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Abstract: Surgery is considered to have a leading role in the treatment of gastric carcinoma.
Surgical supplies are used to cut, divide, and ligate during surgery, and are not only in close
contact with normal tissues, but may also be contaminated by pathological tissues and cells.
This study sought to determine the presence of exfoliated tumor cells on surgical supplies at
different stages during the surgical procedure. We collected five types of surgical supplies
from 90 patients who underwent D2 radical gastrectomy to find out if there was any cancer
cells attached to them. Highest numbers of cancer cells were found on gauze used to clean
the surgical instruments and on the gloves of scrub nurses. The likelihood of finding cancer
cells increased with advancing clinical stage of disease, lower differentiation of cancer cells,
increasing frequency of use of supplies and extent of contact, and was also associated with the
characteristic of surgical supplies. Dissemination of tumor cells could be prevented by using a
number of methods, depending on the type of surgical supply items.
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Introduction

Surgical resection is the treatment of choice for gastric cancer if there is no distant
metastasis and/or contraindication for surgery. Surgical supplies are used for cutting,
dividing, and ligating during the surgical procedure, and are not only exposed to nor-
mal tissues, but also to contaminated pathological tissues and cells.! In this study, we
observed and analyzed exfoliated tumor cells during different stages of the surgical
procedure to provide a theoretical basis for developing a cancer-free technique.

Materials and methods

Gastric cancer samples

Ninety patients with gastric cancer treated in the department of general surgery at our
hospital from April 2011 to February 2012 were enrolled in this study, which was
approved by the medical ethics committee of Zhejiang Provincial People’s Hospital.
The surgeries were performed by same surgical team, with rotating scrub nurses. All
the patients underwent D2 radical gastrectomy, and five categories of surgical supplies
were identified and collected for further examination. To make a definitive diagnosis,
the following preoperative examinations were included: complete blood count, urinaly-
sis, fecal analysis, prothrombin time, electrocardiogram, echocardiogram, chest X-ray,
gastroscopy, pathologic analysis to make a definitive diagnosis, and an upper abdominal
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enhanced spiral computed tomography scan to rule out distant
metastasis. All patients underwent general anesthesia.

Collection of exfoliated tumor cells
Five groups of surgical supplies were identified: surgical
instruments, including eight hemostats, two scalpels, two pairs
of'scissors, two needle holders, four stitches, three retractors,
two bowel clamps, and two Kocher clamps (group A); surgical
gloves from the operator, first assistant, and second assistant
(group B); gloves used by scrub nurses, gauze used to clean
surgical equipment, and residual suture threads (group C);
gauze used to clear the operative field and for hemostasis
(group D); and stapler devices (group E, Figure 1).

The five different types of surgical supplies were com-
pletely submerged for 30 seconds in five separate sterile
containers, each filled with 2,000 mL of saline at 37°C,

and the joint of surgical instruments were kept open, and
then scrubbed gently. The immersion fluid was centrifuged
(at 2,000 rpm x10 minutes, TDL-408) and the superna-
tant was discarded. The precipitates were resuspended in
Roswell Park Memorial Institute 1640 medium containing
20% fetal bovine serum (Invitrogen, Carlsbad, CA, USA)
and seeded in a cell culture plate, then maintained at 37°C
in 5% CO,.

Detection of exfoliated tumor cells

Viable carcinoma cells seen to be growing in adherent cul-
tures was defined as positive. If one group was positive, all
surgical supplies were considered to be positive. Carcinoma
cells were fixed in methyl alcohol, and stained with Wright
and Giemsa. Cell morphology was then observed using an

inverted microscope.

Figure | Five groups of surgical supplies.

