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Genicular nerve radiofrequency ablation (RFA) has recently gained popularity as an
intervention for chronic knee pain in patients who have failed other conservative or
surgical treatments. Long-term efficacy and adverse events are still largely unknown.
Under fluoroscopic guidance, thermal RFA targets the lateral superior, medial superior,
and medial inferior genicular nerves, which run in close proximity to the genicular
arteries that play a crucial role in supplying the distal femur, knee joint, meniscus,
and patella. RFA targets nerves by relying on bony landmarks, but fails to provide
visualization of vascular structures. Although vascular injuries after genicular nerve
RFA have not been reported, genicular vascular complications are well documented in
the surgical literature. This article describes the anatomy, including detailed cadaveric
dissections and schematic drawings, of the genicular neurovascular bundle. The
present investigation also included a comprehensive literature review of genicular
vascular injuries involving those arteries which lie near the targets of genicular nerve
RFA. These adverse vascular events are documented in the literature as case reports.
Of the 27 cases analyzed, 25.9% (7/27) involved the lateral superior genicular artery,
40.7% (11/27) involved the medial superior genicular artery, and 33.3% (9/27)
involved the medial inferior genicular artery. Most often, these vascular injuries result
in the formation of pseudoaneurysm, arteriovenous fistula (AVF), hemarthrosis, and/
or osteonecrosis of the patella. Although rare, these complications carry significant
morbidities. Based on the detailed dissections and review of the literature, our
investigation suggests that vascular injury is a possible risk of genicular RFA. Lastly,
recommendations are offered to minimize potential iatrogenic complications.

Key words: Genicular nerve, genicular artery, radiofrequency ablation, genicular
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n the elderly population, e.g., 60 years and older,

approximately 13% of women and 10% of men

experience symptomatic knee osteoarthritis (OA)
(1). Conservative treatments include physical therapy,
analgesic medications, and intra-articular injection of
steroid and visco-supplementation. In 2011, Choi et al
(2) introduced a novel technique to alleviate chronic
pain resulting from knee OA. The procedure involves
an ablation of the lateral superior, medial superior, and
medial inferior genicular nerves utilizing radiofrequency

under fluoroscopic guidance. Significant improvement
in pain and function was noted in all patients (N = 19)
who received the treatment and no adverse events
were reported (2).

Thermal radiofrequency ablation (RFA) targets
nerves using bony landmarks (Fig. 1), but fails to pro-
vide visualization of vascular structures. Genicular
nerves run in close proximity to genicular arteries that
play a crucial role in supplying the distal femur, knee
joint (3), meniscus (4), and patella (5). Even though no
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complications of genicular nerve RFA have been report-
ed in the literature, complications related to genicular
vascular injury have been well described in surgical
literature (6-33). Therefore, genicular nerve RFA may
cause vascular injury, potentially resulting in pseudoan-
eurysm, arteriovenous fistula (AVF), hemarthrosis, and
osteonecrosis of the patella.

METHODS

Cadaveric Dissections

Dissections were performed on 2 cadavers in resi-
dence at the Albert Einstein College of Medicine. These
cadavers were intended for educational and research
purposes.

Literature Review

The present investigation included a PubMed
search using the following terms: knee geniculate ar-
tery, pseudoaneurysm knee, vascular injury of the pa-
tella. Twenty-seven case reports were identified which
detail injury to the superior lateral, superior medial,
and medial inferior arteries that were written in the
English language. The year the cases were described,
the patient’s age, type of procedure, type of iatrogenic
complication, time to identify the injury after the oper-
ation, and procedures necessary to prevent worsening
of these complications were reported.

AnATOMY

Geniculate Nerve Anatomy

The nerve network supplying the knee joint is
complex. Tributaries from tibial, common peroneal,
femoral, and obturator nerves are found around the
knee proper (34). The nerves of significance to RFA of
the knee include the branches of the common perone-
al and tibial nerves. Cadaveric dissections detailing the
course of smaller branches of these nerves are scarce.
According to Callaghan et al (35), the lateral superior
genicular nerve originates from the common peroneal
division of the sciatic nerve 8 - 10 cm superior to the
joint line. It travels toward the superolateral aspect of
the knee capsule deep to the biceps femoris muscle
and the iliotibial band. The tibial nerve gives rise to 3
articular branches in the popliteal fossa, 2 of which are
located on the medial aspect of the knee joint, and are
targets of RFA: the medial superior and medial infe-
rior genicular nerves (35). The lateral superior genicu-
lar nerve and the medial superior and medial inferior
genicular nerves innervate the articular capsule of the
knee joint (36). These nerves were demonstrated to be
in close proximity to the lateral superior, medial supe-
rior, and medial inferior genicular arteries (Fig. 2). A
recent anatomical study of 8 cadavers revealed that
although the nerves show variable course proximally,
all had a constant distal contact on the femur and tibia
(37).

