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ARTICLE INFO ABSTRACT

Keywords: Pseudoaneurysms are rare, life-threatening vascular lesions caused by damage to an arterial wall
Dentoalveolar surgery and have a high propensity for rupture and hemorrhage. The aim of this case report is to discuss
Dental extraction complications the evaluation, diagnosis, and management of unusual bleeding following dental extractions in an
Post-operative bleeding otherwise healthy 17-year-old female. She presented post-operatively with facial swelling and
Pseudoaneurysm

bruising following outpatient extraction of third molars. Exploration of the surgical site revealed
active bleeding that was unresponsive to pressure and application of hemostatic agents. Selective
embolization was performed after a pseudoaneurysm of the inferior alveolar artery was identi-
fied, resulting in no further bleeding and return to baseline diet and activity. Any practitioner
performing dental extractions who encounters unusual bleeding should be aware of this poten-
tially fatal vascular lesion and its relevant treatment options. While surgical ligation is technically
feasible, minimally invasive intravascular interventions provide a safe and effective method for
management of this complication.

Embolization
Third molars

1. Introduction

The extraction of third molars is one of the most common surgeries performed by oral and maxillofacial surgeons (OMFS) as well as
general dental practitioners, with over 10 million impacted third molars extracted annually in the United States [1]. The reported rate
of complication ranges from 3.5 to 14.8% [2]. The four most commonly reported post-operative complications of third molar ex-
tractions are alveolar osteitis, infection, bleeding, and paresthesia; less common complications include mandibular fractures, severe
hemorrhage, and iatrogenic displacement of teeth and instruments [3].

Clinically significant bleeding occurs in approximately 0.2-5.8% of cases and can be categorized into two groups: intra-operative
and post-operative bleeding [3]. Intra-operative bleeding is a rare occurrence and can be defined as bleeding that is greater than
expected during a dental extraction, which may be secondary to an arteriovenous malformation [3]. The more commonly encountered
post-operative bleeding can be defined as bleeding after an extraction that meets at least one of the following four criteria: (1) persists
for greater than 12 hours, (2) causes return to surgeon or presentation to an emergency department, (3) results in large hematoma or
ecchymosis within the perioral soft tissues, or (4) requires transfusion.

Etiologies of post-operative bleeding can be divided into those related to the procedure and those related to the medical condition
of the patient [3,4]. Procedure-related factors include tears to the surrounding soft tissues, injury to the cortical bone (either planned or
iatrogenic), damage to the tooth blood supply, and increased vascularity in response to pre-existing chronic infection (e.g. granuloma).
Hemorrhagic diatheses involving the quality or quantity of platelets or disorders of coagulopathy, as well as medical conditions that
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require patients to be on anticoagulant therapy also predispose patient to an increased risk of prolonged bleeding.

One unusual cause of post-operative bleeding is the formation of a pseudoaneurysm that results in uncontrollable post-operative
bleeding. A pseudoaneurysm is a collection of blood that is contained within perivascular soft tissue. Whereas true aneurysms involve a
segmental, full-thickness dilation of an intact blood vessel, pseudoaneurysms involve localized disruption of the arterial wall that
results in a contained hematoma with a persistent connection to the arterial lumen (Table 1) [5]. Pseudoaneurysms are typically
caused by trauma to a vessel; however, they can also be a result of regional inflammation or underlying vasculidities [6-8]. We present
a case of a pseudoaneurysm following the “routine” extraction of third molars that was treated with interventional vascular radiology.

1.1. Report of a Case

A 17-year-old female with no significant past medical history presented to the Oral and Maxillofacial Surgery outpatient clinic for
extraction of her complete bony impacted third molars (Fig. 1). The surgical extraction of the third molars was considered “routine” —
extraction of the complete bony impacted mandibular third molars involved a distal “hockey stick” incision, raising of a full-thickness
mucoperiosteal flap to uncover the crowns (which were noted to be lingually inclined), buccal troughing with a surgical handpiece
under copious irrigation, and elevation with extraction without splitting of the tooth; the nerve was visualized and noted to be intact
and there was no excessive bleeding at the time of the surgery and re-approximation of the soft tissues. The patient returned to the
clinic 3 days later with complaints of right facial edema and ecchymosis, as well as pulsating pain, malaise, and subjective fever.
Intraoral examination showed grossly inflamed soft tissue around the residual socket of extracted tooth #32 that was spontaneously
bleeding and disproportionately tender to palpation. There was minimal floor of mouth elevation lingual to the residual alveolus. The
sockets of teeth #1, 16, and 17 were unremarkable, with an examination consistent with routine healing. There were no neurosensory
disturbances reported by the patient.

