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Purpose: In colorectal cancer surgery, it is important to have accurate resection margins. However, it is
challenging to localize lesions during laparoscopy. Therefore, to reduce surgical errors, many preoperative
localizing methods have been introduced. In this study, we aimed to assess the preoperative feasibility and
safety of autologous blood tattooing.

Methods: A total of 11 patients underwent preoperative colonoscopic autologous blood tattooing from
August 2017 to February 2020. At the start of the surgery, the surgeon assessed the patients for the precision
of visibility and other complications such as abscess or spillage. The patients’ characteristics, outcomes, and
complications were collected retrospectively.

Results: The study comprised 8 men and 3 women, with an average age of 63 years. Ten patients showed
precise visibility, and no localization errors were observed during surgery. No complication was observed
in all patients.

Conclusion: Preoperative autologous blood tattooing is a very useful and safe technique because it has high
visibility with no complications. This method does not require additional agents or facilities. A large-scale
study will be required to develop standard guidelines.
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INTRODUCTION

In colorectal cancer, laparoscopy has oncological results simi-
lar to that of open surgery,”” and this has led to a dramatic shift
towards laparoscopic colorectal resection.” However, lesions are
difficult to identify through laparoscopy due to the increasing
early detection rates of colon cancer due to regular health check-
ups. It makes the lesion getting smaller when it was first detected.
Moreover, flat or small lesions are more difficult to detect out-
side the intestinal lumen of patients with early-stage cancer who
underwent endoscopic mucosal resection (EMR) or endoscopic
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submucosal dissection.

To have sufficient resection margins, it is important to identify
the tumor lesions before the surgery.

Surgeons apply a recognition method, either colonoscopy or
sigmoidoscopy, to note the distance from the anus to the lesion,
but this method is sometimes not accurate.* Thus, many preop-
erative procedures have been designed, such as barium imaging,
computed tomography (CT) combined with colonoscopy, re-
endoscopy, endoscopic clipping, and endoscopic tattooing using
methylene blue and India ink >

It is an advantage to find the lesions outside the intestinal lu-
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Fig. 1. Preoperative colonoscopic tattooing procedure with autologous blood. (A) Target lesion is observed in the colonoscopy. (B) Colonoscopic tattooing
with autologous blood is performed. (C) Additional endoscopic clip is applied.

men, but there are also many known complications associated
with the abovementioned methods. Preoperative endoscopic
clipping could result in invisibility due to loss of clips,**°
preoperative tattooing, which uses tattooing agents such as
methylene blue, India ink, and indocyanine green (ICG), lead
to invisibility of the tattoo and complications caused by tattoo
spillage.™ To minimize these adverse events, several studies
performed tattooing with patient’s own blood.

Therefore, this study aimed to evaluate the usefulness of a
colonoscopic tattooing with autologous blood before surgery for
localization in laparoscopic colorectal surgery.

while

MATERIAL AND METHODS
Patients

A total of 11 patients underwent preoperative localization
with autologous blood tattooing prior to laparoscopic colorectal
surgery from August 2017 to February 2020. Preoperatively, all
patients underwent colonoscopy, abdominal and chest CT scans,
basic blood testing, chest radiography, and electrocardiography,
as well as mechanical bowel preparation before colonoscopic tat-
tooing. Solid food was not allowed the day before colonoscopy
and after lunch. Participants received a 4-L dose of polyethylene
glycol solution (CoLyte F powder, Taejoon Pharm, Seoul, Korea)
before colonoscopy, 2-L dose the day before the endoscopy, and
2-L dose during the endoscopy day in a split dose. All the pa-
tients underwent elective colon resection surgeries. Indications
for colon rectal surgery included large lateral-spreading tumors
that could not be treated endoscopically, malignant colorectal
cancers, and endoscopically resected malignant polyps requiring
additional colectomy. The exclusion criterion was the presence of
mid-to-lower rectal cancer, because tattooing could not be visible
under peritoneal reflection. The surgical outcomes and compli-
cations associated with endoscopic tattooing included abscess

formation, perforation, post-tattoo fever, and peritonitis, which
were evaluated by reviewing the patients’ medical records retro-
spectively. This study was approved by the Institutional Review
Board (IRB) (IRB No. KYUH 2020-04-001).

