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Abstract
BACKGROUND
There is an increased need for accurate staging for gastric cancer treatment.
Consequently, it is necessary to carefully examine all dissected lymph nodes for
precise staging. Recently, the fat-dissociation method has been developed as a
quick and accurate method for harvesting dissected lymph nodes of colorectal
cancer cases.

AIM
To investigate the usefulness of the fat-dissociation method for harvesting
dissected lymph nodes of gastric cancer cases.

METHODS
Fifty-six resected specimens from gastric cancer patients who underwent
standard curative gastrectomy and lymph node dissection at our hospital were
used. Group 2 lymph nodes were separated from each specimen, and the
remaining adipose tissue containing the group 1 lymph nodes was used. Some
resected specimens were subjected to the fat-dissociation method. One vial of
Imofully® was dissolved in 50 mL of saline and injected into the tissue. The tissue
was incubated for 1 h and the dissolved fat was removed. Subsequently, the
nodes were identified, picked up with scissors, and mapped. The number of
nodes in each lymphatic compartment and duration of lymph node harvest and
mapping were compared.

RESULTS
The fat-dissociation method was used for 24 samples, while the conventional
dissection method was used for 32 samples. The total number of harvested lymph
nodes was 45.9 in the fat dissociation group and 44.3 in the control group, and
there was no significant difference between the two groups. There were also no
significant differences in the number of lymph nodes between the two groups
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based on a comparison of the lymphatic compartments. However, the total
median duration of the fat-dissociation method was 38.2 min, reflecting a
reduced duration of approximately 60 min compared to the control group.

CONCLUSION
Based on our results, the fat-dissociation method is effective in shortening the
duration of lymph node harvest in gastric cancer surgery.

Key words: Gastric cancer; Lymph node dissection; Staging; Lymph node mapping; Fat-
dissociation method; Efficacy

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Accurate examination of dissected lymph nodes is important for precise staging
in gastric cancer treatment. We investigated the usefulness of the fat-dissociation method
for lymph node harvest in gastric cancer. We used the fat-dissociation method on 24
resected specimens from patients with gastric cancer who underwent standard curative
gastrectomy and lymph node dissection at our hospital, while the conventional method
was used on 32 specimens. There were no differences in the numbers of harvested lymph
nodes between these two groups; however, there was a 60 min reduction in the total
median duration of the procedure when using the fat-dissociation method.

Citation: Kinami S, Ohnishi T, Nakamura N, Jiang ZY, Miyata T, Fujita H, Takamura H,
Ueda N, Kosaka T. Efficacy of the fat-dissociation method for nodal harvesting in gastric
cancer. World J Gastrointest Surg 2020; 12(6): 277-286
URL: https://www.wjgnet.com/1948-9366/full/v12/i6/277.htm
DOI: https://dx.doi.org/10.4240/wjgs.v12.i6.277

INTRODUCTION
In cancer surgery, the status of lymph node metastasis affects the prognosis after
curative surgery and is an important factor in determining whether adjuvant therapy
should  be  administered.  Indeed,  the  number  of  lymph  node  metastases  is  also
indispensable  for  staging  in  gastric  cancer  surgery[1].  In  recent  years,  adjuvant
chemotherapy  after  gastric  cancer  surgery  has  been  proven  to  be  effective  in
preventing  recurrence[2,3].  Adjuvant  chemotherapy  in  stage  III  cases  has  also
improved[4].  There  is  an  increased  need  for  accurate  staging  of  gastric  cancer;
therefore, it is necessary to accurately examine dissected lymph nodes. However,
lymph node harvest is not emphasized in gastric cancer surgery[5].

More recently,  the fat-dissociation method has been developed as a quick and
accurate  method  for  harvesting  dissected  lymph  nodes[6].  This  is  a  method  of
dissolving the fat of the mesentery with a specific reagent, which results in improved
visibility of the lymph nodes and facilitates their harvest. The usefulness of the fat-
dissociation method has been reported for colorectal cancer[6-8]; however, it has not yet
been studied for gastric cancer.

In this study, we proceeded to harvest and detect lymph nodes in gastric cancer
after fat dissociation and examined the usefulness of this method.

MATERIALS AND METHODS

Patients, surgery, and materials
We started this trial after obtaining a commercial fat lysate reagent product in June
2016, at which time we began to prospectively recruit gastric cancer patients from our
hospital  who  were  undergoing  standard  radical  gastrectomy  with  lymph  node
dissection for gastric cancer. The exclusion criteria included cases in which function
preservation limited surgery or extended radical gastrectomy.

