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Abstract

Background: Parotid gland tumor is the most common salivary gland tumors. Benign tumors account for about
80% of parotid gland tumors. Surgical excision is the treatment of choice in most cases when treating benign pa-
rotid tumors. However, due to the special anatomical location of the parotid gland and the different pathology
of the tumor, there are many complications after parotid gland tumor operation, which also seriously affects
patients’ quality of life.

Methods: We summarized and compared the traditional operation and the improved operation of parotid
benign tumor, and compared the occurrence of various postoperative complications.

Results: We found that the incidence of postoperative complications of the modified operation was significantly

low, and the quality of life of patients was good during postoperative follow-up.

Results: This study puts forward the prevention and treatment strategies for benign parotid tumors.

Conclusion: This is an effective technique for benign parotid tumors, yielding improved functional outcomes —

including cosmetic aspects, sensation and surgical complications.
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Introduction

Salivary gland tumors are one of the most common diseases
in the maxillofacial region, parotid gland tumor account for about
80%. Fortunately, variations in certain proportions and relative
incidences exist. Among parotid gland tumors, benign tumors ac-
count for about 80%, and malignant tumors account for 20% [1-
3]. Surgical treatment is the first choice for benign parotid tumors.
Although the parotid gland has a simple structure, its relationship

with peripheral blood vessels and nerves is quite complex. The
special anatomy around the parotid gland and the pathological
nature of the tumor makes the surgical complications of the paro-
tid gland particularly high, such as gustatory sweating syndrome,
facial paralysis, and facial depression deformity [4-6].

With the continuous improvement of parotid surgery, patients’
quality of life has improved to a certain extent [7-9]. However,
how to minimize the occurrence of complications on the basis
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of radical resection of tumors is still an urgent problem to be
solved in the clinic. Based on the clinical experience of our team,
we summarize the strategies that can effectively reduce surgical
complications in benign parotid tumors in this article as follows:

° Retroauricular incision

° Anatomy of nerve under the retroauricular incision

° Preservation of the greater auricular nerve

° Preparation of parotid gland flap

° The use of ultrasonic scalpel combined with endoscopy

In clinical practice, this experience can significantly reduce pos-
toperative complications.

Overview of parotid gland tumors

Parotid gland tumors are the most common salivary gland tu-
mors, and benign tumors account for the majority. The most com-
mon benign tumor of the parotid gland and the most common
salivary gland tumor overall is the pleomorphic adenoma [10].
Hemangioma and lymphangioma are the most common non-epi-
thelial tumors [11]. Most tumors are located in the parotid gland’s
anterior or posterior lobe. Benign parotid tumors grow slowly and
often be found unconsciously. They have no activity, adhesion, or
dysfunction, but some benign tumors with an infection also have
pain symptoms. Parotid gland malignant tumors grow rapidly, ad-
here to the surrounding tissues, and grow infiltratively. In some
cases, tumor growth invading the facial nerve will also cause facial
nerve dysfunction. However, some low-grade malignant tumors
can also show benign tumors in the early stage, which can easily
be confused with benign tumors [12].

Surgical treatment strategy of parotid benign tumor
Development of parotid gland surgery

Before the 1940s, due to the lack of understanding of the facial
nerve and the pathological nature of parotid gland tumor, simple
enucleation was mostly used in parotid gland tumor surgery [13].
During 1940s to 1970s, along with the improvement of surgeon
understanding, the standard surgical methods of parotid gland
tumors changed to superficial parotidectomy and total parotidec-
tomy. This surgical method decreased the rate of recurrence in
the long term, but the postoperative survival quality of patients
was still poor. Since the 1970s, with the development of functio-
nal surgery, partial parotidectomy has been gradually recognized
to ensure the safe boundary of tumor resection. This operation
greatly improves the quality of life [7-9].

