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Abstract. This study aimed to compare the outcomes of three surgical techniques for
the treatment of patients with benign parotid tumours: superficial parotidectomy
(SP; group 1), partial superficial parotidectomy (PSP; group 2), and ultrasonic
scalpel-assisted minimal extracapsular dissection (US-MECD; group 3). Groups 1
and 2 received the conventional surgical technique, while group 3 underwent
surgery with an ultrasonic scalpel. A total of 281 patients treated during 2012–2016
were included: 98 in group 1, 91 in group 2, and 92 in group 3. The mean surgical
time and blood loss during surgery, as well as drainage time and amount, were
significantly lower for US-MECD (P < 0.01). The great auricular nerve and parotid
fascia were both preserved with US-MECD (P < 0.01), while the rate of capsule
rupture with US-MECD was slightly higher than in the other groups (P > 0.05).
There was less transient facial nerve paralysis and Frey syndrome with US-MECD
(P < 0.01). No significant difference in wound infection, sialocele, or permanent
facial nerve paralysis was observed among the three groups. Patients enrolled
during 2012–2013 were selected to evaluate the recurrence rates, and no statistically
significant differences were found among the groups. In conclusion, US-MECD
showed similar effectiveness and fewer side effects than SP and PSP. The long-term
effects of the new technique require further study.
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The parotid gland is the largest salivary
gland and has the greatest incidence of
benign tumours. More than 90% of benign
parotid tumours are located in the superfi-
cial portion1. Surgical resection is the
preferred treatment for parotid tumours,
but the techniques for surgical removal
have long been the subject of debate.
For many years, the superficial paroti-

dectomy (SP) was recommended due to
the low associated recurrence rate of
2–5%2. However, the frequencies of
complications and side effects after this
procedure are considerable. These risks
prompted surgeons to adopt less invasive
surgical techniques that had all of the
benefits of SP while limiting the draw-
backs.
ons. Published by Elsevier Ltd. All rights reserved.
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The partial superficial parotidectomy
(PSP) is a more functional approach for
benign parotid tumours3. The advantages
of PSP are the reduced amount of resected
normal parotid tissue, reduction in dissect-
ed facial nerve branches, and the preser-
vation of Stensen’s duct (no ligation)4,
resulting in better functional outcomes
and the same recurrence rate when com-
pared to SP5. Experience gained in the use
of PSP led to the recommendation of a
more limited technique named extracap-
sular dissection (ECD). This procedure
does not require the identification of the
main trunk of the facial nerve, and a cuff
of 2–3 mm of the normal parotid tissue is
left around the tumour. Results of studies
on the use of this technique showed that
the recurrence rate following ECD was the
same as those following SP and PSP,
while the morbidity was considerably re-
duced6,7.
With the development of surgical

instruments, the application of an ultra-
sonic scalpel (Harmonic System; Ethicon
Endo-Surgery, LLC, Guaynabo, Puerto
Rico, USA) in head and neck oncological
surgeries has been discussed by various
authors8–10. The ultrasonic scalpel is a
device that uses ultrasonic energy to cut
and coagulate the soft tissues at the same
time; therefore, no electrical energy is
transferred to the patient8. Ultrasonic scal-
pel-assisted minimal extracapsular dissec-
tion (US-MECD) is a new surgical
procedure for the treatment of benign
parotid tumours. The use of MECD, which
is approximately equivalent to meticulous
nodulectomy, further reduces the size of
the surgical defect and potential compli-
cations. Under the assistance of the ultra-
sonic scalpel, the surgical field remains
bloodless, thus facilitating the surgery and
reducing the surgical time by avoiding the
need for ligatures or electric coagulation
for haemostasis11,12.
The purpose of this study was to inves-

tigate the surgical variables, postoperative
complications, and recurrence rates of
three different procedures for benign pa-
rotid tumours.

