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7Microdialysis up to
three weeks in healthy
volunteers

7.1 Introduction
Brain microdialysis has been reviewed in 1989 [252] and microdialysis of
adipose tissue in 1993 [240]. A mathematical model has been presented
[257] to provide a quantitative basis for microdialysis in which diffusional
aspects as well as metabolism and exchange between tissue and blood was
considered. The microdialysis technique is regarded as minimally invasive,
calibration of the probes is possible, and the technique is easy to apply.

Dialysate concentrations of substances in the extracellular water space can
be measured off line, but it is also possible to measure dialysate concentra-
tions of a substance continuously by using a biosensor. Such a device was
introduced in 1987 for glucose measurement in adipose tissue [1, 69, 228].
Essentially, microdialysis is a technique for transport of chemical informa-
tion from inside the body to the outside, where the information may be
manipulated for useful purposes. The membrane of the probe functions as
the interface and should therefore have a constant, or at least a predictable,
permeability in time. If a diffusional model is valid for glucose transport
from the body to the probe, a clear relationship between the extraction rate
or recovery and perfusion flow rate exists. From this relationship, it should
be possible to derive the “true” interstitial glucose concentration. To esti-
mate the “true” interstitial glucose concentration, procedures were intro-
duced to reach equilibrium between the concentration of glucose in the
probe and in the interstitial fluid [221, 234, 264-266]. Besides these meth-
ods, it was attempted to filter interstitial fluid [234, 267]. Usually a “true”
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interstitial concentration of glucose was found equal to blood glucose [221,
265, 267], but also far lower values were reported [234, 266].

In this study, glucose was measured in subcutaneous adipose tissue by micro-
dialysis for 3 weeks to evaluate how parameters change in time. The kinetics
of glucose transport in adipose tissue was investigated. We use perfusion flow
rates from 0.5 µl/min to 20 µl/min for microdialysis probes with a mem-
brane length between 10 and 35 mm and perfused various glucose solutions
as introduced by Lönnroth �����. [221].

7.2 Research design and Methods

� Subjects
Five healthy subjects, two men and three women (age 25 ± 2.7 years , BMI
23.2 ± 2.3 kg/m2 [mean ± SD]), participated in the study (Table 7-1). The
subjects had detailed knowledge of the study before giving their consent.
This investigation was part of a study that was approved by the Ethical Com-
mittee of the University Hospital Groningen.

Table 7-1. Characteristics of Subjects.

Subjects

1 2 3 4 5

Sex M F F M F

Age (years) 27 23 24 29 23

BMI (kg/m2) 21.3 26.9 22.7 21.4 23.7
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� Procedure for microdialysis probe insertion
In each volunteer, four microdialysis probes were inserted into adipose
tissue using specially prepared catheters (Intraflon 2, 18 gauge, Vygon,
France). Two probes were placed parallel to each other at a distance of
~3 cm on each side of the umbilicus. No local anaesthetics were used.
Before the implantation, the Teflon guides of the cannulas were prepared
under aseptic conditions. Preparation of the guides was needed to remove
the guide after insertion of the probe. With a scalpel, a cut was made over
the entire length of the Teflon part of the guide. A second incision was made
perpendicular to the first cut, close to the entrance port of the cannula.
After insertion of the four cannulas, the steel guide was removed, leaving
the prepared Teflon part of the guide in the tissue. The entrance port was
bent at an 180º angle, so the Teflon guide opened along the second incision
and the probe was gently inserted. Finally, the guide was carefully retracted,
making use of the first cut to pull the guide free of the probe. The micro-
dialysis probes and tubing were disinfected by pumping 70% ethanol
through the system for at least 15 minutes and subsequently stored in sterile
water. Before insertion, the outside of the probe was disinfected in 70% eth-
anol for 15 minutes. After 5 minutes drying time, the probe was inserted.
The experiments started immediately after the last probe was inserted. The
total insertion procedure of the four probes took about 30 minutes.

