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Early enteral vs. oral nutrition
after Whipple procedure: Study
protocol for a multicentric
randomized controlled trial
(NUTRIWHI trial)
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Background: Malnutrition has been shown to be a risk factor for postoperative
complications after pancreatoduodenectomy (PD). In addition, patients
needing a PD, such as patients with pancreatic cancer or chronic
pancreatitis, often are malnourished. The best route of postoperative
nutrition after PD remains unknown. The aim of this randomized controlled
trial is to evaluate if early postoperative enteral nutrition can decrease
complications after PD compared to oral nutrition.

Methods: This multicenter, open-label, randomized controlled trial will
include 128 patients undergoing PD with a nutritional risk screening >3.
Patients will be randomized 1:1 using variable block randomization stratified
by center to receive either early enteral nutrition (intervention group) or oral
nutrition (control group) after PD. Patients in the intervention group will
receive enteral nutrition since the first night of the operation (250 ml/12 h),
and enteral nutrition will be increased daily if tolerated until 1000 ml/12 h. The
primary outcome will be the Comprehensive Complication Index (CCl) at 90
days after PD.

Discussion: This study with its multicentric and randomized design will permit

to establish if early postoperative enteral nutrition after PD improves
postoperative outcomes compared to oral nutrition in malnourished patients.
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Clinical trial registration: https://clinicaltrials.gov/(NCT05042882)
Registration date: September 2021.

KEYWORDS

pancreas cancer, pancreatoduodenectomy, malnutrition, complications, morbidity

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the
deadliest cancers in humans (more than 47’000 estimated
deaths in 2020 in the United States) (1). It is predicted to
become the second most common cause of cancer deaths in the
United States by 2030 (2). The mean costs in 2015 were
estimated to be $79°800 per patient with PDAC and $164’100
for each resection (3). The observed overall 3-year survival
after diagnosis is 6% (4, 5). Surgery remains the only
potentially curative strategy when combined with adjuvant or
neoadjuvant chemotherapy. However, resection of the
pancreatic head remains a difficult surgical procedure with
high morbidity (40-60%) (6, 7). Recently, the concept of
Enhanced Recovery After Surgery (ERAS) has contributed to
reduce overall morbidity, length of hospital stay and costs by
implementing multimodal measures influencing the pre-,
intra- and postoperative periods (8-12).

Patients suffering from pancreatic tumors as well as patients
with chronic pancreatitis often present with cachexia or at least
with a certain level of malnutrition (13). This situation is difficult
to correct preoperatively. Nutritional therapy should therefore
be started early during the postoperative course to prevent
further malnutrition, as the latter is an important risk factor to
develop complications (14-16). In addition, surgery disrupts the
digestive tract, leading to postoperative indigestion and
malabsorption (17). Postoperative nutritional supports,
including early enteral nutrition (EEN) and parenteral
nutrition (PN), have been shown to be effective in improving
clinical outcomes after major abdominal surgery (14).

Malnutrition is still poorly defined. Many definitions have been
proposed based on criteria that vary between medical history,
biometric and biological data. Currently, the European Society for
Parenteral and Enteral Nutrition (ESPEN) recommends the
Nutritional Risk Score (NRS) as a screening tool, even if it has
not been prospectively validated (18, 19). Several studies have
proven its reliability to identify patients at nutritional risk who
will benefit from perioperative nutritional support (15, 20). Patients
with NRS >3 are considered to be exposed to higher incidence and
severity of postoperative complications.

Recent randomized clinical trials and meta-analyses have
shown that EEN could shorten length of stay, reduce

Frontiers in Oncology

postoperative infections and mortality and improve cost-
effectiveness when compared to PN in gastrointestinal cancer
surgery (21-24). Specifically after pancreatoduodenectomy
(PD), EEN has been shown in one study to reduce early and
late complications, infections, and readmission rates (25).
Another retrospective study showed no differences with
respect to time to resumption of normal oral intake, morbidity
and mortality when comparing EEN via nasojejunal tube or
jejunostomy tube and parenteral nutrition (26). However, a
recent multicentric randomized controlled trial that compared
nasojejunal EEN to PN after PD showed that EEN was
associated with an increase of overall postoperative
complications (27). One major drawback of this study is that
it did not compare EEN to the recognized standard which is oral
feeding and not PN (28). Another systematic review compared
the outcomes of 5 feeding routes after PD (oral diet, enteral
nutrition via either a nasojejunal, gastrojejunostomy tube or
jejunostomy tube, and PN) and reported no evidence to support
routine enteral or parenteral feeding after PD (29).

The study of EEN and its impact in terms of morbidity
require the use of a validated tool. Most studies fail to provide
information about the severity of complications and inform only
on the most severe event, ignoring events of lesser severity (30).
The Comprehensive Complication Index (CCI) was created to
summarize all postoperative complications and is more sensitive
than existing morbidity endpoints (31).

The primary objective of the study is to assess the impact of
EEN through a jejunal tube placed intraoperatively on
postoperative morbidity after PD, according to the CCI.
Secondary objectives are to assess the impact of EEN on major
postoperative complications, according to Clavien classification,
specific complications, length of stay, readmission rates,
reoperations, quality of life (QoL), metabolic stress and
nutritional response after PD.

Materials and methods

Hypothesis and primary/secondary
objectives

The hypothesis is that EEN after PD might decrease the
postoperative complications compared to oral nutrition as
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patients undergoing PD often are malnourished. The primary
objective is to assess the impact of EEN on postoperative
morbidity after PD, according to the CCI, in patients at
nutritional risk with a NRS >3.

The secondary objective is to evaluate the impact of EEN on
major postoperative complications, according to Clavien
classification (defined as >3a), specific complications, length of stay,
readmission rates, reoperations, QoL, metabolic stress and nutritional
response after PD in patients at nutritional risk with a NRS >3.

Primary and secondary endpoints
The primary endpoint measuring postoperative morbidity
will be assessed using the CCI at 90 postoperative days.
Secondary endpoints are the following:

* Most severe postoperative complications (=3a) will be
measured using the Clavien classification within 90
postoperative days.

* Specific complications of PD will be recorded:

o Surgical site infections (SSI), further divided into
‘superficial’, ‘deep’ and ‘organ-space’ according to
the specific anatomic involvement and the
Centers for Disease Prevention definition (32).

o Postoperative pancreatic fistulas (POPF) are
classified into three grades, A, B and C,
according to the consensus of the International
Study Group for Pancreatic Surgery (ISGPS) (33).

o Delayed gastric emptying (DGE), which is
classified into three grades, A, B and C,
according to the consensus of the ISGPS (34).

o Postoperative pancreatic hemorrhage (PPH),
which is also classified into three grades, A, B
and C, according to the consensus of the ISGPS
(35).

o Biliary fistula (no standard definition)

o Gastrojejunal anastomosis fistula (no standard
definition)

o Pancreatitis (no standard definition)

» Length of stay will be measured from operative day until
discharge.

* Readmissions will be counted until postoperative day 90.

* Reoperations

 Patients’ QoL will be assessed by the EORTC (European
Organisation for Research and Treatment of Cancer)
QLQ-C30 questionnaire (36). This questionnaire will be
filled 4 times: at preoperative consultation or admission,
at patient’s discharge, between the 4th and 6th
postoperative week and on POD 90 (via phone call).
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The subjective tolerance of EEN will be assessed daily
during the first 7 postoperative days, using a visual
analogue scale (0: perfect tolerance to 10: no
tolerance). Objective tolerance will be assessed by the
amount of EEN as a percentage (tolerated/total amount
of EEN required).

Time required (in days) to reach respectively 50% and
100% of the daily caloric targets required (30 kcal/kg/day
if BMI <30 kg/m2 and 25 kcal/kg/day if BMI >30 kg/m2,
protein target: 1.5 g/kg/day).

Metabolic response to EEN will be assessed with
biological measurements preoperatively and twice
weekly (currently already measured, according to our
PD care map):

o C-Reactive Protein (CRP) and procalcitonin
o Simple blood count, coagulation

o Electrolytes: sodium, potassium, calcium,
magnesium, phosphate

o Creatinine, urea, blood glucose, liver and
pancreatic function tests, prealbumin, albumin,
triglycerides

Various malabsorption due to PD surgery: measurements
will be made twice, once before surgery and once between
the 4th and 6th postoperative week during the follow-up
visit. As PD might induce duodenal and pancreatic
insufficiencies postoperatively due to the resection of the
duodenum and the pancreatic head, it is presently
unknown if EEN might influence these insufficiencies
by improving the overall nutritional state and the mucosal
trophic status of the small bowels.

o Duodenal insufficiency: folate, magnesium,

calcium, iron, ferritin, transferrin saturation

o Exocrine pancreatic insufficiency: malabsorption
of fat-soluble vitamins: vitamin D (with calcium/
phosphate balance and parathormone) and
vitamin E

o Endocrine pancreatic insufficiency: due to risk of
developing a secondary diabetes, HbAlc
(glycated hemoglobin) will be measured.

Body measure using bioelectrical impedance analysis
(BIA) and muscle strength using handgrip will be
measured preoperatively, on discharge day, and on the
first follow-up visit. BIA will calculate the percentage of
body fat and muscle mass using 2 or 4 electrodes on the
wrists/fingers and ankles to measure the impedance.
Handgrip will be measured in both hands (best of 3
attempts).

Resting energy expenditure will be measured bedside by
the dietician on POD 5 using indirect calorimetry.
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Indirect calorimetry will measure respiratory gas
exchange using a canopy hood or a face mask.

Each of these endpoints will be measured in the study (EEN)
and control (oral nutrition) groups.

Study design
This study is an open-label, multicentric, international two-
arm, randomized controlled trial.

Study intervention

After PD, patients will be randomized to receive either EEN
or oral nutrition. Patients included in the EEN arm will receive,
in addition to oral nutrition based on the current care maps,
enteral nutrition according to the following scheme that was
established in accordance with nutritionists:

 Six hours after the operation, a low flow enteral feeding
will be initiated (21 ml/h, 250 ml/12h), and based on a
Isosource® Energy Fibre solution (or similar product,
400 kcal).

+ If the tolerance is subjectively good, with a visual
analogue scale <4/10, the flow will be increased on first
postoperative day (POD), at the flow of 42 ml/h (500 ml/
12h from 8 pm to 8 am, 800 kcal).

* On POD 2: increased flow to 62.5 ml/h (750 ml/12h,
1200 kcal)

e On POD 3: increased flow to 83.5 ml/h (1000 ml/12h,
1600 kcal)

If the tolerance is not satisfactory (5/10 and 6/10), the
current flow will be maintained 24 hours more. It will be
decreased to previous stage if tolerance is >6/10 or put on
hold for 6 hours in case of persisting digestive symptoms
(severe nausea, vomiting, severe bloating or severe diarrhea)
despite diminution of the nutrition flow, and increased the next
day if tolerated until the maximum of 1000 ml/12h.

The diet will be infused over 12 hours with a pump and
controlled flow rate. EEN will be continued until oral food intake
will have reached more than 50% of nutritional requirements.
Daily nutritional requirements will be defined as 30 kcal/kg if
BMI <30 kg/m2 and 25 kcal/kg if BMI >30 kg/m2 (protein
target: 1.5 g/kg/day). The oral intake will be assessed by
the dietitian.

If a patient in the EEN group loses or displaces its
nasojejunal tube (vomiting, accidental removal), a new probe
will be replaced under endoscopic control by the
gastroenterologist through the gastrojejunal anastomosis. If
this happens a second time, another attempt to put the
nasojejunal tube will not be made (the patient will remain in
the study). In the same previous scenario (nasojejunal tube

Frontiers in Oncology

10

10.3389/fonc.2022.855784

expulsion), and if the patient suffers from DGE, a nasogastric
tube will be installed at the same time.

In the enteral nutrition group, if the patient suffers from
DGE and the nasojejunal tube is in place, a nasogastric suction
tube will be installed in addition, and enteral feeding will be
continued. Parenteral nutrition will be used to complete, if
necessary, the missing caloric needs. In the control group
(without jejunal tube), in case of DGE, a nasogastric suction
tube will be installed (the patient will remain in the study) and
parenteral nutrition will be started.

The use of parenteral feeding will be standardized similarly in
both groups. A parenteral nutrition will be initiated if the caloric
intake is <50% of caloric requirements for 24 hours and from
POD 3. Parenteral nutrition will be continued until the total
caloric intake without the parenteral nutrition reaches >50% of
daily caloric needs and until no more nasogastric tube will be
in place.

Inclusion and exclusion criteria,
justification of study population

Participants fulfilling all the following inclusion criteria are
eligible for the study:

* Patient scheduled for elective open PD.
 Patient 218 years old.
» Patient at nutritional risk, i.e., with NRS >3.

The presence of any one of the following exclusion criteria
will lead to exclusion of the participant:

+ Patient not able to give informed consent as documented
by signature of consent form (e.g., vulnerable patients).

* Enteral feeding already initiated preoperatively.

* Inability to follow the procedures of the study, e.g., due
to language problems, psychological disorders (i.e.,
eating disorders and bipolar disorders), or dementia.

The total number of included patients will be 128 (64 in each
group). The choice of the patient population is justified by the
fact the patients undergoing PD often are malnourished
(cachexia due to cancer or chronic pancreatitis) and are at
nutritional risk postoperatively due to the important stress
response induced by this major abdominal surgery. As
malnutrition is a risk factor for complications, EEN might
reduce the morbidity burden after PD.

Recruitment, screening and informed
consent procedure

The study will be proposed to any patient planned for a PD
meeting inclusion criteria. The study will be presented to the
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patients during the first preoperative consultation by the
investigators at the hospital. Expected benefits (fewer
postoperative complications) and potential disadvantages as
well as risks (poor tolerance of the nasojejunal tube, nausea,
vomiting, diarrhea, tube obstruction, bronchial inhalation) will
be explained. An information sheet will be given to the patient
during the preoperative consultation. The patient will have the
opportunity to ask questions.

A time of reflection will be given (at least 24 hours). The
consent form will therefore be obtained at last the day before
the intervention.

The investigators will explain to each participant the nature
of the study, its purpose, the procedures involved, the expected
duration, the potential risks and benefits and any discomfort it
may entail. Each participant will be informed that the
participation in the study is voluntary and that he or she may
withdraw from the study at any time and that withdrawal of
consent will not affect his or her subsequent medical assistance
and treatment.

The participant will be informed that his or her medical
records may be examined by authorized individuals other than
their treating physician.

All participants for the study will be provided a participant
information sheet and a consent form describing the study and
providing sufficient information for participant to make an
informed decision about their participation in the study.

The formal consent of a participant, using the approved
consent form, will be obtained before the participant is
submitted to any study procedure.

The consent form will be signed and dated by the
investigator or his designee at the same time as the participant
signs. A copy of the signed informed consent will be given to the
study participant. The consent form will be retained as part of
the study records. The informed consent process will be
documented in the patient file and any discrepancy to the
process described in this protocol will be explained.

Study procedures

Given the rate of annual procedures, a recruitment of about
60% of eligible patients, and based on the experience of two
randomized studies successfully completed in the CHUV
Visceral Surgery Department (NCT00508300, NCT00512213),
the planned overall study duration is three years including the
recruitment period and follow-up. For patients the study
duration will be from enrolment until POD 90, date of last
follow-up phone call. The expected hospitalization duration for
each patient will be approximately 14 days, which is the current
mean hospital stay after PD in our department.

Eligibility of the patients will be confirmed on the day before
the operation (day -1). Then, patients will be randomized before
the operation (day -1) or on operation day in either the control
arm or the experimental one (EEN).
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Standardized surgical procedure in all eligible patients: In
terms of surgical details, all patients will receive a prophylactic
dose of antibiotics (cefuroxime) 30 minutes before incision and
first have exploratory laparotomy followed by conventional or
pylorus-preserving PD. Pancreaticojejunostomy will be performed.
The technique of the pancreaticojejunal anastomosis will be left to
the surgeon choice. End-to-side hepaticojejunostomy will be
performed with single-layer interrupted sutures. A
gastrojejunostomy on an omega loop will finally be constructed
approximately 70 cm distally to the ligament of Treitz. One or two
perianastomotic drains will be placed.

Specific study procedure: At the end of surgery (after the
three anastomoses are finished but before closure of the
abdomen) and in the EEN study group only, a polyurethane
single or double lumen feeding nasojejunal tube (Freka®) 8F will
be inserted by the anesthesiologist and placed under direct
palpation and visual control by the surgeon, 30 cm distally to
the gastrojejunostomy into the alimentary limb (jejunum). The
tube will be attached according to current practice to the nose
wing with a tape. The patient will therefore be under general
anesthesia during tube insertion and no x-ray control will be
needed. An accepted alternative to nasojejunal tube will be to
place a surgical gastrojejunal tube at the end of the operation.

Postoperatively, patients will receive standardized
perioperative care according to the ERAS protocol in both arms.

From a nutritional point of view, this includes:

- The day before surgery: 2 carbohydrate drinks of 200 ml
- The operative day: 2 carbohydrate drinks of 200 ml up to 2
hours preoperatively, then postoperative free drinks

- On postoperative day (POD) 1: broths, creams, yogurts,
drinks >21

- On POD 2: light diet, drinks >2I
- On POD 3: normal diet (half serving)
- On POD 4: normal diet (full serving)

From POD 1, patients of both groups will receive two oral
nutritional supplements (Resource® Ultra XS 125 ml, 280 kcal,
18 grams of proteins or analogous products) until discharge. In
terms of intravenous infusions, a parenteral crystalloid solution
will be used (Ringer-Lactate): 1000 ml during operative day and
on POD 1, 500 ml during POD 2 and 3, then 250 ml, if necessary,
until POD 8 (minimum for maintenance of the central venous
line). Anti-nausea agents (ondansetron 4 mg 3x/j and
mephameson 4 mg 1x/j) as well as laxatives (magnesium
hydroxyde 4.5 g 2x/j) will be used daily for 3 days, then on
demand. Prokinetic agent (metoclopramide 10 mg 3x/j) will be
used on demand. An anti-acid (esomeprazole 40 mg 1x/j) will be
introduced for the duration of the hospitalization. Digestive
enzymes will be prescribed from the first postoperative day
(Creon 40’000 UI 3x/j). The dose of digestive enzymes will be
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adapted based on the quantity of oral food that the patient
will eat.

In terms of mobilization, patients will be stimulated by
nurses/physiotherapists according to the following plan:

- Operative day: just get up from bed

- On POD 1: walk once during the day, spend >6h out of
bed (3 x 2h)

- On POD 2 to discharge: walk twice during the day,
spend > 8h out of bed (4 x 2h)

In our current practice, no suction gastric tube is routinely
left in place after the operation, but this choice will be left to the
surgeon and recorded in the electronical case report form.

A standard nutrition protocol for the EEN intervention
group will be prescribed as established in accordance with the
nutritionists. Patients randomized into the oral nutrition group
will receive the current postoperative management and receive

TABLE 1 Schedule of assessments.

10.3389/fonc.2022.855784

from POD 1 an oral nutrition that will be gradually increased if
tolerated until a normal diet (see above).

Several blood tests will be performed during the
postoperative period. A timeline summary table of all study
visits, relevant procedures, and samplings is shown in Table 1
(schedule of assessments).

Demographic disparities or differences in patient
characteristics could be a source of bias. To reduce this risk,
we decided to undertake a randomization of the participants.
Moreover, heterogeneity in general management between
centers might be a source of bias. Randomization will be
stratified by center to decrease the risk of center bias.

Withdrawal and discontinuation

Patients will be withdrawn from the study if they leave the
operation room with only a suction nasogastric tube in place or
in case of withdrawal of informed consent, non-compliance to
the study protocol, or due to safety concerns. Participants will

Study periods Screening Entry
Visits 1 2
Days Preoperative -1
Patient information and informed consent x*

*
Patient eligibility confirmation X
Demographics X X
Randomization X
Standard surgery (not study procedure)
Nasojejunal tube (EEN group)
Physical examination X X
Vital signs X X
Metabolic tests ¥ X
Nutrition tests Q X
Body measures® X

Indirect calorimetry

EORTC QLQ-C30 X X
Subjective tolerance (VAS 0-10)

Complications - CCI

Complications - Clavien

LOS

Readmissions

X

kot

Intervention Discharge Follow-up
Daily 3 4 5
1-7 Hospitalization 141 30-45 90
Daily X X
Daily X X
2x/week
X
X X
on POD 5
X X X
X
X X X
X X X
X
X

Demographics include the measure of serum CA 19-9 at admission in case of pancreatic cancer.
EEN, early enteral nutrition; EORTC, European Organisation for Research and Treatment of Cancer; VAS, Visual Analog Scale; CCI, Comprehensive Complication Index; LOS, length of

stay; POD, postoperative day.

¥Metabolic tests: CRP, procalcitonin, simple blood count, coagulation tests, electrolytes (sodium, potassium, calcium, magnesium, phosphate), creatinine, urea, blood glucose, liver and

pancreatic function tests, prealbumin, albumin, triglycerides.

ONutrition tests: folate, magnesium, iron, ferritin, transferrin saturation, vitamin D, calcium, phosphate and parathormone, vitamin E, HbAlc (glycated hemoglobin).
°Body measures: lean body mass using bioelectrical impedance analysis and strength using handgrip.

*Filled either during screening visit or at hospital admission.

**The preoperative EORTC questionnaire will be filled during screening visit or on hospital entry day. In total, four questionnaires will be filled. The last one on postoperative day 90 will be

filled by the study nurse who will perform the phone call.

***At the end of surgery and in the EEN study group only: polyurethane single or double lumen feeding nasojejunal tube (Freka®) 8F or surgically-placed gastrojejunal tube.

ADischarge on day 14: current mean hospital stay.
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not be replaced and considered as dropouts. Study data already
collected on a participant until the time of withdrawal will still be
used for analysis in a coded manner. No further data will be
collected however from that time onwards.

Assessment

The CCI will be assessed on postoperative day 90. All
complications that occurred during the 90 days after PD will
be included for each patient in the CCI. The CCl is a global index
of postoperative morbidity that includes all the complications
that a patient present and is based on the Clavien classification.
The CCI is graded from 0 (no complication) to 100 (death) by
using an algorithm available online (https://www.assessurgery.

com/about_cci-calculator).

Follow-up

Follow-ups will be performed 4 weeks after hospital
discharge with physical consultations and on POD 90 with
phone calls.

Statistical analysis and sample
size calculation

A statistician was involved in the study design and estimate
of the sample size. A statistician will realize the statistical
analyses once all data will have been collected.

Null hypothesis HO: EEN has no effect on postoperative
complications (CCI) in the population (and therefore the
observed effect is entirely due to chance): p2 = p1.

Scientific hypothesis H1: EEN has an effect on postoperative
morbidity (CCI) in the population (and therefore the observed
effect is not entirely due to chance): p2 > pl.

According to a previous randomized trial including a series of
PD and assessing a realimentation process (enteral vs. parenteral),
the mean CCI was impacted of about 30% (32.8 vs. 24.2) (27).
Another study reported a mean CCI of 38 after PD (37).

Based on the above results, we hypothesize that ENN will
reduce by 30% a mean CCI of 35 (+/- 20) of the oral nutrition
group. We will therefore expect a mean CCI for the treatment
group (EEN) of 24.5 (SD 20). In this superiority study, for a
power of 80% and a significance level of p-value <0.05 (two-
sided alpha), we will therefore need 57 patients per group
according to the sample size calculation. Nevertheless, we will
increase the sample size to a total of 128 patients to take into
account 10% of drop-out (e.g., due to discomfort associated with
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the tube or nasojejunal tube displacement) at 90 days (primary
endpoint evaluation). We will therefore need to enroll 64
patients per group in the trial.

The study will be closed once the required 128 patients will
be included. No interim analysis will be performed.

Normality of distribution will be determined by the
Kolmogorov-Smirnov test and quantile-quantile plots of
dependent variables for all continuous variables.

We will use a Student’s t-test to evaluate if the primary
outcome (CCI) can significantly be reduced by EEN compared
to the control group (comparison of mean CCI hypothesizing a
normal distribution) if the normality of distribution is
confirmed. On the contrary if normality is not satisfied a
Mann-Whitney U test will be used. For the analysis of all
secondary endpoints, we will also use t-tests (or Mann-
Whitney U tests if distribution is not normal) or chi-square
tests based on the variable types. Regarding the questionnaires
filled 4 times during the study, tests specific to repetitive ordinal
measures will be used.

The primary analysis will be based on the intention-to-treat
method and not per protocol. We will perform an intention-to-
treat analysis so that all patients being intended to treat will be
analyzed in the statistics independently. All patients will therefore
be analyzed according to the group in which they were initially
randomized. The intention-to-treat population (full analysis set)
will be defined as the groups of patients who were randomized to
have enteral nutrition (intervention group) or oral nutrition
(control group). The inclusion in the enteral or oral groups will
be defined at the moment of randomization, not taking into
account if the patients finally received the specific postoperative
nutrition based on the study protocol. As a sensitivity analysis, we
will perform a per protocol analysis. The per protocol analysis will
permit to assess the effect of enteral nutrition if correctly received
as mentioned in the study protocol.

Blocked randomization will be done using a computerized
algorithm via REDCap by a research coordinator the day before
surgery. The proportion of “study” (EEN) and “control” (oral
nutrition) subjects will be 1:1 (mix of variable block sizes of 4, 6,
and 8 patients, randomly selected). Before surgery, only the
responsible surgeon will know the allocation group.
Postoperatively, the inclusion in the different groups will be
known by the caregiver team and the patient, as it is not possible
to blind the intervention (nasojejunal tube). The investigators,
the outcome adjudicators, and the data analysts will be blinded
(allocation concealment).

The statistical package used for analysis will be SPSS version
26 (IBM Corp., Armonk, NY, USA).

Handling of missing data and drop-outs
In case of missing data among variables other than
endpoints (adjustment variables, >5% of expected data) we will
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consider the use of the multiple imputation technique. This
process will be performed multiple times (e.g., 10-20 times) to
combine multiple data sets to produce one final data sets
replacing the missing data (38). A 10% drop-out was
considered in the sample size calculation.

Discussion
Anticipated results

The hypothesis of this study is that EEN through a jejunal
feeding tube will permit to provide to patients the required
calories after PD more rapidly and will decrease the number and
severity of postoperative complications after PD. The authors
anticipate a decrease of the CCI on POD 90 by 30% in the EEN
group compared to patients with oral nutrition.

Overall ethical considerations

The study design (randomized controlled trial) will permit to
have a good internal validity of the study. Moreover, the CCI
used as main outcome is a validated index of general
postoperative morbidity and it enables to encompass all
complications that a patient may present. The inclusion of
several centers internationally will increase the generalizability
of the results (external validity). The complication rate after PD
remains high (around 60%) and malnutrition has been
established as a risk factor of postoperative complication. An
intervention that could improve the nutritional status of the
patients may lead to a decrease of morbidity after PD.

If the results are favorable, this study will permit to establish
an EEN protocol to improve patient outcomes after PD. Patients
undergoing PD could rapidly benefit of this management, and
EEN could become the new standard of care for the
perioperative nutrition management after PD. The results of
this study could be implemented and translated into daily
clinical practice promptly.

The need for research in this field is clearly present, as the
issue of postoperative nutrition after PD is not resolved and does
not reach a consensus among pancreatic surgeons. The
numerous presentations, debates in congresses, and our
recently published survey on that subject attest and highlight
the absence of consensus and lack of solid data (39).

The results of this study would go beyond the only scientific
interest, as they will directly impact patients undergoing
pancreas surgery. As pancreas cancer incidence is projected to
grow in the upcoming years, pancreas surgery number will
correlatively increase. Ultimately, in the current era of growing
health expenditures and need for cost containment, if EEN
allows decreasing complications and length of stay, it could
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also decrease the overall costs for each patient hospitalization for
PD, which could have important positive repercussions on the
health care system.

Particular attention will be paid to the process of
randomization to ensure a sound methodology. An overall fair
balance for the study participant will be maintained.

Risk-benefit assessment

There are potential adverse events associated with
nasojejunal tube and enteral nutrition: poor tolerance, nausea,
vomiting, diarrhea, tube obstruction, or bronchial inhalation.
Nursing teams are trained to use the equipment and will perform
the same care as usual: position verification, flushing, nasal
fixation, nasal eschar surveillance. With these measures, the
risk of adverse events associated with the study is judged to be
low. In addition, the intraoperative positioning of the tube in the
efferent alimentary loop should minimize these risks.

From the investigators™ perspective, we hypothesize that the
EEN intervention will be a benefit for patients included in the
study group. Benefits of EEN could be a decrease of postoperative
complications and a shorter length of stay. Nevertheless, the
control group cannot be considered disadvantaged as the
current recommended nutrition management after PD is oral
nutrition. It is also possible that the participation to the study will
not bring any benefits.

Conclusion

This study will bring new insights on the impact of enteral
nutrition on postoperative complications after PD in
malnourished patients compared to oral nutrition.
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Incidence of bifid
pancreatic duct in
pancreaticoduodenectomy and
its impact on clinically relevant
postoperative pancreatic fistula

Liu Ouyang®, Hao Hu', Gang Nie™, Li-xue Yang?,

Zhi-ping Huang*', Chen-ming Ni*, Zhuo Shao*,

Kai-lian Zheng*, Wei Jing*, Bin Song*, Gang Li*,

Xian-gui Hu™ and Gang Jin™*

‘Department of the Hepatobiliary and Pancreatic (HBP) Surgery, Changhai Hospital, Naval Medical
University, Shanghai, China, 2Department of Biliary Tract Surgery Il, Eastern Hepatobiliary Surgery

Hospital, Naval Medical University, Shanghai, China, *Department of Hepatobiliary Surgery, General
Hospital of Southern Theatre Command, Guangzhou, China

Objectives: This study aimed to examine the incidence of bifid pancreatic duct
(BPD) in pancreaticoduodenectomy (PD) and clarify its impact on clinically
relevant postoperative pancreatic fistula (CR-POPF).

Background: Until now, all the literature about BPD during PD are published as
case reports, and the incidence of BPD in PD and its impact on CR-POPF
remain unknown.

Results: A total of 438 consecutive PDs were divided into two groups: the
former year group and the latter year group. The former year group included
215 consecutive PDs, while the latter year group included 223. In the latter year
group, we found 16 BPDs during PD (O-BPD); the incidence of O-BPD is 7.17%.
Of them, there were eight patients who had BPD in the preoperative imaging (I-
BPD). All the I-BPDs are O-BPDs; which means that 50% of O-BPDs were a
single pancreatic duct in the preoperative imaging (I-SPD). There were 17 |-
BPDs in the 438 consecutive PDs; the incidence of I-BPD is 3.88%. In the
former year group, the rate of severe complications of I-BPD and [-SPD is
77.78% and 27.18%, respectively (p = 0.003); the rate of CR-POPF of |-BPD is
higher than [-SPD, 55.56% vs. 27.187%, but there were no statistically significant
differences. In the latter year group, the rate of severe complications of O-BPD
and O-SPD is 50% and 18.36%, and the rate of CR-POPF of O-BPD and O-SPD
is 37.5% and 22.22%, respectively; both of them have statistically significant
differences, and the p-value is 0.003 and 0.006, respectively. In the subgroup
analysis, both the rate of severe complications and the rate of CR-POPF of |-
BPD were higher than O-BPD, 77.78% vs. 50%, and 55.56% vs. 37.5%, but there
were no statistically significant differences in both of them; the p-value is 0.174
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and 0.434, respectively. Univariate and multivariate analyses showed that BPD
was an independent risk factor of CR-POPF.

Conclusions: The incidence of O-BPD in PD is 7.17%, 50% of O-BPDs were |-
SPD, and the incidence of |-BPD is 3.88%. BPD is an independent risk factor of
CR-POPF. The suture closure method may be a simple, safe, and effective
method in dealing with BPD in PD.

KEYWORDS

bifid pancreatic duct, morbidity, pancreaticoduodenectomy, CR-POPF, nomogram

Introduction

Pancreaticoduodenectomy (PD) represents the standard
surgical procedure for neoplasms of the pancreatic head and
periampullary region. It involves the removal of the pancreatic
head, duodenum, gallbladder, and common bile duct, with or
without the removal of the gastric antrum; after resection,
pancreaticojejunostomy (PJ), cholangiojejunostomy, and
gastrojejunostomy must be performed. The most common
complications after PD are delayed gastric emptying (DGE),
pancreatic fistulae, hemorrhage, chyle leaks, endocrine and
exocrine pancreatic insufficiency, and surgical site infections
(1). The mortality rate of PD is about 2%-5%; the two most
frequent causes of death were a leak from an anastomosis with
sepsis/multiple organ system failure and bleeding. Clinically
relevant postoperative pancreatic fistula (CR-POPF) occurs in
up to 20% of patients and is typically associated with an
increased hospital stay, cost, and reintervention rates. It is one
of the most important initiating factors of severe complications
and even death after PD (2).

The validated Fistula Risk Score (FRS) by Callery et al. (3) is
the most cited and best used POPF prediction model. The FRS
consists of gland texture, pancreatic duct diameter,
intraoperative blood loss, and definitive pathology. The
alternative Fistula Risk Score for PD (a-FRS) by Mungroop
et al. (4) was based on pancreatic texture, duct diameter, and
body mass index (BMI), without blood loss and pathology, and
was successfully validated for both the 2005 and 2016 POPF
definition. Kantor et al. (5) derived a modified Fistula Risk Score
(mFRS) for preoperative risk stratification in patients
undergoing PD, which included five predictors: sex, BMI,
preoperative total bilirubin, pancreatic ductal diameter, and
gland texture.

Except for the above risk factors, Shukla et al. (6) believed
that the anatomy of the main pancreatic duct plays an important
role in determining the outcomes of pancreatic anastomoses,
and an investigation to identify its correlation is necessary. Bifid
pancreatic duct (BPD) represents a relatively rare anatomical
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variation of the pancreatic ductal system, presenting a major
bifurcation in the main pancreatic duct along its length. Halpert
et al. (7) first reported a patient with bifid pancreas in 1990,
diagnosed by ERCP. Steger et al. (8) investigated the anatomy of
the pancreatic duct in 25 human cadaveric pancreas with a focus
on the corpus area, and they found that in addition to the main
and accessory pancreatic duct in the head, an additional BPD
was observed within the pancreas corpus in 16% of the cases.
Since then, there were some case reports about the BPD during
PD (9-13). On 20 March 2015, we found two pancreatic duct
orifices in the remnant of the pancreas during PD for the first
time, and the BPD anatomy was confirmed via intraoperative
probing, direct visualization of the ductal orifices, and dissecting
the resected specimen postoperatively. As mentioned above, all
the literature about the BPD during PD are case reports now; we
do not know the incidence of BPD in PD, and the relationship
between BPD and CR-POPF. This study aims to address
these points.

Patients and methods
Patients and study design

Between 20 March 2015 and 19 March 2016, 223 consecutive
PDs were performed by a single surgeon in the Department of
Hepatobiliary and Pancreatic Surgery (HBP Surgery) of
Changhai Hospital Affiliated with the Naval Military Medical
University. After transecting the pancreas, we inspected the cut
surface of the residual dorsal pancreas carefully; if there are two
pancreatic duct orifices in the remnant of the pancreatic body,
and both of the two pancreatic ducts are more than 2 mm in
diameter, we confirmed the BPD via intraoperative probing,
direct visualization of the ductal orifices intraoperatively, and
dissecting the resected specimen postoperatively (Figure 1).

In the former year (between 20 March 2014 and 19 March
2015), we did not pay attention to BPD, and all the 215
consecutive PDs performed by the same surgeon were treated
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FIGURE 1
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The anatomy of bifid pancreatic duct (A—D) Two pancreatic duct orifices in the remnant pancreas body during pancreaticoduodenectomy and
the bifid pancreatic duct anatomy were confirmed via intraoperative probing and direct visualization of the ductal orifices. (E=H) The bifid
pancreatic duct anatomy was confirmed by dissecting the resected specimen postoperatively; the bifid pancreatic duct in the body of the
pancreas joins at the pancreatic head and drains through the major papilla. (I) Diagram of the anatomy of bifid pancreatic duct

as a single pancreatic duct (SPD). The preoperative imaging data
of the two groups of patients were reviewed retrospectively, and
all the patients were divided into four subgroups: imaging single
pancreatic duct (I-SPD), imaging bifid pancreatic duct (I-BPD),
operative single pancreatic duct (O-SPD), and operative bifid
pancreatic duct (O-BPD). In I-BPD, the bifurcation and the
joints of the two pancreatic ducts must be seen in the
preoperative imaging.

Pancreaticoduodenectomy and
pancreatojejunostomy

The PD operation consists of an en bloc removal of the
pancreatic head, the duodenum, the common bile duct, the
gall bladder, and the distal portion of the stomach together
with the adjacent lymph nodes. Pylorus-preserving
pancreaticoduodenectomy (PPPD) leaves the functional
pylorus at the gastric outlet. Because the neck of the pancreas
is a vascular watershed between celiac and superior mesenteric
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arterial systems, the transection plane was 1.5-2.0 cm to the left
of the neck of the pancreas (14, 15) in this study. In the O-BPD
group, we sutured and ligated the small pancreatic duct with silk
thread (suture closure method), and the large pancreatic duct
was anastomosed with the jejunum by the double-layer
continuous suturing PJ method (16) with 5-0 and 3-0
Prolene, respectively.

Data collection and definition of
postoperative complications

Demographic, histopathologic, and perioperative data of all
the patients in the 2 years were collected comprehensively from
the electronic medical record. The staging was based on the
American Joint Committee on Cancer (AJCC) TNM Staging of
Pancreatic Cancer (8th ed., 2017). The diagnosis of
postoperative pancreatic fistulas (POPFs), postpancreatectomy
hemorrhage (PPH), and delayed gastric emptying (DGE) was
according to the International Study Group of Pancreatic
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Surgery (ISGPS) definition, POPF-ISGPS (2016) (17), PPH-
ISGPS (2007) (18), and DGE-ISGPS (2007) (19), respectively.
The assessment of postoperative complications was according to
the Clavien-Dindo classification (2004) (20).

Statistical method

Continuous variables were reported as median (interquartile
range), and were compared using Mann-Whitney U test.
Categorical variables were presented as whole numbers, and
proportions and were compared by the x” test or Fisher’s exact
test when appropriate. The cutoff value of certain parameters
was determined using the receiver operating characteristic curve.
Logistic regression analyses were applied in univariate and
multivariate risk factor analysis, then a nomogram was
established for predicting CR-POPF according to the results of
multivariate risk factor analysis. The nomogram was validated
via concordance index analysis, receiver operating characteristic
curve, and calibration plot. Statistical analyses were conducted
using GraphPad Prism 9, SPSS 24.0 software, and R software
version 4.1.2. All the statistical significance levels were two-
sided, with p-values less than 0.05.

Results
Clinicopathological features

In this study, there were 438 consecutive PDs performed by
the same surgeon, and they were divided into two groups: the
former year group (between 20 March 2014 and 19 March 2015)
and the latter year group (between 20 March 2015 and 19 March
2016). Of them, the former year group included 215 consecutive
PDs, while the latter year group included 223. The main
clinicopathological characteristics and postoperative
complications of the two groups are shown in Table 1. There
were no statistically significant differences in baseline
characteristics among the two groups except that the
postoperative complication is fewer in the latter year group
compared with the former year group using the Clavien-Dindo
classification (p = 0.036).

The incidence of bifid pancreatic duct in
pancreaticoduodenectomy

In the latter year group, we found 16 BPDs during PD (O-BPD);
thus, the incidence of O-BPD is 7.18% (16/223). Of them, there were
eight patients who had BPD in the preoperative imaging (I-BPD). All
the I-BPDs are O-BPDs; it means that 50% of O-BPDs were SPD in
the preoperative imaging (I-SPD). There were 17 BPDs in the 438
consecutive PDs in the preoperative imaging (I-BPD); thus, the
incidence of I-BPD is 3.88% (17/438) in this study (Figure 2).
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The effect of bifid pancreatic duct on
postoperative complications in PD

There were no statistically significant differences in
preoperative baseline characteristics among the two groups,
including the rate of CR-POPF (p = 0.227). In the former year
group, the rate of severe complications (Clavien-Dindo
classification > IIIa) of I-BPD and I-SPD is 77.78% (7/9) and
27.18% (56/206), respectively (p = 0.003); the rate of CR-POPF
of I-BPD is higher than I-SPD, 55.56% (5/9) vs. 27.18% (56/206),
but there were no statistically significant differences (p = 0.122).
In the latter year group, the rate of severe complications of O-
BPD and O-SPD is 50% (8/16) and 18.36% (38/207), and the rate
of CR-POPF of O-BPD and O-SPD is 37.5% (6/16) and 22.22%
(46/207), respectively; both of them have statistically significant
differences, and the p-value is 0.003 and 0.006, respectively. In
the subgroup analysis, both the rate of severe complications and
the rate of CR-POPF of I-BPD were higher than O-BPD, 77.78%
(719) vs. 50% (8/16), and 55.56% (5/9) vs. 37.5% (6/16), but there
were no statistically significant differences in both of them; the p-
value is 0.174 and 0.434, respectively. The effect of BPD on
postoperative complications in PD is shown in Table 2.

Univariate and multivariate analyses of
the factors associated with CR-POPF

The perioperatively obtained variables, include age, gender,
hypertension, cardiovascular disease, smoking history, history of
alcoholism, history of pancreatitis, history of abdominal surgery,
BMI, TNM stage, pathology, blood type, NYHA score, ASA
score, NNIS score, APACHE score, intraoperative bleeding,
intraoperative blood transfusion, and indexes of blood or
serum tests, were subjected to univariate and multivariate
analyses. Our results showed that BPD (hazard ratio [HR]
2.396, 95% confidence interval [CI] 1.054-5.433), pancreatic
duct diameter <0.2 cm (3.515, 2.041-6.054), tumor diameter <2
cm (3.31, 2.021-5.423), ASA score (1.914, 1.186-3.089),
pathology except for pancreatic cancer and pancreatitis (4.371,
2.691-7.101), and BMI > 23 (2.808, 1.809-4.359) were
independent risk factors of CR-POPF (Table 3).

Construction and validation
of nomogram

As listed in Table 3, BPD, pancreatic duct diameter <0.2 cm,
tumor diameter <2 cm, ASA score, pathology except for
pancreatic cancer and pancreatitis, and BMI > 23 were
selected in the construction of nomogram predicting CR-
POPF (Figure 3). The concordance index was 0.795, and the
area under the curve (AUC) was 0.790 according to the receiver
operating characteristic (ROC) curve (Figure 4). The
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TABLE 1 Clinicopathological characteristics and postoperative complications.

Variable

Bifid pancreatic duct
Absent
Present
Gender
Female
Male
Age (years)
Male
Female
Smoking history
Absent
Present
History of alcoholism
Absent
Present
History of pancreatitis
Absent
Present
BMI
<23.0
<23.0
TNM stage
I-1T
II-1v
Pathology
Other

Pancreatic cancer and pancreatitis

Postoperative blood transfusion

Absent
Present
High-grade antibiotic
Absent
Present
Intestinal fistula
Absent
Present
Chylous fistula
Absent
Present
Surgical site infection
Absent
Present
Pulmonary infection
Absent

Present
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First year
(n =215)

206

82

133

60
155

171
44

188
27

195
20

134
81

178

102

121

165
50

140
75

215

213

134

81

209

Period
Second year

(n =223)

207
16

83
140

52
171

163
60

202
21

207
16

125
97

178
15

113
102
0.925
173

50

156
67

223

219

159

64

220

21

p-value

0.178

0.920

0.322

0.113

0.293

0.525

0.200

0.867

0.183

0.327

NA

0.714

0.058

0.466
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CR-POPF

Absent
(n = 325)

14

129
196

83

241

84

38

297
28

214
111

263
20

137
86

263
62

287
38

325

323

288

37

324

Present
(n=113)

102

36

77

29
84

93
20

103
105
46
67
93
188
27
0.002
75
38
104

113

109

108

105

p-value

0.032

0.139

0.979

0.080

0.405

0.609

0.000

0.777

0.000

0.000

NA

0.067

0.000

0.000

(Continued)
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TABLE 1 Continued

Variable

AP
Absent
Present
T-tube placement
Absent
Present
Clavien-Dindo Classification
1,2
3a, 3b, 4a, 4b, 5
CR-POPF
0
1
Blood type
(¢}
A
B
AB

Postoperative abdominal hemorrhage

Absent
Level B
Level C
Gastrointestinal hemorrhage
Absent
Level B
Level C
DGE classification
0+A
B+C
NYHA score
1
2
3
4
ASA score
1
2
3
NNIS score
0
1
2
Rehospitalization
Absent
Present
Tumor diameter

Pancreatic duct diameter

Frontiers in Oncology

First year
(n =215)

211

204

152
63

154
61

73
24
57
61

177
33

208

182
33

117
93

164
45

126
86

188

27
3.08 + 1.45
0.50 + 0.25

Period

Second year
(n =223)

1.000
219

0.423
216

0.036
177
46
0.227
171
52
0.573
67
23
56
77
0.783
180
39

0.090
205
14

0.399
195
28

0.102
125
97

0.208

181
33
0.597
140
79

0.500

189

34
3.00 + 1.43 0.568
0.47 £ 0.27 0.156

22

p-value

10.3389/fonc.2022.934978

CR-POPF p-value
Absent Present
(n = 325) (n=113)
0.005
323 107
2 6
0.238
309 111
16 2
0.000
284 50
41 63
NA
0.813
107 33
36 11
81 32
101 37
0.004
274 83
48 24
3 6
0.000
315 98
8 11
2 4
0.003
289 88
36 25
0.173
182 60
138 52
5 0
0 1
0.025
14 1
261 84
50 28
0.279
195 71
123 42
7 0
0.384
283 94
42 19
3.17 + 1.40 2.64 + 1.50 0.001
0.52 + 0.25 0.39 + 0.26 0.000
(Continued)
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TABLE 1 Continued

Variable

Intraoperative bleeding
Total bilirubin

Direct bilirubin

Albumin

Alkaline phosphatase
Gamma-glutamyl transpeptidase
Hemoglobin

Platelet

C-reactive protein

CA199

Carcinoembryonic antigen
Alpha fetoprotein

CA153

CA724

Hospitalization days

p < 0.05 by Continuity Correction ) test for count data and p < 0.05 by Mann-Whitney U test for continuous data.

Period

First year
(n =215)

569.07 + 419.04
103.39 + 117.86
75.72 + 91.33
39.48 + 3.04
279.98 +234.7
512.64 +579.8
126.02 + 16.41
235.56 + 84.24
17.52 + 23.52
163.83 + 239.78
4.99 £ 5.62
23.59 + 167.85
14.89 + 24.41
3.23 +4.31
13.93 £ 10.27

CR-POPF, Clinically relevant postoperative pancreatic fistula.

PD, Pancreaticoduodenectomy.

PPPD, Pylorus-preserving pancreaticoduodenectomy.

PV/SMYV, Portal Vein/Superior Mesenteric Vein.

NYHA, New York Heart Association classification.

ASA, American Society of Anesthesiologists.

Second year
(n =223)

487.22 + 337.46
95.99 + 103.08
67.66 + 79.4
39.98 + 3.84
305.7 + 289.1

624.34 + 824.24
1255 £ 16.3

232.94 + 88.06
13.99 + 19.32

148.68 + 215.16

7.86 + 24.04
24.87 + 183.51
11.12 £ 5.07

5.62 + 21.61
12.18 + 8.88

APACHE, Acute Physiology And Chronic Health Evaluation scoring system.
NNIS, National Nosocomial Infections Surveillance risk index.

DGE, Delayed gastric emptying.

