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Abstract: Purpose: The risk of epiphora after medial maxillectomy with lacrimal duct transection
is difficult to assess. The data available in the literature are inconclusive due to various operating
techniques used by the authors of medical publications, different additional procedures aimed at
improving tear drainage after maxillectomy, and a variety of lacrimal duct patency assessment
techniques. The aim of our work was to assess the anatomical and functional patency of lacrimal
ducts after medial maxillectomy without performing additional procedures to improve tear drainage
as well as comparison of the results obtained with different assessment tests. Materials and methods:
21 patients who underwent medial maxillectomy in the years 2016–2019 were assessed for discomfort
and epiphora based on patients’ own reports and basic clinical examination, lacrimal duct rinse
test, the Munk score, and a modified endoscopic Jones I test. Results: Gradually increasing the
sensitivity of the assessment method resulted in an increase in the number of patients with potential
tear drainage disorders, starting from 0% in the rinsing test, 4.8% self-reported tearing complaints,
14.3% Munk score, and 19% modified endoscopic Jones I test. Conclusions: The study results revealed
that a small fraction of patients tend to report epiphora as a consequence of medial maxillectomy
themselves. Subtle functional disorders, which are not particularly bothersome to patients, are more
common. More sensitive lacrimal duct patency tests reveal more cases of tear drainage disorders. The
results of studies assessing the incidence of epiphora after medial maxillectomy appear to depend on
the type of test used.
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1. Introduction

The technological development of visualisation techniques in recent years has resulted
in endoscopic transnasal surgeries becoming the most frequently performed ENT pro-
cedures. In the case of surgeries performed in the region of the maxillary sinus, due to
the anatomical proximity of this sinus and nasolacrimal duct (which drains tears from
the lacrimal sac to the inferior nasal meatus), it is particularly susceptible to iatrogenic
injury [1,2]. Bogler et al. [1], based on intraoperative fluorescein tests performed imme-
diately after ethmoidectomy and infundibullotomy, confirmed lacrimal duct damage in
15% of the operated patients. Despite relatively frequent intraoperative lacrimal duct
injury, symptoms of postoperative lacrimal duct obstruction occur only in 0.3–1.7% of
patients [2–4].

Contrary to the standard functional endoscopic surgery of the maxillary and ethmoid
sinuses, which aims to precisely widen the natural opening of the sinus and to avoid dam-
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age to the nasolacrimal duct, in endoscopic surgeries of tumours located in this area, it is
sometimes necessary to remove the entire medial wall of the maxillary sinus together with
the nasolacrimal duct. An example of this type of procedure is endoscopic medial maxillec-
tomy (EMM) performed to gain better access to the lesions located in the antero-inferior
portion of the maxillary sinus [2,5]. Transecting the nasolacrimal duct during this type of
surgery carries a potential risk of lacrimal duct obstruction postoperatively. Significantly,
this risk is difficult to assess, as the data available in the literature are inconclusive due to
the different operating techniques used by the authors of medical publications; various
additional procedures aimed at improving tear drainage, which were carried out during
maxillectomy; and a variety of methods, which do not always prove to be objective, used
to assess tear patency following the surgery.

The aim of our study was to assess the anatomical and functional patency of lacrimal
ducts in patients who underwent medial maxillectomy with transection of the nasolacrimal
duct at the level of inferior orbital wall without performing additional procedures to
improve tear drainage as well as comparison of the results obtained with different assess-
ment tests.

2. Experimental Section

Materials and Methods
The study included 21 patients who underwent medial maxillectomy for inverted

papilloma (17 patients), squamous cell carcinoma (3 patients) and esthesioneuroblastoma
(1 patient) in the years 2016–2019. During the procedure, the nasolacrimal duct was
transected at the level of lower orbital wall, i.e., at the junction of the lacrimal sac with
nasolacrimal duct. No additional procedures were used to improve lacrimal duct patency
either during the operating procedure or in the postoperative period (Figure 1).
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Figure 1. Transection of nasolacrimal duct at the level of orbital floor (A). Nasolacrimal duct removed, no additional
procedures aimed at improving tear drainage were performed (B). Postoperative CT of the same patient—amputated
nasolacrimal duct on the right side (C).

Discomfort and tearing were assessed at least 6 months (between 6 and 44 months)
following the surgery, based on patients’ own reports and basic clinical examination,
lacrimal duct rinse test, the Munk score [6], and a modified endoscopic Jones I test with
fluorescein dye [7].