The treatment policy for these cases was in accordance with the Gastric Cancer
Treatment  Guidelines  of  the  Japanese  Gastric  Cancer  Association[9],  and  the
descriptions  of  the  findings  comply  with  the  Japanese  Classification  of  Gastric
Carcinoma[10]. All surgeries were performed by Kinami S or Kosaka T, who both had
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practiced gastric cancer surgery for over 25 years.  Kinami S and Ohnishi T were
responsible for performing the lymph node harvest, which was initiated within 3 h of
gastric cancer surgery. Kinami S has performed lymph node harvests for over 25
years. Ohnishi T practices the same harvest technique as Kinami S and had performed
more than 100 harvests before the start of the study.

The resected specimens were allocated to one of two groups. The fat-dissociation
group was designated as group F, in which lymph nodes were detected using the fat-
dissociation method. Although no case selection criteria were initially established, the
specimens of group F were particularly high in visceral fat. The other group was
designated group C for conventional harvest, in which specimens were harvested
using the conventional method. Sample collection was completed in December 2018.

In both groups, the group 2 lymph nodes (i.e., lymph nodes Nos. 8a, 9, 10, 11p, 11d,
and 12a) and easily identifiable group 1 lymph nodes (i.e., nodes Nos. 2 and 4sa) were
separated with scissors,  numbered, and submitted to pathology as per the usual
procedure. The remaining adipose tissue containing group 1 lymph nodes was used
in this study (Figure 1).

Conventional method of lymph node harvest
Typically,  lymph node harvest  is  performed as  follows:  Initially,  adipose  tissue
including the lymph nodes is spread over a cork plate with pins, while remaining
attached to the stomach wall. The capsule surrounding the tissue is then peeled off
using scissors.  Next,  the fat  tissue is  scraped off  with scissors and blood vessels,
nerves, and lymph nodes remain. Lymph nodes can be distinguished from adipose
tissue using color and morphology. If it is difficult to identify lymph nodes with the
naked eye, they can be identified by palpating the tissue. In this study, each lymph
node was picked up and mapped one by one.

Fat-dissociation method
The fat-dissociation method was performed as follows (Figure 2): First, adipose tissue
with lymph nodes was detached from the stomach wall with scissors. The adipose
tissue was detached en bloc, taking care not to leave any fat on the stomach wall and to
avoid cutting into the tissue. A commercially available reagent (Imofully®; Sysmex
Corporation,  Kobe,  Japan)  was  used  as  the  fat-dissolving  solution.  One  vial  of
Imofully® was dissolved in 50 mL of saline, and the lysate was injected into the tissue
using a syringe equipped with a 22 G injection needle. The tissue was placed into a
nylon bag and rubbed manually from the outside. Then, the nylon bag was soaked in
hot water at 42 °C and incubated for 1 h. After incubation, the tissue was carefully
spread on a water-absorbing paper (Kim Towel®; Nippon Paper Crecia, Tokyo, Japan).
Using a surgical scalpel, several incisions were made in the capsule surrounding the
adipose tissue. At this time, a surgeon carefully cut the capsule, avoiding the blood
vessels  and  lymph nodes.  A  water-absorbing  paper  or  gauze  was  applied,  and
pressure was exerted from above to remove dissolved fat from the water-absorbing
paper. After the fat droplets had been sufficiently absorbed, the paper was carefully
peeled off, leaving the blood vessels, lymph nodes, and a small amount of fat. The
lymph nodes were identified, picked up with scissors, and mapped.

Pathological findings
All harvested lymph nodes were submitted for pathology analysis. These nodes were
fixed in 10% buffered formalin, embedded in paraffin, sectioned at the maximum
plane, and subjected to H&E staining. Lymph node identification was confirmed
using a microscope.

Items for investigation
The number of lymph nodes and the time required for mapping were compared
between groups F and C. Since the number of lymph nodes differs depending on the
site of dissection, lymph nodes were grouped along the lymphatic compartment[11]

(shown in Figure 3), and the numbers of lymph nodes belonging to each compartment
of the left gastric artery area, right gastric artery area, and right gastroepiploic artery
area were compared. The time required for mapping was determined based on the
time needed for harvesting and mapping all lymph nodes, including group 2 nodes.
For group F, the time required for incubation and fat removal was subtracted.

