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Abstract
Successful reconstruction after tumor resection facilitates rapid recovery and retention of good quality of life, and this is important for
a successful operation. This study aimed to analyze and compare the application and efficacy of xenogeneic acellular dermal matrix
(xeno-ADM) and abdominal skin graft in hypopharynx reconstruction.
This is a retrospective cohort study that included 25 patients with posterior hypopharyngeal wall cancer who underwent partial

hypopharyngectomy with laryngeal preservation. The patients were divided into 2 groups according to the repair materials used.
Eleven patients were treated with xeno-ADM, and 14 patients with abdominal skin grafts for repairing hypopharyngeal mucosal
defects. The intraoperative data, postoperative recovery time of eating function, graft contraction, infection and pharyngeal fistula
rate, and 1-year survival rate of the 2 groups were analyzed and compared.
Compared with skin grafts group (23.1±5.8 days), the recovery time of eating function in xeno-ADM group was shorter (17.3±6.4

days), (P= .026). Also the number of postoperative hospitalization days were less in the xeno-ADM group (18.5±6.7 days) than in the
skin grafts group (24.1±5.6 days) (P= .035). Besides, no significant differences were observed in other comparisons between the 2
groups. Also no obvious rejection and severe graft contraction were observed in both the groups. All patients were successfully
decannulated.
Both xeno-ADM and abdominal skin grafts demonstrated good effects in the reconstruction of hypopharynx, but the recovery time

of eating function in patients with xeno-ADM was faster, which may be due to rapid epithelialization. In addition, it avoids trauma of
donor sites.

Abbreviations: ADM = acellular dermal matrix, xeno-ADM = xenogeneic acellular dermal matrix.
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1. Introduction

Hypopharyngeal cancer is one of the most frequent malignancies
of head and neck,[1,2] accounting for an incidence of about 1 case
per 100,000 persons per year in the United States.[3] The 5-year
survival rate varied from 30% to 60% based on the clinical stage
of the patients.[1,2,4] For posterior hypopharyngeal wall cancer
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that does not involve the larynx and esophageal entrance, both
complete resection of tumor and laryngeal preservation can be
achieved. However, during postoperative reconstruction of
partial hypopharyngeal resection, large mucosal defects are
often formed after tumor resection. The primary reconstruction
methods, such as the pectoralis major myocutaneous flap,
fasciocutaneous free flap, and jejunal free flap, are clinically
verified and considered reliable.[5–7] However, the use of pedicled
myocutaneous flap reconstruction is bulky at times and affects
the function recovery of feeding.[8] Free flap reconstruction
requires vascular anastomosis, which subsequently increases the
operation time. In addition, the postoperative complications such
as infection, flap necrosis, pharyngeal fistula, deformities, and
dysfunctions at the donor site affect the postoperative recovery.
Therefore, it is necessary to find a simple, non-invasive and well-
recovered reconstruction method for surgical treatment of
posterior hypopharyngeal wall cancer.
The hypopharynx is a canal covered with mucous membrane,

and the ideal repair material should be equivalent to the thickness
of hypopharyngeal wall, easy to obtain, easy to survive, simple to
repair, and finally achieve mucosalization. The abdominal free
skin graft met the above conditions. Before 2015, abdominal skin
grafting is used for repairing the defects in patients with posterior
hypopharyngeal wall cancer in our department, and obtained
satisfactory results. However, it is still necessary to harvest your
own skin, which in turn increases the operation time as well as the
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risk of donor complications. With the development of repair
materials, xenogeneic acellular dermal matrix (xeno-ADM) has
gradually replaced the abdominal skin graft for repairing
mucosal defects in recent years, and achieved good results.
Acellular dermal matrix (ADM) is a scaffold that consists of

collagen and extracellular matrix, which is derived from human
skin tissue.[9] After transplantation, it can be used as a good
scaffold for cell migration and neovascularization, achieving
rapid epithelialization. With the emergence of xeno-ADM from
mammals,[10] the limitations of donor sources and the possible
ethical problems have been resolved, making it more widely
used.[11–15] At the same time, due to its biological character-
istics, it has been gradually used in the field of otorhinolaryn-
gology. At present, the reported repair applications included
nasal septum repair, tympanic membrane repair, external
auditory canal plasty, tracheal repair, vocal cord repair,
pharynx and larynx tumor postoperative defect repairs,
etc.[10,16–20] However, there is no study till date that compared
abdominal free skin graft and xeno-ADM in the reconstruction
of hypopharyngeal defects.
Hence, we retrospectively observed and compared the

application of xeno-ADM and abdominal skin grafting in the
reconstruction of hypopharyngeal mucosal defects after partial
hypopharyngectomy with larynx preservation. This study aimed
to investigate the feasibility of 2 kinds of transplantation
materials, and to provide amore optimal choice for postoperative
reconstruction methods.
2. Materials and methods

