
INTRODUCTION 

Minimally invasive surgery has become a standard for colorectal 
cancer (CRC), except for locally advanced cancer or emergency 
surgery [1]. Laparoscopic surgery for CRC has the advantage of 
less blood loss, earlier bowel movement, shorter hospital stays, 
and lower complication rates than open approaches with similar 
oncologic outcomes [2–4]. However, in early colon cancer, it is of-
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Purpose: Preoperative colonoscopic (POC) localization is recommended for patients scheduled for elective laparoscopic colectomy 
for early colon cancer. Among the various localization method, POC tattooing localization has been widely used. Several dyes have 
been used for tattooing, but dye has disadvantages, including foreign body reactions. For this reason, we have used autologous blood 
tattooing for POC localization. This study aimed to evaluate the safety and efficacy of the autologous blood tattooing method. 
Methods: This study included patients who required POC localization of the colonic neoplasm among the patients who were sched-
uled for elective colon resection. The indication for localization was early colon cancer (clinically T1 or T2) or colonic neoplasms that 
could not be resected endoscopically. POC autologous blood tattooing was performed after saline injection, and 2 hemoclips were ap-
plied. 
Results: A total of 45 patients who underwent autologous blood tattooing and laparoscopic colectomy were included in this study. All 
POC localization sites were visible in the laparoscopic view. POC localization sites showed almost perfect agreement with intraopera-
tive surgical findings. There were no complications like bowel perforation, peritonitis, hemoperitoneum, and mesenteric hematoma. 
Conclusion: Autologous blood is a safe and effective agent for localizing materials that can replace previous dyes. However, a large 
prospective case-control study is required for the routine application of this procedure in early colon cancer or colonic neoplasms.
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ten difficult to detect or localize small tumors during laparoscopic 
surgery. Laparoscopic surgery is less tactile than open surgery, 
making it difficult to find small endoluminal lesions that are diffi-
cult to find even in open surgery. Such difficulties in laparoscopic 
surgery may result in insufficient margins in CRC surgery and 
even lead to conversion to open surgery. For this reason, various 
methods for tumor localization have been described.  

Tumor localization can be performed using intraoperative colo-
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Preoperative localization of potentially invisible colonic lesions on the
laparoscopic operation field: using autologous blood tattooing

Purpose To evaluate the safety and efficacy of the autologous blood tattooing method for elective
laparoscopic colectomy in early colorectal cancer patients

https://doi.org/10.3393/ac.2023.00059.0008

Conclusion Autologous blood is a safe and effective agent for localizing 
materials that can replace previous dyes.

ResultsMethods

POC Autologous
blood tattooing Hemoclipping

45 Patients with suspicious early colon cancer receiving preop-
erative autologous blood tattooing with applying 2 hemoclips

No complication related with POC blood tattooing  Safety

Mean interval
20.8±12.41 hr

All localization sites Tattooing vs. operative sites
κ-value= 0.834

Efficacy

Preoperative colonoscopy (POC)

Initial vs. postoperative level
No difference

After
surgery

Before
surgery

Hb / WBC level

Visible Tumor location Change of Hb and WBC

Graphical abstract

noscopy (IOC) or preoperative colonoscopy (POC). IOC localiza-
tion has the benefit of allowing the operator to measure the exact 
margin by simultaneously checking the laparoscopic and colonos-
copy views. However, the operation time is delayed, and the inevi-
tably distended bowel creates difficulty in the exposure of the sur-
gical site [5]. Therefore, POC localization through peritumoral 
tattooing [6] with various agents, such as ink, indigo carmine, in-
docyanine green [7], or methylene blue, has been described. 

Although POC localization provides convenience for operators, 
the use of dye has been controversial because of adverse effects, 
such as local inflammatory reactions, dye spillage, abscess forma-
tion, or anaphylaxis due to foreign body reactions [8]. To mini-
mize the use of dye for POC, we introduced an autologous blood 
tattooing method previously used in upper and lower gastrointes-
tinal operations [9]. This study aimed to evaluate the effectiveness 
and safety of autologous blood tattooing for POC localization 
based on the experience at our institution. 

METHODS 

Ethics statement 
We conducted this study in compliance with the principles of the 
Declaration of Helsinki. After obtaining approval from the Insti-
tutional Review Board of St. Vincent Hospital at the Catholic Uni-
versity of Korea (No. VC22RISI0339), we retrospectively reviewed 
the patients’ data and clinical information. The requirement for 
informed consent was waived due to the retrospective nature of 
the study. 

