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INTRODUCTION

Surgical resection is the primary treatment for parotid 
gland tumors; however, risk of facial nerve (FN) palsy is a 
concerning complication [1–5]. For small and superficial 
tumors, the incidence of FN palsy (FNP) is < 5% [6,7]. 
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Objective: The intra-parotid facial nerve (FN) can be visualized using three-dimensional double-echo steady-state water-
excitation sequence magnetic resonance imaging (3D-DESS-WE-MRI). However, the clinical impact of FN imaging using 
3D-DESS-WE-MRI before parotidectomy has not yet been explored. We compared the clinical outcomes of parotidectomy in 
patients with and without preoperative 3D-DESS-WE-MRI.
Materials and Methods: This prospective, non-randomized, single-institution study included 296 adult patients who underwent 
parotidectomy for parotid tumors, excluding superficial and mobile tumors. Preoperative evaluation with 3D-DESS-WE-MRI was 
performed in 122 patients, and not performed in 174 patients. FN visibility and tumor location relative to FN on 3D-DESS-
WE-MRI were evaluated in 120 patients. Rates of FN palsy (FNP) and operation times were compared between patients with 
and without 3D-DESS-WE-MRI; propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) were 
used to adjust for surgical and tumor factors.
Results: The main trunk, temporofacial branch, and cervicofacial branch of the intra-parotid FN were identified using 3D-DESS-
WE-MRI in approximately 97.5% (117/120), 44.2% (53/120), and 25.0% (30/120) of cases, respectively. The tumor location 
relative to FN, as assessed on magnetic resonance imaging, concurred with surgical findings in 90.8% (109/120) of cases. Rates 
of temporary and permanent FNP did not vary between patients with and without 3D-DESS-WE-MRI according to PSM (odds 
ratio, 2.29 [95% confidence interval {CI} 0.64–8.25] and 2.02 [95% CI: 0.32–12.90], respectively) and IPTW (odds ratio, 1.76 
[95% CI: 0.19–16.75] and 1.94 [95% CI: 0.20–18.49], respectively). Conversely, operation time for surgical identification of FN 
was significantly shorter with 3D-DESS-WE-MRI (median, 25 vs. 35 min for PSM and 25 vs. 30 min for IPTW, P < 0.001).
Conclusion: Preoperative FN imaging with 3D-DESS-WE-MRI facilitated anatomical identification of FN and its relationship to 
the tumor during parotidectomy. This modality reduced operation time for FN identification, but did not significantly affect 
postoperative FNP rates.
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However, in large, deep-seated, and malignant tumors, it 
is > 30% [6–8]. In addition, revision parotidectomy and 
wide extent of surgery are well-known risk factors for FNP 
[2,3,9–11].

Several measures have been adopted to prevent FN injury 
during a parotidectomy. Antegrade dissection of the intra-
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Based on the potential increased risk of FNP in 
parotidectomy, 3D-DESS-WE-MRI was performed. This 
procedure was more likely to be prescribed in complex 
cases with multiple risk factors; therefore, it was performed 
for large tumors (≥ 2 cm diameter on CT scans), tumors 
located medially to a line parallel to the lateral edge of the 
retromandibular vein on axial CT images, tumors suspicious 
of malignancy (by cytology or biopsy), and cases for 
revision surgery [7]. However, the final decision was made 
considering clinical factors and the surgeon’s experience. 
Consequently, 174 patients did not undergo 3D-DESS-WE-
MRI (referred to as the MRI [-] group), and 122 patients 
underwent 3D-DESS-WE-MRI (referred to as the MRI [+] 
group). The MRI (-) group did not undergo any MRI imaging 
of the head and neck region, including 3D-DESS-WE-MRI.

To evaluate surgical outcomes of parotidectomy, cases 
where the FN was intentionally sacrificed for oncological 
safety (n = 26) were excluded. Therefore, for outcome 
analysis, we only included patients managed with the 
intention of preserving FN function, resulting in 165 
patients in the MRI (-) group and 105 patients in the MRI (+) 
group (Fig. 1).

Imaging Techniques and Surgical Procedures 
(Parotidectomy)

MRI techniques were similar to those described previously 
[27]. The details are described in the Supplementary 
Methods section. 

