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Abstract

Background: To assess postoperative anal function and quality of life of ultra-low rectal cancer patients treated by
laparoscopic modified Parks surgery.

Methods: From February 2017 to March 2019, 114 patients with ultra-low rectal cancer above T2 were treated
respectively with ultra-low anterior resection (Dixon), modified coloanal anastomosis (modified Parks), and Miles
according to the preoperative stage and anastomotic position. The postoperative anal function and Fecal
Incontinence Quality of Life Scale (FIQL) of each patient were collected and synthetically analyzed.

Results: Compared with the Dixon group, the postoperative anal function and FIQL in the Parks group were poor at
the early stage. However, from 6 to 12 months after surgery, the scores of anal function and FIQL in the Parks group
were similar to those in the Dixon group (P> 0.05). Compared with the Miles group, the FIQL of the two groups were
similar in the early postoperative stage. However, with the passage of time, from 3 to 9 months after surgery, the four
domains of FIQL in the Parks group were higher than those in the Miles group successively (P < 0.05).

Conclusions: Laparoscopic modified Parks is a safe, effective, and economical anus-preserving surgery. Although its
early anal function and FIQL were poor, it could gradually recover to the similar level as Dixon. Moreover, it can save
the anus and obtain a better postoperative quality of life for some patients who previously could only undergo Miles.

cancer, Anus-preserving surgery
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Background

Traditionally, in order to ensure radical treatment, for
ultra-low rectal cancer within 5cm from the lower edge
of the tumor to the anus, it is considered that combined
abdominal and perineal resection (APR), that is, Miles
surgery, is the standard treatment [1]. However, perman-
ent stoma also brings more stoma-related complications
[2] and urogenital dysfunction [3, 4] to patients. In
addition, long-term nursing care of stoma [5], persistent
mental pressure of stoma on patient’s image change, and
other factors seriously affect the quality of life [6] and
the realization of social function [7] of patients after
Miles, making patients’ attitude toward the postoperative
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treatment more negative. Therefore, many patients with
rectal cancer have a strong sense of rejection of stoma
before surgery [8]. With the development of preopera-
tive neoadjuvant radiotherapy and chemotherapy [9, 10]
and laparoscopic techniques [11], as well as the confirm-
ation of the principle of total mesorectal excision (TME)
[12-15] and the understanding of the concept of
circumferential margin [16], the prognosis of anus-
conserving surgery has been greatly improved. There are
also more and more related research and application of
anus-conserving surgery. However, there is still contro-
versy about whether anus-preserving surgery should be
performed for ultra-low rectal cancer. The focus is
whether the radical resection of the tumors and a good
anal function can be guaranteed after the resection of all
or part of the internal sphincter [17].

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-020-1801-7&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:lijian869@163.com

Ding et al. World Journal of Surgical Oncology (2020) 18:28

The key to the radical treatment of anus-preserving sur-
gery is to ensure the safety of distal incision margin, which
has been a research hot spot for a long time [18-21].
Many related literatures have confirmed that 1 cm distal
resection margin does not affect the oncological safety of
rectal cancer [21, 22]. These studies and findings provide
a theoretical basis for expanding the indications of
anus-preserving surgery for ultra-low rectal cancer.
However, there are few studies on anal function and
quality of life after anus-preserving surgery, and most
of them focus on patients undergoing intersphincteric
resection (ISR) [23] and adjuvant radiotherapy and
chemotherapy after ISR [24].

By combining the advantages of traditional Bacon sur-
gery [25, 26], the modified Parks surgery was used in the
Department of Colorectal and Anal Surgery of Xiangya
Hospital of Central South University, China, to perform
anus-preserving surgery for ultra-low rectal cancer, and
the anal function and FIQL of the patients after modified
Parks surgery were further studied. The results showed
that the modified Parks surgery could achieve a good
anal function and FIQL for patients with ultra-low rectal
cancer while preserving the anus.