FIGURE 2

p-value

0.183
0.364
0.806
0.185
0.777
0.676
0.542
0.843
0.669
0.615
0.627
0.598
0.441
0.160
0.661

Total (Two Years, N=438)

" The Latter Year Group (N=223)

-

10.3389/fonc.2022.934978

CR-POPF

Absent
(n = 325)

538.77 + 403.23
104.02 + 108.07
74.42 + 82.79

39.74 + 3.56
594.31 + 706.89
12.7 £ 0.97
124.74 + 15.37

23091 + 87.44
14.37 + 20.65

174.94 + 236.18
6.54 + 16.45
18.35 + 153.01
13.55 £ 19.42
5.12 +19.04
10.43 £ 5.77

Present
(n=113)

494.69 + 309.76
86.9 + 117.12
63.54 + 92.88
39.7 £3.22
493.27 + 735.88
12.48 + 0.84
128.69 + 18.6
243.74 + 81.8
2147 +25.13
101.8 + 189.09
6.36 + 21.81
41.37 £ 229.96
10.76 + 4.74
3+297
20.57 £ 13.72

8% mm [-SPD: 96.12% (421/438)
4‘ o

I-BPD: 3.88% (17/438)

== O-SPD: 92.82% (207/223)

O-BPD & I-BPD: 3.59% (8/223)
== O-BPD & I-SPD: 3.59% (8/223)

+ == O-BPD: 7.18% (16/223)

H

p-value

0.329
0.077
0.178
0.581
0.107
0.088
0.005
0.056
0.295
0.001
0.068
0.047
0.198
0.736
0.000

Pancreatic duct in preoperative imaging and operation and the incidence of bifid pancreatic duct. Case 1. (A) I-SPD vs. (B) O-SPD. (A) I-SPD:
common bile duct (left arrow) and main pancreatic duct (right arrow) in preoperative imaging. (B) O-SPD: one pancreatic duct orifice in the
remnant of pancreas. Case 2. (C) I-SPD vs. (D) O-BPD. (C) I-SPD: main pancreatic duct (arrow) in preoperative imaging. (D) O-BPD: bifid
pancreatic duct (two green arrows) in pancreaticoduodenectomy. Case 3. (E) I-BPD vs. (F) O-BPD. (E) I-BPD: bifid pancreatic duct (white arrow
and black arrow) in preoperative imaging. (F) O-BPD: bifid pancreatic duct in resected specimen; the bifid pancreatic duct in the body of the
pancreas joins at the pancreatic head (probe in the small pancreatic duct). (G, H) Incidence of bifid pancreatic duct in preoperative imaging and
operation. I-SPD, imaging single pancreatic duct; O-SPD, operative single pancreatic duct; I-BPD, imaging bifid pancreatic duct; O-BPD,

operative bifid pancreatic duct.

Frontiers in Oncology

23

frontiersin.org


https://doi.org/10.3389/fonc.2022.934978
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ouyang et al.

TABLE 2 Bifid pancreatic duct and postoperative complications.

10.3389/fonc.2022.934978

Variable Severe complications p-value CR-POPF p-value
Absent Present Absent Present
Bifid pancreatic duct <0.001 0.032
Absent (n = 413) 319 94 311 102
Present (n = 25) 10 15 14 11
The former year I-BPD 0.003 0.122
Absent (n = 206) 150 56 150 56
Present (n =9) 2 7 4 5
The latter year O-BPD 0.003 0.006
Absent (n = 207) 169 38 161 46
Present (n = 16) 8 8 10 6
I-BPD and O-BPD 0.174 0.434
The former year I-BPD (n = 9) 2 7 4 5
The latter year O-BPD (n = 16) 8 8 10 6
p < 0.05 by Continuity Correction ) test for count data.
Severe complications: complications of level 3, level 4, and level 5 according to Clavien-Dindo classification.
TABLE 3 Univariate and multivariate factor analysis.
Variable Univariate Multivariate
P HR  Lower limit Upper limit P HR  Lower limit  Upper limit
Bifid pancreatic duct, present: absent 0.037  2.396 1.054 5.443 0.000  7.115 2.590 19.548
Pancreatic duct diameter, <0.2:20.2 0.000  3.515 2.041 6.054 0.013  2.328 1.192 4.548
Tumor diameter, <2:>2 0.000 3.310 2.021 5423 0.000 3.090 1.706 5.597
ASA score, 3:2:1 0.008 1914 1.186 3.089 0.000 3.339 1.827 6.103
Pathology, other: Pancreatic cancer and pancreatitis ~ 0.000  4.371 2.691 7.101 0.000  3.522 1.926 6.440
BMI, >23:<23 0.000 2.808 1.809 4.359 0.000 2.834 1.648 4.875

p < 0.05 by Logistic regression model.
Cutoff value of tumor diameter was calculated by ROC curve.

concordance index is a measure of the predictive accuracy of the
model being tested, which ranges from 0.5 (completely random
prediction) to 1 (perfect prediction). The apparent incidence of
CR-POPF, the ideal incidence, and the bias-corrected incidence
were shown as different lines in a calibration plot (Figure 5). The
bias-corrected (also known as overfitting-corrected or
optimism-corrected) line is produced using a bootstrap
approach to estimate predicted and observed values based on a
nonparametric smoother applied to a sequence of predicted
values. These three lines were closely aligned, demonstrating
good calibration.

Discussion
On 20 March 2015, we found BPD in the remnant pancreatic

body during PD for the first time, and the BPD anatomy was
confirmed via intraoperative probing, direct visualization of the
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ductal orifices, and dissecting of the resected specimen
postoperatively. BPD represents a relatively rare anatomical
variation of the pancreatic ductal system, presenting a major
bifurcation in the main pancreatic duct along its length; it is
different from the main pancreatic duct (Wirsung duct) and
accessory pancreatic duct (Santorini duct) in the head of the
pancreas (Figure 1). Steger et al. (8) investigated the anatomy of
the pancreatic duct in 25 human cadaveric pancreas with a focus
on the corpus area, and they found BPD within the pancreas
corpus in 16% of the cases (Figure 6). There are also some case
reports about the BPD during PD (9-13), and since all the
literature about BPD are published as case reports, the incidence
of BPD in PD remains unclear. In this study, we defined BPD as
the diameter of both pancreatic ducts larger than 2 mm.

In this study, during PD, the incidence of O-BPD is 7.17%
(16/223), and 50% of O-BPDs were SPD in the preoperative
imaging (I-SPD); thus, during PD, a careful intraoperative
inspection of the cut surface of the residual dorsal pancreas is
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FIGURE 3

A novel nomogram for predicting CR-POPF of patients who underwent pancreaticoduodenectomy. The nomogram is used by adding up the
points identified on the points scale for each variable. According to the sum of these points projected on the bottom scales, the nomogram can
provide the incidence of CR-POPF for an individual patient. CR-POPF, clinically relevant postoperative pancreatic fistula
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FIGURE 4

ROC of the CR-POPF nomogram. A receiver operating
characteristic (ROC) curve was conducted for assessing the
model. The area under the ROC curve is 0.7896

needed to identify the presence of BPD even in I-SPD patients.
There were 17 BPDs in the 438 consecutive PDs in the
preoperative imaging (I-BPD); thus, the incidence of I-BPD is
3.88% (17/438). Obstruction of the pancreatic duct and
transecting the pancreas at the left of the pancreatic neck may
increase the incidence of BPD in PD (8).

There are two pancreatic duct orifices in the remnant
pancreatic body in patients with BPD during PD; in this study,
we found that both the rate of severe complications and the rate of
CR-POPF of BPD were higher than SPD, and both the rate of
severe complications and the rate of CR-POPF of I-BPD in the
former year (untreated) were higher than O-BPD (treated with
the suture closure method), suggesting that we must deal with the
BPD in PD. Yoshida et al. (9) and Vasiliadis et al. (10) reported
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one case of double duct-to-mucosa PJ for BPD following PD. On
the other hand, Ball et al. (11) and Shim et al. (12) sutured and
ligated the small BPD, and the large pancreatic duct was
anastomosed with the jejunum using a standard duct-to-mucosa
PJ. Recently, Ishida et al. (13) presented a novel technique named
the “two-in-one” method in a case of PD for BPD; they
anastomosed one jejunal hole to a double pancreatic duct. In
this study, we sutured and ligated the small pancreatic duct with
silk thread (suture closure method) in O-BPD patients, and the
large pancreatic duct was anastomosed with the jejunum by
double-layer continuous suturing PJ (16) with 5-0 and 3-0
Prolene, respectively (Figure 7). By using the suture closure
method, both the rate of severe complications and the rate of
CR-POPF decreased, suggesting that the suture closure method
may be a simple, safe, and effective method in dealing with BPD in
PD. Different from duct-to-mucosa PJ, invagination PJ is
performed by invagination of 1-2 cm of the proximal end of
the pancreatic stump into the jejunum (21); thus, invagination PJ
may be superior to duct-to-mucosa PJ in patients with BPD.

In the study of the anatomy of the pancreatic duct in the
human cadaveric pancreas, fewer transversely cut side branches
were observed within the plane of the portal vein as compared to
the resection planes 2-4 cm beneath (8), suggesting that it is
appropriate to transect the pancreas within the plane of the
portal vein when it does not affect the radical PD.

When the transection plane of the pancreas is obscured by
burning or bleeding during PD, intraoperative ultrasonography
(IOUS) was useful in identifying the exact location of the BPD.
Ohkubo et al. (22) used the IOUS and IOUS-guided
pancreatography to clarify the exact location of BPD during PD;
the transection line was set on the proximal side of the pancreatic
duct bifurcation, which helped prevent the inadvertent suture of
the second pancreatic duct or leave the second duct without
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FIGURE 5

Calibration plot of the nomogram. Calibration plot of the nomogram predicting CR-POPF. The x-axis represents the nomogram-predicted
survival, and the actual survival is plotted on the y-axis. The apparent incidence of CR-POPF, the ideal incidence, and the bias-corrected
incidence were shown as different lines. CR-POPF, clinically relevant postoperative pancreatic fistula.

D

FIGURE 6

Bifid pancreatic duct at the neck, body, and tail of pancreas. (A) Bifid pancreatic duct (two white arrows) at the neck of pancreas. (B) Bifid
pancreatic duct (two white arrows) at the body of pancreas. (C) Bifid pancreatic duct (two black arrows) at the tail of pancreas. (D) Diagram of
bifid pancreatic duct at different locations of pancreas; different pancreatic transections result in different numbers of pancreatic duct orifices in
the remnant of pancreas during operation.
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E

Suture closure method and double-layer continuous suturing pancreaticojejunostomy. (A—D) Suture closure method (suture and ligate the small
pancreatic duct with silk thread). (E) The large pancreatic duct was anastomosed with the small intestine by double-layer continuous suturing

pancreaticojejunostomy with 5-0 and 3-0 Prolene, respectively.

anastomosis, which may result in CR-POPF and severe
complications. By using IOUS to confirm the exact location of
the pancreatic duct bifurcation as well as the tumor extension,
Tajima et al. (23) performed a distal pancreatectomy, instead of a
middle pancreatectomy, with a cutting line at the downstream
pancreas to the duct bifurcation point, which resulted in a
favorable outcome without any postoperative complications. It
suggests that IOUS-guided pancreatography should be
recommended to confirm the relationship between the
transection line of the pancreas and the duct bifurcation point
when performing PD if BPD is suspected.

Postoperative pancreatic fistula (POPF) is one of the most
threatening complications after PD. POPF occurs in up to 20%
of patients and is typically associated with an increased hospital
stay, cost, reintervention rates, and mortality. Different factors
may predict POPF, including gland texture, pancreatic duct
diameter, intraoperative blood loss, definitive pathology, BMI,
sex, and preoperative total bilirubin (3-5). Except for the above
risk factors, the anatomy of the main pancreatic duct plays an
important role in determining the outcomes of pancreatic
anastomoses (6). BPD represents a relatively rare anatomical
variation of the pancreatic ductal system, presenting a major
bifurcation in the main pancreatic duct along its length. Our
results showed that BPD, pancreatic duct diameter <0.2 cm,
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tumor diameter <2 cm, ASA score, pathology except for
pancreatic cancer and pancreatitis, and BMI > 23 were
independent risk factors of CR-POPF.

Nonetheless, our study has some limitations. First, this study
is a single-center retrospective study; a selection bias may be
suggested by the retrospective nature. Second, BPD in the former
year group was not intraoperatively investigated and estimation
of I-BPD is difficult even after reviewing MR imaging, and as the
incidence of BPD is low, and the sample size of this study was
not large enough, we put the I-BPD cases from the former year
group together with the O-BPD from the latter year group in the
univariate and multivariate analyses. Third, as mentioned above,
because the incidence of BPD is low, and the sample size of this
study was not large enough, we have not performed a propensity
matching score (PSM) study. Fourth, BPD should be treated
during PJ; in this article, because we only used the suture closure
method, we do not know the result of other methods [such as
double duct-to-mucosa PJ (9, 10) and the two-in-one method
(13)]; hence, a large-sample-size, multicenter, and randomized
controlled trial needs to be performed in the future.

In conclusion, in this study, the incidence of O-BPD is 7.18%
during PD, 50% of O-BPDs were SPD in the preoperative
imaging (I-SPD), and the incidence of I-BPD is 3.88%. BPD is
an independent risk factor of CR-POPF after PD, and the suture
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closure method may be a simple and safe method in dealing with
BPD, with a potential reduction of CR-POPF rate, although the
effectiveness still needs to be proven in further clinical research.
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Case report: Treatment of
Intraductal papillary mucinous
neoplasms located in middle-
segment pancreas with end-to-
end anastomosis reconstruction
after laparoscopic central
pancreatectomy surgery through
a pigtail-tube-stent placement
of the pancreatic duct

Guohua Liu, Xiaoyu Tan, Jiaxing Li, Guohui Zhong, Jingwei Zhai
and Mingyi Li*

Department of Hepatological Surgery, Affiliated Hospital of Guangdong Medical University,
Zhanjiang, China

Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is one type of
pancreatic cystic neoplasm. IPMNs can be classified into three types: main
duct-IPMN (MD-IPMN), branch duct-IPMN (BD-IPMN), and mixed type-IPMN
(MT-IPMN). 1t is universally accepted by most surgeons that patients who
suffered from MD-IPMN with a high risk of malignant transformation should
undergo surgical resection. However, a consensus on the best surgical strategy
for MD-IPMN located in the pancreatic neck has still eluded the surgical
community worldwide. Recently, one patient suffering from this condition in
our Minimally Invasive Pancreas Center underwent a successful surgical
procedure. In this case report, we performed a laparoscopic central
pancreatectomy for this patient. During this surgical procedure, we used a
method of end-to-end anastomosis reconstruction through a pigtail-tube-
stent placement of the pancreatic duct. Before the construction of the remnant
pancreas, the surgical margins of the frozen section should be negative. After
surgery, the outcome of this case was satisfactory. No complications such as
postoperative hemorrhage, abdominal infection, pancreatitis, delayed gastric
emptying, and clinically relevant postoperative pancreatic fistula occurred,
which demonstrated that this surgical strategy could achieve a good clinical
therapeutic effect for the pancreatic neck MD-IPMN. The result of
postoperative routine pathology confirmed the diagnosis of MD-IPMN. The
pathological features also showed that there was a high degree of hyperplasia in
the local epithelium, which indicated the necessity of surgical treatment.

KEYWORDS

intraductal papillary mucinous neoplasm (IPMN), laparoscopic, pancreatectomy,
anastomosis, case report
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Introduction

Intraductal papillary mucinous neoplasm (IPMN) of the
pancreas is a mucinous tumor involving the main or branching
pancreatic duct. It was first reported in the late 1970s. With
improvements  in and endoscopic imaging
IPMN 1% of all
pancreatic neoplasms (1, 2). IPMNs are divided into three
types: main duct-IPMN (MD-IPMN), branch duct-IPMN (BD-
IPMN), and mixed type-IPMN (MT-IPMN) based on imaging
studies and/or histology (3). Because MD-IPMN has a higher
risk (36%-100%) of malignant transformation than the others
(4, 5), it is common practice to completely remove the lesion.

radiographic

techniques, represents approximately

However, devising appropriate surgical strategies for patients
with pancreatic IPMNGs is still a challenge (2). For example,
there are diverse clinical protocols to completely remove the
tumor located in the pancreatic neck and achieve a negative
(PD), distal
pancreatectomy  (CP).

margin, such as pancreaticoduodenectomy

pancreatectomy (DP), and central
According to the Fukuoka guidelines, DP is preferred because
it is technically easier to resect additional pancreatic tissue to
achieve a negative margin (3). CP has the advantage of
preserving the pancreatic parenchyma, thus reducing the
occurrence  of  postoperative endocrine and  exocrine
insufficiency (6). Besides, the operating procedure of CP is
relitavey uncomplicated, compared to PD. Nevertheless, CP has
a higher rate of postoperative pancreatic fistula (POPF), which
is the main reason for CP not being routinely used in eligible
patients (7). Due to improvements in minimally invasive
surgery, CP has also been implemented by using the
laparoscopic and robotic approaches in recent years (8-10). At
present, the reported pancreatic continuous reconstruction after
surgery whether in a laparoscopic or robotic operation is done
through pancreaticogastrostomy and pancreaticojejunostomy;,
except in the research reported by Rong et al. (11-13). They

first used end-to-end anastomosis after CP through the robotic

10.3389/fsurg.2022.937682

method. But the mature and safe technique of pancreatic end-
to-end anastomosis has not been uniformly used. In this
report, we used a method of end-to-end anastomosis
reconstruction after laparoscopic central pancreatectomy (LCP)
surgery through a pigtail-tube-stent placement of the pancreatic

duct and achieved a good therapeutic effect.

Cases and methods

(1) Case history summary

(a) A female, 62 years old, was admitted for the treatment of
the pancreatic space-occupying lesion found by color
ultrasound.

(b) Main concerns and symptoms of the patient: The patient

had no obvious signs and symptoms, and the pancreatic

space-occupying lesion was found only by color

ultrasound. There had been no previous intervention or

treatment for the disease.

Medical of diabetes,

hypertension, history of infectious diseases, and genetic

history: Denial of history
diseases, denial of history of trauma, surgery, and history
of allergies to drugs, food, and other contacts. Family
history: Both parents of the patient are alive, and they
have one son and another daughter. They are all healthy,
without the same disease as the patient, and have no
genetic-related disease.
(d) Physical examination and blood drawing tests (including
tumor markers such as CA199 and CEA) showed no
obvious abnormalities.
Imaging examination: One cystic lesion of the pancreatic
neck (27cmx1.8cm in size) (Figure 1A), with a
significantly dilated pancreatic duct (the diameter is
greater than or equal to 10 mm) (Figure 1B), was found
by magnetic resonance imaging (MRI) and magnetic
resonance cholangiopancreatography (MRCP), throwing

FIGURE 1

A: Magnetic resonance imaging. B: Magnetic resonance cholangiopancreatography..
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open the possibility of pancreatic IPMN (not excluding
other lesions).
®
)
A3)

EUS-FNA: Pathological histology suggested a benign lesion.
Preoperative diagnosis: MD-IPMN of the pancreatic neck
Surgical method: LCP (end-to-end pancreatic anastomosis)

(a) The reason we chose LCP (end-to-end pancreatic
anastomosis) for this case pertained to two aspects: One
was that CP can reserve a higher volume of the remanent
pancreas compared with DP or PD and the end-to-end
anastomosis maintained the original continuity of the
intestinal tract, which is also in line with the concept of
The other that

laparoscopic surgery may better reflect the concept of

protecting organ function. was
minimally invasive medicine.
(b) Operational procedure:

Artificial pneumoperitoneum was established by using the
layout of “5 trocar-puncture” (Figure 2A). Exploration of the
organs in the abdominal and pelvic cavity showed that they
were not abnormal. Then, the gastrocolic omentum was
opened to reveal the pancreas, and the tumor was found in
the neck of the pancreas. Therefore, it was decided to carry
out middle pancreatic resection.

The first process was surgical resection (Figure 2B): The
lower margins of the pancreas were separated at 1 cm from
the right side of the tumor. Then, the gaps between the
pancreas and the veins including the superior mesenteric vein
and the splenic vein should be separated carefully so that the
tunnel behind the pancreas could be opened. The middle
pancreas and the main pancreatic duct were cut off from the
left and right sides of the tumor with an ultrasonic knife
when the cutting lines were marked by suturing a traction
line on the “A” and “B” tangent plane (Figure 2C). The
routinely intraoperative frozen pathology of the removal
specimen showed that the pancreatic tumor belonged to the

10.3389/fsurg.2022.937682

benign lesions and no tumor or tissue infiltration of the high-
grade atypia hyperplasia (HGD) was observed at the trans-
section margins of the pancreatic parenchyma and duct.

The second was the pancreatic reconstruction process
(Figure 3): Due to the significantly dilated pancreatic duct
and thin pancreatic tissue, in this case, the end-to-end
pancreatic anastomosis could be performed analogous to an
intestinal anastomosis. The posterior walls of the pancreas
and pancreatic duct of the two ends that might be considered
the posterior layer of the intestinal anastomosis were
continuously sutured with a 4-0 prolene line (Figure 4A).
Similarly, the anterior wall of the pancreas and pancreatic
duct of the two ends that might also be considered the
anterior layer of the intestinal anastomosis was repaired by
interrupted 4.0 prolene sutures (Figure 4B). Before the suture
of the anterior layer began, we designed a pigtail tube to be
placed in the pancreatic duct. One end of this tube was placed
in the remanent pancreas and the other end was placed
the the
(Figures 4C,D). To avoid stent-tube displacement, one end of
the stent tube was sutured and fixed at the end-to-end
anastomosis of the pancreas and the curled end would catch

through duodenal papilla  into duodenum

the duodenal papilla when the inner core of the stent tube
was taken out (Figure 5).

Finally, two drain tubes were placed near the pancreatic
wound. Intraoperative bleeding was 20 ml, and the operative
time was 140 min.

(4) Postoperative outcome:

(a) On the 3rd postoperative day (POD3), the patient had an
anal exhaust, so the gastric tube was removed and the
fluid diet could be taken out.

(b) On POD7, the abdominal computed tomography (CT)
(Figure 6A) was reviewed and it showed no significant

LCP --removal procedure

FIGURE 2

Preoperative design. A: Layout of "5 trocar-puncture”. B: LCP-removal procedure. C: Schematic diagram of CP pancreatic margin.

A tangent plane B tangent plane
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LCP--reconstruction process
- e
end-to-end pancreatic anastomosis
FIGURE 3
Pancreatic reconstruction process.

FIGURE 4
Laparoscopic central pancreatectomy (involving A, B, C, D four steps).

seroperitoneum, so the abdominal drainage tubes were (d) On PODI, 3, 5, and 7, the ascitic amylase (Figure 7A) and
removed. the volume (Figure 7B) of the two abdominal drainage tubes
(c) On PODI12, the patient recovered and was discharged from and the blood results such as C reactive protein (CRP),
the hospital. white blood cell (WBC) count, procalcitonin (PCT),
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hemoglobin (HGB), and serum amylase (AMS) were tested
(Tables 1, 2). The results showed that clinically relevant
postoperative pancreatic fistula (cr-POPF) did not occur,
although there was a biochemical leak (according to the
2016 ISGPS definition and grading). In addition, other

One end of the tube is sutured and fixed

The curled end

Ny
| /

FIGURE 5
The pigtail position.

10.3389/fsurg.2022.937682

complications such as postoperative hemorrhage (POH),
abdominal infection, pancreatitis, and delayed gastric
emptying (DGE) did not occur.

(e) Postoperative pathological images (Figure 6B) showed that
the lesion tissue matched the preoperative imaging
diagnosis of IPMN. At the same time, HGD was found
in the local epithelial tissue.

(5) Postoperative follow-up.

The patient was followed up to this day. On 1 and 6 months
after the operation, the patient visited the hospital for a physical
examination and blood tests for tumor markers and also for a
CT scan review. The outcomes displayed that there were no
recurrence signs.

Discussion

Because the pancreatic cystic lesion was accompanied by a
significantly dilated pancreatic duct (main pancreatic duct
(MPD) diameter > 10 mm), MD-IPMN should be considered
for diagnosis in this case. Regardless of the diverse claims on
the diameter of the MPD and the size of the cystic lesion,
almost all guidelines such as AGA, ACR, and European

FIGURE 6

Postoperative outcome: CT and pathological images. A: CT images, B: pathological images.
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FIGURE 7
Postoperative outcome: the amylase (A) and volume of abdominal drainage tubes (B).

TABLE 1 The amylase and volume of abdominal drainage tubes.

Drain tube 1 Drain tube 2
AMS Volume AMS Volume
(U/L) (ml) (U/L) (ml)
PODI 3,545 250 2,150 150
POD3 2,125 200 1,125 100
POD5 560 100 360 50
POD7 120 80 56 20

POD, postoperative day.

guidelines suggest that surgery is recommended for MD-IPMN
with high-risk stigmata (14). Due to the above reasons, we took
surgical treatment measures for this case. After surgical
resection, postoperative pathological images showed that the
lesion tissue matched the preoperative imaging diagnosis of
IPMN and HGD was found in the local epithelial tissue,
which confirmed the necessity of the surgical treatment.

In addition, it is still a controversial topic how to choose
reasonable methods for the resection range and appropriate
surgical approaches for IPMN of the pancreatic neck. For
instance, PD, DP, and CP can yield a negative margin for a
benign or low-grade malignant tumor of the middle pancreas.
Because of the complexity and difficulty of PD, DP and CP
have become the mainstream surgical methods. Compared with
DP, CP is more difficult to perform and has a higher rate of
cr-POPE, which could result in higher mortality (15). Thus,
many surgeons may choose DP when confronting this disease.
However, CP has the advantage of reserving a large number of
pancreatic tissues, which could prevent postoperative endocrine
and exocrine insufficiency. Therefore, the question of how to
improve the technique of CP has attracted increasing attention
from researchers. Most reported studies about anastomosis
reconstruction after CP are pancreaticogastrostomy or Roux-en-

Frontiers in Surgery

TABLE 2 The blood results.

CRP WBC PCT Serum AMS HGB

(mg/L)  (x10°/1) (ng/ml) (U/d1) (g/L)
POD1 15.6 16.5 25 105 112
POD3 7.1 9.8 0.25 123 110
POD5 2.5 8.6 0.13 43 113
POD7 1.3 7.6 0.18 52 125

POD, postoperative day; PCT, procalcitonin.

Y pancreaticojejunostomy (12). Reconstruction of pancreatic
end-to-end anastomosis is rarely used for CP, and only some
authors have reported this method in an open or robotic
operation (11, 16-19), which shows that the anastomotic
technique is far from mature. For example, in the study of
Rong et al. (19), the group of end-to-end pancreatic
anastomosis had a higher incidence of cr-POPF (69.2% vs.
36.4%, p=0.009) and more overall complications than the
group of pancreaticojejunostomy. Also, pancreatitis and
abdominal infection, which were a result of the relatively
serious complications of pancreatic operation, also occurred.
Furthermore, this end-to-end pancreatic anastomosis after CP
has not yet been used for laparoscopic surgery. This is because
it is harder to perform than open or robotic surgery. Therefore,
it is very important to improve and simplify this technique to
reduce the rate of cr-POPF in laparoscopic surgery.

In this case report, we first applied the approach of end-to-end
anastomosis reconstruction to laparoscopic surgery through a
pigtail-tube-stent placement of the pancreatic duct. After the
surgery, the patient did not develop the symptoms of infection
including fever, abdominal distension, and abdominal pain.
Besides, the blood results of the patient such as CRP, white blood
cell count, and PCT downed to the normal level on POD3, and
the serum amylase and hemoglobin remained at normal levels

frontiersin.org
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after the operation. The above results showed that POH, DGE,
abdominal infection, and pancreatitis did not occur. At the same
time, cr-POPF did not occur, although there was a biochemical
leak. From the postoperative outcome of this patient, it can be
seen that we have achieved a good clinical therapeutic effect by
this approach. We think this might be due to the following
aspects: (1) As to simplifying the end-to-end anastomotic method
after LCP, we treated the walls of the dilated pancreatic duct and
the thin pancreatic tissue as the two layers of the anastomosis in
this case. The above design made the end-to-end anastomosis
easier under laparoscopic conditions and also firmer. (2) As to
lowering the incidence rate of cr-POPF after LCP, we drew on our
experience from the study of Huscher et al. (20) and devised the
following way: One end of a pigtail tube was placed in the
remanent pancreatic duct, while the other end was placed through
the duodenal papilla into the duodenum. This design might prove
more effective for sufficient drainage of pancreatic fluid into the
intestinal lumen so as to reduce pancreatic leakage. Moreover,
being similar to the lock design, we fixed two ends of the pig tube
at the pancreas and the duodenal papilla. In theory, it would be
more favorable to avoid cr-POPF than simple stent tube drainage.

Conclusion

In summary, the method of LCP with end-to-end
anastomosis reconstruction after surgery through a pigtail-
tube-stent placement of pancreatic duct is feasible, as testified
by the fact that the patient in this case report recovered well
and cr-POPF did not occur. However, additional evidence will
be needed to conclude that the proposed technique effectively
reduces cr-POPF and has satisfactory clinical efficacy.
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Background: Inflammatory pseudotumor-like follicular dendritic cell sarcoma
(IPT-like FDCS) is a rare subtype of follicular dendritic cell sarcoma (FDCS)
that is mainly located in the liver and spleen (1). Splenic IPT-like FDCS is a
rare low-grade malignancy with non-specific clinical manifestations and
laboratory findings. Herein, we reported the pathological and imaging
features of a case with splenic IPT-like FDCS.

Case presentation: A 57-year-old woman was found to have a mass in the
spleen during a physical examination and was hospitalized for further
treatment. Her laboratory results were within the normal range. Unenhanced
and contrast-enhanced computed tomography scans of the whole abdomen
showed a round mass in the spleen, with a diameter of about 5cm. After
further examination with enhanced MRI, a provisional diagnosis of splenic
hemangioma or splenic hamartoma was made. The patient underwent
splenectomy, and the pathological diagnosis was splenic IPT-like FDCS. No
tumor recurrence or metastasis was found during the 1-year follow-up after
the operation.

Conclusions: Herein, we reported a case of splenic IPT-like FDCS. Although
the clinical examination and laboratory examination lack specificity, the
imaging of this case showed that the lesion was a solid mass with
progressive enhancement, and the central scar showed the characteristics of
delayed enhancement, which facilitated the diagnosis.

KEYWORDS

spleen tumor, follicular dendritic cell sarcoma, tomography, x-ray computed, magnetic
resonance imaging

Background

Inflammatory pseudotumor (IPT)-like follicular dendritic cell sarcoma (FDCS) is a
rare low-grade malignancy that occurs most often in the liver or spleen (1). The
pathogenesis and causes remain unclear, but EBV infection is considered one of the
most important etiologies of this tumor (2), as almost all cases are EBER positive.
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Despite its slow growth and low malignancy, the recurrence rate
is approximately 10% (3). Due to histomorphological similarity,
this tumor is often confused with inflammatory myofibroblastic
tumors, such as benign reactive IPT and inflammatory
myofibroblastic tumors (4-6). Due to the lack of imaging and
clinical characteristics, preoperative diagnosis is difficult and
mainly relies on the pathological diagnosis. Herein, we
described the
pathological analysis of a case of splenic IPT-like FDCS.

imaging characteristics and comparative

Case description

The patient was a 57-year-old female who underwent
physical examination seven days ago at the Department of
Radiology, Beilun People’s Hospital, Ningbo, Zhejiang
Province. The ultrasonographic findings were as follows:
Inhomogeneous hypoechoic mass with calcification in the
and further

examination was recommended (Figure 1D). The patient was

spleen, hemangioma requiring excision,
hospitalized for further treatment. The patient was healthy in
the past, and the spleen was not palpable under the ribs on
physical examination. The patient’s biochemical indexes and
liver and kidney function electrolyte indexes were within the
normal range. Routine blood, urine, and fecal tests were also
within normal ranges. Blood tumor markers CEA, CA-199,
CA-125, and AFP were all normal, and coagulation function,
electrocardiogram and chest x-ray were normal.

Plain and contrast-enhanced CT scans of the spleen showed
local enlargement of the spleen, with a type of circular
isodensity and punctate calcifications (Figure 1). The lesions
in the arterial and venous phases showed progressive
enhancement, with a CT value of about 40 HU on the plain
scan, and a CT value of about 84 HU in the enhanced part of
the venous phase. Conventional and contrast-enhanced
magnetic resonance imaging (MRI) scans of the spleen
showed localized enlargement of the spleen with abnormal
intracellular signal and well-defined lesions (Figure 2). T2-
weighted imaging (T2WI) scans showed that most of the
lesions were slightly low-intensity shadows, with strip-shaped
high-low mixed signal shadows, while T1-weighted imaging
(TIWI) showed that most of the lesions were iso-intensity
shadows, with slightly high signal shadows in local areas.
(DWI)

shadows with stripes of lower signal shadows inside. The

Diffusion-weighted imaging showed hypointense
lesions showed obvious enhancement in arterial and venous
phases, with strip-like unenhanced areas inside and internal
strip-like enhancement in the delayed scan and the remaining
areas showed isointensity shadows.

Splenectomy was performed after the examination. The
spleen was completely removed by surgery after the diagnosis
of the splenic tumor by rapid pathology. A splenectomy

specimen was obtained. A gray tumor with a diameter of
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about 5cm was observed in the spleen section. HE-stained
tumor cells were fascicular, swirled, oval cells, with no
mitoses, with scattered lymphocyte infiltration.
Immunohistochemistry showed CD21 (+), CD23 (+), CD35
(+), BCL-2 (-), Bcl-6 (-), CD10 (-), CD138 (—), CD15 (-),
CD20 (=), CD3 (=), CD30 (-), CD43 (=), CD45RO (-),
CD5 (-), CD79a (=), Cyclin D1 (), Ki67 (~20% +), Kappa
(-), Lambda (=), MUM-1(-), PAX-5 (—), CKpan (—), CD31
(—), CD34 (—), B-Catenin (—), CD68 (partial +), Desmin (—),
S-100 (—) and ALK(1A4) (—). In situ hybridization showed
EBER positive (Figure 3). The final pathological diagnosis was
inflammatory pseudotumoral splenic follicular dendritic cell
sarcoma. The patient recovered well after surgery. No tumor
recurrence was found during the 1-year follow-up.

Discussion

Follicular dendritic cell sarcoma (FDCS) was first reported
by Monda et al. in 1986 (7). FDCS is a rare low-grade
malignant tumor that mainly occurs in the lymph nodes and
occasionally in the liver and spleen. The morphology of FDCS
is similar to that of inflammatory pseudotumor but different
from classic FDCS. IPT-like FDCS was first reported in 2001
by CHEUK et al. (8). Its histopathology is different from
classical FDCS and is closely related to EBV infection. Studies
have shown that EBER-positive tumor cells were found by in
situ hybridization in almost all cases (1). It is extremely rare,
with a higher incidence in women than in men (9), and there
are generally no specific clinical symptoms. The final
diagnosis of this disease depends on pathological examination.
The pathological results of the patient in this report showed
that the tumor cells were fascicled and swirled, the cells were
oval, and no mitoses were seen. There were scattered
lymphocytes and plasma cells infiltrating the inflammatory
background. These findings were consistent with a previous
report (10) for IPT-like FDCS-specific behavior (11-14).
Histologically, IPT-like FDCS is similar to inflammatory
pseudotumor, which can easily lead to misdiagnosis. However,
based on the immunohistochemistry of this case, the positive
expression of follicular dendritic cell (FDC) markers CD21,
CD23, and CD35 can be correlated with that of inflammatory
pseudotumor. At the same time, in situ hybridization of
EBER (+) and inflammatory cells are helpful to distinguish
IPT-like FDCS from other FDCS subtypes (15-17).

Spleen IPT-like FDCS imaging findings are rarely reported
(18). The majority of reported lesions are solitary, round,
solid, or cystic-solid, with clear borders and occasional
punctate calcifications. CT-enhanced lesions were mildly
enhanced in the arterial phase, further enhanced in the
venous phase, and showed continuous enhancement (19),
which is consistent with the findings of the case presented
herein. Bui reported the presence of a central stellate area in
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FIGURE 1

The patient’s splenic CT scan. (A) Plain CT scan showed that the spleen was a round mass shadow in the parenchyma, with punctate calcifications
(white arrows). The normal parenchyma was poorly demarcated. (B,C) Contrast-enhanced CT showed that the tumor enhancement was weaker than
that of the normal spleen, with clear borders, and a strip-like cleft-like non-enhanced area (white arrow). (D) B-ultrasound showed a heterogeneous
low echo in the spleen, with a spot-like strong echo (white arrow). CT, Computed Tomography.

the lesion showing low signal intensity on T1 and T2-weighted
MRI due to fibrosis and varying degrees of necrosis (18), unlike
in our case, where intralesional fibrous scar tissue and thickened
blood vessels were seen, which is the pathological basis for
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delayed enhancement on T2WI in enhanced MRI. This is a
characteristic image that has not been previously reported.
Our showed different The
enhancement was weaker than the spleen, a clear demarcation

case enhancements. early
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FIGURE 2
MRI of the patient’s spleen. (A) Conventional spleen MRI scan showed a type of round mass in the spleen (white arrows). Most of the lesions on T1IWI
showed isointensity shadows, and localized slightly high signal shadows. (B) Most of the lesions on T2WI showed slightly low signal shadows, with
strip-shaped high and low mixed signal shadows (white arrows). (C) In the DWI sequence, the overall signal was low, and lower signal shadow was
seen inside (white arrow). (D—F) Contrast-enhanced MRI showed obvious enhancement in the arterial and venous phases of the lesion, with strip-like
unenhanced and enhanced areas inside (white arrows) in delayed scan, and isointensity shadows in the remaining areas. DWI, diffusion-weighted
imaging; MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging

10.3389/fsurg.2022.973106

and the local capsule could be seen; the T2WTI scan showed that
most of the lesions were slightly low-signal shadows, with strip-
shaped high-low mixed signal shadows inside. The high and low
signals were caused by fibrous scars and vascular components,
while DWI showed low signal shadows, with strip-shaped
lower signal shadows inside, and fibrous scars explain the
existence of low signal. Therefore, this case report described
obvious characteristic manifestations. The lesions were round
and solid, with delayed enhancement, and the enhancement
degree was higher than that of the surrounding normal spleen
parenchyma. The characteristic is called delayed enhancement
of scars. The enhanced MRI scan should be delayed for at
least three minutes to show the enhancement characteristics.
The CT enhancement was not seen because the scanning time
was not reached, and it was mistaken for cystic degeneration.
The enhancement mode is the newly discovered important
sign of this disease, which is helpful for future imaging
diagnoses.
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Based on the data published to date, splenectomy is the
treatment of choice if the tumor is confined to the spleen.
There is less recurrence or metastasis after surgery. Adjuvant
therapy is not required (20). The patient in this report
underwent complete tumor resection and was followed up for
one year after surgery. The patient is currently healthy, with
no tumor recurrence or metastasis.

Differentiation of spleen IPT-like FDCS from other splenic

tumors is necessary (21). 1. Spleen inflammatory
myofibroblastic ~ tumor is also called inflammatory
pseudotumor phase identification. Because inflammatory

pseudotumor is composed of spindle cells and inflammatory
cells, it lacks blood supply, with delayed enhancement
performance, but it is always lower than that of the normal
spleen. Parenchymal enhancement (22), imaging differences
with splenic IPT-like FDCS. 2. Sclerosing hemangiomatous
nodular transformation is a rare non-neoplastic vascular

disease of the spleen. Concentric enhancement and spoke sign
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FIGURE 3

(A) The tumor cells were arranged in bundles and spirals, and the cells were oval. No mitoses were seen. There were scattered lymphocytes and
plasma cells infiltrating HE-200. (B) Fibrous capsule (white arrow) HE-100 was visible at the tumor margin. (C) The tumor showed poorly defined
borders and no capsule (white arrow) HE-100. (D) Intratumoral scar tissue (white arrow). (E) Thick blood vessels (white arrows) HE-100 were
seen in the scar. (F) Tumor cells were positive for CD21 HE-21. (G) Tumor cells were positive for CD23 HE-100. (H) Tumor cells expressed 20%—
30% Ki-67 HE-100. (l) Positive EBER expression was seen in tumor cells for HE-200.
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are considered to be characteristic features of SANT, while the
central part of the lesion is delayed without enhancement
(23),  which be differentiated IPT-like
FDCS. 3. Given that the splenic hamartoma is a solid mass

can from
with clear boundary, isointensity on TIWT and hyperintensity
on T2WI, with heterogeneous enhancement in the early stage,
and a similar signal compared to the surrounding spleen
parenchyma in the later stage, it is not difficult to distinguish
from IPT-like FDCS (21). 4. Spleen angiosarcoma must be
considered because of the dismal prognosis of the disease.
The CT manifestations of angiosarcoma are heterogeneous
low-density shadows with unclear borders and round or oval
shapes; most of them are solitary lesions, and a few can be
multiple. Because the lesions are prone to hemorrhage, cystic
areas are prone to form, and the enhanced scan looks like a
hemangioma. It is enhanced from the edge of the lesion first,
and then the contrast gradually fills to the center. MRI shows
uneven low signal on TIWI, uneven high signal on T2WI,
and high signal intensity on DWI. The enhancement is the
same as CT appearance. Because it is a malignant tumor,
there are metastases. Once intrahepatic metastases are found,
the diagnosis of angiosarcoma is not difficult (24).

Conclusion

IPT-like FDCS in the spleen is very rare, the clinical
manifestations lack specificity, and no characteristic imaging
signs were found in all previous reports. However, this study
found that the tumor had delayed enhancement of scars, and
the appearance of this characteristic manifestation was helpful
for preoperative diagnosis. However, the final diagnosis should
be made based on a pathological immunohistochemical
examination.

Contribution to the field statement

Follicular dendritic cell sarcoma (FDCS) is a rare lymphoid
hematopoietic tumor of unknown etiology. It is composed of
spindle-shaped and oval cells, mixed with a large number of
inflammatory cells, and the typical fascicular and spiral
arrangement is rare, similar to inflammatory pseudotumor, so
it is described as inflammatory pseudotumor-like follicular
dendritic sarcoma(IPT-like FDCS), a low-grade malignancy,
which has to be associated with EBV,
pathologically characterized by positive expression of immune
markers including CD21, CD35, and CD23, which is rare and
involves the spleen The reports on the imaging manifestations
of IPT-like FDCS are all case reports. Due to the lack of
specific clinical manifestations, preoperative diagnosis often

been shown

leads to misdiagnosis. Reviewing the literature and imaging
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reports that the disease lacks imaging characteristics, we
provide this case, which is confirmed by pathology as spleen
IPT-like. FDCS, through the patient’s clinical, imaging and
pathological data, summarizes the imaging features and
compares them with the pathology, and finds a new
characteristic imaging sign, that is, the characteristic of scar
enhancement in the lesions in the delayed MRI enhanced
scan. At the same time, we found that the pathology There
are fibrous and vascular structures inside the lesion. Through
our case report, the accuracy of preoperative diagnosis of this
disease can be improved for future clinical work.
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Application of the natural orifice
specimen extraction surgery
|-type E method combined with
3D laparoscopy in sphincter-
preserving surgery of low rectal
cancer

Liu Maoxi, Guo Xingyu, Bai Wenqi* and Jiang Bo*

Department of Colorectal Surgery, Shanxi Provincial Cancer Hospital, Taiyuan, China

Purpose: Analysis of the clinical efficacy of the application of the NOSES I-type
E method combined with 3D laparoscopy in sphincter-preserving surgery of
low rectal cancer.

Method: A retrospective analysis of 109 patients who underwent laparoscopic
low rectal cancer surgery for anus preservation without preventive stoma
admitted to the Department of Colorectal Surgery in Shanxi Provincial
Cancer Hospital between January 2017 and May 2019. The 109 cases
comprised 52 cases treated with the NOSES [-type E method (NOSES I-type
E group) and 57 cases treated with the Dixon method (Dixon group). In the
NOSES I-type E group, 25cases underwent 3D laparoscopic surgery (group
A) and 27 cases underwent 2D laparoscopic surgery (group B). The general
clinical data, perioperative indicators, three-day postoperative pain score,
postoperative pathological conditions, complications, return visit to assess
the l-year postoperative anal function, 3-year local recurrence and distant
metastasis, and survival were compared among the groups.

Result: The distance between the tumor and the anal verge was significantly
different between NOSES I-type E group and the Dixon group (P<0.05),
while there was no significant difference between group A and group B (P>
0.05). The exhaust time, eating time, drainage tube removal time,
hospitalization costs, hospitalization time, and the number of days of
analgesic administration were significantly different between NOSES I-type E
group and the Dixon group (P<0.05), while group A had no significant
difference compared to group B (P> 0.05). There were significant differences
in difficulty urinating between group A and B (P<0.05), while there was no
significant difference between NOSES |-type E group and the Dixon group
(P>0.05). Anastomotic leakage in NOSES I-type E group were significantly
lower than those in the Dixon group (P < 0.05), while there was no significant
difference between group A compared to group B (P> 0.05). Anal stenosis,
rectal Prolapse and colon retraction in NOSES I-type E group were
significantly higher than those in Dixon group (P<0.05), there was no
significant difference between group A compared to group B (P>0.05).
Anastomotic bleeding in Dixon group occurred in higher frequency than in
NOSES I-type E group (P<0.05). The pain scores of patients in NOSES |-type
E group in the first three days after operation were significantly lower than
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those in Dixon group (P < 0.05),while there was no significant difference between group
A and group B (P>0.05). There were no significant differences in postoperative
pathology, 1-year postoperative anal function score, 3-year recurrence rate and
overall survival rate among the groups (P> 0.05).

Conclusion: The NOSES I-type E method is a safe and effective sphincter-preserving
operation for low rectal cancer and its combination with 3D laparoscopy may have
better neurological protection which is worth of clinical application.

KEYWORDS

NOSES I-type E method, 3D laparoscopy, low rectal cancer, sphincter-preserving, surgery

Introduction

Rectal cancer is a common malignant tumor type of the
digestive system and its morbidity and mortality is increasing.
Low rectal cancer (less than or equal to 7 cm from the anal
verge) accounts for about 60%-75% of all rectal cancers (1). It
has always been a difficult and hot topic in clinical work to
pay attention to preserving the anus and its function while
pursuing a good survival rate for those patients. The
technologies that have added great value to achieve this goal
are laparoscopic and minimally invasive surgery technology
(2). In recent years, 3D laparoscopy has been widely used in
rectal cancer surgery. It combines the advantages of a clearer
anatomy, a more precise neuroprotection and a strong depth
with that of a three-dimensional sense and meanwhile has
been accepted by the majority of colorectal surgeons as a
useful tool. Therefore, its application in colorectal surgery has
become increasingly popular.

