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Summary

Introducion: Sinonasal inverted papillomas (IP) are benign tumors of the nasal cavity
of ectodermal origin. Although they have a relatively low incidence, these are tumors
of high interest for the otorhinolaryncologists, as they present high recurrence rates
(12-20%) and a lifetime malignant transformation risk of 10%. Furthermore, they tend

to extend to and invade neighbouring structures.

Aims: This thesis aims in presenting and analyzing prospectively collected data on a
group of IP patients presenting with unique surgical challenges, namely those with IP
extending intracranially/intraorbitally. It also aims in identifying all literature cases of
patients presenting with IP extending intracranially/intraorbitally and in comparing

surgical technique (endoscopic vs open surgery) in terms of recurrence rates.

Methods: Data on patient demographic characteristics, imaging, pathology, surgical
technique and recurrences from a series of 14 patients with IP extending intracranially
and/or intraorbitally were collected. A literature review (Pubmed) was conducted in
order to identify and collect analogous data on all operated patients. Demographic,
characteristics, number of previous operations and recurrence rates of endoscopically

operated patients were compared to those with open surgeries.

Results: Our cohort of 14 endoscopically operated patients had a mean age + standard
deviation of 52.9 + 11.6 and a male to female ratio of 10 to 4. Mean number of
previous operations was 3.1 (range 0-16). Surgical technique and challenges were
illustrated in 2 of 14 patients. Recurrence rate was 1 in 14 (7.1%). Literature searches
identified twenty-eight patients (years 1981-2018) with IP extending intracranially
and/or intraorbitally that were operated using an endoscopic (N= 6) or open technique
(N=20). Mean age and male:female ratio did not differ between open or
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endoscopically operated patients. The present series included a significantly higher
(p<0.01) number of revision cases compared to previous endoscopic resection cases
found in the literature. A trend for lower recurrence rates in endoscopically operated
patients (5%) compared to those with open surgeries (20%) was apparent, but did not

reach statistical significance.

Discussion and Conclusions: Patients with [P extending intracranially and/or
intraorbitally represent a rare patient cohort that commonly undergoes multiple
operations/revisions. Recent endoscopic techniques as illustrated in the present thesis
are likely to maximize thorough excision by removing the pedicle of the tumor with
high precision while minimizing surgical morbidity by reducing the structures
resected to the absolute minimum. Moreover, correct planning and creation of the
surgical field is non-negotiable for the complete excision of the tumor. A trend for
lower recurrence rates in endoscopically operated patients compared to open surgery
is consistent with salient literature. Future studies on larger patient cohorts are
warranted to support the superior efficacy of the endoscopic technique in patients with

IP extending intracranially and/or intraorbitally.

Key words: Inverted papilloma, skull base, orbit, endoscopic surgery



Hepiinyn

Ewayoyn: Ta aveotpappévo Oniopata (A®) eivor koronfelg Oykor g prviknig
Koot rtag e€mdepkng tpoéievons. [Tapdio mov €yovv oyeTikd younAn enintwon,
TPOKEITOL Yol OYKOUG EVOLOPEPOVTIOS YL TOVS (MTOPLVOALPVLYYOAOYOLS, KAOMG
Tapovcslalovy VYNAL mocootd vmotpondv (12-20%) ki évav kivovvo kakonBovg
eCadayng g téEewg tov 10%. EmmAiéov, telvouv va emekteivovtar kol va

SEIGOVOVV GE YEITOVIKEG OOUEG.

Y1oxot: H mapovoa dumhopotikny epyacio otoxedel otnv mopovciocn ki avdivon
TPOOTTIKA GLAAEYOEVTOV dedopévov pog opddos achevov pe A® mov exteivoviat
EVOOKPAVIO/ EVOOKOYYIKA KO TOV TAPOLGLALOVY HOVAIIKES XEPOVPYIKEG TPOKANGELS,
Emiong, otoyevel otov eviomiopd OAwV TV TEPIGTOTIKOV acBevdv g PiAtoypaeiog
7oV TOPOoVSLAlovy A® mov ekTeivovTaLl EVOOKPAVIX/ EVOOKOYYIKA KOl GTNV GUYKPION
YEPOVPYIKNG TEYXVIKNG (EVOOOKOMIKNG £VOVTL OVOLYTNG YEWPOLPYIKNG eMEUPAONS) UE

YVOLOVA TO, TOGOGTE VITOTPOTC.

MéBooot: ZuAréyOnkay dedopéva yio Ta dSNUOYPAPIKE YOPUKTNPIOTIKA TV acHevay,
TNV OTEKOVIGT, TNV IGTOAOYIO TOV OYK®OV, TN YELPOVPYIKN TEXVIKN KO TIG VTOTPOTES
amd e oepd 14 acBevav pe A® mov exteivovion evookpavia/ evookoyyucd. Mia
Biproypapikn avackonnon (Pubmed) d1e&nydn npokeévon va gviomotodv Kot va
ocLAlexBobv  avaroya dedopéva Yoo OAOLS TOVG  avAAOyovs acBeveis NG
Broypapiag. Ta OMUOYPOEIKA YOPOKTNPIGTIKA, O aplOpds TV TponyoOUEVOV
YEPOVPYEIMV KOl TOL TOGOGTA VITOTPOTNG TMV EVOOSKOMIKA YEPOVPYNUEVOV acOeEVDY

oLYKPIONKOV LE EKEIVO TOV OVOIKTAV XELPOVPYIK®V ETEUPACEDV.