Methods

Patient data

A total of 114 patients with ultra-low rectal cancer above
T2 were recruited, excluding those with preoperative
anal laxity on rectal examination; Williams anal function
rating above B; serious heart, brain, and lung diseases;
and abdominal and pelvic operation history. After ad-
mission, the patients’ condition was evaluated compre-
hensively, and the preoperative staging was carried out
according to the results of preoperative enteroscopy,
enhanced CT, MRI, and intraoperative conditions.

Page 2 of 10

According to the stage of the patients and the position
of the anastomotic opening after the distal disconnec-
tion, the patients with the anastomotic opening at or
below the dentate line underwent laparoscopic modified
Parks operation, the patients with the anastomotic open-
ing above the dentate line but about 2 cm away from the
dentate line underwent laparoscopic ultra-low Dixon
operation, the patients with the invasion or distant
metastasis of the sphincter or pelvic organs could not
undergo radical resection under laparoscope Miles op-
eration, and the patients were divided into three
groups. All patients in this study gave informed con-
sent. The patient was told that the operation would
be performed under laparoscope, the operative type
would be decided by the same surgeon, and the oper-
ation would be converted to open operation if neces-
sary. There were no significant differences in age and
sex among the three groups (P>0.05), with clinical
comparability (Table 2).

Surgical techniques

After general anesthesia intubation, the patients took the
improved lithotomy position, and the operation was di-
vided into abdominal operation and perineal operation
(Fig. 1).

Abdominal operation

The vessels were cut off at the root of the inferior mes-
enteric artery, and lymph nodes were dissected. The
mesentery was separated under the TME principle. The
sacro rectal ligament and part of levator ani muscles
were cut off to reach the upper edge of the external anal
sphincter and dentate line. Some patients continued to
free 1-2 cm downward through sphincter space.

Fig. 1 One-stage operation. a Transection of submesenteric vessels. b Operation of perineal intestine. ¢ Towed distal intestinal tube. d Colon and
anus anastomosis. e Intraabdominal intestinal tube after anastomosis. f Perineal intestine indwelling anal canal after operation

.
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Perineal operation

At first, the mucosa and internal sphincter were incised
vertically in the predetermined edge which is 1-2cm
below the tumor. Next, we moved upward from the gap
of the sphincter to communicate with the pelvis cavity
and dragged the colon out of the body through the anus.
Then, we trimmed the mesentery and amputated the
colon at 10 cm above the tumor and preserved 3-5cm
intestinal canal outside the anus. Pathological examin-
ation of frozen sections during the operation was
performed to ensure that the margin of incision was
negative, and Miles was performed for positive cases.
The colon stump was repaired, and hemostasis was
thoroughly carried out. The seromuscular layer of the
intestinal wall and the cutting edge of anal margin skin
was sutured discontinuously with 3—-0 absorbable suture
according to four quadrants to ensure no bleeding at the
anastomotic site. The front of the anal canal was wrapped
with 5-cm-long Vaseline gauze to compress hemostasis
and drain excrement. Finally, we reconstructed the pneu-
moperitoneum and examined the pelvic active bleeding
and anastomotic tension by laparoscopy.

The blood supply of external intestinal canal was
observed after operation in the modified Parks group. As
for some patients, due to sphincter contraction and other
reasons, ischemic atrophic external intestinal tube can be
cut off. For patients with good blood supply of external in-
testinal canal, external intestinal canal resection can be
performed at the edge of the anus when they return to the
hospital for the first review about 14 days after surgery
(Fig. 2). One week after the operation, all the patients who
kept their anus were instructed to perform anal contrac-
tion exercise four to six times a day for 15-30 min each
time, to keep the anus clean, and to have warm water sit-
ting bath. Rectal examination was performed 1 month
after operation. If it is difficult for the anus to pass
through the index finger, the anus should be dilated regu-
larly. According to the TNM stage of colorectal cancer of
the American Cancer Committee on Cancer (AJCC), pa-
tients with stage II pathological stage and high-risk factors
or stage III patients were treated with six to eight courses
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of chemotherapy with mFOLFOX6 regimen. The patients
with poor pathological type and late stage received syn-
chronous chemotherapy.