Description of participants 
From June 2019 to December 2021, 50 patients required POC lo-
calization of the neoplasm among the patients who were sched-
uled for elective colorectal resection. The indication for localiza-
tion was early colon cancer (clinically T1 or T2) or colonic neo-
plasms that could not be resected endoscopically. All patients un-
derwent preoperative evaluation, including a laboratory chemical 
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study, electrocardiography, and abdomen, pelvis, and chest com-
puted tomography (CT). Patients were excluded if they had un-
dergone open surgery (not open conversion surgery) or if local-
ization was not performed using autologous blood. Therefore, 5 
patients were excluded (3, open surgery; 2, localization was per-
formed using only a hemoclip), and finally, 45 patients were ana-
lyzed in this study. 

Protocol 
All patients took 4 L of Colyte (Taejoon Pharmaceutical) for bow-
el preparation in the morning on the day before surgery. The 
18-gauge Angio needle was prepared for the immediate drawing 
of blood. Colonoscopy localization was performed by the colorec-
tal surgeon the day before surgery in most cases. After the tip of 
the colonoscope reached the target lesion, 10 mL of blood was 
drawn from each patient. First, 1 to 2 mL of saline was injected in 
4 directions of the whole bowel lumen at the level of the submu-
cosa, then 2 to 3 mL of autologous blood was injected at the same 
site as saline injection (Fig. 1). After autologous blood injection, a 
hemoclip (Ez Clip, HX-610-135, Olympus) was placed distal to 
the injection site. 

In the preoperative colonoscopy report, we defined the loca-
tion of tumor as the following. (1) If the tumor was in the as-
cending (A) or descending (D) colon, we reported tumor loca-
tion as proximal and distal A or D colon. The area from the ce-
cum to hepatic flexure (HF) was designated as an A colon, the 
half of the A colon close to the cecum was defined as a proximal 
A colon, and the half close to HF was defined as a distal A colon. 
The area between the splenic flexure (SF) and descending-sig-
moid junction (DSJ) was designated as a D colon. The D colon 
was classified into proximal and distal parts by applying the same 
principle as the A colon. (2) If the tumor was in the transverse 

(T) or sigmoid (S) colon, we reported the tumor location as prox-
imal, mid, and distal T or S colon. The area from the HF to SF 
was designated as a T colon, and the area from the DSJ to the 
rectosigmoid junction was designated as an S colon. Then we 
measured the distance between the proximal and distal parts us-
ing the scale of the colonoscopy. After measuring the length of 
the colon, the length was divided into 1/3, and each was defined 
as a proximal, mid, or distal T or S colon. 

After colonoscopy, an abdominal erect and kidney, ureter, and 
bladder (KUB) x-ray was performed to check for free air and con-
firm the localization site (Fig. 2). 

Fig. 1. Preoperative colonoscopic localization using autologous blood. (A) Early adenocarcinoma lesion. (B) Autologous blood tattooing was 
performed at the 4 directions of the peritumoral lesion. (C) Two hemoclips were placed.
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tattooing [6] with various agents, such as ink, indigo carmine, in-
docyanine green [7], or methylene blue, has been described.

Although POC localization provides convenience for operators, 
the use of dye has been controversial because of adverse effects, 
such as local inflammatory reactions, dye spillage, abscess forma-
tion, or anaphylaxis due to foreign body reactions [8]. To mini-
mize the use of dye for POC, we introduced an autologous blood 
tattooing method previously used in upper and lower gastrointes-
tinal operations [9]. This study aimed to evaluate the effectiveness 
and safety of autologous blood tattooing for POC localization 
based on the experience at our institution.

METHODS

Ethics statements
We conducted this study in compliance with the principles of the 
Declaration of Helsinki. After obtaining approval from the Institu-
tional Review Board of St. Vincent Hospital at the Catholic Univer-
sity of Korea (No. VC22RISI0339), we retrospectively reviewed the 
patients’ data and clinical information the requiredment-study. 

Description of participants
From June 2019 to December 2021, 50 patients required POC lo-
calization of the neoplasm among the patients who were sched-
uled for elective colorectal resection. The indication for localiza-
tion was early colon cancer (clinically T1 or T2) or colonic neo-
plasms that could not be resected endoscopically. All patients un-
derwent preoperative evaluation, including a laboratory chemical 
study, electrocardiography, and abdomen, pelvis, and chest com-
puted tomography (CT). Patients were excluded if they had un-
dergone open surgery (not open conversion surgery) or if local-
ization was not performed using autologous blood. Therefore, 5 
patients were excluded (3, open surgery; 2, localization was per-
formed using only a hemoclip), and finally, 45 patients were ana-
lyzed in this study. 

Protocol
All patients took 4 L of Colyte (TAEJOON PHARM Co., Ltd.) for 
bowel preparation in the morning on the day before surgery. The 
18-gauge Angio needle was prepared for the immediate drawing 
of blood. Colonoscopy localization was performed by the colorec-
tal surgeon the day before surgery in most cases. After the tip of 
the colonoscope reached the target lesion, 10 mL of blood was 
drawn from each patient. First, 1 to 2 mL of saline was injected in 
4 directions of the whole bowel lumen at the level of the submu-
cosa, then 2 to 3 mL of autologous blood was injected at the same 
site as saline injection (Fig. 1). After autologous blood injection, a 
hemoclip (Ez Clip, HX-610-135, Olympus) was placed distal to the 
injection site. 

