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Abstract
The alveolar antral artery resides lateral to the maxillary sinus and can lead to
complications in sinus lift surgery. Traditional approaches that decrease intraoperative bleeding into the surgical field include vessel preservation using
multiple bony windows or neutralizing the vessel at the surgical site. Unfortunately, these methods are technique sensitive, time intensive, and may lead
to hemosinus and graft loss. The variable distance from the crest of the alveolar ridge and vessel diameter further complicates pre-operative planning. This
paper discusses the anatomical features of the alveolar antral artery, techniques for clinical assessment, and current management strategies. We then
describe a novel protocol to manage the alveolar antral artery in sinus lift
procedures via tamponade of the vessel at a proximal site. This method is
faster than those described in the literature, does not require any additional
equipment or expertise, and aims to improve long-term graft predictability by
decreasing the risk of sinus membrane perforation. The alveolar antral artery
is an under-reported source of surgical complications and warrants further
research.
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1. Introduction
A lateral window sinus augmentation is a workhorse of an implant surgery practice. Decades after its first description by Tatum, augmentation of the deficient
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sinus floor to facilitate endosteal implant placement has become routine [1]. Paradigm changes in the last decade or so have given us alternatives; crestal approach sinus lifts and graftless solutions with tilted and zygomatic implants all
bypass the conventional sinus lift. But crestal approaches have poor predictability in the severely atrophic maxilla, and graftless solutions are currently only indicated for full-arch therapy [2] [3]. Thus, there remains an indication for this
classic sinus lift via a lateral window in many cases.
The alveolar antral artery (AAA) is a commonly encountered vessel in the
surgical field of a sinus lift. This bleed is a “gateway complication”, of which
disruption may cause further downstream complications that impact treatment
prognosis and outcome. Hemorrhage from the AAA can then lead to longer surgical time, poor visibility, membrane perforation, graft migration from “wash-out”,
hemosinus causing sinus dysfunction and infection, and hematoma formation leading to higher infection risk and graft loss [4]. The most common intra-operative
complication, perforation of the sinus membrane, has been reported in 10% of cases
and 1% of sinus augmentation procedures had to be aborted. Infection and maxillary sinusitis are the most common post-operative complications, occurring in
3% of cases and contributing to partial or complete graft loss in under 1% of
cases [5]. Literature regarding the exact incidence of AAA-related complications
is under-reported. The vessel is associated with higher detection rates in males
due to larger diameters, as well as in narrower maxillary sinuses <14 mm in
width, two groups that may be at higher risk for intraoperative laceration [4].
Current literature suggests two main strategies during a sinus lift:
1) Maintain the vessel via a double-window approach or piezoelectric approach
[6].
2) Neutralize the lacerated vessel at the site of the osteotomy; either prophylactically or reactively when encountered.
Normally positioned lateral wall osteotomies would interfere with the AAA in
10% - 30% of cases [7] [8] [9]. Bleeding from this vessel can persist in the immediate post-operative period or be delayed up to seven hours after surgery due to
the use of vasoconstrictors [10]. These vascular complications may compromise
surgical outcomes [11]. While some papers have described the AAA as a small
artery whose laceration does not impact the outcome of the procedure, [12] others have found the risk of significant bleeding to be 10% - 20% [8] [13] [14].
There can be great variation in the path, diameter, and position of the AAA.
Given the vessel’s relationship with the feeding maxillary artery, encountering
this artery intra-operatively could lead to brisk bleeding [7]. In fact, these same
papers that have argued against considering the AAA also state that studies
that investigate characteristics of the AAA that impact its effect on sinus augmentation success rate are lacking and have recommended further research
[12].
We present an alternative method of managing this artery that may be simpler
and more predictable without adding any additional intra-operative time.
DOI: 10.4236/ijohns.2021.103014
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2. Anatomy
The AAA is the anastomosis of the Posterior Superior Alveolar Artery (PSAA)
and the Infraorbital Artery (IOA). It has a curvilinear path, roughly paralleling
the sinus floor, with the lowest position in the second premolar and first molar
area, which are the most common sites needing augmentation for implant therapy (Figure 1(a) and Figure 1(b)). The vessel is at its largest diameter at the first
molar area, [15] which also happens to be the most common site to be augmented via a lateral window. The average diameter has been shown to be 1.5
mm [16]. Diameters < 0.5 mm tend to pose no significant bleeding to interfere
with surgery [12]. However, Testori et al. [17] noted that a small caliber vessel
radiographically may correspond to a much larger caliber vessel clinically.

