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Abstract
Background: Inverted papilloma is the most common benign tumour affecting the nose. There is a high rate of
recurrence and a potential of malignant transformation. This review article aimed to identify the best available
management of this pathology today.

Method: A systematic review of the current English-language literature was performed. Only original articles with
a minimum follow up of one year and an average follow up of two years were included.

Results: A total of 1385 patients from 16 case series were identified. The total recurrence rate for all patients was
11.5 per cent. Significantly lower recurrence rates were found for procedures using an attachment-oriented excision
(recurrence of 6.9 per cent; p= 0.0001) and utilising frozen sections (recurrence of 7.0 per cent; p= 0.0001).

Conclusion: There is a general trend towards endoscopic surgery. There may be some benefit to the use of
attachment-oriented surgery and frozen sections. Multi-centred randomised controlled trials are required.
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Introduction
Inverted papilloma is the most common benign sinona-
sal tumour, with an incidence of 0.6–1.5 cases per 100
000 inhabitants per year.1 It is characterised by locally
aggressive growth1 and is associated with malignancy
in 3.6–7 per cent of cases.2

The pathogenesis of this tumour is not fully under-
stood, although the presence of human papilloma
virus (HPV) seems to be involved in the progression
of the disease.3 Recently, occupational risk factors,
such as exposure to organic solvents and welding
fumes, have been suggested to play a role.4

The treatment of choice is surgical excision. This is
associated with a high rate of recurrence, which is
widely believed to be secondary to incomplete
resection.5–7

There have been big advances in surgical techniques
since Ward and Billroth first described this pathology
back in the 1850s.5 Historically, the treatment of
choicewas via an open approach, using lateral rhinotomy
andmedialmaxillectomy.8The first endoscopic resection
of an inverted papilloma, by Waitz, was described in
1992.9 Since then, the endoscopic technique has devel-
oped and is now widely used to treat this pathology.
Different techniques used have ranged from simple eth-
moidectomy to endoscopic maxillectomy.10

It has been recognised that inverted papillomas, even
when advanced, have a relatively small area of origin in

most cases.10–12 This has led to the development of so-
called attachment-oriented surgery. This technique
involves identification of the attachment, subperiosteal
resection and drilling of the underlying bone at the pap-
illoma origin.10,12 However, if this technique does lead
to a reduction in recurrence, it has not been investigated
outside of individual case series.
Two reviews comparing the open and endoscopic

approaches were published in 2006. The first, a meta-
analysis, favoured an endoscopic over an open
approach.13 The second systematic review found a
lower recurrence rate for endoscopically operated
patients, but concluded that there was not enough evi-
dence to support one approach over the other.14

Uncertainty therefore remains with regard to the
optimal surgical treatment in managing this condition.
Since the 2006 reviews, more recent studies have

claimed even lower recurrence rates of 5–6.7 per
cent, using either an endoscopic approach or a com-
bined approach.7,15–17 Hence, we decided to review
the literature since 2007 and determine any factors
which might account for the lower recurrence rates.

Materials and methods
A literature search was performed of articles published
from January 2007 to December 2013 using the
Medline database with the search term ‘inverted papil-
loma’. Only original articles with a clear statement of
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the surgical approach (endoscopic, combined or open)
were included. The use of additional treatments was
recorded. Cases of easily accessible lesions removed
via endonasal non-endoscopic procedures were not
included in our review.
Previous nasal surgery, with the exception of pre-

operative biopsy, was recorded. Subsequent surgery
was classified as revision surgery.
All lesions for which a Krouse staging classification18

could not be established were excluded (Table I). Case
series discussing isolated sphenoid sinus disease, for
example, were included, as these were classified as
Krouse stage T3 disease.
Review articles and articles not written in the

English language were excluded. To reduce a potential
bias, case reports or series consisting of less than five
patients were excluded. Similarly, case series contain-
ing patients with less than 12 months’ follow up or
an average follow up of less than 2 years were not con-
sidered in this review. Articles not fulfilling our inclu-
sion criteria were excluded and no further information
was gathered by contacting the individual authors.
The main outcome measure was recurrence rate. For

analysis, the individual studies were combined and
grouped according to the surgical approach and tech-
nique used. Fisher’s exact test was performed to inves-
tigate differences between the studies.

Results
The literature search of the term ‘inverted papilloma’
revealed 328 hits on Medline (Figure 1). After screen-
ing, 52 case series and no randomised controlled trials
were identified. Of these, 16 articles fulfilled the inclu-
sion criteria (Table II).8,12,15,16,19–30 The most common
reasons for exclusion were lack of common outcome
measures, short length of follow up and variable infor-
mation with regard to the exact procedures performed.

