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Online Only Text 

eMethods 

Data Source 

A total of 78 hospitals contributed data to Health Facts during the years of interest; the median number of patients from 
each site was 219 (IQR 48, 1,030) and the median duration of hospitals’ participation was 2.9 years (IQR 1.2, 5.3).  
These hospitals were frequently urban (88.5%) and 35.9% were teaching hospitals.  Hospitals represented all 
geographic regions of the US (Northeast 38.5%, Midwest 25.6%, South 26.9% and West 9%) and a broad range of sizes 
(bed size 1-99, 26.9%; 100-199, 20.5%; 200-299, 23.1%; 300-499, 17.9%; and ≥ 500 beds, 11.5%).   

Patient population 

To conduct a patient level, rather than an encounter level analysis, we limited our cohort to each patient’s first AMI 
encounter.  We excluded patients known to be transferred from other hospitals (full laboratory testing data may not be 
available) or from hospice (goals of care for hospice patients differ from the overall population).  To improve 
generalizability, we then excluded patients from hospitals treating < 20 AMI patients during the study period and 
patients with lengths of stay > 31 days. We also excluded patients who underwent coronary artery bypass grafting 
during the index admission, since both the etiology and outcomes of anemia are different in these patients.  Finally, 
patients who did not have Hgb obtained within the first 24 hours of the admission, had fewer than 2 Hgb assessments, 
and patients who were anemic at admission (below diagnostic thresholds for anemia on initial Hgb) were excluded, 
yielding a final analytic cohort of 17,676 patients with AMI and no anemia on admission from 57 hospitals. 

Sensitivity Analyses 

Since we hypothesized that cumulative exposure to diagnostic blood loss would be associated with developing 
HAA, it was important to determine whether patients developed HAA early in their hospitalization or later in their 
hospital stay.  We calculated the proportion of patients who developed new moderate-severe HAA on each hospital day.  
For example, the denominator on hospital day 1 would be the entire analytic cohort, since all patients had normal 
admission Hgb, and the numerator was the number of patients who developed HAA on their first hospital day.  On day 
2, the denominator was all patients who had normal hemoglobin prior to the second hospital day, remained alive and 
were still hospitalized, and so on. 

To better understand how length of stay influenced the relationship between diagnostic blood loss and HAA, 
we tested an interaction between length of stay and diagnostic blood loss, and repeated our analyses after stratifying by 
length of hospitalization.  The analyses were also repeated after excluding patients with known bleeding events to 
evaluate whether the relationship between HAA and diagnostic blood loss was different among patients who didn’t have 
documented bleeding.   Bleeding was identified via International Classification of Diseases, Ninth Revision, Clinical 
Modification diagnostic codes consistent with bleeding episodes.  To understand whether the definition of anemia 
influenced our results, we repeated our primary analyses after defining anemia using the World Health Organization 
anemia definition (Hgb < 13 g/dl in men, Hgb < 12 g/dl in women).1 Additionally, due to the variability in prior reports 
on the blood volume required to fill different blood tubes,2-6 we conducted sensitivity analyses using various estimates 
of the blood volume required to fill each type of tube. 2,4-6 Finally, to illustrate the potential impact of a hypothetical 
intervention such using pediatric tubes to reduce diagnostic blood loss, we also generated estimates of diagnostic blood 
loss if low volume pediatric tubes were used place of standard tubes (1.2 ml for CBC, 1.4 ml for coagulation tubes and 
1.1 ml for other tube types).7   All statistical analyses were evaluated at a 2-sided significance level of 0.05 and 
performed using SAS version 9.2 (SAS Institute, Cary, NC) and R (Version 2.0).8 
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eResults 

