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Sir Winston Churchill
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INTRODUCTION AND PERSPECTIVES OF THE THESIS
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12          Chapter 1

GENERAL INTRODUCTION

Image-guided surgery refers to any procedure in which a surgeon uses preoperative or 

intraoperative images in order to directly or indirectly guide resection. Image-guided surgery 

helps surgeons to perform a safer and less invasive procedure, while obtaining more effective 

removal of affected tissue. Preoperative and intraoperative imaging modalities have gained 

enormous interest over the last decades, along with general improvements in healthcare that 

have resulted in new diagnosis and treatment options, healthy aging and longer survival of 

patients with previously deadly diseases.

In this thesis we will focus on perioperative imaging during abdominal surgery. Excluding bariatric 

surgery, more than 55,000 abdominal surgical procedures are performed in the Netherlands 

annually (source Centraal Bureau voor Statistiek; www.statline.cbs.nl). More than half of these 

procedures consist of malignant colonic resections or laparoscopic cholecystectomy for 

symptomatic cholecystolithiasis or gallstone disease. In both surgical procedures perioperative 

imaging can decrease surgical harm, while improving diagnosis and therapy outcomes. In 

colon cancer, preoperative imaging may lead to more accurate assessment of tumor spread, 

while intraoperative imaging may improve complete tumor resection. During laparoscopic 

cholecystectomy, improvement of optical intraoperative imaging could help to avoid bile duct 

injury, which would otherwise require re-intervention, a prolonged hospital stay and incure an 

increased risk of permanent physical damage.

MOLECULAR IMAGING

Next to traditional imaging techniques such as X-ray, ultrasonography, computed tomography 

(CT) and magnetic resonance imaging (MRI), molecular imaging based on exogenously 

administrated tracers is now available. Single photon emission computed tomography 

(SPECT) imaging and positron emission tomography (PET) are both highly sophisticated 

imaging techniques, visualizing metabolically active tissue by measuring the concentration 

of administrated radiopharmaceuticals. Both imaging modalities can be combined with a CT 

scan, thus integrating metabolic information with detailed anatomical information. In addition, 

SPECT and PET allow three-dimensional imaging, which facilitates the dynamic imaging of 

HIITP]�P]MRK�MRXVE�EFHSQMREP�SVKERW�SV�SJ�SVKERW�EFSZI�SV�FIPS[�SXLIV�SVKERW�[MXL�WMKRMƼGERX�

amounts of activity. This characteristic contrasts with classic scintigraphy, which yields planar 

data and can only be used to create a two dimensional image. The ability to combine functional 
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Introduction and perspectives of the thesis          13

and anatomical data has contributed enormously to the better differentiation of physiological 

and pathological uptake, more accurate localization of pathology and better characterization 

of small or equivocal uptake foci.

The most commonly used radionuclide in SPECT is the gamma-photon 99mTc-nanocoll which 

has a half-life (t1/2) of 6 hrs and can be coupled to various compounds. The most commonly 

used tracer in PET imaging is 18*�ƽYSVSHIS\]KPYGSWI��18FDG), which is a marker for tissue 

uptake of glucose. The great advantage of PET over SPECT is the superior sensitivity and spatial 

resolution. Additionally, dynamic 3D imaging provides detailed anatomical information on the 

location of radiopharmaceutical and tracer distribution. These favorable characteristics have 

expanded the application of PET from imaging of tumor metabolism to selective tumor targets. 

Nowadays, targeted therapies based on the conjugation and radiolabelling of monoclonal 

antibodies with PET isotopes are being investigated. These therapies can be aimed exclusively 

at tumor cells while sparing healthy cells. At the same time new PET-radiocolloids, especially 

[89Zr]Zr-nanocoll are under development. The prolonged [89Zr]Zr-nanocoll half-life (t1/2) of 78.4 

hrs improves the quantitative investigation of tracer distribution and therefore allows for a 

more detailed analysis of metastatic spread of a primary tumor, especially regarding drainage 

of tumor cells toward lymph nodes 1, 2.

A limitation of radiocolloids is their colorless appearance, which means that they cannot be 

visualized intraoperatively. Intraoperative guidance towards highly radioactive structures can be 

achieved by imaging with a portable gamma camera but these cannot differentiate radioactivity 

between structures 3. Optical tracers are clearly needed to facilitate intraoperative image-guided 

surgery. The most frequently used optical tracers are blue dyes (e.g. methylene blue, isosulfan 

blue or patent blue). Blue dyes are safe when administered locally or in low doses. However, 

they can induce severe adverse effects such as arrhythmias, coronary vasoconstriction, 

ERH�LIQSP]XMG�ERIQME�MR�TEXMIRXW�[MXL�VIREP�MRWYƾGMIRG]�SV�EJXIV�MRXVEZIRSYW�EHQMRMWXVEXMSR�

of higher doses 4. Visualization of blue dye through tissue with the naked eye is limited and 

XLIVIJSVI�VIWXVMGXW�ETTPMGEXMSRW�XS�XLI�MHIRXMƼGEXMSR�SJ�WYTIVƼGMEP�WXVYGXYVIW�

More recently, intraoperative imaging using the near-infrared (NIR) light spectrum has been 

introduced, using light at wavelengths invisible to the naked eye (between 700-900 nanometers). 

%HZERXEKIW�SJ�2-6�PMKLX�MRGPYHI�LMKL�XMWWYI�TIRIXVEXMSR�SJ�YT�XS���GQ��ERH�PS[�EYXSƽYSVIWGIRGI��

%W�E�VIWYPX��STXMQEP�WMKREPſXSſFEGOKVSYRH�VEXMSW�GER�FI�EGLMIZIH��MQTVSZMRK�FSXL�GSRXVEWX�ERH�

XLI�MHIRXMƼGEXMSR�SJ�HMJJIVIRX�XMWWYI�X]TIW�5��2-6�MQEKMRK�VIUYMVIW�E�2-6�ƽYSVIWGIRX�EKIRX�SV�

WS�GEPPIH�ƽYSVSTLSVI��GSQFMRIH�[MXL�ER�MQEKMRK�W]WXIQ�XLEX�MW�EFPI�XS�FSXL�I\GMXI�ERH�HIXIGX�

1
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14          Chapter 1

XLI�ƽYSVIWGIRX�WMKREP��8LI�ƽYSVIWGIRX�WMKREP�GER�FI�ZMWYEPM^IH�MQQIHMEXIP]�ERH�QSWX�MQEKMRK�

W]WXIQW�EVI�EFPI�XS�GSQFMRI�ƽYSVIWGIRGI�WMKREPW�[MXL�GSRZIRXMSREP�GSPSV�ZMHISW��EPPS[MRK�

direct anatomical orientation.

8[S�ƽYSVSTLSVIW�EVI�GYVVIRXP]�ETTVSZIH�F]�XLI�97�*SSH�ERH�(VYK�%HQMRMWXVEXMSR��*(%�ERH�XLI�

European Medicines Agency (EMA) for clinical applications; methylene blue and Indocyanine 

+VIIR��-'+��&SXL�EVI�RSRWTIGMƼG�GSRXVEWX�EKIRXW�FYX�[MXL�HMJJIVIRX�GLEVEGXIVMWXMGW��-RHSG]ERMRI�

Green has an excitation peak around 800 nm, while methylene blue has an excitation peak of 

ETTVS\MQEXIP]�����RQ��-'+�WLS[W�FIXXIV�XMWWYI�TIRIXVEXMSR�HITXL�ERH�PIWW�EYXSƽYSVIWGIRGI��

%RSXLIV�EHZERXEKI�MW�XLI�FIXXIV�WEJIX]�TVSƼPI�SJ�-'+��[LIXLIV�MRNIGXIH�PSGEPP]�SV�W]WXIQEXMGEPP]��

Adverse events have been reported in fewer than 1 in 40,000 patients and most relate to 

hypersensitivity reactions 6.

Methylene blue and ICG can be used for different surgical applications. Methylene blue is 

mainly cleared renally and is therefore very useful for ureter mapping to prevent iatrogenic 

injuries. Indocyanine Green is cleared exclusively by the liver and is excreted into the bile after 

intravenous administration. It may help reduce bile duct injuries by imaging the biliary tree 

during laparoscopic cholecystectomy. Additionally, ICG has favorable characteristics that may 

MQTVSZI�MQEKMRK�SJ�XYQSV�WTVIEH�F]�ZMWYEPM^EXMSR�SJ�P]QTL�RSHI�HVEMREKI�TEXXIVRW��MHIRXMƼGEXMSR�

SJ�QEPMKRERX�XMWWYI�ERH�ƼREPP]��XS�HIXIVQMRI�EHIUYEXI�VIWIGXMSR�QEVKMRW��%�XLMVH�TVSQMWMRK�

ƽYSVSTLSVI�MW�-6(]I���';��0-�'36�&MSWGMIRGI��0MRGSPR��2)��[LMGL�LEW�ER�EHHMXMSREP�2,7�IWXIV�

ERH�GER�FI�IEWMP]�GSYTPIH�XS�ER�ERXMFSH]�[MXLSYX�GLERKMRK�MXW�ƽYSVIWGIRX�TVSTIVXMIW��6IJIVVIH�

XS�EW�XYQSV�XEVKIXIH�MQEKMRK��XLMW�ETTVSEGL�EPPS[W�JSV�ZIV]�WTIGMƼG�TVI��ERH�MRXVESTIVEXMZI�

detection of tumor tissue. IRDye800CW is currently available for conjugation to targeted 

biomolecules for investigational use in clinical trials. However, it has not been studied for 

diagnostic or therapeutic applications in humans, and has not been FDA approved for this use. 

Use of IRDye800CW therefore remains limited in current routine treatment of surgical patients.

IMAGE-GUIDED SURGERY IN COLON CANCER

Colorectal cancer is currently the second most frequently diagnosed cancer in the Western 

world, and is the third most common malignancy, after prostate and lung cancer, in men in 

the Netherlands. In women, only breast cancer is diagnosed more frequently. As a result of 

the introduction of a nationwide screening program, increased life expectancy and an aging 

population, the number of colorectal cancer patients has increased dramatically, from 7100 in 
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Introduction and perspectives of the thesis          15

1990 to 14000 in 2017 (source :www.cijfersoverkanker.nl). About two thirds of these patients 

are diagnosed with colon cancer.

'SPSR�GERGIV�MW�GPEWWMƼIH�EGGSVHMRK�XS�WXEKI�EX�HMEKRSWMW��EW�HIƼRIH�F]�MRZEWMSR�HITXL�SJ�XLI�

XYQSV��8�WXEKI��8��8���P]QTL�RSHI�ERH�HMWXERX�QIXEWXEWIW��821�GPEWWMƼGEXMSR��*MKYVI����)EVP]�

HIXIGXMSR�MW�GVYGMEP�XS�QE\MQM^I�XLI�GLERGI�SJ�GYVI��'YVVIRXP]��ƼZI�]IEV�WYVZMZEP�VERKIW�JVSQ�

97% to as low as 8%, depending on disease stage at time of diagnosis 7. Of newly diagnosed 

colon cancer cases, early stage T1 and T2 tumors (stage I disease) account for 24% and 34.5%, 

respectively (source Dutch ColoRectal Audit DCRA-DICA 2017). By this stage a tumor has grown 

through the muscularis mucosa into the submucosa (T1), and may also have penetrated into the 

muscularis propria (T2). The general incidence of tumor spread to nearby lymph nodes (N-stage) 

or distant sites (M-stage) is low in these T1 and T2 tumors. More advanced tumors grow in to 

the outermost layers of the colon (T3) or though the visceral peritoneum (T4), increasing the 

risk of metastatic spread dramatically .

Independent of T-stage, accurate pathological examination of resected lymph nodes is a 

prerequisite, since lymph node metastasis (LNM) serves as the strongest prognostic factor 

and most important criterion for adjuvant chemotherapy 8. In the absence of LNM (stage I-II), 

the 5-year survival of exceeds 95% for stage I and approximately 80% for stage II disease 7, 9-11.

The incidence of LNM in T1/T2 tumors is relatively low, at 8-20%. The proportion of these 

early staged tumors is expected to increase to approximately 50% due to the introduction 

of nationwide screening programs 12. In patients with T1/T2 tumors a complete resection 

of the primary tumor can be easily achieved with a small resection of the affected colon or 

endoscopic guided resection. This is an attractive treatment option that avoids exposure to 

unnecessary surgery-related morbidity and mortality, which are currently as high as 13.5% and 

1-5%, respectively 13, 14. Moreover, previous studies indicate that endoscopic treatment of T1 

tumors is safe in patients with low-risk tumors 15��,S[IZIV��IRHSWGSTMG�VIWIGXMSR�MW�MRWYƾGMIRX�

in the majority of T1 tumors categorized as high-risk (71-81%) 16. In these patients an endoscopic 

VIWIGXMSR�MW�MRWYƾGMIRX�WMRGI�021�EVI�TVIWIRX�MR��	�SJ�17. For T2 tumors the risk of lymph nodes 

is even higher up to 20%. Currently, it is not possible to distinguish patients with or without 

lymph node metastases prior to surgery. Therefore, large segmental resection, with en-block 

excision of all lymph nodes, is unavoidable in the majority of patients with T1 tumors and in all 

patients with T2 colon cancer 7, 18.

1
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16          Chapter 1

Figure 1��(MJJIVIRX�WXEKIW�SJ�GSPSVIGXEP�GERGIV�EGGSVHMRK�XS�XLI�821�GPEWWMƼGEXMSR�W]WXIQ�
(Picture adapted from; http://www.cancercontrol.net)

On the other hand, up to 20-30% of patients without lymph node metastases show disease 

VIGYVVIRGI�ERH�IZIRXYEPP]�HMI�[MXLMR�ƼZI�]IEVW�SJ�MRMXMEP�XVIEXQIRX��HIWTMXI�GSQTPIXI�WYVKMGEP�

resection 19. This high recurrence rate in lymph node-negative patients is probably the result 

of understaging due to overlooked occult tumor cells (micrometastases or isolated tumor 

cells) during routine histopathological examination 20. To improve lymph node staging while 

decreasing the extent of surgery in node-negative patients, detection of the sentinel lymph 

node (SLN) could offer a solution.

The sentinel lymph node procedure

Some history

Lymph node involvement as a consequence of the metastatic spread of cancer was already 

described by Hippocrates, who mentioned a disease similar to currently known lymph node 

metastases 21. The investigation of the lymphatic system has a long and fascinating history, with 

important contributions from several medical scientists. Although some medical pioneers had 

already described the lymphatic system, probably accidentally, it is generally accepted that it 

[EW�ƼVWX�TVSTIVP]�VIGSKRM^IH�F]�XLI�-XEPMER�TVSJIWWSV�+EWTEVS�%WWIPMYW������������MR�������[LS�

was then Professor of Anatomy at Pavia University in Italy 22. He noticed ‘white vessels’ in the 
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Introduction and perspectives of the thesis          17

mesentery during dissection of a living dog just after eating. He also observed leakage of white 

ƽYMH�JVSQ�XLI�ZIWWIPW�EJXIV�GYXXMRK�XLVSYKL�XLIQ�ERH�XLIVIJSVI�HIWGVMFIH�XLIQ�EW�DPEGXIEPWD��

The anatomy and physiological role of the lymphatic structures was a mystery but began to 

receive attention from many investigators following Asselius’s description. In 1651 the Dutch 

professor Johannes van Horne (1621-1670) described a main lymphatic collecting vessel which 

is currently known as the thoracic duct. It was van Horne’s student, Frederik Ruysch (1638-

������*MKYVI����[LS�ƼVWX�HIQSRWXVEXIH�XLI�HVEMREKI�SJ�ƽYMHW�JVSQ�XLI�SVKERW�XS[EVHW�XLI�

P]QTLEXMG�W]WXIQ�ERH�ƼREPP]�MRXS�XLI�ZIRSYW�FPSSH�WXVIEQ��'SRGYVVIRXP]��XLI�(ERMWL�TL]WMGMER��

mathematician and theologian Thomas Bartholin (1616-1680) studied the lymphatic system 

SJ�X[S�I\IGYXIH�GVMQMREPW��,I�GSRƼVQIH�XLEX�XLI�P]QTLEXMG�W]WXIQ�[EW�E�GMVGYPEXSV]�W]WXIQ�

HMWXMRGX�JVSQ�FPSSH�GMVGYPEXMSR�ERH�TVSTSWIH�XLEX�P]QTL�SVMKMREXIH�JVSQ�FPSSH�F]�ƼPXVEXMSR��,I�

REQIH�XLI�P]QTL�ZIWWIPW�DZEWE�P]QTLEXMGED��E�XIVQ�HIVMZIH�JVSQ�XLI�0EXMR�[SVH�DP]QTLED�[LMGL�

means clear spring water. Anthony Nuck (1650-1692), a professor of anatomy in Leiden, the 

Netherlands, visualized lymphatics by injection of a mixture of mercury, tin and lead 23. As a 

VIWYPX��XLI�JYRGXMSR�SJ�XLI�P]QTL�RSHIW�EW�ƼPXIVW�SJ�XLI�P]QTLEXMG�W]WXIQ�[EW�WPS[P]�YRGSZIVIH��

The German pathologist, Rudolf Virchow (1821-1902), can be considered the founding father 

of our modern understanding of the lymphatic system and lymph nodes. He suggested that 

P]QTL�RSHIW�JYRGXMSR�EW�ƼPXIVW�MR�XLI�P]QTLEXMG�W]WXIQ�ERH�EPWS�TVSTSWIH�XLEX�P]QTLEXMG�ƽYMH�

JVSQ�ER]�KMZIR�EVIE�MR�XLI�FSH]�HVEMRW�XLVSYKL�XLI�P]QTLEXMGW�XS�WTIGMƼG�P]QTL�RSHIW�ERH�

subsequently to other lymph nodes. These hypotheses were supported by his own observations 

during the autopsy of a sailor, in whom carbon pigment from a tattoo on the arm had migrated 

to a single axillar lymph node.

By the end of the 19th century European surgeons were starting to discuss local treatment of 

GERGIV��WYTTPIQIRXIH�[MXL�VIKMSREP�P]QTL�RSHI�XLIVET]�XS�MQTVSZI�GYVEXMZI�IƾGEG]��7YTTSVXIH�

by the work of Virchow, the prominent British surgeon Herbert Snow (1847-1930) published an 

article in 1882 in which he advocated elective lymph node dissection in patients with melanoma.

Simultaneously, the American surgeon William S. Halsted (1852-1922) developed a mastectomy 

procedure with en-block axillary resection in breast cancer. From then on, excision of the primary 

tumor combined with regional node surgery became the standard of care in the surgical 

treatment for a wide variety of malignancies.

