Annals of the Rheumatic Diseases, 1989; 48, 281-286

Direct assessment of synovial blood flow and its
relation to induced hydrostatic pressure changes

P GEBOREK, K FORSLIND, AND F A WOLLHEIM
From the Department of Rheumatology, University Hospital of Lund, Sweden

SUMMARY A method for measuring synovial blood flow changes using the laser Doppler
technique is described. Mean blood flow and mean pulse amplitude decreased by 50-70% in
relation to the reference level when the intra-articular hydrostatic pressure in effusive knee joints
of patients with rheumatoid arthritis was increased. As an increase of intra-articular pressure of
as little as 20 mmHg decreased synovial blood flow significantly it is suggested that hypoxia may
occur in vivo during joint use in the presence of an effusion. This may be of aetiopathogenetic
importance for tissue destruction and the persistence of chronic synovitis.
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Increased hydrostatlc pressure may impair synovial
microcirculation.'™ Development of intermittent
ischaemia could lead to the formation of oxygen free
radicals with subsequent tissue damage.’

Synovial blood circulation has been evaluated
indirectly by measuring skin temperature, from the
synovial fluid temperature, by plethysmography,
electromagnetic and bubble flow methods, vital
microscopy as well as by clearance of radioactive
substances—for example, *Na, B!, '2I7 and
133Xe, from the synovial fluid. The subject has been
reviewed.*!! Evidence of increased blood
circulation'>* as well as insufficient nutritional
supply® * 7 118 has been reported in various joint
diseases, mostly rheumatoid arthritis. There are also
reports of a physiological diffusion block between
the synovial capillaries and the synovial fluid in knee
joints of patients with rheumatoid arthritis.!* !

The described techniques, apart from their indirect
approach, all have disadvantages—for example,
sensitivity to env1ronmental temperature, lipophilic
property of Xe,? introduction of radioactive sub-
stances, complicated measuring procedures, and the
lmportance of taking the synovnal fluid volume into
account in clearance studies.!® Furthermore, they
are not suited for measuring rapid changes in
synovial microcirculation.

Thus a method for measuring rapid microcircula-
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tory changes would be a useful tool in the investiga-
tion of synovial blood circulation physiology. We
introduce the use of a new needle probe permitting
synovial microcirculatory measurements with the
aid of the laser Doppler technique. The latter has
mainly been used to measure skin blood flow.?2
The equipment is suitable for evaluation of rapid
changes in synovial blood flow. The purpose of this
study was to investigate the impact of intra-articular
hydrostatic pressure variations on synovial blood
flow.

Materials and methods

Eight knee joints with effusions m seven patients
with classical rheumatoid arthritis?* were studied. In
one patient both knees were investigated on different
occasions. Table 1 gives details of patient character-
istics.

A Teflon cannula was introduced into the supra-
patellar recess after subcutaneous infiltration of a
local anaesthetic. Care was taken not to inject any
anaesthetic into the joint cavity. After aspiration of
a few millilitres of synovial fluid a laser needle probe
connected to a PF2-B laser Doppler instrument
(Perimed, Stockholm, Sweden) was inserted
through and fixed to the Teflon cannula, which was
then directed against the synovial membrane. After
obtaining a regular pulse wave registration the
cannula was fixed to the skin. As the inner diameter
of the cannula exceeded the laser probe by 0-1 mm
measurement of intra-articular hydrostatic pressure
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Table 1 Patient characteristics

Patient Sex Age Duration Total duration Duration of Time since
No (years) of disease of local disease synovitis last gluco-
(years) (years) (months) corticosteroid

injection
(months)

1 M 62 10 8 2 3

2 M 52 10 5 6 0-5

3 M 51 5 4 1 6

4 M 73 27 20 1 >12

5 F 60 12 10 0-5 3

6 (left) F 60 17 15 0-2 2

6 (right) 14 1 2

7 F 52 30 21 2 6

8 F 49 9 9 1 4

could be performed through a side entrance of the
cannula. Intra-articular pressure was measured with
a hydrostatic pressure transducer (Hewlett-Packard)
connected to the cannula side entrance by pressure
stiff tubes filled with saline. A 12 cm wide blood
pressure cuff was applied around the knee over the
patella, thus exerting the maximal pressure distally
to the synovial site studied. The cuff was then
inflated with increasing pressures, usually 25-50-75-
100-150 mmHg. Intra-articular pressure and syno-
vial microcirculation blood flow were registered on a
Servogor 2 pen recorder (BBC, Vienna, Austria).
Minor adjustments of the needle probe localisation
were sometimes necessary owing to movements of
the tissues when the external cuff was inflated.