Sensitivity Analyses 

There was a significant interaction between length of stay and diagnostic blood loss (p<0.001); accordingly, we 
tested the association of diagnostic blood loss and moderate-severe HAA after stratifying by length of stay.  Among 
patients with moderate-severe HAA, mean diagnostic blood loss was 83.9±40.7 ml in those when length of stay was ≤ 4 
days and 199.8 ± 146.2 when length of stay was >4 days (no HAA or mild HAA:  62.5±24.0 ml when length of stay 
was ≤ 4 days and 116.7±65.3 ml when length of stay was > 4 days).  Although the association between greater 
phlebotomy volume and higher HAA risk was significant in both groups, its magnitude was greater in patients with a 
length of stay of 4 days or less (N=9,461; RR for moderate-severe HAA per 50 ml of diagnostic blood loss =1.30, 95% 
CI 1.14-1.48, p<0.001), than in those with lengths of stay over 4 days (N=8,215; RR 1.12, 95% CI 1.09-1.14, p<0.001).   

Results of other sensitivity analyses were consistent with the primary findings.  After excluding patients with 
documented bleeding (N=935), the association between diagnostic blood loss and moderate-severe HAA was similar 
(per 50 ml:  RR 1.14, 95% CI 1.11-1.16, p<0.001).  When using the World Health Organization anemia definition, we 
also found a similar adjusted association between diagnostic blood loss and moderate-severe HAA (per 50 ml:  RR 1.15, 
95% CI 1.12-1.18, p<0.001).  Estimates of total diagnostic blood loss generated by varying the volume of blood 
required to fill each tube are presented in Table 3.  Among patients who developed moderate-severe HAA, the estimated 
total phlebotomy volume ranged from 140.1±115.7 ml using the most conservative estimates of blood volume required 
to fill standard tubes to 233.0±187.0 ml using the largest blood volume estimates from prior literature.  Greater 
diagnostic blood loss was associated with significantly higher risk of moderate-severe HAA regardless of which values 
were used for blood tube volumes.  Although relatively similar in magnitude, the relationship between the volume of 
blood drawn for phlebotomy and moderate-severe HAA varied across these analyses ranging from a relative risk of 1.11 
(95% CI 1.08-1.14) per 50 ml of blood drawn to 1.19 (95% CI 1.15-1.23) per 50 ml of blood drawn across the spectrum 
of previously reported tube volumes. 
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eTable.  Full Multivariable Model Predicting Moderate-to-Severe Hospital-Acquired 
Anemia 