1
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18          Chapter 1

Figure 2 (left). Portrait of Frederik Ruysch (1638-1731)
Figure 3 (right).�%REXSQMGEP�HIQSRWXVEXMSR�SJ�PMKEXIH�ERH�EMV�ƼPPIH�P]QTL�ZIWWIPW�F]�*VIHIVMO�6Y]WGL��A) 
Divided lymph vessel, (B) viewed from the side, (C) and from the front. The valves are marked with an (a).
(Both images adapted from; Arlebout YF (1744) Alle de ontleed-, genees-, en heelkundige werken van 
Frederik Ruysch. Janssoons van Waesberge, Amsterdam)

In 1960, Gould et al. described the metastatic drainage patterns of parotid tumors towards a 

lymph node located at the junction of the anterior and posterior facial and referred to this node 

as the ‘sentinel node’ 24. In the same year, the American surgeon Ramon Cabanas studied 

P]QTL�RSHI�QIXEWXEWIW� MR�TIRMPI�GEVGMRSQE�ERH�RSXMGIH� XLEX�E�WTIGMƼG� P]QTL�RSHI�RIEV�

the pubic tubercle often harbored tumor cells 25. Similarly to Gould, he called this node the 

DWIRXMRIP�RSHI�D�*VSQ�XLIR�SR��XLI�MQEKMRK�SJ�P]QTLEXMG�HVEMREKI�TEXXIVRW�YWMRK�FPYI�H]IW�ERH�

radiocolloid began to be widely investigated. In that period, lymphatic drainage was proposed as 

E�WXEXMG�TVSGIWW�SGGYVVMRK�MR�ER�SVHIVP]�JEWLMSR�XS[EVHW�XLI�WEQI�Ƽ\IH�PSGEXMSR�SJ�XLI�WIRXMRIP�

node. Interindividual variability in lymphatic drainage patterns was not taken into account 

ERH�XIGLRMUYIW�JSV�702�MHIRXMƼGEXMSR�TVSZIH�XS�FI�YRVITVSHYGMFPI��%W�VIGIRXP]�EW�������XLI�

%QIVMGER�SRGSPSKMWX�(SREPH�1��1SVXSR������������ERH�TEXLSPSKMWX�%PEWXEMV�'SGLVER�ƼREPP]�

demonstrated the dynamic patterns of lymphatic drainage, which were found to be variable 

between patients. This discovery by Morton and Cochran has led to our current concept of the 

Sentinel lymph node, in which migration of metastatic cells from the primary tumor to a lymph 

RSHI�SV�RSHIW�SGGYVW�MR�ER�SVHIVP]�WTVIEH�ZME�P]QTL�ƽYMH�XS�XLI�ƼVWX�RSHI�SV�RSHIW�MR�XLIMV�

TEXLW��8LMW�ƼVWX�RSHI�SV�RSHIW�EVI�XLI�WS�GEPPIH�7IRXMRIP�0]QTL�2SHIW��702W��*MKYVI����-R�

�����'SGLVER�HIWGVMFIH�ER�EHHMXMSREP�EHZERXEKI�SJ�702�MHIRXMƼGEXMSR��HIQSRWXVEXMRK�XLEX�XLI�
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presence of small metastases in these nodes is an essential element in the accurate staging 

of melanoma 26. Currently, the primary aim of the SLN procedure is to improve the staging of 

disease by determination of metastases after detailed histopathological assessment of this 

WTIGMƼG�RSHI��-R�FVIEWX�GERGIV�ERH�QIPERSQE��XLI�702�TVSGIHYVI�WLS[W�LMKL�EGGYVEG]�MR�XLI�

prediction of metastatic spread and is used routinely. However, the SLN procedure appears 

more challenging in colon cancer and is still under debate.

Figure 4. The sentinel lymph node concept 27

Challenges of sentinel lymph node imaging in colon cancer

8LI�ƼVWX�WXIT�SJ� XLI�702�TVSGIHYVI� MW� MHIRXMƼGEXMSR�SJ� XLI�RSHI�� JSPPS[IH�F]�I\GMWMSR�ERH�

extensive histopathological examination consisting of conventional hematoxylin and eosin 

staining and additional serial-sectioning combined with immunohistochemistry. In melanoma 

and breast cancer, SLN biopsies are routinely performed using a combination of preoperative 

colloid planar or SPECT lymphoscintigraphy, intraoperative guidance by gamma-probe and 

optical guidance of blue-stained nodes after preoperative injection with blue dye. Preoperative 

(SPECT) lymphoscintigraphy informs the surgeon about the number and localization of 

radioactive nodes. Intraoperative localization of SLNs is guided by gamma counting of the 

gamma probe and real-time visualization of blue-stained nodes. In breast cancer and melanoma, 

detection rates greater than 95% are reported. False negative rates are low, at between 4.6-16% 

and an overall diagnostic accuracy of 93-97.6% is reported for both malignancies 28, 29. Results for 

colon cancer vary widely between studies. Additionally, diverse and non-standardized methods 

mean that results and their interpretation are both of questionable reliability 30. In general, while 

high detection rates of over 95% are reported 30, 31, reported false negative rates are also high 

at up to 30% 31, resulting in a lower diagnostic accuracy (88.2%) 31 and pooled sensitivity (76%) 
30. Several patient, tumor and procedure-related factors are offered as possible causes for the 

currently disappointing performance of the SLN procedure in colon cancer 32.

1
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%W� MR�FVIEWX�GERGIV�ERH�QIPERSQE�� MX�LEW�FIIR�TVSTSWIH�XLEX�702� MHIRXMƼGEXMSR� MR�GSPSR�

cancer is most effective in early disease stages. Higher staged disease, with more advanced 

transmural tumors and increased risk of lymph node metastases, could theoretically destroy 

efferent lymphatic pathways. Secondly, large longitudinal tumors can involve adjacent lymphatic 

patterns, which may increase false negative rates. The number of patients with early staged 

tumors (T1/T2) is low in the majority of published studies. This is unsurprising, since colon 

cancer is often asymptomatic until more advanced tumor stages (T3/T4) are reached. With the 

introduction of nationwide screening programs, the number of early staged tumor is expected to 

increase. This shift in tumor-stage presentation will facilitate the validation of the SLN technique 

in colon cancer. Another worrying feature of current SLN performance is the inclusion and 

combined presentation of results for colon and rectal cancer. The SLN procedure in rectal 

cancer is questionable, as neoadjuvant chemoradiation therapy may change lymphatic drainage 

TEXXIVRW�ERH�MRƽYIRGI�TIVJSVQERGI�SJ�XLI�702�TVSGIHYVI�33-36.

3XLIV�HMƾGYPXMIW�VIKEVHMRK�GSPSR�702�MHIRXMƼGEXMSR�EVI�XLI�YRTVIHMGXEFPI�RYQFIV�ERH�PSGEXMSR�

of the SLNs. In contrast to breast cancer and melanoma, it seems that more than one node is 

frequently assigned as the SLN and they appear to be located near the primary tumor. Since 

injection of tracer is administrated peritumorally, uptake of tracer in a SLN close to the primary 

tumor may be hidden by the highly radioactive injection site. This phenomenon is known as the 

DWLMRI�XLVSYKL�IJJIGXD��7YGL�702W�QE]�RSX�FI�ZMWYEPM^IH�EX�TVISTIVEXMZI�MQEKMRK��'YVVIRXP]��XLI�

gamma-photon 99m8G�ƁRERSGSPP�MW�YWIH�JSV�702�MHIRXMƼGEXMSR��E�VEHMSGSPPSMH�XLEX�SRP]�EPPS[W�

imaging using planar lymphoscintigraphy or SPECT. The limited resolution of gamma cameras 

may also hamper precise localization of the SLN. Furthermore, intraoperative detection of the 

702W�MW�HMƾGYPX�WMRGI�LERHLIPH�KEQQE�TVSFIW�GERRSX�HMJJIVIRXMEXI�VEHMSEGXMZMX]�EVMWMRK�JVSQ�

the SLN versus the injection site.

Sentinel lymph nodes of the colon are also more often smaller (� 1 cm) and located beneath a 

thick layer of (fat) tissue. As the penetration depth and particle size of blue dyes are both limited, 

intraoperative detection of SLNs using blue dye is suboptimal since SLNs are located in an often 

fatty mesocolon. Secondly, small particle size results in fast migration of blue dye from the 

SLNs to second echelon nodes, which increases the false negative rate. New technologies that 

MQTVSZI�XLI�TVISTIVEXMZI�ERH�MRXVESTIVEXMZI�MHIRXMƼGEXMSR�SJ�XVYI�702W�EVI�YRHIV�MRZIWXMKEXMSR��

PET/CT lymphoscintigraphy is one such new imaging technique. In oral cancer patients, PET/CT 

lymphoscintigraphy showed superior results regarding visualization of SLNs near the primary 

tumor 37��%HHMXMSREPP]��2-6�ƽYSVIWGIRGI�MQEKMRK�YWMRK�-'+�LEW�WLS[R�JEZSVEFPI�VIWYPXW�JSV�702�

MHIRXMƼGEXMSR�MR�WIZIVEP�X]TIW�SJ�GERGIV�38. The combination of these new techniques may have a 

WMKRMƼGERX�MQTEGX�MR�XLI�HIZIPSTQIRX�ERH�MQTPIQIRXEXMSR�SJ�XLI�702�TVSGIHYVI�MR�GSPSR�GERGIV�
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IMAGE-GUIDED SURGERY DURING LAPAROSCOPIC CHOLECYSTECTOMY

Laparoscopic cholecystectomy is the treatment of choice in patients with symptomatic gallstone 

disease. Around 23,000 laparoscopic cholecystectomies are performed in the Netherlands 

annually (source Centraal Bureau voor Statistiek; www.statline.cbs.nl). The complication 

rate after laparoscopic cholecystectomy is 2-12%, with a mortality rate of 0.2% 39. General 

complications include wound infection, intra-abdominal abscess formation and postoperative 

bleeding from the cystic artery.

The most feared complication is bile duct injury (BDI), which has an incidence of 0.5-1.0% 40. Bile 

duct injury leads to bile leakage that in turn may cause sepsis, multiple organ failure and even 

HIEXL��-X�GER�EPWS�PIEH�XS�SFWXVYGXMSR��GEYWMRK�DSFWXVYGXMZI�NEYRHMGI�D�TSXIRXMEPP]�PIEHMRK�XS�E�

need for liver transplantation 41��&MPI�HYGX�MRNYVMIW�TPE]�E�WMKRMƼGERX�VSPI�MR�QSVFMHMX]�ERH�QSVXEPMX]�

rates, lower quality of life and extra costs 42��8LI�QEMR�GEYWI�SJ�&(-� MW�QMWMHIRXMƼGEXMSR�SJ�

anatomy, which can occur when a surgeon mistakes the common bile duct or an aberrant right 

hepatic duct for the cystic duct 43��8S�IRWYVI�XLEX�XLI�G]WXMG�HYGX�LEW�FIIR�MHIRXMƼIH�GSVVIGXP]��

it is important to use Strasberg’s Critical View of Safety (CVS) 44 (Figure 5). At CVS, the cystic 

HYGX�ERH�G]WXMG�EVXIV]�EVI�GPIEVP]�MHIRXMƼIH�ERH�GER�FI�GPMTTIH�ERH�HMZMHIH�WEJIP]��1SFMPM^EXMSR�

of the infundibulum is essential to reach CVS. In this procedure a window is created between 

the cystic duct and cystic artery, and between the cystic artery and liver bed (Calot’s triangle).

Figure 5. The critical view of safety (Picture adapted from: from Strasberg SM et al. Rationale and use of 
the critical view of safety in laparoscopic cholecystectomy. J Am Coll Surg. 2010, source 42)

1
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-R�WSQI�GEWIW�QSFMPM^EXMSR�SJ�XLI�MRJYRHMFYPYQ�MW�HMƾGYPX�SV�GERRSX�FI�VIEGLIH�HYI�XS�VIXVEGXMSR�

of the gallbladder against the liver, resulting in an increased risk of bile duct injury. Several 

factors such as male gender, co-morbidity, complexity, urgency of surgery and conversion 

are associated with an increased risk of BDI during laparoscopic cholecystectomy 45. Local 

VMWO� JEGXSVW� MRGPYHI� EGYXI� GLSPIG]WXMXMW�� EFIVVERX� EREXSQ]�� WIZIVI� ƼFVSWMW� EJXIV� TVIZMSYW�

MRƽEQQEXMSR��ERH�FPIIHMRK�XLEX�HMWXYVFW�XLI�MRXVESTIVEXMZI�ZMI[�HYVMRK�XLI�TVSGIHYVI�46. In 

the Netherlands, conversion to an open procedure is recommended when CVS cannot be 

reached. However, conversion to an open procedure requires experience, and since laparoscopic 

cholecystectomy is now the standard surgical approach few surgeons are familiar with open 

cholecystectomy 47.

Intraoperative cholangiography (IOC) was introduced to improve intraoperative visualization 

of relevant anatomical procedures. A small catheter is placed into the cystic duct during 

WYVKIV]�ERH�EJXIV�MRNIGXMSR�SJ�E�WQEPP�EQSYRX�SJ�GSRXVEWX�ƽYMH�ER�<�VE]�MW�XEOIR��0S[IV�VEXIW�

of BDI are reported with routine use of IOC but selective use has been discouraged 48, 49. In 

several countries, including the Netherlands, IOC is not routinely used during laparoscopic 

cholecystectomy due to the drawbacks of radiation exposure, need for additional equipment 

and additional costs. An additional serious drawback of IOC is the incision that has to be made 

in the cystic duct. This can be easily confused with the common bile duct, resulting in bile duct 

MRNYV]��-RXIVTVIXEXMSR�SJ�-3'�MW�EPWS�HMƾGYPX�[LIR�MX�MW�RSX�JVIUYIRXP]�YWIH�ERH�MX�WLSYPH�XLIVIJSVI�

only be performed by experienced professionals 43.

8LI�YWI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQ]��[MXL�-'+�EW�GSRXVEWX�

agent, is a relatively new technique. After intravenous injection ICG is rapidly cleared by the 

liver and almost completely excreted in the bile 50��;LIR�2-6�ƽYSVIWGIRGI�MQEKMRK�MW�YWIH��XLI�

SYXƽS[�SJ�-'+�JVSQ�XLI�KEPPFPEHHIV�XLVSYKL�XLI�G]WXMG�HYGX�GER�FI�ZMWYEPM^IH�ERH�QE]�TVIZIRX�

QMWMHIRXMƼGEXMSR�SJ�XLI�FMPMEV]�WXVYGXYVIW�51��-R�EHHMXMSR��MX�GSYPH�MQTVSZI�TVSGIHYVEP�IƾGMIRG]�

and shorten operation time due to early intraoperative anatomy navigation.
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OUTLINE OF THIS THESIS

This thesis consists of two parts. In XLI�ƼVWX�TEVX we outline the current performance of the 

702�TVSGIHYVI�MR�GSPSR�GERGIV�ERH�HIWGVMFI�XLI�PMQMXEXMSRW�ERH�HMƾGYPXMIW�SJ�XLI�TVSGIHYVI��

To improve the preoperative and intraoperative guidance towards the SLN, we investigated the 

YWI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�ERH�4)8�'8�P]QTLSWGMRXMKVETL]�EW�702�QETTMRK�XIGLRMUYIW��

In the second part��2-6�ƽYSVIWGIRGI�MQEKMRK�MW� MRZIWXMKEXIH�EW�ER�MRXVESTIVEXMZI� MQEKMRK�

technique for visualization of biliary structures during laparoscopic cholecystectomy in patients 

with mild to severe cholecystolithiasis.

PART I  MOLECULAR IMAGE-GUIDED SURGERY IN COLON CANCER

In Chapter 2, a general overview is given of the SLN procedure in colon cancer combined 

[MXL�ER�MRXVSHYGXMSR�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�EW�E�XIGLRMUYI�JSV�702�FMSTW]��6IWYPXW�SJ�

the SLN procedure according to current literature in terms of sensitivity, negative predictive 

value, detection rate and upstaging are evaluated in Chapter 3. These results are additionally 

WXVEXMƼIH�JSV�WIZIVEP�XYQSV�ERH�TVSGIHYVI�VIPEXIH�JEGXSVW�XS�EWWIWW�XLIMV�MRƽYIRGI�SR�GYVVIRX�

SLN performance.

In Chapter 4 and Chapter 5 we evaluate several variants of the SLN procedure using NIR 

ƽYSVIWGIRGI�MQEKMRK��%HHMXMSREPP]��FEWIH�SR�GYVVIRX�PMXIVEXYVI�[I�SYXPMRI�XLI�TIVJSVQERGI�ERH�

TMXJEPPW�SJ�2-6�ƽYSVIWGIRX�702�QETTMRK�MR�GSPSR�GERGIV�

8S�MQTVSZI�XLI�702�TVSGIHYVI�MR�GSPSR�GERGIV��[I�IZEPYEXI�XLI�MHIRXMƼGEXMSR�ERH�ZMWYEPM^EXMSR�

SJ�702W�YWMRK�TVISTIVEXMZI�4)8�'8�P]QTLSWGMRXMKVETL]�ERH�MRXVESTIVEXMZI�2-6�ƽYSVIWGIRGI�

imaging in Chapter 6. The combination of these highly sophisticated imaging techniques, further 

combined with restricted selection criteria, provided essential information regarding number 

and location of the SLNs. The results of this study could be fundamental to the development 

of a standardized and accurate SLN procedure in colon cancer.

1
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PART II  MOLECULAR IMAGE-GUIDED SURGERY DURING LAPAROSCOPIC CHOLECYSTECTOMY

8LI�YWI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQ]�LEW�XLI�TSXIRXMEP�

to become a standard part of the surgical procedure and might offer an alternative to the 

intraoperative cholangiogram.

In Chapter 7 [I�MRZIWXMKEXIH�XLI�EHHMXMSREP�ZEPYI�SJ�MRXVESTIVEXMZI�2-6�ƽYSVIWGIRGI�MQEKMRK�

of the cystic duct and common bile duct during elective laparoscopic cholecystectomy in 

patients with uncomplicated gallstone disease. Since early visualization of the biliary anatomy 

may increase the safety of laparoscopic cholecystectomy in patients with an increased risk of 

BDI, we investigated this population in Chapter 8. An overview of the current performance of 

MQEKMRK�SJ�XLI�FMPI�HYGX�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK�MW�TVIWIRXIH�EW�E�W]WXIQEXMG�VIZMI[�MR�

Chapter 9.�-R�XLMW�GLETXIV�[I�IZEPYEXIH�XLI�2-6�ƽYSVIWGIRGI�MQEKMRK�XIGLRMUYI�[MXL�VIKEVH�

to dosage, timing of ICG administration and patient pathology. Additionally, we performed a 

meta-analysis of visualization of the cystic duct, common bile duct and common hepatic duct 

FIX[IIR�2-6�ƽYSVIWGIRGI�MQEKMRK�ERH�MRXVESTIVEXMZI�GLSPERKMSKVETL]�
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ABSTRACT

During surgery, a surgeon relies on the vision of his eyes and the touch of his hands. While 

laparoscopic surgery for colon cancer has proven to be safe and effective, it still remains a 

XIGLRMGEPP]�HMƾGYPX�TVSGIHYVI��%PXLSYKL� MX� MW�EWWSGMEXIH�[MXL� VIHYGIH�LETXMG� JIIHFEGO��F]�

enforcing the power of visual guidance, the loss of this feedback can be (partly) compensated 

JSV��,IVI�[I�HIWGVMFI�LS[�XLI�YWI�SJ�RIEV�MRJVEVIH�H]IW�ERH�ƽYSVIWGIRGI�PETEVSWGST]�GSYPH�

help improve tumour staging and therefore lead to better selection of patients for postoperative 

adjuvant chemotherapy. More controversially, and analogous to melanoma and breast cancer 

surgery with sentinel node biopsy, we speculate that local resection with SLN harvesting in early 

colon cancer might change the therapeutic and surgical strategy in colon cancer.
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INTRODUCTION

Colorectal cancer (CRC) is one of the leading causes of cancer-related deaths. Standard therapy 

MW�ER�EHIUYEXI�IR�FPSG�VIWIGXMSR��4VSKRSWMW�MW��LS[IZIV��EWWSGMEXIH�[MXL�XLI�VEHMGEPMX]�SJ�XLI�ƼVWX�

surgery, achieved either by a conventional open or laparoscopic approach, as this is how the 

stage of disease is determined. The 5-year survival is 90% for patients with stage I disease and 

75% for those with stage II disease. Up to 30% of patients with stage I or II disease will develop 

loco-regional recurrence or distant metastases and will eventually die from CRC 1. Under-staging 

during the initial procedure clearly may contribute to this mortality.

