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Abstract

and repeat GAE was considered.

interventions.
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Background Genicular artery embolization (GAE) is an emerging, minimally invasive therapy for refractory knee
osteoarthritis (OA), targeting pathological synovial hypervascularization. While technically well established in typi-
cal anatomy, rare congenital anomalies such as popliteal artery (PA) agenesis present unique procedural challenges
and demand careful adaptation of endovascular technique.

Case presentation A 56-year-old woman with refractory right knee OA and polymyalgia rheumatica presented

with persistent pain despite extensive medical and surgical therapies. Angiography revealed complete absence

of the PA, with distal lower limb perfusion entirely maintained through a dense network of arterial anastomoses.
Detailed angiographic assessment and superselective catheterization allowed targeted embolization of hypervascular
synovial branches while preserving critical collaterals. The procedure was technically successful and uneventful, pro-
viding substantial pain relief within two weeks, maintained at 3, 6, and 12 months. At 18 months, symptoms recurred

However, the symptoms resolved spontaneously, and no further embolization was required. Only mild swell-
ing on exertion persisted. At the two-year follow-up, the patient reported sustained pain relief without further

Conclusions This case illustrates that GAE can be safely and effectively performed even in the presence of rare con-
genital vascular anomalies such as PA agenesis. Meticulous angiographic assessment, precise differentiation of syno-
vial from distal perfusion territories, and a tailored embolization strategy are essential to achieve safe and durable
outcomes in such anatomically challenging scenarios. This case report underscores the adaptability of endovascular
techniques and expands the evidence base for GAE in patients with rare vascular variants.
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Background

Genicular artery embolization (GAE) has emerged as a
promising non-surgical intervention for patients suffer-
ing from chronic knee pain due to osteoarthritis (OA),
particularly when conservative treatments fail or sur-
gery is not an option [1, 2]. By targeting pathological
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neovascularization within the genicular arteries (GAs),
GAE has demonstrated safety and efficacy in multiple
meta-analyses [3-7].

The target vessels of GAE typically originate from the
superficial femoral artery (SFA) and the popliteal artery
(PA). Anatomical variants of the PA are not uncom-
mon: high division, hypoplastic or aplastic branches and
anomalous branching patterns have been reported in
up to 3-5% of the population [8]. In contrast, complete
congenital agenesis of the popliteal artery is exception-
ally rare, with only two cases described in the literature
to date [9, 10].
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Embryologically, the popliteal artery arises from the
axial artery of the lower limb, which initially develops as
a branch of the internal iliac artery and runs along the
posterior aspect of the limb bud as the so-called sciatic
artery [11]. By the sixth to eighth week of gestation, the
external iliac artery elongates to form the femoral artery,
which establishes anastomoses with the distal axial artery
[12]. As the femoral system becomes dominant, the prox-
imal sciatic artery regresses, while its midportion persists
as the definitive PA and its distal segment contributes to
the peroneal artery [8]. Failure of this sequence of remod-
eling and regression can result in hypoplasia or complete
agenesis of the PA. Disturbances in key vascular signal-
ing pathways, such as VEGF and Notch, which are essen-
tial for angiogenesis and arterial specification, have been
proposed as contributing factors [13]. Premature involu-
tion of the axial artery before the femoral system is fully
established may also lead to agenesis [14]. In such cases,
hypertrophied genicular and collateral arteries main-
tain perfusion to both: the knee and the distal extrem-
ity. Compared to more frequent congenital variants of
the popliteal artery, such as high division or hypoplasia,
which have been reported in up to 3-5% of the popula-
tion [6, 8], complete congenital agenesis remains excep-
tionally rare, with only a few cases described to date [9,
10]. Such vascular anomalies present unique challenges
during endovascular procedures, as they fundamentally
alter the collateral circulation and increase the risk of
non-target embolization.

As the number of GAE procedures continues to rise,
the detection of anatomical variants such as PA agenesia
is likely to become more frequent. The absence of the PA
places a greater functional load on genicular anastomo-
ses, making precise imaging, superselective catheteri-
zation, and a tailored embolization strategy essential to
avoid ischemic complications while achieving therapeu-
tic success. The technical considerations and clinical out-
come in this rare setting provide valuable insights for IRs
performing GAE in patients with unexpected vascular
variants.

