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Abstract The face and the external nose define an individual’s physical appearance. Nasal
deformities can cause facial disfigurement along with unwanted psychological reper-
cussions. Nasal deformities range in severity, with the most severe cases being
indications for a rhinectomy, due to the complexity of the nasal defect. According
to published literature, there is no consensus among otolaryngologists and plastic
surgeons on which technique or flap use is preferred in terms of complications,
aesthetic outcome, or patient satisfaction. The goal of this study is to provide a
comprehensive analysis of published studies on nasal reconstruction following rhine-
ctomy. Using the Preferred Reporting ltems for Systematic Review and Meta-Analysis
Protocols guidelines for writing systematic reviews, a systematic review was con-
ducted. Four databases were searched using a search strategy. These articles were then
imported into the COVIDENCE software and went screening and thorough article
review. After screening 2,237 articles, 23 studies were then extracted for data
collection analysis. We collected data from 12 case series, 4 case studies, 1 prospective
case series, and 4 retrospective chart review studies. The most commonly reported
flaps were forehead flaps, superior extended nasal myocutaneous island, forearm free

Keywords flaps, anterolateral thigh (ALT) free flap, medial femoral condyle free flap (n=8), and
= rhinectomy zygomaticus implants (n =6), and retained nasal prosthesis. Although not specifically
= nasal reconstruction  indicated by a certain number, the most common indication for the rhinectomy was
= flaps malignancy, followed by traumas, postsurgical complications, radionecrosis, and

= total reconstruction congenital nasal malformations.
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Although several donor flaps can be used after rhinectomy, we conclude that there is
no preference over what flap has superior patient outcomes after analysis. As of
current, there are no prospective studies that exist. Therefore, more research is
necessary to determine the results of each flap.

The face and the external nose define an individual’s physical
appearance. The nose is an essential facial feature key for
facial recognition and attractiveness. Nasal deformities can
cause facial disfigurement along with unwanted psychologi-
cal repercussions. The nose is a complex structure that is
important in facial aesthetics and respiratory physiology. As
a result, nasal imperfections present a challenge to recon-
structive surgeons who must recreate a symmetrical nose
while maintaining nasal function. Furthermore, a detailed
understanding of nasal anatomy and surgical techniques is
vital for preoperative analysis and optimal patient outcomes.

The nose is an osteochondral structure covered by a peri-
chondroperiosteal envelope, muscle, and cutaneous covering
tissues.! The nasal cavity is divided by the nasal septum,
which extends from the choanae to the nares.? The roof of the
mouth forms the inner part of the noseal meatus, which
contains the external nostrils. The external nostrils are
separated by the nasal septum, which is made of various
tissues such as cartilage, bone, and mucous membrane.?
Mucous membranes and cilia line the nasal passages and
aid in filtering air along with the nasal sinuses.?

Nasal deformities range in severity, with the most severe
cases being indications for a rhinectomy, due to the com-
plexity of the nasal defect.> Approximately 2,000 cases of
nasal and paranasal cancers are diagnosed every year in the
United States,? with basal cell and squamous cell carcinoma
being the most common etiology.>*

Nasal malignancies are one of the more common indica-
tions for a rhinectomy.* Although the procedure is relatively
straightforward, the resulting central face defect has im-
mense aesthetic implications. For decades, nasal prosthesis
devices have been the standard of care.> However, surgical
advancements have allowed post-rhinectomy patients to
have a natural-looking external nose again. The reconstruc-
tion of these defects is complex and requires surgical inter-
ventions for several hours to days, which may have its
complications. Deciding between utilizing a nasal prosthesis
or undergoing nasal reconstruction depends on several
factors such as patient age, size of defect, past medical and
surgical history, patient prognosis, and patient and provider
preferences.® Several grafts can be used when conducting
reconstructive surgery to replace the missing nasal tissue.
Some of the grafts used in the literature are rotated frontal
flaps or microvascularized free flaps such as auricular,
forearm, thigh flaps, or combinations.* There are several
advantages and disadvantages of receiving flaps compared
with nasal prostheses that should be considered. Benefits
include better skin color and texture match, which provides a
permanent solution for individuals who cannot tolerate or
manage prosthetic care.® Disadvantages of reconstructive

surgery include increased risk of surgical complications,
complications associated with the graft site, expensive
care, or even patient dissatisfaction with the outcome.®