A formal meta-analysis of the specific surgical pro-
cedure used was not possible because of inconsistent
descriptions of site of origin and procedure.

Demographics

The literature search yielded data for a total of 1385
patients, 1044 men and 341 women, with an average
age of 54.1 years. Of the included papers, 7 originated
from Asian countries contributing 835 patients, 6 were
European papers with 545 patients, 2 were from the
Middle East with 86 patients, and 1 originated from
South America and comprised 5 patients.
The Krouse stage for all lesions was established. Of

the cases, 116 were Krouse stage T1, 498 were stage
T2, 716 were stage T3 and 55 were stage T4.
Bilateral disease was found in 3.3 per cent of the

cases. Of the patients, 4.4 per cent had a metachronous
or synchronous carcinoma.
In 10 of the 16 case series, information regarding

primary versus revision surgery was available. Of
1133 cases, 25 per cent were identified as revision
surgery cases. A comparison of those studies with a
higher proportion of revision cases (45.9 per cent)
with those with a lower proportion of revision
surgery (21.7 per cent) showed a significantly lower
recurrence rate in the case series that had more revision
cases (p= 0.0001).

Surgical approach

The majority of patients (n= 1021) were operated
upon using a purely endoscopic approach. In 251
patients, the surgeon used a combined endoscopic
and open approach; 113 patients were treated via an
open approach.
The total recurrence rate for all patients was 11.5 per

cent. The recurrence rate was: 11.1 per cent for the
endoscopic approach group, 12.0 per cent for the

TABLE I

KROUSE STAGING SYSTEM FOR INVERTED
PAPILLOMA18

Stage Description

T1 Tumour totally confined to nasal cavity, without
extension into sinuses. Tumour can be localised to 1
wall or region of nasal cavity, or can be bulky &
extensive within nasal cavity, but must not extend into
sinuses or any extranasal compartment. There must be
no concurrent malignancy

T2 Tumour involving ostiomeatal complex & ethmoid
sinuses, &/or medial portion of maxillary sinus, with
or without involvement of nasal cavity. There must be
no concurrent malignancy

T3 Tumour involving lateral, inferior, superior, anterior or
posterior walls of maxillary sinus, sphenoid sinus,
&/or frontal sinus, with or without involvement of
medial portion of maxillary sinus, ethmoid sinuses or
nasal cavity. There must be no concurrent malignancy

T4 All tumours with any extranasal or extrasinus extension to
involve adjacent, contiguous structures such as orbit,
intracranial compartment or pterygomaxillary space.
All tumours associated with malignancy FIG. 1

Flow chart of search strategy.
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combined approach group and 14.2 per cent for the
open approach group (Table II). There was no signifi-
cant difference in the recurrence rate between the endo-
scopic and the combined approach groups (p=
0.6574), or between the endoscopic and open approach
groups (p= 0.3477).
The included cases were divided into two groups to

see whether there was a trend towards a lower recurrence
rate in the endoscopically treated patients in more recent
years. One group included cases operated upon prior to
2000 and the second group included cases operated
upon after 2000. Analysis revealed a higher rate of recur-
rence (11.6 per cent) in the former group, compared to
7.7 per cent in the more recent group; however, the dif-
ference was not statistically significant (p= 0.1960).

Surgical technique

In 10 case series, the authors described attachment-
oriented removal of the tumour. These papers showed
a highly significant lower recurrence rate of 6.9 per
cent (p= 0.0001).
Case reports where intra-operative frozen sections

were used to ensure clear resection margins also
showed a highly significant lower recurrence rate (of
7.0 per cent) compared to the studies that did not use
frozen sections (p= 0.0001). Taking the Krouse
stages into consideration, there was no significant dif-
ference for the frozen section cohort or for the attach-
ment-oriented treated patients between the compared
groups (p= 0.8221 and p= 0.2071 respectively).

Geographical aspects

Analysis of the included papers with regard to their
geographical origin demonstrated a difference in recur-
rence rate between global regions. A higher recurrence
rate was reported in Asian papers (835 patients) com-
pared to European and Middle Eastern papers com-
bined (545 patients). This difference was significant
for purely endoscopically operated patients (p=
0.0001) and for patients operated on using any tech-
nique (p= 0.0003).