For low rectal cancer anus preserving surgery, laparoscopy-
assisted anterior rectal resection (Dixon) has achieved good
results. Specimen collection through a natural orifice combines
natural orifice endoscopic surgery and laparoscopic surgery. In
recent years, the application of NOSES surgery has become
increasingly accepted by colorectal surgeons (3). NOSES I
techniques are divided into A, B, C, D, and E methods, of
which the E subtype is the main surgical method for low rectal
cancer in NOSES surgery (4). Nevertheless, the NOSES I-type E
method, which combines laparoscopy with the modified Bacon
method, as a sphincter-preserving surgical method for low rectal
anal function,
prognosis is still controversially discussed (5). However, major

cancer, its indications, complications, and
points of the NOSES surgery debate still seem to be total tumor
resection and sterility (6). Moreover, its procedure is complex
and difficult and thus, still needs to be continuously improved
(7). Therefore, its comparison with the laparoscopic-assisted
combined anterior rectal resection with sphincter-preserving
surgery for low rectal cancer is one of the foci of clinical work.
As one of the largest colorectal cancer diagnosis and
treatment center in China, the center has implemented the
NOSES I type-E method to preserve the anus in patients with

low rectal cancer since 2016 and has accumulated a
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considerable amount of data. However, there were rare reports
on the application value of the NOSES I-type E method
combined with 3D
surgery for low rectal cancer. To explore this issue, this study

laparoscopy in sphincter-preserving
retrospectively analyzed a total of 109 patients who underwent
low rectal cancer surgery using the NOSES I-type E method
or the Dixon method in Shanxi Provincial Cancer Hospital in
the time between January 2017 and May 2019 with anus-
preserving surgery were divided into NOSES I-type E group
and Dixon group according to the operation method, NOSES
I-type E group further divided into 3D laparoscopy (group A)
and 2D laparoscopy (group B). The clinical efficacy of the
groups is expected to provide a basis for the clinical
development of the NOSES I-type E method in combination
with 3D laparoscopy to implement a sphincter preservation
method for low rectal cancer with a higher probability of
therapy success.

Materials and methods
General information

A retrospective analysis of 109 patients with laparoscopic
low rectal cancer sphincter - preserving surgery without
preventive stoma admitted to the Department of Colorectal
Surgery in Shanxi Provincial Cancer Hospital between January
2017 and May 2019. Collected patient data included general
as well as perioperative data, postoperative complications,
postoperative pathological results, postoperative pain score,
postoperative  follow-up anal function, recurrence, and
survival. According to the operation method, they were
divided into the following groups: NOSES I-type E group and
Dixon group according to the operation method, NOSES I-
type E group further divided into 3D laparoscopy (group A)
and 2D laparoscopy (group B).

Inclusion criteria: (1) Single low rectal cancer (<7 cm
distance from the anal verge) was diagnosed by preoperative
digital rectal examination, colonoscopy, pathology, etc (8), and
pathologically confirmed as rectal cancer; (2) Displaying stage

T1-T3, judged by MR or CT with no distant metastasis; (3)
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All  those
neoadjuvant therapy; (4) No history of rectal anal canal

who needed neoadjuvant therapy received
disease and the tumor was not specific to the distal rectum
enteritis or radiation enteritis; (5) Function well before
surgery; (6) No prophylactic leakage was performed.

1

evaluation of the tumor with a distance of greater than 7 cm

Exclusion criteria: Preoperative or intraoperative
from the anal verge; (2) Abnormal function of the internal
and external anal sphincter before operation was excluded; (3)
Malignant diseases of other systems; severe cerebrovascular
disease, severe cardiopulmonary, liver and kidney dysfunction,
coagulation dysfunction; (4) Abdominal and pelvic implants
or distant metastases were found before or during surgery; (5)
Incomplete clinical data; (6) Unable to cooperate with

treatment procedures.

Observation indicators

(1) General information: gender, age, BMI, distance from
tumor to anal verge, tumor stage; (2) Perioperative indicators:
operation time, intraoperative blood loss, hospitalization
costs, exhaust time, eating time, catheterization time, hospital
stay time, drainage tube removal time, days of analgesia; (3)

10.3389/fsurg.2022.972258

Postoperative complications: —anastomotic leakage, anal

stenosis, rectal prolapse, colon retraction, dysuria,
anastomotic bleeding, incision infection, pelvic infection,
ureteral injury, incisional hernia. (4) The Visual Analogue
Scale (VAS) scale was used to evaluate the degree of pain 3
days after the operation, with 0 points indicating no pain, 10
(9); (5) Postoperative

pathological examination: general score type, histological

points indicating severe pain
type, differentiation type, T stage, N stage, specimen length,
total lymph node number, distance between the lower edge of
the tumor and the distal resection edge, the number of
positive cases at the circumferential resection edge, the long
diameter of the tumor, the width and thickness of the tumor;
(6) Wexner score to evaluate anal function at 12 months
after operation, which includes 5 items, each item is
evaluated with 0-4 points, the total score is 0-20 points and
the higher the score, the worse the anal function. 0 represents
normal, Scores below 10 indicate good bowel control, 10 and
above indicate incontinence, and 20 indicates complete
incontinence (10); (7) 3-year local recurrence rate and distant
metastasis rate; (8) 3-year survival rate. This study was
approved by the Medical Ethics Committee of Shanxi
Provincial Cancer Hospital (approval number: 202108),

exempting informed consent.

FIGURE 1

of the levator ani.

3D or 2D laparoscopy to complete the abdominal cavity operation, (A) Separation of the lateral physiological adhesions; (B) The peritoneum was
incised at the level of the sacral promontory; (C) Disconnection of the inferior mesenteric vessels; (D) Dissociation to the level of the upper edge
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Surgical method

The operation followed the standard of complete total rectal
mesentery resection and third-station lymph node dissection
(11). The operation process mainly included: establishment of
pneumoperitoneum (14 mmHg) (1 mmHg=0.133 kPa) by the
five-hole method, for which the incision was made on the
front of the sacral promontory. The peritoneum, after
dissecting the root of the inferior mesenteric artery, was
clipped and cut off at a distance of 1 cm from the root and
the inferior mesenteric vein was treated in the same way.
From the back of the rectum to the plane of the coccyx tip,
then free the sides and front to the level of the upper edge of
the levator ani muscle. After completion of the above
operations, specimen removal and bowel reconstruction were
performed (Figures 1A-D).

For the 3D or 2D laparoscopic NOSES I-type E method
group the procedure was as follows: the anus was abducted
with sutures, a purse-string suture 1 cm below the tumor and
the anal canal mucosa was stripped above the white line or
the intestinal wall was opened near the dentate line and freed
upwards, retaining the internal anal sphincter and dragging
the free intestinal segment down from the anus. The bowel
was cut at 7-10 cm above the tumor, and 3-5cm of bowel
was left outside the anus. The surrounding sutures were fixed
with 3-4 stitches, the pelvic cavity was flushed, and a

10.3389/fsurg.2022.972258

drainage tube was indwelled. Stage II anoplasty was
performed 14 days later (Figures 2A-F).

For the 3D or 2D laparoscopic traditional Dixon group the
surgery procedure was as follows: the bowel is closed with a
cutting and closure device 2 cm from the lower end of the
tumor, a longitudinal incision of about 5cm is made 5cm
below the umbilicus, an incision dilator is inserted, and the
proximal rectum is taken out with oval forceps, the bowel canal
was transected 7 cm from the upper boundary of the tumor, the
stapler base was placed, ligated in the knot groove and returned
to the pelvis and the incision was closed layer by layer. The
abdominal cavity was flushed with 1500 ml of normal saline

under laparoscopy and no bleeding was detected (Figures 3A,B).

Statistical methods

The data were processed by using SPSS 22.0. The count data
were described by frequency and percentage and the
comparison between groups was evaluated by a X* or a
Fisher's exact probability test; measurement data were
described by mean + standard deviation (x+s). A t-test or
one-way analysis of variance test was used for data analysis
between groups; Mann-Whitney U test was used for
nonparametric data; P <0.05 indicated that the difference was

statistically significantly different.

FIGURE 2

(F) Picture of 14 days after anus formation.

3D or 2D laparoscopic NOSES I-type E method to preserve the anus, (A) Full exposition of the anus; (B) Suturing the purse at the lower edge of the
tumor; (C) Pulling out the rectum through the anus; (D) Removal of the specimen; (E) 5 cm of bowel was left outside the anus and fixed with suture;
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FIGURE 3

colorectal anastomosis is completed through the anus.

3D or 2D laparoscopic assisted Dixon method to preserve the anus, (A) The assisted abdominal wall incision to remove the specimen; (B) The

Result
General data comparison

A total of 109 patients successfully completed the operation
with no conversion to laparotomy, no perioperative death, and
postoperative pathological specimens were RO resection. There
was no significant difference in the age, gender, BMI, tumor
diameter, tumor stage and other general information of the
NOSES 1-type E group and Dixon group patients (P> 0.05),
these index also have no significant difference between group
A and group B (P>0.05). The distance between the tumor
and the anal verge was significantly different between NOSES
1-type E group group compared to Dixon group (P <0.05),
while there was no significant difference between group A and
B (P>0.05) (Table 1).

Comparison of perioperative indicators

There was no significant difference in perioperative
indicators, intraoperative bleeding and operation time between
NOSES I-type E group and Dixon group (P>0.05), these
index also have no significant difference between group Aand
group B (P>0.05). The exhaust time, eating time, drainage
tube removal time, hospitalization costs, hospitalization time,
the number of analgesic treatment days between NOSES I-
type E group were significantly different from Dixon group
(P<0.05), while group A had no significant difference to
group B (P>0.05). There was no significant difference in
catheterization time between NOSES I-type E group and
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Dixon group, while group A significantly less than group A
(P<0.05) (Table 2).

Comparison of complication indicators

We compared the postoperative complications among the
groups, the anastomotic leakage in NOSES I-type E group
were significantly lower than Dixon group (P <0.05), while
there was no significant difference between groups A and B
(P>0.05). There were no significant difference in difficulty
urinating between NOSES I-type E group and Dixon group
(P>0.05),while it in group A significant lower than group B
(P <0.05). Anal stenosis, rectal Prolapse and colonic retraction
in NOSES I-type E group were significantly higher than those
in Dixon group (P<0.05), while there was no significant
difference between group A and group B (P>0.05). The
occurrences of anastomotic bleedings in Dixon group higher
than that of in NOSES I-type E group (P <0.05), while there
was no significant difference between group A and B (P>
0.05). There were no significant differences in the incision
infection rate, numbers of pelvic infection, ureteral injury,
incisional hernia, and the total complication rate among the
groups (P> 0.05) (Table 3).

Postoperative pain scores
The four patient groups were scored by VAS in the first

three days after operation. The results showed that NOSES I-
type E group significantly lower score than Dixon group (P <
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TABLE 1 Comparison of the general data of the four groups.

10.3389/fsurg.2022.972258

TABLE 3 Comparison of postoperative complication indicators

NOSES 1-type E group (52 Dixon NOSES I-type E group  Dixon group (57
cases) group (52 cases) cases)
57 cases
Group A Group B ( ) Group A Group B
(25) (27) (25) (27)
Gender Anastomotic 0™ 0* 4/57
Male/Female 14/11 17/10 30/27 leakage
. ab a
Age 59.61+10.65 58.63+8.47 6098 +8.95 Anal stenosis 1(1/25) 2 227) 0
ab a
BMI 23324312 22.28 +3.45 24234297 Rectal Prolapse 0 1(1/27) 0
. ab a
Distance from anal 412+082% 3.98 +0.85° 5.84+1.07 Colon retraction 1.(1/25) 1.(1/25) 0
verge Difficulty 04 1(1/27)° 1/57
Tumor stage urinating
I 6 3 14 Anastomotic 0% 0* 1/30
bleeding
il 10 8 27 . )
Incision infection 0° 0° 0
I 9 11 16 N
Pelvic infection 1(1/25)° 1(1/27)¢ 2/57
P <0.05 Compared with Dixon group. Ureteral injury o 0° 0
°P>0.05 Compared with group B. b
Incisional Hernia 0° 0° 0
Total 3 (325 6 (6/27)° 8/57
TABLE 2 Comparison of perioperative indicators. 2P <0.05, Comparison of NOSES I-type E group with Dixon group.
b . .
. P>0.05, Comparison of group A with group B.
NOSES I-type E group Dixon €P>0.05, Comparison of NOSES I-type E group with Dixon group.
(52 cases) group (57 9P <0.05, Comparison of group A with group B.
cases
Group A Group B )
(25) 27)
TABLE 4 Comparison of pain scores in the four groups three days after
Intraoperative situation operation.
Operation time/min ~ 188.28 +55.20 203.61 +65.18 190.87 £57.17 NOSES I-type E group (52  Dixon group (57 cases)
Blood loss/ml 55.11 +52.34 75.93 +63.98 67.09 £ 51.03 cases)
Postoperative situation Group A (25) Group B (27)
Hospitalization 6.45 +2.22%° 6.38 +2.21° 7.81 £2.41
expenses/10,000 yuan 1 day 522+0.7% 5.14 +0.64" 6.37 £0.56
Exhaust time/day 2.3 +045% 2.70 +£0.75% 2.98+£0.93 2 day 4.80 +0.68% 4.77 +0.88% 6.05+0.55
Meal time/day 4.0 (4.0,6.0)° 4.0 (4.0,6.0)* 6.0 (4.0,8.3) 3 day 3.55+0.61% 3.58 +071° 541+ 0.61
. . cd c
‘ Ce;zlheterlzatlon 4.0 (3.0,5.0) 5.0 (3.0,5.0) 5.0 (3.0,9.0) %P < 0.05, Compared with Dixon group.
time/day °P>0.05, Group A compared with and group B.
Hospital stay/day 13.30 +8.12%° 1333 +8.17° 15.16 + 10.06
Analgesia days/day 444+ 144" 4.52+1.69" 4.98 £ 1.49
Drainage tube 640+ 3.81% 674412 11414181 type, histological type, degree of differentiation, postoperative

removal time/day

2P <0.05, Compared with Dixon group.
P> 0.05, Group A compared with group B.
“P>0.05, Compared with Dixon group.
9P <0.05, Group A compared with group B.

0.05), There was no significant difference between group A and
B (P>0.05) (Table 4).

Postoperative pathological results
comparison

The postoperative pathological results of the groups showed
that there were no significant differences in the gross tumor
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T stage, N stage, specimen length, total number of lymph
nodes, number of cases with positive resection margin,
distance from the lower tumor margin, tumor length, tumor
width, and thickness between NOSES I-type E group and
(P> 0.05),these significant
differences between group A and group B (P> 0.05) (Table 5).

Dixon group also have no

Comparison of the anal function at 1 year
after follow-up

At 1-year follow-up, the WIS score evaluated the anal

function of the patients and the proportion of scores <10
points. The results showed that there was no difference in
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TABLE 5 Comparison of postoperative pathological indexes among
the four groups.

10.3389/fsurg.2022.972258

TABLE 6 Anal function score and the number and percentage of cases
with scores less than 10 in the four groups at 1 year after operation.

NOSES I-type E Dixon NOSES I-type E group Dixon group
roup (52 cases roup (57 52 cases 57 cases
group group
cases
Group A Group B ) Group A Group B
(25) (27) (25) (27)

Gross typing Wexner score (X *s) 8.55+1.98% 8.21+1.92% 7.64 +2.21
Ulcerative 12 14 33 Wexner score <10 20 (20/25)® 21 (21/27)* 53/57
Invasive 7 3 14 number and percentages
Raised 6 5 10 2P >0.05 Compared with Dixon group.

Histological typing °P>0.05, Comparison between group A and B.

Adenocarcinoma 18 20 34
Adenocarcinoma/partial 3 5 12

mucinous adenocarcinoma TABLE 7 local recurrence and metastasis in the four groups at 3 years
Mucinous 4 2 11 follow-up.

adenocarcinoma NOSES I-type E group Dixon group (57

Differentiation (52 cases) cases)
Mid-differentiation 13 16 31 Gl'Ol.lp A Group B
Low differentiation 5 6 16 (25) 27)

Mid-low differentiation 7 5 10
Local 1 1 1

pT stage recurrence
T1 5 4 14 Distant 0 2 3
T2 6 6 16 metastases
T3 14 17 17 There was no significant difference among the groups, P> 0.05.

N stage
NO 16 12 24
N1 5 8 15 TABLE 8 The survival rate of the four groups at the 3-year follow-up.
N2 4 / 18 NOSES I-type E group  Dixon method (57

Specimen length (cm) 10.20 + 1.81 9.80 £2.21 10.52 +3.41 (52 cases) cases)

Total lymph nodes 13.0+5.01 12.70 £ 4.56 13.11 +4.46 Group A Group B

Number of positive margins 0 0 0 (25) (27)

Distance from tumor to 1.21+0.77 1.23 +0.67 1.7 +0.80

inferior margin 3 years alive 25 24 55

Number

Tumor long diameter 3.00 3.00 4.00 (2.75, 5.00)

(1.5, 4.00) (3.50, 4.00) (6N 25/25 24/27 55/57

Tumor width and diameter 3.00 3.00 3.00 (2.50,3.75) There was no significant difference between the groups, P> 0.05.

(1.8,4.00) (2.00,4.00)
Tumor thickness and 1.5 1.5 1.5 (0.8,2.00)
diameter (1.12,2.00) (1.00,2.00)

There were no significant differences in all indexes among the groups, P> 0.05.

anal function among the the groups at 1 year after surgery (P>
0.05) (Table 6).

Comparison of recurrence and distant
metastasis at 3-year follow-up

The recurrence and distant metastasis of the groups were
followed up for 3 years. The results showed that in the
NOSES I-type E group, there was 2 local recurrence and 2
distant metastasis whereas in Dixon group there was 3 case of
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distant metastasis and 1 case of local recurrence. Statistical
analysis showed that there was no significant difference in
recurrence and distant metastasis numbers among the groups
(P>0.05) (Table 7).

Comparison of the survival rates at 3-year
follow-up

The results showed that in the NOSES I-type E method
group, 25 patients in group A and 24 patients in group B
survived whereas in Dixon group, 55 patients survived. There
was no significant difference in the survival rate among the
groups (P >0.05) (Table 8).
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Discussion

The NOSES I-type E method is a combination of a
laparoscopy and modified Bacon technique which has been
described in detail earlier (12). As one of the sphincter-
preserving surgical methods for low rectal cancer, it has
greatly improved the sphincter-preserving rate, in addition to
obtained cosmetic needs and reducing the occurrence of
abdominal wall complications (13). However, the safety of the
operation, the patient’s anal function and prognosis are the
fundamental reasons why it is difficult to reach a consensus
and unification in clinical practice (14). The results of this
study showed that there was a significant difference in the
distance between the tumor and the anal verge in the general
data of the NOSES I-type E group and the Dixon group. It
shows that the distance between the tumor and the anal verge
is related to the surgical method (15) and the NOSES I-type E
method may be more suitable for anus preservation in ultra-
low rectal cancer. This result is also in line with the current
domestic expert consensus.

The perioperative indicators showed that compared to the
Dixon method, the NOSES I-type E method patients had a
better feeding time, exhaust time, drainage tube removal time,
hospitalization ~ time, hospitalization  costs, and less
postoperative analgesia days. Moreover, NOSES I-type E
method patients displayed significantly lower postoperative
complications. The pain score of patients in the first three days
after operation was significantly lower in the NOSES I-type E
method patients compared to the Dixon method patients.
These results showed that the NOSES I-type E method had no
anastomotic stoma, so there is no need to worry about
anastomotic leakage and the patient can be instructed to eat
and get out of bed early, and the recovery of gastrointestinal
function was promoted. Another major advantage of the
NOSES I-type E method is the fact that there was no assisted
incision in the abdominal wall, therefore, the pain level of the
patients was significantly lower than that of the Dixon method.
This is why the patients were more motivated to get out of
bed actively, so as to promote the rapid recovery which
eventually resulted in a significant reduction in the length of
hospital stay and postoperative analgesia days. The idea is
consistent with NOSES (16). In addition, NOSES I-type E
surgery does not need a stapler and closure device. The
hospitalization time is shortened and the hospitalization costs
are significantly lower than that of the Dixon method.

Our results also indicate that the difficulty urinating in
NOSES I-type E group has no significant difference compared
to Dixon group, but it has significant difference between
group A and group B. which reveled that due to the
advantages of 3D laparoscopy, there was a better pelvic nerve
protection. Thus, the NOSES I-type E method can achieve the
same neurological protection as Dixon surgery (17). The
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surgical complications showed that the NOSES I-type E
method group were higher than those in the traditional Dixon
group, which indicated that the NOSES I-type E method also
had its shortcomings, however, there was no statistical
difference in the total complication rate among groups. This
is consistent with already published data (18).

There was no significant difference in postoperative
pathological results between the groups. The two surgery
techniques can achieve the same radical efficiency under the
guidance of TME and D3 surgery principles. However, poor
anal function and difficulty in achieving satisfactory stool
control after NOSES I-type E method have always been
concerns of surgeons. The results of this study showed that
there was no significant difference in anal function scores
between the two method one year after operation. This is
consistent with the research results of Liu, Li (19), and Luo
Xue (20), and others which reported that the patient’s anal
function after NOSES I-type E surgery achieved the same
results as the Dixon operation technique 3 and 6 months after
operation (21). This indicated that after 1 year of muscle and
nerve function recovery, the two groups of patients can
achieve the same therapeutic effect. We should not focus on
short-term anal function but should observe a certain time
limit. The results of this study also showed that the
recurrence and overall survival rate 3 years after surgery were
not statistically different between the two groups, which was
consistent with the results of previous studies (22, 23). These
data show that the two surgical methods can achieve the same
therapeutic effect with comparable safety and surgical efficiency.

As on of the largest colorectal cancer diagnosis and
treatment center in China, it is currently the center that has
carried out more NOSES I-type E method in China. The
experience of this center is as follows: (1) Select suitable
patients according to tumor characteristics such as stage c/
ycT1-3, distance of the tumor 3-5cm away from the anal
verge, involving no more than half of the intestinal wall with
a tumor diameter less than 3 cm, early cancer or carcinoma in
situ where local anal resection cannot be performed; male
patients with preoperative perianal muscles are selected for
NOSES I-type E method (2) During abdominal surgery, the
sigmoid colon needs to obtain sufficient mobility, must be
released upward to the splenic flexure of the colon and the
rectum must be freed downward to the levator ani muscle or
between the internal and external sphincter; (3) The anus
should be fully expanded, the rectal anal canal should be
disinfected and the purse-string suture at the distal end of the
tumor should be free of tumors; (4) The skin of the anal
canal should be incised 1 cm below the dentate line and all
the mucosa and abdominal cavity should be removed
upwards; (5) After specimen removal, the proximal colon
should be pulled out through the anus for about 5 cm and the
intestinal seromuscular layer and the skin of the anal canal
should be sutured intermittently, which requires major
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intestinal tension and blood supply to prevent postoperative
ischemia, necrosis, and retraction; (6) Anus reconstruction
should be performed 10 days after the first operation. The
seromuscular layer should be incised close to the anal margin
and the mucosa should be 0.5cm longer than the anal
(7) should be
performed to restore muscle function around the anus.

margin; Postoperative levator training

In conclusion, the NOSES I-type E method can achieve the
same radical and prognostic effect as the Dixon operation
without increasing surgical complications while at the same
time has the advantages of no anastomotic leakage, avoidance
of permanent abdominal stoma, less trauma, and complete
preservation of anal function. Its combination with 3D
laparoscopy can better preserve the patient’s neurological
function than 2D laparoscopy. Of course, the NOSES I-type E
method also has certain shortcomings, such as postoperative
anal stenosis, colon retraction, and short-term poor anal
function. But no surgery is perfect, only the right one is the
best. Therefore, surgeons should accurately and individually
assess the patient’s condition and, based on their own
experience, choose the NOSES I-type E method only for
suitable patients. This study also has certain limitations, such
as the small number of cases, the short follow-up time, and
the specific survival curves of the groups. These deficiencies
will be further investigated in future studies.

Conclusions

The NOSES I-type E method is a safe and effective
sphincter-preserving operation for low rectal cancer and its
with 3D better
neurological protection which is worth of clinical application.

combination laparoscopy may have
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Introduction: Teratomas are rare neoplasms that arise from pluripotent germ
cells. Sacrococcygeal teratomas are often diagnosed in infants but are rare in
adults; a mature teratoma can contain hair, teeth, bony tissue, and other
mature tissue types. Herein, we report for the first time a patient with a
teratoma containing intact bones that formed a pseudoarthrosis.

Case report: A 49-year-old woman was admitted to hospital after a massive
life-long sciatic tumor had begun to grow larger over the past year. A
16cmx25cm solid mass with a clear boundary was palpable in the
sacrococcygeal region. Radiography, computed tomography, and magnetic
resonance imaging indicated a sacrococcygeal teratoma, although blood
alpha-fetoprotein levels were normal. The teratoma was completely excised
using 3-dimensional reconstruction mixed reality (MR) technology with no
notable complications. Postoperative pathological examination of the excised
lesion confirmed a mature teratoma. Interestingly, two intact irregular bones
that formed a pseudoarthrosis were isolated; one was 11 cm and the other
6 cm. The patient is currently healthy and has experienced no recurrences.
Conclusion: Sacrococcygeal teratomas are rare, especially in adults, and often
comprised lots of components, such as fat, bony tissue. However, it's first
reported that formation of pseudoarthrosis in this case so far. It is difficult
for surgeons to achieve complete excision without complications owing to
the complex anatomic structure of the sacrum. The 3-dimensional
reconstruction and mixed reality (MR) technology based on computed
tomography can provide spatial visualization, which allows surgeons to
examine the teratoma at different angles preoperatively. Combining
3-dimensional reconstruction and mixed reality (MR) technology in this case
facilitated complete resection and prevented recurrence.

KEYWORDS

mixed reality, pseudoarthrosis, teratoma, three-dimensional

reconstruction (3D reconstruction), case report

sacrococcygeal,
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Introduction

Teratomas are rare congenital tumors derived from germ
cells; they account for 2.5% of all germ cell tumors (1) and
are commonly diagnosed in infants and children but rarely in
adults (2). Outside the gonads, teratomas are most commonly
diagnosed in the midline regions of the body (3). These
tumors can be benign or malignant depending on their
differentiation levels (4); a high differentiation level and
abundant mature tissue component are often found in benign
teratomas, whereas malignant tumors tend to exhibit low
differentiation and immature tissues (5). Three-dimensional
(3D) reconstruction and mixed reality (MR) are advanced
surgical technologies that play important roles in precision
medicine. The former can transform two-dimensional images
into 3D models, allowing surgeons to observe the complex
anatomical structures of the tissues surrounding the tumor as
well as the tumor-environment relationship. The latter
provides an interactive experience based on the 3D virtual
image, allowing surgeons to simulate the surgery and verify
the procedural plan preoperatively.

In this report, we describe a rare sacrococcygeal teratoma
diagnosed in an adult that contained 2 intact bones forming a
pseudoarthrosis. We also describe how 3D reconstruction and
mixed reality (MR) technology were used to ensure precise
surgical resection. This report was prepared according to the
SCARE checKklist (6).

Case presentation

A 49-year-old woman presented at Shengjing Hospital
(affiliated with China Medical University) after noticing that a
massive sacrococcygeal tumor she had since birth had been
growing over the past year. One month before her visit, the
patient felt pain in her hip owing to a rapidly enlarging mass.
The patient didn’t receive any medical intervention and the
symptoms were not released over past year. The patient was
previously healthy with no history of chronic cardiovascular
diseases, infectious diseases, allergy, or surgery. She did not
smoke or consume alcohol, and had no familial diseases.

Physical examination revealed a palpable 16 cm long x
25 cm wide solid mass in the sacrococcygeal region, with a
clear boundary and good mobility. There was an obvious
osteal protuberance in the center of the mass that had poor
mobility. Preoperative laboratory workups including complete
blood count, urinalysis, liver function test, and renal panel
were within normal range. Pelvic radiography revealed a long
rod-like bone in the pelvic cavity, while pelvic enhanced
computed tomography (CT) revealed a massive space-
occupying lesion in the pelvic-sacrococcygeal region that was
14.5 cm x 10.5 cm x 21.5 cm.

Pelvic enhanced magnetic
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resonance imaging revealed a massive sacrococcygeal

fatty,
sebaceous material as well as a long bone lacking any obvious

multiloculated teratoma comprised mainly of a
abnormalities on enhanced scanning (Figure 1).

A multidisciplinary consultation was arranged to decide on
the optimal therapeutic approach based on 3D reconstruction
and mixed reality (MR) technology, which were used to ensure
precise surgical resection. The 3D reconstruction was performed
using the “visual volume” software (Shenyang, China) with CT-
derived data. The 3D model was then uploaded into the mixed
reality (MR) image system, whereupon the surgeon could
visualize the 3D model through the mixed reality (MR) helmet
(Microsoft Corp, Redmond, WA, United States) (Figure 2). This
enabled to discern the relationship between the teratoma and
surrounding tissues (such as vessels and nerves) directly.
Furthermore, the mixed reality (MR) visual software allowed the
operator to move, rotate, hide, and delete elements of the 3D
model, thereby allowing him to simulate the surgery and
eliminate potential errors. The multidisciplinary team had
concluded that the lesion was likely a sacrococcygeal teratoma,
and that its final diagnosis ought to be verified via postoperative
pathological analysis.

anterior lateral

posterior

FIGURE 1

Magnetic resonance imaging (MRI) and 3D computed tomography
(CT) of the patient. (A1-A3) CT showing different views of the
teratoma. A huge space-occupying lesion exhibiting different
densities can be observed in the pelvic cavity. A clear boundary is
observed between the teratoma and pelvis. (B1-B3) MRI showing
various views of the teratoma. The massive sacrococcygeal
multiloculated lesion comprises a large amount of fat, sebaceous
material, and long bone. (C1-C3) Various 3D views of the bone
reconstruction based on CT; the 3D reconstruction allowed the
visualization of the spatial positions of the bones within the
teratoma as well as the lesion’s relationship with the pelvis.
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The surgery was performed on March 26, 2021. After
administering general anesthesia and disinfecting the area, a
40 cm arced incision was created in the sacrococcygeal region
from the posterior superior iliac spine to the contralateral
posterior superior iliac spine along with the lower boundary of
the tumor (i.e., resembling a smiley face). An intact encapsulated
mass was found under the deep fascia; its upper boundary
reached the sacral 5 vertebra, its lower boundary reached the
anococcygeal ligament, and its bilateral boundaries were adjacent
to the gluteus and surrounding soft tissue. The tumor protruded
into the pelvic cavity and compressed the ampulla recti. Given
that it had an intact capsule, the tumor did not invade the
surrounding organs and we decided to remove the teratoma
integrally to decrease the recurrence rate. The teratoma was rigid
and lacked elasticity because of the two bones inside, which may
break the capsule leading to incomplete resection if the surgical
area was small. Therefore, we removed the coccyx to expose an
enough space for surgical operation. Next, we separated the
tumor from the pelvic cavity with the guidance of 3D
reconstruction and mixed reality (MR) technology. Especially,
when separating the deep bottom of the teratoma, meticulous
operation was necessary to avoid bladder and rectum injury.
Finally, we reconstructed the sacral structure to help recover
sciatic function by anchoring a mesh through the suture to the
surrounding tissue in order to provide mechanical support.
Muscle reconstruction — was

achieved by suturing the

FIGURE 2

The application of 3D reconstruction and mixed reality (MR)
technology in our patient. (A,B) The 3D reconstruction images
accurately displaying the relationship between the teratoma and
surrounding tissues through various angles. (a) teratoma;
(b) bladder; (c) rectum. (C,D) mixed reality (MR) technology
showing the spatial location of the teratoma and its orientation
with respect to the pelvic cavity. This technology was used to
devise a surgical strategy and simulate the surgical process.
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anococcygeal ligament to the coccygeal stump (Supplementary
Figures). Surgery was completed with no complications.

The excised specimen was transferred to the Pathology
Department for cytological diagnosis. Macroscopically, it was
24 cm x 23 cm x 15 cm, and weighed 5 kg. The surface of the
mass was capsulated and bosselated. The cut surface exhibited
multiple cysts that contained yellow fat, gray viscous sebaceous
matter, hair, muscle, and bone tissue. Of particular interest,
two intact irregular bones that formed a pseudoarthrosis were
isolated from the mass; one was 11 cm long and the other
3A).
epithelium with cutaneous appendages, hair follicles, sebaceous

6cm (Figure Microscopically, fibrous squamous

glands, bony trabeculae, and fat tissue was observed in the
section (Figures 3B-G). There were no immature neural or

striated muscle

“mixed glands

FIGURE 3

The gross appearance and pathological examination of the
teratoma. (A) The teratoma measured 24x23x15cm and
weighed 5 kg. Two intact bones were isolated from the mass: one
was 1lcm long with a diameter of 3cm, and the other was
irregular (6 X 6 x5 cm). The two bones formed a pseudoarthrosis.
(B-G) Pathological slides stained with hematoxylin and eosin:
(B) hair follicle, (C) adipose tissue, (D) sebaceous gland, (E)
squamous epithelium, (F) mixed glands, and (G) striated muscle.
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embryonic  tissues (which are markers of malignant Follow-u p an d outcomes

transformation) in the section. The final diagnosis was a
mature sacrococcygeal teratoma. The patient was followed up in our clinic every 6 months after

The postoperative routine blood tests were drawn every 3 discharge to monitor for local recurrence. Physical exams, AFP,

days. The labs showed a slight elevation of white blood cell ultrasound, and pelvic MRI were performed during each clinic

count, C-reactive protein level, and erythrocyte sedimentation visit. At 1-year follow-up, her AFP remained normal, and

rate, which were appropriate for a normal physiological surveillance imaging (ultrasound and MRI) didn’t show any signs

response postoperatively. She was discharged on postoperative of recurrence. In the perspective of the patient, the symptoms

day 7 with no complications. Her treatment course was including pain, disability of defecation and urination was released

summarized in Figure 4. entirely. The life quality of the patient was significantly improved.

Existence of massive sciatic tumor for 49 years, tumor enlargement for a year and pain
for a month

The mass was found when child with small size and the mass was big as an egg before
a year. A month ago, the patient felt pain on hip because of the rapidly enlarging mass.

An about 16cm length x 25cm width solid mass could be touched on sacrococcygeal
region with clear boundary and good mobility. Especially, there was an obvious osteal
protuberance located on center of the mass with poor mobility.

» X-ray: A long rod-like bone in pelvic cavity. R

- Enhanced CT: a massive space-occupying lesion in pelvic-sacrococcygeal region
with size 14.5cm x 10.5cm x 21.5cm .

« Enhanced MRI: a massive sacrococcygeal multiloculated teratoma consisted of lots
of fat, sebaceous material and long bone. Y,

» The teratoma located at under deep of fasciasacrococcygeal region
* The mass measured 24cm x23cm x15cm and weighed Skg.

« Excison of the tumor was completed successfully.
« Recontruction of sacral structure was made to recover sciatic function.

multiple cysts, which contained yellow-fat, gray viscous sebeceous mass, hair;

muscle and bone tissue. Especially, two intact bones were isolated from the mass:
one was a 11cm length x 3cm diameter bone and another was a 6cm length x 6 cm

width x 5 cm height irregular bone.

Fibrous tissue squamous epithelium with cutaneous appendages, hair follicles,
sebaceous glands, bony trabeculae and fat tissue could be seen in the section.

The surface of the mass was capsulated and bosselated. The cut surface revealed }
Moreover, there was no immature neural tissue and embryonic tissue the section J

FIGURE 4
The therapeutic course of the patient. The current case report is presented based on this sequence of events.
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Meanwhile, the patient satisfied with the successful surgery and
uneventful recovery. She held the view that she was in good
condition and enjoyed a happy life like normal person.

Discussion

Teratoma is a rare type of neoplasm that originates from
primordial germ cells; its site of occurrence varies with age
(7). In in the
sacrococcygeal region, whereas adolescents and adults tend to

infants, teratomas are often discovered
have such tumors diagnosed more commonly in the gonads
(5). These tumors can be divided into two types, mature and
immature. Mature teratomas are often detected in adults and
comprise well-differentiated components, although they tend
(%)

immature teratomas are more frequently found in infants and

to undergo malignant transformation meanwhile,
children, and exhibit partial differentiation (8). Sacrococcygeal
teratomas more commonly occur in infants than in adults
(9, 10). Hence, our patient’s teratoma is rare not only because
of its discovery in the sacrococcygeal region but also because
it was diagnosed in an adult 49-year-old woman.
Sacrococcygeal teratomas can be classified into four types
according to their depth of infiltration; these range from type
I tumors that are located outside the sacrococcygeal region to
type IV lesions that exist exclusively in the presacral region
and pelvic cavity (11). Our patient’s teratoma was categorized
as type III, which typically entails a complicated surgery.
Surgery is the optimal treatment for sacrococcygeal teratoma
(12), the planning of which requires taking two important
aspects into account. One is achieving complete resection to
avoid recurrence, and the other is to prevent complications as
much as possible. A study showed almost 11 percent of patients
recurred in 3 years postoperatively due to incomplete resection
(13). Traditionally, more complete resections are associated with
greater rates of surgical complications including urinary tract
and bowel dysfunction, hemorrhage, and nerve injury (14);
therefore, attaining the optimal balance between maximum
therapeutic effect and minimal surgical complications requires
surgeons to devise a definitive surgical strategy via thorough
analysis of the imaging data. In our patient, 3D reconstruction
and mixed reality (MR) technology were used to strategize for
and navigate the procedure (15). With 3D reconstruction, the
spatial structure and relationship between the teratoma and
surrounding tissues could be displayed (16). Mixed reality (MR)
technology was used to transform the 3D model into a spatial
virtual image; its greatest advantage was its interactive function,
given that we were able to discern the relevant anatomic
structures better. In fact, we were able to simulate the surgical
procedure to ensure its effectiveness via this interactive system.
Furthermore, the two bones formed a pseudoarthrosis that
meant a rigid structure within the teratoma. The rigid structure
may be an obstacle to surgery, and we should ensure enough
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surgical incision to remove the teratoma from pelvic cavity. 3D
reconstruction and mixed reality (MR) technology allowed to
predict related intra-operative challenges, assisted the surgeons
in devising a meticulous surgical plan to prevent unnecessary
damage, and ensured complete tumor removal. Moreover,
visualization aided us in explaining the planned procedure to the
patient, who was thus able to understand both the surgical
process and associated risks (17). We successfully removed our
patient’s teratoma and coccyx without damaging the gluteal
artery, sciatic nerve, or rectal ampulla owing to our use of 3D
reconstruction and mixed reality (MR) technology.

However, there are some limitations in terms of using 3D
reconstruction and mixed reality (MR) technology in clinical
practice. The spatial anatomic structure that mixed reality
(MR) provides is based only on CT-derived values; in
actuality, the anatomic structure may be more complicated in
a narrow surgical view, and may be affected by hemorrhage
and other factors (18). Mixed reality (MR) technology is also
limited by the resolution of the CT; some small tissues may
not be detected, which in turn may lead to hemorrhage,
organ injury, nerve injury and other surgical complications.
as the
possibilities of recurrence and malignant transformation exist.
The
increases with age (20); as such, regular CT and physical

Postoperative monitoring is also necessary (19),

probability of malignant transformation reportedly
examinations should be performed to detect any progression in
residual teratoma tissue over the course of the patient’s life
(20). To that end, alpha-fetoprotein is a sensitive serum marker
that can be used to screen for teratoma recurrence, as well as

the severity thereof (21).

Conclusion

Sacrococcygeal teratomas rarely occur in adult women.
Interestingly, formation of pseudoarthrosis in the teratoma is first
reported in this case. Given the risks of surgical complications and
incomplete excision with these tumor types, 3D reconstruction
and mixed reality (MR) technology are advanced auxiliary tools
that surgeons can use to achieve satisfactory outcomes.
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Safety, efficacy, and selection
strategy of laparoscopic local
gastrectomy for gastrointestinal
stromal tumors in the
esophagogastric junction

Haigiao Zhang', Xiaoye Liu', Zhi Zheng, Jie Yin* and Jun Zhang*

Department of General Surgery, Beijing Friendship Hospital, Capital Medical University, Beijing, China

Objective: To investigate the safety, efficacy, and selection strategy of
laparoscopic local gastrectomy for stromal tumors in the esophagogastric
junction.

Methods: Thirty-eight patients with mesenchymal tumors in the esophagogastric
junction were retrospectively enrolled from April 2018 to July 2021 in which the
upper edge of the tumor is less than 2 cm from the Z-line or has invaded the Z-
line <1/2 circumference. Surgical outcomes, complications, recover, and
postoperative gastroesophageal reflux of both groups were compared.

Results: 27 patients underwent wedge resection, and 11 underwent resection by
opening all of the layers of the stomach wall. Operative time (90.0 vs. 181.8 min,
respectively, P = 0.001) was shorter for the WR group vs. RASW. Blood loss (20
vs. 50 ml, respectively, P = 0.012) was less for the WR group vs. RASW. Recovery
of the RASW group was slower in terms of time to pass gas (2 vs. 3 days, P =
0.034), time to oral intake (2 vs. 4 days, P=0.007), time to semi-liquid food
intake (4 vs. 8 days, P =0.003), and postoperative hospitalization (5 vs. 8 days,
P=0.001) vs. WR. In terms of short-term complications (<30 days), no
significant between-group differences were observed. Cardia stenosis did not
occur in either group. In the WR group, one patient experienced mild reflux
at 6 months and recovered 1 year after surgery. In the RASW group, one
patient experienced severe gastroesophageal reflux at 6 months and 1 year
after surgery, which was not entirely relieved by taking antacids. No other
patients have gastroesophageal reflux.

Conclusion: Laparoscopic local gastrectomy is safe and feasible for mesenchymal
tumors in the esophagogastric junction in which the upper edge of the tumor is
less than 2 cm from the Z-line or has invaded the Z-line <1/2 circumference, and
has achieved an excellent short-term effect. The choice of surgery is based on the
relationship between the tumor and the position of the cardia.

KEYWORDS

esophagogastric junction, gastrointestinal stromal tumors, surgical method, local
gastrectomy, gastroesophageal reflux

Abbreviations

GISTs, gastrointestinal stromal tumors; LLG, laparoscopic local gastrectomy; EGJ, esophagogastric
junction; WR, wedge resection; RASW, resection by opening all of the layers of the stomach wall;
GerdQ, gastroesophageal reflux disease questionnaire; LECS, lower oesophageal circular muscle
sphincter; UGS, upper gastric sphincter; GEFV, gastroesophageal flap valve; GEJHPZ, gastro-
oesophageal junction high-pressure zone.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tissue-derived malignancies in the
digestive tract, accounting for 1%-3% of all gastrointestinal
malignancies, and are more likely to occur in the stomach
(50%-70%) (1, 2). For GISTs with tumor diameter less than
2 cm, endoscopic treatment is preferred, while for tumor
diameter larger than 2 cm, surgery is the main method of
treatment (3). The goals of surgical therapy mainly include
ensuring the integrity of the tumor capsule and achieving
negative tumor margins. GISTs are primarily implanted in the
abdominal cavity and metastasize via the blood, and lymph
node metastasis is rare. Therefore, there is no need for lymph
node dissection during the operation (4). With the widespread
adoption of laparoscopic technology in the surgical field,
laparoscopic local gastrectomy (LLG) has been safely and
effectively applied for the surgical treatment of GISTs (5).
Lukaszcryk first reported laparoscopic gastrectomy for GIST's
in 1992 (6). With the increasing maturity of minimally
invasive techniques, studies have found that laparoscopic
technology is safe and feasible for GISTs (7, 8) and has now
become the preferred method. It can significantly reduce
tissue bleeding and damage, fully expose the surgical field of
vision, improve the safety of the operation, shorten the
hospital stay, and reduce postoperative discomfort. Currently,
the most commonly used laparoscopic surgery methods for
the treatment of GISTs include four types: wedge resection
(WR), resection by opening all of the layers of the stomach
wall (RASW), mucosa-preserving resection, and proximal
gastrectomy. The main factors that affect the choice of gastric
stromal tumor surgery are the size and location of the tumor
(9), which have a significant impact on the perioperative
outcome. However, such studies have primarily focused on
the body of the stomach and the antrum, and there are few
studies on the esophagogastric junction (EGJ) (10).

The incidence of GISTs in the EG]J is low, accounting for
5.8%-13.5% (11-13), so there are few reports on this topic.
The anatomy of GISTs in the EGJ is complex, and the
operation and functional retention are difficult. Therefore,
proximal gastrectomy was often used for GISTs in EGJ in the
past. the high
gastroesophageal reflux seriously affects the quality of life of

However, incidence of postoperative
patients (14). Complications such as cardiac stenosis may
occur after local gastrectomy. Therefore, there is currently no
way to reconstruct the digestive tract that has been widely
recognized. Xiong et al. (15) found that GISTs in the EGJ in
which the upper edge of the tumor is more than 2 cm from
the Z-line are often treated with WR when they are close to
the greater curvature, which can ensure the integrity of the
Z-line and will not affect the patency of the cardia. When
approaching the lesser curvature, RASW is often used because
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WR will narrow the cardia and may also lead to excessive
gastric wall resection, shorten the length of the lesser
curvature, and cause structural malformations or abnormal
movements in the stomach. For GISTs in the EGJ in which
the upper edge of the tumor is less than 2cm from the
Z-line, mucosa-preserving resection is used to preserve the
normal function of the cardia. Zheng et al. (16) reported a
new method of conformal resection to treat GISTs in the EGJ
in which the upper edge of the tumor is less than 2 cm from
the Z-line or has invaded the Z-line, but it needs to be
completed by laparotomy. The 2017 edition of “Consensus on
Diagnosis and Treatment of Gastrointestinal Stromal Tumors
in China” recommends that when GISTs in the EGJ are
surgically treated, as long as the upper edge of the tumor is
1-2 cm away from the Z-line and more than 50% of the
circumference of the EGJ is retained after the tumor is
removed, WR can be used. It can be used to cut the
transverse suture under direct vision to avoid narrowing the
suture. Proximal gastrectomy was performed for GISTs in the
EG]J that invaded the Z-line.

At present, LLG for GISTs in the EGJ in which the upper
edge of the tumor is less than 2 cm from the Z-line or has
invaded the Z-line <1/2 circumference has not been reported,
which presents great challenges in terms of technology and
functional preservation. This study analyzed the safety,
efficacy and the selection strategy of LLG for GISTs in the
EGJ in which the upper edge of the tumor is less than 2 cm
from the Z-line or has invaded the Z-line <1/2 circumference.

Methods
Patients

This study was a single-center retrospective study. This
study was approved by the Ethics Committee of Beijing
Friendship Hospital, Capital Medical University. Patients were
enrolled: (I) preoperative endoscopic ultrasonography showed
mesenchymal tissue-derived tumors, and if the upper margin
of the tumor was less than 2 cm from the Z-line or the upper
edge had invaded the Z-line and the invasion range was less
than 1/2 of the circumference; (II) aged 18-75 years, both
male and female; (III) LLG was performed, including WR and
RASW, with or without conversion to laparotomy; (IV) no
history of gastrointestinal surgery and no history of
gastrointestinal malignant tumors; (V) normal organ function;
(VI) no found to have distant metastases; and (VII) complete
case data and follow-up data. The exclusion criteria were: (I)
resection of other organs (liver, pancreas, spleen, or colon);
(II) a history of central nervous system disease or mental
illness; (III) other diseases that seriously affect survival time;
(IV) organ transplantation requiring immunosuppressive
therapy; and (V) pregnancy or lactation.
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Surgical techniques

The same group of physicians in the Gastrointestinal
Surgery Department performed LLG. The trocar used a 5-hole
method (Figure 1). A 12-mm trocar was inserted into the
upper edge of the belly button as an observation opening (A).
A 12-mm trocar was inserted 2-cm below the costal margin
of the left anterior axillary line as the main operation opening
for the surgeon (B). A 5-mm trocar was inserted 2-cm below
the costal margin of the right anterior axillary line as an
auxiliary operation opening for the assistant (C). A 5-mm
trocar was inserted 1-cm above the flat umbilicus of the left
mid-clavicular line as an auxiliary operation opening for the
surgeon (D). A 12-mm trocar was inserted 1 cm below the
midpoint of the line between the A hole and the C hole as an
auxiliary operation hole for the assistant (E). According to the
location of the lesion and the size of the tumor, the surgical
method was determined.

