
Clinical and pathological evolution of giant cell
arteritis: a prospective study of follow-up
temporal artery biopsies in 40 treated patients
Joseph J Maleszewski1, Brian R Younge2, John T Fritzlen3, Gene G Hunder4, Jorg J Goronzy5,
Kenneth J Warrington4 and Cornelia M Weyand5

1Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN, USA; 2Department of
Ophthalmology, Mayo Clinic, Rochester, MN, USA; 3School of Medicine, University of Kansas, Kansas City,
KS, USA; 4Division of Rheumatology, Mayo Clinic, Rochester, MN, USA and 5Division of Immunology and
Rheumatology, Stanford University, Stanford, CA, USA

Although clinical signs and symptoms of giant cell arteritis improve promptly after starting glucocorticoid
therapy, reports have suggested that the vascular inflammation may persist. To assess the duration and quality
of histopathologic changes in treated patients, we prospectively obtained second temporal artery biopsies in
patients treated for 3 to 12 months after their first diagnostic biopsy. Forty patients (28 women, 12 men, median
age 77 years) agreed to have a second temporal artery biopsy randomly assigned to 3, 6, 9, or 12 months
subsequent to the first. Clinical and laboratory evaluation of the patient cohort revealed a typical rapid response
and continued suppression of clinical manifestations as a result of glucocorticoid treatment. Histopathologic
findings, evaluated in a blinded manner by a cardiovascular pathologist, showed unequivocal findings of
vasculitis in 7/10 patients with second temporal artery biopsy at 3 months, 9/12 at 6 months, 4/9 at 9 months, and
4/9 at 12 months. Lymphocytes were present in all positive initial biopsies and remained the dominant cell
population in chronically treated patients. Granulomatous inflammation decreased in a time-dependent manner
from 78 to 100% at initial biopsy to 50% at 9 months and 25% at 12 months. The increased medial fibrosis noted in
the second biopsies (60 vs 33% in primary temporal artery biopsies) suggested that the finding may represent a
chronic finding in arteritis. In summary, the response to glucocorticoids in giant cell arteritis was frequently
discordant. Clinical manifestations were readily suppressed, but vascular changes were gradual and often
incomplete.
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Giant cell arteritis, also referred to as ‘temporal
arteritis’, is the most common vasculitis affecting
persons over 50 years old.1,2 The disease preferen-
tially affects large- and medium-sized arteries,
especially the thoracic aorta and its branches.
This tissue tropism explains many of the vascular
manifestations of the disease as the involved vessels
become narrowed or aneurysmal with possible
rupture. Biopsy of a temporal artery, a frequently
involved vessel, has been recognized as the gold
standard for diagnosis

Investigations over the past two decades suggest
that giant cell arteritis is a T-cell-dependent

inflammatory autoimmune disease with features of
an antigen-driven immune response.3–7 Granuloma-
tous vascular lesions are populated with T-lympho-
cytes that secrete INF-γ and IL-17 that, in turn,
sustain activation of functionally distinct macro-
phage populations.8

Clinical manifestations in giant cell arteritis
respond quickly to large doses of glucocorticoids.
However, in spite of clinical improvement, biop-
sies often have shown persistent changes of
vasculitis.9–12 Such observations suggest some dis-
cordance in the systemic and vascular inflammatory
components, though systematic studies describing
the histopathologic progression of this disease are
lacking.

To obtain additional information about the degree
and the composition of the vascular inflammation in
treated patients, we prospectively obtained second
temporal artery biopsies in a cohort of patients
whose initial biopsies were positive for giant cell
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arteritis and who received the standard glucocorti-
coid therapy over a period of a year. Histologic
findings were also correlated with clinical symptoms
over time as well as outcomes.

Materials and Methods

Cohort Selection

Prospective enrollment occurred between 2004 and
2010 of patients with a histopathologic diagnosis of
giant cell arteritis made at Mayo Clinic (Rochester,
MN, USA). Enrollment required the patient to
undergo a second temporal artery biopsy at a
randomly assigned interval (3, 6, 9, or 12 months)
from the initial diagnosis. Target accrual was 10
patients in each category. This investigation was
approved by the Mayo Clinic Institutional Review
Board (IRB #1020-01) and all patients were con-
sented. The nature of the study and the fact that a
second biopsy was neither standard practice nor
necessary for treatment were fully discussed.

