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Rasmussen aneurysms are abnormalities of the pulmonary arterial system caused by tuberculosis (TB). They are associated with a high
mortality rate when they cause life-threatening haemoptysis. High TB-prevalence regions have a large burden of TB-related haemoptysis
but often limited resources. This series of 25 patients who presented with life-threatening haemoptysis from current and/or previous TB
were found to have abnormal pulmonary arteries on computed tomography pulmonary angiogram (CTPA), which were judged to be
likely contributors to their bleeding, either in isolation or with concomitant abnormal bronchial or systemic vasculature. These patients
underwent transcatheter placement of Amplatzer vascular plugs in the feeder pulmonary artery. Bronchial and systemic lesions were
addressed separately as needed. Immediate technical success was achieved in all patients, but four of them experienced intraoperative
haemoptysis related to dislodgement of the occluding platelet plug by the high-pressure automatic injector and wire. At 48 hours after the
procedure, 18 (72%) remained haemoptysis-free. Six of these experienced recurrence within 1 year of their procedure. Pulmonary artery
placement of an Amplatzer vascular plug is a feasible option for treating bleeding Rasmussen aneurysms, but should be part of a combined
approach to addressing suspected culprit vascular lesions in all intrathoracic vascular systems.
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Haemoptysis caused by bleeding from the pulmonary artery (PA)
is a rare but potentially life-threatening complication of lung
infection.!"! While virulent organisms such as Staphylococcus usually
cause true aneurysms (focal dilatation of all three layers of the
artery wall), tuberculosis (TB) is the most common cause of PA
pseudoaneurysm (bleeding from the artery that is not contained
by the artery wall), named Rasmussen aneurysms.!"! This term has
evolved to become a catch-all for any PA bleeding caused by TB,
as distinguishing between true aneurysm and pseudoaneurysm on
imaging is often not possible, and extravasation from the PA may
even be seen without aneurysmal changes.?!

South Africa (SA) has an extremely high prevalence of pulmonary
TB, in excess of 1 000/100 000 in some subpopulations, and
consequently a high burden of TB-related haemoptysis.’**
Haemoptysis can occur during active TB infection, or as a sequel
of previous TB infection, and may present as either trivial or life
threatening. PA involvement is a risk factor for death in haemoptysis,
and it is thought that between 5% and 10% of cases of life-threatening
haemoptysis arise from the pulmonary arterial system.* It is,
however, very difficult to locate the source of bleeding with certainty
in a large number of cases, and the true incidence of PA involvement
may be different.

The management of life-threatening haemoptysis from a
Rasmussen aneurysm is complex, and generally requires a high
level of institutional expertise. Emergency surgical resection of
the affected portion of the lung is often necessary, but carries a
high mortality and morbidity."! Moreover, in under-resourced,

overburdened centres there may be a considerable delay between
presentation and surgery, and patients with severe post-TB lung
disease or other comorbidities may not be candidates for surgical
intervention.” Several endovascular techniques have been reported
for the treatment of PA aneurysms other than Rasmussen’s, among
these, the Amplatzer vascular plug (AVP; Abbott Laboratories, USA),
shown in Fig. 1. Here we report the first series of 25 patients with
massive haemoptysis due to Rasmussen aneurysms who were treated
with emergency transcatheter placement of the AVP.