During the clinical examination, probing of lacrimal pathway through the inferior
lacrimal punctum was performed, and the patients were interviewed for complaints
related to tear drainage. Attention was paid to spontaneous eye tearing and tear retention
symptoms.

The saline rinsing test was performed using a cannula inserted through the inferior
lacrimal point into the inferior canaliculus. Following this, endoscopic observation of fluid
outflow in the nasal meatus (anatomical patency) was performed.

The Munk score [6] was used to determine the intensity of epiphora (Munk score:
0, no epiphora; 1, occasional epiphora requiring wiping less than twice a day; 2, wiping
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2–4 times per day; 3, wiping 5–10 times per day; and 4, wiping more than 10 times per day
or continuous tearing).

A modified Jones I test combined with endoscopic observation was used to assess
functional lacrimal duct patency. In this test, two drops of 2% fluorescein were instilled
into the conjunctival fornix and subsequently endoscopic observation of dye traces in the
region of the new ostium of the lacrimal pathway in the nasal meatus after 1, 3 and 5 min
was performed.

3. Results

Following surgical treatment, only 1 out of 21 patients (4.8%) reported epiphora on the
operated side in the initial clinical evaluation. None of the patients reported inflammation
of the lacrimal sac during the follow-up period.

The rinse test and probing confirmed anatomical patency in all patients—outflow of
the saline solution from the amputated nasolacrimal duct was observed endoscopically.

Munk’s grade 2 of epiphora was noted in 1 patient (4.8%), grade 1 in 2 patients (9.5%)
and grade 0 (no eye tearing) in the remaining 18 patients.

The functional patency test showed a significant increase (over 3 min) in the time
required for fluorescein dye to reach the nasal meatus in four patients (19%). In all these
patients, the intensity of fluorescein leakage, as assessed by the surgeon, was conspicuously
lower than in the remaining study group patients (Figure 2).
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Figure 2. Modified endoscopic Jones I test. Profuse leak of floresceine dye could be observed
almost immediately (within first minute) after application in most of our patients (A) and weak leak
observed after more than 3 min after dye application in patients with tear drainage disorders (B),
asterix—maxillary sinus.

4. Discussion

The results of our study show that persistent epiphora after medial maxillectomy with
nasolacrimal duct transection is relatively rare. Subtle functional disorders, which are not
particularly bothersome to the patients and often neglected by them, are more frequent.

The results of assessment of incidence of epiphora following medial maxillectomy
appear to depend largely on the type of test used.

Only one patient in the study group (4.8%) reported eye tearing discomfort following
the surgery. At the same time, a clinical examination with lacrimal duct probing and
flushing did not reveal any patency disorders in any of the operated patients. Situations in
which patients report watering of the eyes while the anatomical patency assessed by the
rinsing test is maintained are not highly infrequent. In addition to the functional causes
such as punctal malposition, eyelid laxity or lacrimal pump dysfunction, this may result
from a partial narrowing of the lacrimal pathway [8]. Due to the fact that endoscopic medial
maxillectomy does not affect the lacrimal pump mechanism or the external structures of
the lacrimal drainage system, the eye tearing sensation reported by the patient with a
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positive flushing test may indicate a partial narrowing of the nasal opening. The newly
formed ostium of the lacrimal pathway in patients after medial maxillectomy is located
at the level of the orbital floor, usually near the anterior maxillary wall, regardless of the
anatomical variant of the course of nasolacrimal duct [9]. Although the sharp transection
of the nasolacrimal duct should not promote secondary scarring [10], many authors sug-
gest using various additional techniques, such as marsupialization and flap creation [11],
transcanalicullar stenting, distal stenting, or concurrent dacryocystorhinostomy (DCR)
procedure to reduce the risk of post-operative eye tearing [12,13]. This, however, does not
seem necessary considering the result of 4.8% of patients with eye tearing in our study
group, which does not differ from previous reports. The frequency of epiphora after endo-
scopic maxillectomy, often combined with additional procedures aimed at improving tear
patency, vary between 0% and 11.1% [10,14–17].

It can be assumed that the more surgical trauma to the lower part of the lacrimal sac
as a result of extensive drilling or coagulation, the greater the risk of postoperative stenosis.
Consequently, malignant or locally aggressive tumors that require more aggressive surgery
in this area may be associated with poorer lacrimal duct patency outcomes (Figures 3 and 4).
Due to the small number of malignant tumors in our study group, we do not dare to draw
conclusions as to the impact of the type of tumor on the clinical outcome of surgery.
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It should be noted that the methods used to assess epiphora in the cited studies are
often inaccurate and are usually based on observation of clinical symptoms and patient
reports [18,19]. Many authors do not provide a specific method of assessing the patency of
the lacrimal ducts [14–16].