In the preoperative colonoscopy report, we defined the location 
of tumor as the following. (1) If the tumor was in the ascending 
(A) or descending (D) colon, we reported tumor location as prox-
imal and distal A or D colon. The area from the cecum to hepatic 
flexure (HF) was designated as an A colon, the half of the A colon 
close to the cecum was defined as a proximal A colon, and the half 
close to HF was defined as a distal A colon. The area between the 
splenic flexure (SF) and descending-sigmoid junction (DSJ) was 
designated as a D colon. The D colon was classified into proximal 
and distal parts by applying the same principle as the A colon. (2) 
If the tumor was in the transverse (T) or sigmoid (S) colon, we re-
ported the tumor location as proximal, mid, and distal T or S co-
lon. The area from the HF to SF was designated as a T colon, and 
the area from the DSJ to the rectosigmoid junction was designated 
as an S colon. Then we measured the distance between the proxi-
mal and distal parts using the scale of the colonoscopy. After mea-
suring the length of the colon, the length was divided into 1/3, and 
each was defined as a proximal, mid, or distal T or S colon.

After colonoscopy, an abdominal erect and kidney, ureter, and 
bladder (KUB) x-ray was performed to check for free air and con-
firm the localization site (Fig. 2).

Fig. 1. Preoperative colonoscopic localization using autologous blood. (A) Early adenocarcinoma lesion. (B) Autologous blood tattooing was 
performed at the 4 directions of the peritumoral lesion. (C) Two hemoclips were placed. 
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Fig. 2. The clips placed on the blood tattooing area were confirmed on 
the x-ray image.
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Primary outcome
This study aimed to confirm the safety and efficacy of preopera-
tive autologous colonoscopy tattooing in laparoscopic colorectal 
surgery. To confirm safety, we reviewed the complications that 
occurred due to the intervention immediately after colonoscopy 
and during surgery (bowel perforation, hemoperitoneum, mesen-
teric bleeding or hematoma, and abscess formation). To confirm 
its efficacy, we reviewed the agreement between the colonoscopy 
and surgical findings of the tumor location.

Statistical analysis
The Cohen unweighted κ value was used to evaluate the agree-
ment. The κ-values < 0 referred to no agreement; 0–0.20, slight 
agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agree-
ment; 0.61–0.80, substantial agreement; and 0.81–1.00, almost 
perfect agreement. Significance was defined as a P-value ≤ 0.05. 
Statistical analysis was performed using the IBM SPSS ver. 28.0 
(IBM Corp). Repeated-measures analysis of variance was used to 
compare changes in hemoglobin (Hb) and white blood cell 
(WBC) counts before and after surgery between patients who un-
derwent blood tattooing and those who did not.

RESULTS

Demographics and preoperative factors
POC localization using autologous blood was performed in 48 
patients. With the exclusion of 3 patients who underwent open 
colectomy, 45 patients who underwent autologous blood tattoo-

ing and laparoscopic colectomy were included in this study. There 
was 1 case that was diagnosed as a rectal neuroendocrine tumor. 
However, the location was unclear as no definite anatomical land-
marks were photographically documented. Therefore, we decided 
to perform the preoperative colonoscopy to confirm the exact lo-
cation of the lesion and to localize the tumor. In the preoperative 
colonoscopy, the tumor was located 2-fold above the superior 
Houston valve, so the surgeon preoperatively diagnosed the tu-
mor as a distal S colon, and we included this case in this study. 
The mean age of these patients was 64.42± 7.70 years, and 64.8% 
were men. The mean body mass index was 25.53± 2.66 kg/m2, 
and 93.4% of the patients had American Society of Anesthesiolo-
gists (ASA) class I or II. In total, 71.7% of the tumors were invisi-
ble on preoperative abdominal and pelvic CT, and all tumors 
scheduled for surgical resection were confirmed using preopera-
tive colonoscopy. Forty-two patients (93.3%) underwent colec-
tomy due to colonic adenocarcinoma, 3 patients (6.67%) required 
surgical resection for colonic adenoma, which could not be re-
moved endoscopically. Among 42 patients with colonic adenocar-
cinoma, 3 patients required POC localization for colonic ade-
noma in addition to primary cancer, so that the optimal resection 
margin could be determined intraoperatively. The mean interval 
between the preoperative colonoscopy and surgery was 
20.80± 12.41 hours (range, 14–68 hours) (Table 1).

Fig. 2. The clips placed on the blood tattooing area were confirmed 
on the x-ray image.