Clinical and Laboratory Methods

At the first and subsequent visits, medical histories
were taken, physical examinations performed, and
relevant laboratory tests obtained. Clinical and
laboratory findings at the initial and follow-up visits
were recorded. Standard clinical laboratory test
methods were used.

Biopsy Procedure, Processing, and Histopathologic
Examination

Biopsies were performed under local anesthesia as
outpatients by a surgeon (usually BRY), in the
Ophthalmology Department. The most clinically
suspicious temporal artery was biopsied initially.
All biopsies were unilateral. Second biopsies were
procured from the contralateral side. In both the
biopsies, a 3 to 4 cm temporal artery specimen was
removed and sent for analysis in pathology.

All temporal arteries were handled using standard
clinical specimen handling protocols. The speci-
mens were grossly evaluated and serially cross-
sectioned under the supervision of a surgical
pathologist. Eight to 10 complete cross-sections
(representing the entire submitted length of vessel)
were frozen using a freezing microtome and cut
(10 μm thickness), stained with toluidine blue, and
intraoperatively evaluated for arteritis. Remaining
sections of vessel were formalin-fixed, paraffin-
embedded, sectioned (5 μm thickness), stained with
hematoxylin and eosin (H&E) and Verhoeff-van
Giesson stains and reviewed by a surgical patholo-
gist. On clinical diagnostic review, all initial cohort
specimens showed active giant cell arteritis.

For this study, the biopsy specimens were retro-
spectively evaluated again in a blinded manner, after

enrollment had ended, and documented by a cardio-
vascular pathologist (JJM) using accepted diagnostic
criteria for a diagnosis of arteritis, including the
presence of a medial inflammatory infiltrate with
mononuclear, or granulomatous features in the
temporal artery or a side branch.13 The presence or
absence of multinucleated giant cells was noted, but
not required for the diagnosis. Of note, inflammation
restricted to the intima or adventitia was not
considered active arteritis. In addition, perivascular
inflammation restricted to the vasa vasorum was also
not considered active arteritis for the purposes of
this study.

The specimens were evaluated histologically for
four specific parameters: (i) medial inflammation;
(ii) vascular remodeling; (iii) adventitial/peri-vasa
vasorum inflammation; (iv) intimal inflammation.
Medial inflammation was qualified as primarily
lymphocytic, plasmacytic, histiocytic (giant cell),
eosinophilic, or neutrophilic. The extent of medial
inflammation was graded semi-quantitatively as grade
1 (limited to the immediate region of the internal
elastic membrane), grade 2 (beyond the internal elastic
membrane, but involving o50% of the media), grade
3 (involving ≥50% of the media). The infiltrate itself
was characterized also as granulomatous or non-
granulomatous. Features of vascular remodeling were
also documented, including: medial fibrosis (present
or absent); calcification (absent, limited to the internal
elastic membrane, or medial involvement); internal
elastic membrane disruption/duplication (present or
absent); and intimal fibroplasia (absent/mild (o25%
luminal narrowing) or moderate/severe (≥25% lumi-
nal narrowing)). Inflammation involving the adventi-
tia or around the small adventitial vessels (peri-vasa
vasorum) was also documented and qualified by cell
type (lymphocytic, plasmacytic, eosinophilic, neutro-
philic, or histiocytic). Inflammation within the intima
was noted as either present or absent.

Treatment

After an initial diagnosis of giant cell arteritis, patients
were started on high daily dose prednisone, median
dose 60mg/day (range 30–80mg/day). The subse-
quent treatment program was left up to the discretion
of the treating physician. In general, 4 weeks after the
starting prednisone, the dose was gradually reduced
by an average of 10% of the daily dose every 2 weeks
as tolerated. Below 15 to 20mg per day, the dose was
reduced by 2.5mg decrements every 2 weeks as
tolerated and below 10mg per day, 1mg decrements
were prescribed per month or as tolerated. Patients
were followed in person or by correspondence every
1 to 2 months during the study period.

Data Collection and Statistical Analysis

The study data were collected and managed using
REDCap electronic data capture tools hosted at Mayo
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Clinic, Rochester, MN, USA. Overall comparisons of
the categorical variables were completed using
Fishers exact test. The Kruskal–Wallis test was used
to compare the laboratory factors among the groups.