Anatomical Visibility of 3D-DESS-WE-MRI
The tumor location relative to the entire range of the 

visible FN was determined on 3D-DESS-WE-MRI images (Fig. 
2). All magnetic resonance (MR) scans were anonymized and 
randomly evaluated by two independent neuroradiologists. 
Any disagreement in MR evaluation was resolved by a 
consensus with joint interpretation.

First, we evaluated visibility of the main trunk, 
temporofacial division, and cervicofacial division of the 
intra-parotid FN on the affected side, as well as inter-
observer agreement. Tumors were divided into three 
subgroups: superficial lobe tumors, located entirely lateral 
to the FN, deep-lobe tumors, located entirely medial to the 
FN, and both-lobe tumors, spanning both medial and lateral 
areas. The anatomical location between the tumor and main 
trunk of the FN on 3D-DESS-WE-MRI images was evaluated 
and compared with surgical findings (Fig. 3).

parotid FN using surgical landmarks is a common approach 
[12,13]. Intraoperative FN monitoring is an essential tool 
for identifying and preserving the intra-parotid FN [14–18].

Magnetic resonance imaging (MRI) with a particular 
sequence, including a three-dimensional double-echo steady 
state water-excitation (3D-DESS-WE) sequence, has been used 
to directly visualize the intra-parotid FN [19-25]. Previous 
studies have reported that 3D-DESS-WE-MRI can more 
successfully predict the FN-tumor anatomical relationship 
than conventional indirect prediction methods [26,27]. 

In addition to the improved imaging ability for the FN 
using 3D-DESS-WE-MRI, the clinical impact of FN imaging 
using MRI before parotidectomy remains to be explored. We 
hypothesized that preoperative FN imaging with 3D-DESS-
WE-MRI reduces postoperative FN weakness associated 
with parotidectomy. This is because it provides an accurate 
depiction of the FN-tumor relationship, allowing for optimal 
surgical planning. Thus, this prospective study was conducted 
to compare surgical outcomes of parotidectomy between 
patients with and without preoperative FN imaging using 
3D-DESS-WE-MRI, and to investigate its clinical impact. 

MATERIALS AND METHODS

Study Design
This prospective, non-randomized study compared surgical 

outcomes of parotidectomy for benign and malignant tumors 
between patients with and without preoperative FN imaging 
using 3D-DESS-WE-MRI. The study protocol was approved by 
the Institutional Review Board of Samsung Medical Center 
prior to patient enrollment (SMC-IRB-No. 2017-07-084-003) 
and registered in the clinical trial registry (ClinicalTrials.
gov-ID-NCT03822728). All study subjects completed a 
written informed consent form.

Inclusion, Exclusion, and Patient Allocation
Patients with parotid gland tumors were initially evaluated 

via cytology, core-needle biopsy, and computed tomography 
(CT). Surgical cases were screened for enrollment in this 
study (n = 420) (Fig. 1). Patients older than 18 years who 
could tolerate surgery and anesthesia were included. We 
excluded patients with no clear need for FN identification 
or dissection during parotidectomy (superficial and 
mobile tumors < 2 cm in diameter on diagnostic imaging 
and palpation), and those who underwent extracapsular 
dissection of tumors without identification of the FN main 
trunk (n = 124).
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Surgical and Tumor Variables for Analyses
Baseline clinical factors of patients were sex and age 

at the time of surgery. Surgical factors included the 
surgeon, extent of surgery, and whether revision parotid 
surgery was performed. Tumor factors included tumor size, 
multiplicity, location, and pathology according to surgical 
or pathological results. The details are described in the 
Supplementary Methods section.

 
Outcome Measurement

We evaluated the operation time for each surgery to 
indirectly investigate the assistive role of 3D-DESS-WE-MRI, 
focusing on two specific times (Supplementary Fig. 1). The 
first was the time required for FN identification, measured 
from the end of flap elevation to FN identification of the 
main trunk (or temporofacial or cervicofacial branches in 
some partial parotidectomy cases). The second was the time 
for FN dissection and parotid tumor removal, which was the 

duration from FN identification to the end of FN dissection 
and final tumor removal from the parotid bed. 