A number of patients with mild epiphora or sticky eyelids in the morning do not
associate the symptoms with lacrimal duct obstruction or attach little significance to them.
Sole reliance on a simple clinical evaluation based on patient complaints and possibly
forceful irrigation of lacrimal ducts can result in a certain degree of underestimation of the
number of patients with lacrimal duct obstruction after maxillectomy procedures.

Munk score is widely used to assess tear drainage disorders. Although it is a subjective
method, according to some authors it allows relatively easy identification of patients with
minor ailments. In our study, Munk epiphora grading indicated tear drainage disorders in
3 (14.3%) patients—three more than in the rinse test and two more than indicated by the
initial clinical assessment based on the patients’ subjective reports. In both cases, epiphora
was very mild and required wiping less than twice a day (Munk grade 1). Singificantly,
a number of authors consider this to be a good result (operative success) in post-DCR
patients [20,21].

On the other hand, patency assessment based solely on Munk score can be misleading.
Sipkowa et al. [22], in post-operative assessment of patients after DCR without evident
epiphora (0—Munk score), demonstrated very divergent Glasgow Benefit Inventory (GBI)
scores. There is no consensus on the use of more detailed questionnaires because minor
symptoms in some patients may not have a negative impact on their assessment of general
or social status [22,23].

Thus, in order to increase the likelihood of detecting subtle functional disorders in our
study, a modified Jones I test with direct endoscopic observation was used to supplement
Munk score. Due to the ease of implementation and little discomfort for patients, the
test can be performed during postoperative follow up visits. The use of a low-invasive
and fast fluorescein dye disappearance test (FDDT) in some studies to assess the decrease
in the amount of pigment in the conjunctival fornix necessitates the participation of a
specialist (ophthalmologist) and requires additional equipment [24]. Moreover, in the case
of minor patency or functional disorders, the accuracy of this test may be insufficient [25].
Consequently, some researchers suggest combining the FDDT with the Schirmer tear test
strip method, in which paper strips (Clement Clarke Int., Essex, UK) were placed in the
lower conjunctival fornix. However, in this context, the test does not seem to be bothersome
for the patient any more.

In our study group assessed with the modified Jones I test, an increase in both drainage
time by over 3 min and leakage intensity in four (19%) patients (including three patients
previously identified using Munk score) were observed.

Gradually increasing the sensitivity of the method resulted in a growing number of
patients with potential disorders of tear drainage, starting from 0% in the rinsing test, 4.8%
self-reported tearing complaints, 14.3% Munk score, and 19% modified Jones test.

It can be suspected that the mechanism responsible for this is scar stenosis at the
amputated nasolacrimal duct with retained patency. Hence, the positive effect of forceful
irrigation on the one hand and the prolonged time in Jones testing with additional less
intense dye leakage in the nasal passage on the other. At the same time, the outflow
disturbance was not bothersome enough for patients to spontaneously report epiphora
in the post-operative assessment. Patients diagnosed with functional disorders of tears
outflow during careful history taking may report watery eye sensation or slight tearing,
especially when the ambient temperature suddenly changed or during exposure to the
wind. However, they usually did not consider these symptoms particularly troublesome
and did not report them as epiphora spontaneously in the initial stage of the study. They
classified this type of discomfort as a Munk score grade 1 or grade 0 and only one of our
patients considered it as grade 2 epiphora.
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The lack of a thorough preoperative lacrimal duct patency assessment may be con-
sidered a drawback of our research. However, some tests, especially those requiring
endoscopic observation of fluorescein leakage, may be difficult to perform in the presence
of the tumor filling the nasal cavity.

Additionally, in at least some of the patients, preoperative CT examination revealed
tumor invasion of the nasolacrimal canal, which of course could have had a negative effect
on tear drainage in these patients. This limitation is partially compensated by the fact
that the nasolacrimal duct has always been completely resected with the tumor and a
healthy looking tissue margin at the level of the patent lacrimal sac. Therefore, it can be
assumed that any tear drainage disturbances in the follow-up period are related to the
healing process and fibrosis of the newly formed ostium of the tear duct.

