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Plasma viscosity in giant cell arteritis as a predictor
of disease activity

M Gudmundsson, E Nordborg, B-A Bengtsson, A Bjelle

Abstract
Thirty one patients with giant cell arteritis
(GCA) receiving standardised prednisolone
treatment were followed up for one year with
analyses of plasma viscosity, erythrocyte sedi-
mentation rate (ESR), C reactive protein
(CRP), and fibrinogen concentration. On the
day of diagnosis all patients had an increased
plasma viscosity and ESR, whereas the con-
centration ofCRP was normal in three patients
and fibrinogen concentration and haptoglobin
values were normal in one patient. IgG levels
were increased in two patients. Plasma
viscosity correlated significantly with the ESR,
IgG level, and fibrinogen concentration.
Laboratory variables in subgroups of patients
with GCA proved by biopsy were not different
from the whole group of patients with GCA.
The follow up showed that CRP normalised
faster than the ESR, plasma viscosity, and
fibrinogen concentration. Plasma viscosity
and the ESR paralleled clinical findings more
closely and predicted flare ups better than the
other variables. Plasma viscosity had advan-
tages over the ESR for predicting flare ups
and in the clinical monitoring of treatment
with glucocorticoids.

(Ann Rheum Dis 1993; 52: 104-109)
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Giant cell arteritis (GCA) is a clinically hetero-
geneous syndrome of unknown aetiology and
associated with a considerable systemic
inflammatory reaction. ' 2 The erythrocyte sedi-
mentation rate (ESR) has long been generally
recommended in the clinical monitoring of this
disease, 7 even in comparison with other acute
phase reactants such as C reactive protein
(CRP).7 Although the ESR is usually increased
in patients with GCA before treatment,7 normal
values have been reported in 25% of patients.8
Of particular concern is the occurrence of
normal ESR values even in fulminant cases of
GCA.2 9 Another problem is the failure of the
ESR to predict relapses.9 0 So far, no laboratory
test has been found unfailingly to predict the
severity of the disease2 and the judgement
therefore still has to be based on clinical
findings.2 10

Changes in blood rheology could be expected
in GCA due to the increased protein concentra-
tions-for example, of fibrinogen. " Four
previous studies have shown increased plasma
viscosity in patients with GCA,'12- whereas no
changes in whole blood viscosity or in the
rheological properties of erythrocytes have been
found. 15 Plasma viscosity has not been shown to

be superior to the ESR in the monitoring of
GCA3 5 but its value has not yet been tested in a
longitudinal study ofpatients receiving a uniform
therapeutic regimen.
The aim of this study was to evaluate

prospectively the clinical significance of plasma
viscosity compared with acute phase reactants
in the clinical monitoring of GCA. Thirty one
patients with GCA were followed from the early
phase and during the first year of standard
prednisolone treatment.

Patients and methods
PATIENTS
Thirty one consecutive patients with the
diagnosis of GCA (seven men, 24 women) were
included. The mean age was 67 years (range
58-81) for men and 72 (range 51-87) for
women. Heavy smokers were excluded and
none had any obvious signs of cardiovascular
disease. One patient had been diabetic for one
year but only needed dietary treatment. The
duration of symptoms before diagnosis was on
average 11 weeks (range 5-30 weeks).

All patients were admitted to hospital for
general physical and laboratory examinations.
They were examined and followed up by the
same rheumatologist (EN). Biopsy samples,
generally 5-10 mm long, were taken from the
superficial temporal artery and fixed in a
phosphate buffered 4% formaldehyde solution.
Afterembedding in paraffin, 10-20 cross sections
from each specimen were examined by light
microscopy according to criteria given in the
following.

