& frontiers | Frontiers in

") Check for updates

OPEN ACCESS

EDITED BY
Alessandro Di Rienzo,
Marche Polytechnic University, Italy

REVIEWED BY

Erika Carrassi,

Hospital Santa Maria della Misericordia of
Rovigo, Italy

Riccardo Paracino,

Hospital of Santa Maria della Misericordia in
Perugia, Italy

*CORRESPONDENCE

Zhiyong Bi
bzy74@aliyun.com

Pinan Liu
pinanliu@ccmu.edu.cn

RECEIVED 21 July 2023
ACCEPTED 01 November 2023
PUBLISHED 16 November 2023

CITATION

Liu J, Yang Z, Lu B, Bi Z and Liu P (2023) An
endoscopic transnasal prelacrimal recess
transmaxillary approach to the pterygopalatine
fossa and infratemporal fossa.

Front. Surg. 10:1264847.

doi: 10.3389/fsurg.2023.1264847

COPYRIGHT

© 2023 Liu, Yang, Lu, Bi and Liu. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Surgery

Original Research
16 November 2023
10.3389/fsurg.2023.1264847

An endoscopic transnasal
prelacrimal recess transmaxillary
approach to the pterygopalatine
fossa and infratemporal fossa

Jian Liu’, Zhijun Yang', Bin Lu®, Zhiyong Bi** and Pinan Liu™

'Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, China,
?Department of Neurosurgery, Tangshan Gongren Hospital, Tangshan, China

Objective: In this paper, the goal of the authors is to present the anatomic
nuances and their clinical experience with lesions of the pterygopalatine fossa
and infratemporal fossa using an endoscopic transnasal prelacrimal recess
transmaxillary approach (PLRMA).

Methods: An endoscopic anatomical dissection of three fresh cadaveric heads was
performed bilaterally to evaluate the feasibility of the PLRMA. Prior to dissection,
stereotactic computed tomography scans were obtained for each head to
obtain anatomical measurements. The area of exposure on the posterior wall of
the maxillary sinus was determined using stereotaxis. The cases of six patients
with schwannomas or epidermoid cysts who underwent the transnasal PLRMA
were illustrated.

Results: The mean area of exposure on the posterior wall of the maxillary sinus
was 9.55 cm?. Total resection was achieved in all six patients. The mean follow-
up time was 16 months, and one patient complained of postoperative facial
numbness, which resolved gradually. No cases of chronic sinusitis were
reported.

Conclusions: The endoscopic transnasal PLRMA provides efficient operative
exposure to the pterygopalatine fossa and infratemporal fossa. Preserving the
integrity of the mucosa on the nasal lateral wall is an advantage of this
approach.
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prelacrimal recess, pterygopalatine fossa, infratemporal fossa, transmaxillary approach,
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Introduction

The pterygopalatine fossa (PPF) and infratemporal fossa (ITF) are located behind the
maxillary sinus, providing a natural corridor for endoscopy to access these areas (1-6).
Various endoscopic approaches to the ITF have been previously described, such as an
endoscopic sublabial transmaxillary approach, an endoscopic Denker approach, an
endoscopic endonasal transmaxillary approach, and a contralateral transseptal
transmaxillary approach (7-9). Although endoscopic approaches are substantially less
invasive than conventional approaches, they can still lead to several sequelae,
including nasolabial groove collapse, superior alveolar numbness, and over-resection
of nasal structures. It is well-known that nasal structures are critical for maintaining
the physiological functions of the nasal cavity. An over-resection of nasal structures,

such as the middle nasal concha, the inferior nasal concha, the nasal septum, or the
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total lateral wall of the nose, could severely affect the
physiological functions of the nasal cavity and even induce
conditions such as empty nose syndrome and depression,
imposing heavy psychological and physical burden on patients.
The endoscopic transnasal prelacrimal recess transmaxillary
approach (PLRMA) is an improved endoscopic endonasal
transmaxillary approach that enters the maxillary sinus
through a submucosal dissociation of the nasolacrimal duct
(10-12). The benefits of this approach include preventing
superior alveolar numbness and the development of cosmetic
issues, as well as preserving the integrity of mucosa on the
nasal lateral wall. However, endoscopic anatomical evidence
for the area of exposure and the surgical freedom of this
modified approach remains scarce (13, 14). In this study, we
aim to evaluate the feasibility of the PLRMA approach to the
PPF and ITF and share our surgical experience through case
illustrations.