(a)

(b)

Figure 1. Anatomy of the alveolar antral artery passing laterally to a single maxillary sinus (a) and septated sinus (b). It forms an anastomosis with the infraorbital artery anteriorly and the posterior superior alveolar artery posteriorly. AAA, alveolar antral artery;
IOA, infraorbital artery; MA, maxillary artery; MS, maxillary sinus; PSAA, posterior superior alveolar artery.
DOI: 10.4236/ijohns.2021.103014
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Larger caliber vessels can lead to significant bleeding when they occur in the
path of planned osteotomy. Ella et al. [13] estimated this risk with respect to the
AAA to be >10% while Chan & Wang [14][14] as well as Elian et al. [8] projected the risk to be 20%. Severe bleeding from a transcrestal sinus lift, presumably from a lacerated AAA by an osteotomy path close to the lateral sinus wall has
also been reported [18].
The distance of the AAA from the alveolar ridge varies greatly and may depend on whether dentate or edentulous patients are selected, as ridge resorption
in edentulism or associated with age-related changes will reduce this distance
[19] [20]. Shortest distance between the alveolar crest and AAA occurs at the
first and second molar regions [21]. Solar et al. [22] found a range of 15 - 25 mm
of alveolar bone height in a mixed dentate/edentulous population (Figure 2(a)
and Figure 2(b)).

(a)

(b)

Figure 2. Frontal plane schematic of the alveolar antral artery and maxillary sinus. On
average, the distance from vessel to alveolar crest is 25 mm in a dentulous maxilla (a) and
15 mm in an edentulous maxilla (b). Ridge resorption is one of the causes of bone height
variation. AAA, alveolar antral artery; MSM, maxillary sinus membrane.
DOI: 10.4236/ijohns.2021.103014
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A more constant parameter that is less impacted by ridge resorption would be
the vertical distance of the AAA from the sinus floor, which has been found to
have a mean of 7.66 mm in a cone beam computed tomography (CBCT) series
of 240 sinuses [23]. Similarly, Park et al. [24] found this height to be between
7.71 - 8.01 mm, and proposed that a minimal window height of 8 mm be used to
allow visualization as well as simple instrumentation and graft placement. This
means if one places the osteotomy at the lowest possible position at the base of
the sinus, it would be possible to avoid the vessel altogether in some cases
(Figure 3(a), Figure 3(b), and Figure 3(c)). If the osteotomy was placed slightly
higher up the sinus wall, then the AAA being in the path of the osteotomy becomes almost a certainty (Figure 3(d)).
The further the AAA is from the crest, the larger its diameter [25]. While some
authors have dictated that vessels > 15 mm from the crest can be safe as this

(a)

(c)

(b)

(d)

Figure 3. To preserve the alveolar antral artery, a minimum 8 mm bony window height
inferior to the vessel is recommended (a). Cone beam computed tomography imaging (b)
shows an appropriate distance between the alveolar antral artery (black arrow) and the
sinus floor. The osteotomy was designed below the intact alveolar antral artery to avoid it
all together (c). Our proposed osteotomy protocol (d) allows sacrifice of the vessel if there
is not enough height. AAA, alveolar antral artery; MSM, maxillary sinus membrane.
DOI: 10.4236/ijohns.2021.103014
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represents the maximum graft height required, [12] [25] [26] [27] [28] at times a
higher bone level is needed. Various forms of overdenture prosthetic designs
demand a minimum of 13 - 15 mm of implant-to-occlusal clearance. When this
height does not exist naturally, alveolectomy to create clearance would need an
accompanying higher graft level to compensate. Posterior maxillae which have
migrated inferiorly from longstanding edentulism and sinus pneumatization
would compound this problem (Figure 4).