Characteristics of parotid gland surgery in the new era

The parotid gland has the largest volume in the salivary gland;
it plays a very important role in daily salivary secretion. The paro-
tid gland is divided into shallow and deep leaves, with the facial
nerve as the boundary. In almost all cases, the anatomical rela-
tionship of the facial nerve in the gland requires careful identifi-
cation and dissection of the nerve [14,15]. Therefore, the requi-
rements for the chief surgeon are very high. With the increasing
improvement of people’s living standards, patients require not
only complete tumor resection but also the best functional reten-
tion and cosmetic effect. This also makes many scholars have ex-

plored the functional and cosmetic surgery of the parotid gland.
Parotid gland surgery in the new era has higher requirements for
operators.

Modified operation for parotid benign tumor
Superficial parotid approach

The conventional surgical approach to parotid gland tumor is
an «s» like incision; it starts from the earlobe, goes down verti-
cally, bypasses the earlobe, turns forward in front of the mastoid
tip, passes through the posterior edge of the mandibular ramus
to the lower edge of the mandibular angle, and is parallel to the
lower edge of the mandible for 1-2 cm [16-18]. This incision can
fully expose the anatomical structure and make a clear visual field
during the operation. However, the scar left after the operation is
obvious, which is unacceptable to many patients with high appea-
rance requirements.

Here, we have improved the incision. Use the incision of the
medial edge of the tragus to integrate the posterior ear incision
into the hairline. If the tumor is at the upper pole of the parotid
gland, we can extend the incision upward to the temporal part
during the operation. Conversely, when the tumor is in a lower
position, the posterior incision should be extended backward. The
whole incision is relatively hidden compared with the traditional
incision. After the operation, through the investigation of patients’
satisfaction with the obvious degree of scar, it is found that the
satisfaction with the postoperative scar of retroauricular cosmetic
incision is as high as 92.1%, which is significantly higher than that
of the traditional group [19]. However, the retroauricular incision
makes poor surgical vision compared with the traditional incision,
which also increases the difficulty of operation to a certain extent,
such as the anatomy of the facial nerve. Therefore, doctors need
to have superb clinical skills. On the whole, the aesthetic effect
of retroauricular incision is better, and it is the first choice for pa-
tients with high aesthetic requirements [19].

Surgical approach to deep lobe of parotid gland in parapha-
ryngeal tumor

The Parapharyngeal Space (PPS) is one of several potential fas-
cial planes of the head and neck which may become involved in
various inflfflammatory and neoplastic processes [20]. The parotid
gland extends forward to the ascending ramus of the mandible
and the inner side of the medial pterygoid muscle to reach the
parapharyngeal space. Although the incidence rate of tumors in
this location is low, it is difficult to treat in the clinic because of
their deep location and many important anatomical structures
around them.

Most tumors in the parapharyngeal space can be cured by
surgical treatment. There are many surgical approaches: cervical
side, cervical jaw, cervical parotid, oropharyngeal, and so on [21].
After years of clinical research and postoperative follow-up, we
found that the cervical approach to disconnect the mandible can
be used as a conventional surgical approach. The cervical parotid
gland, cervical jaw, and cervical should not be treated and used
independently. The incision should be extended according to the
size, location, and nature of the tumor based on the cervical ap-
proach so that the three incisions can be used together [22,23].
This surgical approach can complete the resection of most para-
pharyngeal tumors, reduce unnecessary trauma and improve the
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quality of life of patients after operation.
Anatomy of nerve under the retroauricular incision

The core of parotid gland surgery is the dissection of the facial
nerve. There are two methods to dissect the facial nerve: the ante-
rograde method and the retrograde method [24]. The retrograde
method is to find the trunk from the branch. The anatomical re-
lationship between the mandibular marginal branch of the facial
nerve and the posterior mandibular vein is relatively fixed. Loo-
king for the mandibular marginal branch or descending branch of
the facial nerve with the posterior mandibular vein as the sign is
the most commonly used method. The posterior mandibular vein
passes through the lower end of the parotid gland, and the man-
dibular edge or descending branch of the facial nerve is only on its
superficial surface, but there are isolated cases where branches
of the facial nerve pass through the deep surface of the posterior
mandibular vein, so it should be carefully dissected [19].

