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Objective: The objective of this study is to determine the ways in which preanalytic factors related to physiologic
status can affect the complete blood cell count (CBC) in patients referring to an emergency department (ED).
Methods: Over a 1-year period, the results of hemoglobin (Hb) level and white blood cell (WBC) counts of the first
CBC tests undertaken in consecutive patients (n = 11487) referring to the ED were compared with those obtain-
ed in the same patients at a second test undertaken within 24 hours of admission. A prospective evaluation of the
same differences was made in another group (group 2) of 1025 consecutive ED patients, several clinical charac-
teristics being taken into consideration.

Results: Mean Hb concentrations were higher in the first (range, 8.0-15.9 g/dL) than in the second test results
(median overestimation, 0.4-0.8 g/dL; P <.0001). At multivariate analysis of results in group 2 patients, fluid ad-
ministration (>0.5 L) and the presence of edema played a significant role in the initial overestimation of Hb level
(P =.001 and P = .045, respectively). The comparison between leukocyte counts (WBC) showed that values
from the first were higher than those in the second test (median overestimation ranging from 0.42 to 3.63 x
10°/L cells, in the range counts from 4.0 to 30.0 x 10°/L). None of the clinical factors studied appeared to have
affected this overestimation.

Conclusions: On interpreting CBC results in patients admitted to the ED, physicians must consider the effect of

physiologic variables on Hb level (mainly hydration status) and WBC count (mental and physical stress).

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

As recently demonstrated, errors in test requesting (appropriate-
ness) and interpretation (competence) are major sources of diagnostic
errors [ 1], and it has long been known that preanalytic conditions signif-
icantly affect intraindividual fluctuations, impacting on the results of
complete blood count (CBC), one of the most commonly requested lab-
oratory tests. Conditions such as preparation of the patient, fasting, the
patient’s position before and during phlebotomy, the use of tourniquets
during phlebotomy, the time of day or night when venipuncture is per-
formed, physiologic changes, and circadian rhythm affect test results. In
their exhaustive review appearing in 1977, Statland and Winkel [2]
summarized the effects of factors influencing CBC results.

On admission to the emergency department (ED), samples are often
taken in the afternoon or at night from patients who may not have
fasted, may have exercised, smoked tobacco, and/or consumed alcohol,
tea, or coffee. These patients may be seen by an emergency physician
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after a long wait and/or after being in an orthostatic or supine position
for several hours; they are also sometimes under intense psychologic
stress. The physician must bear these factors in mind when comparing
results obtained in an emergency setting with the reference values,
which are usually obtained in subjects under standard, ideal condi-
tions [3]. Laboratory staff members are often asked by the physician to
interpret the results or even undertake retesting and, in the space of a
few hours, to recheck the results when significant differences in the
cited variables are found in the same individual. In the past, the most
commonly investigated preanalytic variable was posture, and the first
study to investigate its influence, by Thompson et al [4], appeared in
1928. The authors found that the act of standing upright increased hy-
drostatic pressure in the lower limbs and could lead to a loss of plasma
volumes. Youmans et al [5] estimated that the incidence of this alter-
ation ranged from 6% to 15% in healthy subjects. More recently, Jacob
et al [6] referred to the condition observed after hospital admission in
patients who undergo phlebotomy in a supine position as “postural
pseudo-anemia.” In their experimental study on 28 healthy subjects,
the authors found that the average hematocrit was 41.8% when samples
were taken from the patient in an upright position against 37.7% in a su-
pine position [6,7]. Rapid changes in white blood cell (WBC) count, with
an increase in leukocytes, mainly neutrophils, can be caused by inflam-
matory diseases and psychologic stress from pain, anxiety, or trauma.
The impact of psychologic stress on the distribution of leukocytes was
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first reported by Mora et al [8] in 1926 and later confirmed in experi-
mental studies by Wittkower [9] and Toft et al [10]. In 1951, Samuels
[11] observed a case of early polymorphonucleated leukocytosis in re-
sponse to adrenaline, with a peak at 2 to 4 hours; this finding was con-
firmed by Benschop et al [ 12]. Cortisol has also been found to play a role
in the acute onset of leukocytosis in patients presenting in the ED [13].
However, no studies have been conducted to gain further insight on
the true extent of the phenomenon and the impact it may have on deci-
sion making in the ED setting. Moreover, the exact degree of variation,
particularly for hemoglobin (Hb) level and total WBC, has not been re-
ported in the literature.

To better understand the nature and severity of variability with a
view to improving upon the interpretation of laboratory data in the con-
text of the ED, over a 1-year period (from July 1,2011, to June 30, 2012),
we conducted a retrospective study based on the collection of data from
a large group of patients consisting of all consecutive subjects (n =
11487, group 1) for whom CBC had been requested on admission to
ED and data from a second WBC evaluation made within 24 hours
after the first. To obtain detailed information regarding the specific var-
iables that may affect WBC and Hb level results and their interpretation,
we made a prospective analysis of data in a second group of consecutive
patients admitted to the ED (n = 1025, group 2), who underwent 2 CBC
tests within the first 24 hours, by collecting, recording, and investigating
several clinical parameters.

