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Purpose: The purpose of this article was to determine 
the prevalence of iron, vitamin B12, and folate defi- 
ciency and to evaluate the erythropoietin (EPO) re- 
sponse to anemia in a cohort of long-term intensive 
care unit (ICU) patients. 
Materials and Methods: All patients admitted to three 
academic medical center multidisciplinary ICUs were 
screened for eligibility into a randomized trial of EPO 
for the treatment of ICU anemia. On their second or 
third ICU day, patients enrolled in this trial had EPO 
levels drawn and were screened for iron, B12, and fo- 
late deficiency. Weekly EPO levels were obtained 
throughout patients" ICU stay. 
Results:A total of 184 patients were screened for iron, 
B12, and folate deficiency. Sixteen patients (9%) were 
iron deficient by study criteria, 4 (2%) were B12 defi- 
cient, and 4 (2%) were folate deficient. Mean hemo- 
globin and reticulocyte percents of the remaining 160 

patients were 10.3 _+ 1.2 g/dL and 1.66 -+ 1.09%, re- 
spectively. In most patients, serum iron and total iron 
binding capacity levels were very low, whereas ferritin 
levels were very high. Mean and median day 2 EPO 
levels were 35.2 -+ 35.6 mlU/mL and 22.7 mlU/mL, re- 
spectively (normal = 4.2-27.8). Serial EPO levels in 
most persistently anemic patients remained within 
the normal range. 
Conclusions: In tl~is cohort, screening for iron, B12, and 
folate deficiency identified potentially correctable ab- 
normalities in more than 13% of patients and should 
be considered in those who are anticipated to have 
long ICU stays. Even at an early point of critical ill- 
ness, most patients had iron studies consistent with 
anemia of chronic disease (ACD), as well as a blunted 
EPO response that may contribute to this ACD-like 
anemia of critical illness. 
Copyright �9 2001 by W,B. Saunders Company 

A NEMIA, an extremely common disorder in 
critically ill patients, results in many trans- 

fusions in long-term ICU patients. 1'2 The potential 
causes of this anemia include blood loss from di- 
agnostic phlebotomy and gastrointestinal (GI) 
bleeding, decreased erythrocyte life-span due to he- 
molysis and disseminated intravascular coagulation 
(DIC), and decreased erythrocyte production or in- 
effective erythropoeisis secondary to many factors. 
Multiple investigators have evaluated various sim- 
ple, effective methods to decrease blood loss from 
diagnostic phlebotomy, such as the use of in-line 
blood conservation devices and smaller sampling 
tubes. 3-7 Likewise, the utility of various measures 
to prevent gastrointestinal bleeding in ICU patients 
and the causes of DIC have been extensively ad- 
dressed. 8-~5 However, the prevalence of nutritional 
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deficiencies as potentially reversible causes of in- 
effective erythropoiesis and ICU anemia have been 
less well described. 

In a recent analysis of patients treated in an ICU 
for more than 3 days, Von Ahsen et al ~6 determined 
that diagnostic phlebotomy accounted for approx- 
imately 17% of total blood loss, and overt GI bleed- 
ing was present in a few patients. However, most 
of the progressive anemia they documented could 
not be attributed to these two causes, and they pos- 
tulated that a blunted erythropoietin response, de- 
creased iron availability, and nutritional factors 
may be largely responsible for this anemia. The 
purpose of this analysis was to characterize factors 
contributing to ineffective erythropoiesis in a co- 
hort of ICU patients. As part of a trial of recombi- 
nant human erythropoietin (EPO) for the treatment 
of anemia in critically ill patients, we assessed the 
prevalence of potentially correctable nutritional 
causes of anemia, specifically iron, Bla, and folate 
deficiency. We also further evaluated the frequency 
of a blunted EPO response as a contributor to in- 
effective erythropoiesis in this study population. 

MATERIALS AND METHODS 

All patients admitted to three academic medical  center mul- 

t idisciplinary ICUs were screened for enrollment into a ran- 

domized trial of EPO that is described in detail  e l sewhere]  7 

Dates of enrollment were as follows: Dartmouth-Hitchcock 
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Table 1. Inclusion/Exclusion Criteria for Recombinant Human EPO Trial 
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Inclusion Criteria 
1. Age: 18 years or older. 
2. Sex: male or female. Female subjects must have been post-menopausal for at least 1 year or surgically sterile 

hyst'~ee ectomy or tubal ligation, Female subjects of childbearing potential must have had a negative pregnancy test (serum 
hCG RIA) immediately before study entry. 

