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Postural Pseudoanemia:
Posture-Dependent Change in Hematocrit
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OBJECTIVE: To determine the magnitude of posture-related
changes in blood components.

SUBJECTS AND METHODS: Twenty-eight healthy subjects were
studied between 1995 and 2004 at the Vanderbilt Autonomic
Dysfunction Center, Nashville, Tenn. Lying and standing plasma
volume (PV) and hematocrit (Hct) values were determined for
each subject.

RESULTS: Individual PV decreases on standing ranged from 6% to
25%. The absolute mean = SD PV shift was 417+137 mL (range,
149-717 mL). The mean = SD change in Hct was from 37.7%+2.8%
while supine to 41.8%=+3.2% within 30 minutes of standing. This
absolute increase in Hct of 4.1%=+1.3% represents a relative
increase of 11.0%=+3.6% from lying to standing.

CONCLUSIONS: Changes in posture can lead to substantial
changes in Hct, which may be attributed mistakenly to blood loss
or acute anemia and result in a cascade of unnecessary diagnos-
tic costs. In reality, these changes represent postural pseudoane-
mia, a normal physiological response to a change in position from
standing to lying (and vice versa).
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BV = blood volume; Hct = hematocrit; PV = plasma volume

ssessment of the cellular component of blood hias
an

been a cornerstone of patient evaluation for more th
a century. Determination of hematocrit (Hct [packed red
blood cell volume]) and hemoglobin levels has become

he

showed a loss of plasma volume (PV) on standing in 1928.
Tombridge and Nunnally addressed this effect in typical
hospital conditions, suggesting that the hemoconcentration
that results from plasma loss to the interstitium may alter
Hct in a clinically important manner.

Therefore, posture can cause wide fluctuations in Hct
levels. These fluctuations are often substantial enough to
shift the Hct out of the “normal” range for a particular
patient and may lead to an inaccurate diagnosis of anemia,
which we refer to aposturalpseudoanemiaClinically,
the initial Hct level on hospital admission often is mea-
sured when the patient is upright or was recently upright.
After admission, Hct levels measured when the patient is
supine may be remarkably lower, which may alarm the
physician. It is important to know whether the change in
Hct is a result of acute bleeding or can be explained
simply by postural influences on the blood cell concentra-
tion (ie, pseudoanemia). Thus, the purpose of this study
was to determine the magnitude and variability of the
changes in PV shifts and consequently on obtained Hct
values resulting from changes in posture from lying to
standing.

SUBJECTS AND METHODS

mainstay of monitoring anemia and an important indicator Twenty-eight healthy subjects (21 female) were studied at

of blood loss. Because of the simplicity of Hct determina-
tion, this test is used widely in many clinical settings fo
track anemia of iron deficiency, chronic disease, vitamin

the Vanderbilt Autonomic Dysfunction Center in Nash-

B,, deficiency, folate deficiency, and many other condi-
tions. Although determination of Hct seems reproducible
and straightforward under controlled laboratory condi-
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tions, it is a far more complicated index of erythrocy
status than is commonly appreciated. Many factors ¢
influence the value obtained for Hct in a clinical settin
These factors are usually pathological, although some n
be due to normal physiological circumstances.
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this shift in balance between hydrostatic and oncotic pr
sures leads to a net movement of fluid from intravascula
interstitial spacesThe resulting filtration is halted eventu-
ally by a combination of tissue pressure and increas
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POSTURAL PSEUDOANEMIA

ville, Tenn, between 1995 and 2004. All subjects were  Total blood volume (BV) was calculated from measured
medication free for at least 5 days before determination ofPV and microcapillary venous Hct corrected for trapped
PV. Study protocols were approved by the Vanderbilt plasma (0.96) and whole body Hct (0.913ubsequent
University Institutional Review Board, and each partici- relative dynamic percent changes in PV were calculated
pant gave written informed consent to participate in the from Hct from free-flowing blood samples, in which Hct

study. was the control and Hoivas the test as follokisDynamic
APV (%) = 100x [(Hct, — Het)/Het] x [1/(1 — Het)]; Het
ProTocoL was measured in quadruplicdtéotal protein was mea-