Amoteléopata: H opdda tov 14 evéookomikd yeipovpynuévov acBevav eiye péon
nikio 52,9 = SD 11,6 kot avaroyio avdpdv mpog yovakdv 10 mpog 4. O pécog
apBpdc mponyoduevev gyyepnoewv Ntav 3,1 (ebpog 0-16). H yepovpykn teyvikn
Tov oKoAOLONONKE o€ VTN TN OEPA KL Ol SVOKOMES MOV OVTIUETOTICTNKAY
nepleypaenkay o 2 and toug 14 acbevels. To mocootd vmotponng Ntav 1 ota 14
(7,1%) meprotatikd. H Biprloypaeikn avalnmmon avédeile eikoot-okt®m acbeveic (€t
1981-2018) pe A® mov ekteivovtar £vOOKpAvia/ €VOOKOYYIKG, €K T®MV omoiwv 6
yewpovpynnkav evéookomikd kot 20 avowktd. H péon nAikia kot o Adyog avopdv:
YOVAIK®V gV JEPePaV LETAED AoBEVDV YEPOLPYNUEVOV OVOIKTA 1) evOookomikd. H
napovoo oepd  mephapuPdvel évav  otatioTikd onuavtikd apud (p <0,01)
TPOTYOVUEVMG YEPOVPYNUEVOV OCHEVOV OE OYEON HE TOANOTEP TEPIGTATIKA
EVOOOKOTMIKNG €KTOUNG ov PBpébnkav otn Pifioypapio. H thon yoo youniotepa
TOGOOTA VIOTPOTNG O€ 0ohevelg yewpovpynuévey evdookomikd (5%) oe oyéon e
gketvoug mov yepovpyndnkoav avowktd (20%) Nrov epeavine, oAAL Ol OTATICTIKA

GMNUOVTIKY.

Yv{nmon ko ocvumepdopata: Or acbevelg pe A® mov exteivovtor evookpdvia/
EVOOKOYYIKA OVTITPOCMMTELOVY L GTLAVIO ORAda 0cO0eVAOY OV GLYVE LVITOPAAAETAL
o€ TOANATAEG yePpovpYIKES emepuPacelc. Ot vedTEPEG EVOOOKOTIKES TEYVIKEG, OMMG
TEPLYPAPOVTOL GTNV Tapova dtoTtpiPi, ivar mbavd vo PeyloTotomcovy TV akpipn
EKTOUT| TOL OYKOV, EAATTOVOVTOG TIG OOUES TTOL OPOLPOVVTOL OTIG AMOADTMS AVAYKOIES
KOl TOL  OKPOTNPLOOTIKE  XEPOVPYEiD, EAOYIOTOMOIOVTOS TN  UETEYYEPNTIKN
voonpotnta. EmmAéov, 0 omOTOG OYEOOCUOS TOL YEWPOVPYIKOL 7ediov &eivon
admpaypdtevto Ppa yioo v opBn mApn extopr] tov dykov. H thon yia
YOUNAOTEPO TOGOGTO VTOTPOTMNG GE EVOOCKOMIKG YEPOVPYNUEVOLS 0c0evels o€

GUYKPION HE TNV OVOIKTY] YEPOLPYIKN TEXVIKY TOPOTNPEITOL KOl GTNV GYETIKN



Biproypapio. Ot perlovtikég peAéteg pe PeyaALTEPEG Opddeg aobevav ciyovpa Ba

eMPEPAIOGOVY TNV AVAOTEPT] ATOTELEGUATIKOTNTA TG EVOOGKOTMIKNG TEXVIKNG.

Aéleig-kheroig:  Aveotpappévo OMAopo, Pdaon  kpaviov, o0@BoAMKOS  KOYYOG,

EVOOGKOTIKY] YEPOVPYIKY| EXEUPAOT
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List of Abbreviations

acf: anterior cranial fossa

crib: cribriform plate

CSF: cerebrospinal fluid

edu: extradural
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nv: nasal vestibule

oa: ophthalmic artery
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orb: orbit
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psc: parasellar carotid artery
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Introduction

Sinonasal inverted papillomas (IP) are benign tumors of the nasal cavity of
ectodermal origin, described for the first time by Ward in 1854. (Ward, 1854) The
low incidence of 0.2 to 1.5 new cases a year per 100,000 people contributes to less
than 5% of the sinonasal tumors, making them some of the rarer neoplasms of the
nose and paranasal sinuses (Re et al., 2017; Scheel et al., 2015). Despite their small
numbers, rhinologists have developed a keen interest in IPs, as they tend to expand
locally aggressively (Lund et al., 2010) and have recurrence rates after surgical
excision, ranging between 12% and 20% (Busquets and Hwang, 2006; Peng et al.,
2019). The introduction of endoscopic techniques has been associated with a
reduction of recurrence rates, as indicated by recent meta — analyses (Busquets and
Hwang, 2006; Peng et al., 2019). It has been postulated that surgical technique is
related to recurrence, incomplete resection thus being associated with persistent cases.
(Attlmayr et al., 2017) These features of IP, coupled with a high potential for
malignant transformation — between 3.4% and 9.7% - render proper management
challenging. (Grayson et al., 2016; Wood and Casiano, 2012) However sufficient
exposure and complete excision can be challenging, especially in the case of IP
invading adjacent structures such as the orbit and the skull base. Such extensive
papillomas pose significant challenges to their surgical management and may demand
the use of multiple, novel techniques. The inclusion of the endoscope in our everyday
practice, offered less invasive alternatives for the resection of such tumors, resulting
in reduced morbidity compared to the traditional open approaches (Bathma et al.,
2011; Castelnuovo et al., 2010). Although the use of endoscopic techniques for the
resection of IPs is widely accepted, the available literature is not so clear regarding

papillomas extending intracranially / intraorbitally, as there is only a small number of
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case series and reports relating to such tumors (Grayson et al., 2016; Karligkiotis et

al., 2016; Suh et al., 2015; Thaler et al., 1999).

