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Background: Widespread application of laparoscopic colorectal surgery enhances significance of 
accurate preoperative localization. Endoscopic tattooing has been used widely for preoperative 
localization, however, there is no international consensus to guide endoscopic tattoo practice due to 
lack of large-scale, prospective study. We developed a protocol for endoscopic tattooing by 
communication with colorectal surgeons using a shorter minimal caliber needle. The aim of this single-
center prospective feasibility study was to clarify the safety and efficacy of our endoscopic tattooing for 
pre-laparoscopic localization. 
Methods: Patients aged 20 years, with diagnosis of colorectal cancer, undergoing preoperative 
colonoscopy, and who provided written informed consent were included. Patients with a palpable rectal 
lesion, undergoing other therapies than surgery, and undergoing open surgery were excluded. Our 
protocol of endoscopic tattooing were follows; i) direction of abdominal wall was identified by patient’s 
position and water accumulation level. ii) one-site tattoo at the abdominal wall was created distal 
adjacent to the target. iii) the saline-test injection method (test saline injection- India ink injection-boost 
saline injection) was applied. A sterile, highly purified, undiluted India ink with fixed doses (0.2mL for 
colon, 0.1mL for rectum) was used . At colonoscopy, tumor location, tumor stage, and circumference 
were recorded. Surgeons evaluated tumor location, tattoo visibility, and the India ink leakage during 
surgery. Accurate localization was defined when colonoscopy and surgical tumor location indicated the 
same colon segment or when tattoo was visible during surgery. The primary endpoint was accurate 
localization rates in all of tattoos. The sample size was calculated as 454 patients, since the range of 
95% confidence interval of accurate localization rates would be within 5%. The institutional review 
board approved this study. 
Results: A total of 454 patients were enrolled between June 2016 and May 2017. Ninety-six patients 
were excluded because of extra-indication of surgery, open surgery, or patient refusal. So finally, 358 
patients with 383 tattoos were analyzed (Table 1). Accurate localization rates were 80.4% (308/383) in 
colonoscopy and 94.8% (363/383) in tattooing (p< .001). All cancers were successfully removed with 
sufficient surgical margins. India ink leakage was observed in 17 (4.4%), however, no complications 
occurred. Multivariate analysis revealed upper rectal location (rectosigmoid) was an independent 
predictor for invisible tattoo (Table 2). 
Conclusion: Localization by endoscopic tattooing is accurate with a safe profile, however, there are 
spaces for improvements in the rectosigmoid colon location. These data would be valuable for future 
standardization of endoscopic tattooing. (Study registration: UMIN000021012) 



Table 1. Baseline characteristics  

Variables   Prevalence (%) 

Male   234 (61.1%) 

Median age, yrs (range)   68 (28-89) 

ASA class 1-2 342 (95.5%) 

  3 16 (4.5%) 

BMI, median   23 (14-46) 

Colonoscopic tumor location Cecum 30 (7.8%) 

  Ascending 79 (20.6%) 

  Transverse 34 (8.8%) 

  Descending 15 (3.9%) 

  Sigmoid 122 (31.8%) 

  Upper rectum (rectosigmoid) 52 (14.4%) 

  Lower rectum 48 (12.5%) 

Tumor circumference < 1/2 238 (62.1%) 

  ≥ 1/2 145 (37.9%) 

Experienced endoscopists   265 (69.1%) 

Median volume of injected saline, mL Test injection 0.2 (0.1-0.6) 

  Boost injection 0.3 (0.1-1.0) 

The median operation time, min (range)   177 (100-700) 

The median surgical margin, mm (range) Distal 110 (20-440) 

  Proximal 150 (23-860) 

Surgical tumor location Cecum 30 (7.8%) 

  Ascending 80 (20.9%) 



  Transverse 35 (9.2%) 

  Descending 16 (4.2%) 

  Sigmoid 99 (25.8%) 

  Upper rectum (rectosigmoid) 62 (16.2%) 

  Lower rectum 61 (15.9%) 

Pathological tumor stage T0/1 98 (25.6%) 

  T2-4 285 (74.4%) 
 
BMI: body mass index, ASA: American Society of Anesthesiologists 

Table 2 Univariate and multivariate predictors for invisible endoscopic tattooing prior to laparoscopic 
surgery  