Data collection and postoperative follow-up

The clinical data of patients were collected. The anal
function indexes of patients were followed up in 1, 3, 6,
9, and 12 months after surgery, including Williams clas-
sification standard, LARS score, Cleveland Clinic Florida
FI score (Wexner scale), and Fecal Incontinence Quality
of Life Scale (FIQL).

Statistical analysis

SPSS 23.0 statistical software was used for statistical ana-
lysis. The counting data were expressed by the rate (%),
and the normal distribution measurement data were
expressed by means + SD, and those data were all accur-
ate to the last decimal point. y* test or Fisher exact prob-
ability method was used to compare the counting data
between groups; ¢t test was used to compare the FIQL
and other measurement data between the two groups;
four-grid y* test was used to compare the anal function
rating. p <0.05 was considered to indicate a statistically
significant difference between the data sets.

Results

In this study, all patients were operated successfully, the
mesorectal excision was complete, and there was no rec-
tal rupture. Pathological sections during and after sur-
gery showed that both margins were negative. The basic
data, ¢ test results, and postoperative pathological results
of the three groups were collected (Tables 1, 2, 3, and 4).
All the patients did not take other exercises and treatment
except for postoperative anal function rehabilitation guid-
ance. One patient in the Parks group had fecal fluid
drained from the vagina after operation, which was con-
firmed as rectovaginal fistula by postoperative radiog-
raphy. Six patients in the Parks group had fecal fluid
drained from abdominal drainage tube after operation,
which was confirmed as anastomotic leakage by postoper-
ative radiography. After the conservative treatment was

Fig. 2 Two-stage operation. a External intestinal canal with good blood supply. b Repair of stump after excision of external intestinal tube
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Table 1 Basic information of patients in the three groups
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Groups Number Gender Age (years) BMI Total hospitalization cost (Yuan) Distance from lower tumor
edge to anal margin (cm)
Parks 49 Male 25 554+11.7 229+30 53,0529 +£8021.8 28+ 1.1
Female 24
Dixon 44 Male 30 578115 223+26 58,3984 +12,198.2 23+12
Female 14
Miles 21 Male 12 564+93 216£29 61,5842 +9776.6 43+08
Female 9

Data are presented as mean + SD

ineffective, these seven patients underwent terminal ileos-
tomy and were excluded from postoperative follow-up.

Postoperative Fecal Incontinence Quality of Life Scale
(FIQL) was divided into four domains: lifestyle, coping/
behavior, depression/self-perception, and embarrass-
ment. After 1, 3, 6, 9, and 12 months of surgery, the
scores of each domain in each group were collected, and
their average values were taken (Fig. 5).

Parks-Dixon group
Postoperative anal function

Williams classification standard From 1 to 3 months
after surgery, the anal function of the Parks group was
poor (P1=0.000, P3=0.008; good rate 0.00-34.21% vs
54.20-81.58%), but from 6 months after surgery, the anal
function of the two groups was similar (P6 = 0.203; good
rate 95.80% vs 100%); until 12 months after surgery, the
good rate of the two groups reached 100% (Table 3,
Figs. 3b and 6).

LARS score From 1 to 9 months after surgery, the LARS
score in the Parks group was more serious (P1=0.001,
P3=0.014, P6=0.022, P9=0.042, LARS rate 95.25-
70.83-25.00-8.33% vs 84.21-57.89-10.53-0.00%). How-
ever, the LARS score in both groups was decreased
month by month. Until 12 months after surgery, the
LARS score in both groups was similar and improved
significantly (P =0.065, LARS rate 4.17% vs 0.00%)
(Figs. 4b and 6).

Wexner scale From 1 to 6 months after surgery, the
Wexner score of the Parks group was higher (P1 = 0.000,

Table 2 T test results of basic information in the three groups

P3 =0.001, P6=0.039), but the Wexner score of both
groups was decreasing. From 9 to 12 months after surgery,
the Wexner score in the two groups was similar (P9 =
0.054, P12 = 0.075) and improved significantly (Fig. 6).

FIQL scale

Lifestyle domain From 1 to 3 months after surgery, the
score of the Parks group was lower (P1=0.008, P3=
0.040). However, from 6 to 12 months after surgery, the
scores of the two groups were similar (P6 =0.052, P9 =
0.213, P12 = 0.329) and gradually increased (Figs. 5 and 6).

