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ABSTRACT 

Aim

In colorectal cancer (CRC) colonoscopic tattooing is performed to mark the tumor site before 

laparoscopic surgery. The aim of this study is to determine if colonoscopic tattooing can be used 

to refine staging accuracy by increasing the lymph node (LN) yield per specimen and to determine 

its accuracy as a sentinel lymph node (SN) procedure.

 

Methods

This was a retrospective case-control study of a consecutive series of 95 tattooed patients who had 

surgery for CRC between 2005 and 2009 in a university and a teaching hospital. A series of 210 

non-tattooed patients who had surgery in the same time period served as controls. All LNs were 

microscopically examined for the presence of carbon-particles. Outcomes measures were the total 

number of LN retrieved, detection rate and sensitivity of tattooing as a SN procedure. 

Results 

A higher LN yield was observed in patients with preoperative tattooing, median (interquartile 

range) 15 (10-20) vs. 12 (9-16), (P=0.014). In multivariable analysis the presence of carbon-

containing LNs showed to be an independent predictive factor for a higher LN yield (P=0.002). The 

detection rate was 71%, with a median of 5 carbon-containing  LNs per specimen. If preoperative 

tattooing was used for SN mapping, the overall accuracy of predicting LN status was 94%. In the 24 

N1 cases there were four false negative procedures (sensitivity 83%). 

Conclusions

After tattooing of CRC, LN yield was higher than in a control group, and it could be used as a SN 

procedure with acceptable accuracy rates. Since LN yield and SN mapping are associated with 

improved diagnostic accuracy of LN involvement, preoperative tattooing can refine staging. 
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INTRODUCTION

Colonoscopic tattooing with carbon particles (India ink or sterile carbon particle suspension) 

is performed to mark the site of colorectal cancer (CRC), thereby facilitating lesion localization 

during subsequent colonoscopy or surgery. This is particularly useful in laparoscopic resection 

where manual inspection is not possible.1,2 In addition to tumor localization, colonoscopic 

tattooing may serve other purposes. After tattooing is done, the carbon particles are engulfed by 

macrophages in the lymph nodes (LNs), which are therefore marked permanently.3 These marked 

LNs often become apparent during surgery, thereby demonstrating the lymphatic drainage of the 

tumor. When these LNs are detected outside the planned resection margins intraoperatively, the 

surgical procedure could be adjusted. Furthermore, because these carbon-containing LNs often 

are more clearly visible during subsequent pathologic examination of the specimen, LN harvest 

might be facilitated, possibly leading to a higher LN yield. The extent of LN resection has important 

implications in terms of diagnosis, treatment, and survival in patients with CRC. Several studies 

have suggested that long-term survival is correlated with the number of LNs retrieved during 

surgery.4-7 In the American Joint Committee on Cancer (AJCC) staging manual a minimum of 12 

LNs is recommended for optimal CRC staging in patients at stage I/II.8 However, large series have 

shown that this minimum is not always met.9

Colonoscopic tattooing could also serve as a method for sentinel lymph node (SN) mapping, 

although it might not discriminate between first and second echelon nodes.10 The aim of SN 

mapping in CRC is not to reduce the extent of the resection, as is common practice in breast cancer 

surgery, but it refines staging by marking the LNs most likely to contain metastases. These specific 

nodes can then be subjected to more labour-intensive staging methods by the pathologist such 

as multiple sectioning and immuno-histochemistical analysis, thereby increasing the percentage 

of patients staged at N1 by detecting occult tumor cells. These patients at stage N1 will then 

receive adjuvant chemotherapy, leading to a better prognosis.11-13 So far, SN mapping has not been 

introduced as common practice for CRC, which is probably because of the overall disappointing 

sensitivity rates.11 The aim of this retrospective study was to determine whether colonoscopic 

tattooing can increase the accuracy of tumor staging by analysis of the lymph node yield per 

specimen and its accuracy when used as a sentinel node procedure. 
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METHODS

Patients 

All patients who underwent colonoscopic tattooing before an elective resection for CRC between 

July 2005 and September 2009 were identified from the prospective surgical databases of two 

participating hospitals; a university hospital and a teaching hospital. Histopathologic examination 

of the tumor had to show invasion of the submucosa (stage T1) at least. A series of non-tattooed 

patients who had an elective resection for CRC in the same time period and in the same hospitals 

served as a control group (Figure 1). The Internal Review Board of the Academic Medical Center in 

Amsterdam, the Netherlands, granted exemption from approval for this study. 

