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ABSTRACT – Background: The incidence of vascular injuries is reported to be low after total knee arthroplasty 
(TKA). Among them, pseudoaneurysms of geniculate arteries (GAs) are considered to be a rare complication. The 
pathogenetic mechanism to develop this complication usually involves iatrogenic damage of GAs that may potential-
ly occur in any phase of the surgical procedure. The diagnosis of pseudoaneurysm lesions of GAs could be delayed, 
negatively affecting postoperative rehabilitation. From a clinical viewpoint, a pseudoaneurysm around the knee 
could determine a pulsatile mass, pain, swelling and reduced articular function. Despite there is not a gold standard 
for the diagnosis, different imaging methods such as ultrasound (US), computer tomography (CT) and magnetic res-
onance imaging (MRI) could play a role.

Case Report: The aim of our study is to report a case of a male patient who developed a pseudoaneurysm of the 
superior medial geniculate artery after TKA, describing the clinical and radiological presentation and the diagnostic 
and therapeutic pathway and comparing our findings with literature. 

Conclusions: Despite pseudoaneurysms of the geniculate arteries being a rare complication after TKA, it is 
possible to suspect that its incidence may be higher than reported in the literature because not all cases are 
clinically evident. Furthermore, the characteristic clinical features that lead to suspect the diagnosis, such as a 
palpable pulsatile mass, are reported to be not present in all cases, and there is not a typical range of time for 
the clinical onset. The diagnosis is insidious and should be suspected, especially in patients with a swollen and 
painful knee with risk factors for this complication. A prompt diagnosis is crucial to prevent the delay of the re-
habilitation program and to improve functional recovery. Ultrasound is the most appropriate imaging method 
for a primary evaluation, as it shows characteristic hallmarks such as the “yin-yang” sign. A second-level imaging 
evaluation is needed to confirm the diagnosis, but the appropriate radiologic method is still being debated. The 
choice between CT and MRI should be evaluated with an interdisciplinary approach and according to their ready 
availability. The interventional angiography with embolization procedure is considered safe and effective to re-
solve the pathology.
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INTRODUCTION

The development of arterial pseudoaneurysms is rare after total knee arthroplasty (TKA), with an incidence 
ranging from 0.03% to 0.2%1,2. Despite studies that have reported the development of this complication 
after TKA3-5, other common causes of arterial pseudoaneurysms after knee surgery are open synovectomy, 
meniscectomy, trauma, infections, and invasive intravascular diagnostic procedures6-8. The most common 
localization of pseudoaneurysms around the knee is the popliteal artery, followed by the superolateral, 
inferolateral and inferomedial geniculate arteries (GAs)8. When considering the TKA surgical procedure, 
an injury of the popliteal artery can occur in knees with flexion contracture during the posterior capsule 
release manoeuvres9, while the geniculate arteries could be injured, especially during the soft-tissues bal-
ancing release procedures on the collateral ligaments3. The incidence of this complication is increased in 
patients with fracture sequelae or in patients with atherosclerotic arteries because of arterial abnormal 
anatomy or reduced arterial wall elasticity, respectively2,9. Despite literature reporting the development 
of an arterial pseudoaneurysm as a rare complication after TKA, it is possible that the epidemiology of this 
complication, in particular regarding GAs, is underestimated and only a percentage of artery injuries can 
be detected and managed intra-operatively and only a percentage can results clinically evident. Usually, 
a pseudoaneurysm causes pain, reduced range of motion (ROM), recurrent hemarthrosis, and swelling, 
and only sometimes, it may present as a pulsatile mass. Furthermore, it impairs knee function, and conse-
quently, patients have delayed postoperative rehabilitation. In other cases, it may determine sensitive or 
motor deficit and decreased peripheral arterial pulse5,8,10.

The diagnosis of this complication is often delayed and requires a high level of suspicion and a com-
bination of clinical and radiological findings. Plain radiographs are not as useful as ultrasound (US), com-
puter tomography (CT), and magnetic resonance imaging (MRI)4,11.