Fig. 1. Fluoroscopic view of the targets of genicular RF' A showing the needle tips localized to teh lateral epicondyle, medial
epicondyle aned proximal medial tibia. A. AP view, B. lateral view.
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Fig. 2. Cadaveric dissections revealing the genicular neurovascular bundle. A. Lateral superior and Lateral inferior genicular.
Right knee, posterolateral. B. Medial superior genicular. Right knee, posterior view. C. Medial inferior genicular. Left knee,
posteromedial view. m. = muscle; n. = nerve; a. = artery; v. = vein

Geniculate Artery Anatomy

The arterial supply to the knee is diverse and in-
cludes many anatomical variations. At the popliteal
fossa, the popliteal artery gives rise to the lateral su-
perior genicular, the medial superior genicular, and
the medial inferior genicular arteries (Fig. 3) (35). The
lateral superior genicular artery arises proximal to the
lateral condyle of the femur, deep to the tendon of the
biceps femoris. It provides a superficial branch that sup-
plies the vastus lateralis muscle and anastomoses with
the lateral inferior genicular artery (35). Its anastomo-
sis with the descending branch of the lateral circumflex
femoral is inconsistent and often inadequate (38). The
deep branch of the lateral superior genicular artery sup-
plies the knee joint and anastomoses with the descend-
ing genicular and medial superior genicular arteries
across the anterior aspect of the femur (35).

The medial superior genicular artery has 2 branch-
es. One branch supplies the vastus medialis muscle and
anastomoses with the descending genicular and medial
inferior genicular arteries. The other branch supplies
the knee joint and anastomoses with the lateral supe-
rior genicular artery (35).

The medial inferior genicular artery also gives 2
branches. The first courses along the upper border of
the popliteus muscle. On the medial side of the knee, it
anastomoses with the descending genicular and medial

Fig. 3. Schematic drawing of the genicular artery.

superior genicular arteries. The second branch crosses
the tibia under the patellar ligament to anastomose
with the lateral inferior genicular and the anterior re-
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current tibial arteries (35). The medial inferior genicu-
lar artery was found in close proximity to the posterior
horn of the medial meniscus (7) and supplied the me-
dial meniscus (3).

The patella also receives blood supply from genicu-
lar arteries targeted during RFA of the knee. The lat-
eral superior, medial superior, and medial inferior ge-
nicular arteries provide significant contribution to the
peripatellar ring. The medial superior genicular artery
supplies the transverse suprapatella portion of the ring.
The lateral transverse portion is partially supplied by
the lateral superior genicular artery. The transverse in-
frapatellar portion of the ring receives partial perfusion
from the medial inferior genicular artery (35).

Literature Review of Genicular Vascular
Injury

Injuries involving the genicular arteries are uncom-
mon but carry significant morbidities. These adverse
vascular events are documented in the literature as case
reports. Of the 27 cases analyzed in this investigation,
25.9% (7/27) have involved the lateral superior genicu-
lar artery, 40.7% (11/27) have involved the medial su-
perior genicular artery, and 33.3% (9/27) have involved
the medial inferior geniculate artery. Most often, these
vascular injuries result in the formation of pseudoan-
eurysm, AVF, hemarthrosis, and/or osteonecrosis of the
patella (Table 1, 2, and 3). Pseudoaneurysms are more
likely to form from a partially damaged vessel. The
blood dissects into the surrounding soft tissues, form-

ing an encapsulated hematoma, which undergoes sub-
sequent organization and endothelialization (16). The
pseudoaneurysm can increase in size with increase in
systemic blood pressure potentially leading to compres-
sion of surrounding structures that can result in distal
neurovascular deficit. In addition, rupture may result
and this can produce swelling (6), calf pain, and ec-
chymosis mimicking deep vein thrombosis (12) or acute
and recurrent hemarthrosis (11,14). Pseudoaneurysms
have been reported to occur after open synovectomy,
meniscectomy, arthroscopy, and total knee arthroplasty
(TKA).