Table 1. Baseline characteristics

Variables Patients (n = 45)

Age (yr) 62.42 ± 7.70 

Male sex 35 (77.8%)

Body mass index (kg/m2) 25.53 ± 2.66

ASA score

I 16 (35.6%)

II 26 (57.8%)

III 3 (6.7%)

Initial CEA (ng/ml) 3.01 ± 2.80

Previous op History 9 (16.7%)

Type of colorectal neoplasm (main lesion)

Adenocarcinoma 42 (93.3%)

Adenoma 3 (6.67%)

Type of colorectal neoplasm (tattooing lesion)

Adenocarcinoma 39 (86.7%)

Adenoma 6 (13.3%)

Time interval between the 
colonoscopy tattooing and surgery (hrs)

20.80 ± 12.41

Values are presented as Mean (standard deviations) or number (%)
ASA, american society of anesthesiologists; CEA, carcinoembryonic antigen; op, 
operation
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Primary outcome 
This study aimed to confirm the safety and efficacy of preopera-
tive autologous colonoscopy tattooing in laparoscopic colorectal 
surgery. To confirm safety, we reviewed the complications that oc-
curred due to the intervention immediately after colonoscopy and 
during surgery (bowel perforation, hemoperitoneum, mesenteric 
bleeding or hematoma, and abscess formation). To confirm its ef-
ficacy, we reviewed the agreement between the colonoscopy and 
surgical findings of the tumor location. 

Statistical analysis 
The Cohen unweighted κ-value was used to evaluate the agree-
ment. The κ-values < 0 referred to no agreement; 0–0.20, slight 
agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agree-
ment; 0.61–0.80, substantial agreement; and 0.81– 1.00, almost 
perfect agreement. Significance was defined as a P-value ≤ 0.05. 
Statistical analysis was performed using the IBM SPSS ver. 28.0 
(IBM Corp). Repeated-measures analysis of variance was used to 
compare changes in hemoglobin (Hb) and white blood cell 
(WBC) counts before and after surgery between patients who un-
derwent blood tattooing and those who did not. 

RESULTS 

Demographics and preoperative factors 
POC localization using autologous blood was performed in 48 
patients. With the exclusion of 3 patients who underwent open 
colectomy, 45 patients who underwent autologous blood tattooing 
and laparoscopic colectomy were included in this study. There 
was 1 case that was diagnosed as a rectal neuroendocrine tumor. 
However, the location was unclear as no definite anatomical land-
marks were photographically documented. Therefore, we decided 
to perform the preoperative colonoscopy to confirm the exact lo-
cation of the lesion and to localize the tumor. In the preoperative 
colonoscopy, the tumor was located 2-fold above the superior 
Houston valve, so the surgeon preoperatively diagnosed the tu-
mor as a distal S colon, and we included this case in this study. 
The mean age of these patients was 62.42± 7.70 years, and 77.8% 
were men. The mean body mass index was 25.53 ± 2.66 kg/m2, 
and 93.3% of the patients had American Society of Anesthesiolo-
gists (ASA) class I or II. In total, 71.7% of the tumors were invisi-
ble on preoperative abdominal and pelvic CT, and all tumors 
scheduled for surgical resection were confirmed using preopera-
tive colonoscopy. Forty-two patients (93.3%) underwent colecto-
my due to colonic adenocarcinoma, 3 patients (6.7%) required 
surgical resection for colonic adenoma, which could not be re-
moved endoscopically. Among 42 patients with colonic adenocar-

cinoma, 3 patients required POC localization for colonic adeno-
ma in addition to primary cancer, so that the optimal resection 
margin could be determined intraoperatively. The mean interval 
between the preoperative colonoscopy and surgery was 
20.80± 12.41 hours (range, 14–68 hours) (Table 1). 

Pathologic outcomes 
Among 45 patients, 3 patients had a benign polyp, and 42 had ad-
enocarcinomas. 37 out of 42 patients (88.1%) with adenocarcino-
ma had early T category (pTis, T1, or T2) cancer. Among the 3 
patients who were diagnosed the pT3 cancer, 2 were diagnosed 
with clinical T2 category on the CT scan, so the surgeon decided 
to localize the tumor. In 1 patient with T3 category, localization 
was performed in a separate T1 lesion. There were 2 T4 lesions, 
and localization was performed in separate benign lesions. In the 
42 patients with adenocarcinoma, the proximal and distal mar-
gins were 9.43± 5.57 and 9.01± 9.84 cm, respectively. 