The present thesis aims in presenting and analyzing prospectively collected data on a
group of IP patients presenting with unique surgical challenges, namely those with IP
extending intracranially/intraorbitally. It also aims in identifying all literature cases of
patients presenting with IP extending intracranially/intraorbitally and in comparing

surgical technique (endoscopic vs open surgery) in terms of recurrence rates.
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Methods

Data collection

Out of a total of 53 patients, fourteen patients, ten males, underwent endoscopic
surgical resection for IP with attachment to the skull base and intracranial and/or
infraorbital extension by the senior author, over a period of 5 years (2014-2019).
Twelve of fourteen cases were revision cases; their previous operation(s) being
performed in other hospitals. All patients underwent thin slice (<Imm) computed
tomography and magnetic resonance imaging with contrast. These radiological
studies were subsequently reconstructed in 3 planes by the senior author and assessed
meticulously for extent and depth of attachment and involvement of adjacent tissues
(orbit including periorbita, orbital fat and muscles, cribriform plate, lateral lamella,
carotid and optic nerve canals etc, CT angiography was performed when the internal
carotid was involved, Imaging (MRI-CT) revealed the involvement of the skull base
and orbit in each case and histological confirmation of IP was acquired for each
patient separately. Demographic data was recorded based on history taken from each
patient upon admission. Date of operation, time from 1st diagnosis, follow-ups, as
well as revisions —if any- were prospectively collected. Details of the surgical
technique and anatomical structures resected were collected from the digital operation
notes of these patients. Consent was received from these patients and the Committee
of the “MSc in Applied Neuroanatomy” of National and Kapodistrian University of
Athens reviewed and approved the collection of their data and its use in this case

series.

Furthermore, a review of the English literature for all cases of IP attached to the skull

base and/or the orbit was performed, as well as invading the aforementioned
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structures. We searched Pubmed using keywords including —but not limited to- the
terms “inverted papilloma, schneiderian inverted papilloma, schneiderian papilloma,
orbit, skull base, cribriform plate, carotid artery, opticocarotid recess, endoscopy,
endoscopic surgery”. Data was collected concerning demographics, recurrence,
anatomical structures affected and surgical technique. We took steps to guarantee that
all duplicate cases were excluded. We considered eligible all cases where the areas of
attachment and / or invasion of skull base or orbit were clearly documented, as
opposed to the papilloma simply abutting or in contact with the orbit and skull skull
base. When site of attachment or intracranial/intraorbital invasion were not clearly
stated, these cases were not deemed eligible. We did not include cases with no data on
their follow up. All cases with malignant transformation or in situ carcinoma were

excluded. All statistical analysis was done with IBM SPSS 25 software.

Preoperative workup

Prior to surgery all our patients underwent meticulous imaging using sinus protocols.
Inverted papillomas (IP) attached to the skull base or the orbit require thin-slice CT
scanning and T1- weighted MRI scanning with contrast. An important feature we
need to identify is the osteitis sign, as it is a strong indicator of the site of origin and
thus attachment of the lesion. Although the Krouse staging system (Krouse, 2000) is
widely accepted, it provides little assistance in planning a complete excision of IP.
Like most staging systems, it refers to the anatomical subsites (frontal sinus, sphenoid
sinus etc) occupied by the papilloma; however, primary papillomas grow in an
exophtic, non-invasive way and as a result, only their site of attachment matters: once
this has been dealt with, the remainder of the papilloma is easily removed and does

not impact on the extent of surgery. As we will present in greater detail later in this

18



study, treatment of IPs requires a radical excision of the pedicle attached to the bone
at their site of origin. Complete removal is almost always feasible, following the
oncological principles of piecemeal removal until the demonstration of pedicle and
attachment. We can thus safely say that the location of the osteitis provides us with
greater details of the possible extent of the surgical procedure, compared to simply the

structures involved in the disease.

Another important consideration while preparing for the surgical resection is the early
inclusion of computer-aided surgical navigation. IPs related to the skull base and the
orbit are challenging, thus making navigation an essential tool for the proper excision.
Furthermore, it is important to bear in mind that these patients usually suffer from
multiple recurrences. An astounding 85% of the cases in this series are revisions,
which means normal anatomy of the area is heavily altered and advanced imaging
techniques are assisting us in being thorough in the surgical cleaning of the area,

while remaining safe for our patients

Surgical Technique

All the patients were operated under general anaesthesia. Topical phenylephire was
sprayed in the patient’s nose before induction and then 1:10:000 topical adrenaline
solution was applied with ribbon gauzes in the nasal cavity for vasoconstriction. In
this case series all the 14 patients were treated via endoscopic- intranasal resection
techniques. The principles of endoscopic skull base surgery were applied in all of our
cases: A binostril approach was used in almost all cases allowing for bimanual
instrumentation and the use of three or four hands techniques. In cases of papillomas
involving the sphenoid and middle cranial fossa, a posterior septectomy and wide
bilateral sphenoidectomy was performed to allow for wide visualization and
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contralateral bimanual access (with the assistant holding the endoscope). For the same
reasons, in all the cases of IP involving the posterior table or posterior wall of frontal
sinus, a Draf III technique was employed for the unification of the two frontal sinuses

and use of contralateral nostril for bimanual lateral access.