3. Detection
CBCT evaluation is the best way to screen for the presence of this vessel. On coronal cuts, the AAA presents as a discrete radiolucency within the bony sinus
wall. This finding is only detectable in approximately 50% of pre-operative CT
scans, [8] [12] [29] [30] but it would be incorrect to assume the other 50% as an
“absent vessel”. It has been shown in multiple cadaver studies that this anastomosis is present 100% of the time [31]. The undetectability is attributed to:
1) extrabony vessel occurring lateral to the sinus wall.
2) intrabony vessel of too small a caliber be detectable on CT [30] [32].
3) intrasinus vessel occurring within the sinus, between the sinus wall and
membrane (Figure 5).
The extrabony vessel may be retracted with the flap. If lacerated during flap
access, it is easily managed by a variety of techniques without risk of damaging
the sinus membrane, including electrocautery, ligation, and gauze tamponade.
Disruption of intrabony vessels, when of significant caliber, immediately
causes a loss of visibility directly into the surgical field. This disruption tends to
occur during the initial elevation of the membrane when visibility is most critical. The intrasinus vessel is also difficult to manage as it is intimately adhered to
the membrane but does not always readily reflect upwards with the membrane
owing to its intrabony origins proximally and distally.

Figure 4. The three dotted lines from upper to lower, denote the sinus floor (blue), existing resorbed ridge height (red), and pre-existing ridge height (yellow) in a long-term
edentulous patient. This resorption requires the clinician to augment the sinus floor by 10
- 12 mm, which increases the likeliness of encountering the alveolar antral artery (white
arrowheads) intraoperatively.
DOI: 10.4236/ijohns.2021.103014
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Figure 5. Difficulty in detection of the alveolar antral artery by cone beam computed tomography can be attributed to the variation in its course. AAA, alveolar antral artery
(intrabony); EAAA, extrabony alveolar antral artery; IAAA, intrasinus alveolar antral artery; MSM, maxillary sinus membrane.