Agreement between the findings 
Table 2 shows the agreement between preoperative colonoscopy 
findings during the tattooing procedure and intraoperative surgi-
cal findings. The Cohen κ-value was 0.834, and according to the 
interpretation of the κ-value, the preoperative localization of co-
lonic tumors using autologous blood was “almost perfectly 

Table 1. Baseline characteristics (n= 45)
Characteristic Value
Age (yr) 62.42± 7.70
Male sex 35 (77.8)
Body mass index (kg/m2) 25.53± 2.66
ASA PS classification
  I 16 (35.6)
  II 26 (57.8)
  III 3 (6.7)
Initial CEA (ng/mL) 3.01± 2.80
Previous operation history 9 (16.7)
Type of colorectal neoplasm
  Main lesion
    Adenocarcinoma 42 (93.3)
    Adenoma 3 (6.7)
  Tattooing lesion
    Adenocarcinoma 39 (86.7)
    Adenoma 6 (13.3)
Time interval between the colonoscopy  

tattooing and surgery (hr)
20.80± 12.41

Values are presented as mean±standard deviation or number (%).
ASA, American Society of Anesthesiologists; PS, physical status; CEA, 
carcinoembryonic antigen.
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Table 2. The agreement between the colonoscopic (tattooing) and intraoperative findings for colonic lesions requiring localization

Colonoscopic 
tattooing lesion

Operative finding – tumor location
κ-valueProximal 

A colon
Distal 

A colon
Proximal 
T colon

Middle 
T colon

Distal 
T colon

Proximal 
D colon

Proximal 
S colon

Middle 
S colon

Distal 
S colon Total

Proximal A colon 2 1 0 0 0 0 0 0 0 3 0.834
Distal A colon 0 0 0 0 0 0 0 0 0 0
Proximal T colon 0 0 5 0 0 0 0 0 0 5
Middle T colon 0 0 0 1 0 0 0 0 0 1
Distal T colon 0 0 0 0 2 1 0 0 0 3
Proximal D colon 0 0 0 0 0 2 0 0 0 2
Distal D colon 0 0 0 0 0 0 1 0 0 1
Proximal S colon 0 0 0 0 0 0 4 0 0 4
Middle S colon 0 0 0 0 0 0 1 10 0 11
Distal S colon 0 0 0 0 0 0 0 2 13 15
Total 2 1 5 1 2 3 6 12 13 45
A, ascending; T, transverse; D, descending; S, sigmoid.

agreed” with surgical findings. However, the agreement between 
the initial colonoscopy and surgical findings was “substantial” 
(κ = 0.733), which was lower than that of the tattooing findings 
(Table 3). Most discrepancies were between the adjacent seg-
ments. However, there were 2 cases with discrepancies of more 
than 2 segments between the initial colonoscopy and surgical 
findings (proximal S to distal S colon and proximal D to proxi-
mal S colon). 

Clinical outcomes of the autologous blood tattooing 
All localization sites were visible in the laparoscopic view (Fig. 3), 
and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site. 

We performed a subgroup analysis to obtain additional evi-
dence regarding the safety of blood tattooing. We indirectly evalu-
ated the risk of bleeding during or after colonoscopy blood tattoo-
ing by comparing changes in Hb levels before and after surgery. 
We also evaluated the possibility of an inflammatory response af-
ter tattooing by comparing changes in WBC. For statistical analy-
sis, we assigned a control group to patients who were diagnosed 
and operated upon during the same period. A decrease in postop-
erative Hb and an increase in postoperative WBC were equally 
observed in both the groups. The degree of change between the 
initial and postoperative values also did not show a significant 
difference between the 2 groups (Figs. 4, 5). 

DISCUSSION 

Several studies have demonstrated the advantages of the laparo-
scopic approach in early CRC, and this approach is now considered 
a standard procedure. However, despite these advantages, there is a 
severe problem in terms of the localization of tumor lesions. 

Early CRC lesions are usually small and localized in the mucosa 
or submucosa; therefore, they cannot be laparoscopically detected. 
Furthermore, it is more difficult for surgeons to feel small lesions 
due to the impaired tactile sensation of the laparoscopic instru-
ment compared to the surgeon’s hand. However, this is even more 
problematic for endoscopically resected lesions. For this reason, 
the need for a methodology for tumor localization has increased.  

The first endoscopic tattooing with India ink for the localiza-
tion of colonic lesions was described in 1975 [10]. It is fascinating 
and useful, but has some adverse effects, including fat necrosis 
with inflammatory pseudotumor formation, colonic abscess, 
chronic inflammation, and adhesion formation caused by foreign 
body reaction [11–13]. Furthermore, this dye may disrupt the 
surgical plane because it can diffuse into the serosa and stain the 
mesentery or peritoneum [14, 15]. 

Other dyes, such as methylene blue, indigo carmine, and indo-
cyanine green, have also been used for tumor localization. How-
ever, foreign body reactions were inevitable in these dyes, as well 
as in India ink. 