Results

Cohort

Between 2004 and 2010, 231 patients with clinical
findings suggesting giant cell arteritis were seen at
the Mayo Clinic for temporal artery biopsy. In 89
(39%) of these patients, the biopsy was interpreted to
show active arteritis. Forty-one of the 89 patients
agreed to participate in this study. On secondary
review, by a cardiovascular pathologist, the findings
in one patient were considered inadequate for an
initial diagnosis of giant cell arteritis and the patient
was excluded from further analysis, thus leaving 40
patients in the final study cohort with histopatho-
logically confirmed giant cell arteritis. The final
cohort totals were as follows: 3 months (n=10);
6 months (n=12); 9 months (n=9); 12 months (n=9).

Clinical and Laboratory Findings

Twenty-eight of the 40 patients were women and the
median age at diagnosis was 77 years (range, 57–89).
At the time of the first biopsy, eight patients had
taken low doses of prednisone at some time in the
past year for the treatment of polymyalgia rheumatic.
There was no difference between these and the
others regarding symptoms of giant cell arteritis at
the time the biopsy was performed (data not shown).

The clinical manifestations related to giant cell
arteritis and laboratory tests at admission in the 40
patients categorized according to the time assigned
for the second temporal artery biopsy are shown in
Table 1. All patients had one or more clinical
manifestations of giant cell arteritis. Headaches were

present in 28 (70%), jaw claudication in 26 (65%),
scalp tenderness in 18 (45%), polymyalgia rheumatic
in 15 (38%), ischemic optic neuropathy in 6 (15%),
and systemic symptoms (fatigue, malaise) in 19
(48%). There were no significant differences among
the four groups regarding the number or type of
symptoms (P40.05).

Laboratory tests were also consistent with giant
cell arteritis. The initial hemoglobin concentration
was reduced in 29 (73%), erythrocyte sedimentation
rate (ESR) elevated in 39 (98%), and platelet count
elevated in 20 (50%). The results were similar among
the groups except the median hemoglobin at diag-
nosis was lower in the 12-month group (P=0.01).
After treatment was started, all of the reversible
manifestations improved.

Table 2 lists the clinical findings in the groups at
the time of the second temporal artery biopsy.
Although all patients with optic neuropathy con-
tinued to have some visual deficit, two (one at
9 months, one at 12 months) showed some improved
vision at second temporal artery biopsy. Several
other patients continued to have mild persistent
symptoms. Four of these had mild intermittent
headaches, one jaw claudication, one scalp tender-
ness, one complained of fatigue, and one polymyal-
gia rheumatic.

Laboratory tests were normal in most at second
temporal artery biopsy (Table 2). Values outside the
normal range included one patient in the 6-month
group with low hemoglobin of 11.7 g/dl (positive
second temporal artery biopsy), one in the 9-month
group with an ESR of 35mm/h (positive second
temporal artery biopsy), and one patient in the
12-month group with an ESR of 66mm/h and
hemoglobin of 10.6 g/dl (negative second temporal
artery biopsy). This latter patient also had a small
monoclonal protein of undetermined significance,
possibly influencing the ESR. All other test results
were within normal range at second temporal artery
biopsy.

Table 1 Clinical and laboratory findings at initial diagnosis of GCA

Time from initial diagnosis to second TAB

3 months (n=10) 6 months (n=12) 9 months (n=9) 12 months (n=9)

Clinical finding
Headache 7 10 7 4
Jaw claudication 7 9 6 4
Scalp tenderness 4 6 3 5
Ischemic optic neuropathy 2 1 2 1
Systemic symptoms 5 5 3 6
PMR 3 6 4 2

Laboratory finding
Hemoglobin (g/dl)a 12.2 (10–14.1) 12.9 (10.9–13.9) 11.9 (10.0–13.4) 10.6 (7.2–12.8)
ESR mm/ha 57 (42–103) 72 (16–115) 95 (58–130) 74 (53–149)
Platelet count (x103/μl)a 408 (238–658) 395 (228–548) 450 (307–598) 420 (209–977)

Abbreviations: ESR, erythrocyte sedimentation rate; PMR, polymyalgia rheumatic; TAB, temporal artery biopsy.
aMedian value (range).
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Table 3 shows the results of the second temporal
artery biopsies and the dose of prednisone being
taken at the time of the second temporal artery
biopsy. Patients had been started on reasonably
uniform doses, but at second temporal artery biopsy
the doses were more varied. The dose was often
reduced to near-physiologic levels by 6 months. One
asymptomatic patient was no longer taking predni-
sone at the 12-month follow-up, and had a negative
second temporal artery biopsy.

