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Lymphatic Obstruction: A Novel Etiologic Factor in the
Formation of Antrochoanal Polyps

Hany S. Mostafa, MD; Tamer O. Fawzy, MD; Waleed R. Jabri, MD; Essam Ayad, MD

Objectives: Antrochoanal polyps (ACPs) originate from the inner wall of the maxillary sinus and either pass through
the natural sinus ostia or cause pressure-induced destruction of the medial sinus wall. Eventually, they extend into the
choanae and nasopharynx. Most authors who have studied the microstructure of ACPs, including the component stromal
cells and surface epithelium, have not examined the transitional area between the sinus mucosa and the pedicle of the
polyp. No explanation has been given for the absence of a cystic intrasinus portion of the polyp, in many cases refuting
the therapy (most accepted) that polyps are caused by a mucous gland with a blocked acinus. We noted during endoscopic
removal of the ACPs that the antral part of the polyp was cystic in only 5% of patients, and polypoid in 95%. The cystic
intrasinus portion of the polyp is a cornerstone of the pathophysiology of ACPs, whether caused by inflammation, cica-
trization, or allergy. This finding prompted us to examine the transitional area between the sinus mucosa and the pedicle
of the polyp to verify the possibility that lymphatic obstruction — whether primary (areas of higher tissue pressure) or
secondary (cicatrization or inflammation) — could be an etiologic factor in the formation of ACPs.

Methods: The study material consisted of 25 ACPs and 25 chronic maxillary sinusitis mucosal biopsy specimens (control
group). The detection of lymphatic vessels was based on the identification of lymph vessel endothelial hyaluronic acid
receptor 1 (LYVE-1) in the endothelial cells of the lymphatic capillaries. This was the first lymph-specific hyaluronic
acid receptor to be characterized, and is a uniquely powerful marker for lymph vessels, differentiating them from (blood)
capillaries.

Results: The density of the lymphatic vessels was marked in 22 of the 25 ACP specimens, ie, 88% of the ACP cases,
compared with 16% of the control group.

Conclusions: This study resulted in two main findings. The first was the absence of intramaxillary cysts in the ACPs in
23 cases (92%). The second was the markedly high density of lymphatic vessels in the transitional area between the sinus
mucosa and the pedicle of the ACPs, in comparison with the density in the control group. These two findings refute the
“blocked acinus theory” and indicate that lymphatic obstruction, whether primary or secondary to chronic sinus infection,
might play a leading role in the formation and further growth of ACPs.
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INTRODUCTION

The close relationship between choanal polyps
and the maxillary sinus was first reported by Killian!
in 1906, when he traced polyps from the nasophar-
ynx to the region of the maxillary sinus ostium, but
not into the sinus cavity. Kubo? maintained that cho-
anal polyps originate from the maxillary sinus mu-
cosa, just inside the ostium. Van Alyea? found that
choanal polyps in some patients were attached to the
lateral aspect of the maxillary sinus with a fibrous or
polypoid pedicle. The means by which this pedicle
reached the ostium and its further expansion into a
choanal polyp, however, was not explained. Antro-
choanal polyps (ACPs) originate from the inner wall
of the maxillary sinus and, during their growth, ei-
ther pass through the natural ostia or cause pressure-
induced destruction of the medial sinus wall and for-
mation of accessory ostia.* Finally, they extend into
the choanae and farther into the nasopharynx. Be-
cause of their rare incidence (3% to 6% of all nasal
polyps), they have not been extensively studied.>-’
Antrochoanal polyps have a much higher prevalence
in the pediatric population, and Cook et al® reported
an incidence in adults that was significantly greater
(22.3%) than that in the overall literature.”9-12

The ACP is a large, firm, fleshy, mucoid- and
smooth-surfaced polyp with a long stalk.!!-13 Histo-
logically, it is an inflammatory polyp covered by a
ciliated cylindrical epithelium. The stroma is usual-
ly edematous and highly vascular, comprising main-
ly loose connective tissue infiltrated with plasma
cells and a few eosinophils.!9 Although the cause
of ACPs is unclear, they present a clinical appear-
ance that is quite uniform. It has been suggested that
ACPs are associated with inflammatory or allergic
antral disease. However, the relationship of ACPs to
allergy has not been clearly defined.'4:15

Mills,> on the other hand, stated that choanal
polyps arise from acinous mucous glands that are
blocked and ruptured during the healing of bacterial
sinusitis, thus being the extension of a mucocele. An
“epithelium rupture theory,” or “new gland forma-
tion theory,” has also been proposed, which includes
the presence of cysts as the precursors of ACP for-
mation.!6-18

In 1991, Hosemann et al'%-2! observed postopera-
tive mucosal swelling in the maxillary sinus after
extensive middle meatal antrostomy. They specu-
lated that the inflammation represents a secondary
lymphatic edema caused by drainage of lymph ves-
sels that is obstructed during major maxillary fen-
estration. The purpose of our study was to deter-
mine whether lymphatic obstruction, either primary

or secondary to chronic sinus infection or allergy,
plays a leading role in the formation and further
growth of ACPs.