Subjects were admitted to the Elliot V. Newman General sured in triplicate by refractometry in 10 subjects (TS
Clinical Research Center at Vanderbilt University and meter, Leica, Buffalo, NY).
given a diet that contained 150 mEq of sodium per day and The percentage difference in BV was calculated from
70 mEq of potassium per day for at least 3 days before thahe ratio between the measured total BV and the estimated
study. After remaining supine overnight, subjects under- total BV. Estimated BV values for each subject were calcu-
went assessment of PV and Hct, and then posture-inducedated from the height (Ht [m]) and weight (Wt [kg]) as
dynamic changes in PV and Hct were evaluated. A subsefollows!: Estimated BV (liters) = (0.414Ht°%) + (0.0328x
of the patients (n=10) also underwent total protein determi- Wt) — 0.03 (with gender correction).
nations while supine and while upright. For upright assess-
ments, a tilt table test (8€or up to 30 minutes) was used in  STATISTICAL ANALYSES
18 subjects or unsupported standing (for up to 60 minutes)Results are presented as me&D; P<.05 was considered
in 10 subjects. During upright posture, Hct measurementsstatistically significant. Multiple measurements were taken
were made at 2.5, 5, 7.5, 10, 15, 20, 30, 45, and 60 minutesvhile subjects were upright, but only the final upright value
(when applicable). was used for statistical analysis. Thus, 2-tailed paiests
Plasma volume was determined by using the indicatorwere used to compare mean values obtained while subjects
dye-dilution technique with radiolabeled albumin (n=18; were supine and upright. Linear regression analysis was
October 2002-May 2004) or Evans blue dye (n=10; before used to assess the relationship between changes in PV and
2000). Two different techniques were used because ofplasma total proteins. Nonlinear regression analysis was
changes in the methods approved by the Food and Drugused to assess dynamic changes in PV (1-phase exponential
Administration for PV determination. In both cases, a 20- decay). A 1-phase exponential association model was used
gauge intravenous catheter was placed in an antecubitalo assess the changes in plasma total proteins. These mod-
vein, and blood samples were obtained without stasis.eled values were used in the linear regression analysis.
When the technique was performed with radiolabeled Data were analyzed with Quattro Pro (Borland Software
albumin, a prefilled 1-mL syringe of up to 2&Ci of Corp, Scotts Valley, Calif) and Prism 4.02 (GraphPad Soft-
iodine 131-labeled human serum albumin (Volumex, ware, Inc, San Diego, Calif).
DAXOR Corp, New York, NY)was injected into the
antecubital vein and flushed with 30 mL of normal sa-
line. Venous blood samples were collected before injec-
tion and at 12, 18, 24, and 30 minutes after injection. The general characteristics of the study population are
Plasma radioactivity was measured in duplicate and av-shown in Table 1. In response to a change in posture from
eraged (for each sample and for a reference standard¥upine to standing, there was a significant mea&D
using an automated counter (BVA-100 Blood Volume increase in Hct (37.7%2.8% vs 41.8%3.2%;P<.001) and
Analyzer, DAXOR Corp). A least squares regression of a significant decrease in PV (244860 mL vs 2358390
the volume of distribution at each time point was per- mL; P<.001). The absolute increase in Hct of 4+198%
formed automatically to determine the volume of dis- represents a relative increase of 11:8%% from lying to
tribution at the time of injection. Plasma volume was standing. The maximal individual PV changes with posture
determined as the volume of distribution of albumin. ranged from 6% to 25%. These changes translate into abso-
In the remaining subjects (n=10), PVs were determinedlute changes in PV that ranged from 149 to 717 mL, with a
with Evans blue dye by using a modification of the tech- mean PV change of 44737 mL.
niqgue of Campbell et &¢ Sephadex columns (PD-10, Of note, the changes in PV occurred briskly, most
Pharmacia, Uppsala, Sweden) were used in place ofwithin the first 10 to 15 minutes of the new posture (Figure
hand-packed cellulose columns. Baseline measurementd, left). The hemoconcentration was essentially complete
were performed on plasma obtained 10 minutes after dyewithin 20 minutes of standing, with no further significant
injection. changes thereafter. The dynamic PV shifts, as assessed by