Upon reflection of the mucoperiosteal flap of tooth #32, brisk bleeding was encountered. Multiple “liver clots” were found un-
derneath the surrounding soft tissues and evacuated. The buccinator muscle was noted to be grossly ecchymotic; the lingual plate was
noted to be grossly intact, with no perforation. No purulence was encountered. Once the base of the socket was cleared and the inferior
alveolar artery was noted to be the source of bleeding, multiple attempts to control hemorrhaging with gelfoam, Surgicel, and Floseal
with pressure were made to no avail. The decision was made to activate the emergency medical services to transfer the patient to an
inpatient setting for additional work up and management. On admission, computed tomography angiography (CTA) with intravenous
contrast of the maxillofacial complex demonstrated a peripherally enhanced fluid collection measuring 1.5 x 2.5 cm around the buccal
and lingual surfaces of the mandibular body with cortical erosion of the medial surface of the right mandibular ramus and vascular
blushing of the infeeding inferior alveolar artery (Fig. 2). Interventional radiology (IR) was consulted for emergent intervention.

Under general anesthesia, angiography of the right external carotid artery revealed contrast extravasation and a pseudoaneurysm
arising from the inferior alveolar branch of the right internal maxillary artery (Fig. 3a, b). A rapid transit microcatheter was coaxially
navigated over a gold tip guide wire into the right maxillary artery, and a series of detachable coils were deployed across the origin of
the inferior alveolar artery (Fig. 3c, d). Post-operatively, the patient was transferred to the neurosurgical intensive care unit for
continued monitoring. On post-operative day #2, the patient was transfused with 1 unit of packed red blood cells, in response to a drop
in hemoglobin from 12.0 g/dL to 9.0 g/dL. On post-operative day #4, the patient was in stable condition for discharge with close
follow up with OMFS and IR services.

Her outpatient follow-up was marked by intermittent, self-limited headaches in the months to follow that have decreased in fre-
quency over time. She has had no recurrent episodes of bleeding since her initial presentation. Additionally, she denies any changes to
her sensorium and has returned to her baseline level of diet and activity.

2. Discussion

Pseudoaneurysms are perivascular hematomas that can form after injury to an artery and are subsequently retained by a fibrous
pseudo-capsule. Most pseudoaneurysms are found in the femoral artery following catheterization at an incidence rate of 0.6-6% of
patients; however, they can be found anywhere along the body [9]. Extracranial pseudoaneurysms are exceedingly rare, with the most
important risk factors being surgical or traumatic injury [6]. Due to its persistent connection to the arterial lumen, pseudoaneurysms
have the potential to expand and ultimately rupture when the tensile strength pseudo-capsule is exceeded by the pressure of the blood
flow. Pseudoaneurysms are considered vascular emergencies and have the potential to result in life-threatening hemorrhage due to a

Table 1
Comparison of aneurysm and pseudoaneurysm.
Vascular Injury Definition Clinical Work Up Treatment
Aneurysm 50% increase in the normal diameter of the e Comprehensive history eObservation
artery resulting in weakening of the blood and physical exam eRepair is dependent on location: resection
vessel wall eDuplex ultrasound with interpositional grafting or endovascular
oCT/CT angiogram repair
MR angiography
Pseudoaneurysm  Arterial defect that becomes contained within eComprehensive history and  eObservation
the surrounding soft tissues physical exam eUltrasound-guided compression
eDuplex ultrasound eEndovascular injection of hemostatic agent

oCT/CT angiogram
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Fig. 1. Pre-extraction orthopantomogram (Panorex) demonstrating complete bony impacted third molars (teeth #1, 16, 17, 32). Drawn, for patient education, is the
relationship of teeth to the maxillary sinus and mandibular canal.

Fig. 2. CTA maxillofacial with contrast demonstrating peripherally-enhanced collection adjacent to the extraction socket of tooth #32 and cortical breakthrough
along the medial surface of the right mandibular ramus.

higher rate of rupture compared with aneurysms [9].

In oral and maxillofacial surgery, the majority of reported cases of pseudoaneurysms are found in patients who either sustained
recent maxillofacial trauma or following orthognathic or microvascular reconstructive surgery. To the authors’ knowledge, there are
only a few English-language case reports of pseudoaneurysm formation in patients following the extraction of third molars treated with
embolization (Table 2) [8,10-14].

The third molars, especially the mandibular molars, are closely positioned next to delicate neurovascular structures. The maxillary
artery is a branch of the external carotid and is divided into three portions, based on its relation to the lateral pterygoid: the mandibular
portion, the pterygoid portion, and the pterygopalatine portion. The first portion of the maxillary artery gives rise to the deep
auricular, anterior tympanic, middle and accessory meningeal, and inferior alveolar arteries. The inferior alveolar artery enters the
mandible through the mandibular foramen and courses anteriorly within the mandibular canal and exits through the mental foramen
where terminates into the incisal and mental arteries. It has been reported that unerupted mandibular third molar teeth lie closer to the
mandibular canal than erupted teeth, and that inadvertent breech of the superior cortex of the mandibular canal during surgical
extraction of the teeth can result in significant venous and/or arterial bleeding [15]. The inferior alveolar artery is medial/lingual to its
corresponding nerve and vein as the neurovascular bundle enters the mandibular canal, making it particularly susceptible to needle
injury as well [15].