3. No B12 or folate deficiency. 
4. No iron deficiency (transferrin saturation <15% and ferritin <50 ng/mL). 
5. Hematocrit <38%. 
6. Subject (or next of  kin) must have read and signed the informed consent form. 

Exclusion Criteria 
1. Presence of any primary hematologic disease. 
2. Risk of hospital death (APACHE II) >80%. 
3. Neutropenia (<500 neutrophils) or thrombocytopenia (<20,000 platelet). 
4, Vasopressor requirement for blood pressure support (other than low-dose dopamine <5 ixg/kg/min) and severe 

respiratory compromise (Fio2>60% and/or PEEP >10). 
5. Chronic renal failure on maintenance dialysis. 
6. Liver failure, cirrhosis, varices, hepatic encephalopathy. 
7. Seizures within prior 6 months. 
8. Hypertension not controlled on medication (systolic >200, diatolic >110). 
9. Severe head injury. 

10. Recent neurosurgicat procedure or cerebrovascular accident (within 1 month). 
11. Recent androgen therapy (within 1 month). 
12. Recent cytotoxic or immunosuppressive therapy (within 1 month). 
13. Autoimmune hemolysis (Coombs positive). 
14. Subjects who have received an experimental drug within 30 days before this study. 
15. Previous rHuEPO or involvement in prior rHuEPO clinical study. 
16, Subjects prohibited from receiving blood transfusions. 
17. Pregnancy or lactation. 
18, Active collagen-vascular disease. 
19. Recent thromboembolic disease (within 6 months). 
20, Active bleeding. 

Medical Center (November 1993 to July 1997), Stanford Uni- 
versity Medical Center (May 1995 to July 1997), and Naval 
Medical Center San Diego (November 1995 to July 1997). In- 
clusion and exclusion criteria for this study are listed in Table 
1. At all three hospitals, IRB approVal and informed, written 
consent were obtained. Patients who met entry criteria and gave 
consent were screened for iron, B12, and folate deficiency on 
their second or third ICU day. EPO levels were also drawn at 
this time with serial levels obtained at weekly intervals for as 
long as the patients remained in the ICU. B12 and folate defi- 
ciency were defined by a finding of a serum level below the ac- 
cepted range of normal at each institution's laboratory. For the 
purposes of this analysis, iron deficiency was defined as an 
iron/total iron binding capacity (Fe/TIBC)~atio of <15% com- 
bined with a ferritin <100 ng/mL (a higher cut-off valve than 
the above-mentioned exclusion criteria). 

Assays for iron studies, serum B12, and folate levels were per- 
formed at each hospital's local laboratory. Samples of serum for 
EPO levels were frozen at - 7 0  degrees Centigrade and sent to 
a single commercial laboratory (LabCorp, Raritan, NJ) for EPO 
assay (enzyme immunoassay). 

R E S U L T S  

A to ta l  o f  5 , 2 8 8  p a t i e n t s  w e r e  a d m i t t e d  to  t h e  

t h r e e  I C U s  o v e r  t h e  s t u d y  o f  p e r i o d .  S i x t y - s i x  p e r -  

cent of these patients (3,510) either died or were 
discharged before ICU day 3 and were therefore 
excluded from screening. Of the remaining, 1,778 
patients, 1,594 were excluded on the basis of the 
listed study criteria, with new onset seizures, pri- 
mary hematologic disease or malignancy, and liver 
failure being the most common reasons for ineligi- 
bility, Only 1% of patients was excluded because 
of hematocrit greater than 38%. The remaining 184 
patients were screened for iron, B12, and folate de- 
ficiency. Sixteen screened patients (9%) were iron 
deficient by study criteria, 4 (2%) were B12 defi- 
cient, and 4 (2%) were folate deficient. 