The aim of our research is to report a case of a patient who developed a pseudoaneurysm of the 
superior medial GA after TKA and to describe our diagnostic and therapeutic pathway.

CASE PRESENTATION

A 41-year-old male patient with a 5° coronal valgus deformity of the left knee and severe osteoarthrosis (Kell-
gren-Lawrence grade 4) underwent TKA. The patient had a history of a lateral tibial plateau fracture associat-
ed with lateral collateral ligament (LCL) lesions, which were both surgically managed in other institutions with 
open reduction and internal fixation (ORIF) combined with LCL repair, respectively (Figures 1 and 2).

Figure 1. Preoperative X-ray. Anteroposterior preoperative X-ray of the left knee with Rosenberg view (A) and lat-
eral view (B) showing severe osteoarthrosis in the setting of a previous lateral tibial plateau fracture, managed with 
open reduction and internal fixation. Lateral collateral ligament rupture was treated with a metallic fixation screw, 
still visible. Weight-bearing radiographs of the lower extremities (C) show coronal valgus deformity on the left side.
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The patient had no medical comorbidities. The surgical procedure of TKA was performed 
using a mini-mid vastus approach and a kinematical alignment technique without a tourniquet. 
A mobile-bearing cemented TKA (Innex total knee, Zimmer-Biomet, Warsaw, IN, USA) was im-
planted in 45 minutes (Figure 3). During the surgical approach and after the prosthesis implan-
tation, before proceeding with the suture, an evaluation of active hemorrhages and normal 
hemostasis procedures for small vessels was performed using the monopolar electrosurgical 
instrument. At the end of surgery, there was no evidence of active macroscopic hemorrhages 
or main vessel injuries. Despite this, an intra-articular drain was positioned as our standard 
protocol after joint replacement surgery and removed 12 hours after surgery, containing 200 
ml of blood. After surgery, the patient underwent our standard post-operative medical care 
protocol based on analgesic medications (paracetamol 1 g twice a day and morphine adminis-
tered consecutively for 48 hours by using an elastomeric pump), non-steroidal anti-inflamma-
tory drugs (ibuprofen 600 mg twice a day), anti-thromboembolic prophylaxis (nadroparin cal-
cium weight-dosed) and cryo-therapy (local ice pack 3 times a day). The patient had a normal 
postoperative recovery, and no blood transfusions were necessary. On postoperative day 5, he 
was discharged and transferred to a rehabilitation hospital. At discharge, his hemoglobin was 
10.5 g/dl, the pain was controlled by standard analgesic medications, and the knee swelling 
was consistent with the recent surgery.

On postoperative day 15, the patient developed increased left leg swelling and increased pain, and 
he returned to the emergency department of our institution. On clinical examination, he presented a 
palpable mass in the medial portion of the distal region of the thigh, proximally to the medial femoral 

Figure 2. Preoperative MRI.
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condyle. He had no neurological symptoms, but his blood exams showed a stable hemoglobin value 
of 10.5 g/dl. Inside the emergency department, a diagnostic arthrocentesis was performed, removing 
50 cc of blood; the sample was sent to our microbiology department to check for infection, but the 
result was negative. Then, a US evaluation of the knee was performed by an expert radiologist. The 
US examination showed an inhomogeneous joint fluid collection in the suprapatellar space, with hy-
perechoic internal echoes, suggesting the presence of hemarthrosis. When moving the probe to the 
superomedial side of the knee, a small hypo-anechoic rounded mass was detected. The color-Doppler 
evaluation showed a turbulent flow within the lesion, with a characteristic “yin-yang” sign due to the 
forward and backward flow that led us to suspect the diagnosis of supero-medial artery pseudo-an-
eurysm (Figure 4). 

Then, a computed tomography angiography (CTA) was performed, confirming the diagnosis of pseu-
doaneurysm of the superomedial geniculate artery (Figure 5). The maximum diameter of the pseudo-
aneurysm was 15 mm (transverse) and 14 mm (longitudinal). Moreover, the pseudoaneurysm was sur-
rounded by a large hematoma (maximum transverse diameter of 6 cm).