5. Conclusions

The study results revealed that a small fraction of patients tend to report epiphora
as a consequence of medial maxillectomy themselves. However, the actual proportion
of drainage disorders is higher. Subtle functional disorders, which are not particularly
bothersome to patients and thus are commonly neglected by them, are more common.
More sensitive lacrimal duct patency tests reveal more cases of tear drainage disorders.
The results of studies assessing the incidence of epiphora after medial maxillectomy appear
to depend largely on the type of test used.

Similarly, little impact on general social health and disability should be expected. It
can be speculated that minor drainage disorders can be noticed, felt and assessed differently
by various individuals working in different conditions or performing different jobs. It can
be surmised that outdoor work results in more severe epiphora, while watering of the eyes
and blurred vision can be more bothersome to drivers or people performing tasks, which
require precision. Further in-depth research to investigate these issues is needed.

Author Contributions: Conceptualization, A.S. and M.B.; methodology, E.G.-S., E.O. software, T.Ł.,
P.B. validation, A.S., M.R. data curation, P.B., E.O.; writing—original draft preparation, A.S., M.B.
writing—review and editing, A.S., E.G.-S., M.R.; visualization, T.Ł.; supervision, E.G.-S., T.Ł.; All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later amendments or comparable
ethical standards. This study was approved by the Ethics Committee of the Medical University of
Bialystok, Poland (approval number: KB: APK.002/221/2020).

Informed Consent Statement: Appropriate written informed consent was obtained from all the
patients participating in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bolger, W.E.; Parsons, D.S.; Mair, E.A.; Kuhn, F.A. Lacrimal drainage system injury in functional endoscopic sinus surgery.

Incidence, analysis, and prevention. Arch. Oto-laryngol. Head Neck Surg. 1992, 118, 1179–1184. [CrossRef] [PubMed]
2. Harvey, R.J.; Sheehan, P.O.; Debnath, N.I.; Schlosser, R.J. Transseptal approach for extended endoscopic resections of the maxilla

and infratem-poral fossa. Am. J. Rhinol. Allergy 2009, 23, 426–432. [CrossRef] [PubMed]
3. Kennedy, D.W.; Zinreich, S.J.; Shaalan, H.; Kuhn, F.; Naclerio, R.; Loch, E. Endoscopic middle meatal antrostomy: Theory,

technique, and patency. Laryngoscope 1987, 97, 1–9. [CrossRef] [PubMed]
4. Davis, W.E.; Templer, J.W.; Lamear, W.R.; Davis, W.E., Jr.; Craig, S.B. Middle meatus anstrostomy: Patency rates and risk factors.

Otolaryngol. Head Neck Surg. 1991, 104, 467–472. [CrossRef]
5. Upadhyay, S.; Dolci, R.L.; Buohliqah, L.; Prevedello, D.M.; Otto, B.A.; Carrau, R.L. Endoscopic endonasal anterior maxillotomy.

Laryngoscope 2015, 125, 2668–2671. [CrossRef]

http://doi.org/10.1001/archotol.1992.01880110047011
http://www.ncbi.nlm.nih.gov/pubmed/1418897
http://doi.org/10.2500/ajra.2009.23.3333
http://www.ncbi.nlm.nih.gov/pubmed/19671261
http://doi.org/10.1288/00005537-198708002-00001
http://www.ncbi.nlm.nih.gov/pubmed/3613804
http://doi.org/10.1177/019459989110400407
http://doi.org/10.1002/lary.25205


J. Clin. Med. 2021, 10, 245 7 of 7

6. Munk, P.L.; Lin, D.T.; Morris, D.C. Epiphora: Treatment by means of dacryocystoplasty with balloon dilation of the nasolacrimal
drainage apparatus. Radiology 1990, 177, 687–690. [CrossRef]

7. Jones, L.; Wobig, J. Surgery of the Eyelids and Lacrimal System; Aesculapius: Birmingham, AL, USA, 1976; p. 145.
8. O’Donnell, B.A.; Clement, C.I. Assessing patients with epiphora who are patent to syringing: Clinical predictors of response to

dacryocystorhinostomy. Ophthalmic Plast. Reconstr. Surg. 2007, 23, 173–178.
9. Sieskiewicz, A.; Buczko, K.; Janica, J.; Lukasiewicz, A.; Lebkowska, U.; Piszczatowski, B.; Olszewska, E. Minimally invasive medial

maxillectomy and the position of nasolacrimal duct: The CT study. Eur. Arch. Otorhinolaryngol. 2017, 274, 1515–1519. [CrossRef]
10. Imre, A.; Imre, S.S.; Pinar, E.; Ozkul, Y.; Songu, M.; Ece, A.A.; Aladag, I. Transection of Nasolacrimal Duct in Endoscopic Medial