(1) WR: for a tumor close to the fundus of the stomach or
convex out of the cavity at any position where the upper
edge of the tumor is less than 2 cm from the Z-line,
insert a 36F thick gastric tube, expand the structure of
the cardia, and use a linear stapler to simulate the line to
evaluate whether the cardia is stenotic after resection.

FIGURE 1
Puncture port placement.
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After assessing that there was no stenosis close to the
edge of the tumor, a linear stapler was used to remove
the tumor completely (Figure 2).

RASW: if the tumor is located directly below the cardia,
close to the lesser curvature, or invades the Z-line

)

circumference and is less than 1/2 or convex into the
cavity at any position where the upper edge of the tumor
is less than 2 cm from the Z-line, close to the tumor, cut
the stomach wall longitudinally at the edge of the tumor
throughout the entire process, and entirely remove the
tumor along the periphery of the tumor with an
ultrasonic knife through the gastric cavity. With the
absorbable barb line perpendicular to the long axis of the
oesophagus and the esophageal and gastric junction
defect, the cardiac structure was reconstructed. Then the
plasmic muscle layer was reinforced, embedded, and
sutured. Finally, an
performed to confirm that there was no stricture of the

intraoperative gastroscopy was

cardia. A gas-filled water injection test under the
gastroscope was performed to verify that there was no air
bubble the of the
esophagogastric junction (Figure 3).

overflow  at anastomosis

Study outcomes

The primary outcome is the incidence of gastroesophageal
reflux 1 year after surgery. Full-time staff followed up with
patients at the clinic or by telephone, and evaluated the
gastroesophageal reflux status with the gastroesophageal reflux
disease questionnaire (GerdQ). A GerdQ score >8 points
indicated gastroesophageal reflux disease. The following data
were collected: (I) demographic, including sex, age, and body
mass index; (II) auxiliary examination results, including
endoscopic ultrasound, and abdominal enhanced CT (III)
surgical data, including operation time, blood loss, surgical
method, and complications; (IV) postoperative recovery data
including time to pass gas, time to oral intake, time to semi-
liquid food intake, and postoperative hospital stay; (V)
postoperative pathology, including pathological type, tumor
diameter and pathological margin; and (VI) the GerdQ of
patients before surgery, 6 months after surgery, and 1 year
after surgery. Complications were classified according to the
Clavien-Dindo classification method (17).

Statistical analysis

SPSS 21.0 statistical software was used for analysis. The
measurement data with a normal distribution are represented
by mean * standard deviation, and values were compared
using the independent sample t-test. The measurement data
with a skewed distribution are represented by median
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FIGURE 2

The flow chart of wedge resection. (A) The fat and blood vessels on the surface of the stomach in the cardia were opened, exposing the tumor site.
(B) The tumor was pulled, and a linear stapler was made along the edge of the tumor to remove the tumor. (C) The tumor was completely resected.
(D) Intraoperative gastroscopy was performed to check the patency of the cardia.

(interquartile range), and values were compared using the non-
parametric test. The X* test was used to compare countable
data. A non-parametric test was used to compare the grade
data. Statistical significance was set at P <0.05.

Results
Baseline characteristics and pathology

Thirty-eight patients were enrolled from April 2018 to
July 2021. Among them, 27 underwent WR, and 11
RASW. The
pathology of the 38 patients are shown in Table 1. For sex
(P=0.579), age (P=0.145), BMI (P=0.512)
comparable between the two groups. There was a significant

underwent baseline characteristics and

were
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difference in pathological type (P <0.001) between the two
groups. However, in terms of tumor diameter (P =0.406)
(P=0.999),
between-group differences were observed. All patients

and pathological margins no significant

achieved adequate RO margins.

Perioperative outcomes and follow up

Operative time (90.0 vs. 181.8 min, respectively, P=0.001)
was shorter for the WR group vs. RASW. Blood loss (20 vs.
50 ml, respectively, P=0.012) was less for the WR group vs.
RASW. Recovery of the RASW group was slower in terms of
time to pass gas (2 vs. 3 days, P=0.034), time to oral intake
(2 vs. 4 days, P=0.007), time to semi-liquid food intake (4 vs.
8 days, P=0.003), and postoperative hospitalization (5 vs. 8
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FIGURE 3

The flow chart of resection by opening all of the layers of the stomach wall. (A) The full thickness of the stomach wall was opened to expose the
tumor site. (B) The tumor was pulled, and an ultrasonic knife was used to remove the tumor. (C) After the tumor was completely resected, the
cardia was reconstructed using a linear cutting closer. (D) Intraoperative gastroscopy was performed to check the patency of the cardia.

days, P=0.001) vs. WR. In terms of short-term complications
(<30 days), no significant between-group differences were
observed. Cardia stenosis did not occur in either group. No
mortality within 30 days of surgery was observed.

Thirty-eight patients were followed up after surgery, and 0
were lost to follow-up. In the WR group, 1 patient
experienced mild reflux and scored 11 points at 6 months,
which was entirely relieved by taking antacids intermittently.
And she was entirely relieved by improving her lifestyle at
lyear after surgery, and the GerdQ scored 7 points. In the
RASW group, one patient experienced severe gastroesophageal
reflux and scored 16 points at 6 months and 1 year after
surgery, which was not entirely relieved by taking antacids.
No other patients have gastroesophageal reflux. During the
follow-up period, there was no death, tumor recurrence, or
metastasis (Table 2).
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Discussion

In this study, we used WR and RASW to treat GISTs in the
EGJ. For GIST with tumor diameter less than 2 cm, we
prioritized endoscopic treatment. However, some patients had
difficulty in endoscopic resection under the evaluation of a
gastroenterologist, and the risk was high. These patients
underwent surgery. The results showed that in the context of
ensuring complete resection and negative tumor margins,
good results were achieved in terms of cardiac stenosis and
gastroesophageal reflux, indicating the physiological anti-
reflux function in the EGJ was not completely disrupted. At
present, the understanding of the physiological anti-reflux
structure in the EGJ is mainly divided into four parts, the
lower oesophageal circular muscle sphincter (LECS), upper
gastric (UGS), its

sphincter crural diaphragm  with
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TABLE 1 The baseline characteristics and pathology of the patients.

WR RASW P value
(n=27) (n=11)

Sex (male/female) 8/19 5/6 0.579
Age (years) 60.5+22 54.4+3.6 0.145
BMI (kg/m?) 238+33 24.6+33 0512
Pathological type <0.001*

Stromal tumor 23 2

Low/intermediate/high (risk) 14/6/3 1/0/1

Leiomyoma 4 9
RO/R1 margin 27/0 11/0 0.999
Tumor diameter (cm) 3719 42+17 0.406

Values are presented as mean + standard deviation or median (interquartile
range). WR, wedge resection; RASW, resection by opening all of the layers of
the stomach wall; BMI, body mass index.

*Statistically significant values.

TABLE 2 The perioperative outcomes and follow up of the patients.

WR RASW P value
n=27) (n=11)
Approach 0.999
Laparoscopy 27 11
Laparotomy 0 0
Operative time (min) 90.0 +33.1 181.8 + 0.001*
67.7
Blood loss (ml) 20 (10-20) 50 (20-50) 0.012*
Time to pass gas (days) 2 (1-3) 3 (2-5) 0.034*
Time to oral intake (days) 2 (1-3) 4 (2-6) 0.007*
Time to semi-liquid food intake (days) 4 (3-6) 8 (5-8) 0.003*
Postoperative hospitalization (days) 5 (3-5) 8 (6-9) 0.001*
Complications (<30 days) 0.999
Cardia stenosis 0 0
Anastomotic leakage 0 0
Anastomotic bleeding 0 0
Atelectasis 0 1
Mortality 0 0
CD grade I/II/III/IV 0/0/0/0 0/1/0/0
GerdQ (>8 points)
Before surgery 6 (22.2%) 4 (36.3%) 0.623
6 months after surgery 1 (3.7%) 1 (9.1%) 0.999
1 year after surgery 0 1(9.1%) 0.289

Values are presented as mean + standard deviation or median (interquartile
range). WR, wedge resection; RASW, resection by opening all of the layers of
the stomach wall; CD, Clavien-Dindo; GerdQ, gastroesophageal reflux
disease questionnaire.

*Statistically significant values.

phrenoesophageal ligament, and gastroesophageal flap valve
(GEFV), collectively referred to as the gastro-oesophageal
junction high-pressure zone (GEJHPZ) (18, 19). The GEJHPZ
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functions as a multi-purpose valve. It can regulate the
emptying of the esophagus to prevent retrograde reflux of
exhaust and
retrograde reflux (vomiting). The LECS is a smooth muscle

stomach contents while allowing reverse
ring in EGJ. It is formed by the noose-like fibers of the upper
gastric sphincter, crossing and surrounding the esophagus.
The lower boundary is approximately at the level of the His
angle, and the upper boundary is approximately 3 cm above
the Z-line, where the muscular layer is significantly thicker
than in other parts of the surrounding esophagus (18, 20-22).
The UGS is composed of gastric sling fibers and clasp fibers.
Its acts to reduce the His angle through the contraction of the
two fibers, thereby closing the lower end of the esophagus,
which has an anti-reflux effect. The lasso fiber starts from the
lower part of the lesser curvature and continues diagonally to
the upper left corner of His. The lasso fiber is approximately
3-cm wide. Retaining the continuity of the lasso fiber can
reduce the occurrence of gastroesophageal reflux. Hook-
shaped fibers run horizontally from the muscle bundles
located on the side of the minor curve, open to the front left,
and are approximately 2.5-cm wide (18, 23, 24). The GEFV is
a protrusion formed in the lumen at the His angle of the
gastroesophageal junction. It acts like a one-way valve and
(18).
Therefore, based on the abovementioned anatomical theory,

helps prevent the backflow of stomach contents

we used the results of preoperative examination and
laparoscopy to evaluate the tumor’s location to determine the
choice of surgery. For tumor close to the fundus of the
stomach or convex out of the cavity at any position where the
upper edge of the tumor is less than 2 cm from the Z-line,
WR is often used. This causes minor damage to the
physiological anti-reflux structure and can retain most of the
Z-line and surrounding structures. Therefore, WR resulted in
shorter operative time, less bleeding, and faster postoperative
recovery. However, we need to pay attention to the patency of
the cardia during the operation. If the tumor is located
directly below the cardia, close to the lesser curvature, or
invades the Z-line circumference and is less than 1/2 or
convex into the cavity at any position where the upper edge
of the tumor is less than 2 cm from the Z-line, WR may lead
to stricture of the cardia and destroy more physiological anti-
reflux structures. So, we performed RASW. More than 1/3 of
the circumference in the EGJ can be retained after the tumor
is removed. A longitudinal incision and transverse suture are
used to reshape the structure of the cardia and restore the
function of the physiological anti-reflux structure as much as
possible. At present, based on the research results, our idea is
feasible. Therefore, we believe that for GISTs in the EGJ in
which the upper edge of the tumor is less than 2 cm from the
Z-line or has invaded the Z-line <1/2 circumference, LLG can
preserve the physiological anti-reflux function, effectively
reducing the incidence of postoperative gastroesophageal
reflux and improving the quality of life of patients after surgery.
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The anatomy of the EGJ is complex, it is difficult to expose
and free the anatomical structure during laparoscopic surgery,
and there is a risk of tumor rupture. Therefore, surgeons with
extensive laparoscopic experience and skills are recommended
to operate, and adequate preoperative evaluations should be
performed to reduce the risks and enhance the safety of the
operation. Sakamoto et al. (25) found that WR combined with
endoscopy for GISTs in the EGJ can improve the safety of the
operation. Intraoperative endoscopy plays an increasingly
important role in the laparoscopic resection of GISTs,
especially GISTs in the EGJ. Endoscopy can not only help to
confirm that sufficient surgical margins have been achieved
and that the tumor resection is complete but can also check
the sutures for stenosis and fistula formation during the
operation. Therefore, many scholars consider laparoscopic
combined endoscopic surgery essential (26, 27). In our study,
WR often used a 36F thick gastric tube to support the cardiac
structure, which effectively simulated and evaluated the cardia
caliber after resection with a linear closer approach to avoid
stenosis of the cardiac opening. For RASW, we used
intraoperative endoscopy to evaluate the anastomosis. These
methods
contributing to the safety of the operation.

two provide a safe and effective strategy,

Conclusion

Overall, it is safe, effective, and feasible to perform LLG for
mesenchymal tumors in the EGJ in which the upper edge of the
tumor is less than 2 cm from the Z-line or has invaded the
Z-line <1/2 circumference. The choice of surgery is based on
the relationship between the tumor and the position of the
cardia. In the future, it may become the preferred surgical
method for mesenchymal tumors in the EGJ. However, the
number of cases in this study is small at present. The
postoperative follow-up time is still short. In the future,
prospective control studies with large samples are needed to
evaluate the effectiveness of this procedure further.
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A comparative study of
robotics and laparoscopic
In minimally invasive
pancreatoduodenectomy:
A single-center experience

Ke Zong', Kai Luo', Kunlun Chen, Jianwen Ye,
Wentao Liu and Wenlong Zhai*

Departments of Hepatobiliary Surgery, Zhengzhou, The First Affiliated Hospital of Zhengzhou
University, Zhengzhou, China

Objective: To retrospectively compare the short-term benefits of robotic
surgery and laparoscopic in the perioperative period of minimally invasive
pancreatoduodenectomy (MIPD).

Methods: This retrospective analysis evaluated patients who underwent
laparoscopic pancreatoduodenectomy (LPD) or robotic pancreatoduodenectomy
(RPD) from March 2018 to January 2022 in the First Affiliated Hospital of
Zhengzhou University (Zhengzhou, China). Perioperative data, including
operating time, complications, morbidity and mortality, estimated blood loss
(EBL), and postoperative length of stay, were analysed.

Result: A total of 190 cases of MIPD were included, of which 114 were LPD and
76 were RPD. There was no significant difference between the two groups in
gender, age, previous history of upper abdominal operation, jaundice (>150
pumol/L), or diabetes (P > 0.05). The conversion rate to laparotomy was similar in
the LPD and RPD groups (5.3% vs. 6.6%, P = 0.969). A total of 179 cases of
minimally invasive pancreatoduodenectomy were successfully performed,
including 108 cases of LPD and 71 cases of RPD. There were significant
differences between the laparoscopic and robotic groups in operation time
[mean, 5.97 hvs. 5.42 h, P < 0.05] and postoperative length of stay [mean, 15.3
vs. 14.6 day, P < 0.05]. No significant difference was observed between the two
groups in terms of EBL, intraoperative transfusion, complication rate, mortality
rate, or reoperation rate (P > 0.05). There were no significant differences in
pathological type, number of lymph nodes harvested, or positive lymph node
rate (P > 0.05).

Conclusion: RPD had an advantage compared to LPD in reduced operation
time and postoperative length of stay, technical feasibility, and safety.

KEYWORDS

minimally invasive surgery, pancreatoduodenectomy, robotic surgery, laparoscopic
surgery, surgical complication
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Introduction

In the near century since Whipple first reported
pancreatoduodenectomy in 1938 (1), pancreatoduodenectomy
has become a standard procedure for periampullary tumours.
With the development of laparoscopic technology and internal
closure devices and the wide application of energy instruments,
minimally invasive pancreatectomy has gradually spread around
the world. However, due to the particularity of pancreatic
anatomy, the development of minimally invasive pancreatic
surgery has not been as smooth as that of urologic, obstetric,
gynaecologic, and gastrointestinal surgeries. Gagner first
reported laparoscopic pancreatoduodenectomy (LPD) in 1994
(2), and many surgeons and centers have performed LPD. At
present, due to the technical requirements and limitations of
LPD, minimally invasive distal pancreatectomy (MIDP) has
been more widely performed by pancreatic surgeons. Thus,
MIDP provides valuable experience in minimally invasive
pancreatectomy for the development of MIPD. Laparoscopic
total pancreatectomy (LDP) and robotic total pancreatectomy
(RDP) can reduce the length of the postoperative hospital stay,
and the complication rate and mortality are also acceptable
(3-5).

However, in some high-flow hospitals, the complication rate
and mortality of LPD can reach the same level as those of open
pancreatoduodenectomy (OPD), and LPD can even have some
advantages in reducing estimated blood loss and length of
postoperative hospital stay (6-9). However, due to the
limitations of the equipment, laparoscopic instruments have
limited mobility in the cavity, which affects the operation,
especially in the digestive tract reconstruction stage. Thanks to
the invention of robotic surgery systems, Italian surgeon
Giulianotti took the lead in applying robotic surgery to robotic
pancreatoduodenectomy (RPD) in 2003 (10). The robotic
system has a more flexible arm, a clearer surgical field of view,
and three-dimensional visualization and aids in the elimination
of tremors. Therefore, the surgeon can control the instrument
more finely and flexibly (11). Compared with laparotomy, RPD
has achieved similar results to LPD, such as more precise
operation during surgery, no difference in perioperative
complications, and shorter hospital stays (12-15). Although
minimally invasive pancreatoduodenectomy has developed
rapidly, there are few comparative studies on laparoscopic and
robotic pancreatoduodenectomy and fewer experiences in a
single center, mainly because hospitals that have conducted
both methods are rare. As a hospital performing both LPD
and RPD, we aimed to analyse the advantages and disadvantages
of laparoscopic and robotic pancreatoduodenectomy in the
perioperative period through a retrospective study.
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Materials and methods
General data

The following inclusion criteria were used: (1) MIPD for
periampullary benign or malignant tumours; (2) no distant
metastasis; (3) no invasion of the common hepatic or superior
mesenteric arteries, other organs in the abdominal cavity, or
the abdominal aorta, inferior vena cava, and other large
vessels; and (4) adequate general medical conditions for
general anaesthesia with pneumoperitoneum. The following
exclusion criteria were used: (1) inability to tolerate long-
term pneumoperitoneum and anaesthesia; (2) distant
metastasis; (3) invasion of the artery and other abdominal
organs; (4) operations performed by other doctors; (5)
neoadjuvant therapy; and (6) tumour size too large to
conduct MIPD according to the surgeons’ experience. After
doctors informed the patients of the advantages and
disadvantages of LPD and RPD, the surgical procedure was
selected according to the wishes of the patients. All patients
signed informed consent forms before the operation. The
chief surgeon performing robotic surgery was Professor
Wenlong Zhai, and the assistant was either Ke Zong,
Jianwen Ye, or Wentao Liu. Laparoscopic surgery was
performed by Professor Wenlong Zhai or Professor Kunlun
Chen, and the assistant was one of the above doctors chosen
at random. The two surgical methods were started during
almost the same period. We reviewed preoperative data, such
as gender, age, previous history of upper abdominal
operation, jaundice (last laboratory results before operation,
total bilirubin >150 pmol/l), and diabetes. We reviewed all
eligible case data from March 2018, when the hospital started
performing minimally invasive pancreatoduodenectomies, to
January 2022. A total of 190 MIPD cases were included. There
were 113 men and 77 women, with a mean age of 58.1 £ 1.5
(21-82) years. There were 114 cases in the laparoscopic group
and 76 cases in the robotic group. This study was conducted
in accordance with the Declaration of Helsinki (revised in
2013) and approved by the Institutional Review Board.

Method of operation

Robotic pancreatoduodenectomy

The patient was placed in a supine 30° reverse Trendelenburg
position with their legs apart and a slight right-side tilt
(approximately 10°). The surgeons performed all robot-assisted
surgeries with the Da Vinci Si Surgical System (Intuitive Surgical,
Sunnyvale, CA, USA). Following standard procedure, we used a
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pneumoperitoneum needle to establish pneumoperitoneum at
12-15 mmHg under the left costal arch, which is a safer site to
avoid secondary damage. Then, a 12-mm trocar (view port) was
successfully placed in the subumbilical (2-3 mm) site for
pneumoperitoneum imaging and laparoscopy. The needle was
removed, and the pneumoperitoneum tube was attached to the
view port. After laparoscopic exploration, RA3 (robot arm 3), RA2
(robot arm 2), and RA1 (robot arm 1) trocars were placed in the
right axillary midline, clavicular midline, and left clavicular
midline, respectively. A 12-mm assistant trocar was placed
between the view port and the RAI trocar. A camera was
placed in the view port. The assistant 12-mm trocar was used
by the assistant surgeon to pass the needles and manage the
suction irrigator and endostapler (Figure 1).

The gastrocolic ligament was opened for preliminary
exploration of the pancreas, usually with electric scissors. The
superior mesenteric vein (SMV) was found along the inferior
margin of the pancreas, and the Henle’s trunk was ligated and
cut off. The surgeon performed an extended Kocher manoeuvre
to mobilize the transverse duodenum from the ligament of Treitz
beneath the SMV. The common hepatic artery lymph nodes
were dissected, and the right gastric artery and gastroduodenal
artery were ligated at an appropriate length. Then, the small
intestine, stomach, pancreas, and bile duct were cut off
(Figure 2A, B). Complete resection of the uncinate process
of the pancreas with electric scissors was performed
(Figure 2C). The distant small intestine was moved to the
right region through the original duodenal aperture to
reconstruct the digestive tract by pancreatojejunostomy
anastomosis (Figure 2D), hepaticojejunostomy anastomosis,
and gastrojejunostomy anastomosis in order. A 5-cm curved

10.3389/fonc.2022.960241

periumbilical incision was made to remove the specimen, and
the robotic system was removed.

Laparoscopic pancreatoduodenectomy

The patient position was the same as that for RPD. A 12-mm
trocar was placed in the subumbilical (1 cm) site for
pneumoperitoneum imaging and laparoscopy. The scope was
inserted to explore the abdominal cavity to exclude distant
metastasis, and a V-shaped trocar arrangement was placed
(Figure 3). LPD was performed with an ultrasonic scalpel, and
the remaining operations were the same as those for
RPD (Figure 4).

Perioperative observation and
complication standard

The number of conversions was counted in both groups. The
intraoperative and postoperative data of the patients who were not
converted to laparotomy were recorded, and the pathological data
of all cases were reviewed. Postoperative pancreatic fistula (PF) (16),
delayed gastroparesis (DGE) (17), and haemorrhage (PPH) (18)
were defined according to the International Research Group on
Pancreatic Surgery (ISGPS) criteria.

Statistical methods

The statistical software SPSS 19.0 was used for statistical
analysis. Normality tests and homogeneity tests of variance were
carried out for the data indicators of the study, and mean + SD

FIGURE 1
Robotic ports placement.
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FIGURE 2

Representative photographs of the RPD: (A) Transection of the stomach. (B) Transection of the pancreas. (C) Complete resection. (D)

Pancreaticojejunostomy anastomosis.

was used to describe the normally distributed continuous
variables. The differences between the two groups of normally
distributed data were compared by independent sample  tests.
Qualitative data were used to calculate the composition ratio and
rate, and the ¥ test or Fisher’s exact probability test was used to
compare the differences between groups. Differences at P<0.05
were considered statistically significant.

Results

Preoperative general data and number
of conversions

A total of 190 patients underwent minimally invasive
pancreatoduodenectomy, including 116 in the laparoscopy

FIGURE 3
Laparoscopic port placement.
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FIGURE 4

Representative photographs of the LPD: (A) Transection of stomach. (B) Transection of pancreas. (C) Pancreaticojejunostomy anastomosis.

(D) Hepaticojejunostomy anastomosis.

group and 76 in the robot group. There was no significant
difference between the two groups in gender, age, number of
patients with upper abdominal surgical history, number of
patients with preoperative bilirubin greater than 150 umol/l, or
number of patients with diabetes (Table 1).

There were six cases (5.3%) in the laparoscopic group and
five cases (6.6%) in the robot group that were converted to
laparotomy. There was no significant difference between them
(P =0.969) (Table 1). Therefore, a total of 179 cases successfully
completed minimally invasive surgery.

Perioperative results without conversion

Among the 179 patients who successfully completed minimally
invasive surgery, 108 underwent LPD and 71 underwent RPD.
There was no significant difference in EBL or blood transfusion
during the operation between the two groups. The operation time
of RPD was significantly shorter than that of LPD (5.42 + 0.12 vs.

TABLE 1 General data and conversion of preoperation.

597 £ 0.14 h, P = 0.023) (Table 2). In terms of postoperative
complications, there was no significant difference in the incidence of
pancreatic fistula, bile leakage, delayed gastric emptying,
gastrointestinal bleeding, or abdominal bleeding. There was one
case of reoperation in the laparoscopic group and one case in the
robotic group, with no significant difference; there were no deaths
within 30 days in either group. The postoperative hospital stay in
the LPD group (15.3 + 0.8 days) was longer than that in the RPD
group (14.6 = 1.1 days), and the difference was statistically
significant (P = 0.034) (Table 2).

Pathological results without conversion

In the robotic group, the proportion of pancreatic lesions
was lower and bile duct lesions was higher, but the difference
was not significant compared with LPD (P = 0.098).
Moreover, subgroup analysis showed that in the three
groups, there was no significant difference in the

LPD (n=114) RPD (n = 76) P-value
Gender, M/F 77137 36/40 0.513
Age, mean + SD (range), years 58.1 + 1.4 (21~82) 582 + 1.7 (31~74) 0916
Previous history of upper abdominal operation 5 (4.4%) 6 (8.5%) 0.591
Jaundice 17 (14.9%) 7 (9:2%) 0.205
Diabetes 20 (17.5%) 8 (13.8%) 0.865
Conversion 6 (5.3%) 5 (6.6%) 0.969

Jaundice: last laboratory results before operation total bilirubin >150 umol/l. Results are presented as number (%), unless otherwise indicated.
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TABLE 2 Perioperative results without conversion.

Operation time, mean * SD (range), h
Estimate blood loss, mean + SD (range), mL
Intraoperative blood transfusion
Pancreatic fistula
Biochemical leak
B
C
Bile leakage
Delayed gastric empty
Gastrointestinal bleeding
Abdominal bleeding
Reoperation
Mortality within 30 days

Postoperative hospital stay, mean + SD (range), days

Results are presented as number (%), unless otherwise indicated.

pathological diagnosis of the lesions. The results of lymph

LPD (n = 108)

597 + 0.14 (4.0~8.5)
378.5 + 37.1 (100~1,600)

21 (18.5%)

23 (21.3%)
15 (13.9%)
2 (1.9%)
14 (13.0%)
12 (11.1%)
7 (6.5%)
2 (1.9%)
(0.9%)
(0.9%)
15.3 + 0.8 (8~48)

1
1

Discussion

node harvest and lymph node positive rate of the two surgical

methods were similar. Although the robotic group harvested
more lymph nodes, the difference was not statistically

significant (Table 3).

TABLE 3 Pathological results without conversion.

Pancreatic lesions

Duodenal and papillary lesions,

Bile duct lesions

Number of lymph nodes harvest, mean + SD (range)

With positive lymph nodes

Pancreatic lesions
Malignant
Benign
Pancreatitis
Duodenal and papillary lesions,
Malignant
Benign
Duodenal papillitis
Bile duct lesions
Malignant
Benign

Cholangitis

10.3389/fonc.2022.960241

RPD (n =71) P-value
542 +0.12 (3.3~7.0) 0.023
309.0 + 32.7 (50~1,000) 0.265
9 (12.7%) 0.345
16 (22.5%) 0.680
5 (7.0%) 0.220
3 (4.2%) 1
4 (5.6%) 0.313
8 (11.3%) 1
2 (2.8%) 0.255
1 (1.4%) 1
1 (1.4%) 0.398
0 (0%) 1
14.6 + 1.1 (7~40) 0.034

With the improvement of laparoscopic technology, the
accumulation of experience, and the progress of laparoscopic

equipment, laparoscopic surgery has developed rapidly and

LPD (n = 108)

35 (32.4%)
35 (32.4%)

38 (35.2%)
9.07 + 0.6 (1~25)
18 (16.7%)
Subgroup pathology

LPD
n=35
22 (62.9%)
10 (28.6%)
3 (8.6%)
n =35
31 (88.6%)
3 (8.6%)
1 (2.9%)
n =38
34 (89.5%)
3 (7.9%)
1 (2.6%)

RPD (n =71) P-value

19 (26.8%) 0.098
23 (32.4%)
29 (40.8%)

9.97 + 0.90 (3~24) 0.722
11 (15.5%) 0.985
RPD P-value
n=19
13 (68.4%) 1
5 (26.3%)
1(5.3%)
n=23
21 (91.3%) 1
2 (8.7%)
0
n=29
27 (93.1%) 1
2 (6.9%)
0

Results are presented as number (%), unless otherwise indicated. Pancreatic lesions including benign and malignant tumours of the pancreas and chronic pancreatitis; bile duct lesions

including benign and malignant tumours of the bile duct and cholangitis; duodenal and papillary lesions including benign duodenal malignancies, duodenal inflammation, malignant and

benign duodenal papillary tumours, and papillitis.
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become a routine surgical procedure in medical centers. However,
compared with laparoscopic gastrointestinal and liver operations,
LPD has not been widely performed. There may be several reasons
for this: (1) the procedure of pancreatoduodenectomy is
cumbersome; not only are many organs removed but also several
digestive tract reconstructions are needed, the operation is complex,
and the postoperative management is difficult; (2) the learning
curve is long, and it is difficult for many surgeons to cross the
technical gap of LPD; and (3) it is difficult to complete lymph node
dissection, accurate dissociation, anastomotic reconstruction, and
other operations under “chopstick-like operation” conditions and
the two-dimensional laparoscopy field of view. To break through
the limitations of LPD, Giulianotti et al. (10) reported robotic
pancreatoduodenectomy for the first time in 2003. The
improvement of the Da Vinci robotic surgery system is mainly
reflected in the following three aspects: (1) the visual is a three-
dimensional imaging and enlarged 10-15 times; (2) the robot arm is
more flexible, and the tremor of the surgeon can be filtered; and (3)
the hand-eye coordination of the operator accelerates the learning
process. However, it also has some defects, such as a higher cost and
a lack of direct force feedback.

At present, MIPD has been widely performed in many medical
centers. Compared with traditional open surgery, LPD and RPD
have certain advantages (6, 12-15, 19, 20). Croome et al. (6)
included 108 cases of laparoscopy and 214 cases of laparotomy
and showed that the laparoscopic group had complication rates
similar to those of the laparotomy group, but the LPD group had a
shorter postoperative hospital stay. In several studies comparing
robotic surgery with open surgery, it was found that the blood
transfusion rate during surgery and length of postoperative hospital
stay were lower in the RPD group (12-14). The above articles also
show that minimally invasive pancreatoduodenectomy and
laparotomy can achieve similar results in terms of lymph node
harvest and blood loss (6, 20). However, the comparison of
perioperative results between RPD and LPD still needs further
study. This study aims to evaluate the short-term benefits of the two
surgical methods.

In this study, we conducted a retrospective comparison between
LPD and RPD. The results showed that although robotic surgery
had advantages in reducing intraoperative bleeding, the difference
was not statistically significant compared with LPD (378.5 + 37.1 vs.
309.0 + 32.7 ml, P > 0.05), which was similar to the results of other
studies (21-23). Compared with the LPD group, the operation time
and length of hospitalization were significantly shorter in the RPD
group (5.97 + 0.14 vs. 542 £ 0.12 h, P < 0.05). Kim et al. (21) found
that after propensity score matching analysis, the operation time
and length of postoperative hospital stay of RPD were shorter than
those of laparoscopy, with significant differences (411.6 vs.
452.6 min, P = 0.001; 14.6 vs. 11.9 days, P = 0.027). Similar
results were obtained by Zhao et al. (24). The results of Park
et al. (23) showed that the operation time of the RPD group was
significantly shorter than that of the LPD group (400.40 vs.
352.15 min, P = 0.003), but the length of hospital stay was
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basically the same. Compared with laparoscopic surgery, the
robotic system needs to be assembled before the operation, but
the operation time of RPD is still significantly shorter than that of
LPD, which indicates that the more flexible mechanical arms make
knotting and suturing easier and thus shorten the operation time.
The research of Gall et al. (25) also shows that the accuracy and
efficacy of the robotic suture and knot are higher and better than
LPD. The three-dimensional refined field of view and tremor
elimination are more conducive to accurate dissection, reduced
secondary damage, and accelerated digestive tract reconstruction,
which make robotic operations more advantageous in complex
surgery (24). The above conclusions were also verified in the results
analysis of two randomized controlled trials (RCTs) of
pancreaticoenterostomy and biliary anastomoses based on
biological tissue models; that is, compared with 2D and 3D
laparoscopy, robotic surgery is more efficient in anastomosis (26).

Regarding complications, there was no significant difference in
all-grade pancreatic fistula, bile leakage, delayed gastric emptying,
gastrointestinal bleeding, or abdominal bleeding between the two
groups (P > 0.05). Among the more serious complications, no
significant difference was found in secondary operation or 30-day
mortality (P > 0.05). This is the same as the results of many studies
(21, 24, 27, 28). The literature written by Korean surgeons (22)
showed that the incidence of complications was similar after
comparative analysis between LPD and RPD. Subgroup analysis
showed that in patients with a soft pancreas and normal pancreatic
duct, the postoperative pancreatic fistula rate was also basically the
same, which may be related to their completion of 207 LPD
operations, and the procedure was well developed. Another study
aimed to analyse the difference between OPD and MIPD in patients
with pancreatic duct dilatation and showed that patients with
pancreatic duct diameters >3 mm can obtain more benefits from
MIPD, which is associated with a lower incidence of postoperative
complications and shorter hospital stays (29).

Several multicenter studies have reported that robotic surgery
has more advantages in reducing conversion to laparotomy, which
indicates that the robot’s clear field of view and handheld operation
are helpful to avoid conversion (15, 21, 30, 31). However, in our
study, it was found that the difference between the two groups in
conversion rate was very small and not statistically significant (six
cases in LPD, 5.3% vs. five cases in RPD, 6.6%, P > 0.05), which was
consistent with other reports (24). Thus, RPD could not
significantly reduce the incidence of conversion to open surgery,
which may be related to the small number of RPD cases included in
our study. The main reasons that 11 cases were converted to open
surgery were as follows: the portal vein invasion was too wide for
resection and reconstruction under laparoscopy in pancreatic head
cancer patients; the second was complicated with severe
pancreatitis, and the pancreas was too hard to dissect. These are
similar to other studies showing the reasons for conversion to open
surgery (22, 28). A retrospective study of European multicenter
showed that the risk factors for conversion from MIPD to
laparotomy included laparoscopic surgery, large tumour diameter,
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old age, and pancreas/bile duct tumour. It was also observed that a
center with medium flow (10-19 cases/year) has a higher risk of
conversion than a center with high flow (more than 20 cases/year)
(31). Certainly, there are many factors affecting the conversion; it is
not only the patient but also the surgeon’s technique. This question
needs further study.

With the assembly of robotic surgical systems, the popularity
of laparoscopic equipment, and the widespread use of surgical
videos, an increasing number of surgeons and center are carrying
out MIPD. Some studies have shown that the learning curve of
RPD has advantages over LPD (25, 32, 33). Another meta-analysis
indicated that there was no significant difference between robotic
and laparoscopic pancreatoduodenectomy in the cases needed to
pass the early stage of the learning curve; however, the results of
subgroup analysis showed that the RPD learning curve of a single
surgeon in a single center was shorter and the early period was
easier to conquer (34). A recent network meta-analysis shows that
center with high volume can enable patients to obtain better short-
term results, that is, fewer complications and shorter postoperative
hospital stays (35). This result indicate that those center that are
about to perform MIPD or have already performed MIPD but
with low flow need to seriously consider whether to continue this
operation. From the authors’ experiences, RPD is an easier
operation and exhibits less physical consumption. It can
significantly shorten the operation time and improve the
operation efficiency in the early stage to speed up the recovery
of patients. However, after LPD has passed the early stage, the
operation time is similar to that of RPD; its unique large range of
movement has its own advantages, especially when looking for a
suitable section of small intestine during the reconstruction of the
digestive tract. In general, laparoscopic and robotic surgery are
two similar surgical methods. They have their own advantages in
minimally invasive pancreatoduodenectomy. We can choose the
appropriate surgical method according to the existing conditions,
or the two surgical methods can help each other. We also consider
that LPD can help surgeons familiarize themselves with RPD
technology faster in our practice, but the specific evidence needs
further study. Kim also has a similar view in his article (21). In
addition, it needs to be specifically pointed out that the robotic
surgery system allows the surgeon to be less tired after the surgery,
which has been confirmed by relevant studies (25).

Although minimally invasive pancreatoduodenectomy has
been basically developed in high-flow centers, the surgeon’s
pursuit of reducing the incision continues. Therefore, some
hospitals are also conducting research on single-port
minimally invasive pancreatoduodenectomy (SP-MIPD), but
the literature is very limited (36-38), and more practice is
needed to confirm the necessity and safety of this operation.

This study is a rare single-centers laparoscopic and robotic
retrospective study. However, the study also has many
shortcomings, such as a small sample size and a single centers.
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It is inevitable that some random factors will interfere, and there
are still many problems to be solved. This study mainly observed
the differences between LPD and RPD and may aid in the
development of MIPD. We are looking forward to report the
long-term results of MIPD in our future studies.
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Objective: Anus-preserving surgery in overweight patients with low rectal
cancer has been a challenge due to the narrow operating space.
Intersphincteric resection (ISR) was once a standard therapeutic option for
low rectal cancer. The effectiveness of transanal total mesorectal excision
(taTME) in treating this group of patients remains uncertain as a new surgical
strategy. The aim of this study was to evaluate the short-term effects of
taTME with ISR in overweight patients with low rectal cancer.

Methods: A total of 53 patients with low rectal cancer were treated with taTME
in 31 cases and ISR in 22 cases. The surgery-related data, pathological
manifestations of surgical specimens, postoperative recovery, and
postoperative complications were compared.

Results: Patients in both groups completed the surgery successfully. There were
no significant differences in operative time, blood loss, anastomotic distance
from the anal verge and ileostomy between the two groups (P> 0.05). TaTME
group performed or virtually finished resection of the rectal mesentery, and
no positive cases of Circumferential Resection Margin (CRM) or Distal
Resection Margin (DRM) were detected in either group. The number of lymph
nodes found in surgical specimens did not change significantly between the
two groups (P =0.391). In the subgroup analysis, however, more lymph nodes
were detected in female patients undergoing taTME than in male patients (P =
0.028). The ISR group took less time to remove the drainage tubes (P = 0.013)
and the same results were obtained in both groups of male patients in the
subgroup analysis (P = 0.011). There were no statistically significant differences
in time to start liquid diet, time to remove catheters, time to start flatus, time
to begin ambulation, postoperative hospital stay, and readmission within 30
days after surgery between the two groups (P>0.05). However, female
patients in the taTME group were initiated ambulation earlier than males in the
subgroup analysis (P=0.034). The difference was insignificant in the
occurrence of postoperative complications between the two groups (P> 0.05).
Conclusion: taTME is safe and feasible for the treatment of overweight patients
with low rectal cancer.

KEYWORDS

low rectal cancer, TME, laparoscope, intersphincteric resection, transanal total
mesorectal excision
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Introduction

Colorectal cancer is the third most prevalent kind of
malignancies (1). Low rectal malignancies account for 75% of
all rectal cancers, which are often classified as the lower rectum
within 5cm of the anal verge (2). Although the treatment of
low rectal cancer has evolved extensively in recent decades,
surgery remains the key to its care. Total mesorectal excision
(TME), proposed by Professor Heald in 1982, is the gold
standard for the surgical treatment of rectal cancer (3). Anus-
preserving surgery has emerged as the ideal surgical approach
pursued assuring tumor removal while maximizing patient life.

Due to low location and restricted operating space, anal
preservation for low rectal cancer has been problematic for
surgeons. This is especially true for male, obese patients, and
narrow pelvis patients (4, 5). Since Sylla (6) et al. reported
transanal TME (taTME) in 2010, there has set off a boom in
anal preservation surgery for low rectal cancer. TaTME was
developed as an alternative technique for mid and low rectal
cancer because it could better dissect the presacral plane and the
rectoprostatic plane or the rectovaginal plane and better visualize
the distal rectum (7). TaTME, due to its bottom-up surgical
approach, distinguishes from the traditional surgical route and
has a distinct role. Therefore, it has been suggested that taTME
surgery may alleviate the surgical challenge encountered by
obese, males, and large tumor sizes with low rectal cancer (8).
However, there are no worldwide studies to back up this claim.

Laparoscopic-assisted inter sphincteric resection (ISR) is
currently one of the most commonly used surgical procedures
for the treatment of low rectal cancer in clinical practice. A
prospective trial of P. Rouanet showed that the 10-year overall
survival (OS) following ISR was 722%, and disease-free
survival was 60.1% (9), confirming its safety and clinical efficacy.

The purpose of this study was to examine the short-term
outcomes of taTME and ISR in the treatment of overweight
combined with low rectal cancer, and other complex cases
such as male patients, to provide guidance for the clinical
treatment of such patients.

Materials and methods

This study was approved by the Ethics Committee of the
Affiliated Hospital of Zunyi Medical University (KLLY-2021-
115). All patients signed the informed consent for the surgery.
This study was conducted in accordance with the principles of
good clinical practice and the Declaration of Helsinki.

Patient selection

Retrospectively analyzed patients with low rectal cancer
combined with BMI > 25 kg/m2 who underwent taTME or
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ISR at our hospital from January 2016 to March 2022.
Inclusion criteria of patients: (a) rectal adenocarcinoma; (b)
distance of the lower margin of the tumor from the anal
verge <5cm; (c) cT1-3N0-1MO tumors or downstaging to
T1-3N0-1MO after neoadjuvant therapy; (d) resectable tumor
on preoperative CT or MRI evaluation. Exclusion criteria: (a)
combined with bleeding, bowel obstruction, and perforation
surgery; (b) with  distant
metastasis or a history of colorectal tumor; (c) tumor

requiring emergency tumor
invading the external anal sphincter, anal levator muscle or
involving adjacent organs; (d) American Society of

Anesthesiologist Physical Status (ASA-PS) > 1V (Figure 1).

Surgical techniques

In taTME group, transanal and transabdominal were
performed simultaneously by two groups of surgeons, while
the patient in the transabdominal group was operated under
the conventional five-hole approach in a lithotomy position.
The inferior mesenteric artery root or superior rectal artery
root was ligated or resected laparoscopically, and mesenteric
lymph nodes were removed. The rectal mesentery was
released laparoscopically until it converged with the transanal
group according to the TME principle. We will stretch the
colonic ligation 15 cm distal to the sacral promontory without
tension after the mesangial trimming is complete, If this
cannot be achieved, the colon and splenic flexure must be
mobilized. For the transanal group, after flushing the
intestinal cavity with iodophor water, the intestinal cavity was
closed with a purse string at least 1 cm below the tumor. If
the tumor is very low and purse-string cannot be performed
directly, we can first incise the rectum and free it upward for
1-2 cm before performing a purse-string suture. For patients
with rectal cancer whose lower edge of the tumor is above the
anorectal ring, the operator directly places a transanal
manipulation platform and then completes the taTME
operation. If the lower edge of the tumor is located near the
anorectal ring, the internal sphincter can be incised first, and
the pelvic cavity can be entered by direct visual freeing along
the sphincter gap, and then the transanal manipulation
platform can be placed when space enough. The rectum was
separated from the bottom up until it connected to the
transabdominal group before the proximal rectum and
sigmoid colon were pulled out of the anus. The sigmoid
mesentery and intestinal canal were dissected 12 cm from the
proximal end of the tumor, following the specimen removed
and a colon-anal canal manual or mechanic anastomosis
performed. Depending on the intraoperative situation, the
surgeon decided whether to perform further terminal
ileostomy. The transanal operation is shown in Figure 2.

In the ISR group, the laparoscopic procedure was the same
as taTME group. Depending on the distance between the lower
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232 patients who underwent
anus-preserving surgery

Y

BMI<25 kg/m2: 156 patients

76 patients who
BMI =25 kg/m2

v

Other malignancies: 5 patients
ASA-PS =1V: 6 patients

History of colorectal tumor: 1 patients
Emergency surgery: 2 patients
Follow up loss: 9 patients

53 patients
enrolled

y

ISR group: 22
patients

FIGURE 1

Algorithm for patient selection. Abbreviations: BMI, body mass index; ASA-PS, American Society of Anesthesiologist Physical Status.

A 4

taTME group: 31
patients

FIGURE 2
(A) Closure of intestinal cavity with purse-string suture (B) Layer-by-layer dissection of the entire rectum at a predetermined location (C) Bottom-up
separation of the rectal mesentery (D) Convergence of the transanal and transabdominal groups (E) Extraction of the proximal intestine and
disconnection of the proximal sigmoid colon (F) Pathological specimen.

edge of the tumor and the dentate line and the intersphincteric of the rectum could be accomplished by laparoscopic excision
sulcus, the perineal operation was performed as partial ISR, of the specimen and removal of the mass through a small left
subtotal ISR, or complete ISR, respectively. If the tumor was lower abdominal incision. If the tumor was less than 2 cm
greater than 2 cm from the dentate line, laparoscopic closure from the dentate line, the rectum could be dissected through
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the anus in the intersphincteric sulcus under direct vision. The
proximal rectum and sigmoid colon were dragged out via the
anus, the mesentery was exposed, the sigmoid colon was
severed, the specimen was removed, and the colon-anal tube
was manually or mechanic anastomosis. According to the
intraoperative situation, we decided whether to perform a
terminal ileostomy. Figure 3 shows the intraoperative view.

Observation indicators

The surgery-related data, pathological manifestations of
surgical specimens, postoperative recovery, and postoperative
complications were compared. Theoretically, women have a
wider pelvis, which makes surgical manipulation easier. This
has the potential to bias our results. Therefore, we compared
the perioperative conditions of men and women in patients
undergoing taTME.

Statistical methods

Statistical analysis was performed using SPSS 25.0. For
quantitative data, they were presented as mean + standard
deviation (SD) if they conformed to a normal distribution and
analyzed through two independent sample t-test methods;
otherwise, as median (interquartile range) and analyzed
through the Mann-Whitney U test. The categorical data were
expressed as the number of patients (percentage) and
analyzed using the chi-squared test (y2) or Fisher’s exact test.
P <0.05 was considered a statistically significant difference.

10.3389/fsurg.2022.984680

Results
Demographic characteristics

A total of 31 patients were included in the taTME group and
22 patients were included in the ISR group. The demographic
characteristics of the patients are shown in Table 1. There
were no significant variations in body mass index (BMI),
gender, age, tumor size, ASA-PS of the patients, distance
between tumor and anal verge and preoperative tumor T, N
stages between the taTME group and the ISR group (P> 0.05).

Surgery-related and histopathological
results

Patients in both groups successfully completed the
operation with no intermediate openings or intraoperative
complications. DRM and CRM were negative in the two
groups. TaTME group had complete or near-complete
resection of the rectal mesentery. The differences in operative
time, intraoperative hemorrhage, anastomotic distance from
the anus verg, ileostomy ratio, DRM distance and number of
lymph nodes detected in the specimen were not statistically
significant between the two groups (Table 2).

Short-term outcomes after surgery

Postoperative outcomes are shown in Table 3. The
differences between the two groups regarding the time of
starting the liquid diet, time of catheter removal, time of

FIGURE 3
(A) Inferior ventral plexus (B) Separation of the rectal gap (C) Denonvilliers fascia (D) Puborectalis muscle and fissure of the anal levator muscle (E)
Marking the lower edge of the tumor and dissecting the rectum (F) Pathological specimen.
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TABLE 1 Patient characteristics.

10.3389/fsurg.2022.984680

TABLE 3 Postoperative short-term outcomes.