Regarding FN outcomes, FNP incidence was categorized 
as temporary or permanent. None of the enrolled patients 
manifested preoperative FN weakness. Postoperatively, any 
weakness in ipsilateral facial motion (forehead wrinkling, 
eye closure, nasolabial fold, and lip motion) was recorded 
and considered temporary FNP. Follow-ups for benign 
tumors were performed at 3 and 12 months postoperatively, 
and those for malignant tumors were conducted every 3–6 
months for 5 years. FNP persisting for approximately 12 
months was regarded as permanent FNP. 

Statistical Analyses
For deep-seated parotid tumors, FN weakness has been 

reported in approximately 10.3%–25.6% of patients after 
parotidectomy [7]. Thus, we hypothesized that incidence 
would decrease from 25.0% to 10.0% with preoperative 

Diagnostic work-ups for parotid tumors 
Cytology or core biopsy, CT or US

Parotid tumors scheduled for surgery 
  (n = 420)

Non-randomized allocation 
  (Surgeon’s decision) (n = 296)

Parotidectomy ± neck dissection

Outcome analysis

  PS matching (n = 68 & 65)
  IPTW analysis (n = 133 & 83)

Exclusion:
  FN sacrifice (n = 9)

Exclusion:
  FN sacrifice (n = 17)

Exclusion:
  Superficial mobile tumors (n = 124)

Evaluation of anatomical 
  visibility of 3D-DESS-WE-MRI
  (n = 120)

Exclusion (n = 2):
  Insufficient clinical information

3D-DESS-WE-MRI (-) 
(n = 174)

3D-DESS-WE-MRI (+) 
(n = 122)

3D-DESS-WE-MRI (-) 
(n = 165)

3D-DESS-WE-MRI (+) 
(n = 105)

Fig. 1. Study flow diagram. CT = computed tomography, US = ultrasonography, 3D-DESS-WE-MRI = three-dimensional double-echo steady-
state water-excitation sequence magnetic resonance imaging, FN = facial nerve, PS = propensity score, IPTW = inverse probability of 
treatment weighting
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FN imaging (MRI) during parotidectomy. This calculation 
yielded 100 cases per group (1:1 ratio) with an alpha 
error of 0.05 and a statistical power of 80.0%. Considering 
dropout rates, we enrolled a minimum of 120 patients in 
each group.

Continuous variables were compared using Student’s t-test 
or Wilcoxon’s rank sum test. Categorical variables were 
compared using Pearson’s chi-square test or Fisher’s exact 
test. Inter-observer agreement on detectability of the intra-
parotid FN between two observers was calculated using 
kappa (κ) statistics. 

A multivariable logistic regression model was used to 
obtain propensity scores (PSs) for each participant. Patient 
grouping (with or without 3D-DESS-WE-MRI) was used as 
the dependent variable in PS modeling. There were eight 
independent variables: host factors (age and sex), surgical 

factors (surgeons and revision surgery), and tumor factors 
(size, multiplicity, tumor location, and pathology). Surgical 
extent was not included as an independent variable in 
the analysis (multicollinearity), as it could be affected by 
other tumor factors (tumor size, location, or malignancy). 
Furthermore, clinical findings such as tumor fixation or 
mobility were highly dependent on tumor size and location; 
therefore, these variables were excluded from the adjusted 
matching model. Additionally, we adjusted for the potential 
mediator effect of surgical extent, to estimate the relative 
impact of intervention (3D-DESS-WE-MRI) on operation time 
and FN outcomes. PS was used to produce a 1:1 matching 
cohort. The nearest-neighbor matching algorithm without 
replacement was considered using a caliper 0.1 with a standard 
deviation of the logit of PS. After all PS matching, differences 
in variables between the two groups were compared by 

Fig. 2. Representative images of 3D-DESS-WE-MRI in a case with a left parotid gland tumor (pleomorphic adenoma). A, B: Serial axial 
scans. C, D: coronal scans. The arrows indicate the main trunk (A, C) or the cervicofacial branch (B, D) of the intra-parotid facial nerve. 
Asterisks indicate tumor. 3D-DESS-WE-MRI = three-dimensional double-echo steady-state water-excitation sequence magnetic resonance 
imaging

A

C

B

D
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standardized mean differences, and values ≥ 0.1 were defined 
as a meaningful imbalance [28,29]. To reduce the influence 
of possible confounding variables, we used inverse 
probability of treatment weighting (IPTW) in addition to 
PS-matched analysis. Stabilized weights were estimated to 
reduce the weights of either treated participants with low 
PS or untreated participants with high PS. Weights were 
trimmed to the lower 10% and upper 90% [30-32].