The symptoms that persisted in a minority of
patients were not deemed sufficiently indicative of
persistent active disease to warrant increasing pre-
dnisone dose when weighed against potential adverse
effects of glucocorticoid therapy. It is of interest,
however, that of the seven patients with persistent
symptoms at the time of the second temporal artery
biopsy, all except a patient with continued fatigue
were in the group with positive second temporal
artery biopsies. Thus, the mild continued manifesta-
tions might have been clinically important, despite
the considerable clinical improvement.

No association was found between the initial
manifestations or laboratory results and the results
of the second temporal artery biopsy (data not
shown). In other words, no specific symptoms or
tests predicted the diagnosis at second temporal
artery biopsy.

Histopathologic Findings

The initial temporal artery biopsies showed active
giant cell arteritis, consisting of lymphocytic and/or
granulomatous inflammation within the arterial
media (Figure 1). Lymphocytes were the most
common primary cell type encountered. Other cells
that were common included plasma cells, 33 (83%)
cases; multinucleated giant cells, 22 (55%) cases;
eosinophils, 13 (33%) cases; and neutrophils, iden-
tified in 1 (3%) case (Table 4). Of note, eosinophils
and neutrophils were scant when present. Granulo-
matous inflammation was observed in 37 (93%) of
the first biopsies.

In the second temporal artery biopsies that had
active arteritis, lymphocytes were also the predomi-
nant cell type. All four of the other cell types
decreased in frequency in the second positive
biopsies. Plasma cells were present in less than half
on the second positive biopsies. Eosinophils were
uncommon initially and rare on the second biopsy.
Neutrophils were not seen in any second temporal
artery biopsy. Giant cells were identified in 44–67%
of the initial temporal artery biopsies. Of those with
active inflammation at second temporal artery
biopsy, giant cells were seen in 43% at 3 months,
78% at 6 months, and 25% at 9 months. One case in
each of these three cohorts had giant cells at second
temporal artery biopsy but had none identified at
initial temporal artery biopsy. None of the biopsies
examined at 12 months had giant cells.T
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Granulomatous inflammation was noted in 14 of
the 24 positive second temporal artery biopsies.
There appeared to be an inverse relationship with
granulomatous inflammation and time on therapy,

but the numbers are too small to be significant
(Table 5 and Figure 2). Adventitial inflammation was
present in all of the initial samples and 34 of the
follow-up samples (including all 24 cases with
positive second temporal artery biopsy; Table 6). In
all instances, it was primarily lymphocytic in
character, but three initial cases and one follow-up
case also had eosinophils present. Inflammation
around the small adventitial vessels (peri-vasa
vasorum) was noted in 36 initial biopsies and 15
follow-up biopsies (the latter including nine cases of
active arteritis). Intimal inflammation was documen-
ted in 38 initial temporal artery biopsies and three
follow-up temporal artery biopsies.

Positive second temporal artery biopsies were seen
in all time periods. Overall, 24 of the 40 s temporal
artery biopsies (60%) showed active arteritis. The
highest frequency of continued active arteritis on the

Table 3 Biopsy result and prednisone dose at second temporal artery biopsy

Time from initial diagnosis to second TAB

3 months (n=10) 6 months (n=12) 9 months (n=9) 12 months (n=9)

Arteritis present n (%) 7 (70%) 9 (75%) 4 (44%) 4 (44%)
Prednisone dose (mg/day) median (range) 25 (15–50) 9 (5–40) 10 (2.5–25) 5 (0–20)

Abbreviations: n, number; TAB, temporal artery biopsy.

Figure 1 Example Photomicrographs exhibiting (a) a temporal artery with active granulomatous arteritis at the time of initial biopsy and
(b) ongoing active granulomatous arteritis at 6 months, post biopsy (hematoxylin and eosin staining; original magnifications, × 200). Early
calcification is also apparent in the follow-up sample (arrowhead).