Ethical considerations and statistical analysis
This study was approved by the ethics committee of Kanazawa Medical University
and was conducted in accordance with the Good Clinical Practice guidelines and
Declaration of Helsinki. All patients provided written informed consent for surgery
and use of their data. Regarding data use for lymph node mapping, patients were
given the opportunity to opt out of the study at any time.
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Figure 1

Figure 1  Group 2 lymph nodes and group 1 lymph nodes for distal gastrectomy. A: Group 2 lymph nodes are suprapancreatic nodes and were harvested using
the conventional method; B: Group 1 nodes are perigastric nodes embedded in adipose tissue and were harvested using the fat-dissociation method.

The chi-square test was used to compare background factors. The Student t-test or
Welch's test was used to compare the number of harvested lymph nodes and the time
required for lymph node mapping. P values < 0.05 were considered significant. All
statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical
University,  Saitama,  Japan),  which  is  a  graphical  user  interface  of  R  (The  R
Foundation for Statistical Computing, Vienna, Austria). EZR is a modified version of
R Commander designed to add statistical functions frequently used in biostatistics[12].

RESULTS
The number of resected specimens was 24 for group F and 32 for group C. Table 1
shows the background factors between the two groups. There were no statistically
significant differences between the two groups.

Table 2 shows the number of harvested lymph nodes. There was no significant
difference  in  the  total  number  of  harvested  lymph  nodes.  However,  the  fat-
dissociation method was applied only to group 1 nodes. Table 2 shows the number of
nodes in each lymphatic compartment in order to correctly compare the lymph node
harvest  performances.  The left  gastric  artery area contained the nodes of  station
numbers 1, 3a, and 7; the right gastric artery area contained numbers 3b and 5; and
the right  gastroepiploic  artery area contained numbers 4d and 6.  There were no
statistically significant differences in the numbers of lymph nodes between the two
groups based on a comparison of the lymphatic compartments.

In addition, the duration of lymph node harvesting and mapping was compared
between  the  two  groups.  Since  the  duration  of  lymph  node  harvest  cannot  be
measured only in the case of group 1 nodes, the total duration of the harvest was
compared between the two groups. In group F, the mean duration was 38.2 min,
which  was  about  60  min  shorter  than  group  C  of  101.1  min,  and  there  was  a
significant difference (P = 4.8158 × 10-8). The duration of lymph node harvest in group
2 was generally short, and the procedure was the same between the two groups. The
difference between the two groups may have been due to the fat-dissociation method
performed when harvesting the group 1 nodes.

DISCUSSION
We concluded from this study that the usefulness of the fat-dissociation method in
gastric cancer surgery was to shorten the duration of lymph node harvest. This is the
first report to examine the usefulness of the fat-dissociation method in gastric cancer
surgery.

In the traditional Japanese classification of gastric carcinoma of the 20th century, the
N-stage  of  gastric  cancer  was  determined  by  the  location  of  the  lymph  node
metastasis[13]. In this era, staging is possible if the presence or absence of metastasis of
the most distant lymph nodes can be determined; therefore, it is not necessary to
harvest all dissected lymph nodes. However, by this method, accurate N-number
cannot be determined without knowing the lymph node grouping and performing an
adequate range of lymph node dissection. Alternatively, it has been reported that the
prognosis  of  gastric  cancer  is  well  correlated  with  the  number  of  lymph  node
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Figure 2

Figure 2  Fat-dissociation method for gastric cancer. A: The adipose tissue, including group 1 nodes, was detached en bloc from the stomach; B: The fat
dissolving reagent (Imofully®) was injected into the tissue using a syringe; C: The tissue was put into a nylon bag and was rubbed manually by fingers from the
outside. Then, the nylon bag was soaked in hot water at 42 °C and incubated for 1 h; D: The tissue was carefully spread on a water-absorbing paper (Kim Towel®) on
the table; E: A gauze was added, and pressure was applied to remove the dissolved fat; F: After the fat droplets had been sufficiently absorbed, the lymph nodes were
identified, picked up with scissors, and mapped.

metastases[14-16], and the N-number was altered to reflect the number of lymph node
metastases[10,17]. While this was useful in generalizing staging, it was changed so that
all dissected lymph nodes had to be sent to pathology for staging. With evidence of
the  efficacy  of  adjuvant  chemotherapy  after  gastric  cancer  surgery  to  prevent
recurrence[2-4], the need to submit all dissected lymph nodes to pathology without
leaking increases.