Variables ISR taTME 4 Variables ISR taTME 4
n=22) (n=31) (n=22) (n=31)
Age (mean + SD, years) 60+10.79  55.1+12.28 0.139 Starting liquid diet (mean + SD, 4.591 £1.968 3.677+1.661  0.074
Sex (1,%) 0.219 days)
Female 5 (22.7%) 12 (38.7%) Remove catheter (mean + SD, days) 4,182 +1.680 5.161 +2.697  0.138
Male 17 (77.3%) 19 (61.3%) Remove drainage tubes (mean + SD, 8.091 +2.136 10.387 £3.792  0.013
’ ’ days)
BMI (mean + SD, kg/mz) 27.671 + 27.310 + 0.393
1.443 1.550 Flatus (mean + SD, days) 3.046 + 1.430 2.968 +1.169 0.829
Tumor size (mean + SD, cm) 3818+ 3548 + 0251 Ambulation (mean + SD, days) 6.136 +1.983 5.742 +1.570 0.423
0.867 0.810 Postoperative hospital stay (mean + 9.546 +2.385 8.742+2.190  0.210
Distance between tumor and anal verg 5(1) 4 (1.6) 0.054 SD, days)
[median (interquartile range), cm] Readmission (1,%) 1 (4.5%) 2 (6.5%) 1
Neoadjuvant chemoradiation (1,%) 1 (4.5%) 2 (6.5%) 1 Postoperative complication (CD > 3 (13.6%) 7 (22.6%) 0.643
T stage (n,%) 0.465 1) (m.%)
Tis 12 (54.5%) 20 (64.5%) Anastomotic bleeding 0 0
T, 10 (45.5%) 11 (35.5%) Urinary disturbance 1 1
N stage (1,%) 0328 Pneumonia 1 1
Ny 15 (68.2%) 17 (54.8%) Intestinal necrosis 0 1
N, 7 (31.8%) 14 (45.2%) Lleus 1 1
ASA-PS (1,%) 0.374 Pelvic abscess 0 1
LI 18 (81.8%) 29 (93.5%) Anastomotic leakage 0 1
I 4 (18.2%) 2 (6:5%) Acute cholecystitis 0 1
CD, Clavien-Dindo classification.
TABLE 2 Intraoperative and histopathological datas.
Variables ISR taTME p began to ambulate quicker than male patients (P=0.034).
(n=22) (n=31) There was no statistically significant difference in the
( ) remaining perioperative indicators between male and female
Operative time (mean + SD, min 206.091 £ 205.645 + 0.977 . R
P 5854 58217 patients in taTME group (P > 0.05) (Table 4).
intraoperative hemorrhage [median 20 (10) 20 (10) 0.953
(interquartile range), ml]
Anastomotic distance from the anus 2273 +0572  2.032£0741 0208 Perioperative comparison between male
verg (mean + SD, cm) patients in the ISR and taTME group
Ileostomy (11,%) 10 (45.5%) 11 (35.5%0 0.465
DRM distance (mean + SD, cm) 197740587  1.739+0.713  0.203 The drainage tubes were removed earlier in the ISR group’s
DRM involvement (1,%) 0 (%) 0 (%) - males (P=0.011). There was no statistically significant
CRM involvement (1,%) 0 (%) 0 (%) - difference in the remaining intraoperative and perioperative
Lymph nodes detected (mean + SD, 1) 15.000 + 14.613 + 0.391 between the two groups of male patients (P>0.05) (Table 5).
1.543 1.647

flatus, time of ambulation, time of postoperative hospital stay,
and readmission or complications within 30 days after surgery
were insignificant (P > 0.05), except for the patients in the ISR
group who had earlier catheter drainage tubes (P =0.013).

Perioperative comparison of male and
female patients in taTME group

Female patients had more lymph nodes discovered in their
specimens than male patients (P =0.028), and female patients

Frontiers in Surgery

Discussion

It has been suggested that taTME surgery has potential
benefits when applied to male, obese patients with low rectal
cancer of large tumor size (8). The surgical safety of taTME
in rectal cancer has been confirmed by many studies (10-13),
but there are limited studies on its use in overweight patients,
therefore it is not clear if there is a significant advantage of
performing taTME in this group of patients.

There were no statistically significant differences between
the two
histopathological results, especially in terms of operative time,

groups in terms of surgery-related and
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TABLE 4 Comparison of male and female patients in taTME group.

Variables Female of Male of P
taTME taTME
(n=12) (n=19)
Age (mean + SD, years) 57.500 +11.033 53.579+ 0.396
13.065

BMI (mean + SD, kg/mz) 27.369 +1.693 27.272+1.500 0.868
Tumor size (mean + SD, cm) 3.250 £ 0.989 3.737 £0.632 0.104
Distance between tumor and anal 3.742£1.014 4237+0.752  0.130
verg (mean * SD, cm)
Operative time (mean + SD, min) 196.250 + 211.579 + 0.485

49.995 63.445
intraoperative hemorrhage (mean 16.667 +4.924 23.684 + 0.129
+SD, ml) 14.985
Anastomotic distance from the 1.917 £0.793 2.105+0.714  0.499
anus verg (mean + SD, cm)
Tleostomy (11,%) 6 (50%) 5 (26.3%) 0.179
DRM distance (mean + SD, cm) 1.5 (0.88) 2 (0.80) 0.256
lymph nodes detected (mean +SD,  15.417 +0.452 14.105+0.350  0.028
n)
Starting liquid diet (mean + SD, 3.000 +0.853 3.895+1.792  0.118
days)
Remove catheter (mean + SD, days) 5917 +2.678 4.684 +2.668 0.221
Remove drainage tubes (mean + 10.000 + 3.790 10.632 +3.876  0.659
SD, days)
Flatus (mean * SD, days) 3.000 + 1.279 2947 +1.129  0.905
Ambulation (mean + SD, days) 5.000 + 1.044 6211 +1.686  0.034
Postoperative hospital stay (mean 7.917 +2.065 9.263£2.156  0.096
+SD, days)
Postoperative complication (CD > 1 (8.3%) 6 (31.6%) 0.201

10) (n,%)

CD, Clavien-Dindo classification.

intraoperative bleeding and number of lymph nodes detected.
Shorter operative time and less intraoperative bleeding may
facilitate the patient’s postoperative recovery. Some studies
that taTME surgery is than
transabdominal laparoscopic TME (LapTME) in terms of

have concluded faster
operative time (14, 15). Theoretically, taTME is performed
simultaneously transabdominally and transanally, through a
reverse path, from the outside to the inside, and thus should
be more rapid in resolving the stenotic space compared to
ISR. However, the present study did not confirm this idea.
The reasons considered are as follows: (a) Patients with low
rectal cancer combined with BMI > 25 kg/m2 were selected, in
which both surgical approaches face challenges, therefore the
differences were not reflected; (b) Both groups included
female patients with wider pelvises than men, which reduce
the difficulty of surgery and therefore may have an impact on
the operative time; (c) Some patients undergoing taTME may
be within the learning curve; (d) A lack of sufficient data.
When the 2nd reason was considered, subgroup analysis was
there were no

performed for both groups. However,
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TABLE 5 Comparison between male patients in the ISR and taTME
group.

Variables ISR taTME p
(n=17) (n=19)

Age (mean * SD, years) 60.294 + 53.579 + 0.092
9.726 13.065

BMI (mean + SD, kg/mz) 27.484 + 27272+ 0.644
1.185 1.500

Tumor size (mean + SD, cm) 3.941+0.933 3.737+0.632  0.443

Distance between tumor and anal verg ~ 4.529 £0.624  4.237+0.752  0.216

(mean + SD, cm)

Operative time (mean + SD, min) 221.118 + 211.579 + 0.614
46.720 63.445

intraoperative hemorrhage (mean + 21.765 + 23.684 0.697

SD, ml) 14.256 14.985

Anastomotic distance from the anus 2.353+0493 2.105+0.714  0.242

verg (mean * SD, cm)

Tleostomy (11,%) 9 (52.9%) 5(26.3%) 0.102

DRM distance (mean + SD, cm) 1.941 + 0.609 1.847 +0.164 0.676

lymph nodes detected (mean + SD, 1) 14.824 14.105 + 0.181
1.629 1.524

Starting liquid diet (mean + SD, days) ~ 4.118 £+1.833  3.895+1.792  0.715

Remove catheter (mean + SD, days) 4294 +2.668 4.684+2.668 0.600

Remove drainage tubes (mean + SD, 7.824 +1.944 10.632 + 0.011

days) 3.876

Flatus (mean + SD, days) 3.059+1.478 2947 +1.129  0.800

Ambulation (mean + SD, days) 6.059+1.749 6.211+1.686 0.793

Postoperative hospital stay (mean +SD,  9.118 £2.342  9.263+2.156  0.847

days)

Postoperative complication (CD > II) 3 (17.6%) 6 (31.6%) 0.451

(1,%)

CD, Clavien-Dindo classification.

differences in operative time between male and female
patients in the taTME group and in male patients between
the ISR and taTME groups. Our study confirmed that taTME
did not increase the time to surgery.

DRM and CRM are essential to ensure the quality of TME
(16). The quality of surgical resection is strongly associated with
the long-term prognosis of the tumor (17) and is recommended
for new surgical interventions (18). Obtaining the best quality
the difficult the
transabdominal approach, especially in obese men with

resection specimen is most task in
narrow pelvis and large tumors (19, 20). A study based on
postoperative magnetic resonance imaging of the pelvis found
that residual rectal mesenteric tissue was detected in 3.1% of
taTME patients and 46.9% of LapTME patients, suggesting
that the integrity of rectal mesenteric resection in taTME
patients is significantly better than standard laparoscopic
techniques (21). Some studies have suggested that taTME
surgery reduces the rate of positive CRM (14, 19, 22, 23), but
a recent meta-analysis comparing taTME, ISR, and robotic
TME procedures showed that taTME surgery had the worst

CRM obtained among these three procedures (24). CRM is
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considered a more important oncologic indicator than DRM
(25-27), and its positivity is considered a strong predictor of
local recurrence after rectal cancer surgery (26). However, no
positive DRM or CRM was found in this study. In terms of
lymph node dissection, the two groups of patients were
comparable. However, in subgroup analysis, the number of
lymph nodes detected was significantly higher in female than
in male in the taTME group. Females usually have wider
pelvises than male, suggesting that the narrow space would
make the surgical operation more difficult and could affect
the quality of surgical resection specimens.

The ISR group had earlier removal of the drainage tubes
than the taTME group, and the same results were observed in
the subgroup analysis. The placement of postoperative

abdominal drains after colorectal surgery can prevent

complicated abdominal blood accumulation, reduce the

incidence of anastomotic leakage, and facilitate -earlier
detection of abdominal bleeding, anastomotic leakage or other
complications (28). However, it has been suggested that the
placement of postoperative abdominal drains may prolong the
hospital stay and increase the risk of surgical site infection
(29). It took longer for patients in the TaTME group to
remove the drainage tubes, which may be explained by the
fact that this group was within the learning curve of 50 cases.
The operators were less confident and considered it more
reliable to leave the drainage tubes for a longer period of time.

Although the rate of postoperative complications was higher
in the taTME group, the difference between the two groups were
not significant. The complication rate after taTME in previous
studies was in the range of 32%-35.7% (14, 15, 22, 30), and
this study had lower complications. Urinary disturbance,
pneumonia, and Ileus were each found in one case in both
groups. Ileus was relieved by conservative treatment. Intestinal
necrosis, anastomotic leak, pelvic abscess, and acute
cholecystitis were each found in one case in the taTME group.
The with

reoperation and the necrosis was found intraoperatively to be

patient intestinal  necrosis recovered after
the result of proximal intestinal torsion. Anastomotic leak is
one of the most common postoperative complications of
rectal cancer (31, 32). The patient with anastomotic leak was
relieved by ileostomy. The patient with pelvic abscess was
considered to be caused by infection or an undetected occult
anastomotic leak, and the patient with acute cholecystitis was
considered to be caused by eating a large number of fatty
meals after surgery, all of which improved after conservative
treatment.

This study still has some limitations: (a) This is a
retrospective study and included a small number of cases,
which will lead to a large study bias. (b) This study failed to
investigate patients’ postoperative anal function, long-term
quality of life, tumor recurrence rate and patients’ long-term

survival rate, so the comparison of the advantages and
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disadvantages of the two surgical approaches was not
adequate. Further results need randomized controlled trials
(RCT) with more cases and longer follow-up are needed to
evaluate the results present in this study.

Conclusion

Based on the above findings, taTME is safe and feasible in
overweight patients with low rectal cancer. More studies with
large samples and high quality are needed to confirm this result.
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Objective: To investigate the predictive value of dynamic contrast enhanced
MRI (DCE-MRI) and intravoxel incoherent motion diffusion-weighted
imaging (IVIM-DWI) for clinical outcomes of osteosarcoma patients with
neoadjuvant chemotherapy.

Methods: The present prospective single-arm cohort study enrolled 163 patients
of osteosarcoma during July 2017 to July 2022. All patients received the same
treatment strategy of neoadjuvant chemotherapy. Both DCE-MRI and IVIM-DWI
were conducted for the patients before the chemotherapy, as well as after one or
two chemotherapy treatment cycles. The imaging parameters of contrast agent
transfer rate between blood and tissue (K"@™), contrast agent back-flux rate
constant (Kgp), extravascular extracellular fractional volume (Ve), as well as pure
diffusion coefficient (D value), pseudo-diffusion coefficient (D* value), apparent
diffusion coefficient (ADC) and the perfusion fraction (f value) were recorded.
RECIST standard [complete response (CR), partial response (PR), stable disease
(SD), progressive disease (PD)] was used as the main clinical outcome.

Results: After two treatment cycles, 112 (68.71%) cases were with CR and PR,
31(19.02%) cases were with SD and 20 cases (12.27%) were with PD. After 1~2
treatment cycles, patients with CR/PR showed significantly markedly lower
K", Kep, Ve values, while higher D, ADC and f values compared with SD or
PD patients. Alkaline phosphatase (ALP) and lactate dehydrogenase (LDH)
were positively correlated with values of K", Ko, and Ve, while negative
correlation was observed between ALP and values of D, ADC and f, as well as
between LDH and D and ADC after the whole treatment. D and K., values
after two treatment cycles showed the best predictive value for diagnosis of
PD. The values of K", Ke,, ADC as well as ALP and LDH were all risk factors
for PD after neoadjuvant chemotherapy.
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Conclusion: DCE-MRI and IVIM-DWI have the potential to predict clinical
outcomes of osteosarcoma patients with neoadjuvant chemotherapy.

KEYWORDS

osteosarcoma, DCE-MRI, IVIM-DWI, clinical outcomes, predictor

Introduction

According to a recent report, osteosarcoma accounts for
about 2.4% tumors in children, with an incidence around 2~5
per million in all population worldwide (1-3). Generally, surgery
combined with chemotherapy is the main treatment method for
osteosarcoma patients (4, 5). For patients without metastasis,
neoadjuvant chemotherapy, also known as preoperative
chemotherapy, is usually used to decline the tumor size and
adjust the patients’ condition for further surgery (6, 7). It has
been reported that neoadjuvant chemotherapy could also
enhance the prognosis of osteosarcoma patients (8). Deng et
al. found neoadjuvant chemotherapy could regulate the tumor
immunologic microenvironment in osteosarcoma (9). Another
study demonstrated that preoperative neoadjuvant
chemotherapy improved overall survival rate and prolonged
disease-free survival of osteosarcoma (10). During the
treatment of neoadjuvant chemotherapy, the early prediction
of clinical efficacy is of great significance (11, 12). Previous
studies demonstrated the potential use of T1 or T2-weighted
imaging (TIWI or T2WI) in magnetic resonance imaging (MRI)
for predicting the response of neoadjuvant chemotherapy. It was
found that T2-weighted fat-saturated and contrast-enhanced T1-
weighted images could be used for differential diagnosis of
osteosarcoma and Ewing sarcoma (13). Another study showed that
chemotherapy response could be predicted by T2ZWIwith AUC=0.70
by using MRI-based statistical texture analysis in osteosarcoma (14).
In other cancer types, such as breast cancer, it was also found that
T1WImightbe associated with the chemotherapy response, in which
baseline contrast and entropy values on the 1-, 2-, and 3-minute
postgadolinium T1WI might be different in patients with different
chemotherapy response (15, 16). However, to accurately predict the
efficacy of neoadjuvant chemotherapy is still a clinical challenge.

Dynamic contrast enhanced magnetic resonance imaging
(DCE-MRI) is a newly developed method for MRI, which shows
well diagnostic value for many cancers, such as rectal cancer, gastric
cancer and lung cancer (17-19). Except for DCE-MR], intravoxel
incoherent motion diffusion-weighted imaging (IVIM-DWI),
which has the ability to separate pure diffusion movement and
perfusion, shows better efficacy than the traditional MRI or
apparent diffusion coefficient (ADC) map from DWI (20, 21).
However, up to now, few studies focused on the predictive value of
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DCE-MRI and IVIM-DWTI for clinical outcomes of osteosarcoma
patients with neoadjuvant chemotherapy.

In the present study, we aimed to conduct a prospective
single-arm cohort study to investigate the predictive value of
DCE-MRI and IVIM-DWI for clinical outcomes of
osteosarcoma patients with neoadjuvant chemotherapy. This
study might provide more clinical evidence for application of
DCE-MRI and IVIM-DWI in osteosarcoma patients.

Methods and materials
Patients and treatment

The present prospective single-arm cohort study enrolled 163
patients of osteosarcoma who came to our hospital during July 2017
to July 2022. The inclusion criteria were: 1) the diagnosis of
osteosarcoma was all confirmed by histological analysis and
patients were diagnosed as osteosarcoma for the first time; 2) all
patients received neoadjuvant chemotherapy during the study
period. The following patients were excluded: 1) patients who
received chemotherapy, radiotherapy or targeting therapy before
the study; 2) pregnant patients; 3) patients with distant metastasis.
All patients meeting the inclusion criteria were consecutively
recruit. The written informed consent was obtained from all
patients. The present study was approved by the Ethical
Committee of Hunan Cancer Hospital and the Affiliated Cancer
Hospital of Xiangya School of Medicine, Central South University.

All patients received the same treatment strategy of
neoadjuvant chemotherapy with adriamycin (ADR) + cisplatin
(DDP) + methotrexate (MTX) + ifosfamide (IFO) before the
surgery. Each treatment cycle included ADR 60 mg/m® in two
days, DDP 100 mg/m* MTX 8~12 g/m? and IFO 2 g/m” for 5 days.
One treatment cycle lasted for 3 weeks. The chemotherapy stopped
for 2 weeks after one cycle of treatment. The whole chemotherapy
included two-treatment cycles in 10 weeks before the surgery.

Imaging measurement of DCE-MRI
and IVIM-DWI

All patients received both DCE-MRI and IVIM-DWTI before
the chemotherapy, as well after one cycle and two cycles of the
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neoadjuvant chemotherapy. The conventional MRI was
conducted using a 1.5-Tesla MRI scanner (Optima MR360, GE
Healthcare) as described elsewhere (22).

For DCE-MRI, patients received 1) LAVA-T1WI (Flip Angle
2°and 15°, TR 3 ms, TE 1.3 ms, FOV 240 cm, layer thickness 3 mm
and layer spacing 0.5 mm), 2) LAVA-T1WI dynamic enhanced
scanning with 56 phases, 6 s/phase, 26 images in 5 min and 29
seconds (Flip Angle 15°, TR 3 ms, TE 1.3 ms, FOV 240 cm, layer
thickness 3 mm and layer spacing 0.5 mm). After 18 s of LAVA-
T1WI dynamic enhanced scanning, patients were injected with
gadolinium diamine through elbow vein (0.1 mmol/kg, 2 ml/s),
following with injection of 15 ml normal saline (2 ml/s). The data
was analyzed using Cinetool package (GE Healthcare). The
parameters of contrast agent transfer rate between blood and
tissue (K), contrast agent back-flux rate constant (Kep)s
extravascular extracellular fractional volume (V,) were recorded.

For IVIM-DWTI, patients received single-shot echo-planar
imaging (SE-DW-EPI) sequence for cross-sectional imaging
with 13 b values (0, 10, 20, 30, 50, 80, 100, 150, 200, 400, 600,
800 and 1000 s/mmz). The parameters were TR 4225 ms, TE 97
ms, FOV 240 cm, layer thickness 3 mm and layer spacing
0.5 mm. Analysis of IVIM-DWI was performed by using
double exponential model DWI analysis software. The
following parameters were recorded: pure diffusion coefficient
(D value), pseudo-diffusion coefficient (D* value), apparent
diftusion coefficient (ADC) and the perfusion fraction (f value).

Main clinical outcomes and
data collection

In the present study, we used RECIST standard to evaluate the
treatment response as described elsewhere (23). Briefly, the treatment
response was defined as: 1) complete response (CR), patients with
complete resolution of the target lesions; 2) partial response (PR),
patients with >30% decline of target tumor’s diameter; 3) progressive
disease (PD), patients with >20% elevation of target tumor’s diameter;
4) stable disease (SD), the target tumor’s diameter between PR and
PD. Besides, histological response was defined as good (tumor
necrosis rate 290%) or poor (tumor necrosis rate <90%).

Patients’ clinical characteristics including age, sex, TNM stage,
and clinical outcomes were recorded. Serum carcinoembryonic
antigen (CEA) was evaluated by enzyme linked immunosorbent
assay (ELISA) using commercial kit (Abcam) before and after the
whole treatment. The serum levels of alkaline phosphatase (ALP) and
lactate dehydrogenase (LDH) were tested using corresponding kits
purchased from Nanjing Jiancheng Bioengineering Institute, China.

Statistical analysis

The data distribution was analyzed by Kolmogorov-Smirnov
method. The measurement data was expressed as mean + SD for
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normally distributed data and median (range) was used for non-
normally distributed data. Comparison for continuous data were
analyzed by t test (paired or unpaired) or Mann-Whitney U test.
Kruskal-Wallis test or One-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test was used for comparison among
three or more groups. Chi square test was used for comparing
rates. Spearman’s analysis was used for correlation analysis. The
ROC curve was used for evaluating the diagnostic value. Logistic
regression was performed to analyze the risk factor of PD using a
step back method. p<0.05 was defined as statistically different. All
calculations were made by SPSS 18.0 and GraphPad 6.0.

Results

Basic clinical characteristics of all
osteosarcoma patients

This study recruit 163 osteosarcoma patients. The basic clinical
characteristics of all patients when admission was shown in Table 1.
Among all patients, 69 (42.33%) cases were with TNM stage I, 53
(32.52%) cases were with TNM stage II, while 41 (25.15%) cases
were with TNM stage III. After two cycles of the treatment, 112
(68.71%) cases were with CR and PR, 31 (19.02%) cases were with
SD and 20 cases (12.27%) were with PD. Meanwhile, 52 (31.90%)
cases showed good necrotic rate (290%). No statistical difference
was found among patients with different clinical outcomes.

Dynamic alteration of imaging
parameters for osteosarcoma patients
with different clinical outcomes during
treatment period

Then, the imaging parameters of D, D* ADC and f value of
IVIM-DWI, as well as K", K,p, and V, of DCE-MRI before,
during and after treatment were analyzed in patients with
different clinical outcomes (Figure 1). As shown in Figure 2,
no statistical difference was found for all parameters before the
study. For parameters of DCE-MRI, after 1~2 cycles of
treatment, patients with CR/PR showed markedly lower K'rans,
Kep» V, values compared with the SD and PD patients (p <0.05).
Meanwhile, K”*" and K., values were significantly elevated in
PD patients compared with the SD patients (p <0.05). For
parameters of IVIM-DWI, after 1~2 cycles of treatment,
patients with CR/PR showed significantly higher values of D,
ADC and f values compared with SD or PD patients (p <0.05).
However, the value of D* was only remarkably lower in CR/PR
patients than PD patients (p <0.05). All these results indicated
that the alteration of imaging parameters was associated with the
clinical outcomes of the osteosarcoma patients.
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TABLE 1 Basic clinical characteristics of all patients.

Variables

Age (y)

Sex, male (%)
TNM stage, n (%)
I

I

111

Site of tumor, n (%)
Femur
Tibia/fibula
Humerus

Pelvis

Head/neck

Other

Necrosis, n (%)
Good (=90%)
Poor (<90%)

All patients (n=163)

27 (7~40)
98 (60.12)

69 (42.33)
53 (32.52)
41 (25.15)

84 (51.53)
36 (22.09)
21 (12.88)
12 (7.36)
9 (5.52)
1(0.61)

52 (31.90)
111 (68.10)

CR/PR (n=112)

25 (7~40)
66 (58.93)

48 (42.86)
37 (33.04)
27 (24.11)

50.00)
22.32)
14.29)
8.04)
3.07)
1(0.89)

56
25
16
9
5

(
(
(
(
(
(

SD (n=31)

28 (9~39)
19 (61.29)

13 (41.94)
10 (32.26)
8 (25.81)

17 (54.84)
7 (22.58)
3 (9.68)
2 (6.45)
2 (6.45)
0(0)

10.3389/fonc.2022.967450

PD (n=20)

31.5 (9~40)
13 (65.00)

8 (40.00)
6 (30.00)
6 (30.00)

11 (55.00)
4(20.00)
2 (10.00)
1 (5.00)
2 (10.00)
0 (0)

0.099
0.673
0.917

0.643

“Comparison for continuous data were analyzed by Kruskal-Wallis test post hoc for comparison among three or more groups for non-normally distributed data (age). Rates were compared

by Chi square test.

A

FIGURE 1

Before treatment

Coronal T2WI

After treatment

Before treatment

After treatment

Before treatment

After treatment

Axial T2WI

Typical DCE-MRI and IVIM-DWI images and the parameters for an 18-year-old male patient. (A) Coronal T2WI before and after treatment

(B) Histological analysis. (C) Axial T2WI and K"®"™, K., Ve. (D) Images for D, D*, ADC and f.
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Dynamic alteration of imaging parameters for osteosarcoma patients with different clinical outcomes during treatment period. (A) K", Kep, and
V.of DCE-MRI before treatment as well as after 1~2 cycles of the treatment. (B) changes of D, D*, ADC and f value of IVIM-DWI| before
treatment as well as after 1~2 cycles of the treatment. *p <0.05 vs PD, #p <0.05 vs SD, ®p <0.05 vs CR/PR. Comparison for continuous data

were analyzed by t test (paired or unpaired) or Mann-Whitney U test.

Association between imaging parameters
and serum tumor biomarkers

To further investigate the clinical values of the changes of
parameters, the correlation between parameters and serum
tumor biomarkers CEA, ALP and LDH was investigated. It
was found after 2 cycles of the treatment, both ALP and LDH
showed remarkably lower levels in CR/PR and SD patients
compared with the baseline (Figure 3). However, in PD
patients, the changes of ALP and LDH showed no significant
difference. Besides, CEA levels didn’t alter significantly after
treatment. Further Spearman’s analysis showed that ALP and
LDH were positively correlated with values of K", K,p,and V,,
while negative correlation was observed between ALP and values
of D, ADC and f, as well as between LDH and D and ADC (all
values after the whole treatment) (Table 2). Positive correlation
was only found between CEA and D value for CEA.

Diagnostic value of imaging parameters
for osteosarcoma patients with PD after
neoadjuvant chemotherapy

Then, ROC curves were used for the diagnostic value of D, D%,
ADC and f, as well as K", K,,, and V, after two cycles of
the treatment for predicting PD. As shown in Figure 4, it was
found that in DCE-MRI parameters, K, value after two treatment
cycles showed the best sensitivity 70.00% and specificity 92.31% with
AUC 0.911, and cutoff value of 1.035. In IVIM-DWI parameters, D
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value after two treatment cycles showed the best sensitivity 85.00%
and specificity 81.12% with AUC 0.880, and cutoff value of 1.195.

Imaging parameters as a predictive and
risk factor for PD of osteosarcoma

Binary logistic regression was then conducted for analysis of
risk factor for PD of osteosarcoma after neoadjuvant
chemotherapy. It was found that values of K", K,p, ADC, as
well as ALP and LDH were all risk factors for PD after

neoadjuvant chemotherapy (Table 3).

Discussion

Nowadays, neoadjuvant chemotherapy is widely applied before
the surgery of cancer treatment, including osteosarcoma. However,
it is still not easy to accurately predict the response to neoadjuvant
chemotherapy. In our study, we demonstrated that both DCE-MRI
and IVIM-DWTI could predict the clinical outcomes of
osteosarcoma patients after neoadjuvant chemotherapy.

Compared to the information that conventional TIWI or T2WI
can provide, DCE-MRI can reflect microvascular distribution and
blood perfusion in tumor tissues. In an early study, the authors
compared the predictive value between non-enhanced MRI (T1WI
and T2WI data) and DEC-MRI after neoadjuvant chemotherapy
and found that DCE-MRI successfully predicted the chemotherapy
response of 80% patients, while tumor volume measurements only
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FIGURE 3
Serum levels of CEA, ALP and LDH in osteosarcoma patients before and after 2 cycles of the treatment. *p <0.05 vs PD, #p <0.05 vs SD, ¥p <0.05 vs
CR/PR. Comparison for continuous data were analyzed by t test (paired or unpaired) or Mann-Whitney U test

accurately predicted response of 60% patients (24). In another work, cancer patients, which could predict non-responders after
it was found that DEC-MRI could achieve significantly better neoadjuvant chemoradiotherapy with a sensitivity of 95.9%,
diagnostic value (AUC 0.90, sensitivity 86% and specificity 93%) specificity of 84.7% and an accuracy of 91.8% (28). In 2021, Zeng
than conventional T2WT (AUC 0.76, sensitivity 86% and specificity et al. demonstrated that the parameters of slope, maximum signal
73%) for assessing response to neoadjuvant therapy in locally intensity, time to peak, signal enhanced extent, washout rate, and
advanced rectal cancer (25). Currently, DCE-MRI has been used enhancement rate in DEC-MRI had the potential to predict the
in diagnosis or prediction of many cancers. In a meta-analysis, it was response to neoadjuvant chemotherapy in osteosarcoma patients,
found that DCE-MRI might have high sensitivity and specificity with the best sensitivity of 83.3% and 92.3% (29). However, except
(pooled sensitivity of 0.80 and specificity 0.84) in prediction of for the above research, very few studies focused on application of
pathological complete response after chemotherapy in breast cancer DCE-MRI in osteosarcoma, especially for its predictive value after
patients (26). In a recent study, Heethuis et al. found that DCE-MRI neoadjuvant chemoradiotherapy. In our research, we demonstrated
showed good predictive efficacy for complete response (with the best that osteosarcoma patients with CR/PR showed markedly lower
sensitivity of 90% and specificity of 62.9%) in esophageal cancer K", K., and V, values compared with the SD and PD patients,
patients after neoadjuvant chemoradiotherapy (27). In another which were positively correlated with ALP and LDH. Besides, we
research, it was found that standardized index of shape (SIS) tool also observed that K., value after two treatment cycles showed good
could be used for analyze the DEC-MRI results in advanced rectal predictive efficacy for PD in osteosarcoma patients.

TABLE 2 Spearman'’s analysis for imaging parameters and serum tumor biomarkers after the whole treatment.

Variables CEA ALP LDH
Spearman’s correlation p Spearman’s correlation P Spearman’s correlation 4

K 0.145 0.065 0.280 <0.001 0338 <0.001
K, -0.014 0.862 0.365 <0.001 0.444 <0.001
V. 0.107 0.175 0.228 <0.001 0321 <0.001
D 0.156 0.047 -0.239 0.002 -0.268 0.001
D* 0.074 0351 -0.139 0.078 0.108 0.169
ADC 0.005 0.947 -0.203 0.009 -0.230 0.003
f -0.137 0.080 -0.233 0.003 -0.124 0.115
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Compared with other MRI methods such as diffusion-
weighted MRI and DEC-MRI, DWI method gives information
of water protons as endogenous contrast to assess diffusivity and
tissue microstructure in tumor, while IVIM can obtain multiple
quantitative parameters, which can noninvasively separate pure
molecular diffusion and capillary microcirculation perfusion.
Petrillo et al. demonstrated that DWI showed higher AUC
(0.81) than conventional T2WT (0.76) for assessing response to

cutoff value 1.185.

80 100
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neoadjuvant therapy in locally advanced rectal cancer (25).
IVIM-DWI is also reported to be applied to diagnosis of
several tumors. Zhang et al. reported in a retrospective study
that D value of IVIM-DWI could be used for prediction of result
of concurrent chemoradiotherapy, with AUCs of 0.987 and
0.984 for training and test groups, respectively (30). In an
animal study, it was found that ADC values were remarkably
higher in pancreatic cancer mice treated with gemcitabine (31).

TABLE 3 Binary logistic regression for analysis of risk factor for PD of osteosarcoma after neoadjuvant chemotherapy.

Variables Wald
Age 0.016
Sex 0.304
TNM stage 0.151
Site of tumor 0.067
K" after treatment 8.356
K, after treatment 7.961
V, after treatment 0.005
D after treatment 1.457
D* after treatment 2.268
ADC after treatment 4.343
f after treatment 3.083
CEA after treatment 0.046
ALP after treatment 14.132
LDH after treatment 16.434

Frontiers in Oncology

Odds ratio 95% CI P
0.994 0.908~1.089 0.901
1.630 0.287~9.237 0.581
0.785 0.231~2.665 0.698
0915 0.469~1.787 0.796
1.341 1.099~1.636 0.004
1.098 1.029~1.171 0.005
1.005 0.877~1.151 0.944
0.091 0.002~4.476 0.227
0.845 0.678~1.052 0.132
0.009 0.000~0.753 0.037
0.000 0.000~2.852 0.079
0.999 0.992~1.006 0.831
1.030 1.014~1.045 <0.001
1.023 1.012~1.034 <0.001
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Besides, it was found DCE-MRI combined with IVIM-DWI
could enhance the diagnostic efficacy of ductal carcinoma in situ,
in which the AUCs of K5, Kep D and their combination were
0.936, 0.902, 0.860, and 0.976, respectively (32). However, up to
now, no study reported IVIM-DWI in osteosarcoma after
neoadjuvant chemotherapy. In our study, we observed that D,
ADC and fvalues of IVIM-DWI were markedly higher in CR/PR
patients compared with SD or PD patients, which were
negatively correlated with ALP and LDH. Besides, we also
found D value after two treatment cycles showed good
predictive value for PD. In an early study, T2WI was found to
be able to predict the chemotherapy response, with AUC=0.70 in
osteosarcoma (14). In our research, we found that using K,
value in DCE-MRI, the prediction of PD could achieve
sensitivity 70.00% and specificity 92.31% with AUC 0.911,
while D value of IVIM-DWI could also achieve the
sensitivity 85.00% and specificity 81.12% with AUC 0.880 for
prediction of PD, indicating that DCE-MRI and IVIM-DWI
might be better than the conventional T2WT for chemotherapy
response prediction.

However, we didn’t observe apparent difference for DCE-
MRI and IVIM-DWTI for prediction of treatment efficacy after
neoadjuvant chemotherapy in osteosarcoma patients.
Additionally, we found that values of D, K™ and K., were all
risk factors for PD after neoadjuvant chemotherapy. All these
results indicated that both DCE-MRI and IVIM-DWI could
effectively predict the treatment efficacy of osteosarcoma
patients after neoadjuvant chemotherapy.

Limitation

The study also has some limitations. First, the sample size is
small and this is a single-center study. Secondly, the long-term
clinical prognosis of the osteosarcoma patients is not clear and
whether DCE-MRI and IVIM-DWI could also predict the
patients’ prognosis is not investigated.

Conclusion

In summary, we demonstrated that DCE-MRI and IVIM-
DWTI could be used to predict the clinical outcomes of
osteosarcoma patients with neoadjuvant chemotherapy. The
change of imaging parameters was associated with the clinical
outcomes and both D and K, values after two treatment cycles
showed potential predictive value for diagnosis of PD. This study
could bring deeper insights for DCE-MRI and IVIM-DWTI in
prediction of clinical outcomes in osteosarcoma patients.
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Transanal total mesorectal
excision port-assisted perineal
hernia repair: A case report

Xudong Peng, Yinggang Ge, Jianwen Zhang,
Zhenggqgiang Wei and Hongyu Zhang*

Gastrointestinal Surgical Unit, The First Affiliated Hospital of Chongging Medical University,
Chonggqing, China

Perineal hernia after abdominoperineal resection (APR) is a troublesome
problem, and severe cases require surgical treatment. However, perineal
hernia repair is challenging, especially when combined with intestinal
adhesions. The difficulty of the operation lies in performing adhesiolysis and
mesh placement under poor visibility. While there are traditional, laparoscopic
and even robotic methods of performing this procedure, no easy and
minimally-invasive approach has been reported. Here, we report the case of
a patient with perineal hernia, who underwent transanal total mesorectal
excision (TaTME) port-assisted laparoscopic perineal hernia repair. The
operation was successful, the postoperative recovery was uneventful, the
patient’s symptoms improved significantly, and no recurrence was found
during the 4-month follow-up. The availability and safety of TaTME port-
assisted perineal hernia repair provide a promising approach for hernia repair.
Compared with traditional perineal or laparoscopic abdominal approaches, this
procedure is less invasive and results in a better field of vision.

KEYWORDS

perineal hernia, repair, TaTME, laparoscopy, APR

Background

Perineal hernia is a rare hernia, which typically occurs after abdominoperineal
resection (APR) and pelvic exenteration (1). The reported incidence of perineal hernia
varies widely from 0.2% to 27% (2, 3). Most patients with perineal hernia receive
conservative treatment, but a few patients with obvious symptoms need surgical
treatment. Pelvic floor hernia repair is challenging, especially when combined with
intestinal adhesion. Typical approaches include the transperineal approach,
transabdominal approach or abdominoperineal approach (4, 5). The advantage of the
transabdominal approach is that the anatomical perspective conforms to the usual
surgical habits and any tumor recurrence can be detected. However, when there is a
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stoma, the risk of mesh infection is high (6). The transperineal
approach is less invasive and placement of the mesh is relatively
safe because the surgical field is far away from the stoma. The
disadvantage is that the visual field is poor, and if the adhesions
are heavy, the operation is extremely difficult. Therefore, some
patients need to undergo an abdominoperineal operation, but
this method is traumatic and complicated. The recurrence and
complication rate are reported to be high in both approaches,
and unrelated to the choice of the repair approach (7).

One of the authors is a participant in the colorIII clinical trial
and has some experience in the use of TaTME for rectal cancer
(8). Combined with our own experience, our team explored a
new method of perineal hernia repair, which involved using a
TaTME port to release pelvic floor adhesions through a perineal
approach, and then fixing mesh. In the present case, we
successfully treated a perineal hernia after laparoscopic APR
by employing a TaTME port-assisted perineal approach.

Case presentation

A 68-year-old woman with a history of hysterectomy
underwent an APR operation for rectal cancer in 2021, and
the pathological stage was T2N1MO. Four months later, she
returned to our hospital with a complaint of bearing-down pain
and bulging in the perineal region. In the knee—chest position,
the size of the entire bulge was about 10 x 12 c¢m, which
increased when holding breath and increasing abdominal
pressure, whereupon the entire bulge became larger and a
more obvious bulge of about 4 x 5 cm appeared in the upper
part. The bulge could be partly reduced manually but not fully

10.3389/fonc.2022.1036145

recovered, which suggested perineal hernia accompanied by
intestinal adhesions (Figure 1). A contrast-enhanced CT scan
confirmed the presence of a perineal hernia and ruled out cancer
recurrence (Figure 2). Because the patient presented with
obvious pain and a large bulge, surgery was necessary.
However, the patient was diagnosed with thrombocytopenia,
with a minimum platelet count of 30 x 10°/L, so she was
discharged and treated with oral drugs to raise the platelet
count. Seven months later, the patient’s platelet count had
increased to 80 x 10°/L. She was readmitted to hospital and
underwent TaTME platform-assisted perineal hernia repair.

After successful general anesthesia, the patient was placed in
the Trendelenburg position. The laparoscopy display screen was
placed next to the patient’s left shoulder. The chief surgeon was
seated between the patient’s legs and the assistant holding the
laparoscope stood on the right side of the chief surgeon. A
longitudinal incision of approximately 6 cm was made along the
previous surgical scar, and the descending pelvic floor
peritoneum could be seen after the skin and subcutaneous
tissue were cut. After careful incision of the peritoneum and
release of the adhesions below the incision under direct vision, a
large gauze was placed into the pelvic cavity to block the
small intestine.

Next, the TaTME port, which was equipped with four
operating apertures and one observation aperture, was fixed via
the wound (Figure 3). The carbon dioxide pneumoperitoneum
pressure was set at 12 mmHg. A 30 oblique-viewing rigid
endoscope was inserted into a 10 mm trocar. The remaining
12 mm trocar and two 5 mm trocars were used as operating
apertures. When the pelvic cavity was observed under the
laparoscope, multiple adhesions were found between the small

FIGURE 1
Image of the hernia preoperatively.
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FIGURE 2
CT view of the hernia

intestine, the mesentery and the pelvic peritoneum. Under
laparoscopic view, the small intestine was pushed to the
cephalic side as much as possible and the adhesions were
released using a harmonic® scalpel (Ethicon Inc., Cincinnati,
OH, USA) and an electrocoagulation hook (Figure 4).

Next, the TaTME port was removed, part of the pelvic floor
peritoneum was trimmed, and the hernia sac was sutured
intermittently with 2-0 absorbable sutures with a little tension.
A thin polypropylene mesh (TiLENE Mesh 6000677, pfm
medical AG, Cologne, Germany) was placed on the surface of
the pelvic floor peritoneum and was fixed with a continuous
suture using Prolene suture under direct vision. The back of the
mesh was sutured to the anococcygeal ligament, the front was
sutured to the posterior wall of the vagina, and both sides were
sutured to the levator (Figure 5). The subcutaneous fat and skin
were then sutured in turn. No complications occurred during or
after the operation, and the patient was discharged on the
seventh day after surgery. At the first follow-up examination 4
months postoperatively, the patient reported no obvious bulging
and had experienced no symptoms (Figure 6). Meanwhile, CT
revealed that although there were still bowels falling into the
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pelvis, the extent was significantly less than before (Figure 7).
The timeline of this case is showed in Figure 8.

Discussion

APR is an important surgical procedure for radical resection
of rectal cancer, which is suitable for patients with a tumor close
to the anus with a late local stage. APR involves resection of the
internal and external sphincter, mesorectum and surrounding
tissue, and severing of the levator ani muscle. Due to the lack of
pelvic floor tissue and inaccurate perineal suturing under limited
vision, perineal hernias occur in some patients. Other than
surgery, risk factors for perineal hernia include neoadjuvant
radiotherapy, age, and female sex (9-11). Typical clinical
manifestations of a perineal hernia may include a sensation of
fullness in the perineum area, and perineal bulging and pain that
may only become noticeable with the Valsalva maneuver. As
with other abdominal wall hernias, complications may include
intestinal obstruction and bowel strangulation and perforation.
However, given that patients are typically minimally- or
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FIGURE 3
The TaTME port, which was equipped with four operating trocars and one observation trocar.

asymptomatic, and the significant risks associated with perineal The approaches for perineal hernia repair include transperineal,
hernia repair such as mesh erosion, fistulization and chronic abdominal and combined approaches, and surgical techniques
infection, as well as a high recurrence rate, the majority of cases include traditional open surgery and laparoscopic surgery (4, 12).

are managed conservatively. Regardless of the approach and technique used, the procedures are

FIGURE 4
Adhesions were released using an ultrasonic knife and an electrocoagulation hook.
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FIGURE 5
Placement of the mesh.

primary sutures, mesh placement, and muscle flap reconstruction
(13). Compared with open surgery, laparoscopy can provide an
adequate field of vision. More and more publications have reported
the application of laparoscopy in perineal hernia repair. Thus the
evidence supports a laparoscopic approach for perineal hernia
repair, but it is difficult to release adhesions and suture mesh

under laparoscopic view. Li et al. reported that robot-assisted
laparoscopic surgery provides a good surgical visual field and
precise operation, and improves the ease of suturing, mesh
positioning, and access to hard-to-reach areas (14). However,
considering the economic level of developing countries, robot-
assisted laparoscopic surgery is unlikely to be widely adopted.

FIGURE 6
Image of the hernia postoperatively.
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FIGURE 7
CT view of the hernia postoperatively

In this case report we describe our use of TaTME platform-
assisted laparoscopy for repair of a perineal hernia. This approach
provided significantly improved visualization of the hernia and
pelvic space, which facilitated transperineal adhesiolysis, as well as
placement of mesh with wide overlap and suture fixation under
direct visualization. In addition, we speculate that when the
operation is difficult due to complicated adhesions, a combination
of transperineal and transabdominal laparoscopy may also be used.

2021.5
IA perineal henia was diagnosed by CT;
Thrombocytopenia

2021.1

The thrombocytopenia was correctted

Of course, this surgical approach also has some limitations. For
example, similar to single-port laparoscopy, it is difficult for the
surgeon to operate due to the lack of traction and exposure provided
by an assistant. Although this patient had a smooth recovery, the
short follow-up time meant that any longer-term issues have not yet
come to light. In future, a randomized controlled trial will be
necessary to prove whether the recurrence rate and complication
rate differ between this approach and conventional repair methods.

2022.4
The patient reported no obvious bulging;
ICT confirmed that the hernia relieved significantly|

ineal resection

FIGURE 8
The timeline of this case.
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Conclusion

To repair this case of perineal hernia, we released pelvic floor
adhesions by TaTME port-assisted laparoscopy, and then
sutured the mesh under direct vision. The operation was novel
and smooth without any complications. The follow-up
confirmed that the short-term effect was acceptable, and the
long-term effect remains to be further observed. TaTME port-
assisted perineal hernia repair can benefit from the respective
advantages of laparoscopic technology and the transperineal
approach and the learning curve is relatively short.
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A modified tracheal transection
approach for cervical esophageal
lesion treatment: A report of

13 cases

Yang Liu', Nan Huang', Wei Xu?, Jie Liu’, Changming An’,
Yiming Zhu', Shaoyan Liu" and Zongmin Zhang™*

'Department of Head and Neck Surgical Oncology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking

Union Medical College, Beijing, China, ?Department of Head and Neck Surgery, Shandong Provincial
ENT Hospital, Cheeloo College of Medicine, Shandong University, Jinan, China

Background: Surgical interventions for tumors in the cervical esophageal
region are complicated and laryngeal function is frequently sacrificed.
Therefore, we attempted the tracheal transection approach to resect the
tumor while preserving laryngeal function.

Methods: Three patients with papillary thyroid cancer (PTC), six with cervical
esophageal cancer (CEC), and four with CEC mixed with thoracic
esophageal cancer (TEC) were enrolled. The esophagus was exposed after
the trachea was transected between the second and third tracheal rings.
CEC/TEC: Resection of the esophagus or/and a portion of the hypopharynx
with acceptable safety margins and repair with free jejunum or tubular
stomach. PTC: Suture the small esophageal incision immediately after
removing the tumor. The tracheal dissection was repaired with interrupted
sutures throughout the entire layer after the esophageal lesion was resected.
The status of the recurrent laryngeal nerve (RLN) determined whether a
tracheotomy was necessary.

Results: All 13 patients had effective esophageal lesion excision, with six of
them requiring intraoperative tracheotomy. Postoperative complications
included a tracheoesophageal fistula (one case, 7.7%), postoperative RLN
paralysis (two cases, 15.4%), and aspiration (three cases, 23.1%). Except for
two patients with distant metastases, there was no recurrence in the
remaining patients after 5-92 months of follow-up.

Conclusion: The tracheal transection approach, as a new surgical technique,
can retain laryngeal function while ensuring appropriate exposure and
satisfactory surgical resection. Before surgery, the feasibility of this approach
must be carefully assessed. The RLN should be protected during the
procedure. The operation is both safe and effective, with a wide range of
applications.