Localization procedure

Autologous blood tattooing was performed by two gastroen-
terologists with at least 10 years of experience, and all reports
were recorded in the database. The tattooing was performed
at least 72 hours before the surgery, and prophylactic antibiot-
ics were not administered before tattooing in all patients. After
identification of the lesion by endoscopy, the patient’s blood was
collected using a 10 ml simple syringe without heparin prepara-
tion. After creating a normal saline bleb using a conventional en-
doscopic needle to avoid perforation or intraperitoneal spillage,
2~3 ml of self-blood was injected into each submucosa at 3 or 4
points circumferentially depending on the endoscopist, approxi-
mately the same level or just distal from the target lesion (Fig. 1).
In total, 6~12 ml of autologous blood was used. In all patients, an
endoscopic clip was applied under the assumption that the self-
blood tattoo may not be visible. After colonoscopic tattooing, the
patient’s symptoms and vital signs were checked before surgery.
While checking the intraperitoneal cavity at the start of the
surgery, the tattooed site was first checked (Fig. 2), and a laparo-
scopic metal clip was applied to the same location. The surgeon
recorded the degree of localization of the tattooing was divided
into precise (localized and clearly visible), imprecise (not local-
ized or not clearly visible), and undetected (not localized and not
clearly visible) (Fig. 3). The spillage or abscess formation at the
tattooed site during surgery was also checked. When necessary,
intraoperative colonoscopy was attempted during surgery in case
of inaccurate or undetected localization.
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Fig. 2. Laparoscopic view of an autolo-
gous blood tattooed colon. (A) Precise
case in the descending colon. (B) Impre-

Fig. 3. Resected colon specimen localized with autologous blood tattooing
(precise case). (A) Serosal view. (B) Mucosal view.

RESULTS
Baseline characteristics

Patients’ characteristics are summarized in Table 1.

Eight men and three women were included in this study, and
their mean age (min~max age) was 62.9 years (50~78 years). All
patients had an American Society of Anesthesiologists clas-
sification II, except for one, with ASA classification . Six had a
body mass index of 25 kg/m? or higher. Previous colectomy was
performed in three patients who underwent low anterior and an-
terior resection due to rectal and sigmoid colon cancer and seg-
mental colectomy due to sigmoid colon perforation. The tumor
histological types were as follows: 3 adenomas, 6 adenocarcino-
mas, 1 neuroendocrine tumor, and 1 spindle cell tumor, of which
4 out of the 6 adenocarcinoma patients underwent EMR at an
external hospital or our hospital, but surgery was performed due
to tumor depth or a positive resection margin. Tattooing sites
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cise case in the hepatic flexure colon.

Table 1. Patients’ characteristics

Variables Patients (n=11)
Mean age, year (min~max) 62.9 (50~78)
Gender, Male, n (%) 8 (72.7)
ASA classification, n (%)

I 1(9.1)

[ 10 (90.9)
Obesity, (>25 kg/m?), n (%) 6 (54.5)
Previous colectomy, n (%) 3(27.3)
Type of colorectal neoplasm, n (%)

Adenoma 3(27.3)

Adenocarcinoma 6 (54.5)

Neuroendocrine tumor 1(9.1)

Spindle cell tumor 19.1)
Location of tumor, n (%)

Ascending colon 2(18.2)

Hepatic flexure colon 2(18.2)

Transverse colon 0(0)

Descending colon 3(27.3)

Splenic flexure colon 19.1)

Sigmoid colon 3(27.3)

Rectosigmoid 0(0)
Median Interval between tattooing and 29.2 (4~73)

surgery (range), hours
ASA = American Society of Anesthesiologist.

were observed in the following: 2 ascending colons, 2 hepatic
flexure colons, 3 descending colons, and 3 sigmoid colons, but
were not observed in the rectosigmoid or transverse colons. The
average time from tattooing to surgery (min~max hours) was
29.2 hours (4~73).
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Table 2. Clinical outcomes and complications

Variables Patients (n=11)
Visibility rate, n (%) 10(90.9)
Precise 10 (90.9)
Imprecise 19.1)
Undetected 0(0)
Resection Margin, RO, n (%) 11 (100)
Complications, n (%) 0(0)
Spillage 0
Abscess formation 0
Abdominal pain 0
Fever 0
Chill 0

Clinical outcomes and complications

Clinical outcomes and complication are summarized in Table 2.
When the visibility of localization during surgery was confirmed
among the 11 patients, 10 were precise and 1 was imprecise. The
imprecise patient was tattooed on the hepatic flexure and the
visibility was disturbed due to the greater omentum, although
lesions were identified after omentectomy. After confirming the
visibility during surgery, the surgical resection margin was nega-
tive in all the patients. After autologous blood tattooing, symp-
toms such as abdominal pain or chills before surgery and fever
were not observed, and spillage or abscess at the tattooed site was
also not identified during surgery.