Colonoscopic tattooing

During colonoscopy, the tumor localization was marked by tattoos by a gastroenterologist according 

to a standard protocol, approximately 30 days before surgery. For tattooing, SPOT ink was used, a 

suspension containing highly purified, very fine carbon particles (GI Supply, Camp Hill, PA, USA).14 

The ink was delivered through an injection needle that was passed through the working channel 

of the endoscope, as shown in Figure 2. The injection needle was placed in the submucosa, and 

first a small deposit of saline solution was injected, to verify that the needle was indeed in the 

submucosa and not in the peritoneum. Next, the needle was left in the same location, and the 

syringe was replaced by one containing SPOT ink. Then, 0.5 to 1.0 mL of SPOT ink was injected, 

and the needle was flushed with saline solution. If the lesion was located in the rectosigmoid or 

ascending colon, tattoos were placed approximately 1 to 2 cm distal from the lesion and on two 

sides of the lumen. If the lesion was located in the transverse colon, tattoos were placed both 

distally and proximally on both sides of the colon (ie, at 3 and 9 o’clock).

Surgical technique

Whether the resection was performed in an open or laparoscopic fashion was at the surgeon’s 

discretion. Of the 305 patients, 103 (96 in the university hospital and 7 in the teaching hospital) 

participated in a randomized, controlled trial in which laparoscopic and open (segmental) 

colectomies for CRC were compared within a fast track or standard care perioperative program 

(LAFA-trial NTR222). 15 In case of a rectal carcinoma, LN dissection was carried out according to 

the total mesorectal excision principle, and in case of a colon carcinoma, standard locoregional LN 

dissection was performed.

Pathology examination

Specimens were examined by a pathologist according to standardized protocols, specific for 

resection of a rectal or colon carcinoma. The pathologist identified LNs by sight and palpation, and 
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all extracted LNs were stored in boxes according to location in relation to the tumor. No special 

fat clearance techniques were used. Next, 4 μm thick hematoxylin and eosin (H&E) stained slides 

were taken per 5 mm of each LN. Staging and grading of the tumor was done according to the 

TNM classification of the American Joint Committee on Cancer.16 For the purpose of this study, 

identification of tattooed LNs was done retrospectively through microscopic detection of carbon 

dye in the LNs in the H&E stained slides. The LNs and the carbon dye still can be examined after 

time because pathologic handling of the specimen will not change the histomorphology of carbon-

containing LNs (in contrast to other dyes used for sentinel node mapping).

Outcome measures

Primary outcome measures were the total number of LNs retrieved per specimen, the detection 

rate of carbon particles in any LN in tattooed patients, the total number of carbon-containing 

LNs per specimen, and the sensitivity of preoperative endoscopic tattooing as a  sentinel node 

procedure. The following definitions were used: The following definitions were used:  (1) detection 

rate (%), number of patients with ≥ 1 carbon-containing LN x 100/number of patients tattooed;  (2) 

accuracy (%), number of patients in whom carbon-containing LNs correctly reflected nodal status 

x 100/number of patients with ≥ 1 carbon-containing LN;  (3) false-negative LN, carboncontaining 

LN without nodal disease, whereas another regional LN (non-sentinel node) demonstrates tumor 

deposits; (4) true-positive lymph node, carbon-containing LN with nodal disease present;  (5) 

sensitivity (%), number of patients with true positive LNs x 100/number of patients with ≥ 1 

carbon-containing LN with nodal disease present. In sentinel LN clinical practice, the false-positive 

rate is zero per definition. As shown in earlier studies, several factors influence LN retrieval: sex, 

age, tumor site, TNM staging of the tumor, and preoperative (chemo) radiotherapy.9,17,18 To address 

all of these possible confounding factors, a multivariable analysis was performed on the number 

of LNs retrieved.

Statistical analysis

Continuous data were presented as mean (± standard deviation) or as medians and interquartile 

ranges according to distribution. Categorical data were presented as frequencies and percentages. 

For dichotomous outcomes, groups were compared by means of the chi-square test or Fisher 

exact test. An independent t test was used to compare means, and the Mann-Whitney U test 

was used for continuous outcomes with a skewed distrubution. Univariable and subsequent 

multivariable linear regression was used to determine independent predictive factors for a higher 

LN yield. Log transformation of the outcome variable was performed because it was skewed. 

The variable preoperative treatment with (chemo) radiotherapy was not entered as a separate 

variable into the multivariable analysisbecause it is directly related to the site of the tumor and 

with that to the variable type of resection. Variables with a P value of < 0.20 in univariable analysis 

4
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were entered into the multivariable analysis. A P value < 0.05 was considered to be statistically 

significant. Statistical analyses were performed with PASW Statistics for Windows, version 18 (SPSS 

Inc., Chicago, IL, USA).