In the PS-matched cohort, outcomes between groups 
were compared using regression analyses, including logistic 
regression with generalized estimating equations [33]. The 

outcomes were operation time (time to FN identification 
and time to tumor removal) and rate of FNP (temporary or 
permanent). Statistical significance was set at a two-sided 
P-value of < 0.05. Data analyses were conducted using R 
4.0.4 (The R Foundation; https://www.R-project.org/).

RESULTS

Patient Characteristics and Risk Factors for FNP
Clinical and tumor characteristics of the overall study 

group and MRI (+) and MRI (-) groups are summarized in 

Fig. 3. Comparison of 3D-DESS-WE-MRI images and surgical findings. A, B: Superficial-lobe tumor. The left parotid gland tumor (asterisk) 
is located lateral to the facial nerve (arrows), indicating a superficial-lobe tumor. An intraoperative photograph (B) taken after tumor 
removal demonstrates the facial nerve (arrow) located deep to the tumor. C, D: Deep-lobe tumor. The tumor in the right parotid 
gland (asterisk) is located medial to the facial nerve (arrow), indicating a deep-lobe tumor. An intraoperative photograph (D) clearly 
demonstrates the tumor (asterisk) located deep to the facial nerve (arrows). 3D-DESS-WE-MRI = three-dimensional double-echo steady-
state water-excitation sequence magnetic resonance imaging

A

C

B

D

https://www.R-project.org/
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Table 1. The main parotid surgeon (#1) prescribed more 
3D-DESS-WE-MRI for parotid tumor patients. Tumors in the 
MRI (+) group were larger in size, deeper in location, more 
malignant, and had a wider surgical extent (parotidectomy). 
Therefore, unadjusted apparent incidences of temporary and 
permanent FNP were higher in the MRI (+) group (24.8% 
and 15.2%, respectively) than in the MRI (+) group (2.4% 
and 1.2%, respectively).

To compare our findings with those of previous reports, we 
reviewed incidence of FNP in the entire patient group (with 
and without MRI intervention) (Supplementary Table 1). 
As expected, tumor factors such as tumor size (P = 0.008, 
temporary FNP), tumor location (P = 0.001, temporary FNP; 
P = 0.014, permanent FNP), and pathology (malignant 
tumors) (P < 0.001, temporary FNP; P < 0.0001, permanent 
FNP) were significant risk factors for FNP. Additionally, 
3D-DESS-WE-MRI was a significant factor for FNP in 
multivariable analyses (P = 0.002, temporary FNP; P = 0.01, 

permanent FNP) (Supplementary Table 2).

Anatomical Visibility of 3D-DESS-WE-MRI
In patients with preoperative 3D-DESS-WE-MRI, excluding 

two cases without adequate surgical descriptions (n = 120), 
we evaluated the MRI depiction of FN and tumor location. 
According to the consensus interpretation, preoperative 
FN imaging identified the main trunk and temporofacial 
and cervicofacial branches of the intra-parotid FN in 97.5% 
(117/120), 44.2% (53/120), and 25.0% (30/120) of cases, 
respectively. Inter-observer agreement was excellent for 
detection of the main trunk (κ = 1) and good for detection 
of the temporofacial (κ = 0.79) and cervicofacial (κ = 0.70) 
divisions.

Surgical findings revealed 57 superficial-lobe, 18 deep-
lobe, and 45 both-lobe tumors. Concordance of the tumor 
location relative to the FN as assessed on 3D-DESS-WE-MRI 
with the surgical findings was 90.8% (109/120) (Table 2).