When massive bleeding is encountered and local measures including manual pressure, cautery, and application of hemostatic
agents are failing, the surgeon has two choices: vessel ligation or embolization. Ligation of the offending vessel is often the treatment of
choice as it is relatively simple and has been a historic mainstay in the dental surgeon’s armamentarium; however, may not be feasible
due to anatomic or technical limitations. Additionally, the maxillofacial complex is rich with collateral circulation, which may require
additional dissection and number of vessels ligated to achieve adequate hemostasis, thus increasing surgical morbidity [16]. Selective
transcatheter embolization provides more specific and less invasive alternative to surgical ligation, but also requires the availability of
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Fig. 3. A, B: IR cerebral angiogram demonstrating contrast extravasation and a pseudoaneurysm arising from the inferior alveolar branch of the right internal
maxillary artery (arrow — Panel A). C, D: IR cerebral angiogram following coil embolization across the origin of the right inferior alveolar artery (arrow — Panel C, D).

Table 2

Literature review of third molar cases resulting in pseudoaneurysm and treated with embolization.

Author Teeth Clinical Information Identified Source Hemostatic Technique
Extracted of Bleeding
Salgerelli et al. #17 Pulsating mass at the base of tongue 2 weeks Lingual artery Embolization with gelatin foam particles
[8] after extraction and incision and drainage
Rawat et al. [10]  #1 Intraoperative oro-antral communication was  Internal maxillary =~ Embolization with 25% NBCA-lipiodol
noted artery
Nasal bleeding 1 and 2 weeks after extraction
Pukenas et al. #17 Growing pulsatile swelling 2 weeks after Facial artery Micro-coil and embolization with Onyx (ethylene
[11] extraction vinyl alcohol copolymer dissolved in dimethyl
sulfoxide)®
Marco de Lucas #17 Growing pulsating swelling of floor of the Facial artery Embolization with 1:2 NBCA-lipiodol
etal. [12] mouth 3 days after extraction
Sagara et al. #17 Oral bleeding 5 weeks after extraction Inferior alveolar Embolization with 33% NBCA-lipiodol
[23] artery
#17 Oral bleeding 1 week after extraction Inferior alveolar Embolization with 33% NBCA-lipiodol
artery
#32 Oral bleeding 3 days after extraction Inferior alveolar Embolization with 25% NBCA-lipiodol
artery
#32 Oral bleeding 1 week after extraction Inferior alveolar Embolization with 25% NBCA-lipiodol
artery
#1 Facial swelling and nasal bleeding 2 hours Superior alveolar Micro-coil and embolization with 33% NBCA-
after extraction artery lipiodol
Bianchi et al. #32 Oral bleeding 4 days after extraction Inferior alveolar Micro-coil

[14]

artery

2 Off-label use of Onyx.
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IR and is more time consuming. Embolization involves angiography to identify the offending vessel and occlude vessels proximal and
distal to the injury site [17,18].

The choice of embolization agent is dependent on the mechanical properties of the agent, the size of the vessels to be occluded, and
the duration of occlusion desired, and have been previously discussed extensively [17,19]. In this case, detachable coils were selected
to embolize the right maxillary artery at the branch point of the inferior alveolar artery. Detachable microcatheter coils offer per-
manent occlusion by slowing the blood flow across the vessel and inducing thrombosis by acting as a nidus for clot formation.
Compared to their non-detachable counterpart, detachable coils are retrievable and have been used widely in neurointervention with
good result [20]. Other third molar-related pseudoaneurysms have been treated with particulate embolization agents (Table 2).
Gelatin foam particles have been used in past for temporary occlusion (approximately 3 weeks to 3 months) of a medium- or large-sized
vessel; it works by forming a cast and providing a surface for clot formation to occur [8,20]. Tissue adhesives like N-butyl-2-cya-
noacrylate (NBCA)-lipiodol rapidly solidify on contact with ionic fluids and provides a more permanent alternative to gelatin film;
however, is technique sensitive due to the rate of polymerization [10,12,13,18-20]. One report utilized the Onyx system off-label.
Onyx is an ethylene vinyl alcohol copolymer dissolved in dimethyl sulfoxide and works similarly to NBCA-lipiodol, but has a
slower polymerization rate allowing for better control; however, can be caustic due to the dimethyl sulfoxide [11,20]. Potential
complications of embolization include: cerebrovascular accidents, vessel damage, infection, mucosal necrosis, and nerve injury [19,
20].

Our case report pseudoaneurysm formation following the “routine” extraction of third molars highlights the non-benign nature of
surgical extraction of impacted third molars. It is among the first reports to demonstrate the use of a retrievable device to repair a
pseudoaneurysm of the internal maxillary artery following the extraction of a third molar. Through a multidisciplinary approach, we
were able to achieve control of hemorrhaging, with minimal morbidity.

3. Conclusion

Significant post-operative bleeding is an unusual complication following third molar extractions. While the most common cause of
post-operative bleeding is soft tissue injury, pseudoaneurysms, although rare, should be included in the differential diagnosis when
bleeding persists despite continued local measures. Management of pseudoaneurysm requires a multidisciplinary approach and can
involve a wide array of strategies including surgical ligation with or without excision, as well as intravascular embolization.
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