Fifty-four percent of the remaining 160 patients 
were male. Ages ranged from 18 to 97 years, with 
a median age of 66 years, and a mean age of 
60.3 -+ 19.2 years. Their mean, median, and range 
of length of ICU stay were 18.0 + 16.5, 12, and 4 
to 99 days, respectively. Their three most common 
admitting diagnoses were pneumonia (24%), other 
respiratory illness (21%), and post-trauma (15%). 
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Table 2. Summary of Screening Laboratory Values of Patients Not Iron, B12, or Folate Deficient {N = 160) 

Mean • SD Median Range Range of Normal 

Hemoglobin 10.3 _+ 1.2 10.2 6.9 - 13.1 Male 

(g/dt~ Female 

Reticulocyte 1.,66 _+ 1.09 1.3 0.08 - 5.42 0.60 
(%) 

Serum Iron 27.5 -+ 32.0 17 < 2 . 0 -  276 49 

(~g/dL) 

TIBC 170.2 -+ 65.3 163 3 6 -  378 250 
(l~g/dL) 

Iron/TIBC 0.16 -+ 0.18 0.10 0.01 - 0.99 

Ferritin 726~8 _+ 1203.7 384 19 - 10,971 6 
(ng/mL) 

14-i8 

12-16 

1.83 

181 

450 

>0.15 

- 320 

Abbreviations: SD, Standard deviation;TIBC, total iron binding capacity. 

Mean Acute Physiology and Chronic Health Eval- 
uation (APACHE) II score was 18.3 + 5.4, and their 
hospital mortality was 28%. Results of their screen- 
ing laboratory results are summarized in Table 2. 
Baseline EPO levels of 113 of these patients are 
listed in Table 3. Because of incomplete collection 
of samples, no EPO levels were available for the 
other 47 (29%) patients. In comparison to the other 
113 patients, these patients did not differ signifi- 
cantly with regard to mean age, mean APACHE II 
scores, mortality, or length of ICU stay. Serial lev- 
els of control arm patients (not receiving exoge- 
nous EPO) who remained in the ICU are also listed 
in Table 3. 

DISCUSSION 

In this study we identified some of the potential 
causes of ineffective erythropoiesis in a cohort of 
long-term ICU patients. We identified potentially 
correctable nutritional causes of anemia in over 
13% of patients (9% iron deficiency by our crite- 
ria, 2% B12 deficiency, and 2% folate deficiency). 
In addition, we found that even at an early point of 

critiCal illness (ICU day 2 or 3), most ICU patients 
had low serum Fe and TIBC, low Fe/TIBC, and el- 
evated ferritin levels--values consistent with ACD. 
We also documented a blunted EPO response with 
associated low levels of reticulocytosis in these pa- 
tients, which is a likely contributor to this ACD- 
like anemia of critical illness. 

Many other investigators have demonstrated the 
utility of screening less acutely ill populations of 
anemic patients for iron, B12, and folate deft: 
ciency. 1s-2~ Norman and Morrison is found a rela- 
tively high prevalence of B12 deficiency in the out- 
patient elderly, and Sumner et a119 identified 
evidence of B12 deficiency in approximately 31% 
of post-gastric surgery patients. Screening for iron 
deficiency has been even more extensively vali- 
dated. 21'22 The prevalence of iron deficiency ane- 
mia in the US population is approximately 1% to 
2% for adult men and 2% to 5% for adult women, 21 
and screening has been recommended for many pa- 
tient groups including anemic pregnant patients and 
anemic infants and children. 22 

Fewer investigators have evaluated nutritional 
screening for anemia in ICU patients. Reductions 

Table 3. Initial and Serial Serum EPO Levels (mlU/mL) 

Day 2 Week 1 Week 2 Week 3 Week 4 

N 113 41 29 12 9 

Mean + SD 35.2 -+ 35.6 28.3 -+ 31.5 33.0 -- 54.4 21.5 _+ 16.7 29.8 -- 23.6 

Median 22.7 15.6 18.0 14.3 26.1 

Range 1-166 1-134.6 1-288 1-53 6-84 
Percent of values above normal range 40.7 29.3 24.1 25.0 44.4 

NOTE. Normal EPO level = 4.2-27.8 mlU/mL. 

Abbreviation: SD, standard deviation. 