Prednisolone was administered in a single
morning dose (fig 1) starting with 40 mg daily
the first week, decreasing to 25 mg daily the
second week, and then reducing to the lowest
effective maintenance dose on the basis of the
clinical response. One patient received a lower
prednisolone dose because of a diagnosis of
diabetes.
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Figure I Prednisolone treatment schedule during the
observation period of52 weeks.
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Plasma viscosity and acute phase reactants in GCA

Ten patients had flare ups during treatment.
A flare up was defined as symptoms of the
disease requiring an increase in the dose of
prednisolone. Thirteen consecutive patients
without flare ups were selected for comparison.
No flare up was defined as the absence of
symptoms of disease at two consecutive visits of
the patients receiving a constant low glucocorti-
coid dose of prednisolone ( 10 mg daily).

CRITERIA FOR GIANT CELL ARTERITIS

The histopathological diagnosis of GCA was

made when arteritis characterised by an inter-
ruption of the internal elastic membrane and
infiltration of mononuclear cells in the arterial
wall was observed in a temporal artery biospy
sample.

Patients without histopathological findings of
arteritis fulfilled the following criteria according
to Bengtsson and Malmvall. 6 (1) ESR ¢40
mm/hour, age ¢t50 years and a prompt and long
lasting response to glucocorticoid treatment.
Patients with clinical or laboratory evidence of
infection, malignant disease, rheumatoid arthri-
tis, lupus erythematosus, or periarteritis nodosa
were excluded. (2) Either or both of the
following: (a) symptoms from the temporal
region such as headache, scalp tenderness, jaw
claudication, tenderness or swelling, or both, of
the temporal artery, anterior ischaemic optic
neuropathy; (b) (i) pain and stiffness affecting at
least two large groups of proximal muscles
(neck, shoulders/upper arms, hips, and thighs);
(ii) morning stiffness of more than one hour;
and (iii) duration of symptoms for more than
two weeks.

CLINICAL CLASSIFICATION OF GIANT CELL

ARTERITIS
At the time of diagnosis patients were classified
into four groups (table 1)16: temporal arteritis
according to criteria 2a; polymyalgia rheumatica
according to criteria 2b; both temporal arteritis
and polymyalgia rheumatica; and general
symptoms-for example, fever, fatigue and
malaise but not fulfilling the criteria of temporal
arteritis or polymyalgia rheumatica (2a or 2b).

BLOOD SAMPLES
Blood samples were collected at 0800 h and
drawn from the antecubital vein with the
subject in the sitting position. For the deter-
mination of plasma viscosity, 2 5 ml 0-0034 M

EDTA (1-143 mg/ml) was used as an anti-
coagulant and plasma was obtained by centri-
fugation for 10 minutes at 3700 rev/min.

VISCOMETRY
Plasma viscosity was measured within one hour
of venepuncture by a Couette rotational visco-
meter (Bohlin, Lund) at a constant temperature
of 27°C and a shear rate of 583/s. 17 The normal
range was 155-1-75 mPa S.17 The methodo-
logical recommendations of the International
Committee for Standardization in Haematology
(ICSH) were followed. 18

LABORATORY TESTS
The ESR was measured by the Westergren
method, fibrinogen concentration by a synoresis
method,'9 and CRP by the method of Mancini.
IgG and haptoglobin levels were measured by
the Cobas Fara immunoturbimetric method.
The normal range for the ESR was <20
mm/hour for men and <30 mm/hour for
women. 20 The normal ranges at our clinical
laboratory were 2-4 g/l for fibrinogen concen-

tration, 7-17 g/l for IgG, 0-4-1-8 g/l for hapto-
globin, and 0-10 tg/l for CRP.

STATISTICAL METHODS
The t test was used for comparisons between
groups. Pearson correlation coefficients were

used to measure the degree of association. The
probability of flare up within the first year and
after the first month of high dose glucocorticoid
treatment was estimated by logistic regression
analysis as a function of the ESR, plasma
viscosity, or both. The corresponding curve

equals the derivative of the receiver operating
characteristic curve." To obtain these curves,
the probability of a flare up within the first year
of treatment was estimated without considera-
tion of the ESR or plasma viscosity. The hazard
function was approximated by a piecewise
constant function. The expected proportions of
patients with flare up when increasing the
glucocorticoid dose at different levels of plasma
viscosity, ESR, or these tests combined were
calculated from these data.