Owing to large variations in resting blood flow a
standardisation procedure was performed. The
mean blood flow at the external cuff pressure of 0
mmHg was assigned the reference level 100%. The
mean blood flow for each externally applied press-
ure was standardised according to this reference
level. Similarly, mean pulse amplitude at external
cuff pressure 0 mmHg was assigned the value 100%
and the mean pulse amplitude for each applied
pressure was standardised accordingly. In each
registration the atmospheric pressure was assigned
the level of 0 mmHg and a standardised hydrostatic
pressure recording was included. To evaluate the
impact of changes in intra-articular pressure upon
synovial blood flow the measured intra-articular
hydrostatic pressure at external cuff pressure 0 was
subtracted from the subsequently measured press-
ure.

To validate the blood flow registrations the
procedure was performed twice in two knees and
three times in one knee joint. For each of the
externally applied pressures correlation of the blood
flow, pulse amplitude, and intra-articular hydrosta-
tic pressure was performed.

In an attempt to evaluate the possibility that
external cuff pressure influenced tissue blood flow
proximal to the cuff, cutaneous blood flow was
measured over the suprapatellar bursa in two
additional arthritic knee joints with effusions. The
cuff around the knee was inflated stepwise to supra-
systolic levels two or three times. The distance from
the cuff border to the site studied was 8-12 mm,
corresponding approximately to the distance of the
intra-articular registrations.

The laser Doppler technique also measures cellu-
lar movements in the tissue not related to blood
circulation.?® To evaluate this component an 18 cm
wide blood pressure cuff was applied around the
thigh proximal to the cannula and inflated to supra-
systolic pressures in two cases.

Only experiments in which registrations with
regular pulse waves were obtained and in which
synovial fluid could be withdrawn after removal of
the laser probe were considered to have measured
synovial membrane microcirculation (see ‘Results’
and ‘Discussion’). No artefact filter was used. The
band width was set to 12 kHz and the time constant
was 0-2 seconds to permit registration of rapid
changes and also identification of artefacts.

STATISTICS
Spearman’s correlation coefficient was used.

Results

Regular pulse registrations were obtained in all
knees investigated. Synovial fluid was withdrawn
after removal of the laser probe from seven of eight
knees. Intra-articular hydrostatic pressure was mea-
sured in six of these knees. The blood flow and pulse
amplitude at the external cuff pressure of 0 mmHg
varied markedly beween different knee joints. After
standardisation (see ‘Materials and methods’) a
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homogeneous pattern was found when intra-
articular hydrostatic pressure was increased, charac-
terised by a progressive decrease in both blood flow
and pulse amplitude. Figure 1A shows a representa-
tive experiment. The mean blood flow decreased to
approximately 30% of the reference level when the
increase in intra-articular hydrostatic pressure was
above 50 mmHg (Fig. 2). The pulse amplitude
showed a similar but more variable decrease (Fig.3).
The knee joint in which the hydrostatic pressure
was not recorded showed the same changes with
increasing external cuff pressure.

Standardised mean blood flow correlated with
standardised mean pulse amplitude (r=0-80,
p<0-002; Fig. 4) as well as with the increase in intra-
articular hydrostatic pressure (r=-—0-69, p<0-002).
The correlation between increase in intra-articular
hydrostatic pressure and standardised pulse ampli-
tude was r=-0-74, p<0-002.

Repeat experiments in three individual knee
joints in which intra-articular hydrostatic pressures
attained with externally applied pressure were
measured showed a high reproducibility (r=0-95,
p<0-002). Similarly, registered mean blood flow
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Fig. 1 (A) Registration of intra-articular hydrostatic pressure (P,,) and synovial blood flow at different external cuff
pressures when the cannula was situated in the knee joint cavity. (B) The same registration as in (A), but the cannula
probably situated in the joint capsule. Notice that the registrations run from right to left. The large irregular amplitudes of
the blood flow recordings represent artefacts due to movements of the laser needle probe.
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and mean pulse amplitude correlated for each
externally applied pressure (r=0-57, p<0-002 and
r=0-74, p<0-002 respectively). Repeated registra-
tions of cutaneous blood flow remained unchanged
when distal cuff pressure was altered.

A residual output signal from the laser Doppler
instrument of 9% and 18% of the reference level
was found in the two cases where the blood flow to
the knee had been abrogated by application of
suprasystolic pressures around the thigh.

In one experiment no synovial fluid could be
withdrawn from the knee joint after removal of the
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Fig.2 Changes in mean synovial blood flow versus
increases in intra-articular hydrostatic pressure (A-P,,) in
six different knee joints. The increases in intra-articular
pressure were obtained by inflating an externally applied
cuff. The mean blood flow at external cuff

pressure=0 mmHg was assigned the value 100%.
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Fig. 3 Changes in mean pulse amplitude versus increases
in intra-articular hydrostatic pressure (A-Py,) in six
different knee joints. The increases in intra-articular
pressure were obtained by inflating an externally applied
cuff. The mean pulse amplitude at external cuff
pressure=0 mmHg was assigned the value 100%.
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Fig. 4 Mean synovial pulse amplitude versus mean
synovial blood flow for each applied cuff pressure. The
measurements are the actually recorded deflections in
mm~—that is, without the standardisation procedure.

laser probe, and the recorded changes differed as
seen in Fig. 1B. In contrast with the usual stepwise
increments in hydrostatic pressure, the recorded
pressure reacted only for cuff pressures above 70
mmHg, and then rose progressively. Blood flow and
pulse amplitude also showed an atypical pattern,
which could be reproduced when the procedure was
repeated.