Methods

Patient selection and data collection

This retrospective study was conducted in
three hospitals (First Affiliated Hospital of
Huzhou University; Ninth People’s Hos-
pital of the College of Stomatology at
Shanghai Jiao Tong University School
of Medicine; Second People’s Hospital
of Changshu) and included patients treated
during the years 2012–2016.
Patients with a histologically confirmed
benign tumour located in the superficial
parotid gland, with a tumour size of less
than 4 cm, were recruited. Patients with
bilateral parotid gland tumours or a history
of previous parotid surgery were excluded.
Those who had other systemic diseases or
for whom preoperative examinations were
lacking were also excluded. After apply-
ing the eligibility criteria, a total of 281
patients who underwent SP, PSP, or US-
MECD were included. These patients
were divided into three groups for analy-
sis. The study was approved by the ethics
committees of all three hospitals, and
written informed consent was obtained
from all study patients.
All of the included patients were evalu-

ated preoperatively with a clinical exami-
nation, ultrasonography of the bilateral
parotid regions, and contrast-enhanced
computed tomography (CT) or magnetic
resonance imaging (MRI), as well as fine
needle aspiration cytology (FNAC). The
tumour size before surgery was measured
by echography and CT imaging or MRI,
and the largest transverse diameter accord-
ing to the histopathology report was taken
into consideration. FNAC results were a
prerequisite for all of the enrolled patients,
and these were confirmed by the final
histological diagnosis.
The main variables measured during the

surgeries were the surgical time (recorded
as the interval between skin incision and
closure) and the volume of blood lost
during the surgeries. Postoperatively, the
total drainage time and amount were mea-
sured. Imaging examinations were per-
formed postoperatively according to a
programmed schedule, with ultrasonogra-
phy every 3 months for the first year, every
6 months for the second and third years,
and every year for the fourth and fifth
years. A CT scan or MRI was scheduled
yearly. Surgical complications were
assessed during the hospital stay and then
at 1, 3, 6, and 12 months after surgery.
Loss of sensation was assessed using a
wisp of cotton and a pinprick on the ear.
The House–Brackmann scale was used to
grade facial nerve function, and perma-
nent facial paralysis was defined as facial
paralysis lasting longer than 1 year. Ten
months after surgery, a subjective evalua-
tion for Frey syndrome was performed for
each patient, which included symptoms
such as sweating while eating, warming,
and flushing over the surgical field.

Surgical technique

The superficial parotidectomy (SP) tech-
nique begins with a pre-auricular and
submandibular incision. The skin flap is
lifted superficially to the parotid fascia.
The great auricular nerve is sacrificed, and
the facial nerve is dissected in a retrograde
fashion with the parotid duct ligated. After
resection of the tumour and superficial
lobe of the parotid gland with the parotid
fascia, the skin flap is sutured in place with
layered stitching to directly cover the
wound. The vacuum drainage is then
maintained for 3 to 5 days after the surgery
until the volume is less than 15 ml.
For the partial superficial parotidect-

omy (PSP), the incision is almost the same
as that used in the conventional SP. The
great auricular nerve is selectively pre-
served according to the position of the
tumour. The main trunk of the facial nerve
is identified, and branches close to the
tumour are carefully dissected. About
2 cm of parotid gland tissue surrounding
the tumour is completely removed, and the
facial nerve branches outside of the tu-
mour-bearing area are not extensively dis-
sected. The drainage method used in PSP
is the same as that used in SP13.
Ultrasonic scalpel-assisted minimal

extracapsular dissection (US-MECD) is a
highly functional technique for the treat-
ment of parotid gland tumours that uses an
advanced surgical instrument. A smaller
incision is used according to the position
of the tumour and the surgeon’s preference.
The skin flap is elevated to the level of the
parotid fascia up to 1 cm beyond the tu-
mour. The edge of the tumour is marked and
the parotid fascia is lifted away from the
tumour in a retrograde manner. The tumour
is then carefully mobilized with the ultra-
sonic scalpel exactly outside of the capsule,
ensuring that any tissue that is cut does not
have a facial nerve branch remaining within
it. Meanwhile, the tumour capsule is never
opened. If any difficulty is encountered
when mobilizing the tumour, the dissection
moves to a different location. When the
facial nerve is encountered, a careful dis-
section is applied to identify and preserve it.
During theprocedure, it is important that the
active vibrating terminal of the ultrasonic
scalpel is always in contact with the tumour
capsule, while the opposite terminal should
always be in contact with the parotid gland
tissue, making sure that damage to the facial
nerve is avoided. The parotid fascia is su-
tured back after tumour resection, and vac-
uum drainage is also applied.
All three surgical techniques were per-