Follow up

The average length of follow up was 49.8 months
(range, 27–167 months). The average time between
surgery and recurrence was 18.7 months. Comparison
of the studies with a longer average follow up (85.9
months) with those with a shorter follow up (33.8
months) revealed no significant increase in cases of
recurrence (p= 0.4852).
There were no data regarding the incidence of malig-

nant transformation during the reported follow-up
periods.

Discussion

Surgical approach findings

An endoscopic approach to treat inverted papilloma
seems to be favoured by most authors. The
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development of curved microdebriders and drills has
led to a less invasive endoscopic approach.16

Endoscopic procedures have been shown to shorten
the length of hospital stay compared to open
surgery.31 The absence of any facial scarring is a
further major advantage of endoscopic surgery.
The overall recurrence rates reported by the publica-

tions included in our review are comparable with the
recurrence rates previously established.13,14 The low
recurrence rates recently reported15,23,30 have been
achieved predominantly using an endoscopic approach.
There appears to be a trend towards a lower recur-

rence rate in more recently carried out surgery. This
may be because of advances in surgical equipment or
it may reflect a learning curve in those surgeons man-
aging inverted papilloma.

Surgical techniques to improve tumour clearance

Study protocols describing the use of frozen sections
had a significantly lower recurrence rate. Hence, our
review suggests that frozen sections used to ensure
complete excision may be of benefit in endoscopic
surgery. The use of frozen sections in other medical
fields, for instance Moh’s micrographic surgery, has
demonstrated a low incidence of local recurrent
disease.32 However, frozen sections might not be
widely available or cost effective.
Tomenzoli et al. advocated the meticulous use of

subperiosteal dissection in the involved areas in order
to improve recurrence rates.10 Since then, others have
followed this attachment-oriented surgical concept. In
this review, those studies that applied the attachment-
oriented surgical approach had a significantly lower
recurrence rate than those which did not.
Even in advanced tumours, the attachment site is

reported to be quite small.12 The origin of the attach-
ment might play an important role in terms of access.
However, Lombardi et al. did not find a statistically sig-
nificant difference for the risk of recurrence based on
site of origin in his case series.15

In 10 of the 17 studies, pre-operative histology data
were available. In eight case series, the diagnosis of
inverted papilloma was confirmed in all patients pre-
operatively; in two reports, this was not the case. The
studies with a confirmed pre-operative diagnosis
showed a significantly lower recurrence rate than the
one with a variable pre-operative histological diagnosis
(p= 0.0052).

Geographical differences

The reason for the significantly higher rate of recur-
rence in papers originating from Asia remains
unclear. At this stage, no significant racial difference
in the prevalence of inverted papilloma is known.1 A
different distribution of HPV subtypes has been dis-
cussed in the past, but a recent meta-analysis did not
find a significant difference in HPV prevalence asso-
ciated with different geographical regions.33

It is difficult to determine surgical experience in the
individual papers; however, this could be a significant
factor as endoscopic techniques were originally estab-
lished in Europe and the USA.

Alternative surgical techniques

Our literature search revealed one paper describing the
use of a computer-guided system.34 In this case series,
the recurrence rate was 11 per cent, and therefore
similar to the generally accepted rate of 12 per
cent.13,14 Nevertheless, the authors concluded that the
use of such a system would be beneficial. Following
a prospective, non-randomised study of 123 patients,
a Swiss team concluded that computer-assisted func-
tional endonasal sinus surgery did not lead to better
clinical outcomes.35

Most case series describing the outcomes of surgery
for inverted papilloma consist of primary and revision
cases. The discussion of both groups combined is con-
troversial as it is not yet clear whether revision cases
have a higher recurrence rate than primary surgery
cases. Some authors state that there is no significant
difference for the risk of recurrence based on previous
surgery;7,15,26 other authors claim a higher recurrence
rate for revision cases.36

Our review showed a significantly lower recurrence
rate for studies with a higher proportion of revision
cases. The reasons for this are unclear. A possible
explanation could be that more revision surgery is per-
formed in tertiary centres by highly experienced rhinol-
ogists. Unfortunately, in most of the reviewed articles it
is not obvious what kind of hospital the surgery takes
place in.
A few authors have proposed adjunct techniques for

the removal of inverted papillomas. Kaluskar et al.
described the use of a potassium titanyl phosphate
laser in nine patients in 2009.37 The reported recurrence
rate was 11.1 per cent during an average follow-up time
of 58.7 months; this rate is comparable to the widely
accepted endoscopic recurrence rate of 12 per cent.13,14