KEYWORDS

tracheal transection approach, cervical esophageal cancer, papillary thyroid cancer,
preservation of laryngeal function, surgical technique
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Introduction

Although the cervical esophagus starts superiorly at the
esophageal entrance and extends down to the sternal notch,
extending approximately 6-8 cm, it falls under the scope of
head and neck surgery. Despite the fact that it only covers
approximately 5 cm and is a small section of the esophagus,
lesions such as primary cervical esophageal cancer (CEC) or
invaded lesions by other cancers are not uncommon in this
area. The presence of the trachea, which makes the operating
space exceedingly tight, renders the care of carcinomas at this
site particularly difficult. As a result, total pharyngeal,
laryngeal, and esophageal resection is the gold standard for
CEC treatment in the early stages (1). However, this extensive
surgical resection frequently results in significant functional
loss and has a negative impact on the patient’s quality of life
(2). For other carcinomas such as thyroid carcinoma that
invade the esophagus beyond the midline, the presence of the
trachea can also lead to blind areas of the visual field, and the
tumor is prone to be incompletely removed. For this group of
patients, we present herein an innovative operative technique
to deal with cervical esophageal lesions via a modified
tracheal transection approach to achieve better surgical results.

Materials and methods

Thirteen patients treated in the Chinese Academy of
Medical Sciences, the Peking Union Medical College Cancer
Hospital, and Shandong ENT Hospital between October 2016
and September 2021 were enrolled. Before surgery, all patients
were given complete information about the procedure and
informed consent was obtained. The

written patients’

TABLE 1 Clinical characteristics of the 13 patients.

10.3389/fsurg.2022.1001488

preoperative clinical characteristics are shown in Table 1 and
CT findings of two patients are demonstrated in Figure 1.

In all 13 cases, there was only one female patient. Three
patients were diagnosed with papillary thyroid cancer (PTC),
six with CEC, and four with CEC and coexisting thoracic
esophageal carcinoma (TEC). Patients were aged 18-69 years
with an average age of 56.2 years. Only one patient with CEC
accepted preoperative radiation therapy and one patient with
CEC accepted preoperative chemotherapy. Because esophageal
carcinoma reconstruction methods should be defined by the
cancer’s site, data for this section were also collected and are
presented in Table 1. The AJCC Cancer Staging Manual,
Eighth Edition, was used to establish all tumor staging (3).

Surgical techniques

For thyroid cancer treatment

Preoperative examination of the potential amount of
esophageal invasion and the selection of surgical approaches
depending on the situation is required for all patients. Thyroid
cancer patients with less significant esophageal invasion do not
need a tracheal transection. However, for locally advanced
thyroid cancer, preoperative imaging such as CT scan or MRI
with contrast reveals that the tumor has invaded the esophagus
beyond the dorsal midline of the esophagus. In this case, the
conventional surgical approach may not be able to completely
remove the tumor, and a tracheal transection approach may be
applied according to the intraoperative evaluation. Because
esophageal invasion is frequently associated with invasion of
the recurrent laryngeal nerve (RLN), preoperative laryngoscopy
is also required. All procedures were done under general
anesthesia. A traditional collar neck incision was used to

Number Age Sex Diagnosis Preoperative therapy cTNM Stage Cancer Location (cm)
Case.1 69 Female CEC No T2N1MO 16-20
Case.2 62 Male CEC&TEC No T2NOMO 16-18/27-30
Case.3 56 Male PTC No T4aN1bM1 /
Case.4 54 Male PTC No T4aN1bM1 /
Case.5 18 Male PTC No T4aN1bMO /
Case.6 60 Male CEC Yes (R) T2NOMO 17-20
Case.7 52 Male CEC&TEC No TINOMO 18-23/31-37
Case.8 62 Male CEC No TINIMO 20 cm
Case.9 56 Male CEC No T4NOMO 18-22/27-32
Case.10 64 Male CEC&TEC No T3NOMO 20 cm
Case.11 58 Male CEC No T3NOMO 15-18
Case.12 66 Male CEC&TEC No T2NOMO 15-17/25-28
Case.13 53 Male CEC YES (C) TINOMO 18-20

CEC, Cervical esophageal carcinoma; TC, Papillary Thyroid carcinoma; TEC, Thoracic esophageal carcinoma; R, radiotherapy; C, Chemotherapy.
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FIGURE 1

show patient #3 PTC. The arrows indicate the tumors.).

Ct findings of two patients (pictures in alphabetical order from top to bottom, left to right: ABCD. Pictures (A,B) show patient #1 CEC; Pictures (C,D)

perform total thyroidectomy and neck dissection. The thyroid
isthmus was initially transected, followed by lobectomy in the
lobes with no nodules or smaller nodules, and if possible, with
at least one RLN effectively intact. In our cohort, all three
thyroid tumors were determined to have invaded at least one
side of the RLN intraoperatively, which had to be sacrificed
during surgery. After separating both sides of the thyroid gland
from the trachea, the latter was fully exposed. Then the trachea
was transected between the second and third tracheal rings.
While incising the trachea, the anesthesiologist drew the
tracheal tube into the mouth in preparation for tracheal
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anastomosis and subsequent intubation. The prepared sterile
tube was inserted into the broken end of the trachea and
given to the anesthesiologist to manage ventilation. The two
segments of the trachea were stretched separately up and
down so that the cervical esophagus and tumor were fully
exposed. Care was taken to avoid excessive stretching of the
RLN. Because all three patients exhibited partial esophageal
invasion, the esophageal defect could be directly sutured after
en bloc excision of the partially invaded esophagus, the
remnant thyroid lobe, and the invaded RLN. RLN signals
were detected via intraoperative nerve monitoring (IONM).
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Two patients underwent tracheotomy because their RLN signals
were diminished, while the third patient had an end-to-end
anastomosis of the trachea.

For esophageal cancer treatment

Some of the initial esophagectomy and neck dissection
techniques were similar to the thyroid cancer surgical
procedure detailed earlier. The tracheal transection approach
can be performed only on patients in whom the feasibility of
laryngeal preservation has been confirmed preoperatively. The
trachea was transected between the second and third tracheal
rings, and the posterior wall of the trachea was carefully
checked to see if it had been invaded. The pharyngeal cavity
was opened by cutting the pharyngeal constrictor muscle from
the side, and the upper boundary of the esophageal cancer
lesion was examined, and we checked for any hypopharyngeal
invasion. After that, we dissected and protected both RLNs
before performing cervical esophagectomy.

Total esophagectomy should be performed on patients with
CEC and coexisting TEC. Depending on the tumor’s location
and invasive range, a free jejunal flap or gastric tube was used.
Finally, we sutured the broken end of the trachea and,
depending on the situation, conducted a tracheotomy (if
necessary), fistulated through the anterior wall of the trachea,
and placed an indwelling tracheal cannula. If the status of the
RLN cannot be verified, a subcutaneous tracheostomy can also
be performed without placing a tracheal tube first. The fistula
can be vented by tilting the head back slightly or manually
pulling the fistula opening to the sides if hypoxia is present
(Figure 2).

Follow-up plan

All patients were discharged from the hospital and given a
follow-up plan. Patients were examined every 3 months for the
first 2 years and then every 6 months thereafter. Neck
ultrasound, enhanced CT of the neck and chest, electronic

laryngoscopy,
examinations. When clinical signs or imaging tests point to the

and gastroscopy are routine post-operative
possibility of distant metastases, bone scintigraphy, magnetic
resonance imaging (MRI), or positron emission computed
tomography (PET) will be conducted, depending on the situation.

Results

Esophageal defects in all three thyroid cancer cases were
sutured directly. Free jejunal flaps were chosen in half of the
CEC or CEC combined TEC cases, and gastric pull-up was
performed in the other half. Tracheotomy was required in six
(46.2%)
tracheoesophageal fistula (one case, 7.7%), postoperative RLN

patients.  Postoperative complications included
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paralysis (two cases, 15.4%), and aspiration (three cases,
23.1%).  There postoperative
tracheostenosis (Table 2). All patients resumed oral intake on

was  no bleeding or
postoperative day 7-10, with the exception of case 2, who
suffered from postoperative tracheoesophageal fistula leading
to a short-term nasogastric tube feeding, which is reversed by
a tracheal stent implantation. The patient resumed oral intake
afterwards.

Two patients with thyroid cancer had postoperative

. 131
radioactive iodine

treatment, and five patients with CEC,
one with thyroid cancer, and one with CEC combined with
TEC received postoperative radiotherapy. The remaining four
patients had no postoperative treatment and were only
followed-up. This group of patients was followed-up for a
total of 5-92 months. Except for two patients with definite
bilateral RLN palsy who required postoperative arytenoid
cartilage resection or posterior vocal cord dissection before
the tracheal cannula was removed, the latter was withdrawn
between 3 days and 1 month in all patients. One patient with
CEC and TEC died of myocardial infarction 26 months after
surgery, another patient with PTC died of brain metastasis
combined with renal failure 23 months after surgery, and
another patient with CEC died of bone metastasis 27 months
after had no tumor

surgery. The remaining patients

recurrence (Table 3).

Discussion

Because of its anatomical location, the involvement of the
trachea often limits visual field exposure and complicates the
surgical technique, regardless of whether it is a primary
cancer of the cervical esophagus or other cancers invading the
esophagus. Previous surgical treatment of cervical esophageal
has
However, the larynx and trachea are frequently uninvolved in

cancer frequently jeopardized laryngeal function.
these patients, and the larynx is removed simply to fully
expose the hypopharynx and esophageal entrance behind the
larynx. The patient’s ability to talk is lost after a total
laryngectomy, which increases the burden of care and has a
substantial influence on the patient’s quality of life. Similarly,
tracheal blockage often leads to incomplete surgical resection
and is associated with a risk of recurrence in patients with
thyroid cancer that significantly invades the esophagus,
especially those with recurrent thyroid cancer after many
surgical interventions. As a result, a surgical approach that
preserves the larynx while eliminating the lesion is urgently
needed. We found that the modified tracheal transection
approach is a superior surgical technique, which is simple for
surgeons who have mastered the tracheal sleeve resection
method, a commonly used method in patients with tracheal
malignancy and thyroid cancer invading the trachea (4-6). In

addition, direct suturing after tracheal transection is safer than
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FIGURE 2

Surgery pictures (the photos of two patients undergoing surgery were chosen to demonstrate the various surgical repairs and tracheal management
techniques. Pictures A-M, R-T show patient #11; Pictures N-Q show patient #2). Pictures in alphabetical order from top to bottom, left to right:
ABCDEFGHIGKLMNOPQRST. (A) Neck incision (a collar incision or a T-shaped incision). (B) Abdominal incision (free jejunum). (C) Dissect the
isthmus of the thyroid and draw both lobes outward to show the trachea and bilateral RLN on the inside. (D) The trachea was transected
between the second and third tracheal rings. (E) Replace the tracheal intubation. (F) Cutting the posterior wall of the trachea. (G) To figure out
where the upper limit of cervical esophageal cancer is and whether the larynx can be preserved. (H) Separate the tracheoesophageal space,
taking care not to overstretch the recurrent laryngeal nerves on either side. (I) The esophagus is incised from the tumor's bottom border
(ensuring adequate safety borders), and the prevertebral fascia is checked for invasion. (J) The esophagus is incised from the tumor's upper
border (ensuring adequate safety borders). (K) Cervical esophageal specimens that have been excised. (L) Free jejunal flap (repair of the cervical
esophageal defect). (M) The free jejunum is sutured to the defective upper and lower esophageal anastomoses in preparation for micro-
anastomosis of arterial and venous vessels. (N) In patients with CEC and TEC, the procedure necessitates the resection of the entire esophagus,
which usually necessitates the assistance of a thoracic surgeon to free the lower esophagus so that the entire esophagus can be pulled to the
neck. (O) The gastric tube is retracted to the neck for anastomosis. It is important to avoid over-distention of the RLN throughout this
procedure. (P) The tracheal wall can be sutured all around in individuals with no invasion of the recurrent laryngeal nerve and no excessive
intraoperative strain. (Q) Following the placement of the drainage tube, the incision was immediately closed (no tracheostomy was performed).
(R) If surgery reveals an invasion of the recurrent laryngeal nerve, or if the recurrent laryngeal nerve is too stretched to determine whether the
signal is intact, a subcutaneous fistula (suturing the anterior wall of the trachea to the subcutaneous tissue) is feasible. (S) Third postoperative
day. No tracheal tube was inserted. The fistula will progressively close over time if there is no significant asphyxia. (T) If hypoxia is present, the
fistula can be vented by slightly tilting the head back or manually pulling the fistula opening to the sides. (continued)
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FIGURE 2
Continued.

TABLE 2 Information related to surgery and postoperative complications in 13 patients.

Number Date of Repairing Tracheotomy SND Pathology pTNM Anastomotic RLNP Bleeding TS Aspiration

surgery  Method Stage Fistula
Case.1 2/20/2017  free jejunal flap No Yes SCC T3NIMO No No No No Yes
Case.2 9/1/2017 gastric tube No Yes scC T3NOMO Yes® No No No No
Case.3 4/28/2017  sutured directly Yes Yes PTC T4aNOM1 No Yes (pre-op) No No No
Case.4 1/3/2017  sutured directly No Yes PTC T4aNl1aM1 No Yes (pre-op) No No No
Case.5 6/20/2014  sutured directly Yes Yes PTC T4aN1bMO0 No Yes (pre-op) No No Yes
Case.6 10/10/2016  free jejunal flap No Yes SCC T2NOMO No No No No No
Case.7 9/12/2017  gastric pull up No Yes SscC TisNOMO No Yes No No No
(post-op)
Case.8 11/2/2017  free jejunal flap Yes Yes SsCcC T1bN1IMO No No No No Yes
Case.9 1/14/2018  gastric pull up No Yes N T4bN1MO No No No No No
Case.10 1/24/2018  gastric pull up Yes Yes scC T4bNOMO No Yes No No No
(post-op)
Case.11 6/20/2018  free jejunal flap Yes Yes SsCC T3NOMO No No No No No
Case.12 9/16/2021  gastric pull up Yes Yes Nee T1bNOMO No No No No No
Case.13 8/26/2021  free jejunal flap No Yes scC TONOMO No No No No No

SND, selective neck dissection; RLNP, recurrent laryngeal nerve paralysis; Pre-op, preoperative; Post-op, postoperative; TS, tracheostenosis; SCC, squamous cell
carcinoma; PTC, papillary thyroid carcinoma.
“Tracheoesophageal fistula.
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TABLE 3 Follow-up information of the 13 patients.

Number Postoperative Follow-up Results
Treatment (month)
Case.1 Radiotherapy 27 osseous metastasis, dead
Case.2 No 49 recurrence-free survival
Case.3 ! 23 brain metastases and renal
failure, dead

Case.4 | 61 recurrence-free survival
Case.5 Radiotherapy 92 recurrence-free survival
Case.6 Radiotherapy 58 recurrence-free survival
Case.7 No 52 recurrence-free survival
Case.8 Radiotherapy 50 recurrence-free survival
Case.9 Radiotherapy 48 recurrence-free survival
Case.10 Radiotherapy 26 myocardial infarction, dead
Case.11 Radiotherapy 43 recurrence-free survival
Case.12 No 5 recurrence-free survival
Case.13 No 6 recurrence-free survival

1**! radioiodine®*.

tracheal sleeve resection, which is more prone to complications
due to increased tension in the suture.

As one of the most prevalent endocrine malignancies (7),
well-differentiated thyroid cancer is associated with an
approximate 13% rate of local invasion (8), while esophageal
invasion accounts for approximately 21% of invasive thyroid
cancer cases (9, 10). Although the overall prognosis for
thyroid cancer is favorable, locally-advanced thyroid cancer
frequently causes serious complications such as airway
obstruction, bleeding, or dysphagia, and survival for patients
with and without the involvement of the aerodigestive tract
differs significantly (10, 11), making surgery a crucial part of
the treatment. Different scholars have different opinions on
surgical resection for this group of patients. Some researchers
feel that only shave excision can be conducted for patients
with tumors that are difficult to remove cleanly by visual
inspection, and that other postoperative treatments can be
adjuvant (12). However, based on our experience and certain
published findings (13, 14), we believe that for locally invasive
thyroid cancer, we should also opt for radical excision to
achieve a better prognosis. Therefore, a tracheal transection
technique can better achieve tumor radicalization in papillary
thyroid cancer that has invaded the esophagus beyond the
because anastomosis after tracheal
this
procedure does of
anastomotic fistula and is safe and dependable in comparison

midline. Furthermore,

transection does not increase anastomotic tension,

not significantly increase the risk
to the anastomotic dehiscence complication rate of 4%-25%
reported in the literature (4, 15, 16). Due to the insufficient
sample size, we could not detect any anastomotic fistula issues
in our patients. We will extend the sample for further

statistical analysis.
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Locally advanced thyroid cancer or central metastatic lymph
nodes can typically infiltrate the esophagus, particularly on the
left side, and are frequently accompanied by invasion of the
RLN or trachea. In addition to preoperative
examinations, ultrasound, CT, MRI, laryngoscopy,
gastroscopy, ultrasound endoscopy if necessary, and additional

regular
and

tracheoscopy if there is tracheal invasion, because this group
of patients requires a thorough preoperative assessment.
Because the mucosa of the esophagus is a tough barrier to
penetrate, differentiated thyroid cancer seldom penetrates the
mucosal layer of the esophagus and is predominantly located
outside the lumen; therefore, the tumor can be considered to
be excised en bloc from the submucosal layer of the
esophagus, and the myocutaneous layer can be sutured in situ,
with no further reconstruction required because the closure is
rarely under tension. Empirically, a feeding tube can aid in
the identification of the esophagus during surgery. Likewise,
in our group, there were no major abnormalities in all three
papillary thyroid cancer instances, and all (3, 100%) of the
defects were primarily closed.

It is sometimes difficult to heal in situ after the removal of
tumors that penetrate the entire layer, which might result in
esophageal stenosis. To widen the esophageal lumen and
ensure the quality of swallowing after surgery, tissue transfer
may be necessary (17, 18). Fascial or fasciocutaneous flaps,
myocutaneous pedicled flaps, or jejunal, gastric transfers may
be good options, depending on the deficits and the surgeon’s
inclination. During the follow-up period, only one patient in
our study died due to renal failure. The remaining two
patients had no recurrence at the time of the final follow-up.
No patient experienced evident complications such as
dysphagia and bleeding. This evidence shows that the process
is both safe and effective.

Cervical esophageal cancer is uncommon, accounting for
approximately 2%-10% of all esophageal malignancies (19,
20). The treatment of cervical esophageal cancer is more
complicated, and a comprehensive treatment plan that
surgery,
immunotherapy is becoming increasingly identified (21-24).

combines radiotherapy,  chemotherapy, and
However, the vast number of surrounding vital organs and
the intricacy of the surgical stages, which have a greater
impact on the patient’s quality of life following surgery, make
surgery for CEC a significant clinical challenge.

Squamous cell carcinoma, which accounts for more than
90% of all pathological types of cervical esophageal cancer
(25, 26), requires a safer resection margin than papillary
thyroid carcinoma surgery. Surgical treatment of cervical
esophageal cancer in the past, particularly those affecting the
esophagus’s entrance and the hypopharynx, frequently
sacrificed laryngeal function. Total laryngeal resection, total
esophageal resection, and a permanent tracheostomy were
commonly used in traditional operations (1), which resulted

in language loss and pneumonia due to inadequate airway
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management. The larynx and trachea are frequently uninvolved
in these patients, and the larynx is removed simply to fully
expose the hypopharynx and esophageal entrance behind its
body. As a result, an increasing number of surgeons are
choosing laryngeal preservation surgery for patients who do
not have considerable laryngeal and tracheal invasion. It was
recently discovered that the mortality rate of complete or
partial larynx-preserving operations was not significantly
lower than that of larynx-non-preserving operations, and
more inspiringly that larynx-preserving operations were not
associated with a higher incidence of complications such as
anastomotic leakage, pneumonia, graft necrosis, or infection
(27-29). As a result of the improved quality of life, patients
are more likely to accept this operation. Thus, a thorough
preoperative evaluation is carried out to determine whether
the larynx can be preserved, and there is a higher requirement
for a surgical treatment that preserves the larynx while
removing the lesion.

The tracheal transection method could solve all of the above
concerns. The key methods to achieve a favorable surgical result
are to expose the surgical field and improve the height of the
gastropharyngeal anastomosis as much as possible during
surgery. It was discovered that the tracheal transection method
has a distinct advantage in that it can maximize operation field
views, allowing for a clear exposure of the cervical esophagus.
The involvement of the larynx and trachea can be reliably
assessed with an adequate surgical field. The cervical esophagus
can be resected and sutured under direct eyesight. Although
the anastomosis height may be increased as much as possible,
the suture might be more carefully placed to avoid the
occurrence of a fistula. The remaining nine patients with CEC
and patients with CEC combined with TEC did not develop
anastomotic fistulas, with the exception of one patient with
CEC combined with TEC (1, 10%)
postoperative tracheoesophageal fistula.

who developed a
this is
definitely lower than the 16.36% rate of anastomotic fistulas

However,

after surgery described in the literature (30).

Different from thyroid cancer surgery, the demand of
deficiency repairing is essential for esophageal cancer surgery.
For patient with CEC, jejunal repair is an option, whereas
gastric substitution esophageal repair is essential for patients
with CEC combined with TEC. There are also subtle
differences in the strategy to tracheal transection for these two
patient categories. As thoracic esophageal cancer is not within
the area of treatment provided by our department, we will not
discuss it here. In our experience, the stomach cannot be
the hypopharynx
undergoing gastric substitution repair in order to prevent acid

directly anastomosed to in patients
reflux-induced chemical pneumonia as a complication, the
incidence of which have been documented in the medical
literature to be approximately 11.1%-28.9% (2, 31, 32). The
anastomosis is typically around 1cm below the esophageal

inlet, so the position of the tracheal transection is chosen to
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avoid the anastomosis as much as possible. According to the
patient’s condition, the tracheal transection can be conducted
between the first and second tracheal rings. In comparation,
for patients with CEC, particularly those with esophageal
cancer invading the hypopharynx, jejunal repair is required.
Since the gastric reflux is less likely as a complication of
jejunal repair, the tracheal transection position can be selected
mainly based on the surgical condition, and typically we select
space between the second and the third tracheal rings for
transection.

It should be noted that because cervical esophageal cancer is
so proximal to the RLN, preoperative electronic laryngoscopy,
or at the very least, indirect laryngoscopy, should be
frequently evaluated in the case of vocal cord paralysis.
According to the literature, the rate of laryngeal recurrent
nerve injury in individuals undergoing only surgery for
cervical esophageal cancer might be up to 12.96%-28.3% (29,
30). The trachea and larynx are frequently moved upward
along the tracheal stump to expose the posterior cervical
esophagus after tracheal transection to provide a broader
operation field. Our experience is to meticulously expose and
dissect the RLN on both sides before pulling. Dissection of
both sides of the RLN is usually started after disconnecting
the isthmus of the thyroid gland. There is some relaxation
after dissection, since the RLN is usually not tight. When
drawing the tracheal stump and larynx forward, it is
important to be gentle, pay attention to the nerve’s tension,
and avoid damaging the RLN by excessive pulling. If possible,
IONM can also be used.

To minimize bilateral RLN palsy affecting respiration,
additional attention should be devoted to safeguarding the
contralateral RLN in patients who have had one RLN palsy
prior to surgery. The procedure must be carried out with
caution. In our study, 20% patients experienced transient RLN
palsy on one side after surgery, as well as hoarseness, which
could be related to the dissection and retraction of the RLN
during surgery; this incidence is slightly lower than the 28.3%
reported in the literature (29). If at least one unilateral RLN
signal is normal and the trachea is not considerably invaded,
tracheotomy may not be necessary even after tracheal
transection. Fortunately, because the RLN’s integrity was
of the
temporary, and the two patients’ bilateral vocal cord motions

intact, most traction-induced RLN palsy was
were normal 6 months after the operation. If the IONM is
not used in the operation and the surgeon determines that the
traction on the nerve during the procedure is severe, the
posterior wall of the trachea can be sutured and a
tracheotomy or tracheostomy performed on the anterior wall
for safety.
For

patients undergoing prophylactic

according to our experience, a subcutaneous fistula can be

tracheotomy,

chosen, in which the free end of the tracheostomy stoma is
sutured and fixed to the subcutaneous tissue of anterior neck
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while leaving the skin layer unsutured, and the tracheal tube is
not placed after the operation. The patient is then observed for
asphyxia, the
tracheocutaneous stoma can be pulled up to expose the fistula

any obvious if any, skin covering the
and a tracheal intubation via the stoma can be conducted
the fistula

spontaneously. The tracheal cannula can be removed for the

immediately, if none, opening will close
closure of fistula as soon as possible if there are no clear signs
of asphyxia after the obturator is inserted. Because the
literature indicates the tracheal cannula should be removed as
soon as possible in order to prevent the adverse effect of
positive pressure ventilation on sutures (33, 34). Similarly, if
the trachea is found to be invaded during the procedure, it
can be sutured directly after the sleeve resection. A
tracheostomy can be performed in the first stage and repaired
in the second stage if the tracheal defect is large. Only one
tracheotomy was performed in patients who had a definite
loss of RLN signals during surgery. Because IONM was not
employed in all of the patients, four (40%) patients had to
undergo tracheotomy during surgery. Except for three patients
(30%),
developed a postoperative anastomotic fistula (10%). In this

who had postoperative aspiration one patient
group, significant problems like hemorrhage and tracheal
stenosis did not occur. Even though some patients had
complications such as aspiration, anastomotic fistulas, or RLN
paralysis, early detection and treatment may result in a better
outcome and are associated with the overall prognosis (21, 25,
30). In our study, 10 patients were enrolled, with one patient
dying 26 months after surgery from myocardial infarction and
another dying 27 months later after surgery from osseous
metastases. Overall, for patients with CEC or CEC combined

with TEC, this surgical intervention is often safe and successful.

Conclusion

The tracheal transection approach described herein is a
novel surgical technique that can preserve laryngeal function
while ensuring adequate exposure and satisfactory surgical
resection for cervical esophageal tumors that do not involve
the post-cricoid region and differentiated thyroid carcinoma
that invades the esophagus beyond the midline. The extent of
the
typically, the lower cervical border of the tumor does not

tumor invasion determines appropriate  approach;
surpass the thoracic entrance, the upper border does not
and the

hypopharyngeal lesion does not involve the posterior cricoid

exceed 2cm above the esophageal entrance,

region. The laryngeal nerve should be protected during the
procedure. Aspiration, recurrent laryngeal nerve paralysis, and
tracheoesophageal fistula are the most common postoperative
complications. The rate of complications with this approach is
not higher than that associated with the conventional
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technique, and this surgical approach is safe, dependable, and
can be applied in clinical practice.
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Background: Neoadjuvant chemotherapy (NAC) could improve local tumor
control of locally advanced colon cancer (LACC), but the prognostic value of
yp stage in colon cancer remains unknown. Here, we aimed to ascertain yp
stage as an indicator for LACC prognosis after NAC.

Methods: The data of patients diagnosed with colon adenocarcinoma between
2004 and 2015 were extracted from the Surveillance, Epidemiology, and End
Results database. After 1:2 propensity score matching, cancer-specific
survival (CSS) and overall survival (OS) were compared between the NAC and
Non-NAC groups of different stage classifications. The correlation between
clinical and pathological factors and CSS was identified.

Results: A total of 49, 149, and 81 matched pairs of stage 0—1, Il, and IlI patients,
respectively, were generated for analysis. For stage 0—I (p = 0.011) and lll (p =
0.015), only CSS in the NAC groups were inferior. Receiving NAC was an
independent prognostic risk factor for patients with stage 0-I (hazard ratio,
7.70; 95% confidence interval, 1.820-32.5; p =0.006) and stage Il (hazard
ratio, 1.73; 95% confidence interval, 1.11-2.68; p = 0.015).

Conclusions: The CSS was poorer among LACC patients who underwent NAC
than among those who did not. The yp stage of colon cancer after NAC has
distinctive significance, which may contribute to predicting the prognosis
and guiding the treatment of LACC patients after NAC.

KEYWORDS

prognostic value, neoadjuvant chemotherapy, colon cancer, yp stage, survival

Abbreviations

AJCC, American Joint Committee on Cancer; CSS, cancer-specific survival; LACC, locally advanced colon
cancer; LNs, number of lymph nodes; NAC, neoadjuvant chemotherapy; NAT, neoadjuvant therapy;
NCCN, National Comprehensive Cancer Network; OS, overall survival; PCR, pathological complete
remission; PCT, postoperative chemotherapy; PSM, propensity score matching; P stage, pathological
stage; SEER, Surveillance, Epidemiology, and End Results database; Ts, tumor size; Yp stage, the final
pathological stage after neoadjuvant therapy.
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Introduction

Colon cancer, among the most common malignant tumors
worldwide, accounted for approximately two-thirds of new
colorectal cancer cases and deaths in 2020 (1, 2). Locally
advanced colon cancer (LACC) patients are still routinely
treated with up-front surgery followed by adjuvant
chemotherapy. Although neoadjuvant therapy (NAT) is not
yet standard, it is proven to improve the tumor downstaging
and margin-negative resection rates in colon cancer,
resulting in local tumor control and even pathological
complete remission (PCR) without excess complications (3—-
8). In 2016, the NCCN guidelines added neoadjuvant
chemotherapy (NAC) as an optional treatment for the
9). regards to

pathological stage (p stage), an important factor that affects

clinical T4b colon cancer cohort In
prognosis, several studies have reported that the final
pathological stage after NAT (yp stage) is a significant
predictive factor of survival outcomes among patients with
rectal cancer who underwent chemoradiotherapy (10, 11).
However, the prognostic value of yp stage in colon cancer
remains unknown. Thus, we retrospectively analyzed cancer-
specific survival (CSS) and overall survival (OS) of colon
cancer patients treated with or without NAC in the
Surveillance, Epidemiology, and End Results (SEER) database
through propensity score matching (PSM) analysis, aiming
for evaluating the effectiveness of yp stage as a prognostic
indicator and adjuvant treatment guideline for colon cancer.

Material and methods
Patient selection

The data of patients pathologically diagnosed with primary
colon adenocarcinoma between January 1, 2004 and December
31, 2015 were extracted from the SEER database (SEER*Stat
Version 8.3.9). The study inclusion criteria were as follows:
(1) type
(International Classification of Diseases for Oncology, 3rd
edition codes for adenocarcinoma: 8140/3, 8143/3, 8144/3,
8210/3, 8261/3, 8263/3, 8220/3, and 8221/3; special type
adenocarcinoma: 8141/3,8211/3, 8213/3, 8255/3, 8260/3, 8262/
3, 8310/3, 8323/3, 8440/3, 8460/3, 8470/3, 8480/3, 8481/3; and
signet ring cell carcinoma: 8490/3); (2) non-metastatic colon

histological limited to colon adenocarcinoma

cancer; (3) radical intestinal resection; and (4) receipt or non-
of NAC (regardless of whether he/she
preoperative radiotherapy or not). Surgery and systemic

receipt uses
therapy sequences were limited to systemic therapy before
surgery, systemic therapy both before and after surgery,
surgery both before and after systemic therapy, systemic
therapy after surgery, and no systemic therapy and/or surgical
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procedures. Surgery and radiation sequences were limited to
radiation before surgery and no radiation and/or cancer-
directed surgery; and (5) accurate prognostic information. The
study exclusion criteria were as follows: (1) non-primary or
multiple primary cancers; (2) rectosigmoid-Junction cancer;
(3) unknown American Joint Committee on Cancer (AJCC)
7th pathological stage; (4) surgery including local tumor
resection, none, or unknown; and (5) patients without NAC
did not receive the standard treatment which the NCCN
guidelines recommended to each pathological stage. (6)
survival time of 0.

Variables collected

(1) Patient information: sex, age at diagnosis, year at
diagnosis, race, and insurance; (2) Tumor information: primary
site, tumor size (Ts), pathological grade, histological type,
tumor-node-metastasis stage, number of lymph nodes (LNs)
detected; (3) Treatment data: sequence of chemotherapy,
whether preoperative radiotherapy was administered; (4)
Follow-up data: CSS and OS. CSS was defined as the time
interval between the diagnosis of colon cancer and death
caused by colon cancer. OS was defined as the time interval
between the diagnosis of colon cancer and death from any
cause. All the included cases were re-staged by the AJCC 7th
edition according to the data provided by the SEER database.

Patient classification

In this study, patients whose systemic therapy sequence was
recorded as systemic therapy before surgery, systemic therapy
both before and after surgery, and surgery both before and
after systemic therapy were classified into the NAC group,
whereas those whose systemic therapy sequence was recorded
as systemic therapy after surgery or no systemic therapy and/
or surgical procedures were classified into the Non-NAC group.

Statistical analysis

All data were sorted out and analyzed by R software
(version 4.1.2). Continuous variables were compared using the
unpaired t-test, while categorical variables were compared
using the 2 test. CSS curves were estimated using the
Kaplan-Meier method and compared using the log-rank test.
Factors associated with CSS were estimated by uni- and
multivariate analyses using the Cox proportional hazards
model. Factors with p<0.05 in univariate analysis were
included in multivariate analysis.

A 1:2 PSM analysis without replacement was conducted via
the nearest neighbor method with a caliper of 0.1 times the
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standard deviation of the propensity score (12). Matched
variables included: age, sex, race, insurance, primary site,
tumor size, pathological grade, histological type, AJCC stage,
and number of LNs detected. Two-sided values of p <0.05
were considered statistically significant.

Results
Baseline characteristics

A total of 97,881 patients were included in this study
(Figure 1). Of these, 458 patients underwent NAC, whereas
97,423 did not. Baseline demographic and clinicopathological
characteristics were presented in Table 1. We found that the

10.3389/fsurg.2022.1022025

received NAC for colon
adenocarcinoma increased gradually from 3.635% in 2006 to
8.607% in 2015 (Figure 2). The median survival time was
66.0 [95% confidence interval (CI), 69.8-70.3] months in the
Non-NAC group and 54.0 (95% CI, 58.8-65.6) months in the

NAC group (p=0.003; Table 1).

proportion of patients who

Propensity score matching

To minimize confounding factors, we respectively
matched the Non-NAC and NAC groups in stage 0-I, II,
and III cohorts to achieve a balanced distribution of these
baseline covariates between the paired groups. As a result,
yp stage 0-I (n=49) and p stage 0-I (n=98), 149 yp

Patients in SEER database 2004-
2015 with colon adenocarcinomas
(n=204898)

. Not primary tumor
. T stage and N stage unknown

Colon cancers with complete
information on variables of interest
(n=150724)

. Survival time = 0 month
. Patients without surgery

0T o

Distant metastasis
. Accepted Local resection
c. Accepted Intraoperative

oo

Colon cancer patients accepted
or not-accepted NAC
(combined with or without NRT)

(n=97881)

FIGURE 1
Flowchart of the patient selection process

chemotherapy, or unknown
d. Accepted radiation after or in
surgery, or unknown
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TABLE 1 Patient characteristics (N = 97,881).

Characteristics Non-NAC NAC p-value
group group
(N=97,423) (N =458)
Age <0.001
< 50 years 9,110 (9.4%) 88 (19.2%)
> 50 years 88,313 (90.6%) 370 (80.8%)
Sex <0.001
Male 50,166 (51.5%) 183 (40.0%)
Female 47,257 (48.5%) 275 (60.0%)
Insurance 0.247
Yes 82,313 (84.5%) 397 (86.7%)
No 15,102 (15.5%) 61 (13.3%)
Unkown 8 (0%) 0 (0%)
Race 0.629
White 75,272 (77.3%) 346 (75.5%)
Black 13,987 (14.4%) 72 (15.7%)
Others 8,164 (8.4%) 40 (8.7%)
Location <0.001
Left colon 61,456 (63.1%) 194 (42.4%)
Right colon 35,967 (36.9%) 264 (57.6%)
Differentiation Grade <0.001
Grade 1-2 76,442 (78.5%) 324 (70.7%)
Grade 3-4 16,983 (17.4%) 75 (16.4%)
Unkown 3,998 (4.1%) 59 (12.9%)
Histology type 0.124
Adenocarcinoma 87,322 (89.6%) 398 (86.9%)
Special type adenocarcinoma 9,173 (9.4%) 56 (12.2%)
Signet ring cell carcinoma 928 (1.0%) 4 (0.9%)
Pathological stage <0.001
Stage 0-1 28,349 (29.1%) 49 (10.7%)
Stage II 34,949 (35.9%) 160 (34.9%)
Stage III 34,125 (35.0%) 249 (54.4%)
T-stage <0.001
T0-2 32,768 (33.6%) 79 (17.2%)
T3-4 64,655 (66.4%) 379 (82.8%)
N-stage
NO 63,298 (65.0%) 209 (45.6%) <0.001
N1 22,515 (23.1%) 181 (39.5%)
N2 11,610 (11.9%) 68 (14.8%)
LNs-examined <0.001
<12 18,286 (18.8%) 124 (27.1%)
>12 78,781 (80.9%) 327 (71.4%)
Unkown 356 (0.4%) 7 (1.5%)
Tumor size <0.001
<4 38,306 (39.3%) 135 (29.5%)
>4 59,117 (60.7%) 323 (70.5%)
PCT 0.500
Non-PCT 69,735 (71.6%) 321 (70.1%)
PCT 27,688 (28.4%) 137 (29.9%)
Survival time (OS)
Median survival time (95%CI) 66.0 (69.8, 70.3) 54.0 (58.8, 65.6) 0.003

Cl, confidence interval; LNs-examined, number of lymph nodes examined;
PCT, postoperative chemotherapy.
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= The population of colon adenocarcinoma received NAC
1.2%
1%
0.8%

0.6%
0.4%

0.2%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

FIGURE 2

Rates of all patients with colon adenocarcinoma who received NAC
were recorded in the SEER database from 2006 to 2015. The
proportion received NAC in colon adenocarcinoma increased
gradually from 3.635% in 2006 to 8.607% in 2015. NAC,
neoadjuvant chemotherapy.

stage II (n =149) and p stage II (n =295), and 81 yp stage III
(n=81) and p stage III (n=160)
(Supplementary Table S1).

were matched

For analysis of subgroups, we also matched the p stage 0-1
group with the postoperative chemotherapy (PCT) subgroup
(n=10) and the non-PCT subgroup (n=39) in the yp 0-I
group separately. Moreover, the PCT subgroup (n=4) and
non-PCT subgroup (n=6) of the yp stage 0-I group were
also subjected to PSM matching. In stage II, non-PCT
cohort in NAC group (n=116) PSM matched with non-
PCT cohort in Non-NAC group (n=229), while PCT
cohort in NAC group (n=33) matched with PCT cohort in
Non-NAC group (n=66). The
characteristics were well-balanced between the matched
cohorts (p >0.05).

patient and tumor

CSS and OS stratified by preoperative
therapy

Among stage 0-I patients, CSS was significantly poorer in
the NAC group than in the Non-NAC group (p=0.011)
(Figure 3A). Interesting, the CSS of the matched NAC -PCT
group (n=10) and Non-NAC group (n=20) was similar (p
=0.140) (Supplementary Figure S1A). However, the NAC
-non-PCT group (n=39) had significantly worse CSS than
the Non-NAC group (n=78) (p=0.012) (Supplementary
Figure S1B). Moreover, the 5-year CSS was 50% in the
matched Non-NAC -PCT group (n=4) vs. 33.3% in the
matched Non-NAC -non-PCT group (n = 6), the difference of
which was not statistically significant on the univariate log-
rank test (p=0.410) (Supplementary Figure S1C). Among
stage II patients, there was no significant difference in CSS

frontiersin.org
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Survival Time (Months)
FIGURE 3

p, pathological stage.

Survival curves were constructed per the Kaplan-Meier method for cause-specific survival for each pathological stage. Log-rank test for p-value. (A):
yp stage O-1 vs. p stage O-I; (B): yp stage Il vs. p stage II; (C): yp stage Ill vs. p stage Ill. yp, the final pathological stage after neoadjuvant chemotherapy;

(p =0.890) between patients who received NAC and those who
did not (Figure 3B). Additionally, the stratified analysis
showed that the CSS of the NAC -non-PCT group (n=116)
was similar to that of the Non-NAC -non-PCT group (n=
229) (p=0.650) (Supplementary Figure S1D). Consistently,
the CSS of patients who received PCT (including T4b) in the
yp stage II group (n=33) was similar to that of patients in
the p stage II group (n=66) (p=0.660) (Supplementary
Figures S1E,F). Moreover, among the stage III patients, the
CSS was significantly worse for the NAC vs. Non-NAC group
(p=0.015) 3Q0). there
significant difference in OS among the stage 0-1 (p =0.870),
stage II (p=0.074), and stage III groups (p =0.130) groups

(Figure Nevertheless, was no

(Supplementary Figure 2).
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Prognostic factors for CSS of different
stage classifications

As shown in Supplementary Table S2, uni- and multivariate
Cox analyses demonstrated that, in the NAC group, not receiving
PCT (hazard ratio [HR], 7.70; 95% confidence interval [CI],
1.820-32.500; p=0.006) was an independent prognostic risk
factor of CSS for patients. In the matched stage 0-I groups. In the
matched stage II groups, age>50 years (HR, 2.436; 95% CI,
1.350-5.225; p=0.011), T4a stage (HR, 3.065; 95% CI, 1.779-
5.282; p<0.001), T4b stage (HR,3.065; 95% CI, 2.308-5.110; p <
0.001) and poor histological differentiation (HR, 1.971; 95% CI,
1.244-3.123; p=0.004) were independent risk factors, while >12
detected LNs (HR, 0.38; 95% CI, 0.326-0.652; p <0.001) was an
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independent protective factor for CSS. In the matched stage III
groups, only receiving NAC (HR, 1.657; 95% CI, 1.069-2.631;
p=0.024) was independently and
correlated with CSS.

significantly associated

Discussion

Due to the advantages of NAC of improving tumor
downstaging, improving the RO resection rate, and even
prolonging disease-free survival time, its application in LACC is
gradually increasing (3, 4, 6, 7, 13-15). Nonetheless, it remains
unknown whether the final pathological stage (yp stage) of LACC
patients who received NAC has a similar prognostic value to that
of the usual postoperative pathological stage (p stage). To our
knowledge, this is the first study to focus on the prognostic
significance of yp stage in LACC patients after NAC. As the large
difference in sample size between the NAC and Non-NAC
groups, we balanced the clinical characteristics of the two groups
using PSM for more reliable results. With the PSM and analysis
of the survival time among stages 0-I, II, and III, respectively, we
found that the CSS of LACC patients who underwent NAC was
poorer than that of patients at the same pathological stage who
did not, which indicated that yp stage of colon adenocarcinoma
after NAC has significantly prognostic value and may provide
evidence for PCT following curative surgery.

The present study found that young patients, those with
right colon cancer, and those with poorly differentiated
cancer were more likely to receive NAC. The shorter survival
time in the NAC group may be due to worse histological
grade, fewer detected LNs, later TN stage, and greater tumor
bulk burden in the NAC group. As reported, p stage I colon
cancer has good prognosis after radical resection alone.
Compared with pT1-2NO patients who did not receive
chemoradiotherapy, ypT1-2NO patients who received NAT
preparation were more likely to relapse, and the recurrence
rates of ypTONO and ypT1-2NO were 2.7% and 12.3%,
respectively (16). Moreover, several studies reported that,
compared with p stage I patients, those with yp stage I
disease had many risk factors leading to poor outcomes,
such as poorer tissue differentiation, later T stage, and
higher carcinoembryonic antigen levels (17, 18).

As for the stage 0-I patients in our study, the NAC group
showed an inferior CSS to the Non-NAC group, which was
also consistent with previous reports in NAT among rectal
malignant tumors. Furthermore, the stratified analysis showed
that the CSS was significantly worse in the yp stage 0-I non-
PCT vs. p stage 0-1 group, while the CSS of the yp stage 0-I
with PCT group was similar to that of the p stage0-I group.
Consistently, the 5-year CSS of the yp stage 0-I with PCT
group was better than that of the yp stage 0-I non-PCT group,
but the difference was not statistically significant. These results
suggested that patients with yp stage 0-I colon cancer may
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benefit from PCT, which supports the findings of Collette et al.
regarding rectal cancer in that LARC patients downgraded to
ypTO0-2 after preoperative radiotherapy can benefit from PCT
(19).Other recent studies also demonstrated that patients with
rectal cancer who reached PCR after NAT also benefited from
PCT (20, 21). Patients who achieved descending stage after
NAT also responded to adjuvant treatment (19). PCT for
patients who respond to NAT may be beneficial by potentially
eradicating residual micrometastatic disease (19, 22). Therefore,
receiving adjuvant chemotherapy may contribute to the
prognosis of these patients. A further randomized trial with a
larger sample size is warranted to compensate for the limited
sample size, especially in the PCT and non-PCT groups, of yp
stage 0-I patients in our study.

As for stage II, CSS and OS were similar in the NAC and
Non-NAC groups. This finding suggests that the risk of yp
stage II patients may be classifiable according to the same
criteria as and receive the same treatment regimen for p stage
II. However, there was wide heterogeneity among stage II
colon cancer patients, and the 5-year OS ranged from 58.4%
(IIc) to 87.5% (IIa). Therefore, stage II patients require
stratification to distinguish between high- and low-risk groups
and guide the choice of treatment. However, the relevant
information was not available in the SEER database.

Our study also found that the CSS of yp stage III patients
was significantly poorer than that of p stage III patients,
aligned with previous researches that patients with N+ after
chemotherapy had a poor prognosis (23, 24). However, it is
difficult to determine whether patients with a poor NAT
response will benefit from PCT (25-27). Collette et al.
reported that patients with a poor NAC response (ypN2)
could not benefit from PCT and that the poor response may
indicate resistance to treatment (19). Thus, we inferred that
patients with yp stage III colon cancer may require
adjustment to the adjuvant chemotherapy regimen. As
another study reported that patients with p stage III disease
had a better survival rate than those with yp stage III rectal
cancer, the recurrence-free survival rate of yp stage III
patients was intended to increase after treatment with second-
line chemotherapy (28). Notably, the loss of DNA mismatch
repair protein expression may occur in fluorouracil-based
(29).
Therefore, combination treatment with immunotherapy may

chemotherapy-insensitive  colon cancer patients
be a promising research direction to improve the prognosis of
patients with yp stage III colon cancer.

We also identified some independent risk factors for CSS.
Poor tumor differentiation was an independent risk factor for
Poorly differentiated and

undifferentiated tumors are more likely to metastasize distantly,

prognosis in stage II patients.

the main cause of tumor death. Another independent risk factor
found for CSS in this research was T4 for stage IIpatients.
Regardless of LN status, colon cancer with advanced local
invasion (T4) is more prone to local recurrence and distant
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metastasis, resulting in a low survival rate. Besides, according to
the American Society of Clinical Oncology and the European
Society of Medical Oncology, the number of LNs dissected (<12)
is a risk factor for recurrence in patients with stage II colorectal
cancer, consistent with our study findings (30, 31).

