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Intra-articular volume as an

important factor governing
macromolecular half life in
synovial fluid

SIR, We read with interest the paper by Dr Page-Thomas and
colleagues entitled 'Clearance of proteoglycan from joint
cavities'.' A striking finding was that the half life of proteo-
glycan aggregates in the joint cavity was unaltered by syno-
vitis. It would be wrong to conclude that the proteoglycan
clearance rate was unaffected, however. As pointed out by
Simkin and others intra-articular fluid volume must be taken
into consideration as well as half lifc when interpreting clear-
ance studies.-2 3 When both variables were considered Wallis
et al observed a faster clearance rate for radiolabelled
albumin from rheumatoid joints than from osteoarticular
joints.
The importance of intra-articular volume arises because

most mechanisms for removal of molecules from joints
(whether by diffusion, convection, or degradation) depend
on concentration.- This results in a monoexponential shaped
removal curve as described in Dr Page-Thomas's paper.
Monoexponcntial curves are in keeping with other studies
reflecting first order kinetics. Such kinetics allow the
removal of proteoglycan to be expressed as a single half life
(time taken for the knee radioactivity to diminish to 50% of
the original value) or its close relation, the removal rate con-
stant (the fraction of the original amount of injected proteo-
glycan that is removed in unit time, expressed as min ').

Concentration depends on the volume of synovial fluid in
which the injected radiolabelled proteoglycan was dis-
tributed. as well as the mass injected. In the study described it
would be anticipated that the inflamed rabbit joints con-
tained greater volumes of synovial fluid than the control
joints. If this is correct then the mechanism removing proteo-
glycan from the arthritic joint must have been enhanced, as it
achieved a similar half life despite operating at a lower con-
centration of proteoglycan. To put it another way, it is likely
that the clearance rate (volume of fluid cleared of proteo-
glycan in unit time, expressed in ml/min) was considerably
larger in the inflamed joints.
The above argument can bc set out more rigorously as

follows: Let - dm/dt be rate of removal of test solute at time t,
after injection of initial test mass mi, at time zero into volume
V. At time t the concentration C of the solute in the synovial
fluid will depend on the mass m remaining

C=mi/V

The expression defining clearaince rate, y. of a solute is

y= (-dm/dt)/C

As C=m/V. then

-dm/dt=y(m/V)

On integration, this becomes

lo,m = -y(t/V)+ logcmi,

The removal rate constant is the slope of the log,.m versus t
plot, which we will call i. From the above expression the
slopc is -Y/V. so

i.= y5IV

Half life. t, 2. is 0(693/A. so

t,,= -0(693VIy

Thus the measured half life depends not only on y. the clear-
ance rate, but also on V, the distribution volume of the
solute.

Similarly, the clearance rate (y) of the proteoglycan
depends not only on rate constant (or tl/,) but also on
volume2

,1(ml/min) =X(min )x V(ml)

For example normal rabbit knees contain -0-024 ml of
synovial fluid.4 and a moderate effusion that might be
expected in a non-fibrosed knee with an intra-articular
pressure of -20 cm water would be -2-0 ml.5 When the
figures quoted by Dr Page-Thomas for injection volumes and
half lives are used the clearance of proteoglycan aggregate
from the inflamed knees would be 191 x 10 3 ml/min com-
pared with clearance from the control knees of 0(38x 10
ml/min, a fivefold diffcrencc. Even if the effusion were only
0-4 ml (compliance reduced hy fibrosis) the arthritic clear-
aince would still be 69% faster than the control.

Unfortunately the authors do not include data about the
synovial fluid volumes in the paper and have only presented
half lives notcleairaince rates. Thiscouldeasily lead the reader
to erroneous conclusions. Our interpretation of the inter-
esting observations is that, if intra-articular volume was
greater in the arthritic knee vet the half life was not signifi-
cantly slower, then the clearance of proteoglycian wasi greatter
in the arthritic knee.
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SIR, We were interested to read the comments of Drs Levick
and Thompson. Although accepting their observation that
as our labelled injections in the synovial fluid of arthritic
joints are more dilute the apparent clearance rates are
greater, we feel that they may be overinterpreting our
data, and wish to make two main points.

Firstly, the experiments measure only the clearance of
labelled material and do not take into account the effects
of existing proteoglycans in the joint which may compete.
Without conducting a detailed analysis of the composition
of the synovial fluid, an important study, but one beyond
the scope of our original paper, it is very difficult to make
sensible predictions of the extent of this effect and to
calculate overall clearance rates. We chose to express our
results as half lives precisely because this measurement
makes no assumptions about the absolute intra-articular
concentrations of proteoglycan.

Secondly, the experimental equipment, as described in
our paper, measures radioactivity over the whole joint,
including the synovium. The data therefore represent
clearance from the whole joint area, rather than just the
joint cavity. Although one may anticipate that loss from
the joint cavity is the rate limiting step, our finding that at
42 hours between a half and three quarters of the residual
radioactivity was associated with the synovium suggests
that this may not be the case for the whole duration of the
experiment. Further detailed experiments are clearly
necessary to establish tissue distributions at earlier times,
whether or not the radioactivity in the synovium is
intracellular or extracellular, and whether it is located
predominantly on the surface of the tissue or distributed
throughout its volume.

In conclusion, we do not dispute the physical calculations,
but question their direct application to competing clearance
mechanisms across anatomical structures of complex and
variable composition. This is not to denigrate the obser-
vations of Dr Levick and his associates, merely to point out
that any simple mathematical model of synovial clearance
has limitations.

Anticardiolipin antibodies,
livedo reticularis, and
cerebrovascular accidents in SLE

SIR, We read with interest the recent article by McHugh et
al concerning the incidence of major cerebrovascular
events and livedo reticularis in three patients with systemic
lupus erythematosus (SLE) and anticardiolipin anti-
bodies.' We have encountered a similar association in our
patients. Of the 35 patients with cerebrovascular disease
and anticardiolipin antibodies seen in our clinics, only one
has suffered from subarachnoid haemorrhage, and this
resulted from a ruptured aneurysm. A significant number
were also hypertensive, however, and we therefore
question whether hypertension could have been a factor in
their single patient with cerebral haemhorrhage.
The authors have advocated treatment of the cerebral

thromboses with immunosuppression (pulse methylpredni-
solone and cyclophosphamide). The prophylactic efficacy
of this regimen in the long term prevention of further
thrombotic events is questionable if an antibody mediated
mechanism for thrombosis is being proposed. Antibody
levels rise fairly rapidly on completion of the pulse
therapy, and these levels may not even be fully suppressed.
Furthermore, we have encountered several patients with
cerebral thromboses and anticardiolipin antibodies who
have had no other evidence of lupus activity either
clinically or serologically. We have advised anticoagulation
for prophylaxis and are currently undertaking prospective
trials in order to assess its efficacy. It certainly would avoid
the hazards of long term immunosuppression, which would
otherwise not be indicated for control and treatment of the
underlying disease process.
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SIR, I am grateful for the interest shown in our paper by Dr
Baguley and her colleagues, though their letter contains
several inaccuracies. We reported four of 98 patients with
systemic lupus erythematosus suffering cerebrovascular
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