    All 
subjects 

Invisible 
tattoo Unadjusted Adjusted 

Variables   Prevalence Prevalence 
(%) 

OR 
(95% 
CI) 

P 
value 

OR (95% 
CI) 

P 
value 

Male gender   234 15 (6.4%)         

Age ≥68   204 9 (4.4%)         

BMI ≥25   116 8 (6.9%)         

Experienced 
endoscopist   265 15 (5.7%)         

ASA class ≥3   18 0         

Location Colon 280 8 (2.9%) 
0.2 

(0.08-
0.5) 

0.001 Reference   

  Upper rectum 
(rectosigmoid) 55 9 (16.3%) 

5.6 
(2.2-
14.3) 

  7.5 (2.7-
21.8) 

< 
.001 



  Lower rectum 48 3 (6.3%) 
1.2 

(0.3-
3.9) 

  2.5 (0.5-
9.3) 0.19 

Clinical tumor 
stage ≥T2   254 15 (5.9%) 

0.6 
(0.2-
1.7) 

0.47     

Tumor 
circumference 

≥1/2 
  145 9 (6.2%) 

0.7 
(0.3-
1.9) 

0.5     

Test saline 
solution ≥0.2 

mL 
  30 3 (10%) 

2.2 
(0.5-
7.0) 

0.19 3.2 (0.7-
11.7) 0.09 

Boost saline 
solution ≥0.3 

mL 
  156 7 (4.5%) 

0.8 
(0.3-
1.9) 

0.59     

 
BMI: body mass index, ASA: American Society of Anesthesiologists, OR, odds ratio, CI: confidence 
interval 
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BACKGROUND: Endoscopic tattooing has become standard of care as a marker to assist in the 
intraoperative identification of colonic neoplasia. Although the safety and efficacy of endoscopic 
tattooing has been reported in numerous studies, it is often not routinely performed. The lack of 
endoscopic marking may result in significant difficulty identifying the lesion of interest and ultimately 
result in inadequate surgical margins. Despite such concerns, the true incidence of endoscopic tattoo 
placement by gastroenterologists when lesions suspicious for malignancy are identified remains 
unclear. Furthermore, the lack of a standardized technique may also result in significant adverse 
operative outcomes. 
 
AIM: To assess the rate at which physicians utilize endoscopic tattoo placement in patients undergoing 
surgery for benign and malignant colorectal neoplasia. 
 
METHOD: Patients who underwent surgery for colorectal neoplasia between January 2000 and June 
2017 were identified through the Northwestern Enterprise Data Warehouse. Patients were included if 
they had surgical resection at the home institution and the preoperative colonoscopy report was 
available in the electronic health record. Records were reviewed for baseline demographics, tattoo 
placement and technique, pathology, adverse events, and surgical outcomes. In addition, variability in 
endoscopic technique for tattoo placement was assessed. Between groups comparisons were 
analyzed using Chi square and student’s t-tests. 
RESULTS: A total of 914 patients were identified to have undergone surgical resection of colorectal 
neoplasia. Of those, 611 patients were identified to have an available pre-operative colonoscopy report 
for review. 474 patients (77.58%) underwent surgical resection for a neoplasia deemed benign whereas 
137 (22.42%) patients underwent resection for malignant neoplasia. Surgical characteristics are 
depicted in Table 1. Of 611 colorectal resections, 321 (52.5%) were documented to have placement of 
a tattoo of which only 196 (61.1%) tattoos were identified intraoperatively. Of the cohort in which 
endoscopic tattoo was placed, 1 (0.31%) case was found to have positive margins post-operatively in 
comparison to 11 (4.23%) patients in the non-tattooed cohort. There was no difference between those 
with tattoo placed vs. those without tattoo for conversion from laparoscopic to open surgery (19% vs. 
17%.) 
 
CONCLUSIONS: 
Despite current societal guidelines, endoscopic tattoo placement for lesions deemed unresectable at 
colonoscopy is often not performed and the technique not standardized. This may lead to significant 
operative adverse events such as inadequate margins. Further education is needed to the proper 
indication and technique for endoscopic marking. 





 
 
 
 
 
 
 


