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Background: Owing to its simplicity, speed, small incision, and low cost, peripheral blood collection is
widely used in routine blood testing. However, there are certain differences between the detection results of
peripheral and venous blood specimens. This investigation and analysis aimed to investigate and analyze the
status and opinions of laboratory physicians on the application of peripheral blood for routine blood testing.
Methods: A questionnaire was used to investigate and analyze the current status of laboratory physicians
with regards to routine peripheral blood testing. The content of the questionnaire included the following
aspects: the proportion of peripheral blood specimens, the difficulty of detecting peripheral blood, factors
affecting the results of peripheral blood specimens, the proportion of the simultaneous detection of blood
test and C-reactive protein (CRP), as well as the proportion and ideals of hypersensitive CRP (hs-CRP),
which included a total of 10 re-examination rules.

Results: Laboratory physicians from 410 hospitals participated in the investigation. The proportion of
routine blood tests using peripheral blood specimens in the laboratory departments of tertiary hospitals
was low (P=0.006). Difficulties in routine blood tests with peripheral blood specimens were dominated by
insufficient blood volume (67.8%). The factors affecting the results of routine blood tests with peripheral
blood specimens were dominated by the mixing method (86.6%). When abnormal results were determined
by routine blood tests using peripheral blood specimens, they were retested most commonly by making
slide smears (82.4%) or re-examined using the remaining peripheral blood (66.1%). The same rules for re-
examination of peripheral and venous blood were applied in most medical institutions (86.1%). When the
platelet count decreased in routine blood tests using peripheral blood samples, the most common measures
included sample agglutination checks (88.5%), instrument alarm message checks (82.4%), and making slide
smears for re-examination (73.6%). More laboratory physicians expected blood analyzers to be integrated
instruments that could provide both routine blood and hs-CRP testing (80.5%).

Conclusions: There are numerous difficulties in routine blood testing using peripheral blood, and thus,

more convenient and accurate blood analysis instruments should be developed.
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Introduction

Routine blood tests are one of the most basic and common
tests in clinical practice, which could provide clinicians
with the scientific basis for the diagnosis, treatment, and
prognostic evaluation of many diseases (1). Therefore,
routine blood tests are widely used in clinical practice,
especially after the gradual improvement of medical
standards, and almost every patient who requires blood
detection may undergo a routine blood test. C-reactive
protein (CRP) is an acute temporal reactive protein
produced by liver cells; the amount of CRP synthesized is
greatly increased when the body is infected by pathogens
or inflammation occurs in the body (2). The hypersensitive
CRP (hs-CRP) is an ultra-sensitive detection technology
used in clinical laboratories, which can accurately detect low
concentrations of CRP, improve the sensitivity and accuracy
of the test, and detect sensitive indicators for distinguishing
low levels of inflammation or infection, and often improve
diagnostic accuracy in conjunction with routine blood tests
(3-5). Owing to its simplicity, speed, small incision, and
other advantages, peripheral blood collection is widely
used in clinical practice, especially in outpatient clinics or
primary care units. Furthermore, it is more popular among
clinicians and patients for its lower cost and shorter testing
time, as well as the indirect reduction of other unnecessary
index tests (6-9).

However, a large number of studies have found some
discrepancies between the results of peripheral blood
testing and those of venous blood specimens (10,11). The
reasons for this include the following: firstly, the improper
method of collecting peripheral blood specimens can easily
cause specimen dilution, agglutination, or contamination;
secondly, there are relatively small amounts of specimens;
and thirdly, the accuracy of the testing instrument is
insufficient (12,13). In addition, because of the frequent
need for simultaneous testing of hs-CRP, venous blood
testing is applied in many medical institutions, which leads
to increased trauma, prolonged time for blood specimen
collection, difficulties in blood collection for some patients,
and so on. To further investigate and analyze the status
and opinions of laboratory physicians on the application of
peripheral blood for routine blood testing, simultaneous
hs-CRP testing, and others in China, we conducted a
questionnaire survey, and the results are reported below.

We present the following article in accordance with the
SURGE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2068).
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Methods
Object of the study

In May 2020, a questionnaire survey was conducted on
physicians (one physician or technologist per hospital, with
junior title or above) in the laboratory departments of 410
hospitals in China.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
Medical Ethics Committee of Guangzhou Panyu District
Central Hospital (No.: PYRC-2021-054) and informed
consent was taken from all the patients.

Questionnaire

A questionnaire was designed using the questionnaire
star system (www.wjx.cn), which primarily included the
following 10 items: the proportion of peripheral blood
specimens, the difficulty of detecting peripheral blood,
factors affecting the results of peripheral blood specimens,
the most common methods when the routine blood test
results of peripheral blood specimens are abnormal, the
degree of consistency between the re-examination rules of
peripheral and venous blood, treatment measures for the
dropped platelet counts, proportion of the simultaneous

detection of blood test and CRP, as well as the proportion
and ideals of hs-CRP.