Notes: (Group A) Surgical instruments, including eight hemostats, two scalpels, two scissors, two needle holders, four stitches, three retractors, two bowel clamps, two
Kocher clamps; (Group B) surgical gloves, (operator’s, first assistant’s, second assistant’s); (Group C) gloves of scrub nurses, and contaminated gauze which was used to clean
surgical equipment and residual suture threads; (Group D) gauze which was used for hemostasis and clearing the operation field; (Group E) stapler devices.
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Results
Relationship between exfoliated tumor
cells and TNM stage and differentiation

Tumor cells with a complete structure are shown in Figure 2.
Ninety gastric cancers were included in the study. The pro-
portions of exfoliated tumor cell-positive specimens were
50.0% (5/10) in TNM stage I, 73.5% (25/34) in TNM stage II,
and 87.0% (40/46) in TNM stage III, and showed a significant
difference (P=0.026, Table 1). The frequencies of exfoliated
tumor cell positivity in patients with well differentiated gas-
tric carcinoma (37.5%, 3/8) and moderately differentiated
gastric carcinoma (70.8%, 17/24) were significantly lower
than in those with poorly differentiated gastric carcinoma
(84.5%, 49/58, P=0.011).

Relationship between exfoliated tumor

cells and surgical supplies

Variable amounts of cancer cells were seen in all five groups
of surgical supplies, due to their different frequency of uti-
lization and range of contact. Exfoliative tumor cells were
detected in 14.4% (13/90) of specimens in group A, 10.0%
(9/90) in group B, 30.0% (27/90) in group C, 18.9% (17/90)
in group D, and 3.3% (3/90) in group E, again with a signifi-
cant difference (P<<0.001, Table 1).

Discussion

Gastric carcinoma is one of the most common malignant
tumors in the 21st century.? With advances in the develop-
ment of surgical techniques and medical equipment, the
radical resection rate in advanced gastric cancer continues
to increase, along with significant improvement in the 5-year

Figure 2 Tumor cells stained with Wrightand Giemsa, and observed usingan inverted
microscope at x1,000 magnification.

survival rate.* However, approximately half of the patients
who undergo radical gastric resection die as a result of
peritoneal metastasis.* Spreading of exfoliated cancer cells
is necessary for peritoneal metastasis, and this occurs when
cancer cells infiltrate the gastric wall and then travel to the
peritoneal cavity. Cancer cells exfoliated from the specimen
margin, or from blood and lymph when the blood vessel and
lymph vessel were cut off, especially in conditions of can-
cer embolus in the blood and lymphatic vessel. In addition,
improper operation in surgical procedure could free more
cancer cells.® As observed in recent research, exfoliation and
migration of cancer cells is associated with expression of
adhesion molecules on the surface of cancer cells. Decreased
adhesion between tumor cells leads to easier exfoliation of
cancer cells.®

Cancer cells are characterized by anoikis resistance,
meaning that exfoliated cancer cells can migrate and survive
for a long time.” Moreover, coagulation of fibrin exudates
forms a protective layer in the surgical field, preventing
phagocytosis of exfoliated cancer cells by immune competent
cells.® Exfoliated cancer cells in the peritoneal cavity have
been found to be the primary source of pollution of surgical
supplies; contaminated surgical supplies could lead to dis-
semination of cancer cells and an increased risk of peritoneal
metastasis.'

In our study, the cultivated exfoliated cancer cells were
round, with an intact and clear cellular membrane and tight
cellular junctions. The nuclei were large and evenly stained,
the nucleocytoplasmic ratio was high, and the border of kary-
otheca was clear. An intact nucleus means that the cancer
cell has the ability to invade, regenerate, and proliferate,
indicating that surgical supplies are an important pathway
for dissemination of cancer cells.

In our study, positive rates for cancer cells in TNM
stages Il and I1I were significantly higher than in TNM stage 1,
implying that advanced gastric carcinoma is accompanied by
invasion and exfoliation of cancer cells into the peritoneal
cavity. Positivity rates in the poorly differentiated cancer
group were higher than in the other two groups, which could
be because poorly differentiated cancers have a decreased
capacity for intercellular adhesion, resulting in easier escape.
Furthermore, poorly differentiated cancers were significantly
different from moderately differentiated cancers (P<<0.05). As
earlier studies have reported, exfoliation of cancer cells dur-
ing radical gastric resection is closely associated with serosal
involvement, level of cancer differentiation, lymphatic metas-
tasis, and clinical stage of disease.’ Similarly, we propose that
exfoliation of cancer cells during radical gastric resection is
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Table | Correlation between exfoliative tumor cells and TNM stage, differentiation, and surgical supplies