How many regional lymph nodes should be investigated in gastric cancer surgery?
The  number  of  lymph  nodes  increases  when  examined  at  a  specialized  cancer
center[18]. In the cancer staging manual of the American Joint Committee on Cancer,
recommendations have been made to investigate 15 or more lymph nodes[17]. As a
result,  in  general  clinical  practice,  lymph  nodes  are  often  harvested  using  an
investigation of approximately 15 nodes as a guide[18,19]. However, the actual number
of lymph nodes is indeed much higher. In recent reports, it appears that overall, more
than 35 lymph nodes have been identified in distal gastrectomy D2[20,21]. In gastric
cancer,  the regional lymph nodes are often small,  and lymph node metastasis  of
gastric cancer may also occur in small lymph nodes[22]. Half of lymph node metastases
in gastric cancer are microscopic peripheral-type metastases[23,24].  There are many
reports that an increased number of harvested lymph nodes is associated with a better
prognosis[19,25-27].  This is thought to reflect increased accuracy due to the increased
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Figure 3

Figure 3  The lymphatic compartments used in this study are shown.

number of nodes being examined. As previously stated, to accurately determine the
N-number and properly apply adjuvant chemotherapy to improve the prognosis of
gastric  cancer,  any  small  lymph  node  must  be  harvested  and  submitted  for
pathological investigation.

Few studies have detailed the methods of lymph node harvest in gastric cancer.
The palpation method, in which palpation is used to distinguish lymph nodes, is
probably the most practiced method worldwide. However, 2-3 mm lymph nodes
were not identified on palpation. Worldwide, lymph node harvest is likely performed
by a pathologist. The palpitation method can be performed by a pathologist, but it is
believed  that  a  surgeon  will  harvest  a  greater  number  of  nodes[28,29].  A  packet
submission method has been proposed as an improved method to secure the number
of harvested lymph nodes, even if the harvest is performed by a pathologist[5,29,30]. In
addition, a fat cleaning method has been proposed[31], but it is somewhat complicated
to perform. The method used in this study is a traditional method used by surgeons at
Kanazawa University and is called “the fat removal method”. Although this method
is technically difficult, it can detect lymph nodes smaller than approximately 1 mm. In
Japan, lymph node harvest is often performed by young surgeons. The reason for this
is that, like martial arts, this technique was assigned as scissors training. However,
this procedure is technically demanding and time consuming, and therefore can be
burdensome for  non-surgeons  and unacceptable  for  young surgeons  due  to  the
procedure time duration.

Lymph node harvest is important in colorectal cancer as well as in gastric cancer.
Lymph  node  harvest  for  colorectal  cancer  is  also  often  performed  using  the
palpitation method, but the variation in accuracy seems to be larger than that for
gastric cancer. To overcome this problem, the fat-dissociation method was developed
by Fujino et al[6]. The fat-dissociation method requires incubation, but it increases the
accuracy of lymph node harvest and does not require fixing or staining the sample.
Fujieda et al[8] reported that by this method, small lymph nodes could be detected and
there was an increased number of harvested nodes compared to the conventional
method.

However,  lymph  node  harvest  in  gastric  cancer  presents  some  differences
compared to that in colorectal cancer. For example, the distribution of lymph nodes in
colon cancer is flat and fan shaped. Lymph node harvest in rectal cancer is also easier
if the regional lymph nodes are flattened by removing the mesentery from the rectal
wall.  Alternatively, the lymphatic system involved in gastric cancer is somewhat
complex, since it is three-dimensional and multi-directional compared to colorectal
cancer. In particular, the group 2 nodes are located near the arteries and pancreas, and
it is difficult to determine the orientation of the nodes after surgery. On the other
hand, since the thickness of adipose tissue around the stomach is generally thinner
than that of the colorectal mesentery, identification of nodes is easier than in colorectal
cancer.

We applied the fat-dissociation method only to the group 1 nodes. The location of
the group 2 nodes is difficult to determine, but as the fat is small and easy to sort,
there  is  no  need  to  use  the  fat-dissociation  method  for  this  group  of  nodes.  In
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Table 1  Background factors between the study groups