Results
Eight of the 31 patients had GCA as proved by
taking a biopsy sample (table 1). No significant
differences were observed with respect to plasma

Table I Distribution of four clinical subgroups in 31 patients with giant cell arteritis (GCA), number of patients with
GCA proved by taking a biopsy sample, and mean plasma viscosity in the respective diagnostic group. No significant
differences of plasma viscosity levels were found between sexes, diagnostic subgroups, or between patients with and those
without GCA proved by a biopsy sample

Clinical subgroup No of men/women No of menlwomen Meani (SE) plasma
with btopsv proved GCA viscositv (mPa s)

Temporal arteritis (n=6) 1/5 1/4 2 21 (0-110)
Polymyalgia rheumatica (n=20) 6/14 0/1 2 09 (0-048)
Both temporal arteritis and

polymyalgia rheumatica (n=4) 1/3 0/1 2 15 (0097)
General symptoms (n=l) 0/1 011 1-87

Total (n=31) 8/23 1/7
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Table 2 Correlations between plasma viscosity (PV) erythrocyte sedimentation rate (ESR), C reactive protein (CRP),
fibrinogen concentration (FC), haptoglobin, immunoglobulin G (IgG) and symptom duration in 31 patients with giant cell
arteritis before treatment

Laboratory ESR CRP FC Haptoglobin IgG Symptom
variable duration

No r Value No r Value No r Value No r Value No r Value No r Value

PV (mPa s) 30 05** 27 0-2 20 06' 21 05' 20 0-6*t 30 -0-2
ESR (mm/hour) 27 0 4 21 0 7**' 21 0 4 20 0-5-t 30 -0-2
CRP (jig/1) 19 07* 21 0-5' 19 0-1 28 -04'
FC (g/W) 15 0-6 14 04 20 -0-2
Haptoglobin (g/l) 18 -0 1 21 -0-2
IgG (g/1) 19 0-2

*p<0-05; **p<O-Ol; and -'*-'p<0-001.

viscosity, ESR, CRP, and fibrinogen concen-
tration between patients with symptoms of
temporal arteritis and those with symptoms of
polymyalgia rheumatica at the time of diagnosis.
Nor were there any significant differences
between patients with and those without biopsy
findings ofGCA (table 1).

Before treatment, all patients had increased
levels of plasma viscosity (range 1-83-2-86
mPa s) and ESR (range 35-135 mm/hour). In
three patients CRP was not increased, and the
fibrinogen concentration was normal in one
patient. Haptoglobin was normal in one patient
and the IgG concentration was increased in only
two patients. Mean (SD) values before treatment
(day zero) are given in the following.

Before treatment, plasma viscosity correlated
significantly with ESR (r=0 5; p<0 01),

Table 3 Comparisons of some laboratory variables (plasma viscosity (PV), erythrocyte
sedimentation rate (ESR), C reactive protein (CRP)) and daily prednisolone dose between
patients with and without flare ups

Patients with flare ups Patients without Significance of
flare ups difference

No Mean (SE) No Mean (SE)

Laboratory tests
PV (mPa s) 10 1-96(0-068) 13 1-75(0-027) p<001
ESR (mm/hour) 10 35 (8 0) 10 12 (1-7) p<005
CRP (jig/1) 7 7-2 (2 2) 9 6-0 (1-0) NS

Prednisolone (mg/day) 10 12 (2-8) 13 6 (0 9) p<005
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Figure 2 Mean values with standard errors (vertical lines) ofplasma viscosity and
erythrocyte sedimentation rate at days 4 and 10 and at weeks 4, 12, 24, and 52.