Figure 7-1. Construction of the microdialysis probe.

silica tubing

polyethylene tubinghollow fiber

tungsten wire pump

vial
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� The microdialysis probes
The microdialysis probes were constructed in our lab using polyethylene
tubing (i.d. 650 µm, o.d. 850 µm, Rubber B.V., Holland) and silica tubing
(i.d. 110 µm, o.d. 180 µm, SGE, ABC-diagnostics, Holland), cyanoacrylate
glue, and hollow dialysis fibers of various lengths. A tungsten wire was glued
within the probe to give the probe strength. The dialysis fibers (regenerated
cellulose, molecular weight cut-off at 18,000 Dalton, o.d. 190 µm, wall 10
µm) were obtained from Spectrum Medical Industries Inc. (Los Angeles,
CA). The fibers were cut at the desired length (Table 7-2) and glued to the
tubing (Figure 7-1, page 123).

� Characterisation of the probes in vitro
Before insertion, the fibers were tested in vitro. The probes were placed in
a well-stirred vessel with a 5.6 or 8.3 mmol/l glucose solution in saline and
perfused with saline at flow rates ranging from 0.5 µl/min to 20 µl/min. For
probes with hollow fibers of 30 to 35 mm, a 100% extraction rate (i.e. the
dialysate glucose concentration equals the glucose concentration around the
probe) was reached at flow rates lower than 1 µl/min.

Table 7-2. Characteristics of Probes.

Subject

1 2 3 4 5

Hollow fiber
Length (m) Fiber

I 3.0•10-2 3.2•10-2 3.0•10-2 3.5•10-2 3.5•10-2

II 3.0•10-2 1.0•10-2 3.0•10-2 3.1•10-2 3.5•10-2

III 3.0•10-2 3.2•10-2 3.0•10-2 3.5•10-2 1.5•10-2

IV 3.0•10-2 1.0•10-2 3.0•10-2 2.1•10-2 1.5•10-2
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� In vivo measurements
The subjects arrived in the laboratory each day at 8:30 a.m. The inlet
tubing was attached to the syringe fixed at the micro-perfusion pump (BAS
Bee, BAS Inc., West Lafayette, Indiana, USA). At the outlet tubing, the dia-
lysate was sampled in a vial for measurement of glucose. Before the experi-
ments started, the probe was rinsed at a flow rate of 10 µl/min with 50%
ethanol and subsequently with sterile saline.

During a day, an experiment was performed either with eight different
perfusion flow rates (0.5; 0.8; 1; 1.5; 2.5; 5; 10; 20 µL/min) of saline, start-
ing with a flow of 0.5 µL/min going up to 20 µL/min (type A), or an exper-
iment with various glucose concentrations of the perfusate (0; 2.8; 8.3; 11.1
mmol/l) at a perfusion flow rate of 0.5 µl/min (type B) (see Table 7-3, page
126). In the B-experiments, subjects 4 and 5 were perfused with the same
perfusion solution in a probe during the day. Subjects 1, 2 and 3 changed
the perfusion solution four times a day, so each probe was perfused with all
solutions (0; 2.8; 8.3 and 11.1 mmol/l glucose). During the daily experi-
ments, only carbohydrate-free food and drinks were allowed to keep blood
glucose at basal levels. At the end of the experiments, the probe was rinsed
with 50% ethanol. The in- and out-let tubing were connected to prevent
contamination of the probe and subsequently taped on the belly.
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†A: Perfusion of saline at eight different perfusion flow rates (0.5, 0.8, 1.0, 1.5, 2.5, 5.0,
10.0, 20.0 µl/min);

B: Perfusion of glucose solutions (0, 2.8, 8.3, 11.1 mmol/l) at flow rate 0.5 µL/min.

Table 7-3. Characteristics of Experiments.

Subjects

1 2 3 4 5

Experiment type†

Day

1 B B B B B

2 B A B B A

3 B B B B B

4 B A B B A

5 — — — A B

6 B B B — —

7 B A B B A

8 B B B B B

9 B A B A A

10 B B B B B

11 — A — A A

12 B — B — B

13 — B — — —

14 B A B A A

15 B B B B A

16 B A B — A

17 B B B A A

18 B A B A A

19 B — B B A

20 — — B A —

21 — A — — —

22 — B B — —

Total days: 19 22 22 20 19
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� Sampling and analysis
Dialysate was sampled twice for each flow rate or each perfused glucose
concentration. When the perfusion flow rate or the inlet glucose concen-
tration was changed during the experiments, several minutes were allowed
to elapse before the measurement was started from the outlet tubing to avoid
dead volume effects. Depending on the flow rate, the time needed for a re-
equilibration ranged from 5 min for 20 µL/min to 15 min for a flow rate of
0.5 µL/min.