Materials and methods

The endoscopic transnasal PLRMA was performed bilaterally
on three fresh silicon-injected heads. Dissections were carried out
using a 30° endoscope, burrs, dissector blades, and standard
endoscopic instruments (Kal Storz, Tuttlingen, Germany). Images
were captured using an AIDA HD system (Karl Storz,
Tuttlingen, Germany). High-resolution computed tomography
(CT) scans were performed on each specimen, and the dataset
was imported into a surgical navigation system (Ariemedi
Medical Technology Co., Ltd, China). A navigation probe was
used to identify the boundary of exposure on the posterior wall
of the maxillary sinus, and the area of exposure was calculated
using a navigation software.

Endoscopic transnasal prelacrimal recess
transmaxillary approach

An arc incision was made in front of the nasolacrimal duct
and the cephalic end of the inferior turbinate (IT). The mucosa
was elevated to expose the inferior turbinate and bony
nasolacrimal duct (bNLD). The inferior turbinate and bony
nasolacrimal duct were carefully removed using the Kal Storz
S III neurodrill with a 3-mm diamond burr to reveal the
lacrimal sac. The lacrimal sac was freed using Cottle’s elevator,
and the lacrimal sac-mucous flap was sufficiently elevated in the
midline direction. We performed a submucosal medial
maxillectomy to gain entry into the maxillary sinus. To
standardize the collected data, the grinding range of the medial
wall of the maxillary sinus for all the specimens was unified as
follows: extending from the frontal process of the maxilla in the
front, up to the semilunar hiatus, down to the flat bottom of
the nose, and back to the vertical plate of the palatine bone.
After entering the maxillary sinus, we peeled away the mucosa
and removed the posterior wall of the maxillary sinus, exposing

the vertical plate of the palatine bone, the orbital process, and
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the sphenoid process of the palatine bone (Figure 1). Finally,
the posterior wall of the maxillary sinus and the anterior wall
of the PPF were removed.

Area of exposure

To calculate the area of exposure of the PLRMA, five points
on the posterior wall of the maxillary sinus and the anterior wall
of the PPF were identified using a navigation probe. Out of these
five points, four are fixed anatomical landmarks: (1) The superior
point (SP) where the zygomatic nerve enters the infraorbital
fissure. (2) The medial superior point (MSP) corresponding to
the sphenopalatine foramen. (3) The medial inferior point

FIGURE 1

Entry into the maxillary sinus (right nasal cavity). (A) The mucosal
incision is indicated by the yellow dashed line. (B) The mucous
membrane of the lateral wall of the nasal cavity was peeled to
expose the bNLD and the IT. (C) The IT and the bony nasolacrimal
duct were drilled out to expose the mucosal nasolacrimal duct
(mNLD). (D) The mucous flap formed by mNLD and the mucous
membrane of the lateral wall of the nasal cavity were elevated to
expose the medial antral wall (MAW). (E) The MAW and the mucosa
in the maxillary sinus were removed to reveal the posterior antral
wall (PAW) and lamina perpendicularis (LP). (F) A close view of the
anterior wall of the pterygopalatine fossa formed by the processus
orbitalis and processus sphenoidalis (PS) of the LP. NS, nasal septal;
MT, middle turbinate; SPA, sphenopalatine artery; CE, crista
ethmoidalis.
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(MIP) located at the lowest point of the medial surface of the
vertical plate of the palatine bone. (4) The lateral inferior point
(LIP), which is the most inferior point of the posterior wall of
the maxillary sinus. The lateral point (LP) was defined as the
most lateral limit point of the operation of the navigation
probe on the posterior wall of the maxillary sinus. The
pentagonal shape formed by these points delineates the area of
exposure of the PLRMA on the posterior wall of the maxillary
sinus and PPF. We defined the vertical distance (VD) between
the LP and the connection line of the MSP to MIP as the
working width. This parameter represents the maximum
operating width of the PLRMA from the medial surface of the
vertical plate of the palatine bone to the lateral side. Screen
captures from a neuronavigation system were utilized to
illustrate these five points. A navigation software was then used
to calculate the area and width of the pentagon, allowing us to
assess the feasibility of the PLRMA (Figure 2).