formed at each of the hospitals that took
part in this study. Conventional techni-
ques, such as monopolar and bipolar elec-
trocautery, were performed in the SP and
PSP groups. The ultrasonic scalpel was
only used in patients in the US-MECD
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group. All surgeons were highly experi-
enced and trained within the same system,
thus the same standard of surgery was
maintained.

Postoperative management

A pressure bandage was applied and chan-
ged daily over the first few days after the
surgery. Antibiotic therapy was not rou-
tinely given. The patients were asked
about any sensory disturbances each
day, and were examined clinically and
then sonographically if any abnormalities
of the wound were detected, in order to
identify or exclude seroma or haematoma.
Antibiotic therapy was given if necessary.
The patients were followed up via regular
visits to the outpatient departments, at 3-
month intervals, so even late complica-
tions could be detected.

Statistical analysis

The statistical analysis was conducted using
GraphPad Prism 5.0 for Windows (Graph-
Pad Software, Inc., La Jolla, CA, USA).
Results were expressed as the incidence or
mean and standard deviation. Analysis of
variance (ANOVA) was used for multiple
group comparisons. The x2 test was used
for the analysis of categorical data. Logistic
regression analysis was performed to iden-
tify the better surgery. P < 0.05 was con-
sidered to be statistically significant.

Results

The demographic characteristics of the
study patients and tumour characteristics
are described in Table 1. SP was per-
Table 1. Demographic and tumour characteristi

Typ

SP
(n = 98) (

Age (years)b 48 � 19 4
Sex ratio (M:F) 53:45 4
Mean follow-up (months) 27 � 10 2
Tumour size (cm) 2.7 � 0.8 2
Pathology 

Pleomorphic adenoma (%) 58 (59.2) 5
Warthin’s tumour (%) 28 (28.6) 2
Basal cell adenoma (%) 7 (7.1) 4
Cystic lesions (%) 3 (3.1) 2
Lymph node (%) 2 (2.0) 1

Tumour location 

Pre-auricular (%) 45 (45.9) 4
Tail (%) 30 (30.6) 2
Retromandibular (%) 23 (23.5) 1

F, female; US-MECD, ultrasonic scalpel-assisted
PSP, partial superficial parotidectomy; SP, supe

aData are presented as the mean � standard 

bAge at initial presentation.
formed in 98 patients (34.9%) and PSP
was performed in 91 patients (32.4%),
while US-MECD was performed in 92
patients (32.7%). The age and sex ratios
were similar in the three groups, and the
mean follow-up time was also the same in
the three groups. Histological examination
of the surgical specimen agreed with the
FNAC result in all of the patients, con-
firming the diagnosis of the different types
of benign parotid tumour. The location of
the tumours was divided into three regions
of the parotid gland: pre-auricular, tail,
and retromandibular.
Table 2 illustrates the surgical data and

variables, as well as the postoperative
complications in the early and late stages.
The great auricular nerve was sacrificed

in all patients in the SP group, while it was
sacrificed in 31 patients in the PSP group,
owing to large tumours or close resection
margins. In contrast, the great auricular
nerve was preserved in all patients treated
with US-MECD (P < 0.01). The parotid
fascia was totally or partially removed
with the parotid parenchyma in the
patients in the SP and PSP groups, but
was preserved in all of the patients in the
US-MECD group (P < 0.01). No intraop-
erative capsule ruptures occurred in the
patients treated with SP, but rupture oc-
curred in one of the patients treated with
PSP and in two of the patients treated with
US-MECD (P = 0.3457). The three
patients with a ruptured tumour capsule
all had it managed with thorough irriga-
tion and a meticulous removal of any
tumour particles. The facial nerve branch
was unintentionally damaged in four
patients in the SP group, two patients in
the PSP group, and two patients in the
cs for the patients enrolled in the studya.