RESULTS

A total of 95 patients with invasive CRC who underwent preoperative endoscopic tattooing were 

included in the study; 210 patients with invasive CRC who had no preoperative tattoo served as 

controls. A patient flow chart is shown in Figure 1. 

Figure 1. Patient flow chart

Baseline characteristics for the tattooed and non-tattooed patients are presented in Table 1. The 

tumor was located in the colon in 229 patients and in the rectum in 76 patients. Of all patients 

with rectal cancer, 59 patients (78%) underwent preoperative radiotherapy, of which 47 patients 

received 5 x 5 Gy, and 12 patients were treated with neoadjuvant chemoradiotherapy. Most clinical 

and pathologic parameters were comparable in both groups, but the tattooed group included a 

higher percentage of laparoscopic resections and early carcinomas. Of the 95 tattooed patients, 

carbon was observed in the LNs in 67 patients, resulting in a 71% detection rate with a median of 

5 carbon-containing LNs per patient. Of those 67 patients with carbon-containing lymph nodes, 24 

patients (36%) had stage N1 or N2 lymph node involvement. 
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Table 1 Case characteristics tattooed patients vs. non-tattooed patients (n=305)

Tattoo n=95 No tattoo n=210 P value

Male gender 49 (51.6) 118 (56.2) 0.454

Age at resection 68 [61 - 76] 69 [58 - 76] 0.798

Tumor location 0.056

Colon 78 (82.1) 151 (71.9)

Rectum 17 (17.9) 59 (28.1)

Radiotherapy

5x5 gray 9 (52.9) 38 (64.4) 0.078

Chemoradiotherapy 1 (5.9) 11 (18.6)

Laparoscopic resection 49 (51.6) 79 (37.6) 0.022

T stage 0.004

T1 19 (20.0) 15 (7.1)

T2 19 (20.0) 50 (23.8)

T3 54 (56.8) 126 (60.0)

T4 3 (3.2) 19 (9.0)

N stage 0.248

N0 66 (69.5) 131 (62.4)

N1 17 (17.9) 44 (21.0)

N2 12 (12.6) 35 (16.7)

M stage 1.000

M0 86 (90.5) 179 (85.2)

M1 3 (3.2) 8 (3.8)

MX 6 (6.3) 23 (11.0)

Tumor differentiation 0.027

well 6 (6.3) 10 (4.8)

moderate 70 (73.7) 149 (70.9)

poor / undifferentiated 10 (10.5) 45 (21.5)

unknown 9 (9.5) 6 (2.9)

Data presented as n (%) or median [IQR]

Table 2 shows the case characteristics for all tattooed patients with and without carbon-containing 

LNs; no significant differences in characteristics were observed. A remarkable finding in this 

comparison was that tattooing failed in all 3 patients with a T4 tumor and the single patient 

undergoing neoadjuvant chemoradiotherapy. 

Clinical, pathological, and histological appearances of carbon-containing LNs are shown in Figures 

3 through 5. In 2 patients, it was documented in the surgical report that intraoperatively identified 

black nodes led to adjustment of the planned resection. In the first patient, a black node was found 

4
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outside the regional mesentery (aberrant drainage), and in the second patient a more extensive LN 

dissection was performed when black nodes were seen along the central vasculature. Neither of 

these patients had LN involvement. Of all tattooed patients, significantly more LNs were retrieved 

in the patients with carbon present in the LNs compared with those with no carbon present; 

median 15 LNs (IQR 10-20) versus 12 LNs (IQR 9-16) (P=0.014), respectively. In multivariable 

analysis (Table 3) the presence of carbon-containing LNs was a significant independent predictive 

factor for a higher LN yield (P=0.002), even after correction for type of resection, T stage, and N 

stage.

Figure 2. Endoscopic tattooing   Figure 3. Black lymph nodes visible during laparoscopic 
     surgery

Figure 4. Black lymph nodes visible in specimen Figure 5. Ink patches in H&E stained lymph node slides 
     (magnification 4x)
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Table 2 Case characteristics for all tattooed patients compared for presence of carbon-containing lymph nodes 
(n=95)

Carbon-containing lymph 
nodes present n=67

No carbon-containing 
lymph nodes present n=28

P value

Male gender 33 (49) 16 (57) 0.483

Age at resection 67 [60 - 76] 68 [61 - 75] 0.791

Tumor location 0.553

Colon 54 (81) 24 (86)

Rectum 13 (19) 4 (14)

Radiotherapy 0.166

5x5 gray 7 (54) 2 (50)

Chemoradiotherapy 0 (0) 1 (25)