Table 4 Character and grade of medial inflammation in biopsies

Initial biopsy Second biopsy

Inflammatory pattern (n=40) (n=24)
Granulomatous 37 (93%) 14 (58%)
Non-granulomatous 3 (7%) 10 (42%)

Inflammatory cell type (n=40) (n=24)
Lymphocytes 40 (100%) 24 (100%)
Plasma cells 33 (83%) 10 (40%)
Giant cells 22 (55%) 11 (45%)
Eosinophils 7(18%) 1 (4%)
Neutrophils 1 (3%) 0 (0%)

Inflammation gradea (n=40) (n=40)
0 0 16
1 3 3
2 1 4
3 36 17

Abbreviations: n, number of cases.
a0 =no medial inflammation; 1 = inflammation limited to the internal
elastic membrane; 2= inflammation beyond internal elastic membrane,
but o50% of medial thickness; 3 = inflammation ≥50% of medial
thickness.

Table 5 Granulomatous inflammation at different time periods

Initial biopsy n (%) Second biopsy n (%)

3 months 9 (90%) 5 (71%)
6 months 12 (100%) 6 (67%)
9 months 9 (100%) 2 (50%)
12 months 7 (78%) 1 (25%)

Modern Pathology (2017) 30, 788–796

Evolution of giant cell arteritis

792 JJ Maleszewski et al



second biopsies was in the first 6 months where 16 of
22 (73%) were positive. But in the 9- and 12-month
cohorts, nearly 8 of 18 (44%) biopsies were still
positive (P=0.11).

In terms of vascular remodeling, medial fibrosis
was noted in 13 of 40 (33%) of the initial specimens
and 24 of the 40 (60%) second biopsies (Table 7 and
Figure 3). Calcification was seen in 10 cases at initial
biopsy, 9 of which showed only calcification of the
internal elastic membrane and 1 with frank medial
calcification. Eight follow-up biopsies showed calci-
fication, seven involving only the internal elastic

membrane and one with medial involvement
(Figure 3). Disruption or duplication of the internal
elastic membrane was seen in all of the initial biopsy
specimens, and present in 39 (98%) of the follow-up
samples. Intimal fibroplasia was moderate/severe in
37 (93%) and absent/mild in the balance (Figure 4).
On follow-up sampling, moderate/severe intimal
fibroplasia was found in 33 (83%) of cases and
absent/mild in the balance.

All cases (n=4) with grade 1 or 2 medial inflam-
mation at initial biopsy, were resolved (grade 0) at
the second biopsy (Table 4). These included one case
in the 6-month cohort, one case in the 9-month
cohort, and two cases in the 12-month cohort.

Discussion

Persistent arteritis in giant cell arteritis after initiation
of glucocorticoid therapy has been noted in several
retrospective reports.10–12 McDonnell et al.9 retro-
spectively evaluated temporal artery biopsies in 237
consecutive patients with varying degrees of elapsed
time from initiation of treatment to biopsy and found
the longest interval between initiation of therapy and
the presence of active arteritis to be 45 days. Those
with features of healed arteritis had an average
interval of 82 days between starting treatment and
temporal artery biopsy. Other scattered reports have
shown positive biopsies as long as 6 months after
initiation of glucocorticoid therapy.10,14 Font and
Prabhakaran11 noted a single case with active arteritis
that had been treated with low-dose corticosteroids
for 180 days before a positive biopsy, but noted the
inflammation was limited to the media-adventitia
junction.

To our knowledge, this investigation is the first
prospective study of second temporal artery biopsies
that were randomly assigned to time-period cohorts
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Figure 2 The incidence of granulomatous inflammation in second
temporal artery biopsies by cohort. Overall, the incidence of
granulomatous inflammation detected in a biopsy is indirectly
related to the length of glucocorticoid therapy.

Table 6 Non-medial inflammation in biopsies

Initial biopsy

Second biopsy

(+) Arteritis (− ) Arteritis

Adventitial 100 (100%) 24 (100%) 10 (63%)
Peri-vasa vasorum 30 (75%) 9 (38%) 6 (38%)
Intimal 38 (95%) 1 (4%) 2 (13%)

Table 7 Vascular remodeling

Initial biopsy
n (%)

Second biopsy
n (%)

Medial fibrosis 13 (33%) 24 (60%)
Calcification
Limited to the IEM 9 (23%) 7 (18%)
Medial 1 (3%) 1 (3%)

Disruption/duplication of IEM 40 (100%) 39 (98%)
Intimal fibroplasia
Absent/milda 37 (92%) 33 (82%)
Moderate/severeb 3 (8%) 7 (18%)

Abbreviations: IEM, internal elastic membrane; n, number of cases.
aCausing o25% luminal narrowing.
bCausing ≥25% luminal narrowing.