e of surgery
x2 P-value

PSP
n = 91)

US-MECD
(n = 92)

9 � 16 49 � 17 – 0.9461
9:42 49:43 – 0.9933
8 � 11 28 � 10 – 0.9649
.6 � 0.7 2.6 � 0.8 – 0.9205

1.695 0.989
9 (64.8) 60 (65.2)
5 (27.5) 24 (26.1)
 (4.4) 5 (5.4)
 (2.2) 2 (2.2)
 (1.1) 1 (1.1)

0.2529 0.9926
4 (48.3) 42 (45.7)
8 (30.8) 29 (31.5)
9 (20.9) 21 (22.8)

 minimally extracapsular dissection; M, male;
rficial parotidectomy.
deviation, or as the number (%).
US-MECD group due to the adhesion of
the tumour and facial nerve (P = 0.6605).
The mean surgical time was significant-

ly shorter in the patients treated with US-
MECD compared with the patients treated
with SP or PSP (P < 0.01). The mean
blood loss during the surgery was less in
the US-MECD group than in the other two
groups, and this difference was statisti-
cally significant (P < 0.01). Likewise, a
significant difference was observed in
both the postoperative drainage time and
volume between the US-MECD group and
the SP and PSP groups (P < 0.01).
There was a significantly lower occur-

rence of decreased peri-auricular sensa-
tion in the early and late postoperative
stages in the patients treated with US-
MECD compared to those treated with
SP or PSP (P < 0.01). Transient facial
nerve paralysis was observed in five of
the patients in the US-MECD group, and it
was significantly more frequently ob-
served in the patients in the other two
groups (5.4% vs. 37.8% and 18.7%,
P < 0.01). A full recovery of facial nerve
function in these patients occurred be-
tween 1 and 6 months after the surgery,
but two patients in the US-MECD group,
as well as five patients in the SP group and
two patients in the PSP group, still suf-
fered permanent facial nerve paralysis
(2.2% vs. 5.1% and 2.2%, P = 0.4167)
after 1 year of follow-up. No significant
differences in wound infection, salivary
fistula (defined as salivary flow lasting
more than 1 week), or local pain were
observed among the three groups: 0%
vs. 3.1% and 1.1% (P = 0.1949), 0% vs.
2% and 1.1% (P = 0.3921), and 0% vs.
6.1% and 3.3% (P = 0.0567), respectively.
A total of 149 patients who were treated

from 2012 to 2013 were selected to com-
pare the recurrence rate in each group
from the long-term follow-up (Table 3).
The ages, tumour sizes, and mean follow-
up periods (nearly 3 years) of these
patients were similar (P = 0.988, 0.824,
and 0.762, respectively). Two patients
suffered overall recurrence, one in the
SP group and the other in the PSP group;
none of the patients in the US-MECD
group suffered overall recurrence. The
tumour pathology for both patients with
recurrence was pleomorphic adenoma.
The difference in overall recurrence rates
among these groups was not statistically
significant (P = 0.769).

Discussion

Surgery for benign parotid tumours is a
widely used procedure, but the specific
extent is still controversial. With the cur-
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Table 2. Surgical variables and complications after surgerya.

Type of surgery
x2 P-value

SP
(n = 98)

PSP
(n = 91)

US-MECD
(n = 92)

Preservation of GAN (%) 0 (0) 60 (65.9) 92 (100) 198.7 <0.01
Preservation of parotid fascia (%) 0 (0) 0 (0) 92 (100) 281 <0.01
Capsular rupture (%) 0 (0) 1 (1.1) 2 (2.2) 2.124 0.3457
Damage to facial nerve branch (%) 4 (4.1) 2 (2.2) 2 (2.2) 0.8294 0.6605
Surgical time (min) 71.8 � 6.4 59.0 � 5.7 52.9 � 5.2b,c – <0.01
Surgical blood loss (ml) 63.2 � 8.9 44.1 � 4.1 21.3 � 3.4b,c – <0.01
Drain time (h) 60.8 � 7.0 57.8 � 4.1 31.0 � 3.9b,c – <0.01
Drainage amount (ml) 66.7 � 9.4 47.7 � 7.3 16.5 � 2.8b,c – <0.01