Intraoperatively, the pedicle of the IP was identified and, if required for better
exposure, the mass of papilloma, debulked -without removing the mucosa- in order to
identify the site of origin. Upon identification, the involved bone was drilled with
rough diamond burr and removed. Specifically, the cribriform plate and the periorbita
were completely excised when the IP was attached to/invaded them. The involved
mucosa, was excised with clear margins. When the tumor was extending to
neighboring structures as a space-occupying lesion, without truly invading said
structures, involved mucosa in contact but not invaded by the papilloma was

preserved.

The specifics of the drill shaft and the electrocautery used depended on the anatomic
area the IP was attached to. For frontal sinus, anterior ethmoids and lateral maxillary
sinus, angled shafts of 45 to 70 degrees were deployed. For manipulations in the
medial orbital wall, posterior ethmoids and sphenoid sinus we opted for 15 degrees
diamond drills. A 30 degrees endoscope was used in most cases, as we feel it offers
the advantage of “viewing around the corner” without causing any disorientation that
arises from the use of more angled endoscopes. However, in cases involving extreme
lateral frontal sinus, we found the use of 45 and even 70 degrees useful, while

operating in the sphenoid sinus, we preferred the use of the 0 degree endoscope.

For complex cases involving sensitive anatomical structures —intraorbital components,

periorbita, OCR or the carotid artery- micro intsruments, (curretes, scissors and
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elevators) from the endoscopic skull base set were used for tumor excision.
Furthermore, the “Two-nostrils-four—hands” technique was used in the
aforementioned cases, which provided an unimpeded view to the surgeon and an

optimal surgical field for subtle manoeuvres.
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Results

Fourteen patients were selected as part of this series amongst the cases operated by
the senior author between 2014 and 2019. They were ten males and four females with
an average age of 52.9 and range 29 to 68 years, at the time of surgery. Most of our
patients had been operated before elsewhere, twelve out of fourteen being revision
cases. Notably, five of our cases had undergone more than two revisions, by the time
we operated on them. Mean number of previous operations was 3.1 (range 0-16).
Mean follow up time was 27.9 months and ranged between 6 to 68 months. Our
follow-up protocol includes endoscopy every two months for the first year, every 4
months for next two years, every 6 months for years 4 and 5 and yearly endoscopy
subsequently. An important note is that we excluded from this study all patients who
were found with, or developed later an IP related squamous cell carcinoma. Cases

with local foci of malignancy and in situ carcinoma were also excluded.

An important aspect of the surgical challenge of these cases is not just the structures
involved by the neoplasm, but mostly the sites of attachment and origin. These will
affect both our excision decisions and the techniques employed. Thus, using imaging
studies and throughout the operation we need to identify them and protect the
underlying structures. As far as patient individual details, we present our findings in
Table I. Overall, four patients had attachment to the sphenoid sinus’ walls related to
the skull base- either planum sphenoidale or lateral walls or sella- without any
attachment to the carotid artery. Another three patients presented with attachments to
the opticocarotid recess (OCR), immediately involving the paraclival and parasellar

parts of the carotid. Four patients’ site of attachment was the anterior skull base-
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either the ethmoid roof or the cribriform plate, and two originated from the posterior

table of the frontal sinus. Amongst these patients, three were presented with multiple

sites of origin, being attached to the orbital wall or the lamina papyracea, in addition

to their other site of origin.

Table I
Patient No | Age | Sex | Primary/Recurrent| Side Structures Follow- | Recurrence
Invaded up
(months)
1 59 -~ male  3rdrevision bilateral = lateral wall of = 45 No
. . . : Ss,pec .
2 : 47  female : 8th revision . bilateral : nv, left and : 8 ‘ Yes
5 5 5 5 right orb, ps, :
| | | ccrib,idu
3 66 -~ male  2nd revision - right fs, Ip, orb 20 - No
4 43 male  2nd revision right Ip, er, orb 11 No
5 68 male  2ndrevision right lateral wall of - 8 No
$s, onc, 0a, ocr,
, , , pec,psc : :
6 59 - female ' 3rd revision right lateral recess of = 6 No
$s, ps, ocr, pcc,
ps¢,vnc
7 43  male  3rdrevision right fs, Ip, orb 6 No
8 64  female = Primary left pf, pcc, vnc 36 No
9 - 60 - male  lstrevision - bilateral : crib, orb, acf 68 - No
10 52 male : 2ndrevision right crib, acf 11 No
11 54  male Ist revision right lateral wall of = 49 No
: : : : 88, ong, ocr, pcc :
12 59 -“male  16th revision bilateral - lateral wall of 56 No
ss,ps,lp
13 37 : female ° Ist revision bilateral - fs, crib, Ip 43 No
14 29 | male | Primary bilateral | crib 24 No

Another important feature of these patients’ disease is the invasion of the intra-cranial

and intra-orbital space. Nine of our patients presented with extended disease invading

the orbit trapping or involving the periorbita and/or optic nerve. Another four of our
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patients’ disease involved the bony carotid canal within the sphenoid or the clivus; in
three cases the IP was attached to it, whereas in the other patient’s case, it had eroded

the bony carotid canal,encroaching but not invading the artery iteslf.