Occult tumour cells and micrometastasis in lymph nodes are easily missed by routine 

histopathological examination 2. Serial sectioning and additional immunohistochemistry or 

reverse transcriptase (RT)-PCR could diagnose lymphatic spread more accurately. Ideally, all 

regional lymph nodes should be examined with these techniques but this would be too expensive 

and time consuming and therefore not feasible in everyday practice. Focused examination of 

selective lymph nodes could therefore be a solution. Additionally, in 2013 a national colon 

cancer screening programme will commence in the Netherlands. It is expected that more 

early-stage, node-negative colon carcinoma will be diagnosed. Large en-bloc resections for 

these small lesions could be considered as being unnecessarily traumatic. Nowadays, however, 

local surgical treatment such as submocosal resection of colonic neoplasia is less applied 

because of the uncertainty about undetected lymph node metastases. More elegant would be 

a local resection in combination with a selective lymphadenectomy, analogous to breast cancer 

surgery. Both these strategies clearly require a means of identifying the most relevant lymph 

RSHIW�[MXL�VIKEVH�XS�QIXEWXEXMG�WMKRMƼGERGI�

Sentinel lymph node (SLN) concept

8LI�702�MW�XLI�ƼVWX�P]QTL�RSHI�MR�XLI�SVHIVP]�TVSKVIWWMSR�SJ�HVEMREKI�JVSQ�XLI�TVMQEV]�XYQSYV�

and has the highest risk of harbouring metastases. The sentinel node concept has been proven 

to be valid in many solid tumours. Since Morton et al. 3 showed the validity of the concept in 

QIPERSQEW��JSPPS[IH�F]�XLI�WYFWIUYIRX� MHIRXMƼGEXMSR�SJ�XLI�702�F]�P]QTLEXMG�QETTMRK�MR�

breast cancer by Krag et al. 4 and Giuliano et al. 5, the use of sentinel lymph node mapping 

(SLNM) in the therapeutic strategy has altered profoundly the treatment of these cancers. The 

conventional pathological work-up of lymph nodes is H&E staining 6,7. As mentioned earlier, 

30% of patients develop recurrences or distant metastases, while lymph node metastases 

are supposed to be negative by H&E staining. The SLNM technique allows the pathologist to 

perform detailed analysis on the 1–4 sentinel nodes to detect micrometastatic disease and 

2
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improve nodal staging. Several studies indicate that micrometastases are correlated with a 

WMKRMƼGERXP]�TSSVIV�TVSKRSWMW�8–10. Consequently, this will lead to better selection of patients, 

[LS�EVI�PMOIP]�XS�FIRIƼX�JVSQ�EHNYZERX�GLIQSXLIVET]�

Screening programmes and increasing awareness of the symptoms of colorectal cancer 

will lead to increased numbers of detection of early-stage colon carcinoma without nodal 

involvement. Early detection may allow for limited lymph node harvesting. Extensive lymph 

node resection will lead to potential over-treatment in nodenegative patients but, on the other 

hand, it is essential to avoid possible under-treatment of patients with falsenegative nodes in 

cases of limited (sentinel) lymph node harvesting. In these early patients (Tis-T1-T2), therefore, 

a reliable SLNM technique is especially essential in the case of limited resection.

Sentinel lymph node mapping techniques

A substantial number of studies concerning the feasibility of SLNM in colon carcinoma have 

FIIR�TYFPMWLIH��8LI�XIGLRMUYI�JSV�WIRXMRIP�P]QTL�RSHI�MHIRXMƼGEXMSR�ZEVMIW�JVSQ�FPYI�H]I��MR�

vivo or ex vivo) or radioactive dye to a combination of radioactive and blue dye. In 2005 Saha 

et al. 11 published a multicentre trial including 500 patients. SLNM was performed by injecting 

0.5–3 ml 1% blue dye circumferentially around the tumour in the subserosal layers. SLNM was 

successful in 98% of the patients, with an accuracy, sensitivity and negative predictive value 

of 96%, 90% and 93%, respectively. Des Guetz et al. 12 published a meta-analysis of 33 studies, 

VIWYPXMRK�MR�E�WIRWMXMZMX]�SJ���	�ERH�WTIGMƼGMX]�SJ���	��&SXL�WXYHMIW�GSRGPYHIH�XLEX�P]QTLEXMG�

mapping appears to be readily applicable and it is a useful technique to avoid under-staging. 

They also noted a wide variation of results shown in the literature. The authors also recommend 

that for future studies it will be necessary to stratify patients according to their T stage. The SLN 

procedure is likely to be less reliable in advanced tumour stages with the current techniques.

Recently, van der Pas et al. 13 published a meta-analysis to assess the diagnostic performance 

of the SLN procedure in terms of sensitivity and detection. To perform detailed analysis, the 

authors requested individual patient data to stratify for colon and rectal cancer and T stages. 

The meta-analysis of van der Pas et al. shows a low sensitivity for SLN detection, regardless of T 

stage, localization or pathological technique used in the overall analysis. In selected high-quality 

WXYHMIW�E�LMKL�WIRWMXMZMX]�ERH�WTIGMƼGMX]�[IVI�VIEGLIH��WMQMPEV�XS�XLSWI�EGLMIZIH�MR�TEXMIRXW�

with breast cancer. Therefore the authors suggest that for every patient diagnosed with colon 

cancer without clinical evidence of lymph node involvement or metastatic disease, an SLN 

TVSGIHYVI�QYWX�FI�GSRWMHIVIH�FIGEYWI�SJ�XLI�KVIEX�FIRIƼX�SJ�MQTVSZIH�WXEKMRK�EXXVMFYXEFPI�

to the SLN concept.
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4SSV�ZMWYEPM^EXMSR�SJ�XLI�XVEGIVW�YWIH�YRXMP�RS[�MW�SRI�SJ�XLI�PMQMXEXMSRW��&PYI�H]I�MW�HMƾGYPX�XS�

detect in mesenteric adipose tissue. Also, blue dye can readily diffuse through the SLN and pass 

to multiple nodes. Using a combination of blue dye and radioactive tracers could overcome this 

TVSFPIQ��8LI�YWI�SJ�KEQQE�XVEGIVW�JSV�702�MR�TEXMIRXW�[MXL�GSPSVIGXEP�GERGIV�[EW�ƼVWX�VITSVXIH�

by Kitagawa et al. 14. Since then more data have been published that suggest an improvement 

SJ� MHIRXMƼGEXMSR��EGGYVEG]�VEXI�ERH�RYQFIV�SJ�JSYRH�702W�F]�YWMRK�E�GSQFMREXMSR�SJ�FPYI�

dye and radioactive tracer 15,16, even though the overall results did not show additional value 

of the use of radioactive tracers. Using only radioactive tracer presents the problem of signal 

interference of the injection site and an SLN situated near the tumour. Besides that, the limited 

ability to visualize the lymphatic vessels and lymph nodes in real time makes radioactive tracers 

alone less attractive. Near infrared dyes may have the characteristics to solve these problems.

Sentinel lymph node mapping using near-infrared dyes

Near-infrared dyes have a high peak spectral absorption. Wavelengths in the near-infrared (NIR) 

range (700– 900 nm) penetrate deeply into living tissue compared with visible light and blue 

dye. Therefore SLNM can also be accurately assessed in mesenteric adipose tissue. Today, 

multiple near-infrared experimental dyes are available. The choice of a suitable dye for in vivo 

imaging requires consideration of several issues. Most importantly, the dye should exhibit 

WXVSRK�I\GMXEXMSR�ERH�ƽYSVIWGIRGI�IQMWWMSR�MR�XLI�2-6�WTIGXVEP�VERKI��E�LMKLIV�QSPEV�I\XMRGXMSR�

GSIƾGMIRX�ERH�UYERXYQ�]MIPH��8LI�H]IW�WLSYPH�LEZI�PMXXPI�SV�RS�TLSXSFPIEGLMRK�ERH�WLSYPH�

cause no phototoxic effects. Functional groups should permit easy conjugates to proteins, 

ERXMFSHMIW��TITXMHIW�ERH�SXLIV�FMSTSP]QIVW��XS�JSVQ�VIEHMP]�ƽYSVIWGIRX�GSRNYKEXIW��8SHE]��

however, only Indocyanine Green (ICG) is clinically approved for use. ICG is rapidly cleared from 

XLI�FPSSH��-'+�MW�FEWIH�SR�MXW�ƽYSVIWGIRGI�EX�ETTVS\MQEXIP]�����RQ�[MXL�E�TEVXMGPI�WM^I�SJ�����

nm. In 2006 Nagata et al. 17 demonstrated successful laparoscopic sentinel node mapping using 

MRJVEVIH�VE]�PETEVSWGST]��-60�[MXL�-'+�WXEMRMRK��-X�[EW�WLS[R�XLEX�-60�[EW�ƼZI�XMQIW�WYTIVMSV�

in localizing the SLN compared with conventional laparoscopy.

;I�LEZI�YWIH�E�RI[P]�HIZIPSTIH�PETEVSWGSTMG�RIEV�MRJVEVIH�ƽYSVIWGIRGI�MQEKMRK�W]WXIQ�

(Olympus Corp., Tokyo, Japan) optimized for in vivo SLN detection with ICG (Pulsion Medical 

Systems AG, Munchen, Germany). For injection we used a solution of 25 mg ICG diluted in 9 ml 

0.9% NaCl and 1 ml Albumin (HSA) (Cealb; Sanquin, Amsterdam, the Netherlands) to prevent the 

easy passage through the lymph channels and nodes. After a successful feasibility study in a 

goat model 18 (Figures 1 and 2), we performed the procedure in 20 colorectal cancer patients. 

Depending on tumour size, 1–4 subserosal, peritumoural injections with 1 ml ICG solution were 

EHQMRMWXIVIH��(YVMRK�XLI�WXYH]�[I�MQTVSZIH�XLI�MRNIGXMSR�XIGLRMUYI��-R�XLI�ƼVWX�IMKLX�GEWIW��E�

2
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WTMREP�RIIHPI�[EW�YWIH�ERH�MR�WYFWIUYIRX�GEWIW�E�ƽ�I\MFPI�IRHSWGSTI�GEXLIXIV�[EW�YWIH��8LMW�

catheter gives less spillage of the ICG in the abdominal cavity. After injection, visualization of 

P]QTL�ƽ�S[�ERH�702�[EW�TIVJSVQIH�F]�XLI�RIEV�MRJVEVIH�PETEVSWGSTI��8LI�ƽ�YSVIWGIRX�HSXW�EVI�

MHIRXMƼ�IH�EW�702W�ERH�PETEVSWSTMGEPP]�LEVZIWXIH��8LIWI�RSHIW�[IVI�EREP]WIH�F]�E�TEXLSPSKMWX�

YWMRK�QYPXMWIGXMSRMRK�ERH�MQQYRSLMWXSGLIQMWXV]��-R�RMRI�SJ�XLI�Ƽ�VWX����GEWIW�[I�JSYRH�ER�702��

which were all negative for micrometastases. In four of these cases a positive nonsentinel lymph 

RSHI�[EW�JSYRH�[LMPI�XLI�702�[EW�RIKEXMZI��%PP�SJ�XLIWI�GEWIW�[IVI�MR�XLI�Ƽ�VWX�Ƽ�ZI�TEXMIRXW��

where we used a spinal needle for ICG injection, which gave a lot of spillage. In three out of four 

cases these patients also had large tumours (diameter > 6 cm).

Figure 1 (left) .�*PYSVIWGIRX��WIRXMRIP�P]QTL�RSHI�WIIR���QMR�EJXIV�-'+�Ɣ�EPFYQMR�MRNIGXMSR�MR�ER�ERMQEP�
model.
Figure 2 (right). Fluorescent (sentinel) lymph node with afferent and efferent lymph vessels in an animal 
model.

DISCUSSION

Strengthened by our personal experience in SLNM in colon cancer patients, we believe 

7021�GSYPH�JYPƼ�P�ER�MQTSVXERX�VSPI�MR�JYXYVI�GSPSR�GERGIV�XVIEXQIRX��,S[IZIV��FIJSVI�GPMRMGEP�

MQTPIQIRXEXMSR�XLI�702�TVSGIHYVI�RIIHW�XS�FI�MQTVSZIH��8LI�ƽ�YSVIWGIRX�XIGLRMUYI�WIIQW�

to be very promising and may overcome many limitations of current techniques. But as we 

experienced in our study, there are several areas that have to be improved. First, we observed the 

TVSFPIQ�SJ�H]I�PIEOEKI�HYVMRK�XLI�MRNIGXMSR�SJ�-'+��3YV�Ƽ�REP�MRNIGXMSR�XIGLRMUYI�[EW�TIVJSVQIH�

F]�E�ƽ�I\MFPI�IRHSWGSTI�MR�XLI�WYFWIVSWEP�PE]IV�EVSYRH�XLI�XYQSYV��'SVVIGX�TSWMXMSRMRK�SJ�XLI�

RIIHPI�XMT�[EW�JSYRH�XS�FI�ZIV]�HMƾ��GYPX��7TMPPEKI�SJ�-'+�VIWYPXW� MR�E�ƽ�YSVIWGIRX�EFHSQMREP�

cavity and makes it impossible to detect SLNs. Colonoscopic pre,-or perioperative injection in 

the submucosal layer could be a solution.
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As with blue dye, ICG also has disadvantages. Although the penetration depth in fatty tissue is 

better than blue dye it is still limited (1.5 cm). We think the combination of radioactive tracers 

ERH�E�RI[��QSVI�ƽYSVIWGIRX�H]I�GSYPH�WSPZI�XLMW�TVSFPIQ��8LIWI�RI[�H]IW�WLSYPH�LEZI�FIXXIV�

ƽYSVIWGIRX�GLEVEGXIVMWXMGW�GSQTEVIH�[MXL�-'+��0-�'36�-6(]I����';�WIIQW�XS�FI�SRI�SJ�XLI�

most promising new dyes. The LI-COR IRDye800 CW has favorable characteristics compared 

[MXL�XLI�GYVVIRX�EZEMPEFPI�H]IW��8LI�ƽYSVIWGIRGI�SJ�XLMW�H]I�MW�WYTTSWIH�XS�FI�QER]�XMQIW�

stronger than that of ICG, making it more visible in fatty tissue. It also has a high labelling density, 

which makes IRDye800CW easy to conjugate with radioactive tracers or monoclonal antibodies.

CONCLUSION

%GGYVEXI�MHIRXMƼGEXMSR�SJ�702�QE]�TVSZI�ER�IJJIGXMZI�QIERW�XS�IRWYVI�ETTVSTVMEXI�WYVKMGEP�

staging of patients and help in the selection of patients for adjuvant therapies. Additionally, 

screening programs and increasing awareness of the symptoms of colon cancer will lead to 

increased numbers of early colorectal cancer. SLNM may therefore also alter the way we treat 

these tumours (Tis-T1-T2), similar to breast cancer surgery, especially if new technologies prove 

compelling. New strategies might make it possible to treat early colon cancer by local resection 

therapy using only a minimally invasive surgical sentinel node procedure.

2
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SUMMARY

Background The Sentinel Lymph Node (SLN) procedure has not been validated for nodal staging 

MR�GSPSR�GERGIV��;I�EMQIH�XS�MRZIWXMKEXI�MXW�HMEKRSWXMG�TIVJSVQERGI�ERH�MXW�IJJIGX�QSHMƼIVW�

Methods We performed a systematic review and meta-analysis, searching Embase/Pubmed 

from database inception until March 25th, 2019 (PROSPERO CRD42016037697). Studies 

MRGPYHMRK�ƶ���TEXMIRXW��WLS[MRK�TSWMXMZMX]�VEXIW�SJ�702�TVSGIHYVIW�[IVI�IPMKMFPI��;I�MHIRXMƼIH�

concept validation studies characterized by advanced histopathology of SLNs and regional 

lymph nodes (rLNs). We requested Individual Patient Data (IPD) to stratify for patient, tumour 

and procedure-related factors. Diagnostic outcome measurements were sensitivity, negative 

predictive value and detection rate. We also investigated the impact of procedure and tumour-

related factors, and estimated the rate of upstaging and prevalence of disease in comparison 

with standard pathological work-up. Diagnostic outcomes were pooled using a univariate logistic 

random effects model, and heterogeneity was determined by I2 and Chi-square tests. Prevalence 

of disease was calculated as secondary outcome.

Findings ;I�MHIRXMƼIH����WXYHMIW�[MXL������WYGGIWWJYP�702�TVSGIHYVIW� MR������TEXMIRXW��

Six high quality concept validation studies showed a sensitivity of 0.56 (95%CI:0.53-0.58) 

with low heterogeneity (Chi2=2.29 ; df=5 (p=0.808); I2=0.0%), negative predictive value of 0.69 

(95%CI:0.64-0.73) with low heterogeneity, Chi2=10.36; df=5 (p=0.066); I2=51.7%) and detection 

rate of 0.85 (95%CI:0.79-0.89). Diagnostic outcomes were higher for the remaining 41 studies; 

Diagnostic outcomes were higher for the remaining 41 studies; 0.74 (95%CI:0.69-0.80) with 

substantial heterogeneity (Chi2=119.39; df=40 (p<0.0001); I2=66.5%), negative predictive value of 

0.83 (95%CI:0.80-0.86) with substantial heterogeneity (Chi2=83.18, df=40 (p<0.0001); I2=51.9%) 

and detection rate of 0.94 (95%CI:0.91-0.95). Prevalence of disease after conventional H&E-

staining was 0.34 (95%CI:0.31-0.37), and 0.48 (95%CI:0.42-0.54) after advanced histopathology 

of all lymph nodes.

Interpretation 8LI�702�TVSGIHYVI�MR�GSPSR�GERGIV�MW�GYVVIRXP]�MRWYƾGMIRX�HYI�XS�EREXSQMGEP�

ERH�XIGLRMGEP�HMƾGYPXMIW��XLI�[MHI�ZEVMEXMSR�SJ�702�QETTMRK�QIXLSHW��TEXMIRX�WIPIGXMSR�ERH�

histopathology methods. Future studies should focus on low invasive tumours and real-time 

MQEKMRK�SJ�P]QTL�ƽS[�XS[EVHW�XLI�702��9TSR�WXERHEVHM^EXMSR��XLI�702�TVSGIHYVI�QE]�LIPT�XS�

clarify the prognostic relevance of isolated tumour cells and micrometastases.
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INTRODUCTION

Colorectal cancer (CRC) is the second most common cancer worldwide 1, and most originate 

from the colon 2. Survival rates strongly relate to the invasion of the tumour (T-stage) and the 

presence of lymph node metastases (LNM). In patients without LNM (stage I-II), 5-years survival 

exceeds 95% for stage I and approximately 80% for stage II disease 3-6. Locoregional or systemic 

disease recurrence in stage I-II disease might results from under-staging at primary presentation 

due to missed LNM, especially occult tumour cells at routine histopathology 7-9. On the other 

hand, with the start of nationwide CRC screening programs the incidence of stage I disease will 

be diagnosed more frequently (ca. 50%) 10, 11. In patients with low-risk T1 tumours, endoscopic 

excision is safe and appropriate. Unfortunately, 71-81 % of T1 tumours are high-risk 12. Similar to 

T2-tumours, segmental resection with en-bloc removal of all adjacent lymph nodes is required 

to determine their nodal status. Since LNM prevalence is low in T1 (6-12%) and T2 (20%) 13, 

14, most patients are unnecessarily exposed to surgical morbidity (30%) and mortality (1-5%).

'SRZIRXMSREP�LMWXSTEXLSPSKMGEP�P]QTL�RSHI�EWWIWWQIRX�GSRWMWXW�SJ�EREP]WMW�SJ�WMRKPI���ΥQ�XLMGO�

haematoxylin & eosin-stained (H&E-stained) sections per 5mm. Advanced analysis involves 

serial-sectioning and staining with H&E and immunohistochemistry (IHC). This detects occult 

HMWIEWI�MR�YT�XS���	�SJ�TEXMIRXW�GPEWWMƼIH�EW�T2��[MXL�GSRZIRXMSREP�[SVOYT�7, 15, 16. However, 

these techniques are too expensive and time-consuming for clinical practice (often >20 excised 

nodes per specimen). To improve lymph node staging while decreasing the extent of surgery 

in node-negative patients, and to restrain pathological workload, analysis of the sentinel lymph 

node (SLN) might be helpful. It is hypothesized that SLNs represent the nodal tumour status: 

tumour-negative SLN implies no LNM. However, validation requires that SLNs as well as regional 

lymph nodes (rLNs) are analysed with advanced histopathology 17.