Patient population

During the period between January 2020 and April 2022, six
patients who underwent the PLRMA for resection of benign
tumors in the PPF or ITF were enrolled in this study.
Preoperative imaging included a CT scan and/or an MRI
study. The follow-up period ranged from 6 to 24 months.
Four patients were women and two patients were men. The
average age of the patients was 45.8 years, ranging from 24 to
61 years.

Results

The mean area of exposure of the PLRMA was 9.6 cm?, and the
mean working width was 3.35 cm (Table 1).

The endoscopic endonasal PLRMA was used in six patients.
The average age of patients was 45.8 years (range 24-61 years).
The
schwannoma (four patients) and epidermoid cyst (two patients).

current report included two categories of lesions:
All six lesions were confined to the PPF or ITF without
extending into adjacent areas. Total resection was achieved in
each patient. After the operation, the patients were instructed to
wash the nasal cavity with sea salt water 3-5 times a day for 1
month to prevent sinusitis. The mean follow-up time in our
series was 16 months. One patient experienced postoperative
had mild

postoperative sinusitis, characterized by a short-course stuffy

facial numbness for 3 months. Two patients

nose, which resolved within 2 weeks. None of the six patients
developed empty nose syndrome (Table 2).

Case illustrates

Case 1

A 46-year-old woman presented with right facial numbness.
Imaging revealed a 3 cm mass in the PPF (Figure 3). We used
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FIGURE 2

Anatomical landmarks can be used to calculate the area of exposure of
the PLRMA. (A) The LP on a navigation system. (B) The SP on the
navigation system. (C) The MSP on the navigation system. (D) The MIP
on the navigation system. (E) An endoscopic image from the PLRMA
showing the area of the exposure and the landmark points in the right
maxillary sinus.

an endoscopic transnasal PLRMA. The tumor was visible in the
PPF after we gained entry into the maxillary sinus through
submucosal maxillectomy. It was fully exposed and removed
through this surgical channel, and the turbinate mucosa was
completely preserved after the operation (Figure 4). The
postoperative pathological diagnosis confirmed the presence of a
schwannoma.

Case 2

A 34-year-old man discovered a lesion in the ITF during a
physical examination. The lesion was located behind the
posterior wall of the maxillary sinus, next to the lateral plate of
the pterygoid process (Figure 5). The PLRMA was performed to
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TABLE 1 The mean area of exposure and working width of the PLRMA.

Specimen 1

Specimen 2

10.3389/fsurg.2023.1264847

Specimen 3

Area of exposure (cm?) 9.2 9.4 9.8
Working width (cm) 3.1 32 3.6

9.8 9.5 9.6 9.6
3.5 3.3 3.4 3.4

TABLE 2 Characteristics of six patients in whom an endoscopic endonasal prelacrimal recess transmaxillary approach was used for their lesions.

Case no. Age, years (sex) Diagnosis Site of lesion Follow-up, mo Complications

1 24 (female) Schwannoma ITF 10 None

2 44 (male) Schwannoma ITF 18 Mild postoperative sinusitis
3 37 (male) Schwannoma PPF 22 Facial numbness

4 61 (female) Schwannoma PPF 10 None

5 57 (female) Epidermoid cyst ITF 24 Mild postoperative sinusitis
6 52 (female) Epidermoid cyst PPF 12 None

access the ITF. The tumor was completely removed and was
confirmed to be a schwannoma through pathology. The mucosa
of the lateral wall of the nasal cavity remained intact after the
operation (Figure 6).