Postoperative
Decreased sensation (%) 98 (100) 70 (76.9) 27 (29.3)c 125.1 <0.01
Transient facial nerve paralysis (%) 37 (37.8) 17 (18.7) 5 (5.4)b,c 30.32 <0.01
Wound infection (%) 3 (3.1) 1 (1.1) 0 (0) 3.27 0.1949
Sialocele (%) 2 (2.0) 1 (1.1) 0 (0) 1.872 0.3921

1 year after surgery
Decreased sensation (%) 23 (23.5) 11 (12.1) 3 (3.3)b,c 17.09 <0.01
Frey syndrome (%) 31 (31.6) 15 (16.5) 0 (0) 34.68 <0.01
Local pain (%) 6 (6.1) 3 (3.3) 0 (0) 5.741 0.0567
Permanent facial nerve paralysis (%) 5 (5.1) 2 (2.2) 2 (2.2) 1.751 0.4167

GAN, great auricular nerve; US-MECD, ultrasonic scalpel-assisted minimally extracapsular
dissection; PSP, partial superficial parotidectomy; SP, superficial parotidectomy.

a Data are presented as the mean � standard deviation or number (%). Analysis performed
using analysis of variance (ANOVA) and univariate logistic regression.

bP < 0.05 for comparison of SP vs. MECD subgroups.
cP < 0.05 for comparison of PSP vs. MECD subgroups.

Table 3. Recurrence rate for patients included from 2012 to 2013a.

Type of surgery
P-value

SP
(n = 51)

PSP
(n = 48)

US-MECD
(n = 50)

Age (years) 47.2 � 18.5 47.6 � 16.1 47.4 � 16.5 0.988
Tumour size (cm) 2.5 � 0.8 2.5 � 0.8 2.6 � 0.8 0.824
Mean follow-up (months) 34.9 � 7.9 36.1 � 7.7 35.3 � 7.4 0.762
Recurrence (%) 1 (2.0) 1 (2.1) 0 (0) 0.769

US-MECD, ultrasonic scalpel-assisted minimally extracapsular dissection; PSP, partial super-
ficial parotidectomy; SP, superficial parotidectomy.

a Data are presented as the mean � standard deviation or number (%).
rent assurance of a low recurrence rate, the
focus of surgical techniques has shifted to
the management of functional outcomes.
Examples of these advances in surgical
technique include PSP and ECD, which
have been described in many articles in
the literature as being able to reduce mor-
bidity and the surgical time without
compromising the recurrence rate3,14–16.
However, the complications following pa-
rotid surgery assisted by an ultrasonic scal-
pel versus those following conventional
procedures have rarely been discussed.
MECD further reduces the amount of

resected normal tissue around the tumour
compared to ECD. As reported in the
literature, tumour recurrence can be re-
duced to less than 2% if the tumour is
located within 1 mm of the margin. A thin
connective tissue layer is sufficient to
prevent recurrence17. Therefore, the ultra-
sonic scalpel was introduced into our ap-
proach to benign parotid tumours.
The main advantage of the ultrasonic

scalpel is that the surgical field remains
bloodless, allowing the tumour to be dis-
tinguished from the surrounding tissue.
Bleeding in the surgical field, especially
adjacent to the nerve, can make the pro-
cedure complicated and lead to a pro-
longed surgical time18. In addition, the
width of the vibrating terminal is approxi-
mately 2 mm, which technically means
that approximately 2 mm of tissue around
the tumour will be resected. In other
words, the real margin of the US-MECD
procedure is at least 2 mm around the
tumour capsule, which could explain the
low rate of recurrence observed in the
patients in this study19.
Of the50patients in thisstudy treatedwith