The anterograde method is to find the branches of the facial
nerve from the general trunk of the facial nerve. The procedure
is to separate the posterior boundary of the parotid gland along
the front edge of the sternocleidomastoid muscle to the tip of the
mastoid process, fully expose the cartilage of the external audito-
ry canal upward, routinely separate the parotid gland, determine
the general trunk of the facial nerve, determine the cervical and
temporal trunk according to the general trunk, and dissect the
corresponding branches according to the location of the focus.
When the retroauricular incision is applied, it is difficult to turn
the flap forward during the operation. Although the incision can
be extended to the temporal part and behind the ear according
to the needs of the operation, it leads to increased trauma during
the operation. According to statistics, when using a cosmetic in-
cision for surgery, the probability of trauma caused by dissecting
the facial nerve in the anterograde method is about 10%, while
the probability of trauma caused by the retrograde method is
about 30% [19]. Therefore, when applying the retroauricular cos-
metic incision, it is more reasonable to dissect branches of facial
nerve from the general trunk. However, the injury of the general
trunk of the facial nerve is more serious, it requires the operator
to master the method of facial nerve anatomy and dissect the fa-
cial nerve accurately [25].

Preservation of greater auricular nerve

Starting from the 2nd and 3rd cervical nerves, the great auri-
cular nerve is the largest cutaneous branch of the cervical plexus.
It not only has a corresponding sensory nerve function but also is
an anatomical marker of important nerves and organs in the neck
[26,27]. The great auricular nerve is mainly divided into the pa-
rotid branch, anterior auricular branch, earlobe branch, and pos-
terior auricular branch. The parotid branch and anterior branch
are mainly distributed in the parotid gland area and often pass
through part of the parotid gland tissue, making them difficult to
preserve during surgery in order to completely remove the tumor
and reduce recurrence, while the earlobe branch and posterior
auricular branch are mainly distributed in the earlobe and mas-
toid region. The traditional parotid surgery can better expose
the operation field by cutting off the great auricular nerve and
its branches, but most patients complain of the earlobe and peri-
pheral numbness after the operation [28]. In our clinical research,
we found that preservation of the trunk, earlobe branch, and pos-

terior branch of the great auricular nerve could well preserve the
sensory function of the operation area. Through postoperative
research, it was found that 85% of the patients who retained the
greater auricular nerve felt normal in the operation area,while
only 50% felt normal who did not retain the greater auricular
nerve [29]. In general, preservation of the great auricular nerve
can significantly improve the quality of life of the patients [30,31].

Prevention of facial depression

Regarding benign parotid tumors, sometimes the tumors are
too large and excessive tissues need to be removed during sur-
gery, resulting in significant facial depression and deformity after
surgery, which seriously affects patients’ facial appearance and
quality of life [31]. At present, grafts are often used to fill the ope-
ration cavity to reduce the occurrence of depression deformities,
such as sternocleidomastoid muscle flap and parotid gland flap.
Sternocleidomastoid muscle flap is to cut the upper third of ster-
nocleidomastoid muscle laterally to the inner half, then sharply
separate it upward along the longitudinal axis of the sternocleido-
mastoid muscle, and rotate and cover the muscle flap with distal
cranial fracture as the pedicle to fill the defect in the operation
area [32]. According to the research, the sternocleidomastoid
muscle flap play a certain role in preventing facial depression.
However, the sternocleidomastoid muscle flap also has some di-
sadvantages, such as distal necrosis, difficulty to observe tumor
recurrence, limited neck movement, more postoperative blee-
ding, and so on. The above-mentioned shortcomings also make
the operator need to strictly grasp the indications when choosing
the sternocleidomastoid muscle to prevent facial depression de-
formity [33].