Figure 3 Example photomicrograph showing extensive chronic
remodeling, characterized by medial disruption (arrows), exten-
sive medial fibrosis (asterisk) and loss of the internal elastic
membrane (Verhoeff-van Giesson staining; original magnification,
× 40).
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over a 1-year period. The patients who participated
in the study had clinical and laboratory findings
similar to most populations with the disease and
experienced rapid improvement of reversible mani-
festations with glucocorticoid therapy, as is usually
experienced. The results of this study showed that in
giant cell arteritis the vasculitis may continue for at
least one year, despite therapy and extends the
longest described interval between glucocorticoid
initiation and the presence of histologic arteritis to
420 days.

Clinical Considerations

Overall, the types and frequencies of symptoms were
typical of giant cell arteritis, at initial diagnosis. The
variability of clinical findings among the four groups
was not major and was unlikely a critical determi-
nant of the results. However, a minority of patients
(20%) had continued mild clinical manifestations at
second temporal artery biopsy that were less marked
than at initial presentation, but which could be, in
retrospect, related to active disease. The majority of
these were in the group who had temporal artery
biopsies 3 months after diagnosis and mainly in the
group with persistently positive biopsies and there-
fore could be attributed to ongoing arteritis. How-
ever, the numbers were too small to meaningfully
analyze. These milder continuing clinical manifesta-
tions were not considered by the clinicians caring for
the patients as clear evidence of persistent arteritis
and the prednisone reduction schedule was contin-
ued or slowed. None of the clinical parameters at the
time of diagnosis were found to help predict the
results of the second temporal artery biopsy.

No patients in the study developed a significant
complication of giant cell arteritis after initiation of
therapy. The ischemic ocular findings at diagnosis
persisted; however, two patients with optic

neuropathy had partial improvement of vision by
second biopsy. Data regarding long-term vascular
outcomes for these patients (eg, aneurysm formation)
are not currently available. Clinical relapses or
recurrences have been recorded in some cases of
giant cell arteritis.15 We are uncertain if they had a
role in our findings, but none were observed by us
with careful follow-up.

The median dose of prednisone prescribed was
progressively lower over the study period but varied
for each patient. One of the patients with a negative
second temporal artery biopsy at 9 months was in
clinical remission and on only 2.5 mg of prednisone
per day and one in the 12-month group was off
prednisone completely without symptoms or abnor-
mal tests and a negative second temporal artery
biopsy.

The results of this study indicate that a patient
with giant cell arteritis is a complex picture and
suggests that biopsy findings alone are not an
absolute indication for high-dose glucocorticoids.
Rather, the history of the course of clinical manifes-
tation and treatment must be brought to bear in
clinical decision-making. The findings also lend
support to debunking the notion that treatment with
glucocorticoids for several days or even weeks will
result in a false-negative biopsy, and underscore the
utility of temporal artery biopsy even in treated
patients. Persistence of histopathologic changes
despite treatment suggests that this disease evolves
over a longer period than previously thought.

Histopathologic Considerations

For the pathologist evaluating samples from patients
already treated for giant cell arteritis, this study
describes important changes over time in a treated
cohort. Granulomatous features, for example, while
near universal early in the course of the disease, tend

Figure 4 Example photomicrographs showing (a) mild intimal fibroplasia (o25% luminal narrowing, between arrows) and (b) marked
intimal fibroplasia (475% luminal narrowing, between arrows; Verhoeff-van Giesson staining; original magnifications, × 40).
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to diminish with treatment and the absence of such
features should not necessarily be taken as indicative
of an alternative form of vasculitis.

The overall frequency of histologic vasculitis on the
second biopsy was higher than expected at 60%. If the
first two periods (3 and 6 months) and last two periods
(9 and 12 months) are grouped together, the decline in
combined frequencies from 73% to 44% suggests a
(slowly) subsiding inflammatory reaction. We cannot
be certain whether the regression of the inflammation
would continue over additional months.

The morphology of the inflammation at both the
initial and second biopsies was similar and in
keeping with the histopathologic spectrum of giant
cell arteritis. The character of the inflammation was
granulomatous in nearly all cases initially (93%), but
fell in a time-dependent manner such that it was in
only 25% of positive cases at 12 months.