Factors Cases Tumor cells (positive) Tumor cells (negative) Positive ratio P-value
TNM stage 0.026
| 10 5 5 50.0%
] 34 25 9 73.5%
1} 46 40 6 87.0%
Differentiation 0.011
Well 8 3 5 37.5%
Moderate 24 17 7 70.8%
Poor 58 49 9 84.5%
Surgical supplies <0.001
A 90 13 77 14.4%
B 90 9 8l 10.0%
C 90 27 63 30.0%
D 90 17 73 18.9%
E 90 3 87 3.3%

Notes: Well: Similar to the mature form, low malignancy; Moderate: Intermediate malignant degree: Poor: Poor differentiation, high degree of malignancy. Surgical supplies
were divided into five groups: surgical instruments, including eight hemostats, two scalpels, two pairs of scissors, two needle holders, four stitches, three retractors, two
bowel clamps, and two Kocher clamps (group A); surgical gloves from the operator, first assistant, and second assistant (group B); gloves used by scrub nurses, gauze used to
clean surgical equipment , and residual suture threads (group C); gauze used to clear the operative field and for hemostasis (group D); and stapler devices (group E).

linked to serosal involvement, cell differentiation, lymphatic

metastasis, and clinical stage of disease.

Varying amounts of cancer cells were seen for the five types
of surgical supplies due to different frequencies of use and range
of contact. Positivity rates were ranked as follows:

1. Gauze used in cleaning surgical instruments and gloves
used by scrub nurses — because of the high frequency of
use and extensive contact. Therefore, we should conduct
different methods according to the characteristic of the
surgical supplies to ensure cancer-free operation. In

Figure 3 Demonstration of tumor-free technique for using gauze in surgery.

Notes: Scrub nurse should always use the left hand to clean the instruments.
First, fold the gauze two times, then clean the instrument by Al side (Figure Al),
and the surface contacted by gloves is A2 side. Second, open the gauze and fold
in the opposite direction, then clean the instrument by Bl side (Figure Bl), and
the surface contacted by gloves is B2 side. Third, open all the gauze and fold two
times in the opposite direction, then clean the instrument by CI side (Figure Cl),
and the surface contacted by gloves is C2 side. Forth, open the gauze and fold in
the opposite direction, and then clean the instrument by D1 side (Figure DI); the
surface contacted by gloves is D2 side. Then the gauze must be replaced after use.

clinical application, scrub nurses should always clean

instruments as the figure shows (Figure 3).

2. Gauze used for keeping the operative field clear and for
pressure hemostasis — because of the mesh structure
preventing the cancer cells from exfoliating.

3. Surgical instruments — these are utilized to divide, cut,
and ligate during the surgical procedure, and because of
their smooth surface, few cancer cells can be retained.

4. Gloves used by surgeons — although these are in close
contact with pathologic tissue, they are not as sharp as
other surgical instruments, so the positivity rate appears
smaller than for the above groups.

5. According to the guideline for treatment of gastric cancer,
a tumor resection margin of 6 cm is required; cancer
cells should not be detected on the anastomat stapler, but
in the process of changing the stapler cartridge, gloves
containing cancer cells may contaminate this site, and
accounted for two positive cases in our 90 patients.
There is still a limitation in the current basic experimen-

tal research. We merely set out to determine the likelihood
of exfoliated tumor cells attaching to surgical supplies used
in patients with gastric cancer, and to provide a foundation
from which clinical care could benefit in the future. Further
studies, such as treatment of exfoliated tumor cells, are still
required for the purpose of clinical application.

In summary, surgical supplies may be contaminated by
cancer cells during radical gastrectomy. The rate of detect-
able cancer cell positivity increased with advancing clinical
stage of disease, a lower level of cancer cell differentiation,
increased frequency of use and range of contact, and the
nature of the surgical supplies used. However, it is difficult
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to switch surgical instruments, especially precise instruments
that are used with high frequency. Xu et al recommend that
potentially contaminated surgical instruments should be
immersed in distilled water for 5 minutes to inactivate by
tumor cells.!” As the surgery was a consecutive process,
prolonged handling of surgical instruments led to a prolonged
operative duration, and even affected the choice of instru-
ments used by surgeons. Efficient methods of inactivating
tumor cells have yet to be identified.
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