The patients in this report were treated at Tygerberg Hospital, a tertiary
referral centre in Cape Town, SA, in which 9.8% of acute respiratory
admissions are for haemoptysis.! Between November 2018 and
June 2021, patients referred for the management of life-threatening
haemoptysis (defined as haemoptysis causing haemodynamic
instability, or a drop in measured haemoglobin, the need for
blood transfusion, respiratory support for haemorrhage-related
hypoxaemia, or witnessed expectoration of >500 mL in 24 hours)
underwent chest computed tomography pulmonary angiogram
(CTPA) once clinically stabilised. A CTPA was performed with a
Somatom Definition Edge TM 128 MDCT (Siemens, Germany).
The protocol for a patient presenting with haemoptysis at our
institution consists of a single-phase, single-acquisition CT scan with
intravenous administration of 80 mL OmnipaqueTM 350 at a rate of
4 mL/sec using an injector pump and bolus tracking. The presence
of PA abnormalities such as true aneurysms, pseudoaneurysms
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and extravasation from a PA vessel, as
well as abnormalities of the bronchial
and systemic vasculature and underlying
pulmonary pathology, were documented by
a specialist radiologist. Those with only
bronchial or systemic arterial abnormalities
underwent bronchial artery embolisation
(BAE) as recommended.”®! Patients with
PA abnormalities judged to be a likely
contributor to bleeding (Fig. 2) were offered
transcatheter placement of an AVP. In cases
with both bronchial and PA abnormalities,
a combined approach was used with the
vascular system judged most likely to be
the culprit targeted first. In patients who
consented to AVP placement, procedures
were performed in a cardiac catheterisation
laboratory under local anaesthesia with
cardiac monitoring. Targeted pulmonary
angiography was performed through
femoral vein vascular access (Fig. 3). The
most likely culprit was identified using
both angiography and CTPA imaging. The
feeder artery was selectively engaged with
an appropriately shaped guide catheter and
guidewire, usually a Terumo Radifocus
Guide Wire M (Terumo Medical, Japan).
In cases with difficult access to the feeder
vessel, two catheters and a mother-daughter
technique were used. Cautious angiography
of the culprit vessel was performed, allowing
operators to size the feeder vessel. A plug was
chosen that was oversized by 20%. Two types
of plugs (AVP 2 or 4) were chosen dependent
on the length of the landing zone, diameter
of catheter required and availability of plugs.
The position of the plug was evaluated by
contrast injection and if deemed adequate,
the plug was released. A final angiogram was
done to ensure that the feeder artery was
covered. Patients were observed for 48 hours
after the procedure. If haemoptysis recurred
during this time, further interventions were
decided by the multidisciplinary team on an
individual patient basis.

During the study period, 25 patients
(17 (68%) males, median age 40 (range
19 - 66) years) underwent the procedure.
The characteristics of the patients and the
procedures are shown in Table 1. Most notably,
18 (72%) had current active pulmonary TB,
and 21 (84%) had previous TB, of whom 7
(28%) had >1 previous episode. Six patients
had intracavitary mycetomas (aspergillomas).
Six (24%) were HIV-positive (median CD4
count 102 cells/mL, range 5 - 530). PA
abnormalities were identified in the right
lung in 13 patients (upper lobe n=5; lower
lobe n=_8) and on the left in 14 patients (upper
lobe n=11, lower lobe n=3). Three patients
had multiple PA lesions. No patients had
bilateral PA lesions. Seven (28%) patients also

Fig. 1. The Amplatzer vascular plug (AVP), a braided nitinol mesh disc, attached to a delivery wire and
micro-screw. Vessel occlusion is achieved by the deployed AVP acting as an embolic agent, promoting
clot formation in blood flowing over and through the mesh. Left panel, the AVP 4. Right panel, the
AVP 2. (Images courtesy of Abbott).

Fig. 2. Sagittal (left) and axial (right) slices from the computed tomography pulmonary angiography
of a patient with a large Rasmussen aneurysm (star), seen branching from the left pulmonary artery.

Fig. 3. Images acquired during the deployment of an Amplatzer vascular plug (AVP) in a right-sided
Rasmussen aneurysm in a patient from this series. In A the pulmonary angiogram, with selective

injection of the feeder vessel, shows the aneurysmal sac filling with contrast. B shows initial AVP
placement into the feeder vessel prior to release of the device. C shows the pulmonary angiography done
after deployment of the AVE with successful occlusion of the feeder vessel. The aneurysmal sac continues
to show some residual contrast from previous contrast injections.

had associated abnormal bronchial and non-
bronchial systemic collaterals.