4. Current Management Strategies
1) Tamponade
Hemostatic agents have been suggested [33]. They work by enhancing the
coagulation cascade on a molecular level, acting as a mechanical obstruction to
promote clot formation macroscopically, or both. In an arterial flow situation,
the coagulation cascade plays no role as any applied agent is washed out immediately. A macroscopic disruption of the flow is first needed before coagulation
can occur.
Flanagan described packing graft material directly into the bony canal to
achieve tamponade [34]. Lee recommend gauze sponge saturated with topical
thrombin for prolonged bleed lasting 45 minutes, when other approaches had
failed [7]. However, a rigid bony canal that allows material compression does
not always exist. There may be a thin or absent wall, often on the inner table,
such that material blindly packed into the canal opening simply extrudes via the
wall defect into the sinus and possibly damages the sinus membrane.
Bone wax requires either a roughened, undercut area to provide mechanical
retention or a broad, dry surface to which to adhere, both of which do not exist
in this scenario [35]. The main concern with crushing bone into the area would
be membrane damage [16].
Any strategy requiring tamponade would automatically extend surgical time
while waiting for clot formation, as whatever material used would block surgical
vision and access. Even after a clot is formed, further instrumentation may retrigger bleeding, requiring the procedure to be aborted, or completed with sigDOI: 10.4236/ijohns.2021.103014
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nificant increase in surgical time.
If the membrane is torn at any point of this bleeder management, blood can
pool inside the sinus proper of the supine patient, leading to post-operative hemosinus. This can impair osteomeatal complex patency and increase risks of infection, all which ultimately lead to graft failure.
All the strategies described above assume an intrabony vessel. Specifically,
they presume the presence of a bony separation, albeit thin, between the vessel
and the sinus membrane. However, in 13% - 52.8% of cases, the vessel is intrasinus and directly adherent to the sinus membrane, making vessel management
without perforation difficult or impossible [36].
2) Electrocautery, chemocautery, and ligation
With cautery, especially when monopolar, there is no control of the exact area
of cauterization. The capillary network of the membrane vasculature can be
damaged beyond the visualized area of tissue desiccation. Thus, even when no
visible membrane tear occurs, subsequent necrosis of an area of the Schneiderian
membrane directly over the graft may present delayed post-operative issues.
Chemocautery with silver nitrate would carry similar concerns of local destruction and, in the authors’ experience, is ineffective in arterial bleeds. Testori et al.
have described ligation of a 3 mm diameter vessel in the path of the osteotomy
after its isolation [17].
3) Delayed management
Some surgeons advocate lifting the nearby membrane first while ignoring the
bleeder, such that hemostatic strategies can be done safely later with the membrane
retracted well away. The bleed can be temporary neutralized with a well-placed suction directly on the bony canal, and the membrane is lifted with good visibility.
However, if the membrane tears during elevation, the potential for a hemosinus
to pool via the torn membrane opening would present yet again.
4) Preservation
Piezoelectric devices may be used to cut the bony window without violating
the membrane or vessel [37]. This may allow intra-antral vessels to reflect upwards with the sinus membrane. Invariably, the AAA is tethered to bone on both
ends since the IOA and PSAA arteries are extrabony structures when their anastomoses begin. Therefore, the vessel may prevent proper membrane elevation
and may tear at the time of graft packing. This approach is technique sensitive
and can be time consuming. Palatal approaches have been described but are limited to select cases [38].
Maridati et al. [39] describe a double-window technique (Figure 6(a)), where
osteotomies are made above and below the vessel leaving a thin bridge of bone
holding the intact vessel. This is a difficult approach and is not always possible to
reproduce as some vessels would be positioned in a way that makes the inferior
window very narrow and difficult to instrument. This is further complicated by
bifid vessels, or septated sinuses (Figure 6(b)). Presence of at least one septum is
found in 44.4% - 58% of patients [30] [40] [41] [42]. Septum height has a mean
of 8.22 mm but ranges from 5.6 - 20.6 mm. [43]
DOI: 10.4236/ijohns.2021.103014
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(a)

(b)

(c)

Figure 6. The double-window technique (a) traditionally used to avoid disruption of the
alveolar antral artery. In the event of a septated sinus (b), this approach would then require a “quadruple-window”, which would be difficult and not always feasible. Our proposed osteotomy protocol would use a bone scraper to intentionally lacerate the alveolar
antral artery and tamponade a proximal site, T (c). AAA, alveolar antral artery; IOA,
infraorbital artery; MA, maxillary artery; MS, maxillary sinus; PSAA, posterior superior
alveolar artery.

5. Discussion
Regardless of whether vessel preservation or controlled vessel sacrifice is contemplated, all the above strategies share the same concerns:
1) They require management of this vessel at the same surgical site as the sinus lift itself. Inadvertent laceration is a potential outcome. Regardless of the
original intended approach, once lacerated, salvage hemostatic measures and the
risks they carry as discussed above, would then come into play.
2) When management is at the site of the osteotomy, it leaves a fragile fresh
clot directly within the surgical site. Subsequent manipulation of the area can retrigger the bleed, leading to another round of bleeder management. Ultimately
this can lead to surgery cancellation and rescheduling.
It is an axiom of surgery that when a bleeder or anticipated bleeder is difficult
to manage locally, then one would consider its disruption proximally. The classic
DOI: 10.4236/ijohns.2021.103014
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definitive management of a vessel is ligation at a proximal site. However, the
proximal segment of the AAA arising from the PSAA is intrabony 100% of the
time, [11] [22] [44] and thereby not amenable to vessel clips without dissection.
The origin of the PSAA starts as a branch of the maxillary artery in the pterygomaxillary fissure. We propose a simple means to cause an embolus of the AAA
proximal to the surgical site without advanced surgical instrumentation.