Lateral Superior Genicular Artery Injury

The present investigation revealed that injury to
the superior lateral genicular artery has been reported
(Table 1) in 7 cases (6,11,13,14,17,18,25). The injuries
have occurred after primary TKA in 4 cases, after TKA
revision in 2 cases, and after ligamentous and menis-
cal arthroscopic repair in one case. The majority of the
injuries resulted in pseudoaneurysms; however, a few
patients have suffered recurrent hemarthrosis, and one
has suffered AVF. Those affected included both men
and women with ages ranging from young athlete (age
not specified) to 68 years. The time from operation until
detection of the injury has ranged from immediate to
36 days. The majority of patients (71%) underwent per-
cutaneous embolization of the lateral superior genicu-
lar artery. One patient required 3 operations to stop the
bleeding, with the last being an open arthrotomy (14).

Table 1. Case reports of injury to the lateral superior genicular artery.

Time to Identify
Type(s) of .
Year Reported | Age and gender Procedure N the Injury Result
Complication .
Post-operation
Pseudoaneurysm and Three operations performed with
2002 (14) 65 M TKA ¥ . Immediate eventual arthrotomy to tie off the
recurrent hemarthrosis . .
lateral geniculate arteries
Pseudoaneurvsm and Initial evacuation of hemarthrosis
2004 (11) 59 M TKA Revision ¥ . 5 days followed by percutaneous
recurrent hemarthrosis L
embolization
Pseudoaneurysm, Percutaneous embolization and
2005 (6) 64 M TKA hematoma and 6 days repeat arthroscopy to drain the
hemarthrosis hematoma and lavage the joint
2007 (13) 56 M TKA Revision Hematoma and 1 week Percutaneous embolization
pseudoaneurysm
2010 (25) 35F TKA Pseudoaneurysm 36 days Percutaneous embolization
2013 (18) 68 M TKA Pseudoaneurysm 4 days Percutaneous embolization
= AI?thI’OS.COPIC Pseudoaneurysm and Information not Surgical resectlor.l Of.
2015 (17) repair of ligament . pseudoaneurysm and ligation of
(young athlete) > AVF provided .
and meniscus arteriovenous fistula
E700 www.painphysicianjournal.com
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Table 2. Case reports of injury to the medial superior genicular artery.

Time to Identify
A, d T f .
Year Reported 8¢ an Procedure ype(.s) M Injury Result
gender Complication .
Post-operation
Arthroscopic Ultrasound guided compression
1990 (27) 49 M . p Pseudoaneurysm 1 week repair followed by coiled
meniscectomy o
embolization
Arthroscopy for excision
1995 (26) 19F of synovial plica and joint Pseudoaneurysm 10 weeks Surgical resection
lavage
1999 (15) 29F Arthroscopic synovectomy e 12 hours Percutaneous embolization
Pseudoaneurysm
1997 (19) 32M Art}}roscoplc Pseudoaneurysm 6 days Percutaneous embolization
meniscectomy
1999 (15) 54 M TKA Pseudoaneurysm 1 month Percutaneous embolization
Compression dressing
2007 (13) 63 F TKA Pseudoaneurysm 6 weeks (spontaneous resolution),
discontinuation of anticoagulation
2008 (28) 47 M Arthroscopic synovectomy Hemarthrosis and 3 months Selective ar}gl().graphlc
pseudoaneurysm embolization
2009 (29) 43 M Art}}roscoplc Pseudoaneurysr.n 8 days Percutaneous embolization
meniscectomy and hemarthrosis
Surgical exploration and excision
2011 (30) 45M ool g, Hemarthrosis and 3 of pseudoa.neurysm' and llgatlon
pseudoaneurysm of the medial superior genicular
artery
Hematoma and Evacuation and exploration and
2012 (12) 71 F TKA 8 days ligation of the medial superior
pseudoaneurysm .
genicular artery
Compression dressing
2014 (10) 63 M TKA Pseudoaneurysm 2 weeks (spontaneous resolution), and
discontinuation of anticoagulation

Another patient required an initial evacuation of the
hematoma followed by embolization (11). One patient
had received a repeat arthroscopy and joint lavage in
addition to embolization (6). The last patient under-
went surgical resection of the pseudoaneurysm and
had ligation of the AVF (17). All reported cases of lat-
eral genicular artery injury showed eventual improve-
ment of symptoms after appropriate interventions.

