

 

 

Study Design 

 

Type of RCT  �Parallel Group  � Crossover        � Open-label 

 
 

Method of Randomization �Simple �Stratified   �Blocked       �Other________ 
 
 

Participating Centers  �Single Centre   �Multi-Centre 

 
 

Unit of Randomization  �Patient  �Centre  �ICU 

 
 
Number of Participating Centres  __________ 
 
  
Comments/Clarification:__________________________________________________________ 
 
______________________________________________________________________________ 
 
______________________________________________________________________________ 
 
 
 



Screening and Enrollment  

 
Total Patients assessed for eligibility  __________ 
 
Total Eligible patients    __________ 
 
Total patients randomized   __________ 
 
 
 
 
             Intervention#1    Intervention#2    CONTROL 
      (if more than one group) 

 
No. of patients assigned to group __________     __________     __________ 
 
No. of patients who completed the study __________     __________     __________ 
 
No. of patients included in analysis __________     __________     __________ 
 
 
 
 

Study Population 
 
 
Types of ICUs included:   
     

• Medical  

• Surgical 

• Mixed Medical/Surgical 

• Others (specify) ______________________ 
 
 

Type of ICU: �  Adult    � Pediatric 

 
Eligibility Criteria: 

• In ICU for how many days?     Yes� ________     No� 

• Age? (if so, what range)    Yes� ________ 

• Required hematocrit/Hemoglobin? (value)  Yes� ________    No� 

 
Length of Study period/Maximum Follow-up (weeks or days)  ___________________ 
 
What day of the study was the final hemoglobin concentration assessed?  _________

 

 

 

 



Baseline Characteristics 

 
      
 

 Intervention 

#1 

Intervention 

#2 

CONTROL 

    

Age (SD)    

Sex (SD)    

APACHE  (circle)     2  or  3    (SD) 
                    

   

SOFA    

MODS    

SAPS    

 
Admitting Diagnosis 

 Postoperative 
(any reason [ie. ventilation], excluding  trauma) 

   

 Trauma    

 Cardiovascular    

 Neurologic    

 Respiratory 
 (pneumonia, ARDS, or other) 

   

 Sepsis    

 Other    

 
Baseline Laboratory Values 

Hemoglobin (g/dl)   (SD) 
 

   

Hematocrit    (%)     (SD) 
 

   

Reticulocytes (%)    (SD) 
 

   

 Erythropoietin (mU/ml)   (SD) 
 

   

    

    

    

    



Intervention Details: 

 

Intervention #1 

�Erythropoietin  �Other:____________________     

 
 
Dosing regimen  ___________________ 
 
Method of administration  __________________________ 
 
Frequency of administration  __________________________ 
 
Duration of treatment ________________________________ 
 
Hemoglobin/Hematocrit at which the study drug was withheld    ___________ 
 
 

Cointerventions during trial (eg. iron, folic acid, B12, etc)    �Yes           No� 

 
       Iron:   % of patients receiving iron:  _____   
 

Other:  _____________________________________ 
 
 

Intervention #2 (if more than one intervention group) 

�Erythropoietin  �Other:____________________     

 
Dose ___________________ 
 
Method of administration  __________________________ 
 
Frequency of administration  __________________________ 
 
Duration of treatment ________________________________ 
 
Hemoglobin/Hematocrit at which the study drug was withheld    ___________ 
 
 

Cointerventions during trial (eg. iron, folic acid, B12, etc)    �Yes           No� 

 
       Iron:   % of patients receiving iron:  _____   
 

Other:  _____________________________________ 

 



CONTROL GROUP DETAILS 

 

�     Placebo     � Other Tx_______________      

 

� Usual care___________ � Other _________        ____ 

 
 
Method of administration  __________________________ 
 
Frequency of administration  __________________________ 
 
Duration of treatment ________________________________ 
 
 
 
 
 
 
 

Outcome measures and Results 

 
 
Stated Primary outcomes: 1. _________________________________________ 
(…and what day assessed) 
    2. _________________________________________ 
 
    3. _________________________________________ 
 
 
 
Secondary outcomes:  1. _________________________________________ 
 
    2. _________________________________________ 
 
    3. _________________________________________ 
    
    4 _________________________________________ 
  
 
 
 
 
 
 
 



Outcome measures and Results 
 
 

 Intervention 

#1 

Intervention 

#2 

CONTROL 

DICHOTOMOUS OUTCOMES    

Mortality (n)     

 Subgroup – APACHE<20-25    

            Subgroup – APACHE>20-25    

 Subgroup – Age <55    

 Subgroup – Age >55    

Number of patient requiring ANY blood 
transfusion within the study period 

   

Total number of RBC units transfused    

 
 

CONTINUOUS OUTCOMES 

   

IF MEDIAN, THEN GIVE IQR    

Mean increase in hemoglobin OR 
hematocrit from baseline (circle) 
 
 Standard Deviation (or 95%CI) 

   

Mean number of units transfused PER 
patient  
 
 Standard deviation (or 95%CI) 

   

Mean hospital length of stay 
 
 Standard deviation (or 95%CI) 

   

Mean ICU length of stay 
 
 Standard deviation (or 95%CI) 

   

Mean duration of Mechanical 
Ventilation 
 
 Standard Deviation (or 95%CI) 

   



 

REPORT THE UNITS Intervention 

#1 

Intervention 

#2 

CONTROL 

ADVERSE EVENTS (Dichotomous)    

Sepsis/Blood stream infection    

Stroke    

Myocardial Infarction    

Hypertension    

Transfusion Reaction    

Cardiovascular disorders NOS    

DVT    

Clotting disorders NOS    

 
 
 
 

Was the analysis intention to treat? �Yes  �No  �Not reported 

 

 

Comments: 
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