2.1. Patients

This is a retrospective cohort study conducted in patients
diagnosed with hypopharyngeal cancer and who underwent
partial hypopharyngectomy in the department of Otolaryngolo-
gy, The First Affiliated Hospital of China Medical University
between May 2010 and November 2017. Patients were selected
based on the following inclusion criteria:
(1)
 the main part of the tumor should be located in the posterior
hypopharyngeal wall, which might involve the lateral
hypopharyngeal wall and the posterior oropharyngeal wall;
(2)
 patients pathologically diagnosed with squamous cell
carcinoma;
(3)
 the tumors should not involve larynx and the laryngeal
function should appear normal;
(4)
 all patients should have undergone partial hypopharyngec-
tomy with laryngeal preservation; and
(5)
 postoperative adjuvant irradiation was performed in all
patients, while no chemotherapy should be involved.
Exclusion criteria were as follows:
(1)
 patients with stage T4 tumors;

(2)
 patients with tumors of size more than 5cm;

(3)
 patients with secondary operation;

(4)
 patients who underwent chemotherapy or preoperative

radiotherapy; and

(5)
 patients with esophageal involvement or distant metastasis

and multiple cancerous lesions were excluded.
Figure 1. The hypopharyngeal defect has been covered and sutured by xeno-
ADM graft (white arrow).
Repair was performed with abdominal skin grafting before
2015 and later with xeno-ADM. All patients signed the informed
consent forms for operation and the use of xeno-ADM, and the
2

studywas reviewed by the Ethics Committee of the First Affiliated
Hospital of China Medical University.
2.2. Repair material preparation

The xeno-ADM (bovine) was obtained from Zhenghai Biotech-
nology Co., Ltd. (Yantai, Shandong, China). The specifications of
it were as follows: 4cm�6cm, 6cm�8cm, and thickness was
0.3 to 0.69mm. It was divided into basement surface (UP surface)
and dermal surface. Abdominal skin graft: the patient’s
abdominal full-thickness skin grafting was done based on the
size of the intraoperative defect. For this, an appropriate skin
graft was cut, and the abdominal donor site incision was sutured
directly.
2.3. Surgical procedure and postoperative management

The patient was placed in supine position and given general
anesthesia before undergoing surgery. The following surgical
procedures were performed in patients:
(1)
 the bilateral neck lymph node dissection was performed
according to lymph node metastasis;
(2)
 partial hypopharyngectomy: the tumor was fully exposed and
completely resected under direct vision. The safety margin
was set to 2cm and was confirmed by intraoperative frozen
pathology;
(3)
 preparation of repair materials: the appropriate size of xeno-
ADM graft was soaked in normal saline 3 times before use,
with no less than 60seconds each time. Both xeno-ADM and
abdominal skin grafts are cut according to the size and shape
of the defect and this requires punching of 2 to 3 small holes in
the center and bottom to facilitate drainage to prevent
hematoma or abscess;
(4)
 repair methods: before repair, the wound surface was cleaned
and disinfected repeatedly and bleeding was stopped
completely. When repairing the posterior wall of the
hypopharynx, the xeno-ADM graft was used to directly
cover the prevertebral fascia of the posterior pharyngeal wall.
The graft was intermittently sutured with the surrounding
normal mucosa and fixed to the attached prevertebral fascia
with the UP surface upward (Fig. 1). When the lateral wall of
the hypopharynx was repaired, the posterior 1/3 of the lateral
plate of the thyroid cartilage was removed together with the
tumor, and the xeno-ADM graft was sutured to the residual
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mucosa between the posterior hypopharyngeal wall and the
piriform fossa. The inferior pharyngeal constrictor and the
sternohyoid were sutured and fixed on the xeno-ADM graft
for soft tissue support. The ipsilateral thyroid gland and
superior thyroid vessels were then dissociated. Next, the
gland was lifted up and fixed with pharyngeal inferior
constrictor and sternohyoid to reinforce the lateral pharyn-
geal wall. The repair process of abdominal skin graft was
similar to that of xeno-ADM;
postoperative treatment: negative pressure drainage was
(5)