fibrinogen concentration (r=0-6; p<005),
haptoglobin (r=0 5; p<0 05), and IgG (r=0 6;
p<0 01). C reactive protein correlated with
fibrinogen concentration (r=0-7; p<001) but
not with ESR (r=0-4; NS). The erythrocyte
sedimentation rate correlated with fibrinogen
concentration (r=0-7; p<0 001) and with IgG
(r=0-5; p<0 05). The duration of symptoms
showed no significant correlation with any of
the laboratory variables except for a negative
correlation with CRP (p<0 05) (table 2).
Multiple regression with plasma viscosity as the
dependent variable showed that IgG was the
strongest independent variable, followed by the
ESR. With two independent variables, fibrino-
gen concentration and erythrocyte sedimenta-
tion rate, the regression was significant (r=0-6;
p<0 05) but neither of the two independent
variables reached significant levels, probably
because they are strongly interrelated. Correla-
tion analysis for plasma viscosity with other
laboratory variables while controlling for fibrino-
gen concentration showed that only IgG corre-
lated significantly (r=0-6; p<005). Controlling
for IgG showed significant correlation only
between haptoglobin and plasma viscosity
(r=0-6; p<0 05).

After four days of treatment, significantly
lower values of laboratory tests were found for
all variables except ESR (figs 2 and 3). The
mean (SD) value of plasma viscosity at day zero
was 2-13 (0 225) mPa s and at day four 1-92
(0-160) mPa s (p<001). The mean (SD) ESR at
day zero was 71 (28- 1) mm/hour and at day four
54 (28- 1) mm/hour (NS). C reactive protein at
day zero was 53 (34-9) [ig/l and at day four 24
(20:4) mgIl (p<005) and fibrinogen concentra-
tion at day zero was 6-1 (1-34) g/l and at day
four 4-3 (1-01) gil (p<001). After 10 days of
treatment we observed an upwards drift in
plasma viscosity and ESR (fig 1) but there was
no significant difference between days four and
ten. This was not found for fibrinogen concen-
tration or CRP. Clinically, however, there was
no sign of flare ups at day ten.
C reactive protein tended to decrease faster

than any other laboratory variable and all
patients had normal values after three weeks (fig
3). Plasma viscosity showed significant changes
earlier than the ESR (at day four) but the ESR
decreased faster than the plasma viscosity as the
treatment progressed (fig 2). After 10 days of
treatment, 72% of the patients had normal
values of CRP, whereas 26% had normal plasma
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ition. After four weeks of 10 patients showing flare ups compared with the
nts had normal values of 13 patients without flare ups (table 3). By
ad normal plasma viscosity, logistic regression analysis the optimum linear
and 33% a normal fibrino- combination of ESR and plasma viscosity for

predicting flare up was 0-094 ESR+0-021 PV.
r values for plasma viscosity The logistic regression analysis showed no overall

preference between plasma viscosity, ESR, or
both in predicting flare ups (fig 4).

Using the hazard function, the probability of
flare up within the first year and after the first
month of high dose glucocorticoid treatment
was determined to be 0 50. The use of different
levels of plasma viscosity, ESR, or the two tests
combined to lower the proportion of patients
developing a flare up by increasing the gluco-
corticoid dose was exemplified by the following
estimates. The calculations were based on the
successful treatment of 60, 50, and 40% of
patients, corresponding to centiles 40, 50, and
60 respectively (fig 4). Using the ESR to make
the decision to increase the glucocorticoid
dose, the proportion of patients with a flare up

16 20 24 28 during the first year of treatment would be
reduced to 8% at a ESR of 12 mm/hour, 10% at
an ESR of 14 mm/hour, and 14% at an ESR of
19 mm/hour. The corresponding values for
plasma viscosity were 6% at 1-76 mPa s, 9% at
1[78 mPa s, and 13% at 1-80 mPa s. Combining
the two tests would result in 4% flare ups
increasing glucocorticoids at the 40th centile
(ESR 12 mm/hour; plasma viscosity 1-76
mPa s), 7% at the 50th (ESR 14 mm/hour;
plasma viscosity 1-78 mPa s) and 11% at the
60th centile (ESR 19 mm/hour; plasma viscosity
1-80 mPa s). This is within the normal range for
ESR, whereas the level of plasma viscosity is
just above the normal range. Increasing gluco-
corticoids at an ESR of 23 mm/hour (70th
centile), 19% of patients would develop a