In a previous review 18, there was limited data comparing the yield of the SLN-procedure versus 

an appropriate reference test (advanced histopathology of all excised lymph nodes). In the 

TVIWIRX�WXYH]�[I�MHIRXMƼIH�DLMKL�UYEPMX]�GSRGITX�ZEPMHEXMSR�WXYHMIWD��,5�WXYHMIW�GLEVEGXIVM^IH�

by assessment of SLNs as well as of rLNs with advanced histopathology. We compared the 

diagnostic performance of these HQ-studies to all other published studies on SLN in colon 

cancer. We also investigated the impact of procedure and tumour-related factors by collecting 

individual patient data (IPD). To estimate the potential clinical relevance of the SLN-procedure, 

we calculated the rate of upstaging and prevalence of disease versus standard pathological 

work-up.

3
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METHODS

Search strategy and selection criteria

This review was conducted in accordance with Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA)19, and registered in the PROSPERO international 

prospective register of systematic reviews (PROSPERO database CRD42016037697). A 

comprehensive search was performed in PubMed and Embase from inception to March 25th, 

2019 in collaboration with a medical librarian (LS). Search terms included controlled terms 

(MesH-PubMed, Emtree-Embase) and free text terms, and comprised (including synonyms 

and closely related words) as index terms or free-text words: ‘colorectal cancer’ and ‘sentinel 

lymph node’ (Supplementary information-SI 1). Duplicate articles were excluded. Systematic 

and narrative reviews were checked for additional references. Eligibility criteria were: 1) 

WXYHMIW�HIWMKRIH�XS�EWWIWW�IJJIGXMZIRIWW�SJ�MHIRXMƼGEXMSR�ERH�HMEKRSWXMG�TIVJSVQERGI�SJ�

702�TVSGIHYVIW�MR�GSPSR�GERGIV����ƶ���TEXMIRXW����E�GPIEV�HIWGVMTXMSR�SJ�LMWXSTEXLSPSKMGEP�

techniques and specimen handling; 4) results presented for colon or rectal cancer separately. 

To avoid overlap in duplicate publications, the article with the largest sample size was 

included. Language restriction was English, German or Dutch.

8S�ZEPMHEXI�XLI�702�GSRGITX��[I�MHIRXMƼIH�E�WYFKVSYT�SJ�,5�WXYHMIW�FEWIH�SR�XLI�JSPPS[MRK�

criteria: 1�ƶ���702�TVSGIHYVIW�ERRYEPP]�MR�IEGL�GIRXVI��2 exclusion of patients with clinical signs 

of nodal involvement or other metastases; 3 advanced histopathology (serial sectioning with 

H&E-staining and IHC) to SLNs as well as to rLNs; 4�GPEWWMƼGEXMSR�SJ�QIXEWXEWIW�JSYRH�[MXL�WIVMEP�

sectioning and IHC 20; 5�QIXEWXEWIW�HIƼRIH�EW�MWSPEXIH�XYQSYV�GIPPW� ���QQ��QMGVSQIXEWXEWIW�

0.2-2.0mm, metastases >2.0mm; 6 an average lymph node yield of 10 nodes.

Data extraction

MA and SV selected studies independently. Titles and abstracts were screened for full-text 

eligibility. Full-texts were selected using eligibility criteria (disagreement was resolved in 

consensus-meetings).

MA and SV independently extracted data from full-text articles using standardized forms, 

comprising gender, age, number of patients with colon cancer, T-stage, in- or ex-vivo SLN 

LEVZIWXMRK��WMXI�SJ�MRNIGXMSR��YWIH�XVEGIV�W��HIƼRMXMSR�SJ�702��XSXEP�RYQFIV�SJ�702�TVSGIHYVIW��

total number of SLNs harvested, total number of rLNs, number of failures to identify SLN, 

and histopathological technique(s) for SLN and other nodes. We contacted all corresponding 

EYXLSVW��ERH�MJ�YRWYGGIWWJYP�XLI�ƼVWX�SV�PEWX�EYXLSV��XS�TVSZMHI�-4(�JSV�GSPSR�WITEVEXIH�JVSQ�

rectal cancer patients separately, and for subgroup-analyses. We requested tumour location, 
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T-stage, tumour size, number of SLNs, number of SLNs positive with H&E staining and number 

of SLNs positive at advanced histopathology; total number of rLNs; number of rLNs positive 

with H&E staining and with advanced histopathology, respectively.

REFERENCE STANDARD AND TEST RESULTS

The quantitative results were used to build contingency tables comprising true positives (TP), 

true negatives (TN), false negatives (FN) and upstaging (SI 2a & 2b).

;I�GPEWWMƼIH�702�TVSGIHYVIW�EW�WYGGIWWJYP�MJ�EX�PIEWX�SRI�702�GSYPH�FI�MHIRXMƼIH��4VSGIHYVIW�

were considered as failures if no SLNs were found or when the SLNs were the only lymph nodes 

LEVZIWXIH�TVIGPYHMRK�GSQTEVMWSR�SJ�TEXLSPSKMGEP�ƼRHMRKW�XS�VIKMSREP�P]QTL�RSHIW�

%�XVYI�TSWMXMZI��84�702�[EW�HIƼRIH�EW�E�LMWXSTEXLSPSKMGEP�XYQSYV�TSWMXMZI�702�[MXL�SV�[MXLSYX�

advanced histopathology, independent of rLN-status (false positivity rate was zero since false 

positive histopathology is impossible). In the HQ-studies, SLNs and rLNs were both examined 

[MXL�GSRZIRXMSREP�ERH�EHZERGIH�LMWXSTEXLSPSK]��-R�XLIWI�WXYHMIW��702W�[IVI�GPEWWMƼIH�EW�82�

if no metastases were found after conventional and advanced histopathology in SLNs and 

VIKMSREP� P]QTL�RSHIW��;I�GPEWWMƼIH�XLI�702�EW�*2�MJ�702W�GSRXEMRIH�RS�QIXEWXEWIW�EJXIV�

conventional and advanced histopathology in combination with tumour positive rLNs after 

conventional or advanced histopathology.

In the overall and IPD databases, advanced histopathology was only performed to SLNs. In 

XLMW�GSRXI\X��[I�GPEWWMƼIH�702W�EW� XVYI�RIKEXMZIW� �82� MJ�702W�GSRXEMRIH�RS�QIXEWXEWIW�

after conventional and advanced histopathology in combination with tumour-negative rLNs 

EW�HIƼRIH�[MXL�WXERHEVH�LMWXSTEXLSPSK]��ERH�E�XYQSYV�RIKEXMZI�702W�MR�GSQFMREXMSR�[MXL�

tumour-positive rLNs as false negative (FN).

Sensitivity, negative predictive value (NPV) and detection rate were recalculated from original 

TYFPMWLIH�VIWYPXW��-4(�ERH�,5�WXYHMIW��7IRWMXMZMX]�SJ�XLI�702�TVSGIHYVI�[EW�HIƼRIH�EW�XLI�

RYQFIV�SJ�XVYI�TSWMXMZIW� MR�TEXMIRXW�[MXL�TSWMXMZI�LMWXSTEXLSPSKMGEP�ƼRHMRKW��8LI�24:�[EW�

HIƼRIH�EW�XLI�RYQFIV�SJ�TEXMIRXW�MR�[LSQ�E�RIKEXMZI�702�GSVVIGXP]�TVIHMGXIH�XLI�P]QTL�RSHI�

status of the total lymph-node yield. Detection rate was the proportion of successful SLN-

procedures divided by all executed SLN-procedures.

3
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In the overall database and IPD, patients were considered ‘upstaged’ in case of positive SLNs 

at advanced histopathology without tumour-positive rLNs with conventional histopathology. In 

HQ-studies, patients were considered as ‘upstaged’ if LNM were detected in SLNs or rLNs with 

advanced histopathology in absence of LNM after conventional histopathology. Additionally, 

we used HQ-studies to calculate the LNM-prevalence (percentage of patients with positive 

XYQSYV�ƼRHMRKW�EJXIV�GSRZIRXMSREP�,
)�WXEMRMRK�ERH�EJXIV�EHZERGIH�LMWXSTEXLSPSK]�SJ�XLI�

SLNs and rLNs together).

Risk of bias

To assess risk of bias we used the revised Quality Assessment of Diagnostic Accuracy 

Studies (QUADAS-2) tool 21, classifying this risk into four key domains: patient selection, 

MRHI\�XIWX��VIJIVIRGI�WXERHEVH��ƽS[�ERH�XMQMRK��-R�IEGL�HSQEMR�PS[��LMKL�SV�YRGPIEV�VMWO�SJ�

bias can be scored. Using QUADAS-2, applicability of study results for our research question 

was estimated. Risk of bias and applicability were independently assessed by MA and SV. 

Discrepancies in interpretation were resolved by discussion (SI 3).

Statistical analysis

7TIGMƼGMX]�ERH�TSWMXMZI�TVIHMGXMZI�ZEPYI�SJ�702�TVSGIHYVIW�[EW����	�F]�HIƼRMXMSR� �JEPWI�

positives were impossible). Sensitivity, NPV and detection rate were pooled using univariate 

PSKMWXMG�VERHSQ�IJJIGXW�QSHIPW�MRGPYHMRK�GSRƼHIRGI�MRXIVZEPW��,IXIVSKIRIMX]�SJ�VIWYPXW�[EW�

determined by I2 and Chi-square tests from random effects models. Statistical pooling was 

GSRHYGXIH�[MXL� ƄQIXERƅ�ERH�Ƅ\XQIPSKMXƅ�TVSGIHYVIW�MR�78%8%�Z������8S�EWWIWW�XLI�MRƽYIRGI�

of tumour- and procedure-related factors on sensitivity, NPV, detection rate, upstaging and 

prevalence logistic Generalized Estimated Equations (GEE) with independent or exchangeable 

working correlation matrices were conducted. Subgroup-analysis regarding diagnostic 

parameters were performed for gender, tumour location, -stage, -size, number of SLNs and total 

harvested lymph nodes (LN yield), injection site, in-vivo/ex-vivo approach and used tracer(s). 

For categorical variables marginal group estimates of all outcomes were used to compare 

between groups. Data were analysed with SPSS v22. P-values of 0.05 or less were used as 

PIZIP�SJ�WXEXMWXMGEP�WMKRMƼGERGI�

Role of the funding source

There was no funding source.
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RESULTS

;I�MHIRXMƼIH����IPMKMFPI�WXYHMIW�22-68 (Table 1; selection process: Figure 1, reasons for exclusion: 

SI 4). The 47 studies comprised 3243 successful SLN-procedures in 3536 patients (91.7%). 

Mean age was 68.1 years (SD 4.0). Early staged tumours (T1, T2) prevailed in 10.7% (n=305) and 

18.6% (n=532), respectively. Most presented with T3 disease 63.3% (n=1811); 7.4% (n=213) had 

8��XYQSYVW��702�HIƼRMXMSRW�ZEVMIH��SRP]�ƼVWX�WXEMRIH��SRP]�FPYI��FPYI�ERH�VEHMSEGXMZI��ƽYSVIWGIRX�

SV�ƽYSVIWGIRX�ERH�FPYI�XS�EPP�WXEMRIH�SV�VEHMSEGXMZI�P]QTL�RSHIW�

Figure 1��4VMWQE�ƽS[GLEVX

3
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*SV� 702�GSRGITX� ZEPMHEXMSR�[I� MHIRXMƼIH� WM\�,5�WXYHMIW� EQSRK� XLI� ��� MRGPYHIH� WXYHMIW��

comprising 669 patients with 563 successful procedures. Of 106 failed procedures, no SLNs 

[IVI� MHIRXMƼIH� MR� ��� TEXMIRXW� ERH� RS� P]QTL� RSHIW� FIWMHIW� 702W�[IVI� JSYRH� MR� WYVKMGEP�

specimens in fourteen. In two studies the SLN-procedure was performed ex-vivo 25, 26; both 

used only blue dye injected in subserosal layers (n=215). Submucosal blue dye injection was 

additionally performed in sixteen patients 25. In-vivo subserosal injections were used in the 

remaining four studies (n=454) 22-24, 27, using blue dye 24, 27 or dye combined with 99mTc-nanocoll 
22, 23 as mapping agents. Fifty-three (8%) patients had T1, 79 T2 (12%), 486 T3 (73%) and 51 

(8%) had T4 tumours, with mean tumor sizes of 4.7cm (SD 2.0). The majority were located in 

XLI�WMKQSMH��RSRI�[IVI�MR�XLI�PIJX�ƽI\YVI�

Pooled sensitivity and NPV for all 47 studies are shown in Figure 2 and Figure 3. HQ-studies 

showed a sensitivity of 0.56 (95%CI:0.53-0.58) with low heterogeneity (Chi2=2.29; df=5 (p=0.808); 

I2=0%, Figure 4), corresponding to a NPV of 0.69 (95%CI:0.64-0.73; with low heterogeneity, 

Chi2=10.36; df=5 (p=0.066); I2=51.7%, Figure 5). Detection rate among HQ-studies was 0.85 

(95%CI:0.79-0.89).

3
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Figure 2. Weighted sensitivity for each individual study* 

* Sensitivity was calulcated after advanced examination of only the SLNs
���8LI�ƼVWX�WM\�WXYHMIW�EVI�VIJIVVIH�EW�LMKL�UYEPMX]�GSRGITX�ZEPMHEXMSR�WXYHMIW�MR�XLI�QERYWGVMTX
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Figure 3. Weighted negative predictive value for each individual study* 

* Negative predictive value was calculated after advanced examination of only the SLNs
���8LI�ƼVWX�WM\�WXYHMIW�EVI�VIJIVVIH�EW�LMKL�UYEPMX]�GSRGITX�ZEPMHEXMSR�WXYHMIW�MR�XLI�QERYWGVMTX

3
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Figure 4. Weighted sensitivity of the high quality concept validation studies* 

* Sensitivity after advanced examination of SLNs and regional lymph nodes

Figure 5. Weighted negative predictive value of high quality concept validation studies* 

* Negative predictive value after advanced examination of SLNs and regional lymph nodes

Diagnostic performance was higher in the remaining 41 studies: pooled sensitivity was 0.74 

(95%CI:0.69-0.80) with substantial heterogeneity (Chi2=119.39; df=40 (p<0.0001); I2=66.5%), and 
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pooled NPV of 0.83 (95%CI:0.80-0.86), again with substantial heterogeneity (Chi2=83.18, df=40 

(p<0.0001); I2=51.9%). Pooled detection rate was 0.94 (95%CI:0.91-0.95).

Sources of heterogeneity (focusing on procedure and tumour-related factors) were investigated 

using IPD from 26 studies including the six HQ-studies 23,26-28,30,35,37-39,41-45,47,48,52,53,56,57,60-62,64,67,68, 

comprising 2182 patients presenting 2006 successful SLN-procedures (92%). Some did not 

provide data on tumour stage 29, tumour location 30 upstaging 45, and injection site and in- or 

ex-vivo approach 42. Mean tumour size was 4.8 cm (SD 2.3) in 1212 patients out of 13 studies 
26-28, 33-35, 37, 38, 40-43, 45.

Subanalyses of diagnostic parameters were performed for HQ-studies (SI 5) and IPD (SI 6).

In HQ-studies ex-vivo had a higher sensitivity than in-vivo (ex-vivo; 0.61 [95%CI:0.60-0.610] vs. 

in-vivo; 0.54 [95%CI:0.54-0.54], p<0.0001; similar trend in IPD: ex-vivo: 0.75 [95%CI:0.66-0.82] vs. 

in-vivo: 0.66 [95%CI:0.59-0.73], p=0.051). However, detection rates were higher with the in-vivo 

approach (HQ: in-vivo; 0.87 [95%CI:0.85-0.89] vs. ex-vivo; 0.77 [95%CI:0.76-0.77], p<0.0001). 

These results were not endorsed by IPD. Results for blue dye, whether or not combined with 

��Q8G�RERSGSPP��WLS[IH�WMKRMƼGERXP]�FIXXIV�WIRWMXMZMX]�XLER�ƽYSVIWGIRX�XVEGIVW�MR�XLI�-4(��FPYI�

H]I�������?��	'-����������A��FPYI�H]I�����Q8G�RERSGSPP�������?��	'-����������A�ZW��ƽYSVSTLSVI��

�����?��	'-����������A��FPYI�H]I���ƽYSVSTLSVI�������?��	'-����������A��T ��������7YFEREP]WIW�

for imaging tracers could not be performed in the HQ-studies due to the small number of 

TEXMIRXW��2YQFIVW�SJ�702W�MHIRXMƼIH�[MXL�FPYI�H]I�ERH�FPYI�H]I�GSQFMRIH�[MXL���Q8G�RERSGSPP�

were similar (blue dye: mean 2.6, SD 2.4 vs blue dye combined with 99mTc-nanocoll: mean 3.2, 

SD 2.7, p=0.068). Site of injection did not affect diagnostic performance.

7XVEXMƼGEXMSR�JSV�XYQSYV�VIPEXIH�JEGXSVW�WLS[IH�XLEX�HMEKRSWXMG�TEVEQIXIVW�[IVI�MRHITIRHIRX�SJ�

tumour location and size. In HQ-studies, sensitivity was lower with T1 tumours than in T3 and T4 

tumours, but not in IPD (T1; 0.30 [95%CI:0.16-0.51] vs.T3; 0.56 [95%CI:0.51-0.61], p=0.006 vs.T4; 0.61 

[95%CI:0.51-0.69], p=0.009). Sensitivity was positively associated with the number of harvested SLNs 

(>2 SLNs: 0.66 [95%CI:0.59-0.72] vs 2 SLNs; 0.54 [95%CI:0.44-0.63], 1 SLN: 0.43 [95%CI:0.34-0.52]; 

p=0.001). We observed no relation between number of rLNs and diagnostic parameters.

Prevalence of LNM was 0.34 (95%CI:0.31-0.37) after conventional H&E-staining (SLNs and rLNs), 

and after advanced histopathology 0.48 (95%CI:0.42-0.54), corresponding to 18% upstaging 

(Table 2). Prevalence with advanced histopathology of SLNs only was 0.41 (95%CI:0.37-0.45), 

vs. 0.34 (95%CI:0.31-0.37) with conventional pathology, corresponding with an upstaging of 

10% converted from node-negativity to node-positivity.

3
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DISCUSSION

In this meta-analysis we found that sensitivity of SLN procedures in colon cancer is low, 

regardless of tumour and procedure-related factors. The difference in sensitivity between HQ-

studies and other studies underlines the necessity of similar and appropriate reference tests 

to both SLNs and regional lymph nodes. We cannot decide whether this low accuracy results 

JVSQ�XIGLRMGEP�HMƾGYPXMIW��EREXSQMGEP�GSQTPI\MXMIW��TIVLETW�WTIGMƼG�XS�GSPSR�GERGIV�SV�JVSQ�

a conceptual problem.

