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Abstract

Objectives: Transport of blood tubes is mainly by car or
pneumatic transport. The transportation of blood tubes by
drones is a novel approach for rapid transportation of
blood tubes over long distances. However, limited data on
the stability of biochemical, coagulation and hematologi-
cal parameters is available after transport of blood tubes by
drone.
Methods: To investigate the effect of drone transport on
the stability of blood parameters, four test flights were
performed. Blood was drawn from 20 healthy individuals
and 39 of the most frequently measured blood parameters
were compared between 4 groups; immediate measure-
ment (control), late measurement, transport by car and
transport by drone. Total Allowable Error (TAE) of the
EFLMBiological Variation Databasewas used to determine
the clinical relevance of significant differences.
Results: The majority of blood parameters were not
affected by drone transport. Eight of the measured pa-
rameters showed significant differences between all the
groups; glucose, phosphate, potassium, chloride, hemo-
globin, platelet count, APTT and Lactate dehydrogenase
(LD). A clinically relevant increase for LD after transport
and a decrease for glucose values in time and after trans-
port compared with the control group was shown.
Conclusions: Transportation of blood tubes from healthy
individuals by drones has a limited clinically relevant ef-
fect. From the 39 investigated blood parameters only LD
and glucose showed a clinically relevant effect.

Keywords: biochemical; blood transport; clinical rele-
vance; coagulation and hematological parameters; drone;
stability.

Introduction

Pneumatic transport is the regular way of blood tube
transportation within hospitals, allowing a speedy and
reliable transportation to the central laboratory. This
method is thoroughly validated in order to provide clini-
cians with quick and reliable results. Besides pneumatic
transport, ground transportation by car is often used to
transport blood tubes from the phlebotomy location to the
laboratory.

Transportation of blood products and tubes over big dis-
tances by drones is a newway of blood sample transportation
[1] which is currently not implemented in the Netherlands.
Drones have been tested for a variety of functions as surveil-
lance, entertainment and imaging, and could have a high
potential in healthcare [2]. So far, drones have been used
during disasters in multiple countries [3]. In addition, drones
are being tested for the transport of bloodproducts in Japan [4]
and Canada [5], and are being used in Rwanda to transport
blood products to rural areas [6].

With the drone as a novel way of timely and safe
blood product transportation, we wondered if this
method could be a suitable way to transport blood tubes
in the Netherlands and in specific between the two
separate hospital locations of the Isala Hospital. Since
limited data is available on the effect of drone transport
on the stability of biochemical, coagulation and hema-
tological parameters, we assessed if the quality of the
biological samples could bemaintained in this controlled
experimental setting.

Materials and methods

Study design

In this study, potassiumEDTA‐, sodium fluoride-, citrate‐, and lithium
heparin‐anticoagulated (all BD vacutainer, STT II Advance, UK)
venous blood was collected by a phlebotomist in the department of
Clinical Chemistry at Isala Hospital in Zwolle, the Netherlands. In total
20 healthy volunteers were included in this study, 14 females and 6
males. Successive samples were obtained and divided over four
groups; immediate measurement (control), late measurement, trans-
port by car and transport by drone.
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To examine the impact of drone (AVY, Amsterdam, the
Netherlands) transport, one set of samples were flown in a loop flight
for 30 min which resembles the distance between the two hospital
locations of the IsalaHospital. A second setwas driven to theflight site
but not flown (car transport). Both sets were transported in isolating
boxes. Temperature, speed and distance travelled by the drone were
documented. In addition, sample temperature was continuously
monitored using an Ebro EBI temperature data sensor (Xylem Inc., Rye
Brook, NY). Control samples (immediate and late measurement) were
stored in the laboratory at room temperature (20–23 °C) at all times.

Analysis

We tested the most frequent analyzed parameters in our laboratory.
Blood samples were all processed according to standard laboratory
instructions and paired sampleswere analyzed on the same system. In
short; blood tubes for coagulation and biochemical analyses were
centrifuged 2000 g for 10 min. Biochemical and coagulation param-
eters were subsequently analyzed with respectively the Roche Cobas
8000 analyzer (Roche Diagnostics, Basel, Switzerland) and the Sys-
mex CS-2500-analyzer (Sysmex Corporation, Kobe, Japan). Hematol-
ogy parameters were determined with the Sysmex XN 9000
hematology analyzer (Sysmex Corporation, Kobe, Japan).