2. Methods
2.1. Study setting

The University-Hospital of Padova, a health care institution with
1600 beds, is a teaching hospital and research center of national and in-
ternational relevance, with a catchment population of more than
450000. In the emergency care setting, the total number of adult pa-
tients referring annually from Padova city and its surrounding area is
about 120000, of which 25000 (21%) are hospitalized. The Department
of Laboratory Medicine includes an emergency section; a core laborato-
ry for clinical chemistry, hematology, coagulation, autoimmune serolo-
gy, and immunology; and specialized sections in molecular biology,
clinical proteomics, and newborn screening. All laboratory tests re-
quested as urgent (STAT) by the physicians of ED and hospital wards
are performed in the emergency section, whereas all the nonemergency
analyses for the wards are performed in the core laboratory.

2.2. Patients

In a 1-year period, from July 1, 2011, to June 30, 2012, the ED re-
quested a total of 40832 CBCs, all of which were performed by the
emergency section using 2 Advia 2120i analyzers (Siemens Healthcare,
Milan, Italy). In 11487 cases (group 1), CBC analysis was followed by a
second test within 24 hours, performed in the same emergency section
of the laboratory or in the core laboratory. In view of the high-
throughput characteristics of the core laboratory, all tests were per-
formed using an automation system Sysmex HST equipped with 3
XE2100 instruments (Dasit, Milan, Italy). In a second group of patients
(group 2), 1025 consecutive ED admissions were evaluated to ascertain
whether any variable because of treatment might explain the differ-
ences identified in the overall population (group 1); we conducted a
prospective analysis of 2 successive CBCs, determinations being made
within 24 hours. Clinical data were obtained from the ED reports in
the patients’ electronic records. The data included patients’ condition
observed during the examination: body temperature (considered posi-
tive if >37.5°C), significant pretibial pitting edema, and use of antibiotics
and antineoplastic drugs; some treatments performed at the ED (blood
transfusion, systemic cortisone, diuretics, antibiotics, volume of fluid in-
fusion) were also recorded. The patients’ identities were promptly re-
moved to ensure anonymity.

2.3. CBC methods and performances

The CBCs were performed within 4 hours of collection in tubes con-
taining EDTA. Both hematology analyzers run on flow cytometry and
use a routine photometric method for Hb analysis, but they differ in
the method used for the leukocyte and differential count. The ADVIA
2120i method is based on light scatter and cytochemistry, whereas
that of Sysmex XE-2100 on light scatter, impedance, and fluorescence.
To assure the accurate alignment of all instruments (in addition to rou-
tine quality control procedures), the laboratory used 3 specific strate-
gies: in each section (core laboratory and emergency), 5 routine fresh
samples and specific difference limits based on biologic variations
(maximum acceptable gap of 4.1% for Hb level and 14.6% for WBC
count) [14,15] for data comparison; a preliminary identification of 1 in-
strument as a reference analyzer was made by the 2 sections of the lab-
oratory participating in the same external quality assessment (EQA)
scheme, with regular comparison of results; every 6 months, all instru-
ments were aligned by measuring 25 fresh blood samples. During the
study period, any differences were corrected by means of instrumenta-
tion maintenance procedures; systematic correction of the calibration of
the 5 instruments used was not necessary. In estimating the effect of
preanalytic variables, we calculated all changes as differences of the
first minus the second CBC test obtained within 24 hours after the first
test. It was assumed that the results of this second test evidenced the
patient’s condition in a more stable situation, usually during the follow-
ing morning, after fasting, rehydration, and, in some cases, relief from
pain. However, we were unable to identify the real posture and the de-
gree of stress of all patients at the time of the blood sampling.

24. Statistical analysis

Changes in Hb level and WBC count after admission to the ED, divid-
ed into concentration classes, were reported in median and interquar-
tile ranges. Overall, differences in results from the first and those from
the second CBC examinations were evaluated by the Wilcoxon matched
pair test. To meet the normality assumption, multivariate analysis of Hb
level differences between the second and the first test was made after
square transformation of variables. Repeated measures analysis of vari-
ance was used to determine whether the difference in Hb level in the 2
consecutive measurements was associated with age, sex, fever, edema,
and/or fluid administration, included in the model as covariates. The
nonparametric test across ordered groups was used to assess whether
fluid administration in increasing amounts was associated with differ-
ences in Hb level. Because WBC count differences between the first
and the second examination did not meet the normality assumption,
even after transformation, we used a different approach for WBC analy-
sis, using the nonparametric Kruskal-Wallis test. Statistical analyses
were made using STATA 13.1 (StataCorp, Lakeway, TX).

3. Results
3.1. Analyzers performances

The first issue considered was the efficiency of the alignment proce-
dures of hematologic analyzers. The results from the EQA scheme dur-
ing the study period are presented in Table 1; the bias between the 2
sections of the laboratory was obtained from these results. For all values
considered, the bias ranged from — 2% to + 2% for Hb level and — 6.0%
to + 3.9% for WBC count. These differences are lower than the optimal
allowable total error limits (TEa), as calculated based on the biologic
variation, which are 2.06% for Hb level and 7.30% for WBC count [14,15].

Concerning Hb level and WBC count imprecision during the study
period, the coefficient variation values, calculated using the internal
quality control data, ranged from 0.8% to 1% for Hb level and from
1.72% to 2.96% for WBC count, in line with the desirable analytic goals
based on intraindividual variation [14,15].
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