conducted and then covered with bandage under pressure for
7 days. The dressing was changed regularly and the
postoperative wound recovery and the infection were
observed, the drainage tube was removed when the daily
drainage volume was less than 10ml, and antibiotics were
used to prevent infection after operation (Ceftriaxone 1g each
time, BID intravenous drip, 7–10 days).

After operation, intravenous nutrition was combined with
gastrointestinal decompression and acid inhibitor for 5 to 7 days,
which was then changed to nasogastric feeding. Oral food was
given from 10 to 15 days after operation. Liquid diet with certain
viscosity was given initially, followed by soft diet, and finally
slowly transitioning to a normal diet. All patients were treated
with conventional adjuvant irradiation at weeks 4 to 6 after
operation, and the total dose was 60 to 66Gy. All operations
were performed by a doctor with senior professional post title
and with more than 20 years of surgical experience.
2.4. Postoperative observation and follow-up

The general data of patients, such as operation records, operative
time, intraoperative blood loss,mucosal defect sizes, postoperative
hospitalization time, drainage volume, infection, and pharyngeal
fistula were obtained by reviewing the medical records during
hospitalization. At 1 month, 2 months, 3 months, 6 months, and 1
year postoperatively, the outpatient records and electronic
laryngoscope were used to observe and record the recovery time
of eating function and grafting. When the graft is eventually
replaced by a smoother mucosa-like tissue, then it is considered as
successful epithelialization. The recovery of eating function is
ble 1
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defined as smooth oral feedingwithout any dysphagia or coughing
and able to achieve all nutritional needs without a gastrogavage.
Recurrence and metastasis were confirmed by electronic laryngo-
scope, CT scan, and pathological biopsy. Graft contraction was
also confirmed by electronic laryngoscope. Mild-to-moderate
contraction was defined as grafting that does not affect respiration
and eating, and able to remove the tracheotomy cannula and
nasogastric feeding tube in a short period of time or gradually over
a period of time. In contrast, severe contraction or stenosis hinders
respiration and oral feeding and cannot decannulate successfully.
The assessment of preoperative and postoperative data of all
patients was completed by the same observer.

2.5. Statistical analysis

SPSS 22.0 (SPSS, Chicago, IL) was used to analyze the data. The
quantitative variables were presented as (x±SD).T test andMann–
WhitneyU testwereused to compare these variables.Thequalitative
data were presented as n (%) and analyzed by Fisher’s accurate test.
P< .05 two-tailed test was considered to be statistically significant.
3. Results

3.1. Patient demographics

A total of 28 patients were eligible for inclusion in this study over a
7-year period, ofwhich 25well-documented patientswere selected
and divided into 2 groups according to the repairmaterials used. In
the xeno-ADM group, 11 patients (including 10 males and 1
female, aged between 46 and 76 years, with an average age of 60.2
±8.6 years) were treated with xeno-ADM for repairing the
hypopharyngeal wall defects. In the skin graft group, 14 patients,
all male, were treated with abdominal skin graft, and their age
ranged from 41 to 71 years, with average age being 58.0±8.4
years. TNM staging was done according to the staging system of
2009 Union for International Cancer Control (UICC) criteria.
Patients in xeno-ADM group included T2N0M0, 3; T2N1M0, 1;
T2N2M0, 2; T3N0M0, 1; T3N1M0, 2; and T3N2M0, 2. Patients
in skin graft group included T2N0M0, 4; T2N1M0, 2; T2N2M0,
2; T3N0M0, 2; T3N1M0, 3; andT3N2M0, 1. The specific clinical
data regarding the subjects are shown in Table 1.
ents in the 2 groups.