Other methods do not use dyes, such as colonoscopy clipping, 
CT colonoscopy, or double-contrast barium enema. However, a 
metal clip is usually not observed in the laparoscopic field and is 
easily missed before surgery [16, 17], and imaging methods are 
unreliable in the localization of small tumors [18, 19]. 
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Table 3. The agreement between the initial colonoscopic and intraoperative findings for colonic lesions requiring localization

Initial colonos-
copic lesion

Operative finding – tumor location
κ-valueProximal 

A colon
Distal 

A colon
Proximal 
T colon

Middle 
T colon

Distal 
T colon

Proximal 
D colon

Proximal 
S colon

Middle 
S colon

Distal 
S colon Total

Proximal A colon 2 0 0 0 0 0 0 0 0 2 0.733
Distal A colon 0 1 0 0 0 0 0 0 0 1
Proximal T colon 0 0 4 1 0 0 0 0 0 5
Middle T colon 0 0 1 0 0 0 0 0 0 1
Distal T colon 0 0 0 0 2 0 0 0 0 2
Proximal D colon 0 0 0 0 0 3 1 0 0 4
Proximal S colon 0 0 0 0 0 0 5 5 1 11
Middle S colon 0 0 0 0 0 0 0 7 0 7
Distal S colon 0 0 0 0 0 0 0 0 11 11
Rectum 0 0 0 0 0 0 0 0 1 1
Total 2 1 5 1 2 3 6 12 13 45
A, ascending; T, transverse; D, descending; S, sigmoid.

Fig. 3. Intraoperative finding of autologous blood tattooing.
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Fig. 4. Differences in hemoglobin (Hb) changes over time between 
the control and blood tattooing groups.

S colon and proximal D to proximal S colon).

Clinical outcomes of the autologous blood tattooing
All localization sites were visible in the laparoscopic view (Fig. 3), 
and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site.

We performed a subgroup analysis to obtain additional evidence 
regarding the safety of blood tattooing. We indirectly evaluated 
the risk of bleeding during or after colonoscopy blood tattooing 
by comparing changes in Hb levels before and after surgery. We 
also evaluated the possibility of an inflammatory response after 
tattooing by comparing changes in WBC. For statistical analysis, 
we assigned a control group to patients who were diagnosed and 

operated upon during the same period. A decrease in postopera-
tive Hb and an increase in postoperative WBC were equally ob-
served in both the groups. The degree of change between the ini-
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and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site.

We performed a subgroup analysis to obtain additional evidence 
regarding the safety of blood tattooing. We indirectly evaluated 
the risk of bleeding during or after colonoscopy blood tattooing 
by comparing changes in Hb levels before and after surgery. We 
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All localization sites were visible in the laparoscopic view (Fig. 3), 
and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site.

We performed a subgroup analysis to obtain additional evidence 
regarding the safety of blood tattooing. We indirectly evaluated 
the risk of bleeding during or after colonoscopy blood tattooing 
by comparing changes in Hb levels before and after surgery. We 
also evaluated the possibility of an inflammatory response after 
tattooing by comparing changes in WBC. For statistical analysis, 
we assigned a control group to patients who were diagnosed and 

operated upon during the same period. A decrease in postopera-
tive Hb and an increase in postoperative WBC were equally ob-
served in both the groups. The degree of change between the ini-
tial and postoperative values also did not show a significant differ-
ence between the 2 groups (Figs. 4, 5).

DISCUSSION
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scopic approach in early CRC, and this approach is now considered 
a standard procedure. However, despite these advantages, there is 
a severe problem in terms of the localization of tumor lesions. 

Early CRC lesions are usually small and localized in the mucosa 
or submucosa; therefore, they cannot be laparoscopically de-
tected. Furthermore, it is more difficult for surgeons to feel small 
lesions due to the impaired tactile sensation of the laparoscopic 
instrument compared to the surgeon’s hand. However, this is even 
more problematic for endoscopically resected lesions. For this 
reason, the need for a methodology for tumor localization has in-
creased.

The first endoscopic tattooing with India ink for the localization 
of colonic lesions was described in 1975 [10]. It is fascinating and 
useful, but has some adverse effects, including fat necrosis with 
inflammatory pseudotumor formation, colonic abscess, chronic 
inflammation, and adhesion formation caused by foreign body 
reaction [11–13]. Furthermore, this dye may disrupt the surgical 
plane because it can diffuse into the serosa and stain the mesen-
tery or peritoneum [14, 15].
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ever, foreign body reactions were inevitable in these dyes, as well Fig. 3. Intraoperative finding of autologous blood tattooing.

Initial WBC Postoperative WBC

Time

Control
Blood tattooing

13,000

12,000

11,000

10,000

9,000

8,000

7,000

Fig. 5. Differences in white blood cell count (WBC) changes over 
time between the control and blood tattooing groups.

https://doi.org/10.3393/ac.2023.00059.0008230

Mun JY, et al.

https://doi.org/10.3393/ac.2023.00059.0008


forated abdominal viscus. We also confirmed the location of the 
localization site by checking metal clips placed immediately next 
to the tumor. Radiographs showed no evidence of intestinal per-
foration. Finally, during the operation, surgeons did not find any 
complications, such as bowel perforation, peritonitis, hemoperito-
neum, or mesenteric hematoma. 