US-MECD during the years 2012–2013
(with a follow-up period ranging from 24
to 48 months), none suffered from recur-
rence. This result indicates that US-MECD
leads to a similar, or even better, recurrence
ratewhencomparedwithSP(2.0%)andPSP
(2.1%). However, a limitation of this study
was its relatively short follow-up duration.
Since recurrent pleomorphic adenoma can
present between 7 and 10 years after treat-
ment20,21, the recurrence rate of all of the
patients enrolled should be analysed for a
longer period postoperatively for further
assessment.
The potential complications resulting

from parotid surgery are the main con-
cerns of the patient and the most crucial
one is facial nerve paralysis. Usually, a
more complete parotidectomy results in a
higher rate of transient facial nerve dys-
function22. According to a large cohort
study, 1.9% of patients developed perma-
nent facial nerve paralysis after ECD and
9.8% of patients after non-ECD proce-
dures23. The present study results high-
light the advantages of the ultrasonic
scalpel over monopolar or bipolar electro-
cautery and the limited range of the surgi-
cal technique. Since the ultrasonic scalpel
does not transmit electricity and the eschar
and desiccation are minimal, it is unlikely
to stimulate the nerves or muscles, result-
ing in a reduction in postoperative com-
plications19. In this study, the patients with
permanent facial nerve paralysis after US-
MECD were carefully reviewed. The rel-
atively large size of the tumour and rup-
ture of the tumour capsule are likely to
have been the causes of the iatrogenic
nerve injury. Although the data obtained
from the current study did not demonstrate
a significant difference in postoperative
facial nerve function among the three
groups, a larger sample size is required
to provide better evidence of a trend.
There is a growing consensus in the

surgical literature about the importance
of minimizing intraoperative blood loss.
Furthermore, minimizing the surgical time
and blood loss are important for reducing
the occurrence of postoperative complica-
tions. The results of this study showed
significant reductions in the surgical time,
blood loss, and postoperative drain time
and drainage amount in the patients in the
US-MECD group compared to the patients
in the conventional technique groups.
These results could be explained by the
fact that all of the parts of the surgical
procedure were performed using the ultra-
sonic scalpel. Furthermore, the reduction
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in postoperative drainage can be consid-
ered significant proof that coagulation is
also efficient.
Frey syndrome (gustatory sweating) can

occur after any parotid surgery, causing
embarrassment and reduced quality of
life24. One of the most recognized risk
factors for this syndrome is the amount
of parotid gland tissue removed with dis-
ruption of the parotid fascia5,25. A preven-
tive technique involves the placement of a
barrier between the bare postganglionic
parasympathetic nerve fibres and the
sweat glands of the skin flap. In the current
study, US-MECD resulted in a minimal
loss of parotid gland tissue around the
tumour, and the parotid fascia was pre-
served and sutured back after the resection
of the tumour. These procedures appeared
to provide a highly effective barrier, with-
out the need for additional surgery or an
increased financial burden for the patient.
Thus, it is not surprising that the incidence
of Frey syndrome following US-MECD is
much lower than the incidence following
the conventional procedures. However,
the low rate of Frey syndrome reported
here is solely based on patient reporting –
no objective testing was performed. Sub-
jective reporting is known to significantly
underestimate the rate of Frey syndrome,
which has symptoms that may take up to a
year or longer to develop.
This study had certain limitations. First

and foremost, tumour recurrence is con-
sidered a devastating outcome of func-
tional parotid gland surgery in
consideration of facial nerve injury and
the preservation of parotid gland tissue,
and a longer follow-up period is required
for future study. The functional changes
of the parotid gland should be evaluated
and compared before and after surgery.
This could be done using salivary gland
scintigraphy (SGS), a non-invasive ap-
proach that provides a quantitative eval-
uation4. Meanwhile, more objective
measurements should also be conducted
for the evaluation of Frey syndrome and
peri-auricular sensation, such as the Mi-
nor starch–iodine test and the sensory
index score26.
In conclusion, this study found that US-

MECD appeared to confer superior out-
comes over SP and PSP for the manage-
ment of benign tumours located in the
superficial parotid gland with a diameter
of less than 4 cm. Notably, this technique
should be performed by experienced sur-
geons who are skilled in dissection of the
facial nerve, while the incompletely de-
fined long-term risks of recurrence should
also be considered. Further validation
in large-scale multicentre randomized
controlled trials is warranted to determine
the optimal treatment of benign parotid
tumours.
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