Table 1. Clinical and tumor characteristics of enrolled patients

Variables
Before PS matching After PS matching

MRI (-)
(n = 165)

MRI (+)
(n = 105)

P SMD
MRI (-)
(n = 65)

MRI (+)
(n = 65)

P SMD

Age, yr 51.4 ± 13.9 47.4 ± 13.4 0.034* -0.26 49.0 ± 14.5 46.9 ± 15.3 0.429* -0.13
Sex

Male 89 (53.9) 35 (33.3) 0.001 -0.44 25 (38.5) 27 (41.5) 0.858 0.07
Female 76 (46.1) 70 (66.7) 40 (61.5) 38 (58.5)

Surgical factors
Surgeons

Surgeon #1 99 (60.0) 93 (88.6) < 0.001 0.9 56 (86.2) 55 (84.6) > 0.999 -0.05
Surgeon #2–3 66 (40.0) 12 (11.4) 9 (13.8) 10 (15.4)

Revision surgery
Yes 5 (3.0) 3 (2.9) > 0.999† -0.01 3 (4.6) 2 (3.1) > 0.999† -0.09

Tumor factors
Size, median (IQR), cm 2.7 (2.3 to 3.5) 3.5 (2.9 to 4.0) < 0.001‡ 0.43  3.0 (2.3 to 4.0)  3.1 (2.7 to 3.6) 0.212‡ 0.07
Multiplicity

Yes 7 (4.2) 5 (4.8) > 0.999† 0.02 4 (6.2) 2 (3.1) 0.680† -0.14
Tumor location

Superficial lobe 133 (80.6) 54 (51.4) < 0.001 -0.59 42 (64.6) 42 (64.6) 1.000 < 0.01
Deep or both lobe  32 (19.4) 51 (48.6) 23 (35.4) 23 (35.4)

Pathology
Benign 144 (87.3) 77 (73.3) 0.006 0.32 51 (78.5) 55 (84.6) 0.498 -0.14
Malignancy 21 (12.7) 28 (26.7) 14 (21.5) 10 (15.4)

Values are presented as mean ± standard deviation or n (%) unless otherwise indicated. Surgeon factor: Surgeon #1: parotid surgery 
> 100/year, surgical experience in the head and neck field = 20 years, Surgeon #2: parotid surgery = 20–30/year, surgical experience in 
the head and neck field = 25 years, Surgeon #3: parotid surgery = 20–30/year, surgical experience in the head and neck field = 15 years. 
Temporary FNP: < 6 months after parotidectomy, Permanent FNP: persistent FNP at 6–18 months after parotidectomy. Operation time: See 
Supplementary Fig. 1. Statistical tests without symbols used Pearson’s Chi-squared test.
*Student T-test, †Fisher’s exact test for count data, ‡Wilcoxon’s rank-sum test.
PS = propensity score, MRI = magnetic resonance imaging, SMD = standardized mean difference, IQR = interquartile range, FNP = facial 
nerve palsy
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Impact of Preoperative FN Imaging on the Operation 
Time and FNP

PS matching and IPTW were used to adjust for unequal 
distribution of risk factors for FNP in the two groups. PS 
matching methods resulted in relatively well-adjusted 
comparison groups, as confirmed by paired histograms and 
love plots (Supplementary Fig. 2). PS matching resulted in 
65 patients in both groups (Table 1, Supplementary Table 3). 
Consequently, the standardized mean differences of matching 
variables were < 0.15 (Table 1, Supplementary Table 4). 
The stabilized IPTW model led to a pseudo-population 
of the two comparison groups: n = 132.6 in the MRI (-) 
group and n = 83.1 in the MRI (+) group (Supplementary 
Table 3). Standardized mean differences in IPTW matching 

variables were < 0.11, except for one case (revision surgery) 
(Supplementary Table 4). 

In the PS-matched and IPTW comparisons, operation time 
for FN identification in the MRI (+) group was significantly 
shorter than that in the MRI (-) group (P < 0.001) (Table 3). 
Conversely, operation time for FN dissection and tumor removal 
was not significantly different between the groups with and 
without MRI after PS matching or IPTW (Table 3). 

Considering the mediating effect of surgical extent on 
FN outcomes, PS matching and stabilized IPTW methods 
revealed that temporary and permanent FNP rates were not 
significantly different between patients with and without 
3D-DESS-WE-MRI (Table 4).