Coping/behavior domain From 1 to 6 months after sur-
gery, the scores of the Parks group were lower (P1=
0.003, P3 =0.005, P6 =0.020). However, from 9 to 12
months after surgery, the scores of the two groups were
similar (P9 =0.093, P12 = 0.375) and increased month by
month (Figs. 5 and 6).

Depression/self-perception = domain  and  the
embarrassment domain From 1 to 9 months after sur-
gery, the scores of two domains in the Parks group were
lower (P1=0.001/0.000, P3=0.008/0.001, P6=0.014/
0.003, P9 =0.022/0.016). It was not until 12 months after
surgery that these two domain scores of the two groups
were similar (P12 = 0.072/0.082) (Fig. 6).

Parks-Miles group
FIQL score

Lifestyle domain From 1 to 3 months after surgery, the
scores of the two groups were similar (P1=0.278, P3 =

Groups Gender Age BMI Total hospitalization Tumor distance
cost from anal margin
Parks-Dixon t=0.009 t=0927 t=0412 t=0.057 t=0.120
P=0.095 P=0317 P=0.030 P =0.000 P=0.000
Parks-Miles t=0464 t=0.241 t=0911 t=0.151 t=1655
P=0.644 P=0.727 P=0.366 P=0.016 P=0.102
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Table 3 ° test results of Williams classification standard of Parks-Dixon group

Groups One months after Three months after Six months after Nine months after Twelve months after
surgery surgery surgery surgery surgery

Parks-Dixon Pearson x° = 19.35 Pearson y° =7.13 Pearson x° = 162 Pearson y° = 0.80 Pearson y° = 0.00

group P=0000 P=0008 P=0203 P=0371 P=1.000

0.055). However, from 6 to 12 months after surgery, the
scores of the Parks group were higher (P6 = 0.020, P9 =
0.011, P12 =0.000), and the score gap increased grad-
ually (Figs. 5 and 7).

Coping/behavior domain From 1 to 6 months after
surgery, the scores of the two groups were similar (P1 =
0.628, P3 =0.200, P6 =0.068). However, from 9 to 12
months after surgery, the score of the Parks group was
higher (P9 =0.031, P12 =0.006), and the score gap in-
creased gradually (Figs. 5 and 7).

Depression/self-perception domain and
embarrassment domain From 1 month after surgery,
the scores of the two groups were similar (P1=0.125/
0.192). However, from 3 to 12 months after surgery, the
scores of the Parks group were higher in these two do-
mains (P3=0.026/0.035, P6=0.015/0.019, P9 =0.005/
0.001, P12 =0.000/0.000), and the score gap increased
gradually (Figs. 5 and 7).

Discussion

At present, there are four types of anus-preserving oper-
ation for ultra-low rectal cancer: ultra-low anterior re-
section (Dixon operation), intersphincter resection (ISR
operation) [27], coloanal anastomosis (Parks operation),
and local transanal resection. Among them, ISR [28] is a
relatively mature anus-preserving operation, but because
it needs to remove part or all of the internal anal sphinc-
ter, the postoperative anal function of patients is not
good [29]. Therefore, the research on other more effect-
ive anus-preserving methods has never stopped.

Parks operation is a kind of anus-preserving operation
put forward by Parks in 1982. However, because of its
open operation, the operation is difficult, the patients
have many complications, and the anal function is not
good. Nowadays, the application of laparoscopic technol-
ogy makes up for the shortcomings of traditional Parks
operation, and the application of laparoscopic Parks

Table 4 Pathological results of the three groups

Groups  Degree of differentiation TNM stage

Poor Moderate High 0 | I MMl \Y
Parks 3 37 9 0 1 20 18 0
Dixon 9 28 7 0 9 9 26 0
Miles 1 8 2 0 3 4 10 4

operation in anus-preserving operation for ultra-low rec-
tal cancer is increasing gradually. Denost et al. [30] also
confirmed the oncological safety and effectiveness of lap-
aroscopic Parks procedure for the extraction of anal tu-
mors. However, there are few reports on anal function
and quality of life related to anal function in patients
who underwent laparoscopic Parks surgery. By combin-
ing the advantages of traditional Bacon operation [25,
26], our treatment group adopted improved Parks oper-
ation under laparoscopy for anus-preserving of ultra-low
rectal cancer patients, which achieved rapid recovery
and good anal function, and met the requirements of
many patients without incision, minimally invasive and
beautiful. This operation method is an important
innovation for ultra-low rectal cancer, which is worthy
of clinical popularization.