Discussion

Several variations of endoscopic transmaxillary approaches
have been described for accessing the ITF and PPF, such as an
endoscopic Caldwell-Luc approach, an endoscopic Denker
approach, a contralateral transseptal approach, and a medial
15). While the
transmaxillary approaches can provide adequate exposure in
the ITF and PPF, they are often accompanied by various

maxillectomy approach (14, endoscopic

surgical complications, such as superior alveolar numbness,
nasolabial groove collapse, and even empty nose syndrome,
due to the over-removal of nasal structures. Empty nose

FIGURE 3

Case 1. a 46-year-old woman with a schwannoma in the PPF. A
preoperative T1-weighted enhanced MRI (A-C) shows the tumor
located in the PPF. A postoperative Tl-weighted enhanced MRI
confirms the total removal of the tumor by the PRLMA (D—F).

Frontiers in Surgery

syndrome, in particular, can induce severe psychological and
lead to
psychological conditions such as anxiety and depression. To

physical effects on patients and may even

reduce the invasiveness of the endoscopic transmaxillary
(16) have
transmaxillary approaches through the inferior meatus or

approach, some scholars proposed modified
prelacrimal recess to access the maxillary sinus. Zhou et al.
reported the resection of tumors in the PPF and ITF through
an endoscopic prelacrimal recess approach (PLRA) (10-12).
This modified transmaxillary approach helps gain entry into
the maxillary sinus through submucosal medial maxillectomy
after freeing the nasolacrimal duct, thereby allowing access to
the maxillary sinus, while preserving the integrity of the
mucosa of the lateral nasal wall. In addition, this method does
not injure the superior alveolar nerves and prevents the
development of cosmetic issues. In this study, we evaluated

the anatomical rationality of this modified transmaxillary

FIGURE 4

Intraoperative screen capture of Case 1 in the right nasal cavity. (A)
Incision of the mucosa in front of the nasolacrimal duct eminence. (B)
Entry into the maxillary sinus through submucosal medial
maxillectomy. (C) The lacrimal sac-mucous flap is elevated to show
the surgical corridor of the PLRMA. (D) The screen capture of the
maxillary sinus after the tumor shows total resection. (E) Close
observation of the tumor cavity after complete resection of the
tumor. (F) The turbinate mucosa is completely preserved after the
operation.
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FIGURE 5

Case 2: a 34-year-old man with a schwannoma in the ITF. A
preoperative T1-weighted enhanced MRI (A-C) shows the tumor
located in the ITF. A postoperative Tl-weighted enhanced MRI
confirms the total removal of the tumor by the PRLMA (D-F). The
lateral wall of the nasal cavity remains intact (D)

approach, called the endoscopic transnasal prelacrimal recess
transmaxillary approach, using endoscopic anatomy and a
navigation system.

In this study, five extreme anatomical landmarks were
selected on the posterior wall of the maxillary sinus and the
anterior wall of the PPF, forming a pentagon. This pentagon
represents the area of exposure of the PLRMA. The PLRMA
provided seemingly adequate exposure not only of the PPF but
also of the most medial aspect of the posterior wall of the
maxillary sinus (Figure 2). The differences in the areas of
exposure in sublabial anterior maxillectomy and the Denker
approach, as well as medial maxillectomy, have been described
by Carrau et al. (17, 18) and Little et al. (19, 20), separately. Our
measurement of the exposure area was conducted following
Little’s method. The mean exposure area of the PLRA was
9.6 cm®. Little previously compared the ipsilateral endonasal
approach, the Caldwell-Luc approach, and the contralateral
endonasal transseptal approach using a navigation probe. The
exposure areas of the posterior wall of the maxillary sinus
104, 99, and 10.0 cm?,
respectively. A comparison of the data showed that the exposure

through these approaches were
area of the PLRMA was similar to those of the other approaches.
Although we did not conduct a quantitative comparison with
other endoscopic transmaxillary approaches, the constraint of the
nasolacrimal duct was removed. We believe that the lateral
exposure of the PLRMA on the posterior wall of the maxillary
sinus will be slightly better than that of the traditional medial
maxillectomy.