Immediately after the substitution of vials, the glucose content in the col-
lected dialysate was estimated spectrophotometrically (Hexokinase method:
Glucose Kit, Boehringer Mannheim GmbH, Germany). During the exper-
iments, blood glucose was measured at regular time intervals by the finger-
prick method (Reflolux® S, Boehringer Mannheim GmbH). These
intervals depended on the perfusion flow rate used, but never exceeded 30
minutes. Later the Reflolux method was compared to the Accutrend
method (Accutrend® ��, Boehringer Mannheim GmbH). During the day,
the subjects measured blood glucose by both methods in the same drop,
obtained by fingerprick. The blood glucose values measured by the
Reflolux method were substantially lower than the values measured by the
Accutrend method. It appeared that the wiping of blood from the Reflolux
stick was performed quite differently by each volunteer, resulting in an
appreciable interindividual variation. Therefore, the blood glucose values
obtained by the Reflolux method were corrected for each volunteer by the
factors shown in table 7-4 (page 128). 

An estimation of the accuracy of the Accutrend method for two batches
of each 100 sticks compared to the Hexokinase method was provided by
Boehringer Mannheim GmbH. Capillary blood was obtained and measured
with both methods. The regression equation (x: reference method) is at fol-
lows for batch 1: ;
for batch 2: .

� Statistical analysis
Results are expressed as means ± SD. On the results obtained by perfusion
of four glucose solutions according to the ��	
�������� method [221], linear
regression analysis was performed by the method of least squares. The equi-

� ������ ��������� �����=+=
� ������ ��������� �����=–=
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librium glucose concentration, �����, was evaluated from the linear regres-
sion equation. Experiments performed to obtain ����� lasted about 10
hours. To eliminate blood glucose variations during this time on the evalu-
ation of �����, each value used for the linear regression analysis was divided
by the mean blood glucose value during the collection of that sample. Then
linear regression analysis was performed, and the obtained value for the
abscissa was multiplied by the mean blood glucose of that day to arrive at
the �����. 

One-way analysis of variance (anova) was performed to decide whether
the capillary blood glucose concentrations were different from the equilib-
rium glucose concentrations (����� ) and the dialysate concentrations
(������	�
� ).

7.3 Theoretical background
The probe is a tube, which is imbedded in tissue. At zero perfusion flow rate

, the glucose concentration in the probe is in equilibrium with
the surrounding tissue. This concentration, �����, is defined as the principle
driving force for diffusion of glucose into the probe. Saline is pumped
through the probe with a flow rate and an initial glucose concentra-
tion (���). When ��� and ����� are different, uptake (or release) of glucose
by the probe takes place. The outlet concentration of glucose (������	�
�) will

Table 7-4. Correction factors for Reflolux method.

Subject Correction factor

1 1.31

2 1.31

3 1.20

4 1.35

5 1.15

Φ���� 0=( )

Φ����( )
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be different from the initial glucose concentration because of glucose trans-
port. 
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We can define the extraction rate, ��, or recovery to characterise the per-
formance of the probe as follows:

Equation 7-1. Extraction rate of glucose (see text for explanation symboles).

When the transport of glucose is caused by diffusion only, the recovery is as
follows:

Equation 7-2. Extraction rate of glucose when transport is caused by diffusion only
(see text for explanation symboles).

Here, �

 is the total resistance of the system. This resistance contains the
partial resistances of the flow in the probe (Taylor dispersion), membrane
diffusion and tissue diffusion.
Equation 7-2 can be rearranged to present results in a manner that are more
easily accessible, for instance, first, to check the validity of equation 7-2 for
transport of glucose in tissue to the probe, equation 7-2 can be written as:

Equation 7-3. Rearranged equation 7-2.
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or:

Equation 7-4. Rearranged equation 7-3.

If glucose transport is controlled by diffusion, according to equation 7-4 a
plot of  against 1/  should yield a straight line, with slope

.

may be written as the product of the surface area of the probe
membrane (#) and the overall permeability ($) of tissue and probe [257]:

Equation 7-5. See text for explanation symboles.