Basic information

Compared with the Dixon group, the patients in the
Parks group were more obese (P < 0.030), the tumor was
closer to the anal margin (P < 0.000), but the total cost
of hospitalization was lower (P < 0.000). Compared with
the Miles group, the body type (P<0.366) and the dis-
tance between the tumor and the anal margin (P<
0.102) were similar in the two groups, but the
hospitalization cost in the Parks group was less (P<
0.016) (Table 2).

The follow-up period of this study was 12 months after
surgery, and no operative death occurred. The following
is a discussion of the results of the anal function and
FIQL scale.

Anal function

On the premise of ensuring radical treatment, compared
with Dixon group, the position of tumor in the Parks
group was lower, the rectal and anal canal was inevitably
retained less, and the anal sphincter and dentate line
were more damaged, so the early anal function of the
Parks group was worse. With the regular anal function
intensive exercise, 6 months after surgery, the anal func-
tion of the two groups was similar (Williams classifica-
tion standard, Wexner scale). However, the LARS score
of the two groups was not close until 12 months after
surgery, suggesting that fecal incontinence recovered
quickly in the Parks group, but there was still a long-
term and more serious symptom of anterior rectal
resection.
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Fig. 3 Williams anal function rating. a Frequency distribution of Williams anal function rating in Parks group and Dixon group. b The rate of good
anal function and dysfunction of Williams in the Parks group and Dixon group. A, B, and C indicate good function. D and E indicate dysfunction
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Fig. 4 LARS score. a Frequemcy distribution of LARS score in the Parks group and Dixon group. b The rate of non, mild, and severe LARS in the
Parks group and Dixon group. The total score is 42 points, 0-20 is no LARS; 21-29 is mild LARS; 30-42 is severe LARS
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Fig. 5 The change trend of FIQL four-domain score after operation in three groups

FIQL scale

Parks-Dixon group Compared with the Dixon group,
the scores of early four domains in Parks group were
lower, indicating that early postoperative fecal incontin-
ence had a greater negative impact on the quality of life
of patients. However, from 6 to 12 months after surgery,
the gap between the four domains of the two groups
gradually narrowed and reached a similar level
successively.

Lifestyle domain: We believe that the change of life-
style may be mainly related to the regular exercise of
anal function after surgery and the gradual approach to
normal anal function. The transition from having to use
a pad, moderate diet, and fear of going out to getting rid
of the restraint of pad and diet has also greatly improved
the quality of life in the domain of lifestyle after surgery.

Coping/behavior domain: The coping/behavior do-
main did not improve to the same level as that in the
Dixon group until 9 months after surgery, which indi-
cated a greater negative impact on this domain of fecal
incontinence. We believe that this may be related to the
frequent fecal incontinence, which makes patients have
to repeatedly enter and out the toilet to defecate. After
6 months, the pad did not need to be used again, but the
presence of slight fecal fistula also makes patients still
rely on toilet defecation, so the improvement of coping/
behavioral domain was relatively slow.

Depression/self-perception domain and the embarrass-
ment domain: It was not until 12 months after surgery
that the quality of life in these two domains did improve
to the same level as that in the Dixon group. We believe
that the slow recovery of the Parks group in these two
domains may be related to the following factors: (1) Be-
cause of the lower mass location, the patients in Parks
group were more worried about their own oncology
prognosis after anus preservation. (2) Repeated fecal in-
continence after surgery makes the patient think that he
is not a healthy person for a long time. Even though the
anal function gradually recovers later, the patients were
still worried about the repetition of fecal incontinence.
(3) The effect of six to eight times postoperative chemo-
therapy on the family financial burden and the side ef-
fects of chemotherapy. These factors make patients feel
depressed and embarrassed for a long time after surgery.
Until nearly 1vyear after surgery, patients gradually
adapted to their new rectal function, the anal function
was nearly normal, and the postoperative chemotherapy
cycle was basically over. The reexamination results of
1 year after surgery also gave patients more hope for
their future life, so the depression and embarrassment of
patients were better than before.