Group F Group C P value

n 24 32

Age, median (range) 69 (51-82) 66 (39-90) NS

Sex, male/female 18 /6 25/7 NS

BMI, median (range) 23.2 (15.9-28.7) 21.9 (14.6-27.7) NS

Location, U/M/L 2/12/10 5/12/15 NS

Tumor size, mm (mean ± SD) 50.9 ± 31.3 54.6 ± 26.1 NS

McT, 0/1/2/3/4/5 12/0/3/7/1/1 14/1/7/4/3/3 NS

sT factor, 1/2/3/4 8/1/3/12 12/2/8/10 NS

sN factor, 0/1/2/3 9/4/6/5 20/7/3/2 NS

Approach, open/laparoscopic 17/7 27/5 NS

Surgery, DG/TG 22/2 26/6 NS

D number, 1+/2 14/10 19/13 NS

pN factor. 0/1/2/3 8/5/2/9 16/5/7/4 NS

NS: No significance; Group F: Fat dissociation group; Group C: Conventional harvesting group; BMI: Body
mass index; McT: Macroscopic type (Borrmann); sT: Surgical diagnosis of depth of invasion; sN: Surgical
diagnosis of nodal metastasis; DG: Distal gastrectomy; TG: Total gastrectomy; D number: Degree of lymph
node dissection; pN: Pathological diagnosis of nodal metastasis.

addition, the harvest is quicker and more accurate when performed by the surgeon in
the operating room immediately after surgery than when performed by a pathologist
or novice surgeon.

In our study, the usefulness of the fat-dissociation method in gastric cancer was to
reduce the  duration of  lymph node harvest.  The fat-dissociation method is  also
considered useful in reducing the difficulty of harvest as well as improving accuracy
and  eliminating  variations  in  the  technique,  although  it  is  difficult  to  quantify
objectively. In this study, there was no difference in the number of harvested nodes
between the two groups, presumably because of the surgical skill of Kinami S and
Ohnishi T in the lymph node harvest procedure. The fat-dissociation method does not
affect the pathological diagnosis[6-8]. In addition, the identification and grouping of
lymph nodes are easier and more accurate than the conventional method because of
the ease of identifying the relationship between the lymph nodes and blood vessels.
We believe that if a novice is responsible for lymph node harvest, the fat-dissociation
method will increase the lymph node count and accuracy of the procedure.

The disadvantages of the fat-dissociation method include the drug cost and the
incubation time. The process of removing the dissolved fat also requires time, but this
is  only  about  5  min.  Conversely,  a  60  min  incubation  period  is  also  required.
However, we do not view this as a drawback. The physician’s workload is only nodal
harvesting;  incubation does not  contribute to the working hours.  We performed
postoperative patient briefing, bedside management, and specimen fixation during
the incubation period.

There were some limitations to this study. The number of cases used in this study
was insufficient. The prognosis was not yet known. The skilled surgeons performed
the  lymph  node  harvest.  Additionally,  this  study  was  a  retrospective  study  of
prospectively recruited patients, rather than a randomized controlled trial. Given the
cost of the reagents, the fat-dissociation method was only applied to difficult cases
that  presented  increased  visceral  fat.  However,  it  is  still  unclear  whether  a
randomized trial is still needed, since the usefulness of this method is apparent from
the results of this study. Another problem is that the commercial lipolysis reagent
“Imofully®” is currently difficult to obtain. However, we refer readers to the first
report[6] for details on creating this reagent.

In conclusion, in gastric cancer surgery, the fat-dissociation method is effective in
reducing the duration of the lymph node harvest. Although difficult to quantify, the
fat-dissociation method may reduce the labor and difficulty of the harvest procedure.
However, if the surgeon is sufficiently skilled, the fat-dissociation method may not
result in improved accuracy. Therefore, the application of the fat-dissociation method
is not considered an absolute necessity in the context of lymph node harvest. It is
thought  that  the  adoption  of  this  method  should  occur  based  on  the  skills  and
workload of the surgeons performing the harvest procedure, as well as the cost of the
reagents required to perform the fat-dissociation method.
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Table 2  Comparisons of the numbers of harvested lymph nodes and the duration of lymph node harvest and mapping between the two
groups

Group F Group C P value

Total number of harvested nodes 45.9 (21-82) 44.3 (20-89) NS

Number of the left gastric artery, area nodes (No. 1, 3a, 7) 16.9 (8-29) 14.1 (7-26) NS

Number of the right gastric artery, area nodes (No. 3b, 5) 2.2 (0-9) 2.8 (0-10) NS

Number of the right gastroepiploic, artery area nodes (No. 4d, 6) 16.9 (7-27) 16.8 (8-39) NS

Time for harvesting and mapping (min) 38.2 (25-55) 101.1 (50-160) < 0.0001

All numerical data are mean (range). NS: No significance; Group F: Fat dissociation group; Group C: Conventional harvesting group.
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