There are contraindications, and complications are worth
mentioning in regards to rhinectomy and reconstructive
procedure. Comorbid diseases with a high risk for general
anesthesia and indications for nonsurgical treatment should
not receive a rhinectomy and are indicated for chemothera-
py, radiation therapy, or chemoradiotherapy.*® Patients with
metastasis who are in danger of bleeding are more appro-
priate for palliative care rather than a rhinectomy.® Some
common complications of rhinectomies include hemor-
rhage, periorbital hematomas, injuries to the hard palate,
or cerebrospinal fluid leak leading to more severe compli-
cations such as brain abscess or meningoencephalitis.e'7

Currently, there are no reviews or randomized controlled
studies to guide the clinical management following rhine-
ctomies. Treatment protocols are based on surgeon prefer-
ences, expert opinions, and observational studies. According
to published literature, there is no consensus among otolar-
yngologists and plastic surgeons on which technique or flap
is preferred in terms of complications, aesthetic outcome, or
patient satisfaction. This study aims to provide a compre-
hensive analysis of published studies on nasal reconstruction
following rhinectomy.

Methods

This systematic review was conducted using the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols guidelines for systematic reviews and sent for
registration to PROSPERO, The International Prospective
Register for Systematic Reviews. The objectives and
inclusion/excision criteria were recorded before starting
the study. Inclusion criteria included studies in which
patients required total or subtotal rhinectomy. Papers pub-
lished before the year 2000, non-English articles, abstracts,
letters to editors, and textbook chapters were excluded.

Search Strategies

A search strategy was used to identify articles pertaining to a
total or subtotal rhinectomy and outcomes such as complica-
tions and associated procedural effects. The complete search
strategy is provided in the index. On September 15, 2021,
MEDLINE, COCHRANE, EMBASE, and CINAHL were used to
conduct an electronic search on the topics as mentioned earlier.

Study Selection
After these studies were identified, the COVIDENCE software,
an application used for screening and conducting data
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extractions for systematic reviews, was used. Two indepen-
dent reviewers were used, and a separate third reviewer
resolved all conflicts after thorough discussion. After all
duplicate articles were removed, title and abstract screening
were conducted. After removing irrelevant studies, a full-
text review was done to ensure papers matched with the
inclusion and exclusion criteria.

Data Extraction

Data extraction was conducted using a spreadsheet. Several
data points such as study characteristics (study type, author-
ship, number of patients in the study, age range [years], and
sex), surgery indication, flap details (type of flap and size of
flap), procedural information, complications (immediate,
long-term, and whether reoperation was needed), outcome
(subjective aesthetic outcome and patient satisfaction), and
author comments were collected and recorded. The aesthetic
result was rated by a reviewer using the before and after
pictures. Characteristics such as matching skin color, adequate
size, and symmetry were used as criteria to rate aesthetic
outcomes. Any information regarding aesthetic outcomes
mentioned in the articles was also recorded. This data was
then organized into tables and figures. The study type catego-
rized the studies according to the Oxford Centre for Evidence-
Based Medicine (OCEBM) levels of evidence.

Results

The keywords’ initial search yielded 2,237 articles after 878
duplicates were removed. After titles and abstract screening
were done, 281 articles remained. After the full-text review,
23 studies were extracted for data collection analysis. We
collected data from 12 case series, 4 case studies, 1 prospec-
tive case series, and 4 retrospective chart review studies

(=Fig. 1).

John et al.