The mucosa of the lateral nasal cavity serves essential
physiological functions such as warming and humidifying the air
in the nasal cavity, as well as increasing air resistance. Excessive
damage to nasal cavity structures, such as turbinectomy or an
extensive resection of the lateral wall of the nasal cavity, can lead
to permanent postoperative nasal cavity discomfort in the form

Frontiers in Surgery

FIGURE 6

Intraoperative screen capture of Case 2 in the left nasal cavity. (A)
Incision of the mucosa in front of the nasolacrimal duct eminence. (B)
The mucosa is elevated to expose the inferior turbinate and bony
nasolacrimal duct. (C) Entry into the maxillary sinus through
submucosal medial maxillectomy. (D) The turbinate mucosa is
completely preserved after the operation

of nasal congestion, nasal dryness, pterygopalatine neuralgia,
chest distress, wheezing, and even empty nose syndrome.
Prolonged discomfort can induce depression in patients.
Therefore, greater attention should be given to better preserving
the physiological functions of the nasal cavity. While traditional
endoscopic transmaxillary approaches offer adequate exposure to
the ITF and PPF, they often require sacrificing the turbinates,
ethmoidal cells, the posterior part of the nasal septum, and a
significant amount of nasal mucosa. The major advantage of the
PLRMA lies in preserving the integrity of the nasal cavity
mucosa when accessing the maxillary sinus. This is achieved by
suturing the mucosa directly at the head end of the inferior
concha, preserving the morphology of the turbinate. Therefore,
the PLRMA is better suited for protecting the physiological
functions of the nasal cavity.

The PLRMA is modified

transmaxillary approach that provides access to the maxillary

essentially a endoscopic
sinus through submucosal medial maxillectomy. Although the
advantage of the PLRMA lies in preserving the integrity of the
nasal cavity mucosa, as mentioned previously, this approach has
limitations concerning its expansion capability on the medial
and lateral sides. For tumors of different types and locations,
the selection of approaches should be individualized. Giant or
invasive malignant tumors such as nasopharyngeal carcinoma
and adolescent angiofibroma require an extensive resection of
the lateral nasal wall structures, and even multiple approaches
need to be used in combination. However, for benign tumors
with relatively small sizes, such as the schwannoma and
epidermoid cyst, the PLRMA could ensure complete tumor
resection, while preserving nasal cavity functions as much as
possible. This provides more options for endoscopic access to
the ITF and PPF.
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Conclusions

The endoscopic transnasal prelacrimal recess transmaxillary
approach can offer sufficient exposure to the pterygopalatine
fossa and infratemporal fossa, allowing for the complete
preservation of the integrity of the nasal mucosal structure, while
avoiding excessive resection of nasal cavity components.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

PL: Conceptualization, Project administration, Supervision,
Writing — review & editing. JL: Project administration, Writing -
original draft. ZY: Writing - original draft. BL: Data curation,
Writing - original draft. ZB: Writing — review & editing.

References

1. Rivera-Serrano CM, Terre-Falcon R, Fernandez-Miranda ], Prevedello D,
Snyderman CH, Gardner P, et al. Endoscopic endonasal dissection of the
pterygopalatine fossa, infratemporal fossa, and post-styloid compartment.
Anatomical relationships and importance of Eustachian tube in the endoscopic
skull base surgery. Laryngoscope. (2010) 120(Suppl 4):S244. doi: 10-1002/lary.
21711