Assuming a constant permeability ($), the slope should be proportional to
fiber length (%) at constant value of 	, because membrane area  
(	�is the outer diameter of hollow fiber). Second, to determine the glucose
concentration in the probe that is in equilibrium with the tissue matrix of
adipose cells and capillaries (����� ), perfusion flow rate should be zero.
Although it is possible to apply very low flow rates (< 0.5 µl/min) to reach
near equilibrium, a more precise experimental method to estimate ����� is
the zero net flux method, introduced by Lönnroth [221]. Different glucose
solutions (���) are perfused and the ����� is estimated by linear regression at

1 �
�

–( )ln–
1
�

�
�
�

---------
1
�

Φ
��	�

-----------×
 
 
 

=

1 ��–( )ln– Φ����
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�
�
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# 2π	%=
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the point where no net influx or efflux from the probe is present. Combin-
ing equations 7-1 and 7-2:

Equation 7-6. Combining equations 7-1 and 7-2.

or

Equation 7-7. Rearranged equation 7-6.

So if a range of glucose solutions (��� ) are perfused, a plot of ������	�
� - ���

against ��� should yield a straight line: slope is ;
the Y-intercept is (��� equals 0;
Figure 7-2, page 132). Hence the absolute value of the slope equals the
recovery 
(������	�
�/ �����) and�������is the intercept on the x-axis.

Two cases can be identified in the following:

1. ����� changes at a constant recovery, and

2. the recovery changes at a constant �����.

For monitoring of glucose in diabetic patients, the first case is assumed. �����

should closely follow the blood glucose value at a constant recovery. In
figure 7-2, a change in blood glucose is seen as a parallel displacement of the
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regression line. In addition, at a stable glucose concentration in blood, a par-
allel displacement may be seen if a local process is consuming glucose
around the probe and blood glucose is measured at a different location of
the body.

If the permeability of the probe membrane and the perfusion rate are con-
stant, a change in recovery always means a change in tissue permeability. In
figure 7-2, this effect is seen as a change in slope of the regression line at a
constant value for �����.

Figure 7-2. Regression analysis according to the “zero net-flux” method of Lönnroth.
Three or four probes are perfused simultaneously with different glucose solutions. The
y-axis shows the net increase or decrease in dialysate glucose, the x-axis shows the
glucose concentration of the solutions perfused. At x = 0, (Cdialysate - Cin) = Cdialysate.
At y = 0, Cin = Cdialysate, so there is no net influx or efflux of glucose in the probe: Cin =
Cequi. Changes in recovery are reflected by changes in the slope of the regression
line: Cdialysate / Cequi. Changes in Cequi are reflected by a parallel displacement of the
regression line (t = 0, start of study; t = 2, end of study).
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7.4 Results
The results of subjects 1 through 4 could be used for the monitoring of the
equilibrium concentration and the dialysate concentration in time (type B
experiments). Subject 5 is omitted in the calculation of ����� because two
of the four probes broke down during the experiments. However, the results
of all five subjects could be used to judge the validity of a diffusional model
for glucose transfer between tissue and a microdialysis fiber (type A experi-
ments).

In figure 7-3 (page 134), dialysate glucose concentrations ������	�
�, meas-
ured in saline are compared to the mean capillary blood glucose (����������)
and the calculated equilibrium glucose concentrations, �����, obtained by
the zero net-flux method. In all cases, the dialysate glucose concentration
was increasing twofold for 6-9 days, whereas the mean blood glucose for
each day was almost constant. In addition, the equilibrium concentration is
increasing, but this parameter stabilised after 1 or 2 days.

Figure 7-4 (page 135) shows the results of the 1st day. Here in all cases,
both the dialysate concentration and the equilibrium concentration are
decreasing. There is a significant variation in individuals during the period
involved to reach the nadir for the dialysate concentration. The mean of dia-
lysate glucose concentration measured at the 1st day ranges from 34 ± 5 to
61 ± 21% of the final plateau value, and the lowest and highest value meas-
ured for all subjects are 12 and 84%, respectively.

†Hours are corresponding with time in the plots of the subjects on day 1
(Fig. 7-4).

Table 7-5. Slope of Lönnroth-plot on day 1.