Firstly, colon SLNs are often small (<1 cm) and located beneath a thick layer of fat impeding 

visibility with optical techniques, explaining low sensitivities with these methods. Secondly, 

number and location of colon SLNs are unpredictable since lymphatic drainage patterns are 

YRORS[R��,IRGI��702�HIƼRMXMSRW�EVI�MRGSRWMWXIRX�VIWYPXMRK�MR�LEVZIWXMRK�SJ�XLI�ƼVWX�XS�EPP�XVEGIV�

accumulating nodes. It was suggested that at least four SLNs are needed for accurate SLN-

TVSGIHYVIW��FEWIH�SR�XLI�EWWYQTXMSR�XLEX�GSPSR�GERGIV�LEW�F]�HIƼRMXMSR�QSVI�702W�XLER�FVIEWX�

cancer and melanoma which typically have a single SLN 69��8LMW�WYKKIWXW�XLEX�P]QTLEXMG�ƽS[�MR�

colon cancer is more divergent. Our results do not contradict the hypothesis of better accuracy 

when harvesting more lymph nodes (>2 SLNs), but this must be interpreted with caution since 

more harvested SLNs will increase sensitivity anyway. Subanalysis of procedure-related factors 

showed better results for sensitivity after an ex-vivo procedure while in-vivo harvesting detects 

twice as many nodes (ex-vivo; 1.6 [SD 2.1] vs in-vivo; 3.2 [SD 2.4], p<0.0001). In addition, no other 

tumour or procedure-related factors (tracer or injection site) showed better SLN accuracy with 

more SLNs harvested. The better sensitivity of the ex-vivo approach may result from better real-

XMQI�ZMWYEPM^EXMSR�SJ�P]QTL�ƽS[�H]REQMGW�ERH�E�QSVI�WTIGMƼG�QIWSGSPSR�HMWWIGXMSR�XS�HIXIGX�

SLNs 70. On the other hand, node positive (S)LNs can be missed with the ex vivo approach, for 

example when they are located outside the resection area.

6IEP�XMQI�ZMWYEPM^EXMSR�SJ�P]QTL�ƽS[�H]REQMGW�XS�IWXEFPMWL�P]QTLEXMG�HVEMREKI�TEXXIVRW�QMKLX�

improve SLN-mapping. Therefore, some studies combined preoperative lymphoscintigraphy 

with intraoperative gamma-probe and blue dye, as in breast cancer and melanoma 22, 23, 36, 

38, 40, 50, 55��8LMW�EPPS[W�JSV�TVISTIVEXMZI�MHIRXMƼGEXMSR�SJ�XLI�RYQFIV�ERH�PSGEXMSR�SJ�XLI�702W��

ERH�VIEP�XMQI�MHIRXMƼGEXMSR�SJ�702W�ZIVWYW�WYVVSYRHMRK�JEX�55, 71. However, results were similar 

JSV�TIVMSTIVEXMZI�KEQQE�MQEKMRK�EHHIH�XS�FPYI�H]I�ZW��FPYI�H]I�SRP]��8LMW�QE]�VIƽIGX�XLI�

PMQMXIH�VIWSPYXMSR�SJ�P]QTLSWGMRXMKVETL]�MQTIHMRK�TVSTIV�TVISTIVEXMZI�702�MHIRXMƼGEXMSR�HYI�XS�

ƈWLMRI�XLVSYKLƉ�JVSQ�XLI�XVEGIV�HITSX��-RXVESTIVEXMZI�MHIRXMƼGEXMSR�MW�HMƾGYPX�FIGEYWI�FPYI�H]I�

cannot be seen through fatty tissue, and its relatively small particle size causes rapid passage 

3
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XLVSYKL�P]QTLEXMG�GLERRIPW��PMQMXMRK�MXW�YWIJYPRIWW�MR�HIXIGXMRK�ƼVWX�HVEMRMRK�RSHIW�69, 72. Near-

MRJVEVIH�ƽYSVIWGIRX�XVEGIVW�LEZI�FIXXIV�GLEVEGXIVMWXMGW�JSV�MRXVESTIVEXMZI�HIXIGXMSR�XLER�FPYI�

dye (e.g. larger particle size, real-time and improved optical guidance) 73-76. In addition, PET/CT 

(e.g. with 89Zr-nanocoll) may provide an alternative pre-operative localisation tool with much 

better resolution than SPECT 77. We hypothesize that the most optimal SLN mapping protocol 

is combined injection of an optical tracer with a radiocolloid.

;LIVIEW�SYV�VIWYPXW�WYKKIWX�XLEX�I\�ZMZS�702�MHIRXMƼGEXMSR�MW�TVIJIVEFPI��E�HMWEHZERXEKI�MW�

TSXIRXMEP� HMWVYTXMSR�SJ�REXYVEP� P]QTLEXMG�TEXL[E]W�ERH�RSR�MHIRXMƼGEXMSR�SJ� �702W�[LIR�

located outside the resection area 41. We suggest to use in-vivo injections followed by in-vivo 

ERH�EHHMXMSREPP]�I\�ZMZS�702�MHIRXMƼGEXMSR�MR�JVIWL�VIWIGXMSR�WTIGMQIRW�

8LI� TSXIRXMEP� FIRIƼXW� SJ� 702�TVSGIHYVIW� MR� GSPSR� GERGIV� EVI� MQTVSZIH� WXEKMRK�� TEXMIRX�

management and survival. Serial-sectioning increases detection of (macro)metastases and 

especially micrometastases and isolated tumour cells. Indeed, LNM-prevalence in HQ-studies 

was 48% versus 34% after conventional H&E-staining. These missed LNM at initial surgery might 

help to explain recurrences in patients after apparently curative surgery. However, the prognostic 

and predictive relevance of occult tumour cells is still unclear. If only micrometastases, rather 

XLER�MWSPEXIH�XYQSYV�GIPPW��EVI�EWWSGMEXIH�[MXL�PS[IV���]IEVW�WYVZMZEP��XLI�FIRIƼX�SJ�XLI�702�

procedure will be limited since the former are found less often than the latter 7, 78-81; Unfortunately, 

we could not distinguish these two categories since most studies did not differentiate these 

subtypes. Future studies should investigate the prognostic relevance of isolated tumour cells and 

micrometastases, and establish if adjuvant chemotherapy improves survival in these patients. 

When the clinical relevance of occult tumour cells is known and a reliable SLN-procedure has 

been developed, studies investigating SLN-picking, combined with local excision of the primary 

tumour if the SLN is negative, can be designed. Such management might lower surgery-related 

morbidity and mortality in early staged tumours 82, 83.

The strength of this meta-analysis is that we implemented a rigorous reference test for the 

HQ-studies, in which SLNs and regional lymph nodes were both examined with conventional 

and advanced histopathology. For as far as we know this is has not been performed previously. 

This revealed on the one hand the overestimated diagnostic performance in studies without 

it, and the true prevalence of LNM on the other. Another strength of the study is the wealth of 

individual patient data (ca. two-third of the included population) allowing for additional analyses 

of tumour- and procedure-related factors. Although we applied statistical methods suited 

for small sample sizes, subgroup-analyses (especially tumour stage) should be interpreted 
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with caution. Heterogeneity for primary outcome parameters was low in the HQ-studies, but 

the tremendous methodological diversity across the other studies may have induces bias. 

Unfortunately, we did not have IPD of four large studies 54, 63, 64, 68 and of four others 48, 57, 58, 65 

of which the last four reported sensitivities up to 100% (852 SLN-procedures, i.e. 27% of our 

study-population). Although no study met the eligibility criteria for HQ-studies, results might 

have affected diagnostic outcomes especially regarding subgroup-analysis. Inability to separate 

colon and rectal cancers, precluded analysis of 18 databases (n=677) (see SI 4).

In conclusion, the SLN procedure has the potential to improve staging while diminishing the 

surgical trauma in patients with early-staged colon cancer. The SLN performance is currently 

MRWYƾGMIRX�HYI�XS�EREXSQMGEP�ERH�XIGLRMGEP�HMƾGYPXMIW�GSQFMRIH�[MXL�XLI�[MHI�ZEVMEXMSR�SJ�

used SLN mapping methods, patient selection and histopathological analysis of lymph nodes. 

Therefore a standardized SLN-procedure must be developed, focussing on low invasive tumours 

ERH�VIEP�XMQI�MQEKMRK�SJ�P]QTL�ƽS[�XS[EVHW�XLI�702��9TSR�WXERHEVHM^EXMSR��XLI�702�TVSGIHYVI�

may help to clarify the prognostic relevance of isolated tumour cells and micrometastases. 

Finally, the SLN-procedure in colon cancer seems more challenging than in other cancers, and 

considerable expertise will be required before large patient-related studies can be undertaken.

3
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SUPPLEMENTARY INFORMATION SI 2A

3 X 2 contingency table when only SLNs are examined with advances histopathology

LN + LN-

SLN + A (True Positive) B (True positive)

SLN- C  (False negative) D (True negative)

SLN ultra-staging + E (True positive) F (True positive/upstaging)

702��� � 8LI�WIRXMRIP�P]QTL�RSHI�W�TSWMXMZI�GSRƼVQIH�[MXL�GSRZIRXMSREP�WMRKPI�WIGXMSR��
  H&E staining
SLN -   The sentinel lymph node(s) negative for metastases after conventional single  
  section H&E staining and advanced histopathological examination
SLN ultra-staging + The sentinel lymph node(s) positive after advanced histopathological examination  
  but negative with conventional single section H&E staining
LN +   Lymph nodes positive with single section H&E staining
LN-  Lymph nodes negative for metastases after conventional single section
   H&E staining and advanced histopathological examination

Sensitivity = (A+B+E+F)/ ((A+B+E+F)+C)
Negative predictive value = D /(D+C)
Upstaging = F / (F+D) 
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SUPPLEMENTARY INFORMATION SI 2B 

3x3 contingency table when all lymph nodes are examined by advanced histopathology

LN + LN- LN ultra-staging +

SLN + A (True Positive) B (True positive) G (True positive)

SLN- C  (False negative) D (True negative) H (False negative/
upstaging)

SLN ultra-staging + E (True positive) F (True positive/
upstaging)

I (True positive/
upstaging)

702����� � 8LI�WIRXMRIP�P]QTL�RSHI�W�TSWMXMZI�GSRƼVQIH�[MXL�GSRZIRXMSREP�WMRKPI�WIGXMSR��
  H&E staining
SLN -   The sentinel lymph node(s) negative for metastases after conventional single  
  section H&E staining and advanced histopathological examination
SLN ultra-staging + The sentinel lymph node(s) positive after advanced histopathological examination  
  but negative with conventional single section H&E staining
LN +   Lymph nodes positive with single section H&E staining
LN-  Lymph nodes negative for metastases after conventional single section  
   H&E staining and advanced histopathological examination
LN ultra-staging + Lymph nodes positive after advanced histopathological examination but negative  
  with conventional single section H&E staining

Sensitivity = (A+B+E+F+G+I)/ ((A+B+E+F+G+I)+ C+H)
Negative predictive value = D /(D+C+H)
Upstaging = (F+H+I)/ ((F+H+I) +D)

Prevalence after only H&E-staining of SLNs and regional lymph nodes = (A+B+C+E+G) / 
(A+B+C+D+E+F+G+H+I)
Prevalence after advanced examination of only SLNs = (A+B+C+E+F+G+I) / (A+B+C+D+E+F+G+H+I)
Prevalence after advanced examination of the total LN yield = (A+B+C+E+F+G+H+I)/ 
(A+B+C+D+E+F+G+H+I)

3

Ankersmit_Marjolein_BNW_V8.indd   69Ankersmit_Marjolein_BNW_V8.indd   69 12/16/2019   0:52:0512/16/2019   0:52:05



70          Chapter 3

Supplementary Information 3. QUADAS-2

Risk of Bias Applicability concerns

Study Patient 
selection

Index test Reference 
standard

Flow and 
Timing

Patient 
selection

Index test Reference 
standard

Merrie22 ? - - - - - -

Terwisscha23 - - - - - - -

Faerden24 - - - - - - -

Markl25 / - - - - - -

Van der Zaag26 - - - - - - -

Viehl27 - - - - - - -

Cserni28 ? - / - - - /

Bertoglio29 - - / - - - /

Nagata30 ? - / - - - /

Thomas31 - - - - - - /

Bianchi32 - - - - - - /

Kelder33 - - - - - - /

Kusano34 ? - / ? - - /

Liberale35 - - - - - - /

Lim36 - - - - - - /

Matter37 - - - - - - /

Tiffet38 / - - - - - /

Yagci39 / - - - - - /

Quadros40 - - - - - - /

Saha41 - - - - - - /

Braat42 - - - - - - /

Murawa43 - - - - - - /

Retter44 / - - - - - /

Nordgard45 - - - - - - /

Ramos46 / - - - - - /

Andersen47 / - - - - - /

Bendavid48 ? - - - - - /

Paramo49 - - - - - - /

Dahl50 - - - - - - /

Read51 ? - / - - - /

Redston52 / - - - / - /

Tuech53 - - - - - - /
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Supplementary Information 3 (continued). QUADAS-2

Risk of Bias Applicability concerns

Study Patient 
selection

Index test Reference 
standard

Flow and 
Timing

Patient 
selection

Index test Reference 
standard

Bembenek54 - - - - - - /

Covarelli55 ? - - - - - /

Vilcea59 - - / - - - /

Hirche60 - - - - - - /

Schaafsma61 - - / - - - /

Oh62 - - / - - - /

Pallares63 ? - - - - - /

Estrada64 - - - - - - /

Liberale65 - - - - - - /

Mogoanta66 - - - - - - /

Currie67 - - - - - - /

Weixler68 - - - - - - /

- Low risk / High Risk ? Unclear Risk

Explanation QUADAS-2

9WMRK�59%(%7����VMWO�SJ�FMEW�GER�FI�GPEWWMƼIH�MRXS�JSYV�OI]�HSQEMRW��TEXMIRX�WIPIGXMSR��MRHI\�

XIWX��VIJIVIRGI�WXERHEVH��ƽS[�ERH�XMQMRK��-R�IEGL�HSQEMR�PS[��LMKL�SV�YRGPIEV�VMWO�SJ�FMEW�GER�

be scored. High risk of bias is scored if one of the questions on the form is answered with ‘yes’; 

unclear risk of bias is scored if one of the questions is answered with ‘unclear’ and low risk of 

bias is scored if all questions in the domain are scored ‘no’. Beside risk of bias assessment, the 

applicability of the domain on the author’s research question can be assessed as high or low. 

If in,- or exclusion criteria were not described we assessed risk of bias as unclear. Risk of bias 

and applicability for the reference standard were considered as high when no histopathological 

techniques additional to conventional H&E-staining were applied to all lymph nodes. Risk of 

FMEW�JSV�ƽS[�ERH�XMQMRK�[EW�GSRWMHIVIH�EW�YRGPIEV�[LIR�RSX�EPP�TEXMIRXW�[IVI�QIRXMSRIH�MR�

the results.

Results QUADAS-2

The majority of the studies scored low risk of bias for patient selection. Those studies with 

high risk of bias did not exclude patients suspicious for distant or lymphatic metastases after 

preoperative conventional work-up 25,38,39,44,46,47,52. Risk of bias and concerns for applicability 

regarding the index test were all estimated as ‘low risk’ since all SLNs and regional lymph 

3
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RSHIW�[IVI�YRHIVXEOIR�F]�GSRZIRXMSREP�,
)�WXEMRMRK�ɸ*SYVX]�SRI�WXYHMIW�WLS[IH�LMKL�VMWO�

of bias due to the reference standard because no histopathological techniques additional to 

conventional H&E-staining were applied to all lymph nodes 28-68��6MWO�SJ�FMEW�JSV�ƽS[�ERH�XMQMRK�

was considered as unclear in one study since not all patients were mentioned in the results 34. 

High concerns for applicability was found in one study in which the authors included patients 

with invasive colorectal carcinoma and did not report in,- or exclusion criteria 52. 
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Supplementary Information 5. Subanalysis of the high quality concept validation studies*

Patients

(n)

Successful 
procedures

(n)

Sensitivity*

% (95% CI)

Detection rate

% (95% CI)

Overall 669 563 0.56 (0.53-0.58) 0.85 (0.79-0.89)

Patient and tumour related factors

Gender 

Male 299 242 0.53 (0.45-0.61) 0.81 (0.74-0.86)

Female 345 298 0.58 (0.51-0.65) 0.87 (0.80-0.91)

Tumour location

Caecum 181 155 0.58 (0.50-0.65) 0.87 (0.75-0.93)

Ascendens 139 117 0.55 (0.43-0.66) 0.84 (0.78-0.88)

6MKLX�ƽI\YVI 15 14 0.45 (0.18-0.75) 0.92 (0.83-0.97)

Transversum 48 38 0.42 (0.29-0.57) 0.80 (0.75-0.84)

0IJX�ƽI\YVI 0 0 N/A N/A

Descendens 45 38 0.64 (0.51-0.75) 0.85 (0.71-0.93)

Sigmoid 234 195 0.56 (0.53-0.59) 0.84 (0.81-0.86)

Tumour stage

T1 53 46 0.30 (0.16-0.51) 0.85 (0.76-0.91)

T2 79 64 0.53 (0.41-0.65) 0.79 (0.69-0.86)

T3 486 408 0.56 (0.51-0.61) 0.85 (0.80-0.89)

T4 51 45 0.61 (0.51-0.69)a 0.89 (0.71-0.96)d

Tumour size

< 5 cm 254 215 0.54 (0.52-0.57) 0.84 (0.81-0.87)

> 5 cm 132 105 0.58 (0.47-0.69) 0.80 (0.62-0.90)

Number of SLNs

SLN =1 149 148 0.43 (0.34-0.52) -

SLN = 2 117 116 0.54 (0.44-0.63) -

SLN > 2 310 298 0.66 (0.59-0.72)b -

Total LN yield

< 10 165 144 0.56 (0.53-0.59) 0.85 (0.79-0.90)

> 10 489 418 0.55 (0.53-0.57) 0.86 (0.79-0.91)
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Supplementary Information 5 (continued). Subanalysis of the high quality concept validation studies*

Patients

(n)

Successful 
procedures

(n)

Sensitivity*

% (95% CI)

Detection rate

% (95% CI)

Procedure related factors

Injection site

Subserosal 653 550 0.56 (0.53-0.58) 0.85 (0.79-0.89)

Submucosal 16 13 0.57 (0.57-0.57) 0.83 (0.82-0.84)

In or ex vivo approach

In vivo 454 398 0.54 (0.54-0.54) 0.87 (0.85-0.89)

Ex vivo 215 165 0.61 (0.60-0.61)c 0.77 (0.76-0.77)e

Imaging tracer

Blue dye 558 491 0.55 (0.53-0.56) 0.83 (0.77-0.88)

Blue dye +99mTc 81 72 0.64 (0.54-0.72) 0.89 (0.86-0.92)

Fluorophore 0 - N/A N/A

Blue dye + 
ƽYSVSTLSVI

0 - N/A N/A

* Sensitivity after advanced examination of SLNs and regional lymph nodes 
 
a T1 vs T3 p=0.006, T1 vs T4 p=0.009
b 1 SLN vs 2 SLNs p=0.001; 1 SLN vs >2 SLNs p < 0.0001, 2 SLNs vs > 2 SLNs p<0.0001
c In vivo vs ex vivo p< 0.0001
d T2 versus T4 p=0.023
e in vivo versus ex vivo p< 0.000

3
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Supplementary Information 6. Subanalysis of Individual patient data*

Patients

(n)

Successful 
procedures

(n)

Sensitivity*

% (95% CI)

Detection rate

% (95% CI)

Overall 2182 2006 0.69 (0.63-0.75) 0.92 (0.89-0.94)

Patient and tumour related factors

Gender 

Male 828 747 0.72 (0.63 -0.79) 0.91 (0.86-0.94)

Female 848 781 0.71 (0.64-0.78) 0.93 (0.89-0.96)

Tumour location

Cecum 426 394 0.75 (0.64-0.83) 0.94 (0.89-0.96)

Ascendens 528 490 0.71 (0.63-0.78) 0.92 (0.88-0.95)

6MKLX�ƽI\YVI 61 58 0.80 (0.58-0.92) 0.93 (0.84-0.97)

Transversum 176 156 0.65 (0.52-0.76) 0.87 (0.82-0.91)

0IJX�ƽI\YVI 38 35 0.59 (0.33-0.81) 0.89 (0.77-0.95)

Descendens 167 154 0.57 (0.43-0.71) 0.92 (0.86-0.96)

Sigmoid 728 663 0.70 (0.64-0.76) 0.91 (0.88-0.94)

Tumour stage

T1 274 249 0.65 (0.47-0.79) 0.89 (0.84-0.93)

T2 367 337 0.71 (0.61-0.79) 0.93 (0.87-0.96)

T3 1350 1245 0.69 (0.62-0.75) 0.93 (0.89-0.95)

T4 170 156 0.69 (0.60-0.76) 0.92 (0.86-0.96)

Tumour size

< 5 cm 784 726 0.69 (0.57-0.79) 0.93 (0.89-0.95)

> 5 cm 428 387 0.69 (0.59-0.78) 0.91 (0.84-0.95)

Number of SLNs

SLN =1 450 446 0.61 (0.49-0.71) -

SLN = 2 466 463 0.66 (0.56-0.74) -

SLN > 2 1117 1097 0.74 (0.69-0.79)c -

Total LN yield

< 10 598 560 0.68 (0.61-0.73) 0.92 (0.88-0.95)

> 10 1439 1328 0.72 (0.63-0.79) 0.93 (0.89-0.95)
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Supplementary Information 6 (continued). Subanalysis of Individual patient data*

Patients

(n)

Successful 
procedures

(n)

Sensitivity*

% (95% CI)

Detection rate

% (95% CI)

Procedure related factors

Injection site

Subserosal 1879 1719 0.68 (0.61-0.74) 0.91 (0.88-0.94)

Submucosal 248 236 0.73 (0.60-0.83) 0.94 (0.86-0.98)

In or ex vivo approach

In vivo 1097 1719 0.66 (0.59-0.73) 0.93 (0.89-0.95)

Ex vivo 1001 925 0.75 (0.66-0.82) 0.91 (0.83-0.95)

Imaging tracer

Blue dye 1712 1563 0.71 (0.64-0.77)a 0.92 (0.89-0.95)d

Blue dye 
+99mTc

365 350 0.74 (0.67-0.81)b 0.93 (0.88-0.96)

Fluorophore 69 65 0.38 (0.32 -0.45) 0.93 (0.71-0.98)

Blue dye + 
ƽYSVSTLSVI

29 22 0.33 (0.33-0.33) 0.76 (0.76-0.76)

*Sensitivity calculated after advanced examination of only SLNs  

a�&PYI�H]I�ZW�ƽYSVSTLSVI�ERH�FPYI�H]I���ƽYSVSTLSVI�T ���������FSXL
b Blue dye + 99m8G�ZW�ƽYSVSTLSVI�ERH�FPYI�H]I���ƽYSVSTLSVI�T ���������FSXL
c 1 SLN vs >2 SLNs p=0.016 and 2 SLNs vs >2 SLNs p=0.020
d�&PYI�H]I���ƽYSVSTLSVI�ZW�FPYI�H]I��FPYI�H]I���99m8G�ERH�ƽYSVSTLSVI�T �������
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ABSTRACT

Background After promising results were obtained from studies in large animals, a technique 

using indocyanine green (ICG) is being introduced for sentinel lymph node (SLN) biopsy in 

colon cancer patients.