Flap|Prosthesis Summary

Although reporting of flap details was inconsistent among
the studies, available data were still extracted (~Table 1). The
most commonly reported flaps were forehead flaps (n =625,
bipedicled, paramedian, median, nasal turndown, island,
nasolabial, and unspecified), superior extended nasal myo-
cutaneous island (SENMI; n =53), forearm free flaps (n=11,
ulnar and radial), ALT free flap (n=11), medial femoral
condyle free flap (MFCFF; n=8), zygomaticus implants
(n=6), and retained nasal prosthesis (n=1). The most
common indication for the rhinectomy was malignancy,
followed by traumas, postsurgical complications, radionec-
rosis, and congenital nasal malformations.

Aesthetic Outcome and Patient Satisfaction

While all studies provided before and after photos, none of
the studies commented on objective data which could be
quantified using questionnaires like FACE-Q. It is important
to note that the reviewer used these subjective scores based
on before and after photos. The aesthetic scores were split
into four categories, ranging from poor, fair, good, and
excellent. Out of the 23 studies, 5 studies reported good
aesthetic outcomes with fair patient satisfaction, 4 studies
reported good aesthetic outcomes, 4 studies reported excel-
lent aesthetic outcomes with excellent patient satisfaction, 3
studies reported good aesthetic outcomes with excellent
patient satisfaction, and 1 study reported poor aesthetic
outcome.

Complications

Out of the 767 total number cases that received various nasal
reconstructions, 731 patients had no complications, 10 cases
had blood supply-related complications (ischemia and ne-
crosis), 7 cases had flap failures, 7 cases had infections, 7

2,237 non-duplicate studies screened

281 full-text studies assessed for eligibility

cases had structural abnormalities (nostril stenosis,
S 1,956 studies
irrelevant
—> | 258 studies excluded

23 studies included

Fig. 1 The methodology used for study selection based on the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols

(PRISMA-P) guidelines.
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Table 1 Characterization and type of flap used in each study
Study Study design Level of Technique Randomization | Blinding
evidence
Agostini et al (2013) Case series v Bipedicled forehead No No
flap
Ahmadi et al (2017) Case report v Paramedian forehead No No
flap
Ahmed et al (2015) Case series v Median (1) and para- No No
median (2) flap
Bashir et al (2013) Clinical study v Nasal turndown flap No No
and paramedian flap
Beederman et al (2021) Retrospective chart | IIB Forehead flap and car- No No
review tilage grafts
Bowden et al (2006) Case series v Zygomaticus implants No No
Boyd et al (2000) Retrospective case v Forehead flap No No
series
Cherubino et al (2020) Case series v Medial femoral condyle | No No
flap and paramedian
forehead flap
Giugliano et al (2004) Case series \% Forehead flap No No
Hsiao et al (2016) Case series 1% Ulnar forearm flap No No
Javanmard et al (2020) Case report \Y Implanted-retained na- No No
sal prosthesis
Kim and Choi (2021) Retrospective chart | IIB Forehead flap No No
review
King et al (2017) Case series v Zygomatic implants for | No No
nasal prosthesis
retention
Krakowczyk et al (2020) Retrospective chart | IIB Auricular, radial, or No No
review combination of both
Livaoglu et al (2009) Case series v Free anterolateral thigh | No No
flap
Ahmadi Moghadam and Case report \% Paramedian forehead No No
Ahmadi Moghadam (2017) flap
Moore et al (2014) Case report v Osteocutaneous radial No No
forearm free flap
Madorsky et al (2020) Retrospective case v Superior extended nasal | No No
series myocutaneous island
(SENMI) flap
Menick (2002) Case series \% Forehead flap No No
Paddack et al (2012) Retrospective chart | IIB Paramedial forehead No No
review flap or nasolabial flap
Rosenberg and Gupta (2015) | Case report v Paramedian forehead No No
flap
Salama et al (2021) Case series 1% Prefabricated flaps No No
(paramedian, nasola-
bial, cheek
advancement)
Seth et al. (2013) Case series v Free anterolateral thigh | No No
fascia lata flap
Siddiqui and Ditmars (2005) Retrospective chart | IV Island rotation flap No No
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nasocutaneous fistula, and nasal obstruction), 4 cases had
wound healing-related complications (delayed wound heal-
ing and wound dehiscence), and 1 case had complications
following radionecrosis.