As far as complications are concerned, we did not face any cases of CSF leak or
orbital bleeding. There were no cases of major haemorrhage or post-operative
meningitis. However, one of our patients did develop a postoperative mucocele in the
right orbit, which was subsequently drained in the outpatients, through the wide open
Draf 3 neoostium. During the follow up period, one recurrence was observed: This
was in a patient operated a total of 8 times previously over a period of 20 years. The
IP was invading the intra-dura space in Patient 2 and an extended dissection of this

area was needed. However, the patient refused the operation offered.

We will describe in greater detail, two of our cases which presented great surgical
challenges and illustrate clearly the need of the aforementioned steps we took during

the preparation of our surgical field.

Case 1

An otherwise fit 66-years-old gentleman, arrived into our care with a history of a
persisting IP, having had his first operation 14 years ago. When he was first examined
in our outpatient, his right nasal cavity was completely occupied by the lesion.
Imaging studies revealed the tumor invading the skull base, eroding lamina papyracea
and completely obstructing the frontal sinus. The site of attachment (osteitis sign) was
seen at the medial orbital wall, in an area of erosion and new bone formation of the

lamina papyracea. An endonasal endoscopic approach including a frontal sinus
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drillout (Draf III) for the resection of the IP with neuro-navigation was then decided
as the best course of action. The right side was completely obstructed by the peduncle
of the IP. The uncinate process of the ethmoid was excised and an endoscopic medial
antrostomy was conducted, revealing a mucus-filled maxillary antrum. The approach
to the tumor was centripetal - from uninvolved areas towards the area of attachment:
To that effect, a bilateral wide sphenoidectomy was performed, an anterior and
posterior ethmoidectomy defining the postero-superior limits of the tumor The frontal
recess was identified, the two frontal sinuses unified with a Draf III technique. The
site of origin of the IP was confirmed, as identified preoperatively, (Picl). Part of the
lamina papyracea was thickened and heavily affected by osteitis and was thus
removed, revealing the underlying periorbita. The remaining lamina was then drilled
with a diamond burr and cauterized to guarantee no residual disease on the site of
origin. The challenge of not traumatizing the periorbita and the extraoccular muscles
was tackled due to the wide surgical field achieved by the Draf III resection
previously, allowing for a four-hands-technique resection. The mucosal tissue isolated
earlier was used on the anterior wall of the frontal sinus, along with a silicone sheet
and absorbable sponge nasostent. The silicone sheet was scheduled to get removed the
10™ post-operative day. Biopsies were sent from samples of the main peduncle, as
well as its extensions to the periorbita and frontal sinus. No major bleeding or other
complications whatsoever were observed. No injury of the periorbita was noted. The

patient was discharged from the hospital the day after the operation, healing well.
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Straight Suction
Patient Tracker 2

Pic 1: Intra-operative imaging of IP invading lamina papyracea
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Case 2

A 68-years-old gentleman arrived at our hospital with the second recurrence of IP in
the area of the sphenoid sinus and the lateral recess of the sphenoid. He had first been
operated about ten years ago, presenting with a first recurrence almost seven ago. Pre-
operative imaging studies revealed the IP originating from the opticocarotid recess
(OCR) extending into the optic canal. Ophthalmologist’s examination revealed that

his visual fields were affected (Pic2,3).

Pic 2: Pre-operative visual fields assessment (part A)
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He was fit for the operation and thus an endonasal endoscopic resection of the IP with
the assistance of neuro-navigation was considered at the best of his benefits. Using a
straight shaft drill, both sphenoid sinuses were opened, by removing the anterior wall
of the sphenoid and the posterior part of the septum, as well as the lower half of the
middle turbinates bilaterally. A mucocele full of mucopus was identified within the
right sphenoid sinus (Pic4). Next, the structures surrounding the OCR were resected
and the attachment of the IP to it was identified (Pic5). The bony walls of both the
carotid artery and the optic nerve were eroded by the disease. Using Doppler, the
course of the carotid was identified, and all but a small piece of bone with residual
disease was removed. Again the wide surgical field allowed for us to view around the
corner of the lesion, as well as use the four-hands-technique for detailed resection of
the tumour afferent to the carotid artery. It was decided that the complete removal of
the IP from the OCR was impossible without compromising the patient’s safety. The
IP was then completely excised from the area of the lateral recess of the sphenoid
between the carotid and the vidian nerve. He had an uncomplicated post-operative
course without any cerebrospinal fluid (CSF) leaks or signs of infection and was
safely discharged the next day from the operation. At 6 weeks following surgery, a

new visual fields exam showed a significant improvement
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Pic 3: Pre-operative visual fields assessment (part B)
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Pic 4: Intra-operative image of mucocele filling the right sphenoid sinus
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Pic 5: Intra-operative image of IP invading the OCR

In the relevant literature, 28 individual cases were identified with adequate follow-up
details and evidence of skull base/orbit attachment or invasion. Eighteen patients were
male and ten were female. They were from 23 to 92 years old with a mean age of 56.2
+16.9. Seventeen cases were previously operated, while five patients suffered at least
one recurrence of their inverted papilloma. We present in detail their demographic

data, follow up and recurrence, as well as the structures invaded by the IP in Table II.
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Table 11

Author Age Sex - Primary/Recurrent - Intracranial = Intraorbital - Cranial = Carotid = Follow-up Resection of = Post-
: ©  extension @ extension Nerve - Involvement = (months)  the extension - operative