2. De Lara D, Ditzel Filho LFES, Prevedello DM, Carrau RL, Kasemsiri P, Otto BA,
et al. Endonasal endoscopic approaches to the paramedian skull base. World
Neurosurg. (2014) 82(6):5121-9. doi: 10-1016/j.wneu.2014-07-036

3. Kasemsiri P, Carrau RL, Ditzel Filho LFS, Prevedello DM, Otto BA, Old M, et al.
Advantages and limitations of endoscopic endonasal approaches to the skull base.
World Neurosurg. (2014) 82(6):S12-21. doi: 10-1016/j.wneu.2014-07-022

4. Statham MM, Tami TA. Endoscopic anatomy of the pterygopalatine fossa. Oper
Tech Otolayngol Head Neck Surg. (2006) 17(3):197-200. doi: 10-1016/j.0tot.
2006-01-005

5. Solari D, Magro F, Cappabianca P, Samii M. Anatomical study of the
pterygopalatine fossa using an endoscopic endonasal approach: spatial relations and
distances between surgical landmarks. J Neuro Surg. (2007) 106:157-63. doi: 10.
3171/jns.2007.106.1.157

6. Alfieri A, Jho H-D, Schettino R, Tschabitscher M. Endoscopic endonasal
approach to the pterygopalatine fossa: anatomic study. Neurosurgery. (2003) 52
(2):374-8; discussion 378. doi: 10-1227/01.neu.00000445627376300

7. Taniguchi M, Kohmura E. Endoscopic transnasal transmaxillary transpterygoid
approach to the parapharyngeal space: an anatomic study. Minim Invasive
Neurosurg. (2010) 53(5-6):255-60. doi: 10-1055/s-0030-1263126

8. Falcon RT, Rivera-Serrano CM, Miranda JF, Prevedello DM, Snyderman CH,
Kassam AB, et al. Endoscopic endonasal dissection of the infratemporal fossa:
anatomic relationships and importance of Eustachian tube in the endoscopic skull
base surgery. Laryngoscope. (2011) 121(1):31-41. doi: 10-1002/lary.21341

9. Youssef A, Carrau RL, Tantawy A, Ibrahim AA. Endoscopic approach to the
infratemporal fossa. Alexandria J Med. (2014) 5068:2090. doi: 10.1016/j.ajme.2013.
12.001

10. Zhou B, Han DM, Cui §J, Huang Q, Wang CS. Intranasal
endoscopic prelacrimal recess approach to maxillary sinus. Chin Med J. (2013) 126
(7):1276-80. doi: 10.3760/cma.j.issn.0366-6999.20121754

Frontiers in Surgery

06

10.3389/fsurg.2023.1264847

Funding

The authors declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Zhou B, Huang Q, Shen P-H. The intranasal endoscopic removal of
schwannoma of the pterygopalatine and infratemporal fossae via the prelacrimal
recess approach. J Neuro Surg. (2016) 124:1068-73. doi: 10.3171/2015.3.JNS132702

12. Yin Z, Wang G, Liu H, Zhou B. An endoscopic endonasal prelacrimal recess-
maxillary sinus approach for giant schwannoma of the pterygopalatine fossa in
children. Int J Clin Exp Med. (2016) 9(7):12757-61. www.ijcem.com/ISSN:1940-
5901/IJCEM0014497

13. Taboni S, Ferrari M, Daly MJ, Chan HHL, Eu D, Gualtieri T, et al. Navigation-
guided transnasal endoscopic delineation of the posterior margin for maxillary sinus
cancers: a preclinical study. Front Oncol. (2021) 11:747227. doi: 10-3389/fonc.
2021-747227

14. Schreiber A, Ferrari M, Rampinelli V, Doglietto F, Belotti F, Lancini D, et al. Modular
endoscopic medial maxillectomies: quantitative analysis of surgical exposure in a
preclinical setting. World Neurosurg. (2017) 100:44-55. doi: 10-1016/j.wneu.2016-12-094