Discussion

This review of current literature on the outcomes of nasal
reconstruction methods following a rhinectomy yielded a
total of 23 studies. Commentaries and conclusions of these
studies are explained subsequently. Articles are ordered by
alphabetical order and by type of publication.

Case Series (~Table 2)

Agostini et al (2013)

This study is a case series looking at seven patients who
underwent subtotal rhinectomy for nonmelanoma skin can-
cer and utilized a bipedicled forehead flap for reconstruction.
Best indicated for full-thickness nasal defects, this flap
technique is a versatile and feasible option for reconstruc-
tion. The aesthetic outcomes were acceptable, and surgery
was well-tolerated by all patients.®

Ahmed et al (2015)

This study is a case series looking at three patients who
underwent subtotal rhinectomy and utilized a paramedian
forehead flap in two patients and a median forehead flap in
one patient. Advantages of the forehead flaps include a broad
pedicle with a rich vascular supply and an excellent color and
texture matching. At the same time, the disadvantages of this
technique include the need for a two-stage procedure and
additional surgeries for cosmetic outcomes. The results were
satisfactory by the patients’ standards, and the aesthetic
outcome was good.’

Bowden et al (2006)

This case series looks at two patients who underwent total
rhinectomy for squamous cell carcinoma of the nose and
received zygomaticus implants for total nasal reconstruction.
The implants were needed for retention of the nasal prosthesis.
The aesthetic outcome was excellent, and both patients were
alive and well, with implants functioning satisfactorily for
more than 2 years following the procedure.'®

Boyd et al (2000)

This study is a retrospective case series detailing the
accounts of 147 patients who experienced subtotal rhine-
ctomy due to nonmelanoma skin cancer. The patients under-
went a two-stage procedure using forehead flaps for nasal
reconstruction. High aesthetic and functional goals were
achieved with this technique.'’

Cherubino et al (2020)

This case series looks at eight patients who went through
subtotal rhinectomy due to squamous cell carcinoma and
basal cell carcinoma of the nose. The flaps utilized in this
study were a combination of MFCFFs and paramedian fore-

John et al.

head flaps. The authors note that the advantages of these
flaps include the ability to reconstruct all three nasal layers
with minimal discomfort at the donor site. At the same time,
the disadvantages were the necessity for a two-stage proce-
dure and difficulty harvesting the MFCFF.!?

Giugliano et al (2004)

This is a case series looking at 10 pediatric patients under the
age of 10 who had subtotal rhinectomy surgeries for various
reasons, such as dog bites, nasal malformations, and skin
tumors. The flap used for this three-stage nasal reconstruc-
tion was the forehead flap. Due to the lack of research on
children compared with adults for nasal reconstruction, this
study analyzes pediatric patients’ unique requirements and
considerations."3

Hsiao et al (2016)

This study is a case series highlighting 10 patients who under-
went either subtotal or total rhinectomy for mixed reasons and
received ulnar forearm flaps for reconstructive purposes. The
ulnar forearm flap was suggested to be an alternative to the
radial forearm flap, which has hair and is less aesthetically
pleasing. While some immediate surgical complications in-
cluded infection and partial flap necrosis, all patients were
satisfied with the aesthetic and functional results.'*

King et al (2017)

This case series looked at three patients who received
zygomatic implants for nasal prosthesis retention following
either subtotal or total rhinectomy due to squamous cell
carcinoma. Traditionally, nasal prosthesis requires tissue
undercuts and adhesives for retention, and in this study,
zygomatic implants were utilized. The use of these implants
helps to simplify rehabilitation and reduces the need for
further surgeries.!”