Subjects and Methods Colon cancer patients without clinical signs of metastatic disease, 

presenting at the VU University Medical Center (Amsterdam, The Netherlands) or Kennemer 

Gasthuis (Haarlem, The Netherlands), were asked to participate in the study. During 

laparoscopy, a subserosal injection of 2.5 mg of ICG diluted in 1 mL of 0.9% NaCl plus 2% 

LYQER�EPFYQMR�[EW�TIVJSVQIH�YWMRK�E�TIVGYXERISYWP]�MRWIVXIH�PSRK�VMKMH�SV�ƽI\MFPI�RIIHPI��

After injection, a near-infrared laparoscope (Olympus Corp., Tokyo, Japan) was used for 

P]QTL�ƽS[�ERH�702�ZMWYEPM^EXMSR��8LI�702W�[IVI�PETEVSWGSTMGEPP]�LEVZIWXIH�ERH�EREP]^IH�

by a senior pathologist using multisectioning and immunohistochemistry.

Results Fourteen patients were included (six women, eight men), with a median age of 75.5 

(interquartile range [IQR], 67.8–81.0) years and a median body mass index of 25.1 (IQR, 22.7–

�����OK�Q���1IHMER�XYQSV�HMEQIXIV�[EW������-56�����Ɓ����GQ��%X�PIEWX�SRI�702�[EW�MHIRXMƼIH�

in all patients, with a median number of 2.0 (IQR, 2.0–3.3) SLNs. The median time between 

MRNIGXMSR�ERH�MHIRXMƼGEXMSR�SJ�XLI�702�[EW�������-56������Ɓ�����QMRYXIW��4SWMXMSRMRK�SJ�XLI�

RIIHPI�XMT�MRXS�XLI�WYFWIVSWEP�PE]IV�[EW�JSYRH�XS�FI�QSVI�IJJIGXMZI�YWMRK�XLI�ƽI\MFPI�RIIHPI��

;LIR�XLMW�ƽI\MFPI�RIIHPI�[EW�YWIH��PIWW�WTMPP�SJ�H]I�[EW�SFWIVZIH��%PP�702W�[IVI�RIKEXMZI��;I�

observed four false-negative nodes, all after using a rigid needle. None of the patients showed 

an adverse reaction to the ICG injection.

Conclusions 4VIPMQMREV]� VIWYPXW�SJ� PETEVSWGSTMG�WIRXMRIP�RSHI� MHIRXMƼGEXMSR�YWMRK�E�RIEV�

infrared dye show this procedure is safe and feasible. It was possible to detect lymph nodes 

in all patients. Large tumor size, drainage to adjacent lymphatic vessels, and the use of a rigid 

needle might contribute to false-negative nodes.
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INTRODUCTION

The concept of sentinel lymph node (SLN) biopsy has been validated in patients with melanoma, 

breast and vulvar cancer 1��'EFEREW�[EW�XLI�ƼVWX�XS�HIWGVMFI�XLMW�GSRGITX�JSV�TIRMPI�GEVGMRSQE��

8LI�P]QTL�ƽS[�H]REQMGW�[IVI�YWIH�XS�MHIRXMJ]�XLI�ƼVWX� P]QTL�RSHI�YTSR�[LMGL�XLI�XYQSV�

HVEMRW��;LIR�XYQSV�WTVIEH�SGGYVW��XLMW�702�MW�QSWX�PMOIP]�XLI�ƼVWX�XS�FI�MRJIWXIH�F]�XYQSV�GIPPW��

This concept has been used for optimizing surgical treatment for breast cancer and melanoma 

patients 2,3. The primary purpose of SLN mapping in colon cancer is to upstage tumors whose 

metastases would remain undetected by conventional pathological examination and to identify 

aberrant lymphatic drainage.

The gold standard for colon cancer treatment today is a been validated in patients with 

melanoma, breast, and segmental resection including resection of all regional lymph nodes. For 

tumor staging, lymph nodes are harvested manually by the pathologist and are assessed using 

single-section examination followed by hematoxylin and eosin (H&E) staining. The outcome of 

this histopathological examination is the most important indication for adjuvant chemotherapy. 

Following this current strategy for colon cancer management, up to 30% of Stage I and II 

TEXMIRXW��F]�HIƼRMXMSR��RSHI�RIKEXMZI�[MPP�IZIRXYEPP]�HIZIPST�QIXEWXEWIW�ERH�HMI�JVSQ�GSPSR�

cancer 4. This might be caused by a suboptimal pathological examination of the lymph nodes. 

Using the conventional single-section H&E staining, only a limited part of the lymph node is 

MRZIWXMKEXIH��ERH�XLIVIJSVI��QMGVSQIXEWXEWIW�GER�FI�IEWMP]�QMWWIH��-HIRXMƼGEXMSR�SJ�XLI�702��

subsequent serial section, and the use of immunohistochemistry, as used in other forms of 

cancer, might be of value in upstaging nodenegative colon cancer patients. Until now, tracers 

GYVVIRXP]�YWIH�JSV�702�MHIRXMƼGEXMSR�MR�GSPSR�GERGIV�TEXMIRXW�LEZI�WLS[R�PMQMXEXMSRW�WYGL�EW�

poor tissue penetration of blue dye in the case of a fatty mesentery and signal interference if 

the SLN is located near the tumor when using radioactive tracers 5,6. Here we describe a new 

minimally invasive technique for SLN mapping in patients with colon carcinoma.

SUBJECTS AND METHODS

The study protocol was approved by the ethical committee of the VU University Medical Center, 

Amsterdam, The Netherlands, and by the local ethical committee of the Kennemer Gasthuis, 

Haarlem, The Netherlands (registration number NL2461302908). Patients at least 18 years old, 

who gave oral and written informed consent, were included in this validation study. Right after 

the SLN procedure, each patient received standard surgery. Exclusion criteria were pre- and 

4
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perioperatively gross lymph node involvement, distant metastases, advanced disease with 

invasion of adjacent structures, prior colorectal surgery, metastatic or T4 disease discovered 

during intraoperative staging, contraindications to laparoscopy, rectal cancer, and allergy to 

MSHMRI��1EMR�WXYH]�IRH�TSMRXW�[IVI�MHIRXMƼGEXMSR�VEXI�SJ�702W��RYQFIV�SJ�JEPWI�RIKEXMZI�702W��

number of patients who are upstaged by ultrastaging techniques, number and status of aberrant 

lymph nodes, and accuracy and conformity of the SLN status.

Surgical procedure

Patients meeting the inclusion criteria were prepped, draped, and placed under general 

anesthesia. Laparoscopic access was obtained in the traditional fashion, and abdominal 

exploration was performed to rule out intra-abdominal metastases. Injection of the dye 

[EW�TIVJSVQIH�F]�XLI�WEQI�WYVKISR��;�.�,�.�1�� MR�EPP�GEWIW��-R�XLI�ƼVWX���TEXMIRXW�E�VMKMH�

WTMREP�RIIHPI�[EW�YWIH�JSV�MRNIGXMSR��(YVMRK�XLI�ƼREP���TEXMIRXW�X[S�HMJJIVIRX�OMRHW�SJ�ƽI\MFPI�

endoscopic needles were used for transcutanous injection (sclerosering and Wang needle). 

During two of the seven procedures a sclerosering needle (FH Medical BV, Veenendaal, The 

Netherlands) with a tube length of 230 cm, tube diameter of 2.35 mm, and needle projection 

of 5 mm was used. In 5 patients a Wang transbronchial cytology needle (ConMed Corp., Utica, 

NY) with a tube length of 130 cm, tube diameter of 1.9 mm, and needle projection of 13 mm was 

used. The short tube length and small diameter of the Wang transbronchial cytology needle, 

EPPS[IH�JSV�E�QSVI�GSRXVSPPIH�[E]�SJ�MRNIGXMRK�XVEGIV�QEXIVMEP��%PXIVREXMZIP]��YWMRK�E�PSRKIV�ƽI\MFPI�

needle makes it easier to place the needle tip in the subserosal layer of the colon and keep it 

positioned during tracer administration. The use of indocyanine green (ICG)/albumin solution 

was based on previous results obtained from animal studies 6. First, 1.0 mL of saline was 

MRNIGXIH�MRXS�XLI�GSPSR�[EPP�XS�IRWYVI�GSVVIGX�TPEGIQIRX�SJ�XLI�RIIHPI��GSRƼVQIH�F]�E�VEMWMRK�

bleb), followed by the injection of ICG (ICG-Pulsion; Pulsion Medical Systems AG, Mu¨nchen, 

Germany) solution. The ICG solution consisted of 25 mg of ICG diluted in 1.0 mL of human 

albumin (20%) and 9 mL of NaCl (0.9%). One to three peritumoral injections were performed 

depending on tumor size. The maximum injected volume contained 1.0 mL of ICG solution  

� �����QK��*SV�P]QTL�ZIWWIP�ERH�702�MHIRXMƼGEXMSR��E�RI[P]�HIZIPSTIH��')�ETTVSZIH��RIEV�

infrared (NIR) laparoscope (Olympus Corp., Tokyo, Japan) was used. The system consisted 

of a Visera laparoscopic system equipped with a xenon light source for excitation of ICG and 

ƼPXIV�WIXW�JSV�STXMQEP�[EZIPIRKXL�WIPIGXMSR��8LI�STXMG�HIZMGI�YWIH�LEW�EHNYWXIH�GSEXIH�PIRWIW�

to allow for optimal infrared transparency. A more detailed description of this laparoscope 

was previously published 6. 8LI�ƼVWX�SRI�XS�JSYV�P]QTL�RSHIW��EGGYQYPEXMRK�XVEGIV�QEXIVMEP�

ERH�TVIWIRXMRK�EW�FVMKLX�ƽYSVIWGIRX�HSXW�YWMRK�XLI�2-6�QSHIW��[IVI�HIƼRIH�EW�702�W��%JXIV�
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MHIRXMƼGEXMSR��XLI�702�SV�702W�[IVI�FIMRK�LEVZIWXIH�PETEVSWGSTMGEPP]��%JXIV�702�LEVZIWXMRK��

conventional laparoscopic medial to lateral oncologic resection was conducted.

Pathological assessment

A senior pathologist manually searched the fresh resection specimen for lymph nodes. Lymph 

RSHIW�JSYRH�[IVI�FMWIGXIH�EPSRK�XLI�PSRKIWX�E\MW�ERH�IQFIHHIH�MR�TEVEƾR��%PP�P]QTL�RSHIW�

were stained with H&E. If the SLNs were tumor negative after routine H&E staining, the SLNs 

were sectioned (3–4 lm thick) at 150-lm intervals and examined at three levels with H&E as well 

as using immunohistochemistry with the epithelial marker CAM 5.2. Metastases between 0.2 

mm and 2.0 mm were referred to as micrometastases. Metastases smaller than 0.2 mm were 

described as isolated tumor cells.

RESULTS

Fourteen patients were included: six women and eight men. The median age of the patients 

was 75.5 (interquartile range [IQR], 67.8–81.0) years. Patients had a median body mass index of 

������-56������Ɓ�����OK�Q���8LI�XYQSVW�[IVI�PSGEXIH�MR�XLI�WMKQSMH��R!ɸ���GSPSR�XVERWZIVWYQ�

�R!ɸ���GIGYQ��R!ɸ���ERH�GSPSR�EWGIRHIRW��R!ɸ���8LI�QIHMER�HMEQIXIV�SJ�XLI�XYQSVW�[EW�����

(IQR, 3.4–7.0) cm (Table 1). 

Table 1. Patient characteristics

Patient Sex Age 
(years)

BMI 
(kg/m2)

Tumor site Tumor diameter 
(cm)

T-stage

1 Female 81 25.9 Colon ascendens 7.0 T3

2 Male 80 25.9 Cecum 7.0 T3

3 Male 74 24.5 Colon transversum 2.5 T2

4 Male 84 22.9 Sigmoid 10.0 T3

5 Male 82 22.2 Sigmoid 4.5 T3

6 Female 54 31.2 Cecum 4.0 T2

7 Male 81 30.1 Cecum 3.0 T2

8 Female 77 26.4 Sigmoid 9.5 T3

9 Male 81 25.8 Sigmoid 4.5 T3

10 Female 68 21.0 Sigmoid 3.5 T3

11 Male 74 25.1 Colon ascendens 0.8 T3

12 Female 46 22.0 Cecum 6.0 T3

13 Female 74 23.8 Cecum 4.5 T2

14 Male 67 25.1 Sigmoid 3.5 T3

4
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(YVMRK�EPP�TVSGIHYVIW�XLI�ƽS[�SJ�H]I�MR�XLI�P]QTLEXMG�ZIWWIPW�GSYPH�FI�JSPPS[IH�MR�VIEP�XMQI�

F]� XLI� FVMKLX� ƽYSVIWGIRX� WMKREP� �*MKYVI� ��� 4VSTIV� I\GMXEXMSR� SJ� XLI� H]I� SGGYVVIH� EPQSWX�

MQQIHMEXIP]�EJXIV�-'+�MRNIGXMSR��ETTVS\MQEXIP]���QMRYXI��8LI�EFWIRGI�SJ�EYXSƽYSVIWGIRGI�SJ�

intra-abdominal structures and a high signal-to-noise ratio made lymph vessel and lymph node 

MHIRXMƼGEXMSR�TSWWMFPI��*MKYVI����(YVMRK�EPP�TVSGIHYVIW�EX�PIEWX�SRI�XS�JSYV�P]QTL�RSHIW�GSYPH�

FI�MHIRXMƼIH�ERH�LEVZIWXIH��8LI��WIRXMRIP�P]QTL�RSHIW�[IVI�FIMRK�HMWWIGXIH�YWMRK�XLI�[LMXI�

light modus of the NIR system. Guided by the greenish color of the ICG itself and by switching 

back to the NIR modes, complete removal of the (sentinel) node could be optimized. There was 

no need for conversion in any of the procedures. 

Figure 1��4SWMXMSRMRK�SJ�XLI�RIIHPI�RIEV�XLI�XYQSV�[MXL��E�E�VMKMH�RIIHPI�ERH��F�E�ƽI\MFPI�RIIHPI.

Figure 2. Observation of mesentery with two lymph nodes (a) with normal light and (b) using near-infrared.

(YVMRK�ƼZI�TVSGIHYVIW�QSVI�XLER�SRI�MRNIGXMSR�[EW�YWIH�FIGEYWI�SJ�XLI�WM^I�SJ�XLI�XYQSV�

�8EFPI����8LI�QIHMER�XMQI�FIX[IIR�H]I�MRNIGXMSR�ERH�702�MHIRXMƼGEXMSR�[EW�����-56������Ɓ�����

minutes. Laparoscopic harvesting of (sentinel) lymph nodes was successful in all 14 patients 
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(100%). The median peroperative number of SLNs found was 2.0 (IQR, 2.0–3.3), and the median 

number of non-SLNs found by the pathologist in the resected specimen was 10.5 (IQR, 4.8–

22.3). In 10 patients no metastases were found during evaluation of the SLN and non-SLNs. 

In 4 patients a positive non-SLN was found, whereas the presumed SLN was negative (false 

negative SLN). No adverse events or complications occurred as a result of laparoscopic SLN 

MHIRXMƼGEXMSR�YWMRK�-'+�

Table 2. Procedure characteristics

Patient Needle used Number of 
injections

Time between injection and
702�MHIRXMƼGEXMSR��QMRYXIW

1 Rigid 81 25.9

2 Rigid 80 25.9

3 Rigid 74 24.5

4 Rigid 84 22.9

5 Rigid 82 22.2

6 Rigid 54 31.2

7 Rigid 81 30.1

8 Sclerosering needle 77 26.4

9 Sclerosering needle 81 25.8

10 Wang needle 68 21.0

11 Wang needle 74 25.1

12 Wang needle 46 22.0

13 Wang needle 74 23.8

14 Wang needle 67 25.1

a Each injection consisted with 1 mL of indocyanine green/human albumin/NaCl solution

8LI�YWEKI�SJ�E�VMKMH�WTMREP�RIIHPI�QEHI�XLI�TVSGIHYVI�XIGLRMGEP�QSVI�HMƾGYPX��-R�TEVXMGYPEV��

correct positioning of the needle tip into the subserosal layer, for example, depended much on 

the right angle between colon wall and needle. More spillage of dye occurred when using the 

VMKMH�RIIHPI�MR�GSRXVEWX�XS�XLI�ƽI\MFPI��;ERK�RIIHPI��-RXVE�EFHSQMREP�WTMPPEKI�SJ�H]I�QEHI�XLI�

702�MHIRXMƼGEXMSR�HMƾGYPX�MR�XLI�ƼVWX���GEWIW��FIGEYWI�SJ�XLI�ƽYSVIWGIRX�EFHSQMREP�GEZMX]��8MQI�

FIX[IIR�MRNIGXMSR�ERH�P]QTL�RSHI�MHIRXMƼGEXMSR�XSSO�PSRKIV�[LIR�WTMPPEKI�SGGYVVIH��(YVMRK�XLI�

ƼREP���GEWIW�E�ƽI\MFPI�IRHSWGSTMG�RIIHPI�[EW�YWIH��4SWMXMSRMRK�SJ�XLI�RIIHPI�XMT�MRXS�XLI�GSPSR�

wall was found to be much easier, especially when using the Wang transbronchial cytology 

RIIHPI��2S�WTMPPEKI�[EW�VITSVXIH�HYVMRK�XLI�ƼREP�WIZIR�TVSGIHYVIW��;I�EPWS�SFWIVZIH�XLEX�2-6�

light is able to penetrate relatively deeply through living tissue. During our study lymph nodes 

PSGEXIH�����GQ�MR�XLI�JEXX]�XMWWYI�GSYPH�FI�MHIRXMƼIH�

4
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DISCUSSION

This study was conducted to describe and assess the feasibility of a new technique using NIR 

dyes for SLN detection and harvesting in colon cancer patients.