Statistical analysis

Comparisons between groups were done by two‐way repeated mea-
sures ANOVA (Friedman test), if significant followed by Bonferroni
post hoc analysis. The EFLM Biological Variation Database [7] was
used to determine the clinical relevance of significant differences.
Data are shown as percentage difference of paired samples and
expressed as scatter dot plots with median (95% CI), showing the
percentage difference of paired samples and the minimum and
desirable total allowable error (TAE). Analysis were done using
GraphPad Prism version 9.0 (Graphpad Software, San Diego, CA). A
two‐sided p‐value <0.05 was considered significant for the Friedman
test, a Bonferroni correction was used when appropriate.

Results

General parameters

In total, four drone flights were performed on two days.
Outdoor temperature was respectively 14 °C and 10 °C. A
decrease in temperature from 20–23 °C (indoor room tem-
perature) to 14–17 °C in the transport boxes was reported
during car and drone transport. No apparent differences
between the transport groupswere noted. During theflight,
the drone covered a distance of 30 km with a speed of
approximately 70 km/h at 100 m altitude.

To obtain insight into the effect of drone transport on a
variety of analytes, we compared 39 parameters in four
study groups; immediate measurement (control), late
measurement and measurement after car transport and

drone transport. Samples were checked for hemolysis,
icterus and lipemia (HIL indices). No significant changes in
HIL indices were seen between the groups (Supplemental
Table 1). The majority of measured parameters showed no
significant differences between all the groups determined
by two‐way repeated measures ANOVA. However, eight
parameters showed significant results between the groups;
glucose, phosphate, potassium, chloride, hemoglobin,
platelet count, APTT and LD (Supplemental Tables 2 and 3).
In order to show the significance between two individual
groups, a Bonferroni post hoc test was used as multiple
comparison test (Supplemental Table 2).

To investigate the clinical relevance of the significant
differences, we used the minimum and desirable specifi-
cation of TAE obtained from the EFLM database. For APTT
no TAE was available and the CLIA proficiency testing
criteria for acceptable analytical performance [8] was used.

We showed an increase in LD and potassium levels, both
markers of hemolysis, after transport. Potassium levels
increased significantly comparing latemeasurement with car
transport. One sample exceeded theminimum level of TAE in
the car transport group (Figure 1A). The other samples
showed no clinically relevant differences. LD levels which
indicate tissue damage showed multiple significant differ-
ences comparing individual groups (Supplemental Table 2).
In total, 30% (6/20) of the samples in the car transport group
and 45% (9/20) in the drone transport group showed a clin-
ically relevant increase in LD value (Figure 1B).

Time and transport of blood tubes was associated with a
decrease of glucose levels in all groups compared with the
control (immediate measurement) group (Figure 1C). In total,
1 sample (5%) showed a clinically significant decrease in
glucose after car transport and 6 samples (30%) showed a
clinically significant decrease after drone transport.

Chloride and phosphate levels (Figure 1D and E)
showed multiple significant comparisons between the
groups (Supplemental Table 2). Extensive analysis of the
clinical relevance revealed 1 sample (5%) exceeding the
TAE for chloride in the drone transport group and 1 sample
(5%) exceeding the TAE in the late measurement group for
phosphate. Hemoglobin and platelet count, both critical
hematological parameters, and APTT, a measurement
essential for the interpretation of the coagulation state of
the patient, showed no clinically relevant differences be-
tween the groups (Figure 1F–H).

Discussion

Drone transport could be a novel transport method for
blood tubes, however limited data is available on the
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stability of blood under these specific circumstances.
Drones can improve the current transport of blood tubes
and products as they are able to deliver the products more
rapidly and can access rural areas. However, legal regu-
lations differ between countries and safety aspects should
be investigated thoroughly before use. For example, pro-
tocols should be developed in case of drone failure to
ensure transport is guaranteed.

To our knowledge, this study is the first large study in
the Netherlands were we assessed the effect of drone
transport on the stability of a broad spectrum of analytes.

Comprehensive analysis of 39 routinely measured
biochemical, coagulation and hematological parameters
showed that the majority of the analytes was not influ-
enced by drone transport.