Subject Slope (hour in plot)†

1 –0.47 (1) –0.46 (2)

2 –0.53 (2) –0.51 (4)

3 –0.60 (6) –0.61 (7)

4 –0.41 (4) –0.55 (6)



MICRODIALYSIS UP TO THREE WEEKS IN HEALTHY VOLUNTEERS
Results
Figure 7-3. Dialysate glucose concentration (� ), equilibrium glucose
concentration ( �) and blood glucose concentration (� ). Error bars show the
SD for all blood glucose measurements during a day and the SD for results of
the number of long probes (3.0-3.5 cm) used during a day. Glucose
concentration in perfusion fluid used to obtain the equilibrium concentration: 0 ;
2.8 ; 8.3 and 11.1 mmol/l. Each panel shows the results for one subject (subject
1=A, 2=B, 3=C, 4=D).

Mostly the dialysate concentration decreases within an hour after insertion,
whereas the equilibrium concentration falls at least one hour later. In Table
7-5 (page 133) it is shown for each volunteer that the slope of the regression
line before and after the decrease of the equilibrium concentration does not
change, so the recovery is constant.

Day

1 2 3 4 6 7 8 9 10 11 13 14 15 16 17 18

G
lu

co
se

co
nc

en
tr

at
io

n
(m

M
)

0

1

2

3

4

5

6

7
A

Day

1 3 6 8 10 13 15 17 22

G
lu

co
se

co
nc

en
tr

at
io

n
(m

M
)

0

1

2

3

4

5

6

7

B

Day

1 2 3 4 6 7 8 9 10 11 13 14 15 16 17 18

G
lu

co
se

co
nc

en
tr

at
io

n
(m

M
)

0

1

2

3

4

5

6
C

Day

1 2 3 4 5 7 8 9 11 14 17 18 21

G
lu

co
se

co
nc

en
tr

at
io

n
(m

M
)

0

1

2

3

4

5

6

7
D

135



CHAPTER 7
Results

136
Figure 7-4. Dialysate glucose concentration (��, equilibrium glucose
concentration (�) and blood glucose concentration during the 1st day (� ). Each
hour, a sample was collected using one set of corresponding probes perfused with
differing glucose solutions: 0 ; 2.8 ; 8.3 and 11.1 mmol/l. Each panel shows the
results for one subject (subject 1=A, 2=B, 3=C, 4=D). For comparison, the final
plateau glucose concentrations of Cequi and C0 are depicted in the figures for each
subject.

These differences in onset and duration of the changes in glucose concen-
tration for ������	�
� and ����� suggest that different mechanisms may cause
the fall in glucose concentration for both parameters.
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From the time ������	�
� and ����� did not change any more, all the concen-
trations measured were compared to the measured capillary blood glucose
concentrations:

1. ������	�
� differs statistically significant from ����������  ($�< 0.05).

2. For ����� and ����������, there is no statistically significant difference 
($ < 0.05).

3. ������	�
� differs statistically significant from ����� ($ < 0.05).

To judge the validity of a diffusional model for glucose transfer between
tissue and a microdialysis fiber, the results of experiments with various flow
rates are presented according to equation 7-4 in a plot ���&��	�'
(�	�) versus
�*�
+ 	��� (Figure 7-5). The results show an excellent agreement with the
diffusional model.

Figure 7-5. Results of experiments aimed at investigating the rate limiting process
in transport of glucose from the vascular bed to the probe (see text). Diffusion is
considered to be the rate limiting process, if straight lines are obtained. Hollow
fiber length: 3-3.5 cm ± SD in 3 subjects (� ), 2.5 cm (�), 1.5 cm (� ), 1 cm (�),
each fiber in one of 3 subjects. The correlation coefficients were r2=0.9997 (� ),
r2=0.9932 (�),r2=0.9934 (� ), r2=0.9948 (�).
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7.5 Discussion and Conclusions
The results of the present study show a significant effect of probe implanta-
tion on the dialysate glucose measured with that probe and on the equilib-
rium glucose concentration. The first day a fall in dialysate glucose was
measured mostly during the first hour. This phenomenon was also observed
by other investigators [224].