These results suggest that the patients in the Parks
group undergo a gradual recovery process from physio-
logical to psychological. The scores of depression/self-
perception and embarrassment were closely related to
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patients’ cognition of their condition [31]. Therefore, we
believe that, in addition to guiding patients with regular
anal function exercise, it is also important to give pa-
tients more humanistic care, help them to strengthen
their understanding [32] and acceptance [19] of their
own condition, and establish a more positive and opti-
mistic attitude toward diagnosis and treatment. These
will be more conducive to improving the overall quality
of life of patients after surgery. This also reflects the
biological-psychological-social medical model [33].

Parks-miles group Compared with the Miles group, the
FIQL of the two groups was similar in the early postopera-
tive stage. However, 3 months after surgery, the difference
of four-domain scores between the two groups gradually in-
creased, and there were significant differences successively.

These results show that anus-preserving advantages of
Parks surgery have greatly improved the quality of life of
patients after surgery, which the Miles surgery cannot
match. This is also consistent with the results reported
by Digennaro et al. [34].
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Fig. 7 T test results of postoperative FIQL score in Parks-Miles group
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There are still some limitations in this study. First of
all, the patients with ultra-low rectal cancer in this study
did not randomly adopt the above three groups of sur-
geries. In fact, for tumors with higher position, ultra-low
Dixon is more likely to be selected, while for more ad-
vanced tumors, APR is preferred, while for tumors with
lower stage, Parks is preferred for tumors with earlier
stages. This also led to the difference of some preopera-
tive data of the three groups, but by strictly screening
the preoperative data of each group, we removed some
of the patients with obvious differences and minimized
these differences. Secondly, the sample size of this study
is relatively small, which may affect the reliability of our
conclusions. Thirdly, all the surgeries in this study were
performed by the same surgical group and the same
doctor. It controls the variables; however, there may be
differences in surgical techniques between different
doctors. Thus, a multi-center research was needed to
further validate our conclusions. Fourthly, this study
only followed up the anal function and FIQL of the pa-
tients 12 months after surgery, and the oncology progno-
sis and postoperative intestinal adhesion of the patients
for a longer period of time was still lacking. Fifthly, in
this study, we give a variety of guidance on postoperative
anal functional rehabilitation exercise for patients with
anal preservation and control the consistency of the
guidance as much as possible. But different patients have
different degrees of implementation of the same rehabili-
tation exercise, and the exercise effect is not the same,
which may have an impact on the results of the study.
Moreover, we have less guidance on patients’ cognition
of postoperative diseases, which may be related to the
slow recovery of patients’ cognitive quality of life. For
these reasons, large-scale multi-center prospective ran-
domized controlled trials will be carried out in the fu-
ture to give patients more cognitive guidance on disease
and to further study the relationship between the long-
term oncological prognosis of these three surgical
methods.

Conclusions

This study shows that laparoscopic modified Parks sur-
gery is a safe and effective anus-preserving method for
patients whose sphincters have not been invaded and
cannot be safely resected and anastomosed through an-
terior resection. The limitation of Dixon surgery in free
distal rectum was overcome by the method of laparo-
scopic downstream detachment combined with transanal
bottom-up detachment [35]. Laparoscopic modified
Parks surgery has obvious technical advantages for obese
patients and male patients with narrow pelvis because it
does not need to anastomose in the pelvis. The faster re-
covery and fewer complications after surgery are in line
with the concept of fast recovery surgery [36]. Moreover,
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there were no auxiliary incisions in the abdomen, and
only four small punctures were left, which not only met
the cosmetic needs of the patients, but also avoided the
complications related to abdominal incisions, which was
also in line with the concept of injury control surgery
[37]. In addition, it can also be classified as a kind of
NOTES surgery [38].
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