Skin graft group P

14
58.0±8.4 (41–71) .529
Male 14 .440

8 (57.1%) 1.000
6 (42.9%)
6.9±0.9 (5.4–8.5) .662
7.4±1.4 .108
432.9±96.0 .244
1 (7.1%) 1.000

) 353.6±130.4 (185–608) .327
23.1±5.8 (18–41) .026
24.1±5.6 (20–42) .035
3 (21.4%) .656
85.7% 1.000

est and Mann–Whitney U test according to whether the normal distribution was satisfied or not, and the
ant. Recovery time of eating means the time for removing nasal feeding tube. This study focused on
ps.
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3.2. Postoperative datas of the 2 groups

Postoperative follow-up time was 8 to 12 months in the skin graft
group and 10 to 12 months in the xeno-ADM group. All repair
materials survived in both groups, and no adverse reactions such
as rejection were found. In the abdominal skin graft group, the
donor site was well healed and no infections occurred. From
Table 1, it can be deduced that there were no significant
differences in age, sex, tumor stage, and maximum diameter of
defects between the 2 groups. Also no significant differences were
observed in the operative time, intraoperative blood loss, and
total postoperative drainage between the 2 groups. However, the
recovery time of postoperative eating function and postoperative
hospitalization days in the xeno-ADM group were shorter than
that in the skin graft group, and showed statistically significant
differences (Table 1). One patient in each group had infection
with pharyngeal fistula, which was cured after long-term dressing
change, and the recovery time of eating function was 36 days (the
xeno-ADM group) and 41 days (the skin graft group),
respectively. After excluding the infected cases, the recovery
time of eating function in both groups was 15.4±1.4 days (the
xeno-ADM group) and 21.7±2.7 days (the skin graft group),
respectively. Statistically significant differences were still ob-
served between the 2 groups (P= .000). There was no local
recurrence in both groups within 1 year after operation. In xeno-
ADM group, 1 patient had cervical lymph node metastasis and 1
patient had distant lung metastasis within 1 year after operation,
and 1 patient died due to distant lung metastasis within 1 year. In
the skin graft group, 2 patients had cervical lymph node
metastasis within 1 year after operation, and 1 of them died
within a year. In addition, 1 patient died due to myocardial
infarction within 1 year in the skin graft group.

3.3. Laryngoscopy findings

Laryngoscope examination 1month after operation revealed that
the xeno-ADM graft was fused well with the repair area, which
was similar to the reddish appearance of the surroundingmucosa,
and with a thin layer of white pseudomembrane was attached to
the repair area surface. Only local sutures and granulation were
seen. Most of the xeno-ADM graft was close to epithelialization.
At 2 months after operation, the xeno-ADM graft was basically
replaced by a smooth mucosa-like tissue, considering it as
epithelialized xeno-ADM membrane, and a small amount of
granulation residue was seen locally. At 3 months, the
appearance of the repair area showed no significant differences
with that of the surrounding mucosa, and no traces of repair
could be seen (Fig. 2). At 1 month postoperatively, laryngoscope
showed that the skin graft was not completely fused with the
covered repair area, and a thick white pseudomembrane was
attached to the surface, showing granulation at the edge. The
epithelialization was basically completed at 2 months, but the
surface was not smooth, and was similar to that of white
keratosis layer. At 3 months after operation, the surface of the
repair area was smooth and showed complete epithelialization,
but the repair surface was still different from the surrounding
mucosa. The repair marks were still visible (Fig. 3). The whole
laryngeal and hypopharyngeal mucosa showed swelling at
varying degrees during postoperative adjuvant irradiation, but
the swelling was gradually subsided and the mucosa returned to
normal after radiotherapy. There was a mild-to-moderate
contraction at the repair area in some patients of both groups,
with 4 patients in the xeno-ADM group and 3 patients in the skin
4

graft group at 6 months postoperatively, but showed no
significant differences between them. All patients were success-
fully decannulated finally.