Because of the long-term measurement, for the first time, an increase in
dialysate glucose was measured in subsequent days untill a plateau value of
84.0 ± 7.4% of the capillary blood glucose for the longer probes was reached
in ~1 week. During the 1st day especially, there is a significant variation in
individuals of the measured dialysate glucose concentrations. This variation
may partly explain why authors present recoveries in a range from 20 to
100% of the blood glucose value for an 8- to 10-hours measurement period
[44, 45, 47, 48, 65, 125, 144, 174, 184, 235, 239]. Bolinder ������ [239]
report a constant glucose recovery of 93 ± 3% at a flow rate of 0.5 µL/min
during a 3-day study period in 17 diabetic patients. This seems to be con-
tradictory to the increasing recovery found in the present study during the
first days. However, in the Bolinder �������study [239], daily blood glucose
concentrations were fluctuating considerably. It is possible that a change in
recovery is present but is masked because of the lag-time between change in
blood glucose and subcutaneous glucose concentrations. In the present
study, blood glucose of the healthy subjects was kept quite constant (Figure
7-3). Therefore, calculations of the glucose recovery are considered more
accurate.

If the changes in ������	�
��are compared with the changes in the �����, we
see some distinct differences. For all four subjects ����� falls at least 1 h later
than the ������	�
�. For three out of four subjects, the steepest fall in ������	�
�

took place in the first hour after implantation, whereas the ����� did not
change significantly. Finally, the ����� stabilises in 2 days, whereas the 
������	�
��needed much more time to reach a stable value. As explained in the
theoretical background section, an independent behaviour of the driving
force (����� ) and the recovery (������	�
� /����� ) allows a more precise eval-
uation of the mechanisms involved. If we assume a constant permeability of
the probe membrane, the initial fall in ������	�
� at a constant ����� can only
be caused by an increasing tissue resistance. Probably insertion of the probe
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causes some trauma to cells and capillaries, creating a not fully functional
layer of tissue around the probe that may present a barrier to diffusional glu-
cose transport. The repair of the tissue microstructure around the probe may
well take a rather long time and is accompanied by a steady increase of the
glucose recovery.
����� is defined as the concentration of glucose in the probe at zero per-

fusion flow rate. The fluid in the probe is in equilibrium with the fluid in
the surrounding tissue. Hence, ����� is not affected by any kinetic parameter,
as there is no concentration gradient for glucose in tissue or in the probe.
Therefore, probe dimensions and permeability, but also tissue permeability
and in general all parameters affecting the recovery, do not influence the
equilibrium concentration. In fact, the ����� equals the actual glucose con-
centration in the surrounding tissue and depends solely on the balance
between the supply of glucose by the arteries and the uptake of glucose by
tissue cells. Therefore, when blood glucose is constant and ����� falls, the
only explanation is an increased uptake of glucose by tissue around the
probe, possibly some inflammation reaction.

Our results show equal glucose values for capillary blood (����������) and
�����, when no “implantation” effects are present anymore. It proved to be
difficult to assess the accuracy of the used-fingerprick method. We meas-
ured rather low values for blood glucose with the Reflolux method during
the experiments. This method was validated by comparing it with the Acc-
utrend fingerprick method. During a day, the volunteers measured blood
glucose with both methods from the same drop. It appeared that the wiping
of blood from the stick for the Reflolux method produced low and differ-
ent, but specific, results for each volunteer. In this way, we could correct the
blood values, However the results still depend on the accuracy of the Acc-
utrend method. In the literature [268-270] the Accutrend method and other
fingerprick methods, was assessed by comparing these methods to a refer-
ence method. However, only one study [271] was performed on capillary
blood of diabetic patients. In this study the Accutrend method measurement
were 8.6 ± 8.6% lower than those of the applied glucose-oxidase reference
method. We added 8.6% to our blood glucose values and repeated the sta-
tistically analysis of ������	�
�, ����� and corrected ���������� by one-way
anova: the difference between ����� and ���������� was still not statistically
139
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significant ($ < 0.05). Comparing the Accutrend method to the Hexoki-
nase method (See “Sampling and analysis” on page 127), the Accutrend
method result in 3.3 ± 7.3% and 2.3 ± 7.7% higher than the reference
method, in contrast to the 8.6% lower value that was obtained for the glu-
cose oxidase reference method.