Livaoglu et al (2009)

This is a case series describing the use of a free ALT flap in five
patients undergoing total nasal reconstruction subsequent to a
rhinectomy. The authors describe the strength of using ALT
flap includes the decreased morbidity of donor region, the
availability of large vessels, reduced bulkiness of the tissue, and
aesthetically pleasing result due to the lack of apparent scars.
There were also no reported complications either.'®

Madorsky et al (2020)

This is a retrospective case series highlighting 53 patients who
underwent subtotal rhinectomy due to carcinoma and scar
revision. The flap used in this study is a SENMI flap, which acts
as an alternative to the forehead flap and is advantageous
because of its potential as a single-stage procedure, minimal to
no tissue waste, and the avoidance of temporary visible
deformity of the pedicle. The aesthetic outcome was excellent,
and the technique was effective.!”

Menick (2002)
This is a case series that includes 90 patients treated with a
forehead flap for nasal reconstructive surgery following
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o = = rhinectomy. The surgery was broken into three stages with
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Salama et al (2021)
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S 280 |Sg noma, trauma, burns, bites, and radionecrosis. The flaps utilized
g £88 532 v v in this study were prefabricated flaps, including paramedian
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S 232 RS 2 2 forehead, nasolabial, and cheek advancement. The results from
N < this study suggest that prefabricated flaps can be successful and
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g& | z = 2 Seth et al (2013)
= This is a case series in which five patients underwent total
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g £ :2 :Z @ flaps include single-stage replacement requiring fewer stages
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ne = 2 2 = precise airway contouring, decreased donor site morbidity,
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za8 - A A A Siddiqui and Ditmars (2005)
, This retrospective case review looks at 92 patients who
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= Ahmadi Moghadam and Ahmadi Moghadam (2017)
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2E i =] Ny 3 28-year-old male who underwent subtotal rhinectomy due to
nasal tip traumatic injury. The flap utilized in this case is a
.
°. paramedian forehead flap, which is advantageous because it
- . . .
é 5 matches the skin color and texture of the reconstruction site. The
28 |o 2 " © aesthetic outcome of this flap was acceptable, and the authors
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nose, and a paramedian forehead flap was used for external
coverage. This study suggests that this technique can yield
good aesthetic and functional outcomes.?*

Rosenberg and Gupta (2015)

This is a case report of a 48-year-old male who underwent
subtotal rhinectomy following squamous cell carcinoma. The
paramedian forehead flap was used to reconstruct the inter-
nal nasal lining, and rib cartilage grafts were used to recon-
struct the nasal framework. The authors declared the use of
the paramedian forehead flap as unparalleled and having
excellent vascularity for nasal defects.?

Patient Chart Review (~Table 4)

Beederman et al (2021)

This retrospective chart review highlights the forehead flap
technique for nasal reconstruction in 96 patients who under-
went subtotal rhinectomy. The purpose of this paper was to
compare forehead flap reconstruction in two clinical settings:
local anesthesia in an office-based outpatient setting and
general or intravenous anesthesia in the operating room. This
study shows that nasal reconstruction using forehead flaps can
be performed successfully and safely in an outpatient setting.2®

Kim and Choi (2021)

This is a retrospective chart review of 36 patients who
experienced either total or subtotal rhinectomy for mixed
reasons and received forehead flaps for nasal reconstruction.
This study aimed to compare the “one nose concept” to the
concept that the nose is divided into multiple, individual
subunits. The results suggest that total nasal reconstruction
using the “one nose concept” can be a successful option.27

Krakowczyk et al (2020)

This study is a retrospective chart review analyzing 48
patients who underwent subtotal or total rhinectomy due
to nasal neoplasms. Microvascular-free flaps were used in
this study, which included auricular flaps, radial flaps, or a
combination of both. This technique achieved functional and
aesthetic goals in all patients.?