RESULTS
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TABLE 1. General Characteristics and Baseline Measurements™ surrounding tissues. This study clearly shows that Hct is
Parameters Baseline values affected by postural manipulation. We also have found that
Age (y) 33.68.0 Hct, when cautiously measured, often provides a reliable
Sex (FIM) 21/7 estimate of PV changes, as confirmed by simultaneous
Weight (kg) 70.911.9 direct measurement of total plasma protein changes.
Ef,;??;g‘,’“rgm Zlfig:gs Our results illustrate the importance of posture in Hct
Blood pressure (mm Hg) measurement. Plasma volume shifts that may contribute to
Systolic 11312 aberrant Hct values have been observed by many research-
Hea?rﬁsatgl(cbeats/min) oae ers using various techniques, including Evans blue dye,
Measured (upright) Hct (%) carbon monoxide dilution, and the mechanical oscillator
Overall 41.83.2 technique. These various studies have shown that PV may
'\F/';fale ﬁggg shift from 10% up to 18%** in response to a person
Corrected (supine) Hct (%) changing from a supine to an upright posture. Seated pos-
Overall 37.%2.8 ture also has resulted in significant but smaller PV shifts
'\F/';fale 4315&:2 (4%-6%):>'"The time required to attain near-maximal PV
Total blood volume (L) 4.260.78 shift varies among studies, ranging between 15 and 20
Plasma volume (mL) 274360 minutes®4 Restoration of PV on resumption of supine
*Data presented as mea$D. BMI = body mass index; Hct = hematocrit.  pOSture occurs within a similar period. Generally, PV is
TBMI = weight (kg)/[height (M)} restored within 20 minutés® with little further change,

even with measurements taken at 35 mintites.
Hct measurements, were reciprocal to the changes in total Several authors have investigated whether PV shifts
plasma protein concentrations and were perfectly corre-result from fluid movement into the interstitium or into the

lated ¢2=0.96;P<.001) (Figure 1, right). erythrocyte. Simultaneous measurements of Hct, mean cor-
puscular volume, and mean corpuscular hemoglobin con-
DISCUSSION centration have shown that Hct changes are unaccompa-

nied by changes in mean corpuscular volume and mean
Blood volume regulation is challenged seriously by as- corpuscular hemoglobin concentratié#,*?° Some au-
sumption of upright posture. Standing leads to rapid andthors have claimed that small protein molecules (eg, albu-
persistent hemoconcentration, which may result in con- min) may shift into the interstitium along with the plasma
spicuous intravascular PV loss. Assumption of upright pos- and cause an underestimation of the PV $hiftdiowever,
ture leads to rapid pooling of blood in the lower extremities our results show similar PV shifts whether inferred from
due to gravity and causes a shift of plasma fluid into total protein or Hct values.
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FIGURE 1. Left, The time course of dynamic plasma volume (PV) changes (as a percentage of baseline) during standing.
Data are taken from the Evans blue dye PV assessment, with 10 subjects at each time point except the last 2 time points
with 9 subjects. Error bars represent +1 SEM. Right, Linear relationship between the absolute values of the percent
change in total plasma protein vs the percent change in PV as determined by hematocrit. The correlation was highly
significant (r>=0.96; P<.001).
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CONCLUSIONS 4. Tombridge TL. Effect of posture on hematology resus1 J Clin
Pathol 1968;49:491-493.
Hematocrit Change is a reliable estimate of PV shift. 5. Nunnally RM. Hemoglobin and hematocrit levels: effects of posture and

cl | ti f diff i t inifi tl f test variability.J La State Med So&977;129:97-98.
early, assumption or diiferent postures signimcantly al- g campbell TJ, Frohman B, Reeve EB. A simple, rapid, and accurate

fects PV homeostasis and results in changes in blood commethod of extracting T-1824 from plasma, adapted to the routine measurement
. : P of blood volumeJ Lab Clin Med1958;52:768-777.
ponent concentraﬂ_on. The ma_lgn_lmde of PV shift is time 7. Jacob G, Robertson D, Mosqueda-Garcia R, Ertl AC, Robertson RM,
dependent and varies among individuals. Biaggioni 1. Hypovolemia in syncope and orthostatic intolerance role of the
. . . . . 8. Jacob G, Ertl AC, Shannon JR, Furlan R, Robertson RM, Robertson D.
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shift can be attributed erroneously to acute anemia if 10. Allen TH, Peng MT, Chen KP, Huang TF, Chang C, Fang HS. Prediction
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ment in upright patients_ Because the Change occurs 11. Hinghofer-Szalkay H, Haas G, Oser H, Kenner T. Monitoring fluid shifts
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mass, the ternpseudoanemig appropriate. Therefore, 12. Fawcett JK, Wynn V. Effects of posture on plasma volume and some
i _ blood constituentsl Clin Pathol.1960;13:304-310.

W_e have termed this ph_enomenpustural pSGUdoane 13. Bjerkhoel P, Lindgren P, Lundvall J. Protein loss and capillary protein
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