Case presentation

Patient history

A 56-year-old woman with a long-standing history of
bilateral knee OA, further complicated by polymyalgia
rheumatica, presented with persistent medial right knee
pain. Her symptoms had been refractory to conservative
treatments, including NSAIDs, corticosteroids, opioids,
and multiple intra-articular injections. Despite having
undergone arthroscopic partial meniscectomy and syn-
ovectomy, her symptoms persisted. She declined total
knee arthroplasty and was referred for GAE.
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Procedure
The procedure was performed under local anesthe-
sia following ultrasound-guided antegrade puncture of
the right common femoral artery without the use of an
introducer sheath to minimize vascular access size. Initial
DSA was conducted at the mid-third of the SFA viaa 4F
Cobra catheter (Infiniti®, Cordis Medical, Austria) using
iodinated contrast medium (300 mg/mL, Accupaque®,
GE HealthCare, USA). DSA revealed complete absence
of the P2 segment of the PA (Fig. 1A) [9]. Instead, dis-
tal perfusion of the P3 segment and below-knee vessels
was maintained entirely via enlarged collateral genicular
branches. The angiographic appearance, combined with
the absence of calcifications or thrombus, confirmed a
congenital anomaly rather than acquired vessel occlusion.

Superselective catheterization of medial and lateral
genicular branches was performed using a 1.7F micro-
catheter (Pursue®, Merit Medical, USA), with particular
attention to anastomoses between genicular arteries and
distal crural arteries. The descending genicular artery
demonstrated marked hypervascularity, and superselec-
tive angiography reproduced the patient’s pain (Fig. 2A).
Identification of the target areas was guided by dynamic
DSA findings in combination with clinical correlation.
During superselective angiography, reproduction of the
patient’s characteristic pain pattern was used to confirm
symptomatic vascular territories, as described in previ-
ous GAE studies [15, 16]. This functional correlation,
together with visualization of hypervascular synovial
blush, defined the target zones for embolization.

Embolization was performed using 0.8 ml of a mixture
of permanent embolic material (100-300 um Embo-
spheres®, Merit Medical, USA) diluted in 10 mL of the
iodinated contrast agent mentioned above. The supero-
medial genicular artery showed a similar hypervascular
blush with evoked pain, embolized with 0.8 ml of the
mixture mentioned above (Fig. 2B). The inferomedial
genicular artery exhibited moderate hypervascularity
without evoked pain while extensive anastomoses with
the distal crural arteries were seen. Thus, embolization
was performed cautiously using a reduced volume of
0.3 ml (Fig. 2C). Embolic material was injected in small
aliquots to selectively “prune” abnormal neovessels while
preserving the parent artery’s flow. An unnamed lateral
branch that provided critical supply to the crural arter-
ies was intentionally spared to avoid compromising dis-
tal perfusion (Fig. 2D). A final DSA series from the distal
SFA confirmed patency of the lower leg arteries (Fig. 1B).
To minimize non-target embolization and post-proce-
dural skin discoloration, ice packs were applied around
the knee joint during the procedure.

Vascular and non-vascular complications were assessed
with duplex ultrasound and clinical evaluation four hours
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Fig. 1 Pre and Post overview. A Pre-interventional digital subtraction angiography (DSA) of the distal superficial femoral artery confirming complete
congenital absence of the popliteal artery. Distal perfusion of the lower limb is maintained entirely through hypertrophied genicular collaterals,
without any evidence of thrombotic material or arterial wall irregularities, supporting a congenital etiology. B Post-interventional overview DSA
from a similar position demonstrates a reduction in synovial blush while hypertrophied crural collaterals remain patent

Fig. 2 Superselective angiography of genicular branches. A Pre-embolization imaging of the descending genicular artery shows a dense synovial
hypervascular blush. Following embolization with 0.8 ml of a mixture of permanent embolic material (100-300 um Embospheres®, Merit Medical,
USA) diluted in 10 mL of iodinated contrast agent, a marked reduction in vascular blush is observed, with preservation of the parent vessel (B). C
Pre-embolization imaging of the inferior medial genicular artery reveals prominent synovial hypervascular blush. After embolization with 0.8 ml

of the mixture mentioned above, a clear reduction in blush intensity is seen, with the parent vessel remaining intact (D). E Superselective
angiography of a lateral genicular branch revealed dense collaterals supplying the distal crural arteries. To avoid the risk of lower limb ischemia,
embolization was withheld. F The inferomedial genicular artery showed moderate hypervascularity without evoked pain. Due to extensive distal
crural anastomoses, embolization was cautiously performed with 0.3 ml of the mixture mentioned above, resulting in reduced blush and preserved

flow (G)
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after the procedure upon discharge and 24 h post-proce-
dure. No complications were reported.