Laparoscopic resection 35 (52) 14 (50) 0.842

T stage 0.357

T1 13 (19) 6 (21)

T2 14 (21) 5 (18)

T3 40 (600 14 (50)

T4 0 (-) 3 (11)

N stage 0.069

N0 43 (64) 23 (82)

N1 14 (21) 3 (11)

N2 20 (15) 2 (7)

M stage 64 (94) 28 (100) 0.517

Data presented as n (%) or median [IQR]

If preoperative tattooing was analyzed for sentinel LN mapping accuracy parameters, LN 

involvement in carboncontaining LNs was detected in 20 patients of the 24 tattooed N1 or N2 staged 

patients with carboncontaining LNs. This resulted in a sensitivity of 83%, with an accompanying 

false-negative rate of 17%, as shown in Table 4. The overall accuracy of predicting LN status in the 

patients who were tattooed with carbon present was 94% (63/67).

4
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Table 3 Linear regression of total number of lymph nodes retrieved

Variable Univariable                
P value

Multivariable             
P value B (95% CI)

Sex 0.862 - -

Age 0.229 - -

Laparoscopic vs. open surgery 0.755 - -

Type of resection <0.001 - -

Right vs. left colon resection <0.001 1.44 (1.23 - 1.65)

Right colon vs. rectal resection <0.001 1.55 (1.30 - 1.84)

Left colon vs. rectal resection 0.365 -

(Chemo)radiotherapy in rectal cancer 0.058 -

T-stage 0.005

T1 - -

T2 0.011 1.36 (1.07 - 1.86)

T3 0.001 1.45 (1.16 - 1.80)

T4 0.053 1.36 (1.00 - 1.72)

N-stage 0.011

N0 - -

N1 0.737 -

N2 0.039 1.22 (1.01 - 1.47)

M-stage 0.206

Tumor differentiation 0.502 -

Carbon present 0.012 0.002 1.29 (1.10 - 1.51)

Analyses were carried out on log-transformed data. CI=confidence interval

Table 4 Accuracy of endoscopic tattooing as a sentinel node procedure

Detection rate 67/95 (70.5)

True positive 20

False negative 4

Sensitivity rate 20/ 24 (83.3)

Accuracy rate 63/67 (94)

Median no. of CcLN per specimen 5.0 [4.0 - 6.0]

Percentage of CcLN per specimen 33.3 [20.8 - 55.6]

Data presented as n (%) or median [IQR]. CcLN = carbon-containing lymph node. 
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DISCUSSION

With endoscopic tattooing becoming part of quality standards, a considerable increase of 

preoperative tattooing in the near future is expected. We performed this study to determine 

whether preoperative endoscopic tattooing can contribute to improving LN staging of colorectal 

tumors. A significantly higher median number of LNs was retrieved per specimen after successful 

endoscopic tattooing, even after correction for possible confounding factors. In 2 patients, the 

visibly black nodes were used intraoperatively to guide surgery and regional lymphadenectomy. 

As a sentinel LN procedure, endoscopic tattooing had an acceptable sensitivity of 83% and an 

accuracy of 94%. However, the observed detection rate of 71% was slightly disappointing.

Increased lymph node yield

The increased LN yield can be attributed to the fact that the nodes often become visibly black and 

are therefore more easily identified by both the surgeon and the pathologist.5 

Previous studies have demonstrated that an increased number of harvested LNs may lead to 

better prognostication with a higher proportion of detected N1-staged patients benefitting from 

adjuvant chemotherapy and an accompanying better prognosis in the N0-staged group.6,8 In this 

retrospective study, the proportion of N1-staged patients was comparable in the tattooed and 

control groups. If tattooing results in more accurate staging, an increase in N1-staged patients 

would be expected in the tattooed group. However, in this series, predominantly early carcinomas 

were tattooed to facilitate detection during surgery. The significantly lower T stages in the tattooed 

group (Table 1) could therefore conceal the upstaging results because it is more likely for a patient 

with a higher T stadium to have tumor-positive LNs (N1 stage). A relatively high number of carbon-

containing nodes per specimen was observed in this study, when compared to the mean number 

of sentinel nodes described in a recent systematic review.11 Nissan et al identified the number 

of sentinel nodes as an independent predictive factor for accuracy parameters.19 So far, there is 

not much experience with endoscopic tattooing as sentinel node mapping. There is no definite 

proof yet that the carboncontaining LNs are indeed the first echelon nodes, but it does seem very 

plausible that the greatest degree of ink is deposited in the first order draining nodes.3  However, 

secondary echelon nodes cannot be discriminated from first echelon nodes with this technique. 

This probably would have resulted in a higher number of detected sentinel nodes.