A review of the literature showed that most au-
thors have been concerned with the microstructure
of the ACP itself in terms of the component strom-
al cells and surface epithelium. However, no effort
has been made to examine the transitional area be-
tween the sinus mucosa and the polyp pedicle, nor
has there been any explanation for the absence of a
cystic intrasinus portion of the polyp; in many cases,
reports have refuted the theory (most accepted) of a
blocked acinous mucous gland.?

Surprisingly, the incidence of ACPs diagnosed in
the outpatient clinic of our hospital (Fayoum Uni-
versity) in 2008 and 2009 was 20% of all nasal pol-
yps diagnosed. The antral part of the polyp was cys-
tic in only 5% of patients, and polypoid in 95%.
These findings encouraged us to design our study
in an attempt to explain this high incidence and ver-
ify whether primary lymphatic obstruction is a caus-
ative factor of ACPs.

MATERIALS AND METHODS

Patients and Polyps. The study was approved by
the ethical committee of the Faculty of Medicine,
Fayoum University. All patients underwent a clini-
cal examination consisting of anterior rhinoscopy,
oral examination, nasal endoscopy with rigid tele-
scopes, and computed tomography. The study in-
cluded 25 cases of ACPs and 25 cases of chronic
maxillary sinusitis. The specimens of mucosa from
patients with chronic maxillary sinusitis (“chronic
sinusitis biopsy” or CSB group), approximately 1
cm?2, were collected during functional endoscopic
sinus surgery procedures. All procedures were done
at the Department of Otorhinolaryngology, Fayoum
University School of Medicine, Al Fayoum, Egypt,
during the period 2010 to 2012.

In the group of patients with ACPs, there were
15 men and 10 women. Their ages ranged from 10
to 48 years (mean, 24.85 years.) The CSB group,
consisting of 20 men and 5 women from 15 to 67
years of age (mean, 38 years), served as controls,
and patients known to be atopic (positive for allergy
skin tests and aspirin challenge or showing eosino-
philia) were excluded. The main symptom in the
ACP group was usually nasal obstruction due to the
large nasopharyngeal portion of the polyp. This was
unilateral in 17 patients and bilateral in 8 patients.
Fourteen patients had recurrent polyps after previ-
ous simple avulsion (11 patients) or a Caldwell-Luc
procedure (3 patients).



Polyp Removal and Preparation. The ACPs were
strictly unilateral, and in most patients, there was a
single polyp. In 3 patients, 2 polyps could be traced
coming out of the maxillary sinus, and 6 patients
had ipsilateral ethmoid polyps. Endoscopic removal
of the ACP by middle meatal antrostomy was typ-
ically performed under general anesthesia; the an-
tral part was removed through the maxillary ostium
with upward-cutting forceps. Backward-cutting for-
ceps were sometimes needed for widening the max-
illary ostium. The pedicle of the polyp was identi-
fied and incised, along with the surrounding 1 cm?
of the sinus mucosa, by means of 30° and 70° en-
doscopes. The nasal part was easily removed by a
transoral procedure, by a transnasal procedure, or by
a combination of the two. A 1-cm? control specimen
was obtained from the maxillary sinus mucosa of
25 patients with chronic sinusitis who where oper-
ated on during this period to relieve their pathologic
condition.

Histopathologic Study.Two 5-pm-thick serial sec-
tions were cut from each tissue block. One section
from each specimen was stained by a routine meth-
od with hematoxylin and eosin to confirm the histo-
pathologic diagnosis. The other section from each
block was mounted on positively charged slides for
immunohistochemical staining.