The patient was transferred to the emergency department of the Niguarda Hospital (Milan, Ita-
ly) and carried in the interventional radiology (IR) suite. Under local anesthesia, a 5 French sheath 
was placed with ultrasound assistance in the left common femoral artery through an antegrade 
approach. The arteriography of the limb confirmed the presence of a pseudoaneurysm originating 
from the medial superior genicular artery; in particular, it was a saccular pseudoaneurysm asso-
ciated with iatrogenic/vasospastic stenosis immediately before its neck (Figure 6A-B). A 4 French 
catheter was advanced until the origin of the medial superior genicular artery (Figure 6C). Then, a 
2.7 French coaxial micro-catheter and a 0.021” guidewire were used to catheterize the vessel just 
beyond the origin of the pseudoaneurysm. Two detachable coils (2 mm x 4 cm; Concerto, Medtron-
ic, Minneapolis, MN, USA) were placed from this site going backward to the neck of the pseudo-
aneurysm; then, other three pushable coils (3 mm x 4 cm and 3 mm x 8 cm; Nester, Cook Medical, 

Figure 3. Postoperative weight-bearing radiographs. Postoperative weight-bearing radiographs (A) showing res-
toration of the regular femoral-tibial load axis. B-D, show the regular positioning of the mobile bearing cemented 
total knee arthroplasty.
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Figure 4. Ultrasound evaluation of the knee. A, A large, inhomogeneous suprapatellar effusion (solid arrow) is 
visible, characterized by internal echoes but with no color signals within or around on power-Doppler, suggesting 
hemarthrosis. B, At the superomedial side of the knee, a round formation (dashed arrow) with turbulent flow on 
color-Doppler is shown, displaying the characteristic “yin-yang” sign. This formation is surrounded by a hemato-
ma (*). A vessel with turbulent flow (dashed arrows) crosses the formation. Both (B) and (C) show the presence of 
hemarthrosis # deep in the vascular formation. 

Figure 5. Computed tomography angiography of the knee. Not-enhanced CT shows a slightly hyperdense collec-
tion on the anteromedial region side of the knee (hemorrhage), with an internal rounded hypodense area (*). 
After iodine-contrast administration (B), the rounded area turned out to be a contrast-enhancing vascular struc-
ture, confirming the diagnosis of pseudoaneurysm (arrow). C (axial) and D (sagittal) show CT maximum intensity 
projection (MIP) that clearly depicts the origin of the pseudoaneurysm (arrow) from the superomedial geniculate 
artery (dashed arrow). 
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Bloomington, IN, USA) were placed going backward to embolize the artery just before the origin of 
the pseudoaneurysm. The final angiography confirmed the complete embolization of the pseudo-
aneurysm and the preserved patency of the proximal tract of the medial superior genicular artery 
(Figure 6D). The femoral access was then closed with a mechanical device (Angio-Seal VIP, Terumo 
Europe, Leuven, Belgium).

Four days after the embolization, a follow-up ultrasound showed the pseudoaneurysm filled with 
hyperechoic material (metallic coils) and the absence of vascularization. Both the hemarthrosis and the 
soft tissue hematoma were reduced (Figure 6E).

Following the embolization procedure, the patient returned to our institution. After 24 hours of rest 
and combined compressive cryotherapy, he started intensive physiotherapy to recover the full ROM 
of the knee. Then, two days after the embolization procedure, he was discharged at home. At the time 
of discharge, the knee ROM was 0-110°, and the patient was able to walk with two crutches and full 
weight-bearing. Moreover, his hemoglobin was increased to 2.2 g/dl. 