Day 2 column includes levels from 113 of 160 enrolled study patients, whereas week 1, 2, 3, and 4 levels include only those pa- 

tients who remained in the ICU and did not receive exogenous EPO. 
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of B12 levels without evidence of true deficiency 
have been described with prolonged infusions of 
sodium nitroprusside. 23 During a trial of folate sup- 
plemgnt~ion for ICU patients, Campillo et a124 
identified folate deficiency in 19% of studied pa- 
tients. In other ICU case reports, investigators have 
characterized the marrow failure that may occur 
with folate deficiencyY -27 

A blunted EPO response to anemia has been well 
documented in chronically ill patients 2s and has 
been cited as a primary cause of the ACD. 28-29 Sev- 
eral investigators have also examined the EPO re- 
sponse to anemia in critically ill patients. 3~ In a 
study of burn victims, Deitch and Sittig30 found a 
preserved EPO response to anemia with 82% of se- 
verely burned patients producing elevated EPO lev- 
els. Conversely, Gabriel et a131 and Rogiers et a132 
found inappropriately low EPO levels in small 
cohorts of critically ill adult patients, and Krafte- 
Jacobs et a133 demonstrated a decreased EPO re- 
sponse in acutely hypoxic and acutely anemic 
children. In our large cohort of adult critically ill 
patients, we confirmed the blunted EPO response 
to the anemia of critical illness that Was observed 
by these latter investigators. Only 41% of the ane- 
mic patients in our study had an elevated day 2 to 
3 EPO level, and most of these 41% generated only 
a marginaly elevated response. Even fewer patients 
(control group) maintained an elevated EPO level 
over time. 

In chronic and critical illness, erythropoiesis is 
limited not only_ by blunted EPO production, but 
also by the suppressive actions of various inflam- 
matory cytokines such as interleukin 1, tumor 
necrosis factor, granulocyte-macrophage colony- 
stimulating factor, and gamma-interferon, a9-35 In 
an experimental model, immunomodulation with 
an interferon inhibitor has been shown to reverse 
some of this erythropoietic suppression. 36 A more 
promising avenue for the treatment of blunted ery- 
thropoiesis in the anemia of critical illness lies in 
the administration of exogenous recombinant hu- 
man EPO, which has been shown to decrease trans- 
fusions in long-term ICU patients. 17'31 

One of the strengths inherent in the methods of 
our study was the use of a uniform, early (ICU day 
2 or 3) date for screening. This prompt testing may 
have decreased the influence of potential con- 
founding variables, such as ongoing iron loss from 
diagnostic phlebotomy and variations in nutritional 
support during ICU stays. Early screening and di- 

agnosis has the additional advantage of maximiz- 
ing time for intervention to treat these deficiencies. 

However, it is possible that the blunted EPO re- 
sponse we found was an artifact of this early screen- 
ing protocol (insufficient time for the patients to 
produce EPO), or that we mayhave missed a peak 
in EPO production later. However, weeks 2 through 
4 EPO levels in the persistently anemic control 
group (no exogenous EPO) remained low, and other 
investigators have shown that the normal EPO re- 
sponse to hyp0xemia and anemia is rapid and sus- 
ta inedS EPO levels of healthy humans increase 
significantly within 2 hours of acute hypoxic stim- 
ulus and remain elevated until removal of this stim- 
ulus. 37 

The heterogeneity of our study population; that 
is, the mix of multiple principal diagnoses includ- 
ing pneumonia, respiratory failure, postoperative 
sepsis, and post-trauma, may be considered by 
some a potential limitation when trying to gener- 
alize our findings to more specific groups of ICU 
patients. Formerly healthy young trauma patients 
are likely to have a lower prevalence of nutritional 
deficiencies than older patients with significant 
prior disease, and they may also generate a more 
robust EPO response than those with prior renal in- 
sufficiency. However, the small numbers wi th in  
most of these groups, such as trauma or sepsis, pre- 
cluded meaningful subgroup analysis. 

Another important limitation of our work was the 
relatively large number of study exclusion criteria, 
which decreased the pool of patients who were 
screened. A screening protocol that included all 
long-term ICU patients, not just those who were el- 
igible for the EPO study, would have generated 
more meaningful results. However, two thirds of 
ineligible study patients were excluded because 
they either died or were discharged from the ICU 
before ICU day 3. Although data regarding these 
short-term ICU patients may be useful from a pub- 
lic health perspective, they do not represent the 
group that we were targeting--the long-term ICU 
patient who is at the greatest risk for further wors- 
ening of nutritional deficiencies and anemia. 