16 20 24 28 flare up.
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values were increased in all patients, whereas
normal fibrinogen concentration and hapto-
globin concentrations were observed in one

PPV ° patient, and normal CRP in three patients. No
ESR significant differences were observed in any

0 PV + ESR laboratory variable between the clinical sub-
groups of GCA. Plasma viscosity correlated
significantly with ESR, haptoglobin, fibrinogen
concentration, and IgG. The risk of flare up

within the first year on a fixed therapeutic sche-
dule could be reduced using the ESR and
plasma viscosity as indicators for a prophylactic
increase of the glucocorticoid dose. As the

plasma viscosity value coincides with the upper

normal value whereas the ESR value is within
the normal range, the plasma viscosity is prefer-
able to ESR for the monitoring ofGCA.
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lack of diagnostic tests.' 2 16 22 A negative
biopsy sample does not exclude the clinical
diagnosis of GCA' 22 and the morphological
criteria for GCA may have to be revised.23 This
study did not show the laboratory tests available
to be of any diagnostic value in separating
clinical GCA subgroups, nor could the tests
separate patients with positive from those with
negative biospies. These findings support pre-
vious studies where attempts to separate patient
subgroups by laboratory tests have failed. 1-15 22
The value of plasma viscosity compared with

ESR in the diagnosis of GCA could not be
evaluated from previous studies. 12-15 One
patient with normal plasma viscosity has been
reported in a study of nine patients with GCA.14
The ESR or other laboratory variables were not
given for this patient and the diagnosis was not
confirmed by a biopsy sample of the temporal
artery. None of our patients had a plasma
viscosity within the normal range before treat-
ment but further experience is required to
establish the value of plasma viscosity in the
diagnosis of GCA. C reactive protein was not
suitable for monitoring treatment in GCA as it
was within the normal range in 10% of our
patients before treatment and inferior to ESR
and plasma viscosity in predicting exacerbations.
The question of how to balance glucocorticoid

treatment to control the disease with a minimum
of side effects is still controversial, partly due to
the variable experience of different medical
specialties. 2 11 16 24 25 The highest risk of
death in patients with GCA is during the first
year, and particularly during the first months of
disease.26 For this reason, the follow up tests
were concentrated in the early phase of the
disease in this study. In elderly patients at risk
of a flare up the ESR was well within the normal
range,20 whereas plasma viscosity was just
above the normal range. 17 Furthermore, plasma
viscosity has been shown to vary less with
factors other than disease (age, sex, and smok-
ing habits) than the ESR.'7 27 To the doctor,
plasma viscosity thus offers advantages over the
ESR in the monitoring of treatment in patients
with GCA-that is, as an indicator for increas-
ing the glucocorticoid dose in patients at risk of
a flare up. One reason for the high exacerbation
rate may in fact be that the ESR dose does not
provide an adequate warning to the doctor.

Fibrinogen is generally considered to be one
of the major contributors to the viscosity
properties of plasma.28 29 In GCA it is regarded
as an acute phase reactant1 11 which is usually
increased. Fibrinogen is important in the
inflammatory processes of the arteries223 and
blood clotting factors have consequently been
suspected to have a pathogenetic role in
GCA.2 30 The increased values of plasma
viscosity in GCA were not in the range found in
hyperviscosity syndromes,27 28 but may contri-
bute to the vascular symptoms in this disease.
No immunological test has been of clinical use
in the diagnosis or monitoring of GCA.23' The
future role of interleukin 6 has to be further
evaluated.32

So far, the ESR has been shown to be
superior to all other tests except plasma viscosity
in the monitoring of GCA. The limited experi-

ence of plasma viscosity compared with the ESR
does not at this stage allow plasma viscosity to
be used as a substitute for ESR in the diagnosis
of GCA. In the monitoring of GCA, plasma
viscosity offers advantages over the ESR. As
plasma viscosity partly reflects pathogenetic
factors other than ESR-factors of probable
importance for the vascular complications in
patients with GCA-further studies to evaluate
the rheological factors in GCA are of great
interest.
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