Figure 6. Interventional angiography. A-B, show the angiography on two subsequent frames, highlighting the pres-
ence of the pseudoaneurysm originating from the medial superior genicular artery (arrow), with progressive filling. 
C, shows the selective angiography from the medial superior genicular artery, confirming the saccular pseudoaneu-
rysm. Post-procedural final control (D) shows the complete embolization of the pseudoaneurysm by coils (arrow). E, 
shows the follow-up ultrasound after four days with the pseudoaneurysm filled with hyperechoic material (coils) and 
the absence of vascularization at color-Doppler.  
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DISCUSSION 

Literature Review 

A literature review was performed. The following databases have been utilized: PubMed, Google Schol-
ar, Embase, and Cochrane. The keywords used were ‘geniculate arteries injury,’ ‘geniculate artery pseu-
doaneurysm,’ ‘vascular lesions,’ ‘vascular injuries’ associated with ‘TKA’, and ‘total knee arthroplasty.’ 
Only articles in the English language were considered. Since the low volume of literature on the topic, 
articles were screened for eligibility after a careful reading of the abstract. Cross-reference research of 
the selected articles was performed to find other relevant papers on the topic. Different article types 
have been included in the final review: meta-analysis, systematic reviews, case report case series, and 
retrospective studies. 

Epidemiology

Complications involving vascular injuries are infrequently reported after total knee arthroplasty (TKA) 
and are considered rare complications. A large systematic review and meta-analysis performed by 
Sundaram et al12 confirmed the low risk of vascular injuries associated with TKA, reporting 767 cases 
that occurred in 1,419,557 knee arthroplasties, corresponding to 0.054%. This is confirmed by a recent 
retrospective case series study13 that found an incidence of vascular lesions after TKA of 0.088%. 

Regarding pseudoaneurysm, Hodgson et al14, in their systematic review, reported a prevalence of 
0.6%. 

Even if the iatrogenic damage of the geniculate arteries is mostly considered in literature a rare oc-
currence that is often already assessed and managed intra-operatively, it is reasonable to hypothesize 
that minor damage of these arteries can occur more frequently than reported in literature and only a 
percentage of these patients can show the typical clinical features related to this complication. Daniels 
et al4, in their retrospective study including only symptomatic pseudoaneurysm after TKA diagnosed on 
imaging, confirmed the low incidence of this complication at approximately 0.02% but hypothesized a 
higher incidence considering that some may have been diagnosed clinically without imaging confirma-
tion, and some small pseudoaneurysms may go undetected at clinical and radiologic evaluation. 

The specific rate of injury to smaller periarticular vessels around the knee has not been well studied 
in the literature, and more studies focusing on the incidence of geniculate artery pseudoaneurysm after 
TKA are needed to determine the real entity of this complication. 

Pathogenesis and Injury Mechanism

GAs injuries may potentially occur in any phase of the surgical procedure. These arteries are vulnerable 
during dissection, during femoral and tibia cuts, as well as during retraction due to the blunt trauma 
from instrumentations, such as retractors12, and during the soft-tissue balancing release procedures on 
the collateral ligaments.

Pseudoaneurysmal lesions of GAs are reported to involve more frequent lateral GAs than the medial 
GAs4.

Literature shows that GAs are at risk for injury during specific surgical gestures associated with TKA. 
The superior-lateral geniculate artery is at risk for injury during lateral retinacular release, while the 
inferior-lateral GA is vulnerable during dissection, excision, cutting of the tibia, and cutting near the 
lateral meniscus, as well as while retracting soft tissue from the tibial edge, especially in mini-invasive 
surgery5,12,15-17. The inferior medial GA is at risk for injury during the release of the medial structures for 
soft-tissue balancing and during cuts near the medial meniscus3,12. The superomedial GA injury could 
be due to excessive knee extension and flexion during TKA placement5,18 and during medial soft tissue 
release in the attempt to correct a varus deformity4.

Clinical Features

Patients with a pseudoaneurysm of a GA could be asymptomatic or may present different symptoms, 
in most cases not specific to this kind of complication. Several studies12,19 show how the first step 
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to reaching the diagnosis is to think about this complication; this diagnosis requires being clinically 
suspected with high clinical awareness and a watchful clinical attitude in front of painful and swelling 
knees after surgery, especially in patients considered at high risk for these complications. This watch-
ful approach includes investigating preoperatory history, focusing on potential risk factors reported 
to be previous knee surgery or fractures, diabetes, peripheral vascular disease, hypertension, and 
smoking status12,13.