The major issue in our current study is occurrence of the false-negative (sentinel) nodes in 4 

TEXMIRXW��;I�FIPMIZI�XLI�JSPPS[MRK�TVSFPIQW�GSRXVMFYXI�XS�XLIWI�ƼRHMRKW�

1. Correct placement of the needle close to the tumor is essential for adequate lymph node 

mapping. However, if the peritumoral injection of the NIR dye is not close enough to the 

tumor or in the case of big tumors, this can lead to drainage into adjacent lymph vessels 

instead of the vessels draining on the SLN. As a result SLNs will be missed.

2. (YVMRK�XLI�ƼVWX�WIZIR�TVSGIHYVIW�E�VMKMH�WTMREP�RIIHPI�[EW�YWIH�JSV�H]I�MRNIGXMSR��'SVVIGX�

TSWMXMSRMRK�SJ�XLI�RIIHPI�XMT�[EW�JSYRH�XS�FI�HMƾGYPX�ERH�SGGEWMSREPP]�PIEH�XS�WTMPPEKI�SJ�

H]I��(YVMRK�XLI�ƼREP�WIZIR�TVSGIHYVIW�XLI�VMKMH�RIIHPI�[EW�VITPEGIH�F]�E�ƽI\MFPI�RIIHPI��

9WMRK�E�ƽI\MFPI�RIIHPI��TSWMXMSRMRK�SJ�XLI�RIIHPI�XMT�MRXS�XLI�GSPSR�[EPP�[EW�JSYRH�XS�FI�

IEWMIV��-RXVE�EFHSQMREP�WTEGI�MW�PMQMXIH��ERH�QERIYZIVMRK�SJ�E�ƽI\MFPI�RIIHPI�[EW�WLS[R�

XS�FI�QSVI�QEREKIEFPI��QEOMRK�ƼRHMRK�E�GSVVIGX�TSWMXMSR�IEWMIV�

3. Also, the SLN mapping in large-sized tumors ( > 7 cm in diameter) seems to show less 

favorable results regarding sensitivity. Obliteration of the lymph vessels by ingrowth 

of tumor tissue or obstruction by gross metastases in the lymph node, resulting in an 

EPXIVREXMZI�VSYXI�SJ�P]QTL�ƽS[��GSYPH�FI�ER�I\TPEREXMSR�

During animal experiments we observed the problem of dye leakage 6. Spilled ICG will stick to 

MRXVE�EFHSQMREP�XMWWYIW��VIWYPXMRK�MR�E�ƽYSVIWGIRX�EFHSQMREP�GEZMX]��6MRWMRK�XLI�EFHSQMREP�

cavity with saline after spillage at the injection site does solve this problem only slightly. We 

addressed this problem by a pre-injection of saline to assure a correct localization of the needle. 

Correct placement of the needle gives bulging of the colon wall.

Other injection strategies could be interesting for future studies. Perioperative colonoscopic 

injection, for example, could be an alternative 7. When spillage of dye occurs, the tracer 

material will leak into the lumen of the colon, making spillage less of a problem. During animal 

experiments this approach showed favorable results (unpublished data). Different injection 
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routes like intratumoral or submucosal injection by per- or preoperative colonoscopy is a subject 

of our future studies.

SLN mapping using patent blue and radioisotope tracers, analogous to breast cancer, is noted to 

have limitations when used in colon cancer patients 8,9. Some authors have concluded that the SLN 

concept is not suitable for colon cancer patients because high false-negative ratios were seen 8,9. 

However, results from a meta-analysis addressing sensitivity of the SLN procedure in colorectal 

cancer patients showed favorable results when selecting for high-quality studies. Sensitivities 

as high as 90% with a detection rate of 96% could be achieved 10. In addition, recently published 

studies showed high sensitivity rates when the procedures were accurately performed 11,12. 

The type of dye chosen might also have confounded the results of some studies. Ink, for 

example, show poor tissue penetration, especially in patients with extensive intra-abdominal 

fat. When radioactive tracers are used, the signal from the injection site might interfere when 

the SLN is localized nearby the tumor. NIR dyes with their unique characteristics could help to 

overcome these problems. We clearly show here that lymph nodes in obese patients can be 

EHIUYEXIP]�MHIRXMƼIH�YWMRK�-'+�YT�XS�����GQ�MR�JEXX]�QIWIRXIV]�

During our procedures we diluted ICG with saline and human albumin. This was based on 

previous animal experiments 6. During these experiments we were not able to detect SLNs 

when using plain ICG. We could identify lymph vessels, but it seemed that ICG washed through 

the lymph nodes and did not accumulate in the nodes. After human albumin was added, SLNs 

GSYPH�FI�MHIRXMƼIH��-R�EHHMXMSR��LYQER�EPFYQMR�WIIQW�XS�MRGVIEWI�XLI�ƽYSVIWGIRX�GETEGMXMIW�

of ICG. Other groups reported good kinetics using only ICG 13,14. The need for human albumin 

and its concentration for ICG dilution also deserve further analysis. The period of time between 

H]I�MRNIGXMSR�ERH�702�MHIRXMƼGEXMSR�ZEVMIH�JVSQ�����XS����QMRYXIW��8VEGIV�QEXIVMEP�YWIH�[EW�

equal during all cases. Intra-abdominal lymph node drainage patterns are not consistent, and 

SLNs can be located at different locations. Exploring the abdomen in search for the SLN can 

be time consuming, especially when spillage of dye occurred, coloring more intra-abdominal 

EREXSQMG�WXVYGXYVIW�ƽYSVIWGIRX��0]QTL�ZIWWIPW�GER�FI�MHIRXMƼIH�[MXLMR�WIGSRHW�EJXIV�H]I�

injection when they are located at the surface. Depending on the depth of localization, a solid 

amount of dye entrapped in the lymph node will be needed to ensure enough tissue penetration 

JSV�MHIRXMƼGEXMSR��-R�XLI�TEXMIRX�MR�[LSQ�XLI�WIRXMRIP�RSHI�[EW�MHIRXMƼIH�MR�����QMRYXIW��XLI�

lymph node was located near the tumor and at the surface of the mesentery.

ICG was used because this dye is clinical grade. Several companies worldwide are busy 

developing new NIR dyes for clinical purposes. Toxicological studies are needed, but they 

4
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EVI�XMQI�GSRWYQMRK��ERH�XLI�ƼVWX�GPMRMGEP�KVEHI�H]IW�EVI�WXMPP�FIMRK�E[EMXIH��8LIWI�RI[�H]IW�

EVI�VITYXIH�XS�LEZI�FIXXIV�ƽYSVIWGIRX�GLEVEGXIVMWXMGW�GSQTEVIH�[MXL�-'+��2IZIVXLIPIWW��[I�

demonstrated that ICG was capable of SLN detection by using the NIR modes of an NIR 

laparoscope.

CONCLUSIONS

Laparoscopic (sentinel) lymph node mapping using ICG/albumin/NaCl solution is feasible in 

TEXMIRXW�[MXL�GSPSR�GERGIV��,S[IZIV��XLMW�RSZIP�XIGLRMUYI�RIIHW�QSVI�VIƼRIQIRX��-R�TEVXMGYPEV��

the site of injection (subserosal or intramucosal injection and intra- or peritumoral injection) 

is a point of discussion. More studies concerning the concentration and amount of dye to be 

injected, the additional value of human albumin, method of injection, and validation of the SLN 

technique using ICG are warranted.
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ABSTRACT

Background 2IEV�MRJVEVIH��2-6�ƽYSVIWGIRGI�MQEKMRK�LEW�XLI�TSXIRXMEP�XS�SZIVGSQI�XLI�

current drawbacks of sentinel lymph node mapping (SLNM) in colon cancer. Our aim was 

XS�TVSZMHI�ER�SZIVZMI[�SJ�GYVVIRX�7021�TIVJSVQERGI�ERH�SJ�JEGXSVW�MRƽYIRGMRK�WYGGIWWJYP�

WIRXMRIP�P]QTL�RSHI��702�MHIRXMƼGEXMSR�YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK�MR�GSPSR�GERGIV�

Methods A systematic review and meta-analysis was conducted to identify currently used 

methods and results. Additionally, we performed a single-center study using indocyanine 

green (ICG) as SLNM dye in colon cancer patients scheduled for a laparoscopic colectomy. 

SLNs were analyzed with conventional hematoxylin-and-eosin staining and additionally with 

serial sectioning and immunohistochemistry (extended histopathological assessment). A true 

TSWMXMZI�TVSGIHYVI�[EW�HIƼRIH�EW�E�XYQSV�TSWMXMZI�702�IMXLIV�F]�GSRZIRXMSREP�LIQEXS\]PMR�

and-eosin staining or by extended histopathological assessment, independently of regional 

lymph node status. SLN procedures were determined to be true negatives if SLNs and regional 

lymph nodes revealed no metastases after conventional and advanced histopathology. SLN 

procedures yielding tumor-negative SLNs in combination with tumor-positive regional lymph 

RSHIW�[IVI�GPEWWMƼIH�EW�JEPWI�RIKEXMZIW��7IRWMXMZMX]��RIKEXMZI�TVIHMGXMZI�ZEPYI�ERH�HIXIGXMSR�

rate were calculated.

Results This systematic review and meta-analysis included 8 studies describing 227 SLN 

procedures. A pooled sensitivity of 0.63 (95%CI 0.51-0.74), negative predictive value 0.81 (95%CI 

0.73-0.86) and detection rate of 0.94 (95%CI 0.85-0.97) were found. Upstaging as a result of 

extended histopathological assessment was 0.15 (95%CI 0.07-0.25). In our single-center study 

[I�MRGPYHIH����TEXMIRXW��*MZI�JEPWI�RIKEXMZI�702W�[IVI�MHIRXMƼIH��VIWYPXMRK�MR�E�WIRWMXMZMX]�SJ�

44% and negative predictive value of 80%, with a detection rate of 89.7%. Eight patients had 

lymph node metastases, in 3 cases detected after extended pathological assessment, resulting 

in an upstaging of 13% (3 of 23 patients with negative nodes by conventional hematoxylin and 

eosin staining).

Conclusions 7IZIVEP�EREXSQMGEP�ERH�XIGLRMGEP�HMƾGYPXMIW�QEOI�7021�[MXL�2-6�ƽYSVIWGIRGI�

imaging in colon cancer particularly challenging when compared to other types of cancer. As a 

consequence, reports of SLNM accuracy vary widely. Future studies should try to standardize 

the SLNM procedure and focus on early stage colon tumors, validation of tracer composition, 

injection mode and improvement of real-time optical guidance.
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INTRODUCTION

Colon cancer is one of the most common malignancies in the Western world and the number of 

IEVP]�WXEKI�XYQSVW��8��ERH�8��MHIRXMƼIH�MW�I\TIGXIH�XS�MRGVIEWI�EW�E�VIWYPX�SJ�XLI�MRXVSHYGXMSR�

of nationwide screening programs 1. Lymph node metastases are the strongest predictive 

factor for patient survival 2. The low risk of lymph node metastasis in these early stage tumors 

makes local excision of the primary tumor an attractive treatment option 3. However, current 

treatment by segmental resection with en-bloc resection of lymph nodes is unavoidable as 

long as uncertainties about undetected lymph node metastasis remain. Despite complete 

segmental resection, up to 20-30% patients with early stage disease will develop distant 

metastasis and eventually die from colon cancer 4. This high recurrence rate in node-negative 

colon tumors could be the result of understaging due to missed occult tumor cells (e.g. isolated 

tumor cells or micrometastases) during routine histopathological examination or inadequate 

lymph node harvesting 5-8. Detailed examination of all lymph nodes using serial sectioning and 

immunohistochemistry (IHC) is desirable. However, these techniques are time-consuming and 

expensive and are therefore not appropriate for daily practice. On the other hand, the majority 

of colon cancer patients without lymph node metastasis are exposed to unnecessary surgery-

related morbidity and mortality, currently of 13.5% and 2.0%, respectively 9.

The concept of sentinel lymph node mapping (SLNM) in colon cancer as a staging technique 

has been described frequently, with variable results 10. The limited penetration depth and fast 

migration of current blue dyes, resulting in high false negative rates, is frequently mentioned as 

E�WIVMSYW�HVE[FEGO�SJ�7021��2IEV�MRJVEVIH��2-6�ƽYSVIWGIRGI�MQEKMRK�JSV�7021�LEW�WIZIVEP�

properties that are advantageous for the SLN procedure in colon cancer and has already shown 

promising results in several types of cancer 11-13. The relatively high penetration depth and real-

XMQI�STXMGEP�KYMHERGI�EVI�MQTSVXERX�FIRIƼXW�MR�702�MHIRXMƼGEXMSR��WMRGI�P]QTL�RSHI�HVEMREKI�

patterns of colon cancer are unknown and SLNs are generally in an unfavorable location beneath 

a fatty mesocolon.

Since this technique has increased interest in SLNM in colon cancer, it is important to obtain 

E�FVSEHIV�YRHIVWXERHMRK�SJ�XLI�XIGLRMUYI�ERH�SJ�XLI�JEGXSVW�XLEX� MRƽYIRGI�XLI�WYGGIWW�SJ�

2-6��ƽYSVIWGIRGI�MQEKMRK�JSV�702�MHIRXMƼGEXMSR��8LIVIJSVI��E�W]WXIQEXMG�VIZMI[�ERH�QIXE�

analysis was conducted to provide an overview of the current performance of SLNM with NIR 

ƽYSVIWGIRGI�MQEKMRK�MR�GSPSR�GERGIV��ERH�SJ�XLI�JEGXSVW�MRƽYIRGMRK�MXW�WIRWMXMZMX]��HIXIGXMSR�

rate, negative predictive value and upstaging rates. These outcomes are compared with results 

5
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and experience of a prospective single-center study performed in our hospital which aimed to 

HIXIVQMRI�7021�EGGYVEG]�YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK�MR����GSPSR�GERGIV�TEXMIRXW�

MATERIALS AND METHODS

Systematic literature review and meta-analysis

The protocol for the review was registered in the international prospective register of systematic 

reviews (PROSPERO, registration number CRD42018110076). A systematic literature search 

was performed in PubMed MEDLINE and Embase from inception through October 2nd 2018, 

in collaboration with a medical librarian (LS). The literature search was in compliance with 

the screening guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) 14. Two authors (MA and WJHJM) independently conducted the literature 

search. In case of disagreement regarding inclusion or exclusion, a paper was discussed to 

establish consensus. The following medical subject headings (MeSH) were used as index terms; 

‘colorectal neoplasms’, ’Sentinel Lymph Node Biopsy’, ‘Indocyanine Green’ and ‘Fluorescent 

dyes’. The full PubMed search strategy is detailed in Supplementary Information 1. Systematic 

VIZMI[W�ERH�REVVEXMZI�VIZMI[�EVXMGPIW�MHIRXMƼIH�HYVMRK�XLI�WIEVGL�[IVI�GLIGOIH�JSV�EHHMXMSREP�

VIJIVIRGIW��%VXMGPIW�[IVI�MRGPYHIH�MJ�XLI]�JYPƼPPIH�XLI�JSPPS[MRK�GVMXIVME����HIWGVMTXMSR�SJ�XLI�YWI�

of NIR imaging for SLNM in colon cancer; 2) prospective design to assess the effectiveness of 

MHIRXMƼGEXMSR�ERH�HMEKRSWXMG�TIVJSVQERGI�SJ�XLI�702�TVSGIHYVI�MR�GSPSR�GERGIV����WITEVEXI�

results for colon and rectal cancer. Studies that performed SLNM only in rectal carcinoma 

were excluded. To avoid overlapping patient data in duplicate publications, the article with the 

largest sample size was included. Studies published in English, German or Dutch were included. 

%VXMGPIW�[IVI�W]WXIQEXMGEPP]�WGVIIRIH�F]�XMXPI��JSPPS[IH�F]�EFWXVEGX�WGVIIRMRK�ERH�ƼREPP]�JYPP�

text screening.

Variables collected consisted of gender, age, body mass index (BMI), number of patients with 

colon cancer, T-stage of disease, tumor size, in vivo or ex vivo injection, tracer injection site, 

XVEGIV�GSQTSWMXMSR��XVEGIV�GSRGIRXVEXMSR��MRNIGXIH�HSWI��MRZIWXMKEXSVƅW�HIƼRMXMSR�SJ�702��XSXEP�

number of SLNs, total number of regional lymph nodes, number of SLN procedures, number of 

failed SLN procedures, histopathological technique(s) used, imaging system, and any adverse 

effects of SLNM. The quantitative results were used to build 3x2 contingency tables to estimate 

numbers of true positives (TP), true negatives (TN) and false negatives (FN) (Supplementary 

-RJSVQEXMSR����*MKYVI����%�XVYI�TSWMXMZI�TVSGIHYVI�[EW�HIƼRIH�EW�E�XYQSV�TSWMXMZI�702�[MXL�SV�

without advanced histopathology analysis, independently of regional lymph node status. In this 
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GSRXI\X�E�JEPWI�TSWMXMZI�VEXI�[EW�^IVS�F]�HIƼRMXMSR�WMRGI�JEPWI�TSWMXMZI�LMWXSTEXLSPSKMGEP�ƼRHMRKW�

are not possible. SLN procedures were determined to be true negatives if SLNs and regional 

lymph nodes revealed no metastases after conventional and advanced histopathology. SLN 

procedures yielding tumor-negative SLNs in combination with tumor-positive regional lymph 

RSHIW�[IVI�GPEWWMƼIH�EW�JEPWI�RIKEXMZIW�

%W�JEPWI�TSWMXMZIW�[IVI�RSX�TSWWMFPI��XLI�WTIGMƼGMX]�ERH�TSWMXMZI�TVIHMGXMZI�ZEPYI�SJ�XLI�702�

TVSGIHYVI�[EW����	�F]�HIƼRMXMSR��8LI�HMEKRSWXMG�TEVEQIXIVW�sensitivity, negative predictive 

value, detection rate, and upstaging were recalculated from the included data.

Sensitivity�SJ�XLI�702�TVSGIHYVI�[EW�HIƼRIH�EW�XLI�RYQFIV�SJ�XVYI�TSWMXMZIW�MR�TEXMIRXW�[MXL�

TSWMXMZI�LMWXSTEXLSPSKMGEP�ƼRHMRKW��84�84�*2��8LI�RIKEXMZI�TVIHMGXMZI�ZEPYI�[EW�HIƼRIH�EW�

the number of patients in whom a negative SLN correctly predicted the lymph node status of 

the total lymph node yield (TN/TN+FN). Detection rate was the proportion of successful SLN-

procedures divide by all executed SLN procedures. Patients were considered as `upstaged` 

in case of positive SLNs at advanced histopathology without tumour-positive regional lymph 

nodes with conventional histopathology. The percentage of upstaged patients was calculated 

by dividing the number of upstaged patient with the number of TN patients after conventional 

histopathology (upstaged patients /upstaged patients + TN).

Quality assessment of the studies was based on the revised tool for the quality assessment 

of diagnostic accuracy studies (QUADAS-2) 15. Risk of bias was independently assessed by 

two reviewers (MA and WJHJM). Discrepancies in interpretation were resolved by discussion 

(Table 1).