Another finding was that CSS was poorer for patients who
underwent NAC than for those who did not undergo NAC, while
the OS was similar between the two groups. Acknowledgedly, CSS
is only related to tumor death, while OS is related to death caused
by any reason. Although we adjusted variables that may lead to
OS differences, including age, gender, diagnosis year, etc., we did
not balance many other potential confounders between the NAC
group and Non-NAC group, such as basic disease and economic
status. Therefore, we speculated that there was no difference in
OS because more patients in the Non-NAC group died of other
causes, thus offsetting the difference in CSS between the two
groups. This retrospective study had possible selective bias despite
the PSM analysis and the fact that we selected patients treated
with standard therapy whenever possible. Also, the SEER
lacks
chemotherapy or radiotherapy dosage, mismatch repair/micro-

database several important characteristics, such as
satellite instability status, perineural invasion, and lymphatic
vascular invasion. Therefore, we cannot adjust for these potential
confounding factors, especially in stage II patients, which made it
impossible to distinguish the low- and high-risk groups for a
further stratified Thus,
randomized studies are needed that explore the prognostic value

of the yp stage in LACC.

analysis. large-scale  prospective

Conclusions

The CSS was poorer for patients who underwent NAC
than for those who did not undergo NAC in the same
pathological stage, while the OS was similar between the two
groups. Our results suggest that the final pathological stage
of colon cancer after NAC has different clinical significance
from the usual postoperative pathological stage and may be
used to predict prognosis and guide treatment for LACC
patients after NAC.
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Background: Retinal hemangioblastoma (RH) is a rare benign tumor and a
considerable number of which are caused by Von Hippel-Lindau disease (VHL).
Herein, we described a case of VHL-associated RH with retinal detachment
who underwent both laser photocoagulation and vitreoretinal surgery and
received satisfactory visual recovery. In addition, we reviewed the current
diagnosis, genotype-phenotype association, and treatment of VHL-
associated RH.

Case description: A 34-year-old woman presented with vision loss in the right
eye at our hospital. Fundus photography and angiography showed retinal
detachment and multiple large hemangiomas in the right eye. The visual
acuity improved significantly after laser photocoagulation and vitreoretinal
surgery. Genetic analyses showed a p.Asn78Ser (c.233A>G) heterozygous
missense mutation in the VHL gene.

Conclusion: We described a rare case of VHL-associated RH and may provide a
new perspective towards diagnosis and treatment of this disease. RH is one of
the most common manifestations of VHL and poses a serious threat to vision.
Ophthalmic examination methods include fundus examination and fundus
photography, etc. The management of the disease emphasizes timely
follow-up, early detection of the lesion, and the decision of treatment
options according to the size, location and complications of the lesion,
including ablation therapy and vitreoretinal surgery. Clinicians should
strengthen the understanding of this rare disease for early detection and
treatment.

KEYWORDS

Von Hippel-Lindau disease (VHL), retinal hemangioblastoma (RH), case report, clinical
management, vitreoretinal surgery
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Introduction

Retinal hemangioblastoma (RH, also appearing in the
literature as retinal capillary hemangioma, retinal capillary
hemangioblastoma, or retinal angioma) is a rare benign tumor
typically manifested by retinal vascular neoplasms with pink or
orange color, nodular appearance, dilated and tortuous feeding
and draining blood vessels, as well as exudation involving both
perilesional retina and the macula (1-4). It has been reported
that a considerable number of RH cases were caused by von
Hippel-Lindau disease (VHL), while the rest seemed to be
sporadic (1). VHL is a rare autosomal-dominant inherited
tumor syndrome that has significant phenotypic heterogeneity
and age-related genetic penetrance. With an incidence of
approximately 1:36,000, VHL is believed to be one of the most
common hereditary tumor syndromes that has various clinical
manifestations mainly including RH, central nervous system
hemangioblastoma(CNSH), renal cell carcinoma(RCC),
pheochromocytoma (PCC) and pancreatic cysts etc (3, 5, 6). It
is important to note that RH is the most common and probably
the only presentation in VHL patients and is the initial
manifestation in up to 77% of them (1, 4-6). The penetrance
of RH would reach up to 90% in VHL patients over 60 years (7,
8), and about half of the cases present with multiple and bilateral
RHs, which poses a serious threat to the patient’s vision (6). As
an ophthalmologist, identifying RH and determining whether it
is associated with VHL is extremely important for the early
diagnosis and treatment of this rare hereditary syndrome that
may occur in these patients and their families.

Herein, we described a rare case of VHL-associated RH with
severe visual impairment due to retinal detachment. Laser
photocoagulation and vitreoretinal surgery were performed,
and her vision recovered satisfactorily. In addition, we
provided a literature review of VHL-associated RH to
summarize the current diagnosis, genotype-phenotype
association, and treatment of this disease. Our study may
provide a new perspective towards ophthalmic diagnosis and
treatment of VHL-associated RH.

Case report

A 34-year-old woman was admitted to the hospital with
vision loss in the right eye over the last 3 days. Upon initial
ophthalmological examination, the patient’s visual acuity was
HM/BE 20cm OD with no improvement in corrected vision and
1.0(Snellen chart)OS with corrected vision improving to 1.0
(+1.0DS/-2.0DC*10), and intraocular pressure was 17 mmHg
OD and 20 mmHg OS. Nothing noteworthy was observed in the
anterior segment of either eye and observations of the ocular
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fundus showed no abnormalities in the left eye. However, from 3
o ‘clock to 11 o ‘clock in the fundus of the right eye, the retina
showed a state of grey-white bulge and flutter without retinal
holes, and the macula was involved. Fundus photography further
showed retinal detachment with multiple large hemangiomas in
the right eye and a suspected hemangioma in the left eye
(Figure 1). There were 4 orange-red hemangiomas in the
superior temporal periphery and inferior temporal detachment
area of the retina in the right eye with dilated and tortuous
feeding and draining blood vessels as well as evident peripheral
neovascular membranes. Fluorescence angiography(FA) showed
early hyper-fluorescence with late leakage. Optical coherence
tomography(OCT) showed retinal detachment. Prior to this
visit, the patient had undergone head CT examination and
found an intracranial hemangioma (Supplementary Figure 1),
which was subsequently treated surgically at another hospital.
Abdominal ultrasonography was also performed and showed
multiple cysts present in the pancreas and right kidney while
spinal CT showed no abnormalities. She was diagnosed with
type 2 diabetes at the age of 32 and the HbAlc level on
admission was 14.2%. Her mother suffered from diabetes and
died of unknown causes at the age of 31. Her sister also
underwent surgery for intracranial hemangioma. Although the
patient’s mother and sister were not conclusively diagnosed with
VHL by clinical or genetic testing, we highly suspect them to
have the disease based on the available clinical results. Moreover,
we did ophthalmologic examinations for the patient’s family
who were willing to be examined and the results were shown in
the supplementary materials (Supplementary Figure 2).

Based on family history, clinical manifestations and imaging,
we suspected that the patient had VHL. To further confirm this,
the patient and her family underwent genetic sequencing and the
results showed a ¢.233A>G heterozygous missense mutation
(amino acid p.Asn78Ser) in exon 1 of the VHL gene of the
patient, her daughter and her son (Figure 2), and the genogram
of the family was shown in the supplementary materials
(Supplementary Figure 3). The patient was definitely
diagnosed with VHL based on these findings.

The patient then underwent pars plana vitrectomy(PPV), lesion
resection, endolaser photocoagulation and silicone oil tamponade
for the right eye. During the operation, after a 23-gauge(23-G) PPV
the four peripheral hemangiomas and the neovascular membranes
were extracted using forceps, and an endolaser photocoagulation
(argon ion laser, 532nm) was applied around the lesions to repair
retinal detachment (Figure 3). As for the left eye, laser
photocoagulation treatment(argon ion laser) was performed
directly to the hemangioma and the surrounding area in order to
induce degeneration of the tumor and its feeding and draining
vessels. The retinal detachment of the right eye recovered and the
hemangiomas of the left eye scarred following the treatment
(Figure 4). At a follow-up examination before silicone oil
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FIGURE 1

10.3389/fonc.2022.963469

First fundus photograph and fluorescence angiography (FA) of the patient. Fundus photography of the left eye (A) revealed a suspected
hemangioma at 10 o ‘clock of the peripheral retina. FA of the left eye (B) indicated that there were multiple RH lesions in the peripheral retina
with local hyper-fluorescence, which were not shown by fundus photography. Fundus photograph of the right eye (C, D, F) revealed 4 orange-
red hemangiomas in the superior and inferior temporal periphery retina with dilated and tortuous feeding and draining blood vessels, and the
largest of which was about 3.75 x 2.25mm(white arrow in (D) with neovascular membranes in its temporal side (black arrow in (D). Retinal
detachment could be seen from 3 o ‘clock to 11 o ‘clock with retinal fold formation(white arrow in (F), involving the posterior pole of the
eyeball. FA of the right eye (E, G) showed hyper-fluorescence and fluorescence leakage at the lesion, accompanied by a surrounding non
perfusion area.

extraction, 3 months after the surgery, the patient’s visual acuity had

improved to 0.05 OD with corrected vision improving to 0.6 supplementary material (Supplementary Figure 4).

(+4.50DS/+1.25DC*10) and 0.6 OS with corrected vision
improving to 1.0(+0.25DS/-2.50DC*15). A timeline figure of the

FIGURE 2

Ser Asn
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heterozygous missense

c.233A>G

L

diagnosis and treatment of this case was provided in the

For the patient’s children, both of her daughter and son
present the same heterozygous pathogenic mutation in the VHL

The VHL gene mutation of the patient and her family members. Sequencing analysis revealed a c.233A>G heterozygous missense mutation in
VHL gene of the patient (A), resulting in the substitution of Ser from Asn in the 78th amino acid site of VHL protein. The patient’s daughter (C)
and son (D) showed the same mutation, whereas her husband (B) did not.
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FIGURE 3

Screenshots of the surgery for the patient’s right eye. The above screenshots mainly showed the process of pars plana vitrectomy (A), lesion
resection (B), endolaser photocoagulation (C) and silicone oil tamponade (D).

gene, and her son (12 years old) had already had multiple retinal
hemangiomas. We performed laser photocoagulation treatment
for the patient’s son and suggested further cranial and
abdominal examinations, but the patient refused. Follow-up
examinations showed ideal recovery in his both eyes. However,
it was with regret that we were informed of his death due to a
cerebral hemorrhage 2 years after the treatment.

Discussion

Pathogenesis, diagnosis and
clinical manifestations

VHL is a rare hereditary tumor syndrome with RH as one of its
most common and first clinical manifestations (5, 7, 9). Biallelic
inactivation of VHL gene, a known tumor suppressor gene, is
considered to be the pathogenesis of VHL in accordance with
Knudson’s two-hit hypothesis of tumorigenesis (3, 5, 6, 9, 10). In
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most cases, VHL patients receive one germline mutant allele from
their parents and then acquire another allele for somatic mutation
through deletion, insertion, missense, truncation mutation or
promoter hypermethylation. As a result, the VHL protein(pVHL)
may be lost or inactivated resulting in changes of various cellular
functions in both hypoxia-inducible factor(HIF) dependent and
independent way (5, 10). In fact, the most critical function of pVHL
is its adaptive response to hypoxia conditions, which is achieved
through its interaction with HIF. Widely expressed in cells
throughout the body, pVHL interacts with elongin B, C and
Cullin-2 through one of its two protein-binding domains, o
domain to form a complex that acts as an E3 ubiquitin ligase
(11-13). Under normoxic conditions, the complex recognizes and
mediates ubiquitination degradation of the HIF-0; subunit through
the B domain of pVHL, whereas in anoxic conditions, the HIF-o
subunit remains stable and binds to HIF-f subunit to activate a
large number of target genes that mediate the regulation of different
processes such as angiogenesis(VEGF, PDGF, CTGF), proliferation
(TGFay), apoptosis(CyclinD1), and metabolism(GLUT-1, 6-PFK,
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FIGURE 4

Fundus photography one day and 3 months after the surgery. Fundus photography one day after the surgery showed that the retinal
detachment of the right eye recovered (A) and the hemangiomas of the left eye scarred (C) following the treatment. Fundus photography 3
months after the surgery (B, D) showed good fundus recovery in the both eyes

PDK) (3-6, 9, 10, 14). Therefore, the loss or inactivation of pVHL
produces a similar effect to that in anoxic environment and
eventually leads to multiple tumorigenesis.

The current clinical diagnostic criteria for VHL are as
follows: @ one typical VHL tumor(including RH, CNSH, RCC,
PCC or pancreatic neoplasm etc.)with a clear family history of
VHL;®two hemangioblastomas(RH or CNSH) or one
hemangioblastoma and a visceral tumor(PCC, RCC or
pancreatic neoplasm etc.) (3, 6, 10, 15). Although VHL
patients with typical lesions can be diagnosed based on clinical
diagnostic criteria, there are still many suspected cases with
atypical lesions that require genetic testing for further
confirmation or exclusion (3, 5, 15). However, genetic testing
is not a panacea as it was reported that the detection rate of VHL
gene mutations were much lower in patients who lacked typical
clinical manifestations(24%) than in classic cases with typical
features(95%) (16). Therefore, recognizing that no single
diagnostic method is enough to completely avoid negative
results, it is very important to combine the patient’s clinical
manifestations and the results of various tests, including
genetic tests.

As RH is the main feature of VHL in the eye, identification of
VHL-associated RH is crucial for ophthalmologists to establish

Frontiers in Oncology

126

early diagnosis and provide further screening and treatment.
Under the ophthalmoscope, RH usually presents as pink or
orange nearly round lesions with obvious dilated and tortuous
feeding and draining blood vessels around the tumor in most
cases. Secondary exudation, proliferation, hemorrhage, and even
exudative or tractive retinal detachment may occur resulting in
visual impairment in some cases (2-6, 9, 10, 17). According to
the distribution of the lesions in the retina, RH can be divided
into peripheral RH and juxtapapillary RH. The former is
considered to be the most common ocular lesion of VHL,
which is usually located in the superior or inferior temporal
region of the peripheral retina. The latter occurs on the optic
nerve head or within the juxtapapillary region. Although less
common than peripheral RH, it causes more serious damage to
vision and limits treatment due to its special location and higher
possibility of retinal detachment and macular exudation (9, 18,
19). High resolution fundus photography and FA can improve
the detection rate of RH that are difficult to find under the
ophthalmoscope. FA often shows marked early hyper-
fluorescence with late leakage. For advanced lesions, ocular
ultrasound and OCT can be helpful in assessing the extent of
macular exudation and retinal detachment (3, 5, 9, 20). Although
diagnosis of RH is generally not difficult based on its
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characteristics, in some cases it should be distinguished from
other retinal vascular tumors such as retinal cavernous
hemangioma, Wyburn-Mason syndrome, and retinal
vasoproliferative tumor (9).

In our case, the patient mainly presented with significant
visual impairment of the right eye caused by retinal detachment,
and fundus photography revealed four retinal hemangiomas in
the temporal peripheral retina with obvious dilated feeding
blood vessels and significant hyperplasia. On this basis, we
believed that the patient’s retinal detachment was mainly
tractional and caused by secondary hyperplasia of
hemangioma, although exudation could not be ruled out. FA
further confirmed the location and size of the hemangioma in
the right eye, as well as several small lesions that had not been
detected by fundus photography in the left eye. Considering
bilateral, multifocal onset and severe secondary retinal
detachment, the patient’s medical history and family history
were carefully examined. Finally, combining the patient’s history
of CNSH, multiple cysts in the pancreas and right kidney, and
clear family history, we determined the clinical diagnosis of
VHL. To further verify the diagnosis, genetic test was performed
on the patient and her family, and the results were as
described above.

We noticed that both the patient and her mother had
diabetes at their early 30s, and considering the patient’s
history of pancreatic cysts, we wondered whether the onset of
diabetes might be related to pancreatic cysts caused by VHL. B.
Mukhopadhyay et al. reported that extensive serous microcystic
adenomas of the pancreas in patients with VHL is closely related
to diabetes mellitus (21). Yun Hyi Ku et al, reported a case of
VHL with multiple renal and pancreatic cysts associated with
gestational diabetes mellitus (22). However, more studies have
shown that while the majority of VHL patients may have
pancreatic tumors, they are mostly asymptomatic and diabetes
is rare in these cases (21-23). In fact, animal studies have shown
that loss of the VHL gene in islet 3 cells leads to impaired glucose
tolerance in mice, but whether this is associated with pancreatic
tumors remains unclear (24, 25). In addition, in our case, the
patient’s level of blood glucose was very high(HbAlc 14.2%), but
no diabetic retinopathy was observed, which might be related to
the short course of the onset of diabetes.

Genotype-phenotype association

It has been reported that there is significant heterogeneity in
the clinical manifestations of VHL within and between families,
which may be largely related to the diversity of VHL gene
mutations (7, 14).With regard to ocular VHL disease, the
germline mutations of VHL gene with the highest correlation
with RH are missense mutation, truncation mutation and
complete deletion (7, 12, 26, 27). Wai T. Wong et al. reported
that patients with complete VHL deletion had a lower incidence
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of RH and better vision than missense mutation and truncation
mutation. Moreover, the frequency of juxtapapillary RH in
patients with truncation mutation was the lowest among the
three mutants (26). Dollfus et al. found that patients with
complete deletion were associated with a higher incidence of
RH, while Michael Reich et al. suggested that patients with
truncation mutations had a higher RH incidence (4, 7).
Furthermore, this genotype-phenotype association appears to
differ in different ethnic groups (27, 28). These results make the
genotype-phenotype of ocular VHL disease quite controversial,
possibly because the studies were conducted in groups of
different race, age and sample size, which also suggests that
environmental factors may be involved in the regulation of RH
phenotype. Pradeep Mettu et al. further studied the relationship
between missense mutations and VHL-associated RH. Their
results showed that almost all missense mutations (98.5%)
were located in the o or B domain of VHL protein, among
which patients with o domain mutation had a higher RH
incidence. Moreover, patients with o domain mutation were
more likely to have juxtapapillary RH, while  domain mutation
was associated with high occurrence of periphery RH (12).

In our case, the patient was detected with a heterozygous
missense mutation(c.233A>G) in the VHL gene, leading to an
amino acid type change in the VHL protein sequence
(p-Asn78Ser) which is located in the B domain. We found that
the patient presented mainly with peripheral RH, which was
consistent with Pradeep Mettu’s results. In fact, our case is not
the first to report that a missense mutation at this locus of VHL
gene leads to the pathogenesis of VHL. The first case was
reported by F. Chen et al. in 1995, and several other cases
were reported in German, Polish, Japanese and Chinese families
respectively, indicating that this mutation is relatively common
in different races. All of the patients presented with type 1 VHL
(without PCC) except one case presenting with type 2 VHL(with
PCC), and most of them were associated with RH or CNSH (29~
33). Therefore, we believe that VHL patients with ¢.233A>G
missense mutation mainly present type 1 VHL characterized
by hemangioma.

Treatment and follow-up

Clinical management of VHL should be multidisciplinary
and comprehensive because of its feature of multi-organ
involvement. Here we focus on the treatment of VHL-
associated RH. Currently, the selection of therapeutic options
for VHL-associated RH is mainly based on the location and size
of the lesion and whether there is serious vision-threatening
complication such as vitreous hemorrhage, epiretinal membrane
or retinal detachment (3, 34). For peripheral RH without the
above complications and with a small lesion diameter (usually
less than 4.5mm), ablation therapy is mainly used in clinical
practice, including laser photocoagulation, cryotherapy,
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radiotherapy, photodynamic therapy and trans-pupil warm
therapy, etc. Among them, laser photocoagulation is relatively
common-used, especially for lesions with a diameter of less than
1.5mm, which can often play a very good ablative effect (34-36).
In our case, multiple small peripheral RH lesions in the patient’s
left eye were treated with direct argon ion laser photocoagulation
(532 nm wavelength) of the tumor and its surroundings.
Postoperative fundus photography showed good degeneration
of the tumor and feeding vessels without retinal hemorrhage or
other adverse reactions, indicating the advantages of laser
therapy. Cryotherapy has been used to treat lesions 1.5-4.5mm
in diameter, but its use is decreasing due to the potential for
uncontrollable acute retinal exudation and vitreous contracture
(3). Radiotherapy, photodynamic therapy and trans-pupil warm
therapy are rarely used because of their unstable efficacy (37-
41). Considering that RH, as a vasogenic tumor, is associated
with hypoxia response, anti-VEGF and anti-HIF therapy
provide a new idea for the treatment of VHL-associated RH
(10, 15, 42). Unfortunately, it has not achieved satisfactory
results, but it is undoubtedly a promising treatment and
deserves further study in the future.

Studies have shown that vitreoretinal surgery is an effective
salvage treatment for peripheral RH patients with vitreous
hemorrhage, epiretinal membrane, exudative or tractive retinal
detachment, or oversized lesions, and can also be used as one of
the early treatment methods for small RH lesions with exudative
or tractive tendency (3, 17). Surgical options include PPV with
ablation therapy,PPV with feeding vessel ligation or PPV with
lesion resection, which are still controversial in application at
present. In order to avoid vitreous hemorrhage and proliferative
vitreoretinopathy, attention should be paid to effectively close
the feeding and draining vessels and complete resection of the
posterior hyaloid and epiretinal membranes. In addition to
hemorrhage and proliferative vitreoretinopathy, postoperative
complications include cataract, neovascular glaucoma, retinal
detachment, and iatrogenic retinal rupture. In our case, due to
the large RH lesion in the patient’s right eye with severe
hyperplasia and tractive retinal detachment, we performed
PPV, lesion resection, endolaser photocoagulation and silicone
oil tamponade. The peripheral location of the tumors makes
them easier to remove surgically with minimal visual sequelae.
And the 23G PPV procedure ensured minimal iatrogenic injury.
Postoperative follow-up showed that the patient had flat retina
with no residual lesions, good visual recovery, and no
reoccurrence of RH or retinal detachment, suggesting good
surgical efficacy. In fact, there have been studies comparing the
outcomes and postoperative complications of PPV combined
with ablation/ligation or lesion resection. In the study of Gaudric
et al,, a preliminary comparison found that the visual recovery of
patients after ablation was better than that after resection while
there seemed to be no difference in reoccurrence of RH and
retinal detachment between the two procedures (43). Krzystolik
et al. reported that resection was more likely to cause RH
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recurrence than ablation/ligation (44). Others chose between
the two procedures primarily based on their clinical experience,
with good recovery but high incidence of postoperative
complications seen in both procedures (45-47). In conclusion,
vitreoretinal surgery is an effective method for the treatment of
severe VHL-associated RH with retinal detachment, but
postoperative complications are prone to occur.

For juxtapapillary RH, although active laser treatment can
effectively control the progression of RH lesions, it may lead to
poor prognosis of vision and impaired visual field due to damage
to the retinal nerve fiber layer (3, 48). In contrast, photodynamic
therapy, radiotherapy and anti-VEGF therapy have better safety
but less satisfactory efficacy. Therefore, in the current situation
that there is no ideal treatment for juxtapapillary RH,
observation and follow-up can be regarded as a better strategy,
especially for those with no obvious exudation. If the lesion
progresses rapidly with significant exudation and impaired
vision, laser photocoagulation may be considered as
appropriate. And vitreoretinal surgery remains the primary
consideration in juxtapapillary RH patients with
retinal detachment.

For the management of VHL-associated RH, one of the core
principles to be followed is early detection of lesions and timely
treatment, which requires regular follow-up of patients. All VHL
patients and their at-risk relatives should undergo annual
ophthalmic examinations starting in childhood, including
visual acuity examination, fundus examination, fundus
photography, FA, etc. by experienced ophthalmologist (5, 6).
For patients with VHL-associated RH who have received
previous treatment, especially vitreoretinal surgery, our
experience is to conduct ophthalmic follow-up at 2 weeks, 1
month, 2 months, 3 months, 6 months, and 1 year after surgery
to evaluate treatment outcomes and disease changes. Follow-up
should include visual field examination, intraocular pressure
measurement, and anterior segment examination in addition to
the above annual screening items to assess postoperative
complications. Although VHL-associated RH can have a great
impact on patients’ vision, CNSH and RCC, as the primary lethal
factors of VHL, are the biggest threats to patients’ health (6).
Therefore, ophthalmologists should not only pay attention to the
diagnosis and treatment of ocular complications of VHL, but
also to patients’ general condition and other organ involvement.
The death of the patient’s son in our case taught us a painful
lesson about the critical importance of screening for VHL
complications outside the eye. For screening and follow-up of
other organ lesions, please refer to other literature (5, 6).

Conclusion

VHL is a rare tumor syndrome with multiple organ
involvement and complex genotype-phenotype association.
The pathogenesis involves inactivation of VHL tumor
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suppressor genes in accordance with two-hit hypothesis. The
clinical manifestations include RH, CNSH, RCC, PCC and
pancreatic neoplasms, among which RH is the most
prominent. Ophthalmologic examination such as fundus
examination and fundus angiography together with genetic
testing are of great importance in the diagnosis of VHL-
associated RH. Ophthalmic treatment includes ablation
therapy(laser photocoagulation, cryotherapy, etc.) and
vitreoretinal surgery. The choice of treatment should be based
on the size, location and complications of the lesions. Regular
follow-up is important for early detection and control of VHL-
associated RH. Here we report a case of binocular RH caused by
VHL, in which one of the more severe eyes with retinal
detachment was treated surgically and the other eye was
treated with laser photocoagulation, and the binocular vision
recovered well after surgery. It is hoped to provide a new
perspective for the clinical management of VHL-associated RH.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories
and accession number(s) can be found in the article/
Supplementary Material.

Ethics statement

The studies involving human participants were reviewed and
approved by the Medical Ethics Committee of the First Affiliated
Hospital of Hainan Medical University. The patients/
participants provided their written informed consent to
participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions
XH perform the surgery. YH, WH and XH collected the

data, prepared the material. YH and WH prepared the
manuscript. All authors commented on previous versions of

Frontiers in Oncology

129

10.3389/fonc.2022.963469

the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by grants from the National
Natural Science Foundation of China (No.: 81860172, XH and
No.: 82160199, XH) and Hainan Provincial Natural Science
Foundation of China (No.: 821RC1126, XH).

Acknowledgments

Approval of the Institutional Review Board (IRB). The study
was approved by First Affiliated Hospital of Hainan
Medical University.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.963469/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.963469/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.963469/full#supplementary-material
https://doi.org/10.3389/fonc.2022.963469
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

References

1. Binderup MLM, Stendell A-S, Galanakis M, Moller HU, Kiilgaard JF,
Bisgaard ML. Retinal hemangioblastoma: prevalence, incidence and frequency of
underlying von hippel-lindau disease. Br ] Ophthalmol (2018) 102(7):942-7. doi:
10.1136/bjophthalmol-2017-310884

2. Sahin Atik S, Solmaz AE, Oztas Z, Egrilmez ED, Ugurlu $, Atik T, et al. Von
Hippel-lindau disease: The importance of retinal hemangioblastomas in diagnosis.
Turk J Ophthalmol (2017) 47(3):180-3. doi: 10.4274/tj0.90912

3. Wiley HE, Krivosic V, Gaudric A, Gorin MB, Shields C, Shields J, et al.
Management of retinal hemangioblastoma in Von hippel-lindau disease. Retina.
(2019) 39(12):2254-63. doi: 10.1097/TAE.0000000000002572

4. Dollfus H, Massin P, Taupin P, Nemeth C, Amara S, Giraud S, et al. Retinal
hemangioblastoma in von hippel-lindau disease: a clinical and molecular study.
Invest Ophthalmol Vis Sci (2002) 43(9):3067-74.

5. Aronow ME, Wiley HE, Gaudric A, Krivosic V, Gorin MB, Shields CL, et al.
VON HIPPEL-LINDAU DISEASE: Update on pathogenesis and systemic aspects.
Retina. (2019) 39(12):2243-53. doi: 10.1097/IAE.0000000000002555

6. Maher ER, Neumann HP, Richard S. Von hippel-lindau disease: a clinical and
scientific review. Eur ] Hum Genet (2011) 19(6):617-23. doi: 10.1038/ejhg.2010.175

7. Reich M, Jaegle S, Neumann-Haefelin E, Klingler J-H, Evers C, Daniel M,
et al. Genotype-phenotype correlation in von hippel-lindau disease. Acta
Ophthalmol (2021) 99(8):¢1492-e500. doi: 10.1111/a0s.14843

8. Maher ER, Yates JR, Harries R, Benjamin C, Harris R, Moore AT, et al.
Clinical features and natural history of von hippel-lindau disease. Q J Med (1990)
77(283):1151-63. doi: 10.1093/qjmed/77.2.1151

9. Singh AD, Rundle PA, Rennie L. Retinal vascular tumors. Ophthalmol Clin
North Am (2005) 18(1):167-76. doi: 10.1016/j.0hc.2004.07.005

10. Glisker S, Vergauwen E, Koch CA, Kutikov A, Vortmeyer AO. Von Hippel-
lindau disease: Current challenges and future prospects. Onco Targets Ther (2020)
13:5669-90. doi: 10.2147/OTT.S190753

11. Cai Q, Robertson ES. Ubiquitin/SUMO modification regulates VHL protein
stability and nucleocytoplasmic localization. PloS One (2010) 5(9):¢12636. doi:
10.1371/journal.pone.0012636

12. Mettu P, Agron E, Samtani S, Chew EY, Wong WT. Genotype-phenotype
correlation in ocular von hippel-lindau (VHL) disease: the effect of missense
mutation position on ocular VHL phenotype. Invest Ophthalmol Vis Sci (2010) 51
(9):4464-70. doi: 10.1167/iovs.10-5223

13. Wittstrom E, Nordling M, Andréasson S. Genotype-phenotype correlations,
and retinal function and structure in von hippel-lindau disease. Ophthal Genet
(2014) 35(2):91-106. doi: 10.3109/13816810.2014.886265

14. Yang B, Li Z, Wang Y, Zhang C, Zhang Z, Zhang X. Central nervous system
hemangioblastoma in a pediatric patient associated with Von hippel-lindau disease:
A case report and literature review. Front Oncol (2021) 11:683021. doi: 10.3389/
fonc.2021.683021

15. Schmid S, Gillessen S, Binet I, Brandle M, Engeler D, Greiner J, et al.
Management of von hippel-lindau disease: an interdisciplinary review. Oncol Res
Treat (2014) 37(12):761-71. doi: 10.1159/000369362

16. Hes FJ, van der Luijt RB, Janssen ALW, Zewald RA, de Jong GJ, Lenders JW,
et al. Frequency of Von hippel-lindau germline mutations in classic and non-classic
Von hippel-lindau disease identified by DNA sequencing, southern blot analysis
and multiplex ligation-dependent probe amplification. Clin Genet (2007) 72
(2):122-9. doi: 10.1111/j.1399-0004.2007.00827.x

17. van Overdam KA, Missotten T, Kilic E, Spielberg LH. Early surgical treatment of
retinal hemangioblastomas. Acta Ophthalmol (2017) 95(1):97-102. doi: 10.1111/a0s.13223

18. Al-Essa RS, Helmi HA, Alkatan HM, Maktabi AMY. Juxtapapillary retinal
capillary hemangioma: A clinical and histopathological case report. Int J Surg Case
Rep (2021) 79:227-30. doi: 10.1016/j.ijscr.2021.01.014

19. McCabe CM, Flynn HWJr.,, Shields CL, Shields JA, Regillo CD, McDonald HR,
et al. Juxtapapillary capillary hemangiomas. clinical features and visual acuity outcomes.
Ophthalmology. (2000) 107(12):2240-8. doi: 10.1016/S0161-6420(00)00422-X

20. Shields CL, Manalac J, Das C, Saktanasate J, Shields JA. Review of spectral
domain-enhanced depth imaging optical coherence tomography of tumors of the
retina and retinal pigment epithelium in children and adults. Indian ] Ophthalmol
(2015) 63(2):128-32. doi: 10.4103/0301-4738.154384

21. Mukhopadhyay B, Sahdev A, Monson JP, Besser GM, Reznek RH, Chew SL.
Pancreatic lesions in von hippel-lindau disease. Clin Endocrinol (2002) 57(5):603-
8. doi: 10.1046/j.1365-2265.2002.01637.x

22. Ku YH, Ahn CH, Jung C-H, Lee JE, Kim L-K, Kwak SH, et al. A novel
mutation in the von hippel-lindau tumor suppressor gene identified in a patient

presenting with gestational diabetes mellitus. Endocrinol Metab (Seoul) (2013) 28
(4):320-5. doi: 10.3803/EnM.2013.28.4.320

Frontiers in Oncology

130

10.3389/fonc.2022.963469

23. Hammel PR, Vilgrain V, Terris B, Penfornis A, Sauvanet A, Correas JM,
et al. Pancreatic involvement in von hippel-lindau disease. the groupe francophone
d'Etude de la maladie de von hippel-lindau. Gastroenterology. (2000) 119(4):1087—
95. doi: 10.1053/gast.2000.18143

24. Cantley J, Selman C, Shukla D, Abramov AY, Forstreuter F, Esteban MA,
et al. Deletion of the von hippel-lindau gene in pancreatic beta cells impairs glucose
homeostasis in mice. J Clin Invest (2009) 119(1):125-35. doi: 10.1172/JCI26934

25. Puri S, Akiyama H, Hebrok M. VHL-mediated disruption of Sox9 activity
compromises B-cell identity and results in diabetes mellitus. Genes Dev (2013) 27
(23):2563-75. doi: 10.1101/gad.227785.113

26. Wong WT, Agron E, Coleman HR, Reed GF, Csaky K, Peterson J, et al.
Genotype-phenotype correlation in von hippel-lindau disease with retinal
angiomatosis. Arch Ophthalmol (2007) 125(2):239-45. doi: 10.1001/
archopht.125.2.239

27. Wong M, Chu Y-H, Tan HL, Bessho H, Ngeow J, Tang T, et al. Clinical and
molecular characteristics of East Asian patients with von hippel-lindau syndrome.
Chin J Cancer (2016) 35(1):79. doi: 10.1186/s40880-016-0141-z

28. Binderup MLM, Galanakis M, Budtz-Jorgensen E, Kosteljanetz M, Luise
Bisgaard M. Prevalence, birth incidence, and penetrance of von hippel-lindau disease
(VHL) in Denmark. Eur ] Hum Genet (2017) 25(3):301-7. doi: 10.1038/ejhg.2016.173

29. Clinical Research Group for VHL in Japan. Germline mutations in the von
hippel-lindau disease (VHL) gene in Japanese VHL. clinical research group for
VHL in Japan. Hum Mol Genet (1995) 4(12):2233-7. doi: 10.1093/hmg/4.12.2233

30. Chen F, Kishida T, Yao M, Hustad T, Glavac D, Dean M, et al. Germline
mutations in the von hippel-lindau disease tumor suppressor gene: correlations
with phenotype. Hum Mutat (1995) 5(1):66-75. doi: 10.1002/humu.1380050109

31. Cybulski C, Krzystolik K, Murgia A, Gorski B, Debniak T, Jakubowska A,
et al. Germline mutations in the von hippel-lindau (VHL) gene in patients from
Poland: disease presentation in patients with deletions of the entire VHL gene. J
Med Genet (2002) 39(7):E38. doi: 10.1136/jmg.39.7.e38

32. Glavac D, Neumann HP, Wittke C, Jaenig H, Masek O, Streicher T, et al.
Mutations in the VHL tumor suppressor gene and associated lesions in families
with von hippel-lindau disease from central Europe. Hum Genet (1996) 98(3):271-
80. doi: 10.1007/s004390050206

33. Lin G, Zhao Y, Zhang Z, Zhang H. Clinical diagnosis, treatment and
screening of the VHL gene in three von hippel-lindau disease pedigrees. Exp
Ther Med (2020) 20(2):1237-44. doi: 10.3892/etm.2020.8829

34. Hajjaj A, van Overdam KA, Gishti O, Ramdas WD, Kili¢ E. Efficacy and
safety of current treatment options for peripheral retinal haemangioblastomas: a
systematic review. Acta Ophthalmol (2022) 100(1):e38-46. doi: 10.1111/a0s.14865

35. Krivosic V, Kamami-Levy C, Jacob J, Richard S, Tadayoni R, Gaudric A.
Laser photocoagulation for peripheral retinal capillary hemangioblastoma in von
hippel-lindau disease. Ophthalmol Retina (2017) 1(1):59-67. doi: 10.1016/
j.oret.2016.08.004

36. Schmidt D, Natt E, Neumann HP. Long-term results of laser treatment for
retinal angiomatosis in von hippel-lindau disease. Eur ] Med Res (2000) 5(2):47-58.

37. DiNicola M, Williams BK, Hua J, Bekerman VP, Mashayekhi A, Shields JA,
et al. Photodynamic therapy for retinal hemangioblastoma: Treatment outcomes of
17 consecutive patients. Ophthalmol Retina (2022) 6(1):80-8. doi: 10.1016/
j.oret.2021.04.007

38. Hussain RN, Jmor F, Damato B, Heimann H. Verteporfin photodynamic
therapy for the treatment of sporadic retinal capillary haemangioblastoma.
Photodiagnosis Photodyn Ther (2015) 12(4):555-60. doi: 10.1016/
j.pdpdt.2015.10.008

39. Dalbah S, Bechrakis NE, Thomasen H, Fliths D, Rating P, Guberina M, et al.
Brachytherapy for peripheral retinal capillary haemangioblastoma in von hippel-lindau
disease. Klin Monbl Augenheilkd (2021) 238(7):781-7. doi: 10.1055/a-1391-9110

40. Hussain RN, Hassan S, Ho V, Kacperek A, Errington D, Heimann H. Proton
beam radiotherapy (PBR) for the treatment of retinal capillary haemangioblastoma
stabilises tumour progression but with poor visual outcomes. Eye (Lond) (2019) 33
(7):1188-90. doi: 10.1038/s41433-019-0377-3

41. Kim H, Yi JH, Kwon HJ, Lee CS, Lee SC. Therapeutic outcomes of retinal
hemangioblastomas. Retina. (2014) 34(12):2479-86. doi: 10.1097/IAE.0000000000000254

42. Slim E, Antoun J, Kourie HR, Schakkal A, Cherfan G. Intravitreal
bevacizumab for retinal capillary hemangioblastoma: A case series and literature
review. Can ] Ophthalmol (2014) 49(5):450-7. doi: 10.1016/j.jcjo.2014.07.007

43. Gaudric A, Krivosic V, Duguid G, Massin P, Giraud S, Richard S. Vitreoretinal
surgery for severe retinal capillary hemangiomas in von hippel-lindau disease.
Ophthalmology. (2011) 118(1):142-9. doi: 10.1016/j.0phtha.2010.04.031

44. Krzystolik K, Stopa M, Kuprjanowicz L, Drobek-Slowik M, Cybulski C,
Jakubowska A, et al. PARS PLANA VITRECTOMY IN ADVANCED CASES OF

frontiersin.org


https://doi.org/10.1136/bjophthalmol-2017-310884
https://doi.org/10.4274/tjo.90912
https://doi.org/10.1097/IAE.0000000000002572
https://doi.org/10.1097/IAE.0000000000002555
https://doi.org/10.1038/ejhg.2010.175
https://doi.org/10.1111/aos.14843
https://doi.org/10.1093/qjmed/77.2.1151
https://doi.org/10.1016/j.ohc.2004.07.005
https://doi.org/10.2147/OTT.S190753
https://doi.org/10.1371/journal.pone.0012636
https://doi.org/10.1167/iovs.10-5223
https://doi.org/10.3109/13816810.2014.886265
https://doi.org/10.3389/fonc.2021.683021
https://doi.org/10.3389/fonc.2021.683021
https://doi.org/10.1159/000369362
https://doi.org/10.1111/j.1399-0004.2007.00827.x
https://doi.org/10.1111/aos.13223
https://doi.org/10.1016/j.ijscr.2021.01.014
https://doi.org/10.1016/S0161-6420(00)00422-X
https://doi.org/10.4103/0301-4738.154384
https://doi.org/10.1046/j.1365-2265.2002.01637.x
https://doi.org/10.3803/EnM.2013.28.4.320
https://doi.org/10.1053/gast.2000.18143
https://doi.org/10.1172/JCI26934
https://doi.org/10.1101/gad.227785.113
https://doi.org/10.1001/archopht.125.2.239
https://doi.org/10.1001/archopht.125.2.239
https://doi.org/10.1186/s40880-016-0141-z
https://doi.org/10.1038/ejhg.2016.173
https://doi.org/10.1093/hmg/4.12.2233
https://doi.org/10.1002/humu.1380050109
https://doi.org/10.1136/jmg.39.7.e38
https://doi.org/10.1007/s004390050206
https://doi.org/10.3892/etm.2020.8829
https://doi.org/10.1111/aos.14865
https://doi.org/10.1016/j.oret.2016.08.004
https://doi.org/10.1016/j.oret.2016.08.004
https://doi.org/10.1016/j.oret.2021.04.007
https://doi.org/10.1016/j.oret.2021.04.007
https://doi.org/10.1016/j.pdpdt.2015.10.008
https://doi.org/10.1016/j.pdpdt.2015.10.008
https://doi.org/10.1055/a-1391-9110
https://doi.org/10.1038/s41433-019-0377-3
https://doi.org/10.1097/IAE.0000000000000254
https://doi.org/10.1016/j.jcjo.2014.07.007
https://doi.org/10.1016/j.ophtha.2010.04.031
https://doi.org/10.3389/fonc.2022.963469
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

VON HIPPEL-LINDAU EYE DISEASE. Retina. (2016) 36(2):325-34. doi: 10.1097/
TAE.0000000000000707

45. Sturzeneker G, Maia A, Morales M, N Belfort R. Vitreoretinal surgery and
panretinal photocoagulation in a patient with multiple Large retinal capillary
hemangiomas (von hippel-lindau disease): A novel approach. Case Rep Ophthalmol
(2019) 10(3):327-33. doi: 10.1159/000502970

46. Suzuki H, Kakurai K, Morishita S, Kimura D, Fukumoto M, Sato T, et al.
Vitrectomy for tractional retinal detachment with twin retinal capillary

Frontiers in Oncology

131

10.3389/fonc.2022.963469

hemangiomas in a patient with Von hippel-lindau disease: A case report. Case
Rep Ophthalmol (2016) 7(2):333-40. doi: 10.1159/000446638

47. Yeh S, Wilson DJ. Pars plana vitrectomy and endoresection of a retinal
vasoproliferative tumor. Arch Ophthalmol (2010) 128(9):1196-9. doi: 10.1001/
archophthalmol.2010.194

48. Garcia-Arumi J, Sararols LH, Cavero L, Escalada F, Corcostegui BF.
Therapeutic options for capillary papillary hemangiomas. Ophthalmology. (2000)
107(1):48-54. doi: 10.1016/s0161-6420(99)00018-4

frontiersin.org


https://doi.org/10.1097/IAE.0000000000000707
https://doi.org/10.1097/IAE.0000000000000707
https://doi.org/10.1159/000502970
https://doi.org/10.1159/000446638
https://doi.org/10.1001/archophthalmol.2010.194
https://doi.org/10.1001/archophthalmol.2010.194
https://doi.org/10.1016/s0161-6420(99)00018-4
https://doi.org/10.3389/fonc.2022.963469
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

3 frontiers ‘ Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Boris Gala-Lopez,
Dalhousie University, Canada

REVIEWED BY
Debanjali Dasgupta,

Mayo Clinic, United States

Yan Zhou,

Tianjin Third Central Hospital, China
Takashi Karako,

National Center For Global Health and
Medicine, Japan

*CORRESPONDENCE
Zhixin Wang
zhixin_wang00l@sina.com
Haining Fan
fanhaining@medmail.com.cn

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Surgical Oncology,

a section of the journal
Frontiers in Oncology

RECEIVED 04 June 2022
ACCEPTED 25 October 2022
PUBLISHED 16 November 2022

CITATION

Zhou L, Ren L, Yu W, Qi M, Yuan J,
Wang W, Su X, Yin F, Deng M, Wang H,
Long H, Zeng J, Yu J, Fan H and
Wang Z (2022) Construction and
validation of a prediction model of
extrahepatic metastasis for
hepatocellular carcinoma based on
common clinically available data.
Front. Oncol. 12:961194.

doi: 10.3389/fonc.2022.961194

COPYRIGHT

© 2022 Zhou, Ren, Yu, Qi, Yuan, Wang,
Su, Yin, Deng, Wang, Long, Zeng, Yu,
Fan, and Wang. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original author
(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Oncology

TYPE Original Research
PUBLISHED 16 November 2022
poI110.3389/fonc.2022.961194

Construction and validation of a
prediction model of extrahepatic
metastasis for hepatocellular
carcinoma based on common
clinically available data

Liuxin Zhou™?, Li Ren", Wenhao Yu*, Mengjian Qi*,

Jiagi Yuan', Wen Wang?, Xiaoxia Su®, Fengjiao Yin®,

Manjun Deng*, Haijiu Wang*, Hongmu Long?,

Jiangchao Zeng?, Jiajian Yu?, Haining Fan™ and Zhixin Wang™

‘Department of Hepatopancreatobiliary Surgery, The Affiliated Hospital of Qinghai University,
Xining, Qinghai, China, 2Department of Hepatopancreatobiliary Surgery, The Chongging University
Fuling Hospital, Fuling, Chongging, China

Objective: This study aimed to investigate the clinical characteristics and risk
factors of patients with hepatocellular carcinoma (HCC) with extrahepatic
metastases (EHM) and to establish an effective predictive nomogram.

Methods: Clinical and pathological data from 607 patients with hepatocellular
carcinoma admitted to the Affiliated Hospital of Qinghai University between 1
January 2015 and 31 May 2018 were documented, as well as demographics,
clinical pathological characteristics, and tumor-related parameters to clarify
clinical risk factors for HCC EHM. These risks were selected to build an R-based
clinical prediction model. The predictive accuracy and discriminating ability of
the model were determined by the concordance index (C-index) and the
calibration curve. The results were validated with a bootstrap resample and 151
patients from 1 June 2018 to 31 December 2019 at the same facility.

Results: In multivariate analysis, independent factors for EHM were neutrophils,
prothrombin time, tumor number, and size, all of which were selected in the
model. The C-index in the EHM prediction model was 0.672 and in the
validation cohort was 0.694. In the training cohort and the validation cohort,
the calibration curve for the probability of EHM showed good agreement
between the nomogram prediction and the actual observation.

Conclusion: The extrahepatic metastasis prediction model of hepatocellular
carcinoma constructed in this study has some evaluation capability.

KEYWORDS

primary hepatic carcinoma, extrahepatic metastases, risk factors, clinical features, the
prediction model
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Introduction

Hepatocellular carcinoma (HCC) is the leading malignant
tumor from the liver, which is the seventh most common, and
has the second highest death rate (in all 36 tumors) (1). It has
already been reported in the article that the risk factor for poor
prognosis is the lack of diagnosis of extrahepatic metastasis
(EHM) (2). Therefore, an accurate evaluation of HCC metastases
is critical for improved prognosis.

HCC is a kind of cancer that develops as a result of a
secondary liver illness [such as viral hepatitis (HBV or HCV),
alcoholic or fatty liver disease]. Liver function indices are
intimately linked to the occurrence and development of HCC
(3, 4). Besides, studies have reported that primary tumor
progression characteristics (such as vascular invasion, tumor
size and number, etc.) are independent risk factors for EHM (5,
6). The above parameters can be risk factors for metastatic HCC
and will be included in this study as observational information.
Since patients with HCC usually receive antitumor treatment
during the clinical course, it may give a confounding effect on the
analysis of metastatic factors. As a result, we evaluated the
clinical features and risk factors of patients with HCC and
EHM who did not receive anti-tumor therapy, and we created
an effective EHM diagnostic nomogram.