Medial Superior Genicular Artery Injury

The branch of the medial superior genicular artery
that pierces the medial intramuscular septum to supply
the vastus medialis muscle is easily injured (35). Eleven
cases, including hematoma, hemarthrosis, and pseu-
doaneurysm (Table 2), have been reported in the lit-
erature. The procedures not only include TKA but also
arthroscopic meniscectomy and arthroscopic synovec-
tomy. Both men and women have been affected with
ages ranging from 19 to 71 years. The time to identify

the injury has ranged from 12 hours to 10 weeks. Two
cases resolved spontaneously after compression dress-
ing and discontinuation of anticoagulation (10,13),
while the other cases required percutaneous emboli-
zation (13,15,19,27,28), surgical resection (26,30), or
evacuation and ligation of the offending artery (12,30).

Medial Inferior Genicular Artery Injury

Nine case reports have been documented (Table
3) involving the medial inferior genicular artery (7-
9,20,21). Surgeries involved were TKA, medial menis-
cus repair, anterior cruciate ligament (ACL) repair, and
intramedullary nailing of the tibia after spiral fracture.
Again both men and women were affected with a wide
age range (23 — 87 years). The time it required for de-
tection can range from one hour to 2 months. Most
cases led to pseudoaneurysm or aneurysm with 2 result-
ing in concomitant development of AVF. Both of these
cases were treated with surgical excision of pseudoa-
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Table 3. Case reporis of injury to the medial inferior genicular artery.

Time to Identify
Yo A d T, f
ear 8¢ an Procedure ype(.s) M Injury Post- Result
Reported gender Complication A
operation
Surgical excision of
Pseudoaneurysm pseudoaneurysm, disruption of the
1987 (8) 7ok e and AVF 3 weeks arteriovenous fistula and ligation of
the medial inferior genicular artery
Surgical excision of
Pseudoaneurysm pseudoaneurysm, disruption of the
1987 (8) 67M TRA and AVF 2 months arteriovenous fistula and ligation of
the medial inferior genicular artery
1989 (21) 58 F TKA Aneurysm 2 months Percutaneous embolization
Arthroscopic Two operations: 1. Resection
resection of of hematoma 2. Removal of
1994 (7) 57 F . Pseudoaneurysm 1 week S
posterior horn of pseudoaneurysm and ligation of
medial meniscus medial inferior genicular artery
Open exploration, resection of
2000 (9) 30 M ACL repair Pseudoaneurysm 5 weeks thrombus and ligation of medial
inferior genicular artery
3 recurrent
hemorrhagic Exploration and evacuation of the
2005 (31) 87F TKA episodes eroding 4 weeks hematoma and ligation of the medial
through the medial inferior genicular artery
skin incision
reconit(r:ﬁc tion Hematoma evacuation and ligation
2006 (32) 37M : . Pseudoaneurysm 1 hour of the medial inferior geniculate
with hamstring .
tendon autograft y
Closed
2009 (20) 47 M intramedullary Pseudoaneurysm A few days Percutaneous embolization
nailing of the tibia
2011 (33) 23 M | ACL construction Lt ol i 2 weeks Percutaneous embolization
pseudoaneurysm

neurysm, disruption of the arteriovenous fistula, and
ligation of the offending artery (8). Other cases have
required percutaneous embolization (20,21,33) or open
resection of the hematoma and ligation of the offend-
ing artery (7,9,31,32).

Patella Injury

The lateral superior, lateral inferior, and medial in-
ferior genicular arteries provide a significant contribu-
tion to the blood supply of the patella. An in vivo study
examination of patellar blood flow after TKA revealed
that lateral release with sacrifice of the superior lateral
genicular artery led to a reduction of 30.61% of blood
flow to the patella. In this study, the patellar blood sup-
ply was also compromised if the medial superior and
medial inferior genicular arteries were sacrificed (39).
Other studies have shown an increase in patellar avas-

cularity after TKA using the lateral release approach
(40,41). Disruption of the blood supply to the patella
may lead to avascular necrosis of the patella with the
potential consequence of patella fractures (22,42).

Injury to Neighboring Neurovascular
Structures

It is important to take into consideration the
nerves in close proximity to those targeted by thermal
RFA. The saphenous nerve provides sensory innervation
to the medial aspect of the leg. Damage to the infrapa-
tellar branch can result in the development of painful
neuroma and complex regional pain syndrome (43-45).
Therefore, the course of the saphenous nerve, espe-
cially the infrapatellar branch of the saphenous nerve,
should be considered when performing RFA of nerves
in the medial aspect of the knee.