Maxillectomy: Implication on Epiphora. J. Craniofac. Surg. 2015, 26, e616–e619. [CrossRef]
11. Wormald, P.J.; Ooi, E.; van Hasselt, C.A.; Nair, S. Endoscopic removal of sinonasal inverted papilloma including endoscopic

medial maxillectomy. Laryngoscope 2003, 113, 867–873. [CrossRef]
12. Sadeghi, N.; Al-Dhahri, S.; Manoukian, J.J. Transnasal endoscopic medial maxillectomy for inverting papilloma. Laryngoscope

2003, 113, 749–753. [CrossRef] [PubMed]
13. Yeo, N.K.; Wang, J.H.; Chung, Y.S.; Jang, Y.J.; Lee, B.J. Contributing factors to prevent prolonged epiphora after maxillectomy.

Arch. Otolaryngol. Head Neck Surg. 2010, 136, 229–233. [CrossRef] [PubMed]
14. Tomenzoli, D.; Castelnuovo, P.; Pagella, F.; Berlucchi, M.; Pianta, L.; Delù, G.; Maroldi, R.; Nicolai, P. Different endoscopic

surgical strategies in the management of inverted papilloma of the sinonasal tract: Experience with 47 patients. Laryngoscope
2004, 114, 193–200. [CrossRef] [PubMed]

15. Liu, Q.; Yu, H.; Minovi, A.; Wei, W.; Wang, D.; Zheng, C.; Li, F.; Zhang, Z. Management of maxillary sinus inverted papil-
loma via transnasal endoscopic anterior and medial maxillectomy. ORL J. Otorhinolaryngol. Relat. Spec. 2010, 72, 247–251.
[CrossRef] [PubMed]

16. Lombardi, D.; Tomenzoli, D.; Buttà, L.; Bizzoni, A.; Farina, D.; Sberze, F.; Karligkiotis, A.; Castelnuovo, P.; Nicolai, P. Limitations
and complications of endoscopic surgery for treatment for sinonasal inverted papilloma: A reassessment after 212 cases. Head Neck
2011, 33, 1154–1161. [CrossRef] [PubMed]

17. Rotsides, J.M.; Franco, A.; Albader, A.; Casiano, R.R.; Lieberman, S.M. Nasolacrimal Duct Management During Endoscopic Sinus
and Skull Base Surgery. Ann. Otol. Rhinol. Laryngol. 2019, 128, 932–937. [CrossRef] [PubMed]

18. Sadeghi, N.; Joshi, A. Management of the nasolacrimal system during transnasal endoscopic medial maxillectomy.
Am. J. Rhinol. Allergy 2012, 26, e85–e88. [CrossRef]

19. Nakamaru, Y.; Furuta, Y.; Takagi, D.; Oridate, N.; Fukuda, S. Preservation of the nasolacrimal duct during endoscopic medial
maxillectomy for sinonasal inverted papilloma. Rhinology 2010, 48, 452–456.

20. Saleh, G.M.; Tossounis, C.M.; Litwin, A.S.; Gauba, V.; Samaras, K.; McLean, C.J. Monocanalicular versus bicanalicular intubation
in external dacryocystorhinostomy for primary acquired nasolacrimal duct obstruction. Orbit 2009, 28, 110–114. [CrossRef]

21. Kim, S.H.; Park, C.Y.; Hwang, S.W.; Chang, M. Clinical Significance of Biofilm on Silicone Tubes Removed from Patients with
Nasolacrimal Duct Stenosis. J. Craniofac. Surg. 2018, 29, 462–465. [CrossRef]

22. Sipkova, Z.; Vonica, O.; Olurin, O.; Obi, E.E.; Pearson, A.R. Assessment of patient-reported outcome and quality of life
improvement following surgery for epiphora. Eye 2017, 31, 1664–1671. [CrossRef] [PubMed]

23. Mistry, N.; Rockley, T.J.; Reynolds, T.; Hopkins, T. Development and validation of a symptom questionnaire for recording
outcomes in adult lacrimal surgery. Rhinology 2011, 49, 538–545. [PubMed]

24. Meyer, D.R.; Antenello, A.; Lindberg, J.V. Assessment of tear drainage after canalicular obstruction using fluorescein dye
disappearance. Ophthalmology 1990, 97, 1370–1374. [CrossRef]
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