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Blood Collection While Using a Continuous Glucose Analyzer
Without Insertion of an Additional Venous Catheter
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Summary. A new method for continuous blood collection
using the Biostator is described. Blood is withdrawn through
the double lumen catheter by a tube installed in the optional
channel of the infusion pump. The amount of blood with-
drawn from the patient is slightly greater than that necessary
for continuous glucose analysis; the excess bicod can be col-
lected into assay tubes. Blood collection is continuous and
produces a sample of diluted heparinized blood. The volume
of blood collected depends on the size of the tube used, i.e. for
a tube with a lumen diameter of 0.020inches, the mean (*
SD) volume collected was 1.21 £ 0.07 ml/10 min (n =13). The

mean time interval between sampling and arrival at the glu-
cose sensor by the double lumen catheter was 119 versus 108 s
with the conventional method. The proposed modification
does not affect blood glucose measurements (correlation coef-
ficient compared with the reference method r=0.9572;
n=13). To compensate for blood dilution, a dilution-factor
depending on tubing diameter has to be calculated in each
experiment.
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Introduction

Use of the Biostator machine for the feed-back control
of blood glucose levels requires the cannulation of two
superficial veins [1-4]. This can be difficult in children
and obese patients. If additional blood sampling is re-
quired, particularly in the context of research, a third
cannulation may be necessary with its associated tech-
nical difficulties. An alternative way of obtaining inter-
mittent blood samples is to disconnect the double lu-
men catheter which results in the interruption of
feed-back control. We propose a method that allows
continuous blood coliection without insertion of a third
catheter or disconnection of the double lumen catheter.

Material and Methods

The modifications are shown diagrammatically in Figure 1. All the
tubing and needles which were used were supplied by Ames Division,
Miles-Martin Laboratories, Elkhart, Indiana, USA, for use with the
Biostator. In our system, as shown in Figure 1, the free end of the
double lumen catheter (A) is mated to the lower part of a tube (sizes
from 0.020 to 0.051 inches) connected to the optional channel of the
infusion pump (B) thus ensuring continuous blood withdrawal. To the
distal end of this tube, a short needle is mated (C). The amount of
blood delivered to the female cone of the needle is a function of the

inner diameter of the tube (Table 1) connected to the infusion pump
and of the turning rate of the latter (7.8 revolutions/min). An overflow
can thus be generated at (C) and may be collected, for instance by
placing the system within a small funnel or even inside an assay tube
(E). With such a system, blood flow to the analyzer through the line
(D) is never interrupted. Figure 2 shows the final arrangement of the
collecting system.

Results and Discussion

Table 1 shows the volume of blood collected with this
system during an experiment in which tubes of various
sizes were connected to the optional channel. In all
cases, the analyzer pump tubing for channels 2 (blood)
and 3 (diluent buffer) were 0.015 and 0.051 inches re-
spectively. As can be seen, the volumes obtained were
small, the small size of the double lumen catheter being
the limiting factor. Due to variations in tubing diameter,
the blood dilution factor has to be calculated for every
experiment, by measuring the total amount of diluted
blood collected during a given time and the amount of
diluting solution delivered during the same period. In a
series of nine experiments, we found the mean (+SD)
calculated dilution factor to be 1.56 £0.18, not signifi-
cantly different from the mean (+ SD) measured dilu-
tion factor which was 1.51 +0.09. In experiments lasting
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Fig.1. Schematic representation of
Biostator proposed modification to
allow continuous blood collection.
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A =double lumen catheter; B =op-
H tional channel of the infusion
pump; C=needle; D =line to glu-
cose analyzer; E=assay tube for
blood collection. DLCindicates the
double lumen catheter. HEP, INS,
DEX, SAL represent solutions of he-
parin, insulin, dextrose and saline,
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Fig.2. a Arrangement of the collecting device on the Biostator; b detail of the system corresponding to item C, D and Ein Fig. 1

Table 1. Volume of blood collected and dilution factors using differ-
ing tube diameters

Speed Size of tube connected to optional

of channel (inches)

analyzer

pump

0.020 0.030 0.040 0.051

Blood volume High 1.34 3.54 6.54 8.04
(ml/10 min)

Low 1.65 3.85 6.85 8.35
Blood dilution High 1/1.49 1/1.18 1/1.10 1/1.08
factor

Low 17121 1/1.09 1/1.05 1/1.04

The volumes and the dilution factor will vary from day to day and
should be measured for each experiment. Analyzer pump tubing for
channel 2 (blood) was always 0.015 inches

a longer time, calculation of the dilution factor should
be performed at the beginning and at the end of the
experiment. Therefore, data presented in Table1 are
merely examples and represent volume values obtained
in one representative experiment.

With this system, the approximately eleven times
blood dilution for glucose measurement is maintained,
but precise adjustment of pump ratio by the usual meth-
od is necessary. The accuracy of the system regarding
blood glucose determination is not altered. We found a
correlation coefficient of »=0.9572 (n=13) between
glucose values given by the Biostator as used with the
proposed modification and the reference method (Tech-
nicon autoanalyzer using hexokinase). The mean time
interval between sampling by the double lumen catheter
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and the glucose measurement is 119 s in our modifica-
tion versus 108 s in the conventional method. This dif-
ference should have little, if any, effect on the feed-back
response. Other factors affecting the signal for feed-
back are the time and volume in which the blood is
mixed in the cone of the needle (C, Fig.1). Since the
maximum mixing time is 88 s and the mixing volume is
0.132 ml, the signal for feed-back reflects an actual gly-
caemic value and not an integrated one.

So far we have used this modified system more than
25times, always using a 0.020inch tube connected to
the optional channel and the rest of the apparatus as in-
dicated. We collect blood for periods of 10-30 min to
measure insulin and C-peptide. The system can be use-
ful in metabolic or glucose clamp studies or during the
infusion of various substances. Special problems inher-
ent in the proposed modification are the relatively small
volume of blood collected, the fact that values are inte-
grated over a certain period of time, thus potentially
missing acute peak values, and the necessity of calcula-
tions to compensate for blood dilution.
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