Table 1 . Results of quality assessment of the studies included according to QUADAS-2

Risk of Bias Applicability concerns

Study Patient 
selection

Index test Reference 
standard

Flow and 
Timing

Patient 
selection

Index test Reference 
standard

Andersen22 / - - - / - -

Currie21 - - - - - - -

Hirche23 - - - - - - -

Hutteman26 / ? / ? / - /

Liberale24 - - - - - - -

Schaafsma25 / - / - / - /

Watanabe27 ? - / - ? ? /

Weixler20 / - - - / - -

- Low risk / High Risk ? Unclear Risk

5
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We used the data from the 3x2 tables to calculate sensitivity, negative predictive value, detection 

rate and upstaging. Individual results were presented graphically by plotting these values with 

XLIMV���	�GSRƼHIRGI�MRXIVZEPW�MR�JSVIWX�TPSXW��%R�FMZEVMEXI�VERHSQ�IJJIGXW�ETTVSEGL�JSV�XLI�QIXE�

analysis of sensitivity 16 and negative predictive value was used 17. We investigated heterogeneity 

visually by examining the forest plots and statistically by including covariates in the bivariate 

models through conducting subgroup analysis. The following sources of heterogeneity were 

assessed 1) Used tracer (indocyanine green, IRDye800CW whether or not combined with blue 

dye); 2) Number of injections (2-4 injections vs. random number of injections); 3) Injection 

technique (in vivo or ex vivo); 4) Injection site (subserosal vs. submucosal); 5) Time between 

injection and SLN mapping (directly after injection, 3-10 minutes after injection and > 15 minutes 

after injection). We incorporated these factors as covariates in the bivariate models to examine 

the effect of potential sources of bias and variation across subgroups of studies.

4SSPIH�IWXMQEXIW�SJ�HIXIGXMSR�VEXIW�ERH�YTWXEKMRK�[MXL�XLIMV�GSVVIWTSRHMRK���	�GSRƼHIRGI�

intervals were calculated using Freeman-Tukey double arcsine transformation within a random 

effects model framework. Heterogeneity of combined study results was assessed by I2, and its 

GSRRIGXIH�'LM�WUYEVI�XIWX�JSV�LIXIVSKIRIMX]��ERH�XLI�GSVVIWTSRHMRK���	�GSRƼHIRGI�MRXIVZEPW�

were calculated. Statistical analysis were performed using R version 3.6.0 (R Foundation for 

Statistical Computing, Vienna, Austria) with packages “mada” and “meta.”

Prospective single-center study

We performed a prospective single-center study which was approved by the Medical Ethics 

Committee of the UMC-Amsterdam, Vrije Universiteit Amsterdam, The Netherlands. The study 

was registered in the Clinical trials database (NCT02122523). Included patients were at least 

18-years-old with proven colon cancer and scheduled for laparoscopic colectomy. All patients 

provided oral and written informed consent. Exclusion criteria included pre- and peroperative 

gross lymph node invasion, distant metastases, prior colorectal surgery, advanced disease with 

invasion of adjacent structures, metastatic or T4 disease on preoperative imaging or discovered 

during intraoperative staging, rectal cancer, contraindications for laparoscopy and allergy to 

MSHMRI��8LI�ƼVWX����TEXMIRXW�VIGIMZIH�E�XVERWGYXERISYWP]�TIVJSVQIH�WYFWIVSWEP�MRNIGXMSR�SJ�-'+�

and the subsequent 15 patients had submucosal tracer injection by colonoscopy.

Injection of ICG was performed in vivo in all patients after general anesthesia. The injection 

solution consisted of 25 mg ICG diluted in 1.0 ml human albumin (20%) and 9.0 ml NaCl (0.9) 18. 

Injection of dye followed prior injection of 1.0 ml NaCl (0.9%) to ensure correct needle placement 

in the submucosal layer in both injection techniques. A subserosal injection consisted of 1-3 
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peritumoral injections with a sclerosing needle. For submucosal injection, a colonoscopy was 

executed directly after general anesthesia and placement of a laparoscopic port. ICG was 

administrated by 1-4 submucosal injections at the base of the tumor using a V960 injection 

needle (Prince Medical, Gutenberg, France). In both groups the surgical procedure started with 

I\TSWYVI�SJ�XLI�TIVMXSRIEP�GEZMX]�ERH�STIVEXMZI�ƼIPH��JSPPS[IH�F]�QSFMPM^EXMSR�SJ�XLI�GSPSR�QIHMEP�

to lateral. The mesocolon was inspected with conventional imaging and additionally with a NIR 

��q�PETEVSWGSTI��3P]QTYW��8SO]S��.ETER��%PP�ƽYSVIWGIRX�P]QTL�RSHIW�MHIRXMƼIH�[MXL�XLI�2-6�

camera were considered SLN(s), intraoperatively harvested and presented to the pathologist 

separately from the rest of the specimen. All lymph nodes were bisected along the longest axis, 

TEVEƾR�IQFIHHIH�ERH�WXEMRIH�[MXL�,
)��7IVMEP�WIGXMSRMRK������vQ�XLMGO�EX�����vQ�MRXIVZEPW�

was followed by H&E staining. Immunohistochemistry for the epithelial carcinoembryonic-

antigen (CEA) (Clone 1117; DAKO Netherlands M7072), CAM 5.2 (3455799; BD Biosciences 

Netherlands) and CK19 (M0888, clone RCK 108; DAKO The Netherlands) followed when no 

QIXEWXEWIW�[IVI�JSYRH�EJXIV�VSYXMRI�,
)�WXEMRMRK��1IXEWXEWIW�[IVI�GPEWWMƼIH�EGGSVHMRK�XS�

XLI�821���KYMHIPMRIW��1IXEWXEWIW�MHIRXMƼIH�F]�WIVMEP�WIGXMSRMRK�ERH�-,'�[IVI�GPEWWMƼIH�EW�

reported by Hermanek and colleagues 19. Sensitivity, detection rate, negative predictive value 

and upstaging were calculated by comparing the results of SLNM and pathological examination 

for all lymph nodes and expressed as a median (range).

RESULTS

Systematic review and meta-analysis

;I�MHIRXMƼIH���IPMKMFPI�WXYHMIW�TYFPMWLIH�FIX[IIR�.ERYEV]������ERH�%YKYWX���th 2018 presenting 

227 SLN procedures 20-27. Since no additional articles were found by cross-checking references, 

these 8 studies were analyzed and critically appraised. The selection process is shown in Figure 

1. We excluded the study of van der Pas et al. 28 because these results were reported in our 

single-center study. An overview of included articles is given in Table 2 and Table 3. None of 

the studies reported adverse events.

BMI was reported in 7 studies and varied widely from 19 to 40 kg/m2 25,24,26,23,21,22,27. None of the 

WXYHMIW�QIRXMSRIH�&1-�EW�E�TSXIRXMEP�JEGXSV�SJ�MRƽYIRGI�SR�702�TIVJSVQERGI��*SYV�WXYHMIW�

described tumor size, which varied between 9-100 mm 21,26,25,24. All studies disclosed tumor 

stage. Early staged T1 and T2 tumors were found in 41 (18%) and 57 (25%) patients, respectively. 

T3- tumors were diagnosed in 113 (50%) reported patients and T4- tumors in 16 patients (7%).

5
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Figure 1. PRISMA 2009 Flow Diagram

%W�ƽYSVIWGIRX�QETTMRK�EKIRX��-'+�[EW�YWIH�MR���WXYHMIW�WSYVGIH�JVSQ�HMJJIVIRX�GSQTERMIW�
22,21,27,24,23. ICG was dissolved in distilled water in 3 studies 22,24,27 and humanized-serum albumin 

(HSA) was added in 1 study 22. Three studies used IRDy800CW conjugated to HSA and 

dissolved in PBS 26,25,20��0M�'SV��0MRGSPR��2)�97%��-R���WXYHMIW�MRNIGXMSR�SJ�E�ƽYSVIWGIRX�XVEGIV�

was combined with administration of blue dye 22,24,25,20��8LI�GSRGIRXVEXMSR�SJ�XLI�ƽYSVIWGIRX�

dyes varied between 0.5-5.0 mg/ml. In all studies injection occurred around the tumor. The 

number of injections varied between 2-4 injections proximal and distal to the tumor 22,27,23 or 

circumferentially 21,24, up to a random number of injections depending on tumor size 26,25,20. A 

lower volume of tracer was injected when the number of injections was determined by tumor 

size compared to those using 2-4 standard injections. Administration of tracer occurred in vivo 
22,21,23,27 or ex vivo 26,24,25,20. Procedures using IRDye800CW as a tracer were all performed ex 

vivo, since the dye was not Food and Drug Administration -approved during the performance 

of the studies. Both techniques allow subserosal or submucosal injection. The submucosal 

injection technique was used in 3 studies 21,26,25 and subserosal in 5 studies 22,23,27,20,24. SLNs were 

MHIRXMƼIH�HMVIGXP]�EJXIV�H]I�MRNIGXMSR�22,24, after 3-10 minutes 21,23,26,25 or more than 15 minutes 
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after injection 20,27��%W�WLS[R�MR�XEFPI����XLI�LMKLIWX�RYQFIV�SJ�702W�[IVI�MHIRXMƼIH�[LIR�7021�

was performed more than 15 minutes after injection.

In 5 studies SLNs were serial sectioned and stained with IHC when no (sentinel) lymph node 

metastases were found after conventional H&E staining 22,21,23,24,20. Intervals used in the serial 

sectioning of 3-5 um sections varied between studies and ranged from 50 to 250 um. A 

cytokeratin antibody was used for IHC in all 5 studies, as cytokeratin is highly expressed in 

metastases of colorectal origin.

An overall pooled sensitivity of 0.63 (95% CI 0.51-0.74) and negative predictive value of 0.81 (95% 

CI 0.73-0.86) were estimated (Figure 2 and Figure 3). The pooled detection rate was estimated 

to be 0.96 (95% CI 0.88-1.0) (Figure 4). Upstaging could be calculated in 5 studies 22,21,23,24,20 and a 

pooled upstaging of 0.15 (95% CI 0.07-0.25) was estimated (Figure 5). Thus, 15% of patients with 

negative SLNs assessed with conventional histopathology, showed occult tumor cells (isolated 

tumor cells or micrometastases) after examination with advanced histopathology. None of the 

WYFKVSYT�EREP]WIW�WLS[IH�WXEXMWXMGEPP]�WMKRMƼGERX�HMJJIVIRGIW�FIX[IIR�WYFKVSYTW�MR�XIVQW�SJ�

sensitivity, negative predictive value or detection rate (Supplementary Information, Table 2).

5
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Figure 2 (left). Pooled sensitivity 
Figure 3 (right). Pooled negative predictive value

Figure 4. Pooled detection rate

Figure 5. Pooled upstaging

Prospective single-center study

A total of 30 patients were included. One patient was excluded due to intraoperatively detected 

gross lymph node metastasis. Patient characteristics and results for each patient are shown 

in Table 4. No adverse events related to ICG were noticed. Subserosal dye injection occurred 

in 14 patients and submucosal injection in 15 patients. In 2 patients (patient 22 and 28) no 

ƽYSVIWGIRX�702W�[IVI�MRXVESTIVEXMZIP]�MHIRXMƼIH�VIWYPXMRK�MR�ER�SZIVEPP�HIXIGXMSR�VEXI�SJ�����	��

5

Ankersmit_Marjolein_BNW_V8.indd   111Ankersmit_Marjolein_BNW_V8.indd   111 12/16/2019   0:52:1112/16/2019   0:52:11



112          Chapter 5

[MXL�E�QIHMER�SJ����VERKI�����702W�ERH�����VERKI������VIKMSREP�P]QTL�RSHIW�MHIRXMƼIH��3J�

the 29 patients, nine patients showed lymph node metastases. Five of these patients showed 

metastases in the regional lymph nodes but not in the SLN (patient 1, 2, 4, 10, 17. These SLNs 

are considered as false negatives. In one patient, lymph node metastases were found in both 

XLI�702W�ERH�VIKMSREP�P]QTL�RSHIW��TEXMIRX�����8LIWI�702W�EVI�GPEWWMƼIH�EW�XVYI�TSWMXMZIW��

In three procedures, SLNs showed metastases in only the SLNs which were found at advanced 

histopathology (patient 15, 16 and 18). In two of these patients, SLNs contained isolated tumor 

cells found with additional IHC (patient 16 and 18) and in one patient SLN metastases (> 2 mm) 

were detected after serial sectioning and H&E staining (patient 15). These three patients were 

converted from node negatives to node positives and therefore considered as ‘ upstaged’ and 

also true positives. As a result, the sensitivity of the procedure was 44% (4/9), negative predictive 

value 80% (20/25) and upstaging 13% (3/23).

Results for sensitivities after subserosal injection and submucosal injection were 0 versus 80%, 

respectively. Negative predictive values were 71% after subserosal injection and 91% using the 

submucosal injection technique.
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DISCUSSION

The concept of SLNM to improve lymph node staging in colon cancer has been investigated 

extensively 10. Due to the wide variation in reported outcomes and frequent lower accuracy of 

results compared to breast cancer and melanoma, overall treatment decision making based 

on SLN assessment is still not safe. The location of colonic SLNs in the fatty mesocolon and 

limited penetration depth of blue dye through fatty adipose tissue are frequently mentioned as 

WIVMSYW�SFWXEGPIW�XS�EGGYVEXI�7021��2-6�MQEKMRK�YWMRK�E�ƽYSVSTLSVI�EW�QETTMRK�EKIRX�LEW�

been proposed as a more effective technique for SLNM in colonic malignancies due to its high 

tissue penetration of up to 1 cm 29.

-R� XLMW�QIXE�EREP]WMW��[I� MRGPYHIH���WXYHMIW� XLEX�HIWGVMFIH� XLI�YWI�SJ�E�ƽYSVSTLSVI�EW�E�

mapping agent for SLNM in colon cancer. We found wide variation between studies regarding 

XLI�2-6�ƽYSVIWGIRX�7021�XIGLRMUYIW�IQTPS]IH�� VIWYPXMRK� MR� PEVKI�HMJJIVIRGIW� MR� VITSVXIH�

outcomes. Subgroup analyses were therefore performed to identify the technically-related 

JEGXSVW� MRƽYIRGMRK� 7021� EGGYVEG]�� 8LIWI� XIGLRMGEP� JEGXSVW� MRGPYHIH� XLI� XVEGIV� YWIH��

injection site, in vivo or ex vivo SLNM performance, number of injections and timing between 

XVEGIV�EHQMRMWXVEXMSR�ERH�702� MHIRXMƼGEXMSR��%HHMXMSREPP]� XVEGIV�GSQTSWMXMSR��HSWEKI�ERH�

concentrations all varied between studies. Pooled detection rates and negative predictive 

values both showed acceptable results, at 0.96 (95%CI 0.88-1.0) and 0.81 (95%CI 0.73-0.86), 

respectively. However, an overall low sensitivity of 0.63 (95%CI 0.51-0.74), accompanied by wide 

variation (33%-85%), was reported among included studies. Although subgroup analysis showed 

comparable results for SLN accuracy, we believe that several technical factors contributed to 

XLI�TSSVIV�VIWYPXW�JSV�7021�YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK�MR�GSPSR�GERGIV�GSQTEVIH�XS�XLSWI�

reported in other types of cancer 30.

8LI�ƼVWX�XIGLRMGEP�JEGXSV�[LMGL�WLSYPH�FI�ZEPMHEXIH�MW�WMXI�SJ�MRNIGXMSR�JSV�XVEGIV�EHQMRMWXVEXMSR��

Although meta-analysis results showed no significant differences after subserosal or 

submucosal injection of dye, notably outcomes in terms of sensitivity and negative predictive 

value were found after subserosal injection in our single-center study. According to current 

literature, this can be explained by the greater accuracy of injection near the tumor after 

submucosal injection, which also probably improves uptake by all tumor-draining lymphatic 

vessels 26,31-33��%RSXLIV�TSWWMFPI�I\TPEREXMSR�MW�HMƾGYPX]�VIKEVHMRK�GSVVIGX�RIIHPI�TSWMXMSRMRK�

and maintaining position during tracer administration. We have personally experienced this 

problem, especially when using the subserosal injection technique. To improve the accuracy 

of needle positioning, an injection of 1.0 ml saline in the colon wall was administrated before 

5
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-'+��8LI�VEMWIH�DFPIFD�[EW�LIPTJYP�MR�GSRƼVQMRK�GSVVIGX�TSWMXMSRMRK�SJ�XLI�RIIHPI�MRXS�XLI�GSPSR�

wall. However, a unfavourable side effect of the injection of saline prior to ICG, is the increase 

of hydrostatic pressure at the injection site. This resulted in dislocation of the needle in several 

TEXMIRXW�ERH�I\XVEZEWEXMSR�SJ�H]I�MRXS�XLI�TIVMXSRIYQ��[LMGL�XLIR�QEHI�702�MHIRXMƼGEXMSR�

MQTSWWMFPI�MR�XLIWI�TEXMIRXW�HYI�XLI�LMKL�MRXVMRWMG�FEGOKVSYRH�ƽYSVIWGIRGI�MR�XLI�EFHSQMREP�

cavity. We experienced no spillage of dye using the submucosal injection technique. Only 1 

of the reviewed studies described spillage of dye, which in that case occurred after injection 

into the subserosal layer, but the authors did not mention this as a cause of false negative 

SLN procedures 22. Independently of the injection technique used, correct needle placement 

and careful administration of tracer without spillage of dye is crucial to a successful SLN 

procedure. There appears to be a steep learning curve for accurate tracer administration and we 

therefore recommend that this procedure should only be performed by an experience surgeon 

or gastroenterologist.

8VEGIV�EHQMRMWXVEXMSR�ERH�702�MHIRXMƼGEXMSR�GER�FI�TIVJSVQIH�MR�ZMZS�SV�I\�ZMZS��%HZERXEKIW�

of the ex vivo SLN procedure include avoidance of patient exposure to dye, interruption of the 

surgical procedure, and the relative simplicity of the technique. In addition, ex vivo SLNM is 

thought to allow a more aggressive dissection of the mesocolon, resulting in improvement 

SJ�702�MHIRXMƼGEXMSR�34��,S[IZIV��I\�ZMZS�702�MHIRXMƼGEXMSR�EJXIV�I\XVEGXMSR�SJ�XLI�WTIGMQIR�

disrupts natural lymphatic pathways. Moreover, an ex vivo approach may exclude SLNs located 

SYXWMHI�XLI�VIWIGXMSR�EVIE��[LIVIEW�ER�MR�ZMZS�702�TVSGIHYVI�QMKLX�LEZI�MHIRXMƼIH�EFIVVERX�

lymph node drainage patterns and thus changed the mesocolonic resection margins 35. In 

SYV�WXYH]�[I�HMH�RSX�QSHMJ]�SYV�VIWIGXMSR�QEVKMRW��FYX�WIZIVEP�VIZMI[IH�WXYHMIW�MHIRXMƼIH�

metastatic SLNs which would not have been included in the standard resection specimen 
22,36,27. Furthermore, an in vivo approach can potentially facilitate SLN picking, combined with 

local excision of the primary tumor when no metastases are found in the SLNs. This treatment 

approach would dramatically change therapy options for patients with early staged tumors, and 

could potentially decrease surgery-related morbidity rates while improving patient survival 3. It 

must be emphasized that node picking interrupts the standard oncological approach. Secondly, 

a higher number of lymph nodes retrieved is associated with prolonged disease free survival 

due to better lymph node staging 37. These facts underline the need for a highly sensitive SLNM 

XIGLRMUYI�FIJSVI�QMRMQM^EXMSR�SJ�WYVKIV]�GER�FI�NYWXMƼIH�MR�GEWIW�[LIVI�RS�QIXEWXEWIW�EVI�

found in the SLNs 38.

Optimal timing of tracer administration is another technical factor which needs to be improved. 

Despite the helpful larger diameter of ICG or possibility of using HSA, the tracer still shows fast 
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QMKVEXMSR�XS�LMKLIV�IGLIPSR�P]QTL�RSHIW��VIWYPXMRK�MR�E�KVