
Page 1 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(24):1756 | https://dx.doi.org/10.21037/atm-21-5658

Magnetic resonance neuroimaging promotes the preservation 
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Background: How to preserve pelvic autonomic nerves system (PANS) in total mesorectal excision (TME) 
is still a technical challenge for gastrointestinal surgeons, and nerve preservation according to preoperative 
magnetic resonance imaging (MRI) is a hot topic in pelvic surgery. The purpose of this study was to assess 
the postoperative urogenital function of patients with rectal cancer (RC) who underwent preoperative and 
postoperative neuroimaging of PANS vs. patients who did not.
Methods: Patients meeting the inclusion criteria were prospectively enrolled in a magnetic resonance 
neuroimaging (MRN) group from June 2018, while primary RC patients from January 2016 to May 2018 
who met the inclusion criteria were enrolled in a non-MRN group. Patients in the MRN group underwent 
MRN examination before operation and 6 months after operation, while those in the non-MRN group were 
collected and analyzed retrospectively.
Results: Based on International Prostate Symptom Score (IPSS) and International Index of Erectile 
Function 5 (IIEF5) scores at 6 months, the postoperative urinary and sexual function of male patients in 
the MRN group were significantly better than that in the non-MRN group (P<0.05). In addition, based 
on International Consultation on Incontinence modular Questionnaire on Female Lower Urinary Tract 
Symptoms (ICIQ-FLUTS) and Female Sexual Function Index (FSFI) scores at 6 months, the postoperative 
sexual function of female patients in the MRN group was significantly better than that in the non-MRN 
group (P<0.05).
Conclusions: In the present study, we constructed a three-dimensional (3D) presentation of PANS 
based on preoperative MRN which showed in vivo pelvic autonomous innervation. This may promote the 
preservation of PANS during TME and reduce the postoperative urogenital dysfunction rate.
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Introduction

Guidelines for the treatment of rectal cancer (RC) are well 
established (1-3), and the postoperative overall 5-year survival 
rate can be up to 70% (4,5). For most RC patients diagnosed 
with stage T1-3, total mesorectal excision (TME) surgery is 
the preferred treatment. However, complications can affect 
the long-term quality of life of patients after total mesorectal 
excision (TME) for RC including nerve injury-related 
injuries causing urinary and sexual dysfunction (6,7). Three-
dimensional (3D) laparoscopic and Da Vinci robotic systems 
are characterized by high resolution and three-dimensional 
presentation. The magnified vision of 3D laparoscopic and 
Da Vinci robotic systems allows surgeons a better view for 
separation along fascia gaps, the postoperative urinary and 
sexual dysfunction rate of the Da Vinci robotic system is 
still high, with rates reported from 20–30% and 0–36%  
(8-10). The main reason for pelvic autonomic nerves system 
(PANS) injury is the lack of preoperative assessment, so 
gastrointestinal surgeons perform TME and autonomic 
nerve preservation (TME + ANP) according to their own 
experience and autopsy. However, how to avoid injury to 
PANS in TME remains a technical challenge for surgeons, 
and nerve preservation according to preoperative imaging 
has become a hot topic in pelvic surgery (11). Magnetic 
resonance neuroimaging (MRN) is one of the sequences 
of magnetic resonance imaging (MRI), which selectively 
enhances neural signals so that nerve can be showed clearly 
on MRN images. Currently, MRN of PANS is mainly based 
on anatomical studies of fetal and adult cadavers. In 2014, 
MRN was conducted on eight adult cadavers and showed a 
3D model based on MRN was suitable to show the course 
of PANS (12), and in 2018, Li et al. (13) fully demonstrated 
the course of PANS and their navigation role in obstetrics 
and gynecology through MRN. However, there are no 
reports examining preoperative MRN in RC patients. In this 
study we performed MRN preoperatively in RC patients to 
demonstrate the course and distribution of PANS to evaluate 
if preoperative MRN images could promote preservation of 
PANS in laparoscopic TME + ANP surgery. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://dx.doi.org/10.21037/atm-21-
5658).

Methods

Patients

All procedures performed in this study involving human 

participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the clinical ethics committee of Sun Yat-sen Memorial 
Hospital, Sun Yat-sen University (No. SYSEC-KY-
KS-2021-247) and informed consent was taken from all the 
patients. 

Inclusion criteria: (I) primary RC diagnosed as an 
adenocarcinoma by electronic colonoscope and pathologic 
biopsy; (II) the lower margin of the tumor was within 12 cm 
from the anal verge; (III) aged 18–70 years; (IV) In males, 
the International Index of Erectile Function 5 (IIEF5) 
scored 22–25 and the International Prostate Symptom Score 
(IPSS) scored 0–7 preoperatively; In females, the Female 
Sexual Function Index (FSFI) scored 25–36 preoperatively; 
(V) clinical stage was T1-4aN0-2M0; (VI) circumference 
marge (CRM) negative evaluated by MRI. 

Exclusion criteria: (I) multivisceral resection; (II) 
abdominoperineal resection; (III) lateral dissection of pelvic 
lymph nodes; (IV) conversion of laparoscopic surgery to 
open surgery; (V) multiple colorectal cancers (CRCs); 
(VI) number of harvested lymph nodes <12; (VII) central 
or peripheral nervous system lesions; (VIII) postoperative 
anastomotic leakage, pelvic abscess, or local recurrence.

MRN group: from June 2018 to December 2018, 
patients with primary RC admitted to Sun Yat-sen 
Memorial Hospital of Sun Yat-sen University were included 
and signed informed consent. IPSS, IIEF5 or FSFI, and 
International Consultation on Incontinence modular 
Questionnaire on Female Lower Urinary Tract Symptoms 
(ICIQ-FLUTS) were then filled out and MR and MRN 
performed. Patients who met the inclusion criteria were 
finally engaged in the MRN group. Urogenital function 
was reassessed by the forms mentioned above before 
operation if the patient was treated with neoadjuvant 
chemoradiotherapy.

According to the National Comprehensive Cancer 
Network (NCCN) standard (14), a long course of 
neoadjuvant chemoradiotherapy [radiotherapy (50.4 Gy) 
plus capecitabine (1,000 mg/m2, oral, twice a day, day 1–14, 
day 22–35) for 5 weeks] was performed for patients with 
clinical T3+ and N+ stages, and the reevaluation completed 
at 6–8 weeks. Patients were included if CRM reevaluated by 
MRI was negative. 

Non-MRN group: data were collected and analyzed 
retrospectively, including patients with primary RC 
admitted to the Gastrointestinal Surgery Department of 
Sun Yat-sen Memorial Hospital from January 2016 to May 
2018. Their urogenital functions before and 6 months 
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after operation based on IPSS, IIEF5 or FSFI, and ICIQ-
FLUTS were compared with that of the MRN group.

MRN imaging sequence and parameter

3D-NerveVIEW was performed and rebuilt by a Philips 
Ingenia DNA II 3.0 T MRI scanner with abdominal 
phased-array coil of multi-channel. Patients were not 
medicated to inhibit intestinal motility prior to imaging, 
and our scanning angle correspondingly changed according 
to different tilt angles of the sacral coccygeal vertebra. A 
3D model based on Two-dimensional (2D) segmentation 
was then created using the 3D calculation function of ITK 
SNAP. The procedure took approximately 40 minutes to 
complete the scan and one hour to build a 3D model. All 
patients in the MRN group underwent MRN examination 
before operation and 6 months after operation, and the 
parameters are shown in Table 1.

Inter-observer agreement 

The level of agreement was determined by gastrointestinal 
surgeons and radiologists specializing in pelvic anatomy 
and using Likert scales (0= disagree that the depicted nerve 
depicted the correct nerve, 1= I suspect the depicted nerve 
depicted the correct nerve, and 2= I agree that the depicted 
nerve depicted the correct nerve). We defined scores of 2 
as successful visualization of PANS, and the success rate 
measure was defined as the number of successfully visualized 
nerves divided by the total number of nerves. The level of 
inter-observer agreement was then calculated.

TME + ANP for patients with RC

Before surgery, surgeons reviewed the MRI and MRN 
images again to confirm the course and distribution of 
PANS, the location of the tumor, and TNM stage. All 
operations were performed by the same surgical team, who 
had performed more than 100 laparoscopic TME + ANP 
every year through 3D laparoscopy (Braun).

The following steps for a standardized approach in 
TME + ANP were considered: Standard position and 
trocar placement; exposure; a tailored separation approach 
along the fascia gap between the prehypogastric nerve 
fascia (PHGNF) and rectal propria fascia according to 
preoperative MRN; vascular dissection and ligation; and 
radical resection for RC. There are three vulnerable sites in 
laparoscopy TME + ANP:

(I)	 Hypogastric nerve (HGN): due to the variation of 
its emitting position and course, it is necessary to 
perform preoperative MRN to assist in confirming 
the course of the HGN, which involves separation 
between the rectal propria fascia and PHGNF.

(II)	 Pelvic splanchnic nerve (PSN): while the PSN is 
generally thought to be composed of the second 
sacral nerve (S2), the third sacral nerve (S3), and 
the fourth sacral nerve (S4), anatomy studies have 
revealed it could also originate from the first sacral 
nerve (S1). As the PSN joins the pelvic plexus 
without obvious pattern, its origin should be 
confirmed based on preoperative MRN.

(III)	 Pelvic plexus (PP): this should be separated 
along the posterior and anterolateral loose spaces 
between the white PHGNF and the yellow rectal 
propria fascia.

Intraoperative evaluation

MRN group: the superior hypogastric plexus (SHP), HGN, 
PSN, PP, neurovascular bundle (NVB), and sympathetic 
trunk at the root of inferior mesenteric artery (IMA) were 
observed and recorded intraoperatively. 

Non-MRN group: the prevalence of visibility (POV) 
was calculated by reviewing patients’ surgical videos and 
pictures.

The POV of nerves mentioned above in the MRN group 
were compared with that of the non-MRN group, and 
univariate and multivariate analyses were performed for the 

Table 1 Characteristic of MRN sequence

Sequence parameter 3D-NerveVIEW

TR (msec) 2,200

TE (msec) 170

Field-of-view (mm × mm) 250×250

Slice thickness (mm) 2

Intersection gap −1

Number of slices 130

Matrix (mm × mm) 256×256

TR, repetition time; TE, echo time; MRN, magnetic resonance 
neuroimaging.
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different results between the two.

Postoperative evaluation

MRN was performed 6 months after TME in the MRN 
group, and the postoperative result compared with the 
preoperative result. In addition, IPSS and IIEF5 were 
evaluated for male patients, and ICIQ-FLUTS and FSFI 
were evaluated for female patients, which were compared 
with preoperative results, respectively.

Statistical analyses

Statistical analyses were carried out using R x64 3.6.1. 
The kappa concordance test was used to analyze inter-
observer agreement and the chi-square or Fisher’s exact 
test were used for categorical variables. Logistic regression 
was used for univariate analysis and multi-factor analysis, 
and variables of which P<0.10 in univariate analysis were 
brought into multi-factor analysis. P<0.05 was considered 
statistically significant. 

Results

Study cohort 

In the MRN group, from June 2018 to December 2018, 
a total of 53 patients were admitted, seven cases were 
excluded, and 46 cases were eligible for our research  
(Figure S1). 

In the non-MRN group, from January 2016 to March 
2018, a total of 205 patients were admitted, 55 cases were 
excluded, and 150 cases were considered eligible for our 
research (Figure S1). 

The characteristics of the two groups are summarized 
in Table 2, which shows there was no significant difference 
between the two. There was also no significant difference 
in perioperative results between the two groups, as shown 
in Table 3. The kappa value of consistency evaluation of 
gastrointestinal surgeons and radiologists on the conformity 
of MRN images with anatomical structures was 0.72, 
indicating that inter-observer agreement between the two 
was strong (Table 4). 

Postoperative urinary and sexual function

Changes in total IPSS, IIEF5, ICIQ-FLUTS, and FSFI 
scores after surgery are shown in Table 5. In male patients, 

based on IPSS and IIEF5 scores at 6 months, postoperative 
urinary and sexual function in the MRN group were 
significantly better than in the non-MRN group (P<0.05). 
Postoperative urinary and sexual function at 6 months were 
significantly worse than preoperative urinary and sexual 
function of the two groups (P<0.05). In female patients, 
based on ICIQ-FLUTS and FSFI scores at 6 months, 
postoperative sexual function in the MRN group was 
significantly better than in the non-MRN group (P<0.05), 
and there was no significant difference in postoperative 
urinary function between the groups (P>0.05). There was 
also no significant difference between postoperative results 
and preoperative results of the MRN group (P>0.05).

POV

The POV of autonomic nerves intraoperatively is 
summarized in Table 6. The POV of NVB and PSN in the 
MRN group were significantly higher than that of the non-
MRN group (P<0.05), while the POV of SHP, HGN, PP, 
and the sympathetic nerve at the root of the IMA showed 
no statistical significance (P>0.05). A logistic regression 
analysis identified MRN as an independent factor that could 
increase the POV of NVB and PSN (Tables 7,8).

MRN atlas of PANS

The PANS shown in MRN images were compared with 
those shown intraoperatively (Figures 1-3), and continuous 
sagittal MRN images and the 3D model are shown in  
Figure 4 and Figure 5. The POV of the SHP, HGN, PP, 
PSN, NVB, and pudendal nerve in preoperative MRN were 
61%, 93%, 65%, 93%, 61%, and 93%, respectively. 

Postoperative MRN

The POV of the SHP, HGN, PP, PSN, NVB, and pudendal 
nerve in the postoperative MRN image were 50%, 89%, 
54%, 91%, 54%, and 87%, respectively, and compared 
with preoperative MRN results, there was no significant 
statistical difference, with the results shown in Table 9.

Discussion

To our knowledge, this is the first report of the application 
of MRN to PANS in patients with RC. Previous anatomy 
studies on PANS have mainly included autopsy and serial 
histology based on cadavers (15-17), and have been unable 

https://cdn.amegroups.cn/static/public/ATM-21-5658-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-5658-Supplementary.pdf


Annals of Translational Medicine, Vol 9, No 24 December 2021 Page 5 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(24):1756 | https://dx.doi.org/10.21037/atm-21-5658

Table 2 Patient demographics and clinical characteristics

Variable MRN group (n=46) Non-MRN group (n=150) P value

Age 57.00±9.71 59.78±5.52 0.07

Sex, n (%) 0.50

Male 34 (73.91) 120 (80.00) 

Female 12 (26.09) 30 (20.00) 

BMI (kg/m2) 22.80±3.61 23.26±3.20 0.97

Tumor distance from AV (cm), n (%) 0.84

≤8 24 (52.17) 83 (55.33) 

8–12 22 (47.83) 67 (44.67) 

cT, n (%) 0.36

1 3 (6.52) 7 (4.67) 

2 22 (47.83) 55 (36.67) 

3 19 (41.30) 72 (48.00) 

4a 2 (4.35) 16 (10.67) 

cN, n (%) 0.74

0 34 (73.91) 102 (68.00) 

1 9 (19.57) 37 (24.67) 

2 3 (6.52) 11 (7.33) 

nCRT, n (%) 21 (46.65) 88 (58.67) 0.12

IPSS 1.82±1.51 1.94±1.32 0.94

IIEF 5 22.79±0.91 23.01±1.10 0.99

FSFI 30.67±2.96 30.73±2.53 0.95

ICIQ-FLUTS 3.83+1.64 3.90+1.63 0.91

MRN, magnetic resonance neuroimaging; BMI, body mass index; AV, anal verge; nCRT, neo-adjuvant chemoradiotherapy; IPSS, 
International Prostate Symptom Score; IIEF5, International Index of Erectile Function 5; FSFI, Female Sexual Function Index; ICIO-FLUTS, 
International Consultation on Incontinence Questionnaire Female Lower Urinary Tract Symptoms. 

to generate a presentation of PANS in vivo and provide 
individualized guidance during clinical practice. Recent 
advances in MRN have seen its application to healthy 
volunteers (18) and patients with cervical cancer, but not to 
patients with RC. In our study, a personalized autonomic 
nerve atlas of RC patients was constructed to confirm the 
course and distribution of PANS and the location of the 
tumor so that individual anatomical variations could be 
identified. A personalized surgical plan of how to preserve 
PANS well was developed accordingly.

 Previous intraoperative preservation of PANS mainly 
relied on the experience of surgeons and intraoperative 
visibility assessment, which could be easily affected by 

factors such as pelvic stenosis, rich adipose tissue, and 
intraoperative bleeding (6). When autonomic nerves are 
not visible during the operation, the results are usually 
unsatisfactory if mechanically and blindly preserved in 
a fixed direction in all patients. A survey on the POV 
of PANS during TME surgery among European and 
American senior doctors showed that the POV of SHP, 
HGN, PP, PSN, and NVB was 58%, 81%, 44%, 13%, and 
32%, respectively. Our results demonstrated preoperative 
MRN could increase the POV of the NVB and PSN in 
the MRN group. Urogenital dysfunction is principally 
related to injury of the nerve fibers of PANS, which is 
usually irreversible (19), and great attention needs to be 
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paid to the preservation of the HGN, PSN, and PP due to 
their variation. Aurore et al. (20) revealed that an accessory 
HGN could be found in 25% of samples, with two main 
patterns observed. In 56% of samples thick robust nerve 
bundles were found, while in 44% a rough meshwork of 

fibers intermingling with blood vessels was seen. The PSN 
joined PP by crossing the medially situated blood vessels 
without obvious pattern, and the ventral branches of S1 
could also be seen as a component of the PSN in 18% 
samples. Accordingly, it is important to identify the course 

Table 3 Perioperative results

Variable MRN group (n=46) Non-MRN (n=150) P value

Surgical procedure, n (%) 0.92

LAR 28 (60.87) 94 (62.66)

uLAR 15 (32.61) 44 (29.33)

Parks 0 (0.00) 1 (0.67)

ISR 3 (6.52) 11 (7.33)

Diverting ileostomy, n (%) 10 (21.74) 36 (24.00) 0.75

Operative time (min) 150.00±9.21 153.61±9.11 0.19

Blood loss (mL) 33.70±17.43 35.20±24.92 0.65

Degree of TME, n (%) 0.92

Complete 40 (86.96) 128 (85.33)

Near-complete 5 (10.87) 17 (11.33)

Incomplete 1 (2.17) 5 (3.33)

Positive lower margin, n (%) 0 (0.00) 1 (0.67) 1.00

Positive CRM, n (%) 0 (0.00) 2 (1.33) 1.00

30-day mortality, n (%) 0 (0.00) 0 (0.00) 1.00

MRN, magnetic resonance neuroimaging; LAR, low anterior resection; uLAR, ultra-low anterior resection; ISR, intersphincteric resection; 
CRM, circumferential resection margin; TME, total mesorectal resection. 

Table 4 Pelvic autonomic nerve location reference and identifiability

Nerve Main positional reference Identifiability [%]
Level of agreement 
(radiologists) [%]

Level of agreement (surgeons) [%]

SHP Division at or just below the level of 
sacral promontory

28 [61] 28 [100] 28 [100]

HGN Course just medial to internal iliac 
vessels

43 [93] 43 [100] 43 [100]

PSN Anterior ramus of 2nd, 3rd, 4th sacral 
nerve

43 [93] 43 [100] 43 [100]

PP  Lateral wall of pelvis 30 [65] 30 [100] 30 [100]

NVB Anterolateral of pelvis 28 [61] 21 [75] 24 [86]

Pudendal nerve Branch of 2nd, 3rd, 4th sacral nerve 43 [93] 43 [100] 43 [100]

SHP, superior hypogastric plexus; HGN, hypogastric nerve; PSN, pelvic splanchnic nerve; PP, pelvic plexus; NVB, neurovascular bundle.
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and distribution of the HGN and PSN through MRN to 
avoid damage (21). Runkel et al. (22) developed a nerve-
oriented mesorectal excision (NOME) as a novel concept 
in RC surgery by which autonomic pelvic nerves serve as 
landmarks for a standardized navigation along fascial planes. 
Three vulnerable sites in laparoscopy TME + ANP such as 
the HGN, PSN, and PP could be clearly seen on our 3D 
MRN model. Based on the preoperative MRN images, we 
performed nerve-oriented laparoscopic TME individually 
so that the PANS could be preserved intact. As a result, 
our questionnaire-based results showed that postoperative 
urogenital function in the MRN group were better than 

that of the non-MRN group except for urinary function 
in female patients. This shows MRN can promote the 
preservation of PANS during nerve-oriented laparoscopic 
TME + ANP. However, in the case of a lot of intraoperative 
bleeding and severe abdominal and pelvic adhesion, the 
neuroprotection of laparoscopic TME will encounter great 
difficulties.

Previous evaluations of postoperative urinary and sexual 
function have been performed using questionnaire-based 
evaluations (9,23), including the IPSS, IIEF5 and FSFI, and 
ICIQ-FLUTS. However, questionnaire-based evaluation 
is subjective and can be affected by the patient’s emotions, 

Table 5 Postoperative urogenital function of MRN and non-MRN group

Functional evaluation After nCRT (before operation) 6 months after operation P value

IPSS 0.00**

MRN group 2.18±1.57 3.24±1.23 0.00**

Non-MRN group 2.28±1.32 4.05±1.41 0.00**

IIEF5 0.04*

MRN group 22.29±1.36 20.56±1.94 0.00**

Non-MRN group 22.68±1.23 19.78±1.88 0.00**

ICIQ-FLUTS 0.43

MRN group 4.17±1.64 4.33±1.44 0.79

Non-MRN group 3.97±1.61 4.73±1.48 0.06

FSFI 0.02*

MRN group 29.75±2.99 27.67±2.50 0.08

Non-MRN group 29.80±2.55 25.53±2.03 0.00**

*, P<0.05; **, P<0.01. MRN, magnetic resonance neuroimaging; IPSS, International Prostate Symptom Score; IIEF5, International Index of 
Erectile Function 5; FSFI, Female Sexual Function Index; ICIO-FLUTS, International Consultation on Incontinence Questionnaire Female 
Lower Urinary Tract Symptoms.

Table 6 Prevalence of visibility intraoperatively

Autonomic nerve MRN group (n=46) [%] Non-MRN group (n=150) [%] P value

SHP 30 [65] 91 [61] 0.58

HGN 41 [89] 114 [76] 0.06

PP 32 [70] 80 [53] 0.05

PSN 18 [39] 29 [19] 0.01**

NVB 25 [54] 47 [31] 0.00**

Sympathetic trunk of IMA 23 [50] 70 [47%] 0.69

**, P<0.01. MRN, magnetic resonance neuroimaging; SHP, superior hypogastric plexus; HGN, hypogastric nerve; PSN, pelvic splanchnic 
nerve; PP, pelvic plexus; NVB, neurovascular bundle. 
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perceptions, and cognitive level. The combination of 
subjective and objective evaluation could better evaluate 
the postoperative urinary and sexual function, but to date, 
there have been a lack of objective indicators. In this study 
we explored whether postoperative MRN could be used as 

an objective indicator of evaluation because nerve damage 
showed on MRN images often lead to urinary and sexual 
dysfunction. 

According to NCCN guidelines (24), we chose to perform 
postoperative MRI and MRN 6 months after surgery as 

Table 7 Variables of prevalence of visibility of PSN according to logistics regression

Variable
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age (years) 0.98 (0.93–1.03) 0.38 – –

Sex 1.83 (0.87–3.87) 0.11 – –

MRN 0.37 (0.18–0.76) 0.01** 0.40 (0.19–0.82) 0.01**

BMI 0.96 (0.86–1.06) 0.40 – –

Tumor distance from AV 1.35 (0.70–2.60) 0.37 – –

cT 0.65 (0.41–1.03) 0.07* 0.73 (0.27–2.00) 0.54

cN 1.02 (0.60–1.73) 0.95 – –

nCRT 0.56 (0.29–1.08) 0.09* 0.90 (0.21–3.76) 0.88

Surgical procedure 0.70 (0.43–1.14) 0.15 – –

Operative time (min) 1.00 (0.97–1.04) 0.84 – –

Blood loss (mL) 0.99 (0.97–1.01) 0.33 – –

*, P<0.10; **, P<0.01. MRN, magnetic resonance neuroimaging; BMI, body mass index; AV, anal verge; nCRT, neo-adjuvant 
chemoradiotherapy.

Table 8 Variables of prevalence of visibility of NVB according to logistics regression

Variable
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age, years 1.01 (0.97–1.06) 0.56 – –

Sex 1.39 (0.69–2.78) 0.35 – –

MRN 0.38 (0.20–0.75) 0.01** 0.41 (0.21–0.84) 0.01**

BMI 0.98 (0.89–1.07) 0.65 – –

Tumor distance from AV 1.12 (0.63–2.01) 0.70 – –

cT 0.96 (0.64–1.43) 0.84 – –

cN 0.83 (0.51–1.34) 0.44 – –

nCRT 1.00 (0.56–1.79) 0.99 – –

Surgical procedure 0.84 (0.57–1.23) 0.37 – –

Operative time (min) 0.97 (0.94–1.00) 0.07* 0.98 (0.94–1.01) 0.16

Blood loss (mL) 1.00 (0.99–1.02) 0.56 – –

*, P<0.10; **, P<0.01. NVB, neurovascular bundle; MRN, magnetic resonance neuroimaging; BMI, body mass index; AV, anal verge; nCRT, 
neo-adjuvant chemoradiotherapy. 
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Figure 1 Preoperative MRN image and intraoperative SHP and HGN. (A) Sagittal MRN image, the SHP is visible, the HGN is separated 
at the sacral promontory. S2 and S3 can be seen to reach pelvic organs through the intervertebral foramen and send off two main branches. 
The PSN converged with the HGN to form the PP, and the other branch PN is separated; (B) the SHP is visible during surgery; (C) the 
HGN is visible when separating the posterior wall and lateral posterior wall, with three to five main branches moving towards the pelvic side 
wall. MRN, magnetic resonance neuroimaging; SHP, superior hypogastric plexus; HGN, hypogastric nerve; S2, second sacral nerve; S3, 
third sacral nerve; PSN, pelvic splanchnic nerve; PP, pelvic plexus; PN, pudendal nerve.

at that time, patients have usually recovered from surgical 
injury and postoperative tissue edema. Our results showed 
no significant difference in POV between preoperative and 
postoperative MRN, which meant that the neuromorphics 
were well preserved during the operation. This may be 
due to the use of 3D laparoscopy, experienced surgeons, 
and preoperative MRN (12). However, postoperative 
urinary and sexual function based on questionnaire-based 
evaluation 6 months after operation were worse than that 
preoperatively in the MRN group. The most likely reason 
for this is because postoperative MRN examination was 
mainly a morphological examination. Nerve ischemic 
injury, radiation injury, or drug-induced injury might 
result in a loss of function, but this does not affect the 
neuromorphics. Therefore, MRN examination, which 
is based on morphology, needs to be combined with 
questionnaire-based evaluation. Nevertheless, MRN may be 
used as one of the objective indicators to judge the recovery 
of postoperative sexual function and urinary function, as 
neural existence is the basis for function.

Furthermore, the MRN results could be used as the 

standard to perfect the operation. If the PANS failed to 
be displayed on postoperative MRN image while being 
clearly displayed on preoperative MRN image, the surgical 
video could be reviewed and the cause of nerve injury 
more accurately determined. Therefore, objective MRN 
results can be used to test the effect of autonomic nerve 
preservation during surgery, reflect on the deficiencies of 
the surgical process, and promote TME + ANP. According 
to our experience, MRN examination is required before 
surgery. An individualized surgical plan should be developed 
based on the MRN images and special attention should 
be paid to whether there are neurological mutations. 
During the operation, separation along the fascia gap 
between PHGNF and rectal propria fascia. The position 
with abundant autonomic nerves requires more delicate 
operation. Special attention should be paid to the course of 
the hypogastric nerve, pelvic splanchnic nerve and pelvic 
plexus when separating the posterior and lateral walls of the 
rectum, and to the protection of NVB when separating the 
anterior wall.

The main limitation of our study was that there were 

SHP
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temporal differences and selection bias between the MRN 
group and the non-MRN group, including technological 
progress and device progress. The MRN group was enrolled 
in a non-blinded manner, which may have resulted in 
more refined surgery in this group. Further, the study was 
retrospective and involved a single institution. Long-term 
outcomes require further follow-up and analysis, ideally in a 

multiple-center, randomized control trial.

Conclusions

In the present study, we constructed a 3D presentation of 
PANS based on preoperative MRN which helped guide 
TME + ANP. This could promote the preservation of pelvic 

A B

NVB

PP

SN

NVB

Sacral nerve

Figure 3 Preoperative MRN image and intraoperative NVB. (A) MRN image showing the sacral nerve and sciatic nerve. The PP is located on 
the lateral wall and the NVB is divided into several branches; (B) the NVB is seen when separating the anterior lateral wall. MRN, magnetic 
resonance neuroimaging; SN, sciatic nerve; PP, pelvic plexus; NVB, neurovascular bundle. 
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Figure 2 Preoperative MRN image and intraoperative PP and PSN. (A) Sagittal MRN image; the red circle area is the PP, which is distributed 
in a network. S3 sent out the PSN and PN; (B) the PP is visible on the pelvic side wall; (C) the PSN is seen when separating the posterolateral 
wall. MRN, magnetic resonance neuroimaging; PP, pelvic plexus; PSN, pelvic splanchnic nerve; S3, third sacral nerve; PN, pudendal nerve.
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Figure 4 Sagittal MRN image. (A) The SHP is clearly visible; (B) the SHP sends out left and right HGN at the sacral promontory, and the 
red circle area is the PP innervated lateral wall of the pelvis, distributed in a network pattern; (C-F) S3 travels from the spinal cord through 
the foramen to the pelvic cavity. S3 sends out a branch PSN to converge with the HGN, while sending out another branch pudendal nerve; 
(G,H) the red circle area is the PP, and the blue circle area is the NVB; (I) pelvic autonomic nerve on the other sagittal plane. MRN, magnetic 
resonance neuroimaging; SHP, superior hypogastric plexus; HGN, hypogastric nerve; S2, second sacral nerve; S3, third sacral nerve; PSN, 
pelvic splanchnic nerve; PP, pelvic plexus; PN, pudendal nerve; NVB, neurovascular bundle.
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autonomic nerves and reduce the postoperative urogenital 
dysfunction rate when ensuring a radical cure.
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Supplementary

A total of 258 patients including 201 males and 57 females underwent 

laparoscopic TME+ANP between January 2016 and December 2018.

MRN group (June 2018-December 2018): 

MRN were performed in eligible patients 

before operation ,including 39 males and 14 

females (n=53)

Excluded patients (n=55):

abdominoperineal resection (n=7)

postoperative anastomotic leakage (n=11)

number of harvested lymph nodes <12 (n=8) 

lateral dissection of pelvic lymph nodes (n=2)

conversion to open surgery (n=2)

urogenital dysfunction evaluated by forms (n=25)

34 males and 12 females 

Patients included(n=46)

Excluded patients(n=7):

abdominoperineal resection(n=3)

postoperative anastomotic leakage(n=2)

number of harvested lymph nodes <12(n=2) 

120 males and 30 females 

Patients included(n=150)

non-MRN group (January 2016-March 2018): patients 

were collected and analyzed retrospectively. No MRN were 

performed,including 162 males and 43 females (n=205)

Figure S1 The enrollment of MRN group and non-MRN group. MRN, magnetic resonance neuroimaging.
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