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, , ] ~ Involvement | ~ recurrence
(Fakhrietal., - 51 - male : Primary J : : J 30 - endoscopic -
2005) : :
(Fakhri etal., : 60 - male : Primary J 79 endoscopic -
2005) : : :
(Hardy etal., : 60 - male : Primary J/ 13 open -
2015) : j §
(Albathi etal., 75 ~male  Primary J/ 15 endoscopic -
2018)
(Albathi et al., : 87 -male Istrevision o 7 endoscopic =
2018)
(Walijee et al., : 69 - male  Istrevision 8 15 open -
2015) : : :
(Gendeh etal., : 54 - male : Primary J 5 endoscopic -
2007) :
(Strojan et al., 69 “male  Primary 7 7 24 open -
2013)
(Gomezetal., @40 -male  4threvision o 246 open -
2000) ﬁ :
(Gomezetal., @32 - female : Istrevision J 96 open -
2000) o : ; ;
(Gomezetal.,, @84 - female : Istrevision 7 17 - radiotherapy -
2000) : ' : : 5
(Miller et al.,, : 42 - female . 1strevision 36 open -
1996) v v v
(Vuraletal.,, 51 - female : 2nd revision J/ 7 2 open -
1999) i f :
(Vural et al., 44 female | 4th revision J/ 96 open -

1999)
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(Bajaj and 133 ~male  : 3rd revision J 6 open
Pushker, 2002) -

g\())Vlri%ht et al., 32 male Primary by 12 open
(llg/lgf)rs etal., 66 female Primary J/ 36 open
(llggég)in etal., 23 female 3rd revision J/ 10 open
(Vrabec, 1994) 62 male 1st revision 37 open
(Vrabec, 1994) 54 male Ist revision J/ 87 open
(Vrabec, 1994) 59 female Ist revision F 14 open
(Vrabec, 1994) 72 male 4th revision J/ 24 open
(Vrabec, 1994) 38 male Ist revision J/ 90 open
(Petersonand - 92 - female - Primary 9 no
Heim, 1991)

%?g)ls etal., 52 female Primary 7 72 open
(McCary et al., 58 male 1st revision 49 open
1994) : : : v

(Christensen 60 -male : Istrevision 7 48 open
and Smith, : :

1986) : , :

(Kodamaet |55 | male | Primary 7 24 endoscopic
al., 2012) 5 5
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The mean age + standard deviation (SD) of our population was 52.9 +11.6 compared
to a mean of 63.7 +14.3 in the cases endoscopically resected in the literature.
Applying T-test on these two populations revealed no statistical significance (p=0.09)
in this observed difference. Regarding the sex of our patients 10 out of 14 were male,
while all 6 of the patients reported in literature having undergone endoscopic
resection of IP were male. Applying Fisher’s exact test, as the criteria for chi-square
were not met, we calculated p=0.27, which is suggestive of statistically unimportant
difference. Thus we grouped together the patients of the present study and all the
endoscopic approach cases from the literature for further comparison with the open
resection cases. The mean age + SD of the endoscopic resection cases was 56.1 +
13.1, while the mean age + SD of the open resection cases was 50.8 £ 14.1. Using T-
test on these groups, no statistically significant difference was revealed (p=0.23),
suggesting that age was not a selection bias affecting the strategy of treatment.
Furthermore, in endoscopy group, a male to female ratio of 16:4 was observed,
compared to 12:8 in open resection group, a statistically insignificant difference in sex
distribution, according to Fisher’s exact test (p=0.3).

Regarding previous operations, we first compared our series to the endoscopic cases
of the literature. Twelve out of fourteen (85.7%) patients were previously operated
before arriving under our care, whereas all six of the endoscopic cases in the literature
were primary cases. Thus, our series had a significantly higher rate of reoperations
compared to the literature cohort (Fisher’s exact test, p<0.01). This result suggests a
selection bias in the endoscopic resection cases found in the literature compared to the
cases of the present series. In the sum of the endoscopic cases, 12 out of 20 (60%)
were revision cases compared to 15 out of 20 (75%) in the open approach group, a

difference without any statistical significance according to chi-square test (p=0.31).
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The follow-up in our series was 27.9+20.4 months compared to a follow-up of
26.7+25 in the endoscopic cases of the literature. Applying a T-test this difference is
insignificant (p=0.9). Comparing the follow-up of all the endoscopic cases to all the
open approach cases we observe a mean follow-up of 27.6£21.9 months for the
former compared to 50.7+54.4 months for the later. This difference was stark albeit
non-significant (p=0.08). Moreover, we studied and compared the recurrence rates in
this series to the endoscopy cases in the literature, as well as the recurrence rates in
the clustered endoscopic resection cases group to the open resection cases group. We
reported a single recurrence in our series of fourteen cases (7.1%), whereas not a
single recurrence was observed in the 6 endoscopy cases of the literature; a
statistically insignificant difference (p=1) according to fisher’s exact test. Thus, the
cumulative recurrence rate in endoscopic resection cases group was 1:20 (5%)
compared to a recurrence rate of 4:20 (20%). This difference in recurrence rates of
endoscopic vs open resection cases was notable albeit insignificant (p=0.34 in

Fisher’s exact test).
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Discussion

Our 14 patients were treated via endoscopic- intranasal resection techniques.
Furthermore, piecemeal resection of IP was not found inferior as far as tumour control
is concerned compared to en bloc excision (Bathma et al., 2011; Castelnuovo et al.,
2010; Peng et al., 2019). Some of the features of endoscopy leading to those results
are probably related to the ability to magnify, as well as the excellent illumination of
the surgical field and the ability to view around the corner (Busquets and Hwang,
2006). The location of the disease in the frontal sinus has traditionally been a
limitation to the use of endoscopic techniques. However the development of efficient
instruments and the greater experience earned by the sinus surgeons led to transnasal
excisions even in the far lateral portion of the frontal sinus and/or in the supraorbital

recess (Karligkiotis et al., 2015).