Four patients experienced significant
intraoperative haemoptysis, likely from
the high-pressure automatic injector and
wire-related dislodgement of the occluding
platelet plug. In two procedures there was
an initial failure of deployment of the
AVP, requiring resheathing, retraction and
redeployment. In one procedure, the AVP
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embolised distally to lodge in a non-culprit
vessel and a further AVP had to be deployed
in the feeder vessel.

Immediate technical success was achieved
in all patients. Most of the patients (18; 72%)
remained free of haemoptysis for 48 hours
after the procedure and were discharged
home with a follow-up plan. One patient
left hospital against medical advice before
48 hours but had no later recurrence. One
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Table 1. Details of patients and procedures (N=25)

Patient and procedural characteristics n (%)*
Age, years (median (range)) 40 (19 - 66)
Male gender 17 (68)
Previous TB
None 4 (16)
One episode 14 (56)
Two episodes 5 (20)
Three episodes 2(8)
Current TB 18 (72)
Aspergilloma in existing cavity 6 (24)
Another comorbidity
None 9 (36)
HIV infection 6 (24)
Substance abuse 5 (20)
Severe post-TB lung disease 2(8)
COPD 2 (8)
Prostate carcinoma 2(8)
Fibrotic lung disease 1(4)
Hypertension 1(4)
Diabetes 1(4)
Epilepsy 1(4)
Pregnancy 1(4)
BAE done 4 (16)
PAA site’
RUL 5 (20)
RLL 8(32)
LUL 12 (48)
LLL 3(12)
Device details, n
Total AVPs used 38
AVP 2 (5 mm - 16 mm) 9
AVP 4 (4 mm - 10 mm) 29
AVPs used per patient
1 16 (64)
2 7 (28)
3 1(4)
>4 1(4)
Procedural complications
None 19 (76)
Intraoperative haemoptysis 4 (16)
Initial failure of AVP deployment 2(8)
Distal embolisation of AVP 1(4)
Short-term outcomes (<2 weeks)
Discharged after 48 hours 18 (72)
Kept for extended observation (1 - 2 weeks) 3(12)
Discharged to palliative care 2(8)
Emergency surgery 1(4)
Left before 48 hours against advice 1(4)
Long-term outcomes (<1 year)*
No recurrence of haemoptysis 15 (60)
Died 3 (12)
Recurrence of haemoptysis 6 (24)

PAA = pulmonary artery abnormality; TB = tuberculosis; AVP = Amplatzer vascular plug;
RUL = right upper lobe; RLL = right lower lobe; LUL = left upper lobe; LLL = left lower
lobe; COPD = chronic obstructive pulmonary disease.

*Unless otherwise indicated.

"Three patients had multiple PAAs.

‘Excluding the patient who had surgery.

patient, known to have an aspergilloma, needed an emergency left
upper lobectomy during the same admission for persistent life-
threatening haemoptysis. Three patients were kept for extended
observation for persistent minor haemoptysis, and were discharged
home after 1 - 2 weeks. Two patients were discharged to palliative
care for severe inoperable post-TB lung disease (one had two
attempted BAEs as well as the AVP procedure, the second also
suffered from advanced HIV disease) and died within a month of the
procedure. Six patients (excluding the two who died) had recurrent
haemoptysis in the following 12 months: one defaulted initial TB
treatment, one presented with presumed reinfection after treatment
completion, one suffered rifampicin-induced thrombocytopenia, two
had concomitant aspergillomas and one who was pregnant at the
time of her procedure elected to delay definitive intervention. One
patient presented with recurrent pneumonia (without haemoptysis)
at 4 months and 6 months after the procedure and died from the
second episode.

