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JVlore than 12 million units of packed erythrocytes are 
transfused annually (1, 2). Because blood products be
came widely used after World War II, hundreds of mil
lions of units have been given (1-4). Major textbooks 
state that an increase of 10 g/L (1 g/dL) of hemoglobin is 
expected per unit of blood transfused (5-10). Authors (5, 
8, 11) have implied that after transfusion, the rate at 
which the hemoglobin concentration equilibrates takes 
about 24 hours, but the supporting evidence is scant. The 
ability to rapidly determine the increase in hemoglobin 
levels after transfusion is important in managing outpa
tients and acutely ill patients. A standard time to measure 
the hemoglobin levels would save unnecessary blood 
draws. 

To clarify these issues, we did a prospective study of 
medical inpatients at a tertiary care medical center to 
determine the amount of increase in hemoglobin levels 
after transfusion and the rapidity of equilibration. Hemo
globin levels rather than hematocrit levels were chosen 
because they are directly measured, not calculated (12). 

Methods 

Participants 

Patients on the general medicine service of a 700-bed teaching 
hospital from January to June 1993 were eligible if they were to 
receive a 2-unit packed erythrocyte transfusion. Exclusion criteria 
included age younger than 18 years, recent active bleeding, and 
inability to give a written informed consent. Hemoglobin concen
tration was measured at 15 minutes, 1 hour, 2 hours, and 24 
hours after the end of the transfusion. 

Experimental Measurements 

Blood was drawn in standard 2.5 or 3 mL Vacutainer blood 
tubes (Bectin-Dickinson Company; Rutherford, New Jersey), and 
complete blood counts were measured on Coulter S plus STKR 
machines (Coulter Electronics; Hialeah, Florida) using standard 
laboratory methods. Patients were interviewed and records were 
reviewed for age, height, and weight data; history of congestive 
heart failure; use of diuretic agents; and presence of fever. 

On the basis of data from a previous study (13), it was as
sumed that the change in hemoglobin over 24 hours would be 18 
± 8 g/L for a 2-unit transfusion. Controlling the probability of a 
type I error at a = 0.05, a sample of 34 patients would yield 80% 

power to detect a change in hemoglobin of 0.5 SDs or a 4 g/L 
change in hemoglobin levels. 

Statistical Methods 

The mean change in hemoglobin levels is presented together 
with 95% confidence intervals. The change in hemoglobin con
centration over time was examined by repeated measures analysis 
of variance using BMPD v. 7.0 (BMDP Statistical; Los Angeles, 
California). Sex, age, weight, body surface area, estimated blood 
volume, presence of a temperature greater than 38 °C, use of 
diuretic agents, history of congestive heart failure, and transfu
sion time were each included in the analysis of variance to 
explore possible confounding effects on hemoglobin equilibration. 
Creatinine clearance (14) and blood volumes (15) were estimated 
using published formulas, and body surface area was calculated 
using standard nomograms. The association between the 24-hour 
change in hemoglobin levels and continuous demographic and 
clinical factors was examined using the Pearson correlation co
efficient (P). A two-sided P value of 0.05 or less was considered 
significant. 

Results 

Fifty-two patients were interviewed for inclusion in the 
study. Six patients withdrew from the study because they 
received a transfusion other than a 2-unit transfusion, and 
two patients withdrew because they were not transfused. 
Five patients enrolled in the study twice. Only the first 
transfusion in these patients was analyzed. Thus, 39 pa
tients were included in the data analysis. 

Study patient characteristics are summarized in Table 1. 
The mean hemoglobin concentration increased by 20 g/L 
(95% CI, 17 to 22 g/L) during 24 hours (Figure 1). 
Hemoglobin levels before transfusion were lower than 
levels after transfusion (P < 0.001), but no significant 
differences were noted among the 15-minute, 1-hour, 
2-hour, and 24-hour hemoglobin values (P = 0.82). The 
change in hemoglobin concentration between 15 minutes 
and 24 hours ranged from 22 g/L to 20 g/L (-2.2 g/dL to 
2.0 g/dL). Twenty-three (59%) of the 39 patients had 
hemoglobin concentrations within 6.6 g/L of their 24-hour 
value at 15 minutes and 35 (90%) had concentrations 
within 10 g/L (Figure 2). A clinically significant change in 
hemoglobin level is generally considered to be 6.6 to 10 
g/L (12). 