DISCUSSION

In our retrospective study, we investigated the usefulness re-
lated to visibility and complication of autologous blood tattooing
for lesion localization. Using this method, the visibility of the
precise cases was 90.5%, which was not inferior to that of other
methods, and localization errors and complications were not ob-
served in any of the patients. Additionally, since autologous blood
tattooing is simple and practical, requiring no special tattooing
agent or equipment, this method could be easily performed.* In
recent years, early detection rates of early colon cancer is gradu-
ally increasing, making the intraoperative identification of these
lesions more difficult."” Furthermore, in performing laparoscopic
colon surgery, tumors are relatively limited in tactile feedback;
hence, this localization is an important issue.

One of the preoperative localization methods is metal clipping
and this method has a limitation in that the metal clips can be
lost before the surgery.'® Also, intraoperative colon perforation
has been reported in a case using magnetic clip.” CT colonograph
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and barium enema have also been used to determine the location
of the lesion; however, if the tumor is small, endoscopic tattooing
is needed.'® Various materials were tested during colonoscopic
tattooing; India ink and ICG, methylene blue, hematoxylin and
eosin, toluidine blue, and isosulfan blue were evaluated in animal
experiments.

India ink is the most widely used material for tattooing, but it
can cause inflammatory reactions like peritonitis due to colonic
perforation or abscess.”*! It contains foreign substances such
as ethylene glycol, phenol, shellac, and gelatin. To reduce the
inflammatory reaction, sterilization by on-site autoclaving (20
min at 110~121°C and 27.6 kPa pressure) or by passage through
a bacteriostatic Millipore filter (0.22 pm) and subsequently dilu-
tion with normal saline solution are recommended.” ICG which
is mainly used for the evaluation of cardiac ejection ability and
liver function, can also be used as a colon tattooing agent. ICG
is relatively safer than India ink as a colon tattooing agent.*>**
However, indocyanine green is ineffective in that it tends to dis-
appear within 3~7 days®?*® and it was reported that it induced
colon ulcer in an animal study.”® The similar agent “Indocyanine
green fluorance” persists until 7 days and has improved visibility,
although it has a limitation in that it is visualized only with near-
infrared light”

On the other hand, in the cases using self-blood tattooing
methods, there were no known tattooing-related complications.
Self-blood is remarkable in that it is not a foreign body like the
other tattooing agents that cause inflammation in our body.
There was one imprecise blood tattooed case. This was because of
the location of the lesion, which was surrounded by the greater
omentum and mesentery of colon. Therefore, we could identify
only a small section of the blood-tattooed colon. We could avoid
getting invisible cases by injecting 2~3 ml of self-blood into each
submucosa at 3 or 4 points circumferentially and referring other
patients for the endoscopic auto blood tattooing method, which
requires 4 points “1” ml injections in the submucosa at 1 cm from
the lesion.”® If we injected 1 or 2 points, we could have had invis-
ible cases. Actually, India ink or SPOT (GI supply, Camp Hill, PA,
USA) are currently used to inject circumferential sites, in order
to easily identify the dye on the mesenteric side of the bowel,
in a retroperitoneal site, or under the greater omentum.* Even
though we had 100% visibility, we should attempt to make the
tattooed area larger subsequently, so that we can clearly locate
the lesion, even in special cases. This is because intraoperative
bleeding can make the tattooed lesion blurred. A study intro-
duced another unclear case with coagulopathy like in liver cir-
rhosis or thrombocytopenia, which used 6~12 ml of autologous
blood.** Referring to these cases, we can attempt using total blood
of “more than 12 ml” in the next study to make a larger tattooed
area, especially in a specific location or situation.

This study has several limitations. First, it is a retrospective
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study comprising a small sample size that is conducted in a single
institution. Considering that this study included only 11 patients,
several conclusions cannot be drawn from this study. However,
considering the safety and feasibility of this study, conducting
large-scale prospective studies are considerable. Second, because
the tattooing case is selected based on the surgeon’s preference, a
selection bias may occur. Third, the surgeon already knows the
location of the target lesion before surgery, subsequently starts
performing the surgery, and spends a significant amount of time
searching for the lesion, which can lead to high visibility called
introduce bias. This can be overcome by conducting a prospec-
tive study that compares colonoscopic tattooing using India ink
with other methods. Fourth, it was impossible to estimate the
visibility time of a tattoo by performing surgery within at least
73 hours after tattooing. According to Kim et al.,"” visibility was
confirmed until 5 days, but no other studies have been conducted
to assess visibility.

Despite these limitations, the result was valuable because we
found that preoperative autologous blood tattooing is a very
useful and safe technique. It has high visibility, no localization
errors, and no complications. This method does not require ad-
ditional agents or facilities. To have standard guidelines for using
the autologous blood tattooing technique, large scale studies will
be required.
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