6. Proposed Approach
Our proposed method disrupts the AAA proximally, causing a natural thromboembolus to occur (Figure 6(c)). The lateral posterior sinus wall, i.e. in the
area of the third molar, is exposed as part of the surgical flap. Autogenous bone
is harvested here using a bone scraper to create a shallow, wide-based trough
with intention to be admixed with allograft or xenograft material (Figure 7(a)).
The AAA is only covered by a thin layer of bone in this area, usually <1 mm in
thickness. Its location can be predetermined on a CBCT. In cases with larger caliber vessels or thinner maxillary bone, the vessel path can be directly visualized
(Figure 7(b)). This scraping will eventually rupture the vessel, creating a pinpoint pulsatile bleed, in a convenient location away from desired osteotomy site.
Gauze can then be packed here to stop the brisk bleeding of the exposed AAA.
As only a pinpoint area of vessel is exposed and the sinus membrane is still protected by an intact sinus wall, there is no risk of perforating the sinus membrane
with this packing being done aggressively. This pack will then be retained under
the retracted flap and ignored for the remainder of the procedure. The originally
intended osteotomy site can now be approached and the now defunct artery
previously impeding surgery can be ignored (Figure 7(c)). At the end of the
procedure, the vessel is hemostatic and requires no additional management. An
overview of the workflow is presented (Figure 8).

7. Potential Drawbacks
Sacrificing the AAA raises concerns of ischemia to the graft site. There is no
consensus in the literature on the importance of vessel preservation. Advocates
for preservation feel it is needed to support bone graft neoangiogenesis but this
approach requires significant additional time, expertise, and equipment [45]. It
is our opinion that this is unnecessary because the head and neck region is very
well vascularized with collaterals and arterial disruptions of minor branches are
very well tolerated. While no statistical studies have examined the outcomes of
AAA sacrifice to our knowledge, in the authors’ experience, all cases with visible
AAAs on CBCT for the past five years (20% of our cases) have been sacrificed
with no difference in graft and implant success rate between those with sacrificed AAAs vs. those without. There are no extraneous intra- or post-operative
complications as bone scraping is an inherent step of sinus lifts. Besides this
bone scraper, no additional costs or equipment beyond the standard orofacial
surgical armamentarium is required.
DOI: 10.4236/ijohns.2021.103014
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(a)

(b)

(c)

Figure 7. A bone scraper is used to harvest bone from the posterior maxilla for later use
while simultaneously creating a controlled, pinpoint bleed of the alveolar antral artery (a).
The intrabony path of the vessel is seen traversing the planned osteotomy site (b). On
cone bean computed tomography, this patient had a bifid vessel (black arrows). The superior vessel is closer to the bony surface and is visible through the bone while the inferior vessel is not as appreciable clinically. Both would potentially be ruptured by a traditional approach. Our proposed osteotomy protocol (c) would neutralize the proximal
source of the artery with gauze packing. The posterior portion of the vessel (posterior
white arrowhead) is no longer visible in bone but the anterior portion (anterior white arrowhead) that has collateral flow from the infraorbital artery remains visible. During the
osteotomy, the alveolar antral artery is intentionally lacerated, with limited resultant flow
from the anterior portion and no bleeding from the posterior. The remaining procedure
continues without further arterial bleeding despite the osteotomy being large enough to
rupture both bifid vessel branches.
DOI: 10.4236/ijohns.2021.103014
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Figure 8. Workflow of the proposed osteotomy protocol. Preservation of the alveolar antral artery can be attempted in either case, but inadvertent laceration may occur if it is not
preemptively sacrificed. Tamponade at a proximal site results in a dry surgical field by
managing the vessel prophylactically or as a salvage procedure.

8. Conclusion
We have described a novel method for AAA management during sinus lift surgery. Compared to classic methods of managing this bleeder at the site of osteotomy, this proposed approach is likely faster, requires minimal to no additional equipment or expertise, allows surgery to go on uninterrupted while the
tamponade is occurring at a distant site, and eliminates the need to manage an
arterial bleed in the proximity of the sinus membrane. The risk of sinus membrane perforation is decreased. We hope it will simplify sinus lift surgery for our
other surgical colleagues as it has for us. The AAA is an under-reported source
of surgical complications and warrants further research.
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