Perhaps the most significant critiques of this 
study may lie in the difficulties in defining clini- 
cally important nutritional deficiencies and in dis- 
tinguishing true iron deficiency from ACD in pa- 
tients with the systemic inflammatory response 
syndrome (SIRS). Because of variations in distri- 
bution of cobalamin (Ble) on its binding proteins, 
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B12 serum levels may not serve as the most clini- 
cally useful screens for true deficiency. 3s'39 Re- 
cently, developed assays of  B12 metabolites may 
provide more useful information. 39'4~ Given the eb 
evations of  the acute phase reactant ferritin that oc- 
cur in this critically ill population, defining iron de- 
ficiency is even more problematic. Most patients 
had very low iron/TIBC ratios, but none had lower 
than "normal" ferritin values. This constellation of  
laboratory values (low Fe/TIBC with normal to 
high ferritin) makes the distinction between iron 
deficiency and ACD a difficult one. In a "meta- 
analysis of  the literature regarding the laboratory 
diagnosis of  iron-deficiency anemia, Guyatt et a141 
concluded that in the presence of  acute inflamma- 
tion higher than "normal" values of  ferritin should 
be used as cutoff points for iron deficiency. We 
adopted this recommendation, but it is likely that 
some of  the patients designated as iron deficient by 
our criteria truly were not iron deficient, and that 
some patients who had ferritin values > 100 ng/mL 
truly were iron deficient. Measurement of  iron 
stores by bone marrow biopsy is the only true gold 
standard, but this is impractical to be enacted on a 
widespread basis in ICUs. Recent work by two 
groups of  investigators may offer better alternatives 
for the diagnosis of  iron deficiency. 42'43 Herbert 
et a142 found that measurement of  iron within fer- 
ritin (serum ferritin iron) provides a simple gauge 
of iron stores that is not confounded by inflamma- 
tion. Brugnara et al43 have shown that reticulocyte 
hemoglobin content is the single best screening test 
for iron deficiency in children. 

Finally, in this era of  limited health care fund- 
ing, identification of nutritional causes of  anemia 
must not only be feasible, but also must be cost- 
effective. In a study of  the cost-effectiveness of  
screening for nutritional causes of  anemia in 48 
end-stage renal disease patients before EPO ther- 
apy, Hutchins and Jones 44 found that only iron de- 
ficiency (38%) was common enough to warrant 
screening. Their screening protocol identified only 
one folate deficient patient and no B 12 deficient pa- 

dents. It could be argued that the 2% yields on 
screening for these two deficiencies in our patient 
group also are too low to be cost-effective, and that 
the poor sensitivity and specificity of  macrocytosis 
for these deficiencies preclude its use in targeting 
a more selected population for screening. 45'46 How- 
ever, identification and treatment of  these nutri- 
tional deficiencies may provide other clinical ben- 
efits, such as the amelioration of  neurologic 
disorders associated with B12 deficiency and the re- 
versal of  thrombocytopenia and leukopenia with fo- 
late deficiency, in addition to the mere correction 
of  anemia. 

Given the relatively high prevalence Of iron de- 
ficiency and the unavoidable ongoing blood loss in 
long-term ICU patients, a logical next step would 
be a study to determine whether providing supple- 
mental iron to these iron deficiency patients truly 
makes a difference, that is, improves hematopoiesis 
without significant side effects. As has been demon- 
strated in patients with rheumatoid arthritis and 
other chronic inflammatory diseases, 47 low en- 
dogenous EPO levels and cytokine suppression of  
erythropoiesis in this critically ill group may ren- 
der iron supplementation without exogenous EPO 
useless, in which case Screening for iron deficiency 
may be futile. 

In this cohort of  critically ill patients, screening 
for B12 and folate deficiency identified correctable 
abnormalities in 4% of patients and should be con- 
sidered in those patients who are anticipated to have 
long ICU Stays. Screening for iron deficiency was 
complicated by the difficulties inherent in defining 
iron deficiency in patients with acute inflammation. 
If  an iron/TIBC < 15% with a ferritin < 100 ng/mL 
is accepted as criteria for iron deficiency, then 
screening may identify iron deficiency in as many 
as 9% of patients. Most patients in this cohort had 
iron studies consistent with ACD; they were also 
found to have a blunted EPO response that may 
contribute to this ACD-like anemia of critical ill- 
ness. 
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