15. Al-Sheibani S, Zanation AM, Carrau RL, Prevedello DM, Prokopakis EP,
McLaughlin N, et al. Endoscopic endonasal transpterygoid nasopharyngectomy.
Laryngoscope. (2011) 121(10):2081-9. doi: 10-1002/lary.22165

16. Wasano K, Yamamoto S, Tomisato S, Kawasaki T, Ogawa K. Modified
endoscopic transnasal-transmaxillary-transpterygoid approach to parapharyngeal
space tumor resection. Head Neck. (2016) 38(6):933-8. doi: 10-1002/hed.24399

17. Upadhyay S, Dolci RLL, Buohligah L, Carrau RL. Effect of incremental
endoscopic maxillectomy on surgical exposure of the pterygopalatine and
infratemporal fossae. ] Neuro Surg B. (2017) 77:66-74. doi: 10.1055/5-0035-1564057

18. Wilson DA, Williamson RW, Preul MC, Little AS. Comparative analysis of
surgical freedom and angle of attack of two minimal-access endoscopic
transmaxillary approaches to the anterolateral skull base. World Neurosurg. (2014)
82(3-4):e487-93. doi: 10-1016/j.wneu.2013-02-003

19. Elhadi AM, Almefty KK, Mendes GA, Kalani MY, Nakaji P, Dru A, et al.
Comparison of surgical freedom and area of exposure in three endoscopic
transmaxillary approaches to the anterolateral cranial base. J Neuro Surg B Skull
Base. (2014) 75(5):346-53. doi: 10-1055/s-0034-1372467

20. Little AS, Nakaji P, Milligan J. Endoscopic endonasal transmaxillary approach
and endoscopic sublabial transmaxillary approach: surgical decision-making and
implications of the nasolacrimal duct. World Neurosurg. (2013) 80(5):583-90.
doi: 10-1016/j.wneu.2012-01-059

frontiersin.org


https://doi.org/10&middot;1002/lary.21711
https://doi.org/10&middot;1002/lary.21711
https://doi.org/10&middot;1016/j.wneu.2014&middot;07&middot;036
https://doi.org/10&middot;1016/j.wneu.2014&middot;07&middot;022
https://doi.org/10&middot;1016/j.otot.2006&middot;01&middot;005
https://doi.org/10&middot;1016/j.otot.2006&middot;01&middot;005
https://doi.org/10.3171/jns.2007.106.1.157
https://doi.org/10.3171/jns.2007.106.1.157
https://doi.org/10&middot;1227/01.neu.00000445627376300
https://doi.org/10&middot;1055/s-0030-1263126
https://doi.org/10&middot;1002/lary.21341
https://doi.org/10.1016/j.ajme.2013.12.001
https://doi.org/10.1016/j.ajme.2013.12.001
https://doi.org/10.3760/cma.j.issn.0366-6999.20121754
https://doi.org/10.3171/2015.3.JNS132702
http://www.ijcem.com/ISSN:1940-5901/IJCEM0014497
http://www.ijcem.com/ISSN:1940-5901/IJCEM0014497
https://doi.org/10&middot;3389/fonc.2021&middot;747227
https://doi.org/10&middot;3389/fonc.2021&middot;747227
https://doi.org/10&middot;1016/j.wneu.2016&middot;12&middot;094
https://doi.org/10&middot;1002/lary.22165
https://doi.org/10&middot;1002/hed.24399
https://doi.org/10.1055/s-0035-1564057
https://doi.org/10&middot;1016/j.wneu.2013&middot;02&middot;003
https://doi.org/10&middot;1055/s-0034-1372467
https://doi.org/10&middot;1016/j.wneu.2012&middot;01&middot;059
https://doi.org/10.3389/fsurg.2023.1264847
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	An endoscopic transnasal prelacrimal recess transmaxillary approach to the pterygopalatine fossa and infratemporal fossa
	Introduction
	Materials and methods
	Endoscopic transnasal prelacrimal recess transmaxillary approach
	Area of exposure
	Patient population

	Results
	Case illustrates
	Case 1
	Case 2


	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