Our series of 25 patients with massive haemoptysis from Rasmussen
aneurysms treated with transcatheter placement of an AVP shows
that this procedure is feasible, and potentially life-saving. The
Amplatzer vascular plug is a braided nitinol mesh disc, attached to a
delivery wire and micro-screw which, when deployed in a vessel, acts
as an embolic agent by promoting clot formation as blood flows over
and through the mesh.!'”! This device has been successfully used in
the pulmonary arteries in Behget’s disease, Hughes-Stovin syndrome,
iatrogenic PA aneurysms, idiopathic aneurysms and pulmonary
arteriovenous malformations (AVMs), among others.""*) However,
to our knowledge this is the only series of Rasmussen aneurysms
managed with the AVP to date.

Despite recent advances in both diagnosis and treatment, TB remains
the most common cause of massive haemoptysis in the world.”!

TB-related bleeding from the pulmonary vasculature is often
fatal, yet few institutions where this problem is common have the
resources to offer urgent surgical intervention to all cases, many
patients with the problem are unfit for surgery and it is not known
if endovascular treatment is sufficient. In a recent review of the
literature, Gupta et al.!l identified 248 cases of pulmonary artery
aneurysms/pseudoaneurysms, 32 of them caused by infection, only
a third of which were due to TB. Management strategies in this
review varied widely, including conservative or medical treatment,
endovascular intervention with embolised coils or vascular plugs
(not specifically AVP) and surgery. The most common endovascular
treatment for infectious PA aneurysms/pseudoaneurysms in the
literature is coil embolisation, the first descriptions of which were
from Remy et al.>'*) almost 40 years ago. In one of the recent larger
series, Shin et al.l"* report on 24 cases of infectious peripheral PA
pseudoaneurysms, of which 16 were Rasmussen’s and 5 associated
with aspergillomas. In this series, the feeder arteries were embolised
with microcoils or N-butyl cyanoacrylate (glue), with varying
success depending on the presence of systemic shunts. Most
recently, Lal et al.' described direct percutaneous embolisation
of 29 PA pseudoaneurysms with glue or reconstituted fibrin, of
which 23 (85%) were Rasmussen aneurysms. The AVP offers
several advantages over traditional coil or glue embolisation: the
delivery mechanism can achieve exact placement and allows for
repositioning; it has minimal risk of migration, even in high flow
vessels and short landing zones; and it is possible to occlude a large
vessel with a single device (as opposed to multiple coils).!""!

In our series the AVP was unsuccessful in stopping bleeding
within 48 hours in six (24%) patients, and a further six (24%)
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of those with early success had recurrence of bleeding within a
year. Ideally patients should have repeat CTPA after an interval
to confirm continued vessel obstruction and healing of the
surrounding destructive infectious process, which we were unable
to do. However, the literature on the use of AVP for pulmonary
AVMs reports rates of recanalisation of the vessel of only 1% -
7%, suggesting that the recurrent bleeding in our series may have
been from other vascular sites."® In fact, in the cases where the
PA bleeding occurred during active infection, we suspect that the
development of fibrous scar tissue around the Rasmussen aneurysm
during the healing process could prevent recurrent bleeding even
in the case of vessel recanalisation. Those patients who experienced
haemoptysis from Rasmussens that were the result of a previous
infection, or who have associated aspergillomas, may still need a
more definitive intervention, and in these patients the PA plug is a
good bridging technique. In those who are unfit for surgery, the PA
intervention may be their only chance for survival.

Evidence is mounting that the traditional approach of first
performing BAE is insufficient in a significant proportion of patients
presenting with massive haemoptysis related to TB.'*! Although
peripheral PA aneurysms/pseudoaneurysms may be simultaneously
perfused by both pulmonary and systemic systems, particularly in
patients with cavitary or destructive parenchymal infections, our
series and others!">1” suggest that occlusion of the PA feeder alone
is successful in most cases where there are minimal bronchial and
non-bronchial systemic collaterals identified on CT angiogram. We
recommend that patients who have evidence of a PA and bronchial
or systemic source of bleeding on their initial CT angiogram should
have both lesions addressed in parallel.

In conclusion, we believe the AVP offers a feasible alternative
treatment option for Rasmussen aneurysms.
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