There were also changes in the inflammatory
constituency noted between the first and second
biopsies. Aside from lymphocytes, which were the
predominant cell type in both initial and second
biopsies, changes were observed in the frequency of
the other cell types. The frequency of giant cells
went from approximately half in the initial speci-
mens to about one-fourth on the second biopsy and
fell in a time-dependent manner. The clearance of
giant cells early in the course of immunosuppressive
therapy has been described in other inflammatory
conditions, such as giant cell myocarditis.16

Non-medial inflammation, involving the intima or
peri-vasa vasorum was very common at the time of
initial diagnosis, but much less so following gluco-
corticoid therapy. Adventitial inflammation, on the
other hand was almost universally encountered in
both initial and follow-up samples.

Most changes indicative of vascular remodeling
were seen at similar frequency in the initial and
follow-up biopsies. Medial fibrosis was more com-
mon in the follow-up biopsies (60 vs 33%), likely a
reflection of the chronic healing process. Calcifica-
tion did not appear to be an indicator of chronicity in
this series.

Study Limitations

The study is limited primarily by its size. Although it
is the largest of its kind, certain trends related to the
histopathologic progression did not achieve statisti-
cal significance. In addition, given the patchy, but
multifocal nature of giant cell arteritis, sampling is
often an issue – particularly within a limited
population. Nevertheless, this latter issue is true
also with respect to clinical practice.

Conclusions and Future Directions

The current study supports the emerging concept
that two relatively independent disease components
contribute to giant cell arteritis.15 One component,

reflected in the clinical signs and symptoms of
systemic inflammation, is molecularly defined by
an intense acute phase response, likely moderated
by the liver and lymphoid organs.17 The second
component, which is captured in the current study,
is the vascular inflammation. Why the two compo-
nents are, at least partially, uncoupled is not under-
stood. Molecular analysis of the vascular lesions has
demonstrated that three cellular drivers build stable
granulomatous infiltrates: CD4+ T-cells, highly acti-
vated macrophages, and dendritic cells.18 Although
antigen has been suspected to function as a trigger of
intramural inflammation, more recent data point
towards defects in the threshold setting of the
immune system, leading to unopposed T-cell activa-
tion in the vessel wall.6,7,19

Deficiencies in immune checkpoint regulation,
particularly the PD-1 immune checkpoint, have been
implicated in compromising the immuno-privilege
of the arterial wall.20 Also, giant cell arteritis patients
lack a population of immune-inhibitory CD8+
T-regulatory cells, which fosters unopposed expan-
sion and activation of polyclonal CD4+ T-cells.21
Molecular analysis of the vasculitic lesions has
demonstrated that multiple functional lineages con-
tribute to the granulomatous infiltrates and that such
functionally lineages are differentially susceptible to
therapeutic interventions.22 Specifically, IL-17-
producing T-cells disappear from the lesions in
steroid-treated patients, while IFN-γ-producing
T-cells persist.8,23 The multifunctionality of vessel-
wall residing T-cells questions the role of a single
antigen in driving the misplaced immune response.
The current study supports the notion that T-cells
are particularly persistent. Dwelling times of vascu-
litogenic T-cells in the wall infiltrates are currently
unknown, but data presented here would suggest
that lesional T-cells can reside in the arterial wall
for years.

In the current study, tissue-residing macrophages
appeared more responsive to corticosteroid-
mediated immune suppression than T-cells. This
finding is supportive of the model that macrophages
follow, and not precede, T-cells into the vessel
wall.24 Profiling of tissue cytokines in temporal
artery specimens from untreated and treated patients
have indicated differential responsiveness of
monokines, in line with the concept that several
macrophage subpopulations participate in the
granulomatous infiltrates.8 Functional assignment
of macrophages in temporal artery lesions have
revealed a tight association between positioning of
macrophages and their functional profile.25,26 More
detailed molecular studies are required to better
understand which subset of macrophages fulfill the
different pathogenic functions in the vasculitic
lesions. The gatekeeper function of recruiting inflam-
matory cells, first T-cells, then macrophages into the
immuno-privileged niche of the arterial wall appears
to lie with vascular dendritic cells.27 Their fate over
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the course of giant cell arteritis requires further
investigation.

In essence, giant cell arteritis transitions from
acute into chronic vasculitis, even in patients treated
with high-dosed corticosteroids. Vascular infiltrates
are remarkably stable, particularly vessel-wall infil-
trating T-cells. Although the systemic component of
giant cell arteritis is swiftly responsive to corticos-
teroids, vessel wall infiltrates persist over months to
years, emphasizing the local tissue environment as a
critical pathogenic factor.
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