The patient experienced substantial pain relief
within two weeks. Follow-up visits at three, six and
twelve months showed continued improvement. After
18 months, the patient experienced a slight return of
pain, mainly in association with exertional swelling,
which prompted consideration of repeat GAE. As the
symptoms subsided spontaneously, re-embolization was
not required. Only mild exertional swelling remained.
At the 2.5-year follow-up, the patient continued to
report stable pain relief without the need for additional
treatment.

Conclusion

This case demonstrates the central role of detailed vascu-
lar imaging and a thoughtful embolization strategy when
performing GAE, particularly in the context of rare vas-
cular anomalies. The absence of the PA places a greater
functional load on anastomoses. As a result, the IR faces
the technically challenging dilemma of adequately embo-
lizing the pathological neovascularization while minimiz-
ing the risk of non-target embolization via the excessive
anastomotic network, which could lead to acute limb
ischemia.

PA agenesis results from embryological failure of axial
artery development, leading to highly atypical vascular
patterns [4]. Differentiating a congenital absence from an
acquired arterial occlusion is critical. In this patient, the
absence of arterial wall calcification or thrombotic mate-
rial, along with the presence of robust, well-established
collateral networks, strongly supported a congenital eti-
ology [7].

Performing GAE in patients with vascular anoma-
lies like this one requires careful attention to diagnostic
angiography. Superselective catheterization is mandatory
to preserve critical collateral pathways while achieving
therapeutic embolization. While DSA offers real-time
procedural guidance and is considered the gold stand-
ard for evaluation of vascular anatomy, pre-procedural
CTA or MRA would have improved procedural planning
in this case [17]. However, these imaging modalities are
not routinely included in the pre-procedural workup for
GAE, and given the low incidence of vascular anomalies,
their integration into the standard diagnostic algorithm
appears inefficient. As a cost-effective and low-effort
alternative, duplex ultrasound appears to be a reasonable
screening tool for evaluating lower limb vessels prior to
GAE. In cases of suspicious findings, additional imaging
with CTA or MRA may be warranted.

In this patient, recurrence of symptoms occurred at
18 month despite the durability of GAE demonstrated
in the GENESIS study, where most patients experienced
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sustained pain relief beyond 24 month [18]. However,
this recurrence was transient and resolved sponta-
neously without the need for repeat embolization,
resulting in a sustained pain-free status at the 2.5-year
follow-up. This earlier recurrence characterized by mild
pain but predominantly swelling after exertion, may be
explained by the unusually pronounced collateral net-
work associated with the popliteal artery agenesis. As
Taheri et al. have demonstrated, extensive anastomoses
can maintain hyperperfusion in a vascular territory ret-
rogradely, even after the antegrade embolization [19].
In this case, the exceptional vascular anatomy, with
numerous collateral pathways and anastomoses supply-
ing both, the knee and the lower leg, likely maintained
synovial hypervascularization via untreated territories
and contributed to the earlier symptom recurrence,
despite technically successful embolization [20]. Fur-
thermore, not all pathological vessels were embolized
due to the atypical anatomy and critical anastomo-
ses supplying the lower leg. Evidence suggests that, in
event of recurrence, repeat GAE is both feasible and
effective and regular clinical follow-up remains essen-
tial for long-term patient management [3].

In the presence of popliteal artery agenesis, the hemo-
dynamic situation differs substantially, as distal limb
perfusion relies entirely on genicular and collateral path-
ways. This configuration increases the risk of non-target
embolization and requires meticulous assessment of col-
lateral flow before and during the procedure. In our case,
superselective catheterization and cautious, stepwise
embolization ensured preservation of distal perfusion
while achieving adequate synovial devascularization.

GAE can be performed safely and successfully even
in patients with complex congenital vascular anomalies
such as popliteal artery agenesis. A successful outcome
hinges on meticulous vascular assessment and a care-
fully tailored embolization strategy that respects the
dual role of genicular arteries in both mediating syno-
vitis and supplying critical joint structures. This case
further underscores the importance of interventional
adaptability and precise imaging in ensuring safe and
effective treatment outcomes.
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