Statistical analysis

After the survey, the EXCEL (Microsoft Corporation,
http://www.microsoft.com) table was exported, and the
data were organized and imported into SPSS 23.0 statistical
software (IBM, https://www.ibm.com) for analysis. Data
in this study were all qualitative data, expressed as cases
and percentages, and the comparison among groups was
conducted using the chi-square test. P<0.05 was considered
statistically significant.

Results
General status

In this study, 28 provinces and 410 medical institutions in
laboratory departments in China were investigated, and
a total of 410 valid questionnaires were collected, with
100% recovery rate and pass rate. There were 251 tertiary
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Table 1 Accounted distribution of peripheral blood specimens for routine blood testing

Distribution of peripheral blood <10% 10-20% 20-50% >50%
Tertiary hospital (n=251) 117 76 40 18
Secondary hospital (n=126) 47 40 31 8
Primary hospital (n=33) 9 9 7 8
Total (n=410) 173 125 78 34

hospitals (61.2%, including 199 tertiary general hospitals
and 52 tertiary specialty hospitals), 126 secondary hospitals
(30.7%, including 101 secondary general hospitals and 25
secondary specialty hospitals), and 33 medical institutions at
the level of primary hospitals and below (8.0%).

Percentage of peripberal blood specimens during routine
blood testing

A total of 117 tertiary hospitals (46.6%), 47 (37.3%)
secondary hospitals, and 9 (27.3%) medical institutions at
the level of primary hospitals and below had no more than
10% peripheral blood specimens during routine blood
testing. It was suggested that there was a low proportion of
routine blood tests using peripheral blood specimens in the
laboratory department of tertiary care hospitals (P=0.006).
A total of 34 medical institutions (8.3%) conducted the
main routine blood test with peripheral blood specimens,
and all of them were specialized hospitals or primary care
institutions, as shown in Table 1.

Problems associated with the use of peripberal blood
specimens for routine blood testing

The following problems were associated with the use of
peripheral blood specimens for routine blood testing: (I)
the difficulties in routine blood testing by peripheral blood
specimens were dominated by insufficient blood volume
(67.8%) and risk of contamination (58.5%); (II) the factors
affecting the results of routine blood testing with peripheral
blood specimens were dominated by the mixing method
(86.6%) and placement time (76.6%); (III) when the results
of routine blood testing with peripheral blood specimens
were abnormal, the most common methods included
making slide smears for retesting (82.4%) and retesting
with the remaining peripheral blood (66.1%); (IV) when
peripheral blood needed slide smears to be made for testing,
manually making slide smears (83.7%) was primarily chosen;
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(V) the rules for retesting peripheral blood in most medical
institutions were the same as those for retesting venous
blood (86.1%); (VI) when the platelet count in routine
blood tests with peripheral blood specimens decreased,
the most common measures included sample agglutination
checks (88.5%), instrument alarm message checks (82.4%),
and making slide smears for retesting (73.6%); and (VII)
the reason for the low rate of peripheral blood retesting was
primarily “lack of time” (59.0%) (1able 2).

Expectations of laboratory physicians for bematology

analyzers

The percentage of testing routine blood and testing hs-
CRP at the same time did not differ among the different
levels of hospitals (P=0.807). More laboratory physicians
expected hematology analyzers to be integrated instruments
that could provide both routine blood and hs-CRP testing
(80.5%) (Tuble 3).

Discussion

Routine blood and hs-CRP tests often need to be performed
simultaneously, and although the different blood collection
methods exert a certain influence on the results (14-16), it
is within the acceptable range in most cases (17,18). In this
study, it was found that routine blood tests using peripheral
blood specimens are widely used nationwide in primary care
institutions as well as in large tertiary general hospitals, such
as those in Beijing, Shanghai, Guangzhou, and Shenzhen.
However, the percentage of application varies among all
grades of medical institutions. This may be due to the fact
that there are often relatively complex conditions among
patients attending large medical institutions, who often have
to undergo biochemical and immunological examinations at
the same time on the basis of routine blood tests, resulting
in more cases of venous blood collection. Also, there were
numerous inpatients in secondary hospitals and higher-
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Table 2 Problems associated with the use of peripheral blood for routine blood testing
Related questions Tertiarizhsc;s)pital Secor}ii:yzrgspital Prim:zlr:i Ct;g)spital Total
Difficulties
Cumbersome manual numbering 110 54 14 178
Insufficient blood volume 167 90 21 278
Risk of contamination 146 73 21 240
Slow speed 64 34 4 102
Two instruments required for the test 147 63 17 227
Factors affecting results
Placement time 192 93 29 314
Mixing method 217 109 29 355
Sample introduction method 116 69 17 202
Different anti-coagulation 152 67 22 241
Handling of abnormal results
Making slide smears for re-examination 206 103 29 338
Re-sampling of peripheral blood 139 84 20 243
Re-sampling of venous blood 156 73 23 252
Direct report 0 2 0 2
Re-examination of residual blood 161 90 20 271
Procedures required for making slide smears
Automatically making slide smears 22 10 3 35
Manually making slide smears 207 108 28 343
Automatically making slide smears of venous blood 22 8 2 32
Rules for re-testing of peripheral blood
Consistent with venous blood 213 110 30 353
Inconsistent with venous blood 38 16 3 57
Treatment of reduced platelet count
Check for agglutination 220 113 30 363
View specimen histogram and instrument alarm messages 207 100 31 338
Add fluorescent/optical platelets 90 52 14 156
Making slide smears for retesting 184 91 27 302
Re-examination of venous blood 172 80 21 273
Factors affecting retesting rate
Lack of time for re-examination 142 77 23 242
No automation 135 66 17 218
Less attention 84 37 8 129
Peripheral blood is not important 46 23 8 77
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Table 3 Percentage of simultaneous routine blood test and hs-CRP tests and physician expectations of hematology analyzers