In order to deliver a proper oncological resection via endoscopic approaches, there
are principles to be followed in all cases: impeccable visualization and unobstructed
instrumentation are required. A common pattern observed in some of our patients who
had undergone multiple previous operations in the area of the sphenoid, was that the
previous surgeons tried to be minimally invasive, using a uni-nostril approach for the
sinus. We would like to underline the importance of the binostril approach in these
cases, as only in that way are our instruments capable of reaching all the walls of the
spenoid and are we able to perform all the required manoeuvres for the excision, using
three or four hands techniques. Furthermore, wide exposure — as provided by wide
sphenoidectomy and removal of the rostrum of the sphenoid in cases of sphenoid and
cribriform plate, frontal sinus drillout and unification via a Draf III technique for the
excision of IPs attached to the posterior table or posterior wall of the frontal sinus and

anterior skull base.
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It is well documented that the most common site of origin of the IP is the maxillary
sinus (Tong et al., 2019). However, a wide maxillary antrostomy along with tumour
debulking could potentially mislead us in missing the true site of origin if located
elsewhere. The pedicle targeted surgery allows for less invasive dissection of the areas
the IP expands to, while we achieve radical excision of the cradle of the tumour itself.
However, given that a malignancy is always part of our differential we need a
definitive diagnosis before initiating a less invasive operation. Multiple biopsies of the
tumour are recommended to be collected pre-operatively, in order to safeguard that
there is no focal malignant transformation (Landsberg et al., 2008). Despite osteitis
sign being a useful tool in preparing for the operation (Yousuf and Wright, 2007), the
site of attachment needs to be confirmed endoscopically intra-operatively.
Furthermore, from our experience, for patients who have undergone multiple
operations, it is hard to distinguish the bone remodeling at the site of IP origin from
the scar tissue and remodeling of the sinuses due to the previous operations, in CT and
MRI studies. Careful debulking with a microdebrider will most of the time allow us
to pinpoint the locus of tumour infiltration. This only stresses the point we raised
before, of the need for the surgical team to prepare their surgical field appropriately
for easy visualization and instrumentation of the affected areas. Finally, meticulous
surgical excision of the site of attachment is vital — and that should include all

involved tissue, whether this is periorbita, cribriform plate or dura.

As shown by the findings of the present study and those in previous cohorts (Table
IT), patients with IP attached to the skull base are patients that commonly undergo
several operations. Specifically, in the literature we observe that 64% of the
documented cases that presented with intracranial or intraorbital invasion concerned

revision cases. This highlights either inadequate technique during the primary surgery,
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resulting in recurrence and tumour seeding. Thus, adequate excision of the tumor the
first time is of paramount importance. Close to the site of attachment, inflammatory
bony reaction leads to loss of lamellar bone and the production of new immature
bone. The process leads to the entrapment of affected mucosa into small crevices.
This embedded mucosa epithelium should also be removed during the IP excision, as
it will become the locus of future recurrences (Chiu et al., 2006). Proper surgical
excision of the IP thus means not only drilling off the affected bone superficially, but
with care going deeper that the affected periosteum and also cauterizing the mucosa in
close proximity. This way, is the risk of residual disease kept to a bare minimum. This
means our resection should be radical —whenever this is possible- according to
oncological principles. Both the invasive nature of IPs- despite them being
histologically benign- as well as their potential of malignant transformation, calls for
removal of the involved bone and drilling and cauterization of the margins of the
pedicle. This series consists of a limited number of patients and cannot contribute to a
statistically important difference as far as recurrence rates are concerned. Despite this,
using the pedicle-oriented surgical excision technique, we report of a drastically
reduced recurrence ratio compared to the one found in the literature. Further series
and meta-analyses will be needed to actually support this finding and its significance

for future surgical decisions in planning the excision of IP.

The aforementioned technique is only possible due to the evolution in the surgical
instruments during the last years. Angled scopes, curved debriders and endonasal
drills, as well as a plethora of sophisticated graspers, microscissors and curettes of
variable sizes and angles allow us to work with precision in inaccessible areas, such as
the extreme lateral of frontal sinus (Pagella et al., 2014). Regarding the sphenoid

sinus surgery and resection in close proximity to the internal carotid, the “two nostrils
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four hands” technique (Castelnuovo et al., 2006), is in our view ideal for subtle
manipulation of these structures. Further information drawn from the pre-operative
CT which can be pivotal regarding the resection of IPs in proximity to the carotid
concerns the integrity of the carotid canal. If the bony canal of paraclival and
parasellar carotid has been invaded, we might be forced to be less radical in our
excision, leaving a small part of the IP behind, in order to protect the IC from injury.
For the IPs invading the lamina papyracea, an investigation should be made during the
operation for the integrity of the periorbita. If no signs of invasion are found, using a
Freer, the IP is carefully detached from the structures adjacent to the lamina along
with the lamina itself, leaving the periorbita intact and no reconstruction is to be
undertaken. However, in case of frank invasion, periorbita should be removed and
periorbital fat needs to be cauterized. Silicone sheets may be used to support the
orbital structures and provide a substrate for fibrosis. They are removed during the
post-operative follow-up on the 10™ day. Last but not least, in case of meningeal
invasion, after the resection of the dura, the surrounding tissue is cauterized and the
defect restored using the three-layer method (Geyik et al., 2016). In our series, using
this technique we appear to have avoided the post-operative complication of CSF

leak.

