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T he microvasculature plays a critical role in
eliminating proteins from the extracellular
space. Proteins exit blood capillaries and

are subsequently cleared by lymphatic capillaries.1

The role of cardiac lymphatics in diseases character-
ized by protein accumulation in the extracellular
spaces, such as cardiac amyloidosis (CA),2 is largely
unexplored.

In this study, which was conducted in a CA referral
center, we evaluated consecutive left ventricular
endomyocardial biopsies (EMBs) from CA patients
performed as part of the standard diagnostic work-up
(lambda light chains, n ¼ 10; kappa light chains, n ¼ 2)
and 8 with amyloid transthyretin cardiac amyloidosis
(ATTR-CA) (all wild type). Endomyocardial samples of
consecutive patients who died of trauma and/or ce-
rebral hemorrhage with no cardiac disease at post-
mortem examination were also evaluated (controls,
n ¼ 8). The Institutional Review Board of the Uni-
versity of Pisa approved the study. Samples from
EMBs were paraffin embedded. Serial sections were
stained with Congo red and Masson trichrome.
Immunohistochemistry was performed on adjacent
serial sections using the immunoperoxidase tech-
nique (HRP Multimer, Ventana Medical Systems, Inc);
Ventana Automated Immunostainer System (Roche
Diagnostics); and primary antibodies against podo-
planin (D2-40, to identify lymphatic vessels; Dako),
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the endothelial marker CD31 (Ventana), kappa and
lambda light chains (Ventana), and transthyretin
(Dako). Amyloid deposits, transthyretin and light
chain immunoreactive deposits, and CD31- and
podoplanin-positive capillaries were analyzed using
the NIS-Elements computer-assisted image analysis
system (Nikon). To ensure that blood and lymphatic
capillaries were both captured, we did not perform
double immunolabeling because of overlapping CD31
and D2-40 immunostaining, but we compared adja-
cent sections stained for these antigens. Lympho-
cytes (CD3þ and CD20þ) and monocyte/macrophages
(CD68þ) were also counted. The total area of biopsy
fragments was calculated for each case; total amyloid
deposits and total interstitial fibrosis areas were
expressed and compared using the Wilcoxon rank
sum test.

In CA, amyloid deposits accounted for a median of
14% (Q1-Q3: 10%-19%) in amyloid light chain cardiac
amyloidosis (AL-CA) and 19% (Q1-Q3: 10%-30%) in
ATTR-CA and fibrosis for 10% in AL-CA (Q1-Q3: 5%-
10%) and 10% in ATTR-CA (Q1-Q3: 5%-10%). The
extent of amyloid deposits or fibrosis did not differ
between AL-CA and ATTR-CA (P ¼ 0.38 and 0.91,
respectively). Blood capillary density in patients with
either ATTR-CA or AL-CA was lower than in controls
(both P < 0.001), without differences between
ATTR-CA vs AL-CA (P ¼ 0.49) (Figure 1). The results
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FIGURE 1 Rarefaction of Blood, But Not Lymphatic, Capillaries in Cardiac Amyloidosis
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Comparisons of blood capillary and lymphatic capillary densities in patients with amyloid light chain cardiac amyloidosis (AL-CA) and amyloid

transthyretin cardiac amyloidosis (ATTR-CA) vs controls. Groups were compared using the Wilcoxon rank sum test with Tukey post hoc test

multiple comparisons used. The 2 comparisons with P values <0.001 are signaled (***). The other P values are reported in the text.
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were consistent when considering blood capillary
density outside of the amyloid plaques (AL-CA or
ATTR-CA vs controls, both P < 0.001; AL-CA vs
ATTR-CA; P > 0.99). Age was not associated with
blood capillary density (ie, CA patients plus controls)
(P ¼ 0.15).

In patients with AL-CA or ATTR-CA, few lymphatic
capillaries were found in the subendocardial layers or
adjacent to occasionally present larger intramural
blood vessels, mainly represented by arterioles. Re-
gions with extensive amyloid deposits were generally
devoid of blood and lymphatic capillaries. Nonethe-
less, the global density of lymphatic capillaries did
not differ in patients with either AL-CA or ATTR-CA
vs controls (P ¼ 0.59 and P ¼ 0.82, respectively) or
between AL-CA and ATTR-CA (P ¼ 0.14) (Figure 1).
The results were also consistent when considering
lymphatic vessel density outside of amyloid plaques
(data not shown). In controls and in those with AL-CA
or ATTR-CA, neither age nor the amount of amyloid
or fibrosis was associated with lymphatic capillary
density (data not shown).

Our main findings are as follows. First, there is a
marked decrease in the density of blood capillaries in
patients with CA compared to patients without car-
diac disease (controls). Second, no difference in blood
capillary density is observed between patients with
amyloid light chain (AL)–type and amyloid trans-
thyretin (ATTR)-type CA. Third, although regions
heavily laden with amyloid deposits typically lack
both blood and lymphatic capillaries, the overall
density of lymphatic capillaries in CA patients (both
AL and ATTR types) did not differ from controls.

A recent study assessed for first-time capillary
density specifically in AL-CA patients,3 identifying a
higher mortality risk associated with a capillary
density #220/mm2. Our study expands on this finding
by revealing a similar reduction in capillary density
within ATTR-CA patients, with no discernible differ-
ence compared to AL-CA. Although age is a risk factor
for microvessel rarefaction and CA patients were
older than controls, age was not associated with
capillary vessel density in our CA patients or controls,
suggesting that the lower number of blood capillaries
in CA could not be attributed uniquely to the more
advanced age of controls. Several mechanisms can be
postulated, including inflammation, oxidative stress,
and reduced angiogenesis induced by amyloid de-
posits.4 In AL-CA, prefibrillary species may cause
dysfunction and apoptosis of endothelial cells.2

Additionally, aggregation of amyloid fibers within
the interstitial spaces and increased wall tension from
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diastolic dysfunction may promote extrinsic
compression and obliteration of blood capillaries.2

Accumulation of fibrous tissue5 may also exert
extrinsic pressure, contributing to the damage of
blood capillaries.

In areas with amyloid deposits, we did not find
either blood or lymphatic capillaries. However,
lymphatic capillaries were identified in other regions,
and the global lymphatic vessel density in AL-CA and
ATTR-CA patients did not differ from controls. These
observations could have implications for antibody-
based therapies targeting AL or ATTR amyloid.
Indeed, antibodies might access extracellular spaces
through the remaining blood capillaries, and intact
lymphatic vessels could support the immune
response.
In conclusion, blood vessel density is lower in CA
patients than those without cardiac disease. Amyloid
deposits are devoid of lymphatic vessels, but the
overall density of lymphatic vessels in CA patients is
not lower compared to those without cardiac disease.
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