3.4. Cost comparison

We compared the costs of the 2 groups. Although the xeno-ADM
group has to pay for the product cost, the skin grafts group needs
to pay for the additional surgical fee for skin graft harvest, as well
as the costs of donor site dressing changes and additional
hospitalization days. Overall, the average cost of the xeno-ADM
group was 3.6% more than that of the skin grafts group. But the
intangible costs, such as pain and scarring of donor site, were not
included.
4. Discussion

The survival rate of patients with hypopharyngeal cancer is not
ideal, and so it is very important to avoid or reduce the impact of
it on the quality of life regardless of treatment plan.[21] For
hypopharyngeal posterior wall cancer, the thickness of the defect
area is often not thick. However, if traditional reconstruction
methods like pedicled flap or free flap are used, in addition to the
injury of donor sites and possible risks of infection and
pharyngeal fistula, it sometimes appears bulky, affecting the
eating and increasing the recovery time after surgery. In this
study, abdominal skin graft and xeno-ADM graft were used for
the repair of mucosal defects of partial hypopharyngectomy,
making up for the above shortcomings and simplifying the
operation process. The 2 repair materials had good histocom-
patibility with the tissue at the repair area, and covered the
wound area to effectively protect it and help it to epithelialize.
Joo et al have reported reconstruction of hypopharynx by

fasciocutaneous free flap in 48 consecutive patients. The results
revealed that the average time to achieve oral re-alimentation was
23.0 days postoperatively.[22] In this study, the average recovery
time of eating function in the 2 groups was 17.3 days and 23.1
days, respectively. This meant that the xeno-ADM graft was
conducive in restoring eating function, and assists in quickly
restoring the postoperative quality of life. The recovery time of
eating function in xeno-ADM group was faster than that in skin
graft group. This was similar to the results of the study by Girod
et al, in which he demonstrated better recovery of social eating
function of ADM when compared to the efficacy of split skin
graft during oral mucosal repair.[23] The reason for this might be
that the postoperative epithelialization time of xeno-ADM was
shorter, and its unique three-dimensional network structure of
collagen can be used as a scaffold to guide the migration and
growth of host cells in an orderly manner and for rapid
vascularization. The graft can be fused with the surrounding
tissue in the early stage, and the defect can be repaired quickly
and effectively.[24,25] This is also confirmed by laryngoscope
examination at different time points postoperatively in this study.
At 1month after operation, a large part of the repair area in xeno-
ADM group was nearly epithelialized, but it was still covered
with a thick white pseudomembrane in the skin graft group.
One patient had infection of pharyngeal fistula in both the

groups in this study. Their hospitalization days, drainage volume,
and recovery time of eating function were significantly higher
than other patients, and so the effective control of infection after
operation has great impact on the success rate of reconstruction.
The incidence of pharyngeal fistula ranged from 7% to 26% in



Figure 2. A case of a hypopharyngeal defect repaired with xenogeneic ADM graft was examined by electronic laryngoscope at different time points before and after
operation. The hypopharyngeal cancer (white arrow) is located in the posterior hypopharyngeal wall, spreading upwards to the posterior oropharyngeal wall (A). At 1
mo after surgery, xeno-ADM graft (white arrow) showed well fusion with the repair area, and appeared red as the surrounding mucosa. A thin white
pseudomembrane was attached to the surface (B), and then the sutures and spot granulation (white arrow) were seen locally (C). At 2mo postoperatively, the xeno-
ADM graft (white arrow) was basically replaced by smooth mucosa-like tissue, but a small amount of granulation has remained locally (D). At 3mo, there was no
significant difference between the appearance of the repair area (white arrow) and the surrounding mucosa, and no traces of repair were observed (E).

Zang et al. Medicine (2020) 99:9 www.md-journal.com
flap based reconstruction methods.[5–7] The incidence of
pharyngeal fistula in both the groups was 7.1% and 9.1%,
respectively, which was at a low level in this study. This indicated
that the use of the 2 grafts did not increase the adverse conditions
and risks of postoperative infection as well as pharyngeal fistula.
Of course, prevention of infection and pharyngeal fistula involves
multiple factors. Active adjustment of nutritional status, control
of blood glucose levels, targeted use of antibiotics, strengthening
of oral care, adherence to nasal feeding diet without premature
oral intake are all considered to be very important during the
5

perioperative period. In addition, gastrointestinal decompression
and intravenous nutrition for a period of time after operation
could effectively reduce the irritation of gastric juice reflux to
wound transplantation materials, and strengthen the whole body
nutrition support at the same time. In addition, ADM graft also
plays a role in resisting bacterial invasion.[26]