Paddack et al (2012)

This is a retrospective chart review detailing 107 patients
who received either paramedian forehead flaps or nasolabial
flaps following rhinectomy for carcinoma and other causes.
While complications include flap failure, nasal obstruction,
and thick scars, the reconstructive surgeries had a success
rate of 94.4%. Comorbidities, such as hypertension, diabetes
mellitus, vascular diseases, and smoking habits, were ana-
lyzed, and none of these were found to be a statistically
significant factor in the failure rate.?°

Prospective Study (~Table 4)

Bashir et al (2013)
This clinical study looked at 18 patients who underwent
subtotal rhinectomy due to posttraumatic nasal defects and

John et al.

utilized a nasal turndown flap for reconstruction with a
paramedian forehead flap for resurfacing. The reconstruc-
tion used a modified technique for turn-in flaps by lifting the
flaps so that well-vascularized tissue was used for the lining.
Patient satisfaction had mixed results, and some immediate
complications from the surgery included necrosis, graft loss
at the donor site, and nostril stenosis.>°

Concluding Remarks

Several published individual case reports and studies are
describing the used flap. However, no comprehensive review
exists to our knowledge regarding a summary of all flaps
currently used in total nasal reconstruction following a
rhinectomy. As of November 2021, most published data on
nasal reconstruction use forehead flaps, followed by SENMI,
forearm free flaps, ALT free flaps, MFCFF, and zygomaticus
implants, and retained nasal prosthesis.

Since nasal reconstruction following rhinectomy is a rare
procedure and the ethical indications involved in conducting
studies, we understand it is difficult to have approved studies.
The available literature from our search included retrospective
chart reviews, case reports, and case series. Due to this, it is
important to recognize the bias in the literature. The data was
organized by study type according to the OCEBM level of
evidence. After thorough analysis, we found it extremely
difficult to compare studies and group them based on data
due to the variability, differences in approach, and the prefer-
ential qualitative approach as opposed to more quantitative
methods used by the studies. Most papers briefly mentioned
outcomes related to aesthetics and patient satisfaction; how-
ever, they all lacked an objective method to report the results.
We recommend future studies report outcomes in a standard-
ized, reliable, and uniform manner.

The purpose of the review was to characterize and iden-
tify the outcomes associated with using various flaps for
post-rhinectomy patients. The review comprises case series,
case reports, patient chart reviews, and a prospective study.
Based on the available studies, we observed no preference
among types of flaps used in post-rhinectomy patients.
Studies demonstrated that the type of flap used depends
on several factors, including if one may have cartilage
defects, the vasculature of the flap, preferences/skills of
the surgeon, clinical indications for repair, surgery tech-
nique, etc.,’-3" with each type of flap having the potential
to lead to comparative results and patient satisfaction.
Studies are encouraged to use questionnaires like FACE-Q
and PSQ-18 (Patient Satisfaction Questionnaire Short-Form).

We also encourage novel research in post-rhinectomy
patients, including more prospective data as there is only
one study that was found. A recently published review analyz-
ing microsurgical techniques after nasal reconstruction,
reported that auricular helical and radial forearm flaps were
the most used free flaps, which was inconsistent with this
study.>? These differences are most likely due to variations in
inclusion criteria, search terms, and databases used. In one of
the analyzed studies, Javanmard et al describe nasal prostheses
as a solution to rhinectomy. This is a newly explored avenue
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that more research needs to be investigated. As technology
advances take place, more realistic, natural-looking, and aes-
thetically well-designed prostheses can be designed.

Search Terms

(“nasal reconstruction” OR “rhinectomy” OR “Nasal re-
constructive surger*” OR “total nasal recon*” OR “total
nose recon™ OR “septal reconstruction” OR “epithetic
nasal recon”” OR “nose removal” OR “nose neoplasm”
OR “rhinoplasty” OR “nose surgery”) AND (“local flap”
OR “forehead flap” OR “cartilage graft” OR “free flap” OR
“ALT flap” OR “forearm flap” OR “forearm free flap” OR
“surgical flap” OR “anterolateral thigh flap” OR “osteocu-
taneous radial forearm free flap” OR “nasal prost*”)
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