Furthermore, in the subgroup analysis, the degree of Hb and 
WBC changes before and after surgery did not differ significantly 
between patients who underwent colonoscopy and those who did 
not. These results suggest that the tattooing procedure does not 
increase the risk of bleeding or inflammation. Based on the results 
of this study, a series of processes are essential for safe tattooing. 
First, the scopist should set the target of injection to the submuco-
sa. Then blood injection should be performed after saline injec-
tion. Finally, after the procedure, the scopist should check the 
chest, abdomen, and KUB radiographs to confirm any complica-
tions or location markers. 

We also compared tumor locations confirmed during colonos-
copy localization with those identified during laparoscopic sur-
gery. The κ-value between the 2 methods was 0.834, indicating al-
most perfect agreement. Even in cases of disagreement between 
the colonoscopy and surgical findings, the location disparity was 
slight (e.g., mid vs. distal S colon); therefore, there was no change 
in the surgical plan during the operation due to incorrect localiza-
tion. In contrast, the degree of agreement between the initial colo-
noscopy and surgical findings was lower. In addition, a serious 
disparity was observed between the initial colonoscopy and surgi-
cal findings of the 2 patients. In 1 patient, the surgical method was 

changed after tattooing.  
This discordance was related to various factors. Some anatomi-

cal features, such as colonic elongation, redundancy, and tortuosi-
ty, are well known to be associated with difficulties or failure 
during colonoscopy [24]. In addition, the colonoscopy technique 
itself depends on the operator. For example, the insertion length 
required to reach the DSJ is within 40 cm when experts perform 
colonoscopy using the shortening technique, but the length can 
be increased to 60 cm or more [25]. This is why photographic 
documentation of tumor with anatomical landmark and detailed 
description is essential. Therefore, setting the surgical strategy us-
ing only the description of initial colonoscopy findings is limited 
[22, 26]. When colon resection is performed based only on the 
initial colonoscopy results, an error in the initial description caus-
es a catastrophic outcome, such as the resection of the wrong seg-
ment of the colon [27]. 

Intraoperative colonoscopy can be performed when the lesion 
is not visible or when its location is ambiguous. However, the total 
operation time increases because of the setting and performance 
time of the colonoscopy procedure [28]. Most importantly, an un-
expected event can embarrass the operator, which can hinder safe 
surgery. 

The disparity between the initial colonoscopy and surgical find-
ings in this study provides a rationale for the necessity of preoper-
ative colonoscopy localization of potentially invisible lesions in 
laparoscopic surgery, especially for lesions in the redundant trans-
verse or sigmoid colon. Among the materials used for preopera-
tive colonoscopy localization, tattooing with blood was safe and 
effective. 

This study had the strength that colorectal surgeons performed 
preoperative colonoscopy localization themselves. Several studies 
have reported that the participation of an operating surgeon in 
preoperative localization can improve the accuracy of localization 
[29, 30]. 

In many studies, gastroenterologists showed higher adenoma 
detection and cecal intubation rates, showing the superior quality 
of CRC screening colonoscopy than colorectal and general sur-
geons [31–33]. The results of previous studies are reasonable be-
cause the primary purpose of colonoscopy performed by a gas-
troenterologist is to find lesions and treat them endoscopically; 
therefore, they have undergone training for this purpose [34]. 
For localization, it is also important to rediscover the lesion 
during preoperative colonoscopy. However, simultaneously, it is 
more important to plan surgery while considering surgical anat-
omy. Therefore, participation or practice of preoperative colo-
noscopy by surgeons is essential not only for the description and 
interpretation of the location of the primary tumors, but also for 

Fig. 5. Differences in white blood cell count (WBC) changes over time 
between the control and blood tattooing groups.
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S colon and proximal D to proximal S colon).

Clinical outcomes of the autologous blood tattooing
All localization sites were visible in the laparoscopic view (Fig. 3), 
and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site.

We performed a subgroup analysis to obtain additional evidence 
regarding the safety of blood tattooing. We indirectly evaluated 
the risk of bleeding during or after colonoscopy blood tattooing 
by comparing changes in Hb levels before and after surgery. We 
also evaluated the possibility of an inflammatory response after 
tattooing by comparing changes in WBC. For statistical analysis, 
we assigned a control group to patients who were diagnosed and 

operated upon during the same period. A decrease in postopera-
tive Hb and an increase in postoperative WBC were equally ob-
served in both the groups. The degree of change between the ini-
tial and postoperative values also did not show a significant differ-
ence between the 2 groups (Figs. 4, 5).