The increase of intra-articular pressure for the
individual knee joints varied when the same external
pressure was applied to them. Intra-articular hydro-
static pressure at external cuff pressure=0 mmHg
varied between 0 and 36 mmHg, median 3.

In some recordings a rebound phenomenon with
increased blood flow and pulse amplitude was
observed when the external pressure was removed.
Artefacts due to movement of the optic fibre cable
were readily identified by large amplitude and
irregularly shaped curves.

Pulse synchronous oscillations of intra-articular
pressure were observed as the pressure increased as
has been described.?

Discussion

Previous investigations of synovial microcirculation
have used indirect techniques not smtable for
following rapid changes in blood flow.® 1° The laser
Doppler instrument used in our study seems to be a
suitable device for such measurements. The laser
beam is reﬂected against corpuscles in a hemisphere
of about 1 mm? in front of the probe. The laser
Doppler apparatus measures movements in all
directions of these corpuscles—that is, mamly
erythrocytes.?! It has been shown that the magni-
tude of the output signal is linearly proportional to
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the product of the number and mean velocity of the
corpuscles moving in front of the probe.?! Thus the
device should be useful for comparative measure-
ments of synovial blood flow between different knee
joints.

The probe may exert a certain pressure on the
synovial membrane, thereby compressing the capil-
laries and reducing the blood flow at the measured
site. The actual investigative design did not allow
standardisation of the pressure exerted by the probe
on the synovial membrane. The recorded uniform
decrease in blood flow with increasing intra-articular
pressure (Fig. 2), however, supports the validity of
flow measurements by this method.

Alternative methods could be considered to
generate increased intra-articular hydrostatic press-
ure. A distal externally applied cuff was chosen to
minimise tissue movements at the site studied.
External manual compression and isometric knee
extensor muscle activation were difficult to standar-
dise. Knee joint flexion and infusion of a salt
solution yielded large movement induced artefacts,
and the injection of a fluid also brought problems of
obtaining correct temperature. Cuff inflation as we
used it did not alter proximal cutaneous blood flow.
This supports the inference that the measured
increase in intra-articular hydrostatic pressure was
indeed the cause of the decreased synovial blood
flow.

The laser Doppler technique also measures move-
ments unrelated to blood flow in the tissues,
possibly due to other cellular movements.? This was
demonstrated in the experiments in which, despite
abrogation of the blood circulation to the knee by a
proximal cuff, the recorded output signal failed to
drop to zero.

Even when intra-articular pressure was above 100
mmHg the output signal exceeded that after abroga-
tion of the blood flow, suggesting persistent tissue
perfusion with raised intra-articular hydrostatic
pressure. It was not possible to immobilise the probe
completely in relation to the tissues, and some of the
apparently measured pulse and blood flow could be
artefacts due to pulse synchronous movements of
the probe. It is thus possible that the synovial
microcirculation was more reduced at increased
intra-articular pressures than was actually recorded.
The relatively constant level of output signal despite
further increase in intra-articular hydrostatic press-
ure, in one case even above the systolic blood
pressure, supports this possibility.

The laser Doppler method showed a good repro-
ducibility when the procedure was repeated in the
same knee joint. The uniform pattern of decreased
blood flow in different knees with increasing intra-
articular pressure also supports the reproducibility

of the method, provided that the intra-articular
location of the probe was ascertained by aspiration
of synovial fluid after removal of the laser probe.
The different pattern observed in the joint in which
no synovial fluid could be aspirated after removal of
the probe (Fig. 1B) indicated that the cannula had
slipped out of the joint cavity.

Blood flow and pulse amplitude were closely
correlated, indicating that they may reflect related
circulatory events (Fig. 4). Decrease in both mean
synovial blood flow and pulse amplitude was thus
shown even for relatively small increases in intra-
articular hydrostatic pressures (10-30 mmHg).
Pressures well above these have been measured
during joint movement and knee extensor muscle
activation in the presence of excess synovial
fluid.! 22 Even small and intermittent impair-
ments of synovial microcirculation may cause signifi-
cant joint hypoxia as synovial fluid is often acidotic
in rheumatoid arthritis'*'® and also lacks significant
buffering capacity for oxygen.*® Joint hypoxia may
be of aetiopathogenetic importance in chronic
arthritic diseases.® ®

The present investigation showed that synovial
microcirculation is reduced by moderate increases in
hydrostatic pressures, probably occurring in vivo in
effusive joint diseases. The possibility of using the
laser Doppler device for comparative measurements
of synovial microcirculation in different knee joints
is presently being explored.
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