Age, sex, weight, body surface area, estimated blood 
volume, history of congestive heart failure, use of diuretic 
agents, creatinine clearance of less than 30 mL/min, pres-

Table 1. Patient Characteristics 

Characteristic Value 

Age (range), y 52.6 (26 to 81) 
Men/women, n 23/16 
Weight (range), kg 70.0 (45.5 to 104.5) 
Body surface area (range), m2 1.81 (1.46 to 2.23) 
Estimated blood volume (range), L 4.54 (3.25 to 5.94) 
History of congestive heart failure, n (%) 4(10) 
Calculated creatinine clearance < 30 

mL/min, n (%) 2(5) 
Diuretic use near transfusion, n (%) 9(23) 
Fever near transfusion, n (%) 10 (26) 
Duration of transfusion (range), min 430 (183 to 730) From the Walter Reed Army Medical Center, Washington, D.C. For 
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ence of fever in the near-transfusion period, and duration 
of transfusion were not found to influence hemoglobin 
equilibration (data not shown). The correlation between 
the 24-hour change in hemoglobin level and weight (r = 
-0.16), blood volume (/* = -0.22), and transfusion time 
(r = 0.20) was not statistically significant. 

Discussion 

In 1964, Huber and colleagues (13) found the average 
increase in hemoglobin concentrations was 0.9 ± 0.1 
g/dL) in a study of 16 adult patients with mild spleno
megaly. Our study confirms this finding. 

No studies exist in adults assessing the time course of 
hemoglobin concentration after transfusion. Studies in 
children have yielded conflicting results. An early study 
(16) involving 12 children showed that the hemoglobin 
concentration at 24 hours was approximately 110% of the 
value immediately after transfusion. A more recent study 
of 14 neonates (17) showed that hematocrit levels mea
sured at 1 and 6 hours after transfusion were statistically 
equivalent. It has been implied that blood volume is ex
panded immediately after transfusion and does not return 
to normal for 24 hours (14). In fact, it was shown that 
after large-volume saline infusions, most excess fluid is 
eliminated from the intravascular space in minutes (18). 
Thus, erythrocyte transfusion should cause a minimal, 
transient expansion in blood volume. 

In 1988, O'Connell and colleagues (19) did an equili
bration study with platelets that showed that the platelet 
counts 10 and 60 minutes after transfusion were equiva
lent, and this enabled the investigators to decrease clinic 
encounter time. Our study shows that the hemoglobin 
level 15 minutes after transfusion is nearly identical to the 
24-hour level in patients who are not actively bleeding; it 
thus shows the value of rapid assessment. None of the 
clinical factors measured were found to influence hemo-

Figure 1. Increase in hemoglobin concentration after transfu
sion. The increase in hemoglobin concentration after a 2-unit 
transfusion of packed erythrocytes was 20 ± 2 g/L (P < 0.001). 
Values are expressed as mean ± SE; error bars represent the SE. 

Figure 2. Change in hemoglobin concentration over time. Differ
ences in hemoglobin concentrations between 24 hours after 
transfusion and 15 minutes, 1 hour, and 2 hours after a 2-unit 
transfusion of packed erythrocytes. 

globin equilibration. Although no relation was found for 
renal dysfunction or congestive heart failure, such a rela
tion may be beyond the detection power of this study. 
Other limitations of this study include the fact that we 
examined only medical inpatients and excluded persons 
with active or recent bleeding (because an equilibration 
experiment requires a steady state). 

We conclude that transfusion with 1 unit of packed 
erythrocytes increases the hemoglobin level an average of 
10 g/L (1.0 g/dL) and that hemoglobin measurements 
made 15 minutes after transfusion reflect steady state 
values. Such measurements should be of great value in 
decreasing patient waiting time after outpatient blood 
transfusions and decreasing the need to repeat blood tests 
in 24 to 48 hours. 
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