Sundaram et al12 proposed a perioperative management algorithm that categorizes patients into 
high or low risk based on risk factors for vascular injuries. Post-operative frequent physical examinations 
are required in high-risk patients, with ultrasound being the first imaging modality in injury-suspected 
cases. The most common clinical presentation of a pseudoaneurysm after TKA is a painful and swollen 
knee with recurrent hemarthrosis and a decreased range of motion with a detectable mass that, only in 
a minority of cases, can show a characteristic pulsatility4,12,18,20-22. Furthermore, anemia could be found 
in blood exams. 

While most case reports and case series3,5,8,10,20 in the literature agree on the main features of clinical 
presentation, different data are reported regarding the timing of clinical onset. In our case, symptoms 
appeared on the 15th day postoperatively; however, the literature8,12,14,19,21,22 shows that the timing of 
clinical onset can range from a few days to several months after surgery.

Sundaram et al12, in their meta-analysis, reported 18 cases of GAs pseudoaneurysm, all diagnosed af-
ter 24 h. Other works in the literature report different and delayed timing of clinical onset after surgery.

A systematic review performed by Hodgson et al14 reported 3.5 days as the average time taken to 
reach the diagnosis of pseudoaneurysm after TKA.

Furthermore, several case reports describe the possibility of delayed clinical onset and pseudoaneu-
rysms diagnosed later after surgery, from a few days19,21 to several weeks8 or months22.

Probably, this difference concerning the clinical onset may be due to patient-specific anatomic local 
conditions and to the progressive pathogenetic mechanism by which the pseudoaneurysm develops 
starting from the presence of an arterial wall lesion until the main clinical features can emerge. 

Radiologic Evaluation

Literature4 indicates that there is no definitive gold standard for diagnosing knee artery pseudoan-
eurysms, and various radiologic examinations may be significant in this process. The available litera-
ture4,5,12,18,19,21 suggests ultrasound (US) may be considered the most appropriate primary imaging meth-
od, allowing a rapid evaluation of TKA-associated vascular injuries. In most cases, it can be diagnostic 
and effective, presenting characteristic findings such as a lobate mass with varying echogenicity next to 
the parent artery. This mass exhibits bidirectional color Doppler flow with a swirling motion, creating 
the distinctive “yin-yang” sign in color Doppler imaging ultrasound4. According to this, our diagnostic 
work-up showed the effectiveness of US imaging performed by an expert radiologist in the initial imag-
ing evaluation; it aroused significant suspicion regarding the diagnosis, particularly upon discovering the 
typical hallmark known as the “yin-yang” sign. 

Despite this and according to the literature4,5,12,18,19,21, we deemed it necessary to conduct a sec-
ond-level instrumental investigation in order to confirm the diagnosis and direct the patient to the 
correct treatment.

The selection of the following second-level imaging exam is debated in the literature4,11 and 
should be evaluated with an interdisciplinary approach with colleagues in vascular surgery and/or 
interventional radiology, considering the possibility of treatment and the availability of the differ-
ent options12. 

Daniels et al4, in their work, consider MRI/magnetic resonance angiography (MRA) as the most 
appropriate second-level exam; in particular, even if MRI could be useful, MRA could be considered 
more effective, identifying the pseudoaneurysm and the parent artery as a mass in close proximity 
to the artery that rapidly enhances in the arterial phase and washes out in the late venous phase4. 
It offers advantages in terms of radiation exposure and is considered the examination of choice for 
a painful TKA, even if it remains a time-consuming technique with limited availability if compared 
with US or CT, especially in trauma settings and emergency departments11.

For these reasons, other authors support the role of computed tomography angiography (CTA)11, 
although it requires a high radiation dose with the possibility of a high false-negative result4.