There is no severe contraction and stenosis. Some patients in
both the groups had mild-to-moderate contraction at the repair
area at 6 months after operation, but did not affect the normal
function, eventually removing the tracheotomy cannula and

http://www.md-journal.com


Figure 3. An individual with hypopharyngeal defect who underwent repair with abdominal skin graft was examined by electronic laryngoscope at different time
points before and after operation. The hypopharyngeal cancer (white arrow) is mainly located in the posterior wall of the hypopharynx and has spread upwards till
the posterior wall of the oropharynx (A). At 1mo after operation, the abdominal skin graft (white arrow) still showed an incomplete fusion with the repair area, and a
thick white pseudomembrane was attached to the surface (B), granulation and sutures (white arrow) could be seen at the edge (C). Epithelialization was basically
completed at 2mo, but the surface (white arrow) was not smooth and visible like a white keratinized layer (D). At 3mo after operation, the surface of the repair area
(white arrow) was smooth and showed complete epithelialization, but the color of the repair surface remained white, which was still different from that of the
surrounding mucosa (E).

Zang et al. Medicine (2020) 99:9 Medicine
nasogastric feeding tube. This was also consistent with the results
of other previous studies on ADM repair.[27,28] The reason for
this might be that the ADM retains collagen fibers, elastic fibers,
and reticular fibers in the original dermis, forming the material
basis for soft texture, lighter contraction, and lighter color change
after the survival of ADM graft.[29]

It is important to choose appropriate indication and the correct
reconstruction method for application of xeno-ADM graft.
Xeno-ADM is a membranous structure that lacked tissue support
and filling, and its survival requires a good blood supply of
6

transplanted bed. Therefore, for massive resection of tumor with
cervical fusion, the use of xeno-ADM repair was not recom-
mended. In addition, when the tumor involves esophageal
entrance or post-cricoid area, then pedicled myocutaneous flap,
free flap or jejunal free flap was used to avoid the risk of
reconstructed cervical esophageal stenosis caused by necrosis of
xeno-ADM graft due to lack of blood supply. However, some
scholars have reported that xeno-ADM graft can be used in
combination with pectoralis major myocutaneous flap for
reconstruction in the above situation.[30,31]
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In this study, there was no statistical significance with regard
to operative time and intraoperative bleeding volume in both
the groups. The main reason for this is that each case involves
different cervical lymph node metastasis and differences in
surgical difficulties due to individual differences, resulting in a
lot of interferential factors for statistical comparison of
operation time and bleeding volume. However, for the same
patient, the reconstruction process using xeno-ADM and
abdominal skin graft remained the same, but the abdominal
skin graft required additional time to obtain and subsequent
suturing of the donor area, increasing the operation time and
bleeding volume. Obviously, the use of xeno-ADM saves time
and reduces blood loss, which is also supported by the
conclusions of other previous studies.[27,30] In this study, the
survival and recurrence rates within 1 year after operation were
evaluated, and the results revealed that no patients had local
recurrence in both groups. We believed that a good and
sufficient repair material was conducive for adequate resection
of lesions and ensure adequate safety of margins during
operation. This in turn reduces the recurrence of tumors after
operation, and remains beneficial to the survival rate despite of
the factors affecting the survival rate, including tumor size,
pathological classification, clinical stage, lymph node metasta-
sis and so on, is complicated.
Although the average cost of the xeno-ADM group is 3.6%

higher than that of the skin grafts group, considering the influence
of donor site pain and scarring on quality of life, we believe that
the additional cost is worth it.
5. Conclusions

These findings demonstrated that xeno-ADM graft and
abdominal skin graft have good effects in hypopharyngeal
reconstruction after partial hypopharyngectomy with laryngeal
preservation. Both these methods simplified the operation
process and solved the problems of bulky tissue after
reconstruction, which are conducive for the recovery of eating
function and reduce postoperative infection as well as scar
contraction. Compared with abdominal skin graft, xeno-ADM
showed faster epithelization, shorter recovery time of eating
function and shorter hospitalization days. This also saved the
time of obtaining skin graft, avoided trauma of the donor site
and alleviated the pain of the patients. In addition, xeno-ADM
has sufficient sources and is easy to use. It reduces the concern of
reconstruction problems in tumor resection, removing the tumor
as fully as possible, and this in turn would be helpful in reducing
local tumor recurrence. However, this was a retrospective small-
sample size study. So, a large-sample, long-term follow-up
period, prospective study is still needed in the future to confirm
these findings.
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