Our literature search revealed one case report
describing the use of suction diathermy as a useful
adjunct tool when endoscopically resecting an inverted
papilloma.38 Unfortunately, the follow-up period in
this report was short (only 12 months) and therefore
no judgement can be made on its usefulness.
Similarly, radiofrequency coblation was described in

one report.39 In seven patients with inverted papilloma,
the authors emphasised the minimal blood loss during
surgery. No follow-up data are available to show if
there is an advantage over conventional endoscopic
resection.
It would be interesting to evaluate the potential role

of these three adjunct techniques in inverted papilloma
surgery over a longer follow-up period.
Photodynamic therapy using 5-aminolevulinic acid

has been described recently.40 Cotton wool soaked in
5-aminolevulinic acid was applied for 4 hours before
the tissue was irradiated with 635 nm wavelength
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light. Two of three patients were treated under local
anaesthetic; one was treated under general anaesthetic.
The authors did not find any recurrences or complica-
tions in this case series of three patients. Although
their follow-up period of eight months was much too
short to judge the efficiency of this treatment, it could
be an interesting option for patients with contraindica-
tions for a general anaesthetic as long as the inverted
papilloma is easily accessible.

Follow-up findings

The rate of recurrence and the length of follow up are
linked.26 If follow up is too short, recurrence or residual
disease will be missed. A study from a French tertiary
centre showed, for instance, that the recurrence rate for
a minimum of 12 months was only 3.3 per cent;
however, for the group of patients with 36 months
follow up, the rate was 6.7 per cent.17 Our review has
shown that the average recurrence presents at 18.7
months post-operatively.
We excluded from our review studies with a short

duration of follow up. Recurrences have been described
as occurring as late as 10 years after surgery.16 Other
papers have described late malignant transformation
occurring 13 years post-operatively.2 Hence, long-
term follow up seems advisable. Some authors even
suggest a lifelong follow up.36

Limitations

In our review, a formal analysis of recurrence versus
site of origin was impossible because of inconsistent
and variable descriptions of the site of origin. The
lack of common outcome measurements is a general
problem when comparing outcomes of inverted papil-
loma surgery. This and the heterogeneity of the
studies included in this paper are potential risks of
selective reporting or publication bias.
Another difficulty is the inability to accurately evalu-

ate the stage of disease.7 Multiple staging systems have
been developed to describe tumour extension.1 We
applied the Krouse classification system,18 as it is the
most commonly used. It is based on the tumour exten-
sion found on computed tomography (CT) and endos-
copy. The European position paper from 2010 does not
give an explicit recommendation on which classifica-
tion system to use.1 It would be desirable if the next
update of this paper made an agreement on which clas-
sification system to use.
The comparison of surgical complications proves

difficult, as some authors do not include complications
and others have different definitions of what constitutes
a complication. For example, for some surgeons
dealing with the cribriform plate, a cerebrospinal
fluid leak does not count as a complication, as
removal of the bone underlying the attachment of the
inverted papilloma is necessary to clear the disease.12

In contrast, some authors include all minor complica-
tions, which might not have been mentioned by other
authors.17

We are aware that the questions addressed within this
paper are challenging because of the considerable vari-
ation in technique that has occurred over many years
with a variety of surgeons of varying specialist interest.
Some surgeons work in more specialist units and deal
with complex tertiary referrals, whereas others are
more generalist and see a different patient cohort. In
addition, inverted papilloma, which used to be treated
by surgeons with a specialist interest in the head and
neck, is now increasingly treated by specialist rhinolo-
gical surgeons. There is unfortunately noway to control
for these factors, particularly over a prolonged period of
time.
It is likely that with knowledge of the improved

results of endoscopic attachment-oriented surgery,
most series from major centres will accept this tech-
nique as standard, and hopefully this will become the
norm. However, we encourage future data collection
to specify that this technique was performed, and to
clarify whether or not the adjacent bone was thoroughly
cleared of papilloma or drilled.
The lack of consistent and adequate follow-up dur-

ation is another major frustration, and this imposes lim-
itations on the interpretation of results.

Conclusion
It is difficult to determine the optimum treatment for
inverted papilloma, as the data published are extremely
heterogeneous. Thorough planning with pre-operative
CT scanning and confirmed histology findings seem
advisable before the decision is made to proceed to
excision.
The use of intra-operative frozen sections might be

beneficial, although the cost implications of this
remain to be established. Attachment-oriented excision
has become established in most major centres, but
details of the technique should be prospectively
recorded.
Prolonged follow up over at least five years and

documentation of recurrence should be positively
encouraged. Awareness of the possibility of late recur-
rences and late malignant transformation should be
made apparent amongst the specialty.
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