Variable Relative Risk Lower CI Upper CI P-value

Total phlebotomy ml (50 ml increase) 1.1517 1.1196 1.1848 <.0001

Age (10 year increase) 1.2377 1.2002 1.2764 <.0001

Female 2.9666 2.8097 3.1321 <.0001

Non-Caucasian 1.2773 1.1601 1.4064 <.0001

ST elevation MI 1.1594 1.1018 1.2199 <.0001

Acute Renal Failure 1.2282 1.1055 1.3644 0.0001

Heparin 1.1476 1.0453 1.2599 0.0038

Cardiogenic Shock 1.1400 1.0320 1.2594 0.0099

In hospital Cardiac Cath or Percutaneous 
Coronary Intervention 

1.1219 1.0288 1.2234 0.0092

Glycoprotein IIb/IIIa inhibitor 1.2086 1.0806 1.3518 0.0009

Bivalirudin 0.8969 0.7716 1.0426 0.1566

Thienopyridine 1.0257 0.9275 1.1344 0.6206

Beta-Blocker 1.0488 0.9290 1.1840 0.4415

Statin 0.9730 0.9224 1.0264 0.3158

Angiotensin Converting 
Enzyme/Angiotensin Receptor Blocker  

1.1502 1.0694 1.2371 0.0002

Aspirin 0.9085 0.8117 1.0169 0.0952

Thrombolytics 1.0697 0.9386 1.2190 0.3124

Mechanical ventilation 1.4024 1.2203 1.6117 <.0001

Chronic Kidney Disease 1.5117 1.3601 1.6801 <.0001

Prior Myocardial Infarction 0.7911 0.6848 0.9140 0.0015

Diabetes 1.1031 1.0454 1.1640 0.0003

Heart failure 1.0537 0.9881 1.1235 0.1105

Hypertension 0.8588 0.8036 0.9178 <.0001
Fully adjusted model with all covariates listed except hospital site, which was modeled as a random variable. 
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eFigure 1.  Patient Population.  Of 38,422 unique patients with an ICD-9 diagnosis of AMI confirmed by 
positive cardiac biomarkers who were not discharged from the hospital within the first 24 hours after 
admission, 81 patients were excluded as they were known to have transferred from another admitting 
hospital, 57 were excluded from hospitals with small enrollments (< 20 patients) and 31 were excluded 
because of very long lengths of stay over 31 days.  Patients who had bypass surgery (n=3,990), had no 
hemoglobin assessment in the first 24 hours of hospitalization (n=3,577) and those who were anemic at 
admission (n=10,424) were also excluded.  AMI = acute myocardial infarction, CABG = coronary artery 
bypass grafting, Hgb = hemoglobin, LOS = length of stay. 
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eFigure 2.  Mean diagnostic blood loss and incidence of moderate-to-severe hospital-
acquired anemia across health facts hospitals. Each hospital is plotted on a graph of the 
hospital’s incidence of moderate-severe HAA on the x-axis against the mean diagnostic blood loss 
at that facility, among all patients admitted for AMI, on the y-axis.  The size of each point reflects 
the number of patients included in the database from that hospital.
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eFigure 3.  Proportion of patients developing moderate-to-severe hospital-acquired anemia 
on hospital days 1 through 10.  The proportion of patients who developed moderate-severe HAA 
on each hospital day (1-10) was calculated.  The denominator for each hospital day reflects the 
number of individuals who remain hospitalized on each day who had not developed HAA prior to 
the day of interest (hospital day 1: 17,676; hospital day 2: 13,851; hospital day 3:  9,720, hospital 
day 4:  6,166, hospital day 5:  4,008, hospital day 6:  2,654, hospital day 7:  1,823, hospital day 8:  
1,283, hospital day 9: 938, hospital day 10: 697).  The numerator is the number of individuals who 
developed new HAA during each respective hospital day (hemoglobin decline below diagnostic 
thresholds for anemia in the setting of previously normal hemoglobin values).



 

© 2011 American Medical Association. All rights reserved. 

 

eReferences 

1. Blanc B, Finch CA, Hallberg L. Nutritional Anemias.  Report of a WHO Scientific Group. WHO Tech Rep Ser. 
1968;405:1-40. 

2. Smoller BR, Kruskall MS. Phlebotomy for diagnostic laboratory tests in adults. Pattern of use and effect on 
transfusion requirements. N Engl J Med. May 8 1986;314(19):1233-1235. 

3. Chant C, Wilson G, Friedrich JO. Anemia, transfusion, and phlebotomy practices in critically ill patients with 
prolonged ICU length of stay: a cohort study. Crit Care. 2006;10(5):R140. 

4. Wisser D, van Ackern K, Knoll E, Wisser H, Bertsch T. Blood loss from laboratory tests. Clin Chem. Oct 
2003;49(10):1651-1655. 

5. Shaffer C. Diagnostic blood loss in mechanically ventilated patients. Heart Lung. May-Jun 2007;36(3):217-
222. 

6. Pabla L, Watkins E, Doughty HA. A study of blood loss from phlebotomy in renal medical inpatients. Transfus 
Med. Dec 2009;19(6):309-314. 

7. Sanchez-Giron F, Alvarez-Mora F. Reduction of blood loss from laboratory testing in hospitalized adult 
patients using small-volume (pediatric) tubes. Arch Pathol Lab Med. Dec 2008;132(12):1916-1919. 

8. R: A language and environment for statistical computing [computer program]. Vienna, Austria2006. 

 

 

  

 

 