Pre-operative imaging is of paramount importance when treating inverted papillomas.
Both CT and MRI complementary help us to evaluate the extent and origin of disease.
Inflammatory changes on the affected bone may vary, but periosteal thickening seems
to be a common finding in various studies (Chiu et al., 2006; Yousuf and Wright,
2007). Periosteal thickening appeared in all the cases of the above study in the deep
margin. These histopathologic conditions impact on the radiographic imaging. We can

use CT imaging to locate the presence of osteitis, thus predicting the site of
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attachment of the IP. Nevertheless, CT cannot distinguish the IP margins from
adjacent soft tissue, such as mucosa and retained secretions. CT can be pivotal for
diagnostic purposes, as the lobulated margin of IPs has been reported as a
characteristic finding on CT (Savy et al., 2000). MRI on the other hand cannot
provide detailed data on sinus walls destruction, but tumour invasion in dura- carotid-
orbit are handily recognizable. Optimal modality is T1 weighted sequence before and
after gadolinium administration with sinus protocol, using fat suppression. T2
weighted sequence can act complementary to differentiate the IP from secretions and
secondary mucoceles. Dura or periorbita infiltration is easily demonstrated by these
imaging techniques, allowing us to properly design our surgical steps and pinpoint the

excision targets.

As our current strategy for treating IPs concerns the pedicle of the tumour, its
extension to the sinuses and nasopharynx has little effect on the surgical decisions. In
fact, the term “extent of disease” may be misleading, as it is in fact space occupation
instead of frank invasion. We tried to isolate the cases from the literature concerning
frank invasion of the skull base, however a severe limitation in our study is that most
authors use the Krouse system for describing their cases of IP. In this endoscopic era,
space-occupation has little predictive value for the treatment or follow-up of our
patients. Some efforts have been made for a new classification system to be created
which would provide greater insight for the planning of endoscopic resection of IP
(Dragonetti et al., 2011). We believe for the time being, a classification system using
the site of attachment, as revealed from the CT and resection may be needed for the
endoscopic surgeons to be able to develop common criteria for classification and

surgical excision planning.
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It can be postulated that the extension of IP to the structures discussed in this thesis is
facilitated by the entrapment of residual mucosal foci due to partial previous excision
of the primary disease. In the previous cases using endoscopic resection techniques
found in the literature (Table II) a significant selection bias was observed in the form
of all the patients being primary cases. Via this series we would like to illustrate that
the endoscopic surgery arsenal of tools and techniques provides a safe means of
treatment revision cases too. Twelve out of fourteen of our patients had been
previously operated in other hospitals. Despite the surgical challenges we only had a
single recurrence, supporting that endoscopic resection is the optimum treatment for
IP, including in this specific group of patients with intracranial/intraorbital extension

of IP.

Although the open approach for IP resection offers excellent exposure and the direct
excision of the tumour en bloc, the most recent meta-analysis (Peng et al., 2019)
supported significantly reduced recurrence rates for the endoscopic compared to the
open resection. These results, along with the well-established reduced morbidity and
hospitalization that endoscopic techniques offer (Larget et al., 2015), shapes the
endoscopic resection as being the ideal option for IP treatment. While the present
findings do not provide evidence for statistically significant differences, they suggest
reduced recurrence rates in patients with I[P extending intracranially and/or
intraorbitally treated via endoscopic resection (5%) using novel resection and field

exploration strategies compared to open resection techniques (20%).

Furthermore, piecemeal resection of IP was not found inferior as far as tumour control
is concerned compared to en bloc excision (Bathma et al., 2011; Castelnuovo et al.,
2010; Peng et al., 2019). Some of the features of endoscopy leading to those results

are probably related to the ability to magnify, as well as the excellent illumination of
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the surgical field and the ability to view around the corner (Busquets and Hwang,
2006). The location of the disease in the frontal sinus has traditionally been a
limitation to the use of endoscopic techniques. However the development of efficient
instruments and the greater experience earned by the sinus surgeons led to transnasal
excisions even in the far lateral portion of the frontal sinus and/or in the supraorbital

recess (Karligkiotis et al., 2015).
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Limitations

This case series consists of strictly selected cases representing a very specific
population. This led to a rather limited number of cases being included. Another
limitation of this study concerns the review of the literature. Although steps were
taken to include all the patients with IP attached to the skull base and/or orbit, it was
impossible to actually include them all. Several authors did not provide clear evidence
of attachment, while others did not offer sufficient individual patient data, leading to

these cases being excluded from our literature review.
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Conclusions

Patients with IP extending intracranially and/or intraorbitally represent a rare patient
cohort that commonly undergoes multiple operations/revisions. Recent endoscopic
techniques as illustrated in the present thesis are likely to maximize thorough excision
by removing the pedicle of the tumor with high precision while minimizing surgical
morbidity by reducing the structures resected to the absolute minimum. Moreover,
correct planning and creation of the surgical field is non-negotiable for the complete
excision of the tumor. A trend for lower recurrence rates in endoscopically operated
patients compared to open surgery is consistent with salient literature. Future studies
on larger patient cohorts are warranted to support the superior efficacy of the

endoscopic technique in patients with IP extending intracranially and/or intraorbitally.
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