Accuracy of endoscopic tattooing for SN mapping

Although based on small numbers, the sensitivity of endoscopic tattooing for sentinel node 

mapping found in this study is higher than other reported sensitivity rates in CRC sentinel node 

mapping. In contrast, our endoscopic tattooing detection rate of 71% was lower than that found in 
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comparable studies10,20, and lower than the mean overall-weighted detection rate of 94% found in 

the recent meta-analysis combing in vivo and ex vivo SN mapping results.11 

Although a standard protocol was used, preoperative tattooing was not yet done on a routine 

basis in either center. This could explain the relatively low detection rate. Previous studies have 

shown that if ink is correctly deposited in adequate volume in the submucosa or serosa, lymph 

drainage is almost certain to occur.21 We could not identify any predictive characteristics for the 

group in which tattooing did not lead to carboncontaining LNs.  However, all 3 patients with 

T4 tumors and the single patient undergoing neoadjuvant chemoradiotherapy were tattooed, 

but there was no carbon present in the LNs. This would be in line with sentinel node mapping 

studies in which higher T-stage, pN2, and preoperative radiotherapy were identified as factors 

influencing sentinel node success rates.12 This is probably because of tumoral obstruction of the 

lymphatics or radiotherapy-induced fibrosis leading to rerouting of the lymphatic flow. With the 

expected increase of endoscopic tattooing in the near future, gastroenterologists will become 

more experienced in the procedure. Moreover, international guidelines for colonic tattooing have 

been suggested recently.22 Therefore, both the increased experience in endoscopic tattooing and 

adherence to these guidelines will very likely improve knowledge, skills, and detection rates.

Strength and limitations of the study

As with all observational studies, conclusions have to be drawn with caution. Case characteristics 

of the studied patients were different for some variables, but these potential confounders to 

the LN yield were corrected for by means of a multivariable analysis. Also, in this retrospective 

study we could determine only which LNs contained carbon and not whether the surgeon or 

pathologist had detected the LNs because the nodes were actually visibly black. Unfortunately, 

visibility of the SPOT ink during surgery was not mentioned consistently in the surgical notes, nor 

in the pathology notes. We do believe that it is likely that extension of the LN dissection guided 

by visibly black LNs was performed more often than the 2 cases reported in this series; but this 

could not be estimated reliably based on the surgical notes. No ultrastaging methods (ie, multiple 

sectioning and immunohistochemical analysis) were applied in this study, so upstaging rates could 

not be determined. So far, the prognostic value of occult tumor cells is still debated, and serial 

sectioning with  immunohistochemistry is not part of routine pathological staging. Currently, a 

large randomized trial is ongoing in the Netherlands, to evaluate the clinical significance of occult 

tumor cells in LNs and to test whether adjuvant chemotherapy will improve survival in patients 

with stage I to II colon cancer (Enroute+ ; NCT01097265). If ultrastaging becomes part of daily 

practice, preoperative tattooing could be used to limit expensive and time consuming  methods 

on the carbon-containing LNs, on average 33% of total LNs in this series. In our study, the tattooed 

patients relatively often had a T1 or T2 tumor, and nearly 70% had a pN0 LN stage. However, 
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this is the exact group of patients for which accuracy of the LN staging is most important. If N0 

patients are actually under staged N1 patients, they miss out on adjuvant chemotherapy, thereby 

significantly decreasing their survival.11,12 Moreover, with the increasing implementation of CRC 

screening programs a considerable rise in detection of T1 tumors is to be expected.

Safety of endoscopic tattooing is discussed in detail in a review by Kethu et al. in which they 

conclude that India ink tattooing is safe and long-lasting when injected tangentially in small aliquots 

into the submucosal space. Most reported complications were related to transmural injection. For 

SPOT ink more specifically, evidence on safety is still limited. In a series of 63 patients, 9.5% had 

peritoneal leakage, but a mild peritonitis developed only in 1 patient. 23,24 More recently, Moss et al 

presented a case series in which 1 patient developed clinical peritonitis.22 Sentinel node detection 

after endoscopic tattooing is appealing because it is a side-effect of a procedure that is often 

performed in daily practice to localize tumors in patients having laparoscopic surgery. 

Thus, for this procedure, no extra efforts concerning facilities, cost, labor and operation time are 

needed, contrary to regular SN techniques. It is, however, critical that tattooing is performed safely 

and accurately to minimize the risk to the patient. In this series, several advantages of preoperative 

endoscopic tattooing for LN staging in addition to tumor marking were observed. Therefore, we 

recommend preoperative tattooing as standard routine workup in patients with CRC who will have 

either open or laparoscopic surgery. 
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