To draw conclusions on the effect of drone transport on
hemolysis, we included LD, potassium and bilirubin in this
study which are all sensitive to hemolysis. As samples in
our study are subjected to movement and during drone
transport additionally to atmospheric pressure, we ex-
pected more cell damage and therefore more hemolysis in
both transport groups. Furthermore, leakage of potassium
from red blood cells in time and at low temperature, which
was reported during car and drone transport, are well-
known phenomenons [9, 10]. Previous reports showed that
LD and potassium levels did not increase in blood products

(RBC solution) after drone transport [4]. In our study, no
significant differences in bilirubin levels and hemolysis
index were noted and the effect on potassium was limited
to one clinically significant sample. However, LD levels
showed a clinically significant increase, which could
potentially be the result of movement during transport and
therefor improved by optimization of the stabilization of
blood tubes in the transport box. These results show that
drone transport has besides the reported increase in LD
levels no clinical relevant effects on hemolytic parameters
measured in healthy individuals.

Drone transport was compared with immediate mea-
surement, as this reflects the clinical situation in vivo the
most accurate. Nevertheless, blood tubes are in general
transferred with pneumatic or car transport to the central
laboratory. It is described that the pneumatic transport
system can cause hemolysis because of the movement of
the tubes [11]. In addition, multiple studies compared
manual transport with pneumatic transport, showing an
increase in hemolysis [12] and in specific an increase in
potassium and LD level after pneumatic transport [13].
Since pneumatic transport was not included as study
group, it is difficult to compare drone transport with
pneumatic transport.

Glucose concentrations showed a clinically relevant
decrease in all groups compared with the control

Figure 1: The clinical relevance of the effects of drone transport on biochemical, coagulation and hematological parameters.
Dot plots and median (95 % CI) depicting the clinically relevant differences of potassium (A), LD (B), glucose (C), chloride (D), phosphate (E),
hemoglobin (F), platelet count (G) and APTT (H).
n=20 samples per group. Minimum (—) and desirable (……) total allowable error are shown.

Perlee et al.: The stability of blood during drone transport 3



(immediate measurement) group, which can be explained
by both the sodium fluoride (NaF) tube and the study
population. The difference between the drone and car
group was not clinically relevant.

NaF blood tubes are commonly used in the clinic as
NaF is a well-known glycolysis inhibitor. The inhibition of
glycolysis takes 1–2 h [14] in which the cells are still able to
use glucose. This could explain the difference in glucose
results with the immediately measured control group.
Previous investigations have documented a time-
dependent decrease of glucose levels in NaF blood tubes
[15, 16], which could be prevented by the use of liquid
citrate buffer [17]. On the contrary, Ling et al. described an
increase in glucose and potassium levels after drone
transport of blood products, though these results were
explained by the higher temperature exposure of the
samples [6]. This could be a possible explanation in our
study as well since we measured decreased glucose con-
centrations in the drone and car group and the temperature
in these groups was temporary lowered compared with the
immediate measurement group. In addition, the study
samples exceeding the minimum TAE were all located in
the low measurement area with absolute glucose levels
ranging 3.6–5.4 mmol/L. Hence explaining the multiple
clinically relevant samples, as it is in this low area more
difficult to pass the TAE criteria.

Recently, Johannessen et al. showed the effect of drone
transport on pathological samples [18]. In this study they
showed that turbulence exposure up to 30 G had no signifi-
cant effect on hematological and most biochemical analytes
they measured in pathological samples. However, AST, LD
and lipid index changed significantly in plasma samples,
which was possibly prevented by not centrifuging samples
before the flight. It was hypothesized that separator gels that
remain at the bottomof the tube before centrifugationmaybe
less prone to damage than gels after transformation during
centrifugation and then located higher in the tube. When
blood tubes are centrifuged before g-force exposure the gel
can become more porous and probably be more prone to
disintegration during vibration and turbulence potentially
resulting in leakage of analytes. In our study we centrifuged
the samples afterwards, which could have a beneficial effect
on the stability.

Although the presented results look very promising we
should be careful by drawing conclusions. In this study only
healthy individuals were included and thereby lacking
pathological samples outside the reference intervals. More
research is required to study the effect of drone transport on
pathological patient samples. An additional study is planned
in which we will include g-force measurement and in which
we will use temperature controlled boxes.

Conclusions

Drone transport of blood tubes from healthy individuals
has limited clinically relevant effects on biochemical,
coagulation and hematological parameters. From the 39
investigated blood parameters only LD and glucose
showed a clinically relevant effect.
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