DISCUSSION

In our study, we confirmed an overall accuracy of 90.8% 
for the localization of parotid tumors relative to the FN, 
and a reduction in operation time for identification of the 
FN, with the use of preoperative 3D-DESS-WE-MRI. However, 
no statistically significant difference was found in FNP rates 
between patients with and without 3D-DESS-WE-MRI.

Previous studies have reported similarly high diagnostic 
accuracy (92%–97.8%) of 3D-DESS-WE-MRI in localizing 
parotid tumors [26,27]. MRI visibility of the FN in our 

Table 2. Anatomical visibility of 3D-DESS-WE-MRI for parotid 
tumor location relative to the facial nerve (n = 120)

Surgical findings
MRI findings

Superficial Deep Both
Unknown 

(FN invisible)

Superficial 52   0   3 2
Deep   0 14   4 0
Both   1   0 43 1

3D-DESS-WE-MRI = three-dimensional double-echo steady-state 
water-excitation sequence magnetic resonance imaging, MRI = 
magnetic resonance imaging, FN = facial nerve

Table 3. Comparison of operation time in patients with vs. without preoperative FN imaging using 3D-DESS-WE-MRI

Method Group No.
Operation time #1 Operation time #2

Median (IQR), 
min

Coefficient estimate 
(95% CI)

P
Median (IQR), 

min
Coefficient estimate 

(95% CI)
P

Before PS matching MRI (-) 165 30 
(30.0 to 40.0)

Ref. 40.0 
(30.0 to 45.0)

Ref.

MRI (+) 105 25.0 
(25.0 to 30.0)

-0.28 
(-0.35 to -0.21)

< 0.001 40.0 
(35.0 to 55.0)

0.21 
(0.14 to 0.29)

< 0.001

After PS matching MRI (-)   65 35 
(30.0 to 45.0)

Ref. 40.0 
(30.0 to 50.0)

Ref.

MRI (+)   65 25 
(25.0 to 30.0)

-0.51 
(-0.52 to -0.49)

< 0.001 35.0 
(35.0 to 50.0)

0.02 
(-0.07 to 0.12)

  0.653

Stabilized IPTW 
  analysis

MRI (-) 133 30 
(30.0 to 40.0)

Ref. 35.0 
(30.0 to 45.0)

Ref.

MRI (+)   83 25
(25.0 to 30.0)

-0.28 
(-0.35 to -0.21)

< 0.001 35.0 
(35.0 to 50.0)

0.13 
(-0.07 to 0.34)

  0.207

Time to FN identification (operation time #1) and time to tumor removal (operation time #2) were transformed using natural log due 
to skewed distribution. Coefficient estimate (95% CI): Regression coefficient estimate, 95% confidence intervals (CIs). Statistical 
analysis using a generalized estimating equation (PS matching), or a logistic regression model with a stabilization (trimming) of extreme 
propensity scores (< 0.1 or > 0.9) (stabilized IPTW analysis).
FN = facial nerve, 3D-DESS-WE-MRI = three-dimensional double-echo steady-state water-excitation sequence magnetic resonance imaging, 
IQR = interquartile range, Ref. = reference, PS = propensity score, MRI = magnetic resonance imaging, IPTW = inverse probability of 
treatment weighting
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study (main trunk, 97.5%; temporofacial division, 42.5%; 
cervicofacial division, 25%) was slightly lower than in a 
previous report (main trunk, 100%; temporofacial division, 
48%; cervicofacial division, 36%) [27]. In a study of 18 
healthy volunteers, Qin et al. [22] reported higher visibility 
rates of the temporofacial and cervicofacial divisions (55.6% 
and 94.4%, respectively). Most of these differences appear 
to be attributed to different study participants (healthy 
volunteers versus patients with parotid tumors) [22].