Tertiary hospital

Secondary hospital Primary hospital

Percentage and expectations (n=251) (n=126) (n=33) Total
Percentage of simultaneous tests
10% 44 29 8 81
<10-20% 68 30 7 105
20-50% 76 36 8 120
>50% 63 31 10 104
Physician expectations of hematology analyzers
Routine blood and hs-CRP integrated machine 201 105 24 330
Automated batch test for venous and peripheral blood 174 92 25 291
Automated standardization for peripheral blood 197 115 28 340
Emergency priority 133 80 21 234
Nucleic acid fluorescence retest 154 89 25 268
Fully automated and micro making slide smears 171 93 24 288

hs-CRP, hypersensitive C-reactive protein.

grade hospitals who underwent the relevant laboratory
tests with venous blood collection mostly. Moreover,
the hematology analyzers in secondary hospitals and
higher-grade hospitals may be more advanced, which can
simultaneously tested for hs-CRP and other indicators, and
thus, venous blood collection is often required. However,
numerous studies have demonstrated that peripheral blood
testing for hs-CRP is equally accurate and reproducible
(19,20). Furthermore, based on the investigation and
analysis of the problems associated with the application of
peripheral blood for routine blood testing, we observed that
“insufficient blood volume” and “risk of contamination”
were identified as the main difficulties in routine blood
testing with peripheral blood by laboratory physicians,
which also led to the factors affecting the results of
peripheral blood testing being the “mixing method” and
“placement time”. Moreover, additional instruments are
required for the testing of hs-CRP in some hospitals,
involving cumbersome operation procedures. Therefore,
many laboratory physicians hope that routine blood and
hs-CRP testing can be automated with an integrated blood
analyzer to improve efficiency, which is crucial in larger
general hospitals with higher volumes of outpatients, as well
as in seasons with high respiratory infections, especially.

In the study, we found that if the routine blood test
results of peripheral blood specimens were abnormal, there
was confusion and concern about the treatment method by

© Annals of Palliative Medicine. All rights reserved.

the testing physician in clinical practice. On the one hand,
if the patient is asked to collect blood from the fingertips
again for re-examination, especially when the venous blood
needs to be taken for re-examination, this often leads to
patient dissatisfaction and even causes medical complaints
and disputes. On the other hand, the amount of peripheral
blood specimens may be insufficient when the instrument
is retested, and it is often chosen to make slide smears in
clinical practice. Also, the quality of making slide smears
directly affects the accuracy of the report. Our survey
results showed that manually making slide smears (83.7%)
was primarily chosen for the actual re-examination, which
could save testing time for physicians as the test results
greatly depend on the experience of the operator. It is worth
affirming that in the majority of medical institutions, the
rules of peripheral blood re-examination are consistent with
those of venous blood re-examination, which ensures the
accuracy of test results to a certain extent. However, more
than half of the examining physicians believe proposed
“lack of time” as the reason for the lower retest rate of
peripheral blood than venous blood, which is also due to
the insufficient amount of peripheral blood and the fact that
retesting often requires the manual making slide smears.
When the platelet count of peripheral blood decreases,
the examiner will take a number of steps to confirm the
accuracy of the result, including checking the sample for
agglutination, checking the histogram of the specimen and
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the alarm message of instrument, making slide smears for
re-examination, and asking the patient to take venous blood
for re-examination if necessary. In general, it is necessary
to decide the method of re-examination according to the
degree of platelet decline. If the decline is severe, further
venous blood testing is taken to confirm the result.

Based on the above findings and the analysis of our
investigation, combined with the current clinical practices
and the recent respiratory disease epidemic, we believe that
in order to improve the efficiency and accuracy of routine
blood testing, a hematology analyzer that can simultaneously
perform routine blood and hs-CRP tests should be further
developed and integrated, and its automation level, testing
accuracy, and batch testing capability should be improved.
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