The detection of lymphatic vessels was based on
identification of lymph vessel endothelial hyaluron-
ic acid receptor-1 (LY VE-1) in the endothelial cells
of the lymphatic capillaries; this was the first lymph-
specific hyaluronic acid receptor to be characterized
and is a uniquely powerful marker for lymph vessels
themselves. In contrast, capillaries reveal a signifi-
cantly lower activity, if any. The area of interest was
the transitional area between the sinus mucosa and
the pedicle of the polyp in the ACP specimens and
the whole specimen in the CSB specimens. The sec-
tions were subjected to histochemical visualization
of the lymphatic vessels according to the manufac-
turer’s criteria (Abcam Inc, Cambridge, Massachu-
setts).

For immunoperoxidase staining, the paraffin-
embedded sections were rehydrated and antigen re-
trieved with the Dako 3-in-1 AR buffer citrate (pH
6.0) in a Dako PT Link and then subjected to micro-
wave treatment (700 W; 8 minutes). Slides were per-
oxidase-blocked in 3% hydrogen peroxide in meth-
anol for 10 minutes. They were then blocked with
Dako Protein Block (containing casein 0.25% in
phosphate-buffered saline solution) for 10 minutes
and then incubated with primary antibody (1:100
diluted LYVE-1 serum in phosphate-buffered sa-
line solution, 5% human serum, 0.1% azide) for 30

minutes at 25°C, and detected with use of a Dako
Envision Flex amplification kit for 30 minutes. An-
tigen was subsequently detected by incubation (30
minutes; 25°C) with an antirabbit immunoglobulin
peroxidase conjugate. Colorimetric detection was
completed with diaminobenzidine (Envision Kkit;
Dako) for 5 minutes. The slides were counterstained
with hematoxylin and eosin (30 seconds) and cover-
slipped under DePeX.

The number of lymphatic vessels and the extent
of their dilatation were estimated individually, and
a recording classification was adopted to reflect the
density of the lymphatic vessels in each section as
follows: markedly positive, if there were more than
3 individual lymph vessels in the low-power field;
moderately positive, if there were 2 or 3 individual
lymph vessels in the low-power field; or mildly pos-
itive, if there was 1 individual lymph vessel in the
low-power field.

RESULTS

The ACPs were strictly unilateral, and most pa-
tients had a single polyp. In 3 patients, 2 polyps
could be traced coming out of the maxillary sinus.
Six patients had associated ipsilateral ethmoid pol-
yps. The size of the ACPs was variable, mostly not
exceeding 11 cm in the largest dimension; the larg-
est polyp measured 5 -15 cm, together with the pedi-
cle.

In this series of 25 ACPs, the antral part of the
polyp was cystic in only 8% of cases (2 polyps) and
polypoid in 92% (23 polyps). The location of the
pedicle attachment was determined during surgery.
Twelve polyps (48%) originated from the infero-
lateral wall, 7 (28%) from the anterior wall, and 4
(16%) arose from the lateral and posterior walls; in
the 2 cases (8%) in which there were cystic intra-
maxillary parts, the exact origin could not be deter-
mined.

Examination of the histologic biopsy specimens
(both ACP and CSB groups) revealed a distinct net-
work of superficial and deep lymphatic vessels. The
superficial capillaries were situated near the epithe-
lial basal membrane, arranged in a horizontal orien-
tation that was modified to follow the course of the
mucosal gland tubes wherever it came into proxim-
ity to them. In the deep lymphatic system, the orien-
tation was less obvious; however, those capillaries
were close to the larger blood vessels (arterioles).
The two networks were connected by vertical lym-
phatic vessels that were more prominent in the deep-
er tissue planes.

Of the 25 ACP specimens, the density of the lym-



phatic vessels was marked in 22 (88%) and moder-
ate in 3 (12%). There were 3 times as many super-
ficial lymphatic vessels as deep vessels detected in
each examined section. The orientation of both sys-
tems was preserved; however, the vertical intercon-
necting vessels were more conspicuous.

In our control group (25 CSB specimens), the
density of the lymphatic vessels was marked in 4
specimens (16%), moderate in 5 (20%), and mild in
16 (64%), and there were twice as many deep lym-
phatic vessels as superficial ones. The orientation of
both systems was preserved; however, the vertical
interconnecting vessels were fewer (Figs 1-3).

DISCUSSION

The ongoing debate concerning the pathophysi-
ology of ACP formation and growth has not been
satisfactorily elucidated. Through reviewing the lit-
erature, we found that ACPs can be associated with
chronic inflammation, allergy, dental trauma, or a
microvascular disorder, but the pathologic mecha-
nism of their formation and growth is still unclear.
There is convincing evidence that most, if not all,
ACPs develop from intramural cysts of the maxil-
lary sinus.23 This peculiar origin is reflected in the
presence of cysts in the antral portion of the polyp,!4
representing a sequel of chronic sinusitis that results
in acinous mucous glands that are blocked and rup-
tured during the healing of bacterial sinusitis.?