DISCUSSION

Several studies have demonstrated the advantages of the laparo-
scopic approach in early CRC, and this approach is now considered 
a standard procedure. However, despite these advantages, there is 
a severe problem in terms of the localization of tumor lesions. 

Early CRC lesions are usually small and localized in the mucosa 
or submucosa; therefore, they cannot be laparoscopically de-
tected. Furthermore, it is more difficult for surgeons to feel small 
lesions due to the impaired tactile sensation of the laparoscopic 
instrument compared to the surgeon’s hand. However, this is even 
more problematic for endoscopically resected lesions. For this 
reason, the need for a methodology for tumor localization has in-
creased.

The first endoscopic tattooing with India ink for the localization 
of colonic lesions was described in 1975 [10]. It is fascinating and 
useful, but has some adverse effects, including fat necrosis with 
inflammatory pseudotumor formation, colonic abscess, chronic 
inflammation, and adhesion formation caused by foreign body 
reaction [11–13]. Furthermore, this dye may disrupt the surgical 
plane because it can diffuse into the serosa and stain the mesen-
tery or peritoneum [14, 15].

Other dyes, such as methylene blue, indigo carmine, and indo-
cyanine green, have also been used for tumor localization. How-
ever, foreign body reactions were inevitable in these dyes, as well Fig. 3. Intraoperative finding of autologous blood tattooing.
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S colon and proximal D to proximal S colon).

Clinical outcomes of the autologous blood tattooing
All localization sites were visible in the laparoscopic view (Fig. 3), 
and there were no complications, such as bowel perforation, he-
moperitoneum, or mesenteric hematoma. In 2 patients, a polyp 
that was missed by preoperative colonoscopy was discovered on 
intraoperative colonoscopy, which is performed to check the in-
tegrity of the anastomosis site.

We performed a subgroup analysis to obtain additional evidence 
regarding the safety of blood tattooing. We indirectly evaluated 
the risk of bleeding during or after colonoscopy blood tattooing 
by comparing changes in Hb levels before and after surgery. We 
also evaluated the possibility of an inflammatory response after 
tattooing by comparing changes in WBC. For statistical analysis, 
we assigned a control group to patients who were diagnosed and 

operated upon during the same period. A decrease in postopera-
tive Hb and an increase in postoperative WBC were equally ob-
served in both the groups. The degree of change between the ini-
tial and postoperative values also did not show a significant differ-
ence between the 2 groups (Figs. 4, 5).

DISCUSSION

Several studies have demonstrated the advantages of the laparo-
scopic approach in early CRC, and this approach is now considered 
a standard procedure. However, despite these advantages, there is 
a severe problem in terms of the localization of tumor lesions. 

Early CRC lesions are usually small and localized in the mucosa 
or submucosa; therefore, they cannot be laparoscopically de-
tected. Furthermore, it is more difficult for surgeons to feel small 
lesions due to the impaired tactile sensation of the laparoscopic 
instrument compared to the surgeon’s hand. However, this is even 
more problematic for endoscopically resected lesions. For this 
reason, the need for a methodology for tumor localization has in-
creased.

The first endoscopic tattooing with India ink for the localization 
of colonic lesions was described in 1975 [10]. It is fascinating and 
useful, but has some adverse effects, including fat necrosis with 
inflammatory pseudotumor formation, colonic abscess, chronic 
inflammation, and adhesion formation caused by foreign body 
reaction [11–13]. Furthermore, this dye may disrupt the surgical 
plane because it can diffuse into the serosa and stain the mesen-
tery or peritoneum [14, 15].

Other dyes, such as methylene blue, indigo carmine, and indo-
cyanine green, have also been used for tumor localization. How-
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the decision of resection range, especially when they discover a 
separate polyp. 

However, this was also a limitation of this study. The tattooing 
procedure is complex and depends on the operator. To perform a 
stable procedure, it is necessary to insert the colonoscope without 
forming a loop, and the operator must be proficient in needling to 
the appropriate depth. In our study, all operators had experience 
of more than 500 cases; therefore, there was a limitation in gener-
alizing our favorable results. In addition, this study did not ana-
lyze the difference in visibility according to the amount of blood 
injected; therefore, we could not suggest an appropriate amount of 
blood. Finally, this was a retrospective case series study conducted 
at a single center with a small number of patients. 

In conclusion, preoperative colonoscopy localization is neces-
sary for small endoluminal lesions, particularly those in the T or S 
colon. Autologous blood is a safe and effective agent for localizing 
materials that can replace previous dyes. In addition, using autol-
ogous blood in the tattooing procedure has some benefits in that 
there is no concern about supply and demand instability or for-
eign body reactions. Therefore, in this study, colonoscopy autolo-
gous blood tattooing was a safe and feasible procedure for the lo-
calization of early colon cancer or colonic neoplasms. However, a 
large prospective casecontrol study is required for the routine ap-
plication of this procedure in early colon cancer or colonic neo-
plasms.
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