Conventional angiography can confirm the presence of pseudoaneurysm in most cases and also 
plays an important role in treatment4. 
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Daniels et al4 propose an imaging algorithm for the workup of a painful and swollen knee after TKA: 
US is a good initial test because it is fast, cheap, and does not require intravenous contrast medium or 
radiation. MRI with MRA should be performed if other abnormalities need to be assessed in addition to 
a pseudoaneurysm or if ultrasound is negative with high clinical suspicion for a pseudoaneurysm.

In our case, after US evaluation and according to the radiologist, we preferred to proceed with a sec-
ond-level imaging exam to confirm the diagnosis; we opted for a CTA scan, both because this technique 
is rapid and immediately available in our emergency department setting (as the event happened on a 
public holiday). 

Treatment

Most of the literature12,13 reports endovascular treatment as the most common, safe, and effective 
solution for TKA vascular injuries. This treatment is mini-invasive and allows for rapid clinical improve-
ment in most patients; open surgery has been confined to specific cases where direct repair or bypass 
is required. 

According to this, our case report describes the treatment, which took place in an interventional 
radiology suite with endovascular coil embolization. It has been shown to be effective, without any com-
plications, and without important interference with the rehabilitation program after TKA. 

Only a few works in the literature describe the alternative possibility of non-operative treatment for 
GA pseudoaneurysms after TKA. Sundaram et al’s12 meta-analysis reported only 2 cases of non-opera-
tive treatment, while Gaheer et al18 described a case report of a spontaneous resolution of a superior 
medial GA pseudoaneurysm. 

Angiography is a tool of great diagnostic and therapeutic value13. This procedure is safe, with a lower 
complication rate and a lower risk of infection than an open procedure. It is performed under local anes-
thesia, allowing diagnosis and treatment during the same procedure and a quick return to the patient’s 
rehabilitation program19,23,24.

Analyzing several case reports and series19,17,21, angiographic coil embolization appears to be the 
most common method for treating post-arthroplasty pseudoaneurysm.

Luyckx et al25 have analyzed the effectiveness of endovascular transcatheter embolization of GAs in 
a retrospective series of 31 patients (39 embolization procedures) suffering from recurrent hemarthro-
sis after knee arthroplasties, concluding this procedure could be considered a minimally invasive, safe 
and effective treatment with low complications rate, low periprocedural/postprocedural pain and good 
clinical improvement in most patients.

CONCLUSIONS

Pseudoaneurysm of the GAs is a rare complication after TKA; despite this, it is possible to suspect a 
grave underestimation of its incidence due to under-recognition in less symptomatic and clinically 
evident cases. The primary clinical signs include a swollen and painful knee with diminished function 
and recurrent hemarthrosis. Although less common, the distinctive signs that might raise suspicion 
of the diagnosis, like a palpable pulsatile mass, are noted to occur in only a small number of cases. 
Furthermore, there is no typical time for clinical presentation; the clinical onset can range between 
a few days to several weeks or months post-operatively. Consequently, diagnosing this condition can 
be subtle, necessitating a high level of suspicion and clinical awareness, particularly for patients pre-
senting with an acutely swollen and painful knee who are at considerable risk for this complication. 
A prompt diagnosis is crucial to prevent the delay of rehabilitation and functional recovery. The US, 
performed by expert radiologists, could be considered the most appropriate first diagnostic tool. 
Secondary radiologic evaluations are needed to confirm the diagnosis. The choice between CTA and 
MRA should be evaluated with an interdisciplinary approach and according to their availability. The 
embolization procedure via interventional angiography is both safe and effective for addressing the 
pathology. In conclusion, diagnosing and managing a rare complication like a GA pseudoaneurysm 
after TKA necessitates suspicion and a vigilant approach to patient-reported symptoms and patient 
anamnesis to identify potential risk factors. Furthermore, cooperation between orthopedic surgeons, 
radiologists, interventional radiologists, and vascular surgeons is essential to obtain a prompt diag-
nosis and a correct treatment of this complication, which is fundamental in order to not compromise 
the clinical and functional outcomes of TKA.
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