E702
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Targeting the lateral superior, medial superior, and
medial inferior genicular nerves for RFA may be diffi-
cult. The path of the descending artery in the lateral
thigh is unpredictable (3); it has at least 5 origins. Its
anastomosis at the knee to the genicular arteries is
not constant and oftentimes inadequate (38). Thirty-
two cadaveric dissections revealed variations in the
origin of the osteoarticular and saphenous braches of
the femoral artery. In 24 specimens, the descending
genicular artery gives rise to the osteoarticular and sa-
phenous branches. In the remaining dissections, they
arise directly from the femoral artery. More distally, 9
variations were found with regard to the number and
origin of the muscular, musculoarticular, and saphenous
branches (3). As arteries travel with nerves in a neuro-
vascular bundle (2), it is likely that genicular nerves may
also exhibit a number of anatomical variations around
the knee, even though cadaveric studies are lacking.
After surgical operations, the path that the nerves take
might be unpredictable related to axonal misrouting
and aberrant reinnervation (46). Because RFA has been
proposed as a treatment for post-TKA knee pain, we
need to take into consideration that the path taken by
the genicular nerves might vary greatly from individual
to individual (47). In addition, the path of the nerves
and arteries across joints is often affected by the posi-
tion of the joint (7). In Choi et al’s procedure (2), the
knee was positioned in slight flexion by placing a pillow
underneath. Therefore, the trajectory of the nerves and
arteries may change and targeting the nerves might be
difficult. As arteries travel with nerves in a neurovascu-
lar bundle, ablating nerves using a bony landmark may
not effectively target the nerves of interest and may
lead to undesired vascular complications. Injuries to the
arteries around the knees, including the descending ge-
nicular artery, are not uncommon (20,24).

Discussion

Although large randomized trials of genicular
nerve RFA are not available, the procedure has gained
popularity among interventionists. As it still is a rela-
tively novel intervention, long-term efficacy and ad-
verse events are still largely lacking at this time. This
investigation has attempted to demonstrate the impor-
tance of the anatomical proximity of genicular arter-
ies to genicular nerves, variations of the neurovascular
bundle, and potential complications resulting from
injuries to the genicular vessels. The consequences of
injuring adjacent neural and vascular structures, albeit
rare in open operations and arthroscopy of the knee,

are not insignificant. Related to the rarity of these con-
ditions, delay in diagnosis may lead to worsening com-
plications, which can contribute to increased morbid-
ity and mortality. Therefore, the interventionist must
exercise great care while performing RFA of genicular
nerves in order to avoid inadvertently injuring nearby
structures, especially vascular structures, leading to iat-
rogenic complications.

From our detailed dissections, review of the exist-
ing anatomical studies and surgical literature, the risk of
injury to these vessels is a reasonable possibility. How-
ever, it is interesting that no reports have documented
these vascular injuries in the literature. It is possible
that geniculate vascular injuries do exist in patients re-
ceiving RFA but have not been reported at present as
the procedure is relatively new. We should also consider
the sink effect of blood vessels in proximity to the RFA
targets. Due to constant blood flow, the temperature
of the targeted area is attenuated (48). Perhaps, this
reduction in temperature may lead to a better coagula-
tion effect than if it were by direct needle trauma, and
thus vascular injury can be avoided.

ConcLusION

After appreciation of the potential risks associated
with geniculate RFA, it is crucial to utilize appropri-
ate safety measures to prevent arterial puncture dur-
ing the procedure. In a case report, Protzman et al (46)
performed RFA of genicular nerves under fluoroscopy
and also used ultrasound with Doppler function to help
identify genicular nerves and the accompanying arter-
ies. This technique needs to be tested on a larger scale,
including allowing for visualization of the vasculature
and targeted nerves. However, the concurrent use of
ultrasound and fluoroscopy may not always be practi-
cal. Another technique which may decrease the risk of
vascular injury is pulsed RFA. In pulsed RFA, no tissue
damage occurs as the temperature is set at a limit of
42 degree Celsius. Pulsed RFA has been described in the
treatment of knee OA within the pericapsular nerve
endings (49) and the sciatic nerve (50). Long-term ef-
ficacy of pulsed RFA of the saphenous nerve has been
demonstrated in the treatment of chronic knee pain
(51). Recently, pulsed RFA of the entire nerve supply of
the knee showed improved functional outcome in pa-
tients with knee OA (52). However, pulsed RFA at the
level of the lateral superior, medial superior, and me-
dial inferior genicular nerves has not been studied and
therefore warrants further evaluation.
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