Although the equivalence between the capillary blood glucose and the
equilibrium concentration should be viewed with some care because of the
uncertainty about the accuracy of the blood glucose measurement, we think
the alternative conclusion is allowed that some uniform interstitial concen-
tration is not the driving force for diffusion to the probe, but that it is the
capillary blood glucose concentration itself. Adipose tissue consists of
densely packed adipose cells surrounded by sheets of connective tissue,
richly innervated by blood vessels [272]. The diameter of a capillary is
~5 µm and the diameter of the probes is 190 µm, so it is assumed that
numerous capillaries surround the probe and the differences in capillary glu-
cose concentration from the arterial end to the venous end are evenly dis-
tributed around the probe. Then the mean blood glucose around the probe
is the capillary glucose concentration. Many studies [44, 45, 47, 48, 65, 125,
144, 174, 184, 235, 239] have used the venous plasma glucose concentration
as reference for the dialysate concentration. After the recovery has reached
a plateau, the dialysate glucose concentration is corresponding best with
capillary blood glucose. This means that for microdialysis experiments in
adipose tissue in general, for substances not produced in the tissue around
the probe, capillary blood is a better reference than venous plasma.

Based on this histological picture, adipose tissue is better described by a
tissue matrix of cells and capillaries in which the transport of glucose in
tissue is governed by convective flow of blood inside the vascular bed and
not so much by diffusion in the interstitial space.
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The “matrix” model views transport of glucose from capillary to probe as a
two-stage process:

1. Convective flow in the vascular bed for transport of glucose to the 
vicinity of the probe. The value of ���������� is the result of the balance 
between supply and uptake processes of glucose in the tissue matrix 
(uptake of glucose by cells equals arteriovenous difference in glucose 
concentration times the blood flow).

2. Diffusional flow across the capillary wall, a small layer of interstitial fluid 
and the membrane wall of the probe. ���������� is the driving force for 
diffusion of glucose into the probe, as ����� appears to be equal to 
����������.

The “uniform interstitial concentration” model [227, 257] assumes there is
some definable interstitial concentration far enough from the probe not to
be disturbed by the probe that may serve as the driving force for diffusion.
The probe is thought to drain glucose from the interstitial fluid, so a rather
large diffusion layer is assumed.

The “matrix” model integrates diffusional transport of glucose across the
capillary wall, the interstitial fluid layer and probe membrane. ���������� is the
driving force for diffusion of glucose. The “uniform interstitial concentra-
tion” model separates diffusion across the capillary wall from diffusion
through the interstitial fluid and probe membrane.

In a two-stage transport process, either of the steps may be rate limiting.
If capillaries are completely drained by the probe, glucose supply by the vas-
cular bed is at a maximum and an increase of perfusion flow rate of the dial-
ysis fluid can not extract more glucose from the capillaries. Therefore,
uptake of glucose by the probe is constant and independent of perfusion
flow rate. This process is rate limiting and results have been presented [227]
indicating this possibility. We also found similar results at the 1st or 2nd day
in several subjects. For intact tissue, the experimental results indicate that
diffusion is the rate-limiting step as can be seen by the straight lines in figure
7-5.

The observed implantation effect on the recovery may well impede a
short-term application of continuous microdialysis in adipose tissue. This
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study shows that glucose recovery in all subjects increases after insertion of
the probes until a plateau value is reached. The time to reach a plateau value
differs from subject to subject, but takes, with the probe configurations used
in this study, 5-9 days. Only when the recovery is stabilised, dialysate glu-
cose concentrations correlate directly with the blood glucose concentration.
We therefore recommend that for reliable continuous glucose measure-
ments one should wait until recovery has stabilised. However, this is rather
impractical so we are investigating the possibility to determine a correction
factor based on a blood glucose measurement at the 1st day. The correction
factor can then be used to predict the change in recovery after insertion of
a microdialysis probe.

For glucose monitoring in diabetic patients, the implantation effect on the
measured dialysate glucose and equilibrium concentration is a complication.
The glucose recovery of probes may be increased by optimising probe char-
acteristics, such that near-equilibrium will be reached at a suitable flow rate.
Then the probe almost measures the local capillary glucose concentration.
That is as far as one can get, because changes in the equilibrium concentra-
tion because of, for instance a local inflammation effect on glucose uptake
by tissue, reflect changes in the local capillary glucose concentration. The
probe measures too low a value and less insulin than is needed will be
administered. Further research should elucidate if the changes in equilib-
rium concentration, independent of capillary glucose concentration by fin-
gerprick, are an inevitable part of the repair process, or that the materials
and glue used for the probe play a role. Finally, the equivalence between the
equilibrium concentration and the capillary concentration for the driving
force simplifies the following. Question: “What is a microdialysis probe in
subcutaneous tissue really measuring?”. Anwser: It is measuring a percent-
age of the capillary glucose concentration.
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