Parotid gland flap refers to the partial removal of the parotid
gland to preserve the function of the parotid gland. After the tu-
mor is removed at the safe boundary, the remaining parotid gland
is reset. Parotid gland flap does not cause additional surgical trau-
ma, do not exhibit problems such as distal necrosis of muscle flap
and excessive postoperative bleeding, and can prevent facial de-
pression to a certain extent. However, when the resected parotid
tumor is too large, the remaining tissue of the parotid gland is
not sufficient to fill the tissue defect, and in this case, we have to
choose or combine other repair methods [49].

Prevention of gustatory sweating syndrome

Gustatory sweating syndrome (Frey syndrome) is one of the
common complications after parotid surgery [4]. Its etiology is
recognized as the healing of parasympathetic fibers and sym-
pathetic fiber endings after parotid surgery. When eating para-
sympathetic fibers, causes vasodilation and sweat gland secretion
in the parotid masseter muscle area dominated by sympathetic
fibers, resulting in skin flushing and sweating [5,6]. Therefore,
preventing nerve fiber regeneration is an important method to
prevent the gustatory sweating syndrome.

Parotid masseter fascia is considered to be a natural barrier to
preventing gustatory sweating syndrome [34]. The method of pre-
serving the parotid masseter fascia is different from the conven-
tional method. Before turning up the flap, the parotid masseter
fascia should be cut, and the parotid masseter fascia should be
included in the flap and turned up together to directly expose the
parotid acini. When the flap is restored and the wound is closed,
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the parotid masseter fascia is tightly sutured, and then the pla-
tysma, subcutaneous tissue, and skin are closed in layers. Without
retaining the parotid masseter fascia, the probability of postope-
rative gustatory sweating syndrome is about 60%, and the surgical
method of parotid masseter fascia is about 15% [50].This shows
that preservation of the parotid masseter fascia can prevent gus-
tatory sweating syndrome to a certain extent [35,36].

As a common way to prevent gustatory sweating syndrome,
the sternocleidomastoid muscle flap can take into account the
dual functions of preventing gustatory sweating syndrome and
repairing facial depression [31]. However, when the sternocleido-
mastoid muscle flap is prepared, the external neck will collapse
slightly, and it is not easy to observe the postoperative recurrence
after implantation of the muscle flap. The intraoperative acces-
sory nerve injury will also lead to movement disorder of the neck
and shoulder. Some studies have suggested that the accessory
nerve injury can be avoided through the operator’s fine operation
[37].

Parotid gland flap refers to the partial removal of the parotid
gland during operation, retaining the function of the remaining
parotid gland, and resetting the remaining parotid gland after
full dissociation [51]. And the parotid masseter fascia is reset and
reconstructed, to prevent the occurrence of taste sweating syn-
drome to a certain extent. And this repair method will not add
new surgical wounds, greatly reduce the pain of patients without
complications, and has good popularization value.

To further improve the prevention of gustatory sweating syn-
drome, some scholars have proposed the use of barrier fillers to
block the regeneration of nerves [52].The oral repair membrane
is a xenogeneic acellular dermal matrix obtained from bovine skin
tissue after treatment. The main component is collagen egg, with
the repair of parotid fascia, the biofilm is gradually and comple-
tely degraded without any residue, and the biofilm has good his-
tocompatibility and less local rejection. The success rate of repai-
ring the membrane to prevent taste sweating syndrome is about
90% [52].

Combined use of the endoscope and ultrasonic scalpel
through the retroauricular incision

Minimally invasive surgery is the trend of development as time
goes on. Endoscopic technology fully embodies the characteristics
of minimally invasive that is, small incision and minimal damage
to surrounding tissues. The successful application of endoscopic
technology in head and neck surgery such as thyroid, submandi-
bular gland, and branchial cleft cyst, coupled with the continuous
development and improvement of surgical instruments, makes
the endoscopic surgery of parotid gland possible [38,39].

Endoscopic surgery through a cosmetic incision refers to the
design of retroauricular cosmetic incision, and the length of which
is adjusted according to the size of the tumor, generally 3-6cm.
The procedure is performed by conventionally cutting the skin
and subcutaneous tissue, turning up the whole parotid masse-
ter fascia, exposing the superficial lobe of the parotid gland to
the upper-end sternocleidomastoid muscle, and then assisting in
identifying the facial nerve and surrounding important anatomi-
cal structures through endoscopy. After complete resection of the
tumor, close the operation area [40].

Compared with conventional open parotid surgery, endosco-
pic assisted parotid surgery has unique advantages. The length of
the incision assisted by the endoscope is significantly shorter than
that of traditional open surgery. The postoperative scar is smaller
and more hidden, which can meet the aesthetic requirements of
people. When undertaking endoscopic-assisted parotidectomy
for benign parotid tumors, the intraoperative endoscope enters
the operative area through a single incision, which provides a
clearer surgical field of view due to its illumination and magnifi-
cation, making the important surrounding anatomical structures
clearer and allowing the operator to easily identify the facial
nerve during the procedure, thus reducing the injury of the facial
nerve [41-43].

Some researchers believe that the endoscopically assisted in-
cision is small and excessive intraoperative bleeding will affect
the surgical field and the surgical effect. The use of an ultrasonic
scalpel makes up for this disadvantage. The high-frequency sound
wave outside the ultrasonic scalpel causes the local temperature
to rise, which promotes the coagulation of broken capillaries and
achieves the hemostatic effect [44-46]. However, if the operation
space is insufficient during the operation, the ultrasonic knife can-
not be used indiscriminately, because the heat generated by the
ultrasonic knife head will cause reversible damage to the nerve.
Generally speaking, it is safer to be 5mm away from the nerve.
Ultrasonic scalpel combined with endoscopic assisted surgery can
reduce the amount of intraoperative bleeding and shorten the
operation time. It can not only hide the operation area but also
operate simply and efficiently. It is worthy to be popularized in
the clinic [47,48].

Discussion

For the surgical approach to benign tumors in the superficial
lobe of the parotid gland, the retro auricular incision proposed in
this paper has the advantages of concealment and a good aesthe-
tic effect. The retro auricular cosmetic incision can meet the
surgical requirements of most superficial parotid gland tumors,
completely expose the tumor and ensure the radical cure of the
tumor. At the same time, the postoperative scar is not obvious,
which meets people’s pursuit of aesthetics. However, compared
with the conventional incision, the postoperative visual field of
the retro auricular cosmetic incision is smaller, the precision of
the operation is higher, and the flap needs to be opened with
greater force when turning over the flap, which is very demanding
for the operator and assistant.

For benign tumors located in the deep lobe of the parotid
gland, an approach to disconnect the mandible through the la-
teral cervical approach is proposed because the tumor protrudes
from the deep surface of the parotid gland into the parapharyn-
geal space. During the operation, the incision can be extended
according to the size and nature of the tumor, combined with the
cervical jaw and cervical parotid approach to complete the radi-
cal cure of the tumor. The proposed surgical approach for paro-
tid deep lobe tumors protruding to parapharynx overcomes the
shortcomings of poor visual field and unfavorable hemostasis of
the previous oropharyngeal approach, reduces the injury of the
facial nerve and improves the quality of life of patients [19].

Ear lobe numbness after parotid gland surgery is a common
symptom due to the amputation of the great auricular nerve
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[26,27]. To free the posterior inferior pole of the parotid gland,
conventional parotid surgery usually needs to cut off the great
auricular nerve. We found that preserving the branch of the great
auricular nerve into the earlobe does not affect the dissociation of
the lower pole of the parotid gland, which can ensure the radical
cure of the tumor. At the same time, the preservation of the great
auricular nerve will reduce the postoperative earlobe numbness
of patients. Even if some patients have postoperative earlobe
numbness, 85% can be recovered as long as the great auricular
nerve is not broken during the operation [28].