Patients and methods
Patients and study design

A retrospective study was conducted on patients who were
diagnosed with HCC from 1 January 2015 to 31 December 2019
at the Affiliated Hospital of Qinghai University (Xining, China).
Inclusion criteria were as follows: 1) according to the Guidelines
for diagnosis and treatment of primary liver cancer, the patient
was diagnosed with HCC (2021 Edition) (7) and 2) with a
complete medical record. Exclusion criteria were as follows:
1) no prior history of anticancer treatment; 2) no priors for
other cancers; and 3) without other confirmed or suspected
cancers. The training cohort consisted of patients between 1
January 2015, and 31 May 2018, and the validation cohort
consisted of patients between 1 June 2018 and 31 December
2019. Depending on whether EHM was present at the time of
the first diagnosis, the training cohort was further split into
extrahepatic metastatic (observation group) and non-
extrahepatic metastatic (control group) groups. Age and sex-
related demographic data as well as clinicopathological
characteristics such as body mass index, smoking and drinking
history, blood tests, assessments of HBV and HCV infections,
results of liver function tests, and tumor-related parameters were
prospectively gathered.
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Diagnosis and definitions

The appearance of a newly detected tumor confirmed on two
radiologic images, with or without an elevation of serum tumor
markers, was defined as metastasis. A patient with a smoking
history was defined as having smoked continuously or
cumulatively for 6 months or more in the past. Drinking more
than three standard glasses of alcohol per day or more than
seven standard glasses of alcohol per week for 1 month or more,
either continuously or cumulatively, is considered a
drinking history.

Follow-up

During the 2 years following diagnosis, all patients were seen
once every 3 months. An abdominal ultrasound, blood test, and
liver function test were performed at each of the follow-up visits.
When a tumor recurrence or metastasis was suspected, a
contrast-enhanced CT or MRI was performed, and the results
were reviewed individually by two experienced doctors.

Statistical analyses

Statistical analyses to identify risk factors were performed
using IBM SPSS Statistics 23.0 for Windows (SPSS Inc., Chicago,
IL, USA). Continuous variables were compared using the Mann-
Whitney U test for variables with an abnormal distribution.
Categorical variables were compared using the chi-squared or
Fisher exact test. In the univariate analyses, p < 0.05 was
considered statistically significant. Multivariate logistic
regression analysis was used to evaluate the independent risk
factors of extrahepatic metastases. In the multivariate analyses, p
< 0.05 was considered statistically significant.

A nomogram was formulated based on the results of
multivariate logistic regression analysis and by using the ‘rms’
package in R version 4.12 (http://www.r-project.org/). A final
model selection was performed by a forward conditional
selection process. The predictive performance of the
nomogram was measured by concordance index (C-index) and
the calibration curve. Bootstraps with 1000 resample were used
for these activities (Figure 1).

Results
Presentation of patients
In this study, during the defined study period (January

1st,2015 to December 31st,2019), 1673 cases were identified as
HCC in the Affiliated Hospital of Qinghai University. 1066 cases
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Hepatocellular carcinoma patients
(Jan. 152015 to Dec. 3112019, n=1673)
Metastatic sites:
3 , L Lymph node : 122 cases
Exclusion criteria: Lung: 114 cases
+No history of previous anticancer therapy; Bone: 12 cases
*No history of other malignancies; Diaphragm : 7 cases
* Not accompanied by other confirmed/suspected malignancy. Peritoneal/pelvic : 4 cases
Splenic : 3 cases
. Pancreatic : 2 cases
Total patients to be enrolled Adrenal : 2
renal : 2 cases
(n=607) Gastric : 1 case
Training cohort Validation cohort
(Jan. 152015 - May 31° 2018, n=456) (Jun. 12018 - Dec. 3152019, n=151)
EHM group Non-EHM group
(1=320) (0=136)
Univariate & multivariate analysis
and R version
Internal validation H Nomogram set up } External validation
FIGURE 1

After the screening of medical records for the study, 607 cases were identified for final enrolment based on exclusion criteria. The training
cohort was used to identify factors that were able to predict EHM, thereby establishing a nomogram for this study. This nomogram was then
validated regarding its accuracy in the evaluation of EHM risk by using both the training cohort and validation cohort.

were excluded according to the exclusion criteria, and 607 cases
were finally enrolled, including 456 patients in the training
cohort from 1 January 2015 to 31 May 2018, and 151 patients
in the validation cohort from 1 June 2018 to 31 December 2019
(Figure 1). Among all the 170 EMH patients enrolled at the time
of diagnosis, 122 patients (71.8%) had lymph node metastasis,
114 patients (67.1%) had lung metastasis, 12 patients (7.1%) had
bone metastasis, 7 patients (4.1%) had diaphragm metastasis, 4
patients (2.9%) had peritoneal or pelvic metastasis, 3 patients
(2.2%) had splenic metastasis, and pancreatic metastases in 2
cases (1.5%), adrenal metastases in 2 cases (1.5%) and gastric
metastases in 1 case (0.8%).

Baseline of characteristics and
multivariate analysis

The training cohort was concentrated on 136 cases in the
EHM group, of which 112 (81.4%) were male and 24 (17.6%)
were female, aged 53.42 (48.15, 62.69) years; 320 cases in the
control group, of which 255 (79.7%) were male and 65 (20.3%)
were female, aged 53.83 (46.82, 63.32) years. Table 1 shows
further characteristics of training and validation patients.
According to univariate analysis and multivariate analyses,
neutrophils, prothrombin time, tumor count, and size have
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been shown to be independent risk factors for EHM in initial
patients (Table 2 and Figure 2).

Construction and validation of the initial
patients EHM nomogram

Based on the results of the multivariate logistic regression
analysis in the training cohort, neutrophil, prothrombin time,
tumor number, and tumor size were used as variables to construct
the nomogram (Figure 3). When the ROC curve was plotted using
the training cohort, the area under the ROC curve was calculated as
0.672 (Figure 4A). In the validation cohort, the nomogram displayed
a C index of 0.694 (Figure 5A). This result indicates that there is
some discrimination in the mode and can be relied on to accurately
predict the extrahepatic metastases of hepatocellular carcinoma.
Model consistency was assessed by drawing calibration curves
using data from the Training and Validation cohorts (Figures 4B,
5B). The diagonal line represents the precise match between the
expected and real circumstances, the dashed line represents the
model’s theoretical forecast, and the solid line represents the actual
prediction obtained by repeated sampling. The two curves are less
discontinuous from the diagonal line, suggesting that the model-
anticipated results are more consistent with what actually occurred
and the model-predicted results are more credible.
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TABLE 1 Baseline clinical characteristics of inital patients.

Variable

Age, years
Sex
Male
Female
History of diabetes
History of Cirrhosis
History of Smoke
History of Drink
BMI
Child-Pugh
A
B
C
WBC, x10°/L
NE, %
HB, g/L
PLT, x10°
ALT, U/L
AST, U/L
TP, g/L
ALB, g/L
GLO, g/L
TBIL, umol/L
DBIL, wmol/L
ALP, U/L
Cr, umol/L
CHE, U/L
INR
TT, s
DD, mg/L
APTT, s
FIB, g/L
PT, s
AFP, ng/ml
CEA 25 ng/ml
CA19-9 235 U/ml
HBsAg, positive
Anti-HCV, positive
Tumor number
Tumor sizes, cm
Vascular invasion
Tumor Location
Left lobe
Right lobe
Bilateral lobe

Training cohort (n = 456)

53.69 (47.03, 63.14)

367 (80.5%)

89 (19.5%)

66 (14.5%)

313 (68.6%)

135 (29.6%)

100 (21.9%)
22.66 (20.57, 24.91)

245 (53.7%)
186 (40.8%)
25 (5.5%)

5.10 (3.80, 6.91)
65.04 (57.20, 74.50)
143.00 (124.00, 159.00)
125.00 (79.00, 182.00)
67.50 (38.00, 153.50)
81.00 (48.00, 185.00)
63.40 (58.00, 68.00)
33.25 (29.63, 37.00)
29.50 (25.90, 33.50)
27.75 (17.10, 46.15)
11.87 (7, 20.48)
144.00 (98.00, 246.85)
58.00 (50.00, 66.13)
3382.50 (2323.25, 4970.50)
1.14 (1.03, 1.29)
19.50 (17.80, 21.00)
3.60 (1.70, 7.00)
36.10 (32.10, 44.10)
326 (2.33, 4.26)
13.70 (12.30, 15.48)
337.46 (13.24, 2000.00)
47 (10.30%)

55 (12.10%)

326 (71.5%)

15 (3.3%)

4 (4, >4)

7.60 (4.46, 11.14)
185 (40.6%)

42 (9.2%)
202 (44.3%)
212 (46.5%)

10.3389/fonc.2022.961194

Validation cohort (n = 151)

54.21 (48.04, 62.62)

126 (83.4%)

25 (16.6%)

39 (25.8%)

118 (78.1%)

57 (37.7%)

44 (29.1%)
2351 (21.24, 25.80)

91 (60.2%)

54 (35.8%)
6 (4.0%)

4.89 (3.82, 6.42)
67.25 (59.63, 73.25)
146.00 (128.00, 165.25)
133.00 (78.50, 183.00)
64.50 (44.00, 175.00)
102.50 (50.75, 204.50)
65.95 (60.58, 73.00)
35.20 (31.48, 39.75)
29.80 (26.88, 34.45)
25.10 (16.00, 43.35)
11.45 (7.28, 19.88)
145.00 (96.75, 265.50)
59.00 (49.75, 67.25)
4308.00 (3023.50, 5981.75)
1.10 (0.99, 1.21)
19.20 (17.88, 20.80)
3.60 (1.50, 8.55)
35.00 (30.05, 39.63)
2.67 (2.05, 4.16)
13.15 (11.90, 14.53)
200.09 (20.68, 2000.00)
23 (15.2%)

12 (7.9%)

116 (76.8%)
1(0.7%)
4(4,4)

6.58 (4.30, 11.78)
45 (29.8%)

12 (8.0%)
69 (45.7%)
70 (46.3%)

BMI, Body Mass Index; WBC, White Blood Cell Count; NE, Neutrophil; HB, Hemoglobin; PLT, Platelet Count; ALT, Alanine Amiotransferase; AST, Aspartate Aminotransferase; TP, Total
Protein; ALB, Albumin; GLO, Globulin; TBIL, Total Bilirubin; DBIL, Direct Bilirubin; ALP, Alkaline Phosphatase; Cr, Creatinine; CHE, Cholinesterase; INR, International Normalized
Ratio; TT, Thrombin Time; DD, D-Dimer; APTT, Activated Partial Thromboplastin Time; FIB, Fibrinogen; PT, Prothrombin Time; AFP, ci-Fetoprotein; CEA, Carcinoembryonic Antigen;

CA19-9, Carbohydrate Antigen 19-9; HBsAg, Hepatitis B Surface Antigen; Anti-HCV, Anti-Hepatitis C Virus Antibody.
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TABLE 2 Univariate analysis for predicting EHM in the training cohort.

Variable

Age, years
Sex
Male
Female
History of diabetes
History of cirrhosis
History of smoke
History of drink
BMI
Child-Pugh
A
B
C
WBC, x10°/L
NE, %
HB, g/L
PLT, x10°
ALT, U/L
AST, U/L
TP, g/L
ALB, g/L
GLO, g/L
TBIL, umol/L
DBIL, umol/L
ALP, U/L
Cr, umol/L
CHE, U/L
INR
TT, s
DD, mg/L
APTT, s
FIB, g/L
PT, s
AFP, ng/ml
CEA 25 ng/ml
CA19-9 235 U/ml
HBsAg, positive
Anti-HCV, positive
Tumor number
Tumor sizes, cm
Vascular invasion
Tumor location
Left lobe
Right lobe
Bilateral lobe

EHM group (n = 320)

53.83 (46.82, 63.32)

255 (79.7%)

65 (20.3%)

51 (15.9%)

219 (68.4%)

94 (29.4%)

70 (21.9%)
22.66 (20.57, 24.91)

179 (55.9%)
127 (39.7%)
14 (4.4%)

5.03 (3.74, 6.58)
63.70 (55.96, 73.45)
144.50 (126.00, 160.00)
125.00 (79.00, 177.75)
63.00 (35.00, 144.50)
76.50 (45.00, 170.00)
63.30 (58.00, 68.00)
33.45 (30.43, 37.00)
29.00 (25.60, 32.50)
25.35 (16.05, 44.00)
11.38 (6.60, 19.08)
133.00 (89.00, 217.75)
58.00 (51.00, 66.13)
3563.00 (2571.50, 5067.00)
1.13 (1.02, 1.26)
19.6 (17.70, 21.00)
3.30 (1.53, 6.78)
35.95 (31.60, 43.20)
3.21 (230, 4.21)
13.60 (12.20, 15.30)
246.34 (12.16, 2000.00)
30 (9.38%)

38 (11.88%)

231 (76.7%)

9 (3.5%)

4 (2, >4)

7.00 (4.00, 10.60)
115 (35.9%)

36 (11.3%)
145 (45.3%)
139 (43.4%)

Non-EHM group (n = 136)

53.42 (48.15, 62.69)

112 (82.4%)
24 (17.6%)
15 (11.0%)
94 (69.1%)
41 (30.1%)
30 (22.1%)
22.59 (20.67, 24.83)

66 (48.5%)
59 (43.4%)
11 (8.1%)

537 (4.12, 7.64)
69.50 (59.03, 76.50)
139 (120.25, 157.00)
124.5 (79.50, 188.50)
77.00 (43.00, 163.00)

104.50 (64.00, 242.00)

64.00 (57.70, 70.00)
32.00 (28.10, 36.78)
31.20 (26.33, 34.88)
31.60 (20.05, 52.70)
13.20 (8.33, 23.17)

170.00 (110.25, 297.00)

57.00 (50.00, 66.75)

2966.00 (2001.00, 4229.00)

1.18 (1.06, 1.34)
19.40 (18.00, 21.00)
3.80 (2.63, 7.70)
37.45 (32.65, 48.38)
333 (2.41, 4.36)
14.1 (12.72, 15.98)

370.29 (17.92, 2000.00)

17 (12.5%)
17 (12.5%)
95 (72.5%)
6 (5.3%)
4 (4, >4)
9.2 (5.91, 11.82)
70 (51.5%)

6 (4.4%)
57 (41.9%)
73 (53.7%)

10.3389/fonc.2022.961194

p-Value

0.959
0.511

0.173
0.886
0.869
0.965
0.742
0.158

0.053
0.001
0.044
0.711
0.031
0.002
0.427
0.039
0.005
0.007
0.038
0.000
0.603
0.001
0.002
0.658
0.019
0.066
0.351
0.004
0.507
0.637
0.770
0.348
0.417
0.001
0.000
0.002
0.027

BMI, Body Mass Index; WBC, White Blood Cell Count; NE, Neutrophil; HB, Hemoglobin; PLT, Platelet Count; ALT, Alanine Amiotransferase; AST, Aspartate Aminotransferase; TP, Total
Protein; ALB, Albumin; GLO, Globulin; TBIL, Total Bilirubin; DBIL, Direct Bilirubin; ALP, Alkaline Phosphatase; Cr, Creatinine; CHE, Cholinesterase; INR, International Normalized
Ratio; TT, Thrombin Time; DD, D-Dimer; APTT, Activated Partial Thromboplastin Time; FIB, Fibrinogen; PT, Prothrombin Time; AFP, ci-Fetoprotein; CEA, Carcinoembryonic Antigen;
CA19-9, Carbohydrate Antigen 19-9; HBsAg, Hepatitis B Surface Antigen; Anti-HCV, Anti-Hepatitis C Virus Antibody.

Frontiers in Oncology

136

frontiersin.org


https://doi.org/10.3389/fonc.2022.961194
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al. 10.3389/fonc.2022.961194
Variable Hazard Ratio for EHM HR(95%CI) P value
NE u 1.026(1.008-1.044) 0.005
PT L 1.099(1.025-1.178) 0.008
Tumor number - 1.260(1.059-1.499) 0.009
Tumor size L 1.088(1.035-1.145) 0.001
0 j 2
FIGURE 2

Multivariate analysis of the clinical characteristics for predicting EHM in the training cohort. NE, neutrophil; PT, prothrombin time.

Follow-up

The 415 patients were fully monitored for 23.694 person-
months (median, 15.118 months; range, 3.7 to 62.6 months), in
which 308 (74.2%) died. In all 415 patients enrolled, the overall
survival (OS) of patients with EHM was significantly worse than
non-EHM patients (Figure 6, 6.7 months vs. 23.1 months,
p = 0.00).

A total of 372 patients were enrolled in this study without
metastasis at the time of initial diagnosis and all were followed
up. A total of 372 patients were enrolled in this study without
metastasis at the time of initial diagnosis, all of whom underwent
follow-up. Based on the EHM occurring during the follow-up
period, the patients were divided into observational metastases
and non-methane groups. The characteristics of the patients
are listed in Table 3. According to univariate analysis
and multivariate analyses, neutrophils, Total Protein,
Carcinoembryonic Antigen and tumor sizes have been shown
to be independent risk factors for EHM in followed up patients
(Table 4) .

Discussion

The incidence of HCC has increased in many countries in
recent years. The primary risk factors for HCC worldwide
include chronic hepatitis B virus (HBV) or hepatitis C virus
(HCV) and the consumption of aflatoxin-contaminated food.
The prevalence of HCC caused by metabolic syndrome, obesity,
diabetes, excessive alcohol consumption, and non-alcoholic fatty
liver disease (NAFLD) is gradually increasing (8). Thus, as the
etiology of the disease has changed, the risk factors for EHM of
HCC may also be changed, and further research is required.

For patients with HCC with EHM, most previous studies
examined only the relationship between clinicopathological
characteristics and the prognosis of patients with HCC (5, 9-
11). However, the common shortcoming was that the patients
enrolled previously received anti-tumor treatment, and the lab
results were incidentally altered (to exhibit low white blood cell
counts, low platelet counts, poor liver or kidney function, and so
on) (9), which may bring inevitable interference to the analysis
of metastases. Therefore, this study investigated the clinical

0 10 20 30 40 50 60 70 80 90 100
Points L 1 1 1 1 1 1 1 1 1 ']
NE(%) r T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
PT(S) r T T T T T T T T T T T 1
0O 10 20 30 40 50 60 70 80 9 110
Tumor Number  r T T T 1
1 2 3 4 >4
Tumor Size(cm) r T T T T T T T T T T T 1
2 4 6 8 10 14 18 22
Total Points | L B B BRI I LI IR UL LA I I
0 20 40 60 80 100 140 180 220
Inital Patient Metastasis Probability T T T LA B R
0.05 0.1 02 03 040506 07

FIGURE 3

The nomogram predicting initial patient EHM probability. NE, neutrophil; PT, prothrombin time.
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(A): Receiver operating characteristic curves for EHM of the patients in the training cohort. The receiver operating characteristic curves at the
initial diagnosis are shown, and its area ROC curves are provided. (B): Calibration plots of EHM in the training cohorts. The calibration curves
derived from the training cohorts are almost a diagonal line that would represent perfectly reliable prediction.

characteristics and risk factors of patients with HCC with EHM
who did not receive anti-tumor treatment, and established an
effective diagnostic nomogram for EHM. In our study, 28%
(170) of all 607 HCC patients included had extrahepatic
metastases, consistent with previous study results (9, 12). In
the initially diagnosed patients, the metastatic sites included the
lymph node (122, 71.8%), lung (104, 61.2%), bone (12, 7.1%),
diaphragm (7, 4.1%), peritoneum (4, 2.3%), spleen (3, 1.8%),
pancreas (2, 1.2%), adrenal gland (2, 1.2%), and stomach (1,
0.6%). The lung may be the most common site of EHM from
HCC speciously, but in our study, the proportion of lymph node
metastases was the highest (122, 71.8%). Additionally, a similar
finding was obtained by another Chinese study (13). In that
research study, among the 132 patients with extrahepatic
metastases from hepatocellular carcinoma diagnosed by whole-
body PET/CT, 72 (54.5%) had metastases in the lymph node, 32
(24.2%) had metastases in the bones, and 28 (21.2%) had

10
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I

Sensitivity

0.4
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|
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00 02 04 08 08

1-Specificity

FIGURE 5

metastases in the lungs. This may due to the main symptom
of patients with simple lymph node metastases rarely present
with clinical symptoms, and only a small proportion of patients
are noted when the enlarged lymph nodes caused a compression
effect, for example, the jaundice caused by bile duct compression.
As a result, the rate of missed lymph node metastases was high
and easily ignored in a relatively earlier stage of metastasis.
According to the univariate and multivariate analysis of
EHM in our research (Table 2 and Figure 2), there may be a
potential relation between HCC patients with EHM and the
tumor number. This relationship was also mentioned in another
report which showed that the number of tumors >2 can be easier
found in patients with EHM (14). They therefore concluded that
the number of tumors could be associated with aggressive
biological features. Coincidentally, in our research, the tumor
counts are independent predictors for EHM (Figure 2). Similar
findings for HCC metastasis were noted previously, which

Naaau T

Actual metastasis
04 08 08

02

0.0

Perdicted metastasis

(A): Receiver operating characteristic curves for EHM of the patients in the validation cohort. The receiver operating characteristic curves at the
initial diagnosis are shown, and its area ROC curves are provided. (B): Calibration plots of EHM in the validation cohort. The calibration curves
derived from the validation cohort are almost a diagonal line that would represent perfectly reliable prediction.
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Kaplan-Meier survival curves of all enrolled patients

revealed that a multiple tumor number was a risk factor for
EHM in HCC (15, 16).

A close relationship between HCC size and EHM seems to
exist according to our results (Figure 2). One possible
explanation is that the lager lesion contains more tumor stem
cells, which are frequently identified as the source of malignant
phenotypes such as aggressive growth, portal vein thrombosis, or
metastasis. Another explanation is that the tumor biology
changes beyond a certain mass, just as tumors in general
cannot grow beyond a critical small size (9, 17, 18).

In this study, we also demonstrated that an elevated
neutrophil was a significant independent predictor for EHM of
HCC. Neutrophil is one of the most simple and effective markers
of inflammation and is associated with poor prognosis in various
cancers (11, 19, 20). Therefore, the immanent reason may be that
the high neutrophil count is a symbol of an adequate
environment for tumor progression, which has been shown
to promote tumor growth and metastasis by secreting
chemokines, vascular endothelial growth factor, and matrix
metalloproteinase-9, which are involved in the development of
local inflammation and angiogenesis (21-23).

Currently, angiopoietin-2 (Ang-2), microRNAs (miRNAs),
and IncRNA BACE1-AS are available as a test for the evaluation
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of EHM in HCC (24-27). However, the above parameters are
mainly laboratory-based and are not available in most hospitals.
Therefore, our results identified the risk factors for EHM of HCC
which are based on noninvasively clinically readily available data
and developed a nomogram with some predictive ability.
We constructed a predictive model of EHM of HCC by taking
the above independent risk factors as variables. It is used to
predict the initial probability of patient EHM, and validated
internally and externally, confirming its certain predictive
capacity for EHM. The calibration curves were drawn and
showed that the nomogram predictions overlapped well with
the actual clinical situation, with good agreement and credible
prediction results.

In previous studies (9, 12, 14, 28), most researchers focused
on the observation of the patient’s prognosis. Therefore, only a
preliminary analysis of the reference indicators associated with
EHM was performed. This study further explored the
independent risk factors for EHM and developed a nomogram
with some predictive ability, building on the previous work. It
has a role to play in reducing missed EHM and designing
optimal therapies for those patients. This study is a single-
center study only and the model could be further improved
with a larger sample size and multi-center data.
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TABLE 3 Baseline clinical characteristics of followed up patients.

Variable

Age, years
Sex
Male
Female
History of diabetes
History of cirrhosis
History of smoke
History of drink
BMI
Child-Pugh
A
B
C
WBC, x10°/L
NE, %
HB, g/L
PLT, x10°
ALT, U/L
AST, U/L
TP, g/L
ALB, g/L
GLO, g/L
TBIL, umol/L
DBIL, wmol/L
ALP, U/L
Cr, umol/L
CHE, U/L
INR
TT, s
DD, mg/L
APTT, s
FIB, g/L
PT, s
AFP, ng/ml
CA19-9 235 U/ml
CEA 25 ng/ml
HBsAg, positive
Anti-HCV, positive
Tumor number
Tumor sizes, cm
Vascular invasion
Tumor location
Left lobe
Right lobe
Bilateral lobe

EHM group (n = 282)

54.62 (47.26,63.37)

228 (80.85%)

54 (19.15%)

46 (16.31%)

202 (71.63%)

87 (30.85%)

65 (23.05%)
23.04 (20.83, 25.34)

158 (56.03%)
113 (40.07%)
11 (3.90%)

4.80 (3.62, 6.37)
62.87 (55.73, 72.10)
144.00 (125.75, 161.00)
124.50 (71.00, 178.75)
66.00 (37.00, 143.00)
78.50 (45.00, 180.25)
64.80 (59.48, 68.73)
33.75 (30.30, 38.20)
29.25 (26.18, 33.30)
26.50 (16.55, 45.33)
11.50 (7.13, 20.18)
128.85 (88.85, 224.13)
59.00 (51.00, 67.50)
3816.00 (2625.00, 5451.50)
1.11 (1.01, 1.25)
19.50 (17.90, 21.00)
3.10 (1.50, 6.80)
35.65 (30.90, 43.40)
2.94 (221, 4.02)
13.40 (12.10, 15.03)
112.21 (11.59, 2000.00)
29 (10.28%)

33 (11.70%)

211 (74.82%)

8 (2.84%)
4(2,4)

5.96 (3.68, 9.91)
100 (35.46%)

35 (12.41%)
133 (47.16%)
114 (40.43%)

10.3389/fonc.2022.961194

Non-EHM group (n = 90)

53.12 (47.93,62.67)

66 (73.33%)
24 (26.67%)
23 (25.56%)
62 (68.89%)
32 (35.56%)
24 (26.67%)
22.49 (20.24, 25.44)

65 (72.22%)
24 (26.67%)
1 (1.11%)

5.14 (3.84, 6.86)
63.55 (56.235, 72.55)
144.50 (126.25, 164.00)
132.00 (83.75, 193.50)
60.00 (37.75, 174.00)
63.50 (44.75, 151.75)
63.45 (58.68, 68.55)
34.40 (31.28, 38.53)
28.70 (24.98, 32.68)
19.50 (13.43, 31.10)
9.25 (5.48, 14.68)
135.45 (90.50, 229.40)

54.00 (48.00, 64.00)
3946.00 (3172.00, 5356.00)
1.07 (0.98, 1.21)
19.00 (17.40, 20.80)
3.60 (1.50, 6.05)
34.80 (30.90, 40.50)
3.62 (2.36, 4.80)
12.80 (11.80, 14.55)
440.33 (25.91, 2000.00)
13 (14.44%)
9 (10.00%)
62 (68.89%)
1 (1.11%)
4 (4, >4)
7.59 (4.55, 11.18)
24 (26.67%)

6 (6.67%)
36 (40.00%)
48 (53.33%)

BMI, Body Mass Index; WBC, White Blood Cell Count; NE, Neutrophil; HB, Hemoglobin; PLT, Platelet Count; ALT, Alanine Amiotransferase; AST, Aspartate Aminotransferase; TP, Total
Protein; ALB, Albumin; GLO, Globulin; TBIL, Total Bilirubin; DBIL, Direct Bilirubin; ALP, Alkaline Phosphatase; Cr, Creatinine; CHE, Cholinesterase; INR, International Normalized
Ratio; TT, Thrombin Time; DD, D-Dimer; APTT, Activated Partial Thromboplastin Time; FIB, Fibrinogen; PT, Prothrombin Time; AFP, ci-Fetoprotein; CEA, Carcinoembryonic Antigen;

CA19-9, Carbohydrate Antigen 19-9;HBsAg, Hepatitis B Surface Antigen; Anti-HCV, Anti-Hepatitis C Virus Antibody.
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TABLE 4 Univariate and multivariate analysis for predicting EHM in followed up patients.

Variable Univariate analysis Multivariate analysis
HR 95%CI p-Value HR 95%CI p-Value

Age, years 0.999 0.978-1.021 0.951
Sex

Male

Female 1.452 0.901-2.341 0.126
History of diabetes 0.893 0.549-1.452 0.647
History of cirrhosis 0.676 0.428-1.066 0.092
History of smoke 0.831 0.537-1.285 0.405
History of drink 0.756 0.473-1.211 0.245
BMI 0.978 0.915-1.046 0.517
Child-Pugh

A 0.256 0.034-1.913 0.184

B 0.300 0.039-2.289 0.245

C
WBC, x10°/L 1.063 0.970-1.164 0.192
NE, % 1.028 1.009-1.048 0.004 1.021 1.000-1.044 0.044
HB, g/L 1.000 0.994-1.006 0.930
PLT, x10° 1.002 0.999-1.005 0.187
ALT, U/L 1.000 1.000-1.001 0.245
AST, U/L 1.001 1.000-1.001 0.093
TP, g/L 0.975 0.950-1.001 0.057 0.970 0.942-0.998 0.039
ALB, g/L 0.975 0.932-1.020 0.267
GLO, g/L 0.975 0.944-1.007 0.123
TBIL, pmol/L 1.002 0.997-1.007 0.376
DBIL, pmol/L 1.003 0.997-1.009 0.331
ALP, U/L 1.001 1.000-1.003 0.117
CHE, U/L 1.000 1.000-1.000 0.765
INR 1.009 0.970-1.049 0.663
TT, s 0.997 0.936-1.063 0.932
DD, mg/L 1.012 0.993-1.031 0.224
APTT, s 1.014 0.984-1.044 0.368
FIB, g/L 1.102 0.952-1.277 0.194
PT, s 1.015 0.922-1.117 0.765
AFP, ng/ml 1.000 1.000-1.000 0.309
CA19-9 235 U/ml 1.000 0.999-1.001 0.917
CEA 25 ng/ml 6.240 2.832-13.747 0.000 1.281 1.100-1.491 0.001
HBsAg, positive 1.290 0.796-2.091 0.302
Anti-HCV, positive 0.273 0.037-2.016 0.203
Tumor number 1.049 0.892-1.235 0.562
Tumor sizes, cm 1.083 1.032-1.136 0.001 1.072 1.014-1.134 0.014
Vascular invasion 1.705 1.051-2.764 0.031

Tumor location
Left lobe 1.294 0.547-3.059 0.558
Right lobe 0.939 0.606-1.454 0.778

Bilateral lobe

BMI, Body Mass Index; WBC, White Blood Cell Count; NE, Neutrophil; HB, Hemoglobin; PLT, Platelet Count; ALT, Alanine Amiotransferase; AST, Aspartate Aminotransferase; TP, Total
Protein; ALB, Albumin; GLO, Globulin; TBIL, Total Bilirubin; DBIL, Direct Bilirubin; ALP, Alkaline Phosphatase; Cr, Creatinine; CHE, Cholinesterase; INR, International Normalized
Ratio; TT, Thrombin Time; DD, D-Dimer; APTT, Activated Partial Thromboplastin Time; FIB, Fibrinogen; PT, Prothrombin Time; AFP, o-Fetoprotein; CEA, Carcinoembryonic Antigen;
CA19-9, Carbohydrate Antigen 19-9;HBsAg, Hepatitis B Surface Antigen; Anti-HCV, Anti-Hepatitis C Virus Antibody.
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En bloc resection of huge
primary tumors with epidural
iInvolvement in the mobile spine
using the “rotation—reversion”
technique: Feasibility, safety,
and clinical outcome of 11 cases

Ming Lu', Zhongxin Zhou?', Wei Chen*, Zixiong Lei*,
Shuangwu Dai*, Changhe Hou®, Shaohua Du®, Qinglin Jin*,
Dadi Jin', Stefano Boriani® and Haomiao Li*

tDepartment of Musculoskeletal Oncology, Center for Orthopaedic Surgery, The Third Affiliated
Hospital of Southern Medical University, Guangzhou, China, ?2Department of Interventional Vascular
Surgery, The Third Affiliated Hospital of Southern Medical University, Guangzhou, China, *GSpine4
Spine Surgery Division, Istituto Di Ricovero E Cura A Cacattere Scientifico (IRCCS), Istituto
Ortopedico Galeazzi, Milan, Italy

Background: En bloc resection of spinal tumors provides better local control
and survival outcomes than intralesional resection. Safe margins during en bloc
resection of primary spinal tumors with epidural involvement are required for
improved outcomes. The present study describes a “rotation—reversion”
technique that has been used for en bloc resection of huge primary tumors
in the mobile spine with epidural involvement and reported the clinical
outcomes in these patients.

Methods: All patients with primary spinal tumors who were treated with the
rotation—reversion technique at our institution between 2015 and 2021 were
evaluated retrospectively. Of the patients identified, those with both huge
extraosseous soft-tissue masses and epidural involvement were selected for a
case review. Clinical and radiological characteristics, pathologic findings,
operative procedures, complications, and oncological and functional
outcomes of these patients were reviewed.

Results: Of the 86 patients identified with primary spinal tumors who
underwent en bloc resection using the rotation—-reversion technique
between 2015 and 2021, 11 had huge extraosseous soft-tissue masses with
epidural involvement in the mobile spine. The average maximum size of these
11 tumors was 8.1 X 7.5 X 9.7 cm. Median follow-up time was 28.1 months,
mean operation time was 849.1 min (range 465-1,340 min), and mean blood
loss was 6,972.7 ml (range 2,500-17,700 ml), with 10 (91%) of the 11 patients
experiencing perioperative complications. The negative margin rate was 91%,
with only one patient (9%) experiencing local recurrence. Ten patients were

frontiersin.org
144


https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1031708/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1031708&domain=pdf&date_stamp=2022-12-01
mailto:lihaomiao1977@hotmail.com
https://doi.org/10.3389/fonc.2022.1031708
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.1031708
https://www.frontiersin.org/journals/oncology

Lu et al.

10.3389/fonc.2022.1031708

able to walk normally or with a crutch at the last follow-up, whereas one was
completely paralyzed preoperatively.

Conclusion: The rotation—reversion technique is an effective procedure for the
en bloc resection of huge primary spinal tumors, with the extension of invasion
in selected patients including not only the vertebral body but also the pedicle
and part of the posterior arch.

KEYWORDS

en bloc resection, spinal tumor, epidural involvement, huge mass, safe margin,
rotation-reversion technique

1 Introduction

Primary tumors occurring in the mobile spine are rare, with
an estimated incidence of 2.5-8.5 per million people per year,
accounting for 4%-13% of all primary bone tumors (1). Primary
spinal tumors can occur in any region of the spine, most
commonly in the thoracic and lumbar spine.

En bloc resection of tumors with oncologically appropriate
margins is the optimal treatment for primary malignant tumors
of the mobile spine (2-5). Obstacles to en bloc resection of spinal
tumors include regional anatomical limitations and large tumor
volumes (6-8). Due to the lack of surrounding anatomical
barriers over the surface of the vertebral body, bone tumors
that break through the cortical bone and longitudinal ligament
can easily grow into huge masses outside the spinal column (9).
Factors associated with large tumor sizes include the long
duration of symptoms before seeking medical care (sometimes
from months to years) and recurrence after non-standard
operations (e.g., curettage or intralesional resection). Serious
damage to surrounding neurovascular structures is a frequent
cause of morbidity associated with en bloc resection of large
spinal tumors (10).

Tumor epidural extension is commonly seen in spinal
tumors, as is tumor extension that includes not only the
vertebral body but also the pedicle and part of the posterior
arch (11, 12). The inability to visualize dorsal structures of
the vertebral column has limited the ability to achieve
negative tumor margins during the surgical management of
spinal tumors with epidural involvement. Recurrences along
the dura are frequently due to inadvertent intraoperative
contamination (12).

Although several studies have described the en bloc resection
of multi-level spinal tumors (13-16), less is known about
methods that achieve safe margins in huge spinal tumors with
epidural involvement, in which extensions include not only the
vertebral body but also the pedicle and part of the posterior arch.
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The present study retrospectively analyzed a group of patients
with huge primary tumors in the mobile spine and epidural
involvement who underwent en bloc resection using the
“rotation-reversion” technique. The details of this technique
are described, and its safety and feasibility are determined by
analyzing oncological and clinical outcomes.

2 Patients and methods
2.1 Study participants

The medical records and follow-up results of patients with
primary spinal tumors who underwent en bloc tumor resection
using the rotation-reversion technique at our institution
between 2015 and 2021 were retrospectively reviewed. Imaging
and medical records were reviewed manually, and patients who
met the following inclusion and exclusion criteria were selected
for this study.

Patients were included if histological examination of
preoperative core needle biopsy samples confirmed a diagnosis
of primary tumor of the mobile spine; if extension and location
of the tumor, as classified by the Weinstein-Boriani-Biagini
(WBB) staging system (17), involved both extraosseous soft
tissues (layer A) and the extradural layer (layer D), with the
extension of intraosseous invasion including not only the
vertebral body but also the pedicle and part of the posterior
arch; and if they were followed up postoperatively for >6
months. Patients were excluded if they had tumor extension
with intradural involvement (layer E), if their clinical or imaging
data were incomplete, or if they were lost to follow-up.

Factors recorded for each patient included their clinical and
radiological characteristics, pathology results, operative
procedure, complications, and oncological and functional
outcomes. All patients provided written informed consent, and
the study protocol was reviewed and approved by the ethics
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committee of the Third Affiliated Hospital of Southern
Medical University.

2.2 Evaluation and decision making

Radiographs, CT, MRI of the spine, and PET-CT were
performed on all patients. Histological diagnosis was achieved
based on core needle biopsy preoperatively. The treatment
strategy for each patient was determined by a multidisciplinary
collaboration performed by the same team consisting of
surgeons, radiation oncologists, medical oncologists,
radiologists, and pathologists. Once the surgical plan was
determined, an elaborated design of the surgical procedures
and the potential complications were discussed and planned
carefully by our multidisciplinary collaboration team before the
operation. Selective arterial embolization (SAE) was performed 1
day prior to the surgery in all cases. Intraoperative
neuromonitoring was only used for the thoracic spine with
more than three levels involved or with the cervical spine
involved. All surgeries were performed by the same
surgeon (HL).

2.3 Surgical technique

The surgical procedure was designed to provide adequate
surgical margins as described (17, 18). The surgical approach
was based on the location and extent of tumor invasion and the
affected spinal level. Surgical approaches included three cases

-®
O
Reversion

FIGURE 1
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with a one-stage posterior approach and eight with the
combined anterior and posterior approach.

2.3.1 One-stage posterior approach

Patients who underwent en bloc resection using a one-stage
posterior approach were placed in the prone position (Figure 1).
Transpedicular screws were inserted into the segments adjacent
to the lesion, and all structures surrounding the part of the
posterior arch of the diseased vertebra(e) were separated
according to the designed margin. The great vessels and
structures surrounding the ventral side of the vertebra(e) were
carefully dissected along the anterior margin using a spatula and
the surgeon’s fingers. If the great vessels and surrounding
structures could not be bluntly dissected, due to large tumor
size or severe adhesions, only the planned osteotomy levels at the
caudad and cephalad of the vertebra(e) invaded by tumor were
bluntly dissected, and two wire saws were installed. The tumor
was subsequently resected en bloc using the rotation-reversion
technique. Briefly, after excision of the normal healthy bony
structure (lamina and pedicle), a safe window was opened at the
posterior arch of the vertebra(e) invaded by the tumor, allowing
entry into the spinal canal, and nerve roots on the unaffected side
were sectioned. Because the nerve roots on the side of the tumor
invasion and part of the dural mater were covered by the tumor,
they could not be exposed directly due to the lamina and pedicle
invasion, making it very difficult to obtain safe margins along the
dura. Osteotomy was performed at the caudad and cephalad
discs or the vertebral bodies of the vertebra(e) invaded by the
tumor. The specimen was rotated around the longitudinal axis to
the side of the lesion, enabling direct visualization of the dorsal
structures of the spinal column. This allowed the dura to be

uonejoy

Illustration of en bloc resection using the rotation—reversion technique through a single posterior approach in the thoracic spine. A safe window
was opened at the posterior arch, and nerve roots on the unaffected side were sectioned. The dura was separated from the lesion, and the
nerve roots on the side covered by the tumor were sectioned under direct visualization by the rotation technique. The great vessels and
surrounding structures at the ventral side of the tumor-invaded vertebrae were bluntly dissected under direct visualization using the reversion
technique from the posterior approach. Reversal of the entire mass was continued until it was completely removed posteriorly.
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separated from the lesion and the nerve roots to be sectioned
without violating the tumor pseudocapsule at the lamina of the
side covered by the tumor. With the use of the reversion
technique, the great vessels and surrounding structures at the
ventral side of the tumor-invaded vertebra(e) could be reversibly
rotated. The vertebra(e) was thereafter somewhat on the
longitudinal axis, allowing blunt dissection to be carefully
performed under direct visualization from the posterior
approach, thereby avoiding damage without violating the
tumor pseudocapsule. Finally, the entire mass was removed
posteriorly using the reversing maneuver. The anterior defect
was reconstructed, followed by fixation of the pedicle screws
using a posterior approach.

2.3.2 Combined approach

Some patients underwent combined procedures, as
described (Figure 2). First, the tumor was released anteriorly
from surrounding neurovascular structures all along the anterior
margins. If sagittal en bloc resection was planned, osteotomy was
performed using an ultrasonic osteotome, with an anterior
approach performed from the healthy side of the spine
anteroposteriorly along the sagittal plane of the vertebra(e).
Second, the patient was placed in a prone position for
posterior en bloc resection. Transpedicular screws were
inserted into the upper and lower segments, and all the
structures surrounding the diseased vertebra(e) along the

FIGURE 2

10.3389/fonc.2022.1031708

posterior margin were released. A temporary rod was fixed to
stabilize the spine and avoid spinal cord injuries during
osteotomy. Finally, the lesion was removed en bloc using the
rotation-reversion technique described above.

2.4 Follow-up

All patients were evaluated radiographically and by CT scans
and MRI immediately after surgery and during follow-up.
Oncologic outcomes were evaluated, including monitoring the
sites for residual lesions, local recurrence, and signs of
metastases. Functional results evaluated included neurologic
function, hardware failure, and interbody fusion.

3 Results
3.1 Patient characteristics

Eleven patients with primary spinal tumors who underwent
en bloc resection using the rotation-reversion technique criteria
were included. The demographic and clinical characteristics of
these patients are summarized in Tables 1, 2. Figures 3-6
illustrate the en bloc resection techniques performed in four of
these patients.

Rotation

Illustration of en bloc resection using the rotation—reversion technique using a combined anterior and posterior approach in the lumbar spine.
The retroperitoneal space was entered through a bilateral anterior pararectus approach, and the aorta and inferior vena cava were separated
from the diseased vertebral body. The left hemivertebral body and pedicle of the diseased vertebrae were piecemeal removed as a safe window
to enter the spinal canal. The mass in the bilateral paravertebral soft tissue that was not infiltrated by the tumor was separated using a posterior
approach. The dura was separated from the mass, and the bilateral never roots of the diseased vertebrae were sectioned under direct
visualization by the rotation technique. Finally, the entire mass was removed posteriorly using the reversion technique.
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3.2 Oncology results

En bloc resection was achieved in all 11 patients. One wide
margin (patient 1) was achieved with the epidural extension of
the tumor fully contained by the ligamentum flavum in the
resected specimen (Figure 3). Marginal margins were obtained at
the tumor capsule along the dura in nine patients. One patient
(patient 6) had an intralesional margin due to intracanal tumor
contamination following initial surgery (Figure 5).

Perioperative complications were classified as major or
minor (19). Any complication that substantially alters an
otherwise smooth and expected course of recovery was
considered a major complication; others were defined as
minor. Six patients (55%) experienced major complications,
and five (45%) experienced minor complications, with 10
(91%) of the 11 patients experiencing a perioperative
complication. One patient (patient 6) experienced local
recurrence 3 months after surgery; this patient, who had T11-
L2 osteosarcoma with intralesional margins due to
contamination following previous operations, died of deep
vein thrombosis 8 months after surgery. Patients 3 and 8 died
of lung metastases at 27 and 28 months, respectively, after
surgery without local recurrence.

3.3 Functional results

All 11 patients had different degrees of postoperative
neurological deficits due to the resection of nerve roots of the
diseased vertebra(e). No postoperative ischemic spinal cord
injury or delayed neurologic deficit occurred. At the last
follow-up after rehabilitation, two patients were able to
normally walk (Frankel E), and eight were able to walk with
crutches (Frankel D). One patient (patient 8) with complete
paralysis (Frankel B) preoperatively did not experience
significant improvement in motor function. Interbody fusion
was confirmed by CT scans in six (55%) of the 11 patients.
Instrumentation failures were observed in two patients (patients
2 and 3), both of whom underwent revision surgery while
normal spinal alignment was maintained.

4 Discussion
4.1 Background and rationale

A system for the surgical staging of primary musculoskeletal
tumors, first proposed by Enneking in 1980, elucidated the
principles of tumor excision and the concept of surgical
margins based on other types of oncological surgery (18). En
bloc resection is performed to remove the tumor in a single piece
with tumor-free margins and without any tumor contamination
(20). Wide or radical margin en bloc resection was
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TABLE 2 Epidemiologic, clinical, and surgical data.

Parameter Value

Patients (n) 11 (4 Fand 7 M)

Age, mean (range) 44.2 + 15.6, (22-70) years

Diagnosis
GCT 3
Malignant neurilemmoma 2
Osteosarcoma 2
Chondrosarcoma 2
Malignant paraganglioma 1
Solitary fibroma 1
Site
CT 1
T 5
TL 1
L 4

Median size tumor

8.1 2.4 cm (5.6-14.2 cm)
7.5 + 1.8 cm (4.5-10.8 cm)
9.7 + 4.8 cm (5.0-19.5 cm)

Anteroposterior dimension (range)
Transverse dimension (range)
Axial dimension (range)

Enneking staging (no., [%])

S3 4 (36.4%)
1B 2 (18.2%)
11B 5 (45.5%)

WBB classification

Sectors involved

5 sectors 3

6 sectors 2

7 sectors 2

8 sectors 2

9 sectors 2
Layers involved

A-D 10

A-D,F 1
Pre-OP treatment

Chemotherapy 5

Radiation 2
Pre-OP neurologic status

ASIA B 1

ASIA C 9

ASIA D 1

Parameter Value
Post-OP neurologic status (last follow-up)

ASIA B 1

ASIA D 8

ASIA E 2
Surgical approach (no., [%])

Anterior-posterior 8 (72.3%)

Posterior 3 (27.3%)

Level of resection

(Continued)
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TABLE 2 Continued

Parameter Value
One-level 2
Two-level 3
Three-level 4
Four-level 2

Margin (no., [%])

Marginal 9 (81.2%)

Wide 1(9.1%)

Intralesional 1(9.1%)

Operation time mean (Range) 849.1 + 308.8 min (465-1,340
min)

Blood loss mean (Range) 6,972.7 + 4,489.1 ml (2,500—

17,700 ml)
Complications
Pneumonia 6
Wound problem 4
IF 2
CSFL 1
Dura tear 1
DVT 1

Perioperative complication (no., [%]) 10 (90.9%)

Major 6 (54.5%)
Minor 5 (45.5.0%)
Follow-up mean 28.1 + 17.9 mons (8-69
months)
Local recurrence (no., [%]) 1(9.1%)
Metastases (no., [%]) 3 (27.3%)
Dead (no., [%]) 3 (27.3%)
Died from disease with evidence of LR at time 1(9.1%)
of death
Died from disease without evidence of LR at 2 (18.2%)

time of death

CSFL, cerebrospinal fluid leakage; DVT, deep venous thrombosis; F, female; GCT, giant
cell tumor; IF, instrumentation failure; LR, local recurrence; M, male; Pre-OP,
preoperative; Post-OP, postoperative; WBB, Weinstein-Boriani-Biagini.

recommended for the removal of primary malignant tumors
(18). The WBB classification was later developed in order to
apply these principles of tumor resection to the removal of spinal
tumors (17). The WBB classification 