In our study, we only included cases requiring FN 
identification and dissection. Nevertheless, distribution of 
variables between the groups with and without MRI was 
severely skewed, leaving more unfavorable cases of FNP in 
the MRI (+) group. This uneven distribution may be due to the 
surgeon’s decision to preserve the FN during parotidectomy. 
If surgeons anticipated difficulties in preserving the FN, 
they tended to obtain more anatomical information before 
surgery with 3D-DESS-WE-MRI. To overcome the limitations 
of study design, we conducted PS matching and IPTW 
analyses to adjust for uneven distribution of risk variables 
and compare clinical outcomes. In addition to estimating 
the average effect of MRI intervention for the MRI (+) 
group through PS matching analysis, we also investigated 
the average effect of MRI intervention for the total enrolled 
patients with parotid tumors with IPTW analysis. For PS 
matching, we selected suitable variables for FNP among 
surgical and tumor factors. Tumor factors, such as tumor 
size, multiplicity, pathology, and location, were based on 
surgical findings; however, surgical extent largely depended 
on preoperative CT or MRI findings (tumor factors). We 
regarded surgical extent as having a mediator effect on FNP; 
therefore, this variable was excluded from PS matching. We 
also adjusted for the mediator effect of surgical extent in PS 
matching and IPTW comparisons. Similarly, clinical findings 
(mobility of tumors) were highly dependent on tumor size 
and location; therefore, we excluded these variables from the 
adjusted matching model.

An initial comparison (before PS matching) revealed 
higher incidence of FNP in the MRI (+) group. However, PS 
matching and IPTW analyses revealed that the occurrence 
of FNP was not significantly different between the two 
groups with or without MRI, suggesting a selection bias. 
In summary, FN outcomes in parotidectomy did not vary 
between patients with and without 3D-DESS-WE-MRI, 
although MRI preoperatively provided accurate anatomical 
information regarding the FN and tumor. Even with 
knowledge regarding FN and tumor location, functional Ta
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preservation of the FN seems to depend on the surgical 
technique, manipulation, and tumor characteristics (e.g., 
inflammation, fibrosis, adhesion, and status of tumor 
capsule) [2,3,6-11]. This study did not quantify surgical 
manipulation of the FN or surgical techniques; however, it 
is plausible that dissection, separation, and preservation 
of the FN from surrounding tissues or tumors require hard 
labor in large, deep-seated, and malignant tumors. Thus, we 
assumed that surgical manipulation of the FN around the 
tumor might be another (hidden) important factor for post-
operative FN weakness, even in the risk-factor-adjusted 
comparison, despite using 3D-DESS-WE-MRI.

This assumption was also supported by our observation 
that operation time for FN identification was significantly 
shorter in the MRI (+) group than in the MRI (-) group; 
however, operation time for FN dissection and tumor removal 
was not. Thus, preoperative FN imaging with 3D-DESS-WE-
MRI appears to play a role in localizing and identifying 
the FN during parotidectomy, rather than in functional 
preservation or dissection around tumors. Thus, anatomical 
information regarding the FN and tumors can help surgeons 
choose an adequate surgical approach, lower their distress 
regarding FN identification, and increase surgical confidence, 
even without an actual improvement in FN outcomes.

Our study had several limitations. First, we did not 
compare 3D-DESS-WE-MRI with conventional MRI; in the 
MRI (-) group, patients were evaluated only with CT scans. 
It is universally recognized that MRI is superior to CT in 
terms of tumor characterization [34-38]. However, our 
study focused on anatomically predicting the intra-parotid 
FN course using 3D-DESS-WE-MRI and determining clinical 
impact on parotid tumor surgery, rather than on tumor 
characterization. Second, this was a non-randomized study. 
To overcome this limitation, we conducted PS matching and 
IPTW to adjust for several variables. However, other factors 
that were not measured may have remained unadjusted 
between the two groups, which may have affected our 
conclusion. Finally, the low frequency of event (FNP) (2–4 
in the MRI [-] group and 5–10 in the MRI [+] group) did not 
have enough statistical power. Thus, a larger prospective 
study with a randomized allocation to MRI intervention is 
needed to confirm our findings.

In conclusion, preoperative FN imaging with 3D-DESS-
WE-MRI provides anatomical information about the FN and 
parotid tumors, and facilitates surgical identification of 
the FN during parotidectomy. While this reduced operation 
time for FN identification, it did not significantly affect 

postoperative FNP rate.
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