Both methods of facial nerve anatomy are possible under the
classical incision, but under the retro auricular cosmetic incision,
because the surgical field is small, the method of retrograde
method is relatively difficult, and the branch is thinner than the
trunk, which is difficult to distinguish and easy to be damaged du-
ring the operation. Although the position of the main trunk is rela-
tively fixed relative to the branch, there are some variations in its
position. Sometimes the operator is not familiar with the anato-
my of the facial nerve, which is easy to cause damage to the trunk,
and the consequences are more serious. Therefore, the operator
is required to have skilled facial nerve anatomy skills [25]. Under
the retroauricular cosmetic incision, we compared the probability
of postoperative facial paralysis caused by two different anatomi-
cal methods, and found that the anterograde method has a low
probability of facial paralysis and is more suitable for facial nerve
anatomy under the retroauricular cosmetic incision.

Conventional parotidectomy will lead to facial depression and
sweating syndrome [4,31], which seriously affects the social and
quality of life of patients. After years of clinical research, it is found
that the operation method of preserving parotid masseter fascia
can prevent 85% of taste sweating syndrome [28], which also puts
forward higher requirements for the operator, requiring the ope-
rator to preserve the integrity of parotid masseter fascia during
operation. Sternocleidomastoid muscle flap is a common repair
method, but the preparation of sternocleidomastoid muscle flap
sometimes leads to the injury of the accessory nerve, which also
limits the movement of patients’ neck after operation. At the
same time, the sternocleidomastoid muscle flap also has the di-
sadvantages of muscle end necrosis and incomplete hemostasis,
so it needs to be careful when selecting the sternocleidomastoid
muscle flap [33].

The repair film can prevent taste sweating syndrome and has
good biocompatibility, it has a poor effect on preventing facial de-
pression deformity, and the repair film will incur additional costs,
which is a burden for patients with poor economic condition. Pa-
rotid gland flap refers to the partial removal of parotid gland tis-
sue to retain the function of the remaining parotid gland tissue.
At the same time, the remaining parotid gland is fully free, and
then the remaining parotid gland is sutured and reset to achieve
the function of filling the defect area. The preparation of the pa-
rotid gland flap does not cause additional surgical trauma and has
fewer postoperative complications, which can meet the preven-
tion of depression deformity after the operation of most parotid
gland tumors. At the same time, we were surprised to find that a
parotid gland flap can also prevent the occurrence of taste swea-
ting syndrome. Keeping the integrity of parotid masseter fascia
during operation and combining parotid gland flap, the proba-
bility of postoperative gustatory sweating syndrome is very low.

However, sometimes when the tumor is large and the remaining
parotid tissue is small, it is difficult to prepare a parotid gland flap,
which needs to be combined with other repair methods. In gene-
ral, the parotid gland flap has good clinical application value.

The combined use of an endoscope and ultrasonic scalpel un-
der cosmetic incision is in line with the concept of minimally in-
vasive [42,48]. The incision of this technique is smaller than that
of conventional surgery, and the scar is more hidden. However,
there is still a lot of controversy about the indications for the use
of endoscopy. Some people believe that endoscopy is suitable for
tumors with a diameter of less than 4cm. If the tumor is too large
to be completely exposed and cannot be completely removed du-
ring the operation, it will lead to tumor replantation and recur-
rence. About this, | have not done a systematic research, which
needs to be improved in the later stage. The use of endoscope
assisted combined with an ultrasonic scalpel under the retroauri-
cular cosmetic incision requires the operator to have a more solid
basic skill of surgical operation, which also puts forward higher
requirements for the operator. In general, compared with tradi-
tional open surgery, this surgery is more reasonable in terms of
beauty, minimally invasive, and curative effect. It is an easy to pro-
mote, less traumatic, and practical surgical method [41].

Conclusion

Parotid tumor surgery has experienced a long development
process. The ultimate goal of surgery is to maximize the quality
of life of patients based on the eradication of tumors. In this pa-
per, we summarize the experience of applying post auricular cos-
metic incision, anterograde solution of profile nerve, preserving
of greater auricular nerve, preparating of parotid gland flap, and
using ultrasonic scalpel combined with an endoscope. The above
methods result in fewer complications and are also effective for
simultaneously ensuring parotid function and aesthetics, which
are worthy to be promoted in clinical practice.
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