An allergenic background of ACPs has been re-
ported in certain cases.324 Both Cook et al® and Heck
et al!d reported allergy in a considerable percentage
of their patients with ACPs (23.4% and 69.7%, re-
spectively). They found a statistically significant as-
sociation of ACPs with allergies. On the other hand,
other investigators failed to find even one case of a
well-confirmed allergic basis among patients with
ACP.14

Sktadziefi and Litwin25 demonstrated that polyps
of the maxillary sinus secondary to dental extraction
(injury-induced polyps), although grossly resem-
bling ACPs, have characteristics different from those
of chronic sinusitis— or allergy-associated polyps.
Ozcan et al 26 through transmission electron micros-
copy, were able to show distinct degeneration and
destruction of some of the endothelial cells in the
blood vessels of their ACP cases, supporting a neo-
vascular theory of ACP formation (edema of respi-
ratory epithelium). Hosemann et al?! demonstrated
with histochemical detection of 5'-nucleotidase that
both the nasal and maxillary sinus mucosae showed
distinct superficial and deep longitudinal lymphatic
capillary networks interconnected through vertical-

ly arranged lymphatic vessels. We used those find-
ings regarding the histopathologic distribution of the
lymphatic system for our model of the normal lym-
phatic arrangement of the sinonasal mucosa. Our re-
sults are consistent with the findings of Hosemann
et al,2! insofar as the distribution of the lymphatic
system is distributed into two distinct networks with
interconnecting vessels. Our findings on the caliper
and orientation of the two individual networks and
the interconnecting vessels point to the presence of
an area of increased tissue pressure.

Kim et al?’ described the distributional and quan-
titative changes in the lymphatic vessels of normal
sinus mucosa, edematous sinus mucosa, and polyps
by using immunohistochemistry and Western blot-
ting with D2-40 antibody. Their findings showed
lymphatic vessels in the subepithelial layer of both
normal and edematous ethmoid sinus mucosae.
Some vessels were dilated, whereas others were
compressed. The differences in the number, size,
length, or density of the lymphatic vessels in the
normal and edematous ethmoid sinus mucosae were
statistically insignificant. The expression levels on
Western blotting were similar in both samples. They
concluded that the absence of lymphangiogenesis in
the edematous ethmoid sinus mucosa, which led to
accumulation of interstitial fluid in patients with si-
nusitis, caused mucosal edema and the consequent
formation of polyps. On the other hand, our study
targeted the transitional zone between the maxillary
sinus mucosa and the ACP stalk. We suspected that
this area carried answers regarding ACP causation.
As control specimens, we used samples of inflam-
matory sinus mucosa, as opposed to healthy sinus
mucosa, as we attempted to challenge the “blocked-
acinus” theory in which ACPs are secondary to
chronic inflammation of the maxillary sinus. Kim
et al?’ used normal-appearing sinus mucosa as a
control. However, they speculated that the possibil-
ity of acute or subacute inflammation could not be
excluded, and that lymphangiogenesis might occur
even in normal sinus mucosa. They concluded that
there was no difference in the density of lymphatic
vessels between normal and edematous sinuses.2’

The incidence of ACPs diagnosed in our outpa-
tient clinic (Fayoum University) from 2008 to 2009
was 20% of all nasal polyps. This incidence is high
compared with that reported in the literature. Our
investigation into the origin of ACPs resulted in
two important findings: 1) the pedicled origin of the
ACPs (23 cases; 92%) and the absence of an intra-
maxillary cyst; and 2) lymphatic vessels in ACPs of
intrasinus mucosal origin that were of high density
and marked enlargement in comparison with those



of CSB specimens.

These two findings refute the “blocked acinus”
theory and support lymphatic obstruction as the
cause of ACPs. We advocate primary lymphatic ob-
struction as opposed to secondary obstruction be-
cause our results, as well as those of Kim et al,?’
showed no increase in the density of lymphatics in
the presence of chronic sinusitis. However, there
was increased density of the lymphatics in the tran-
sitional area between the sinus mucosa and the ACP
pedicle.

CONCLUSIONS

We believe that the data gathered through the
present study should be considered a step toward

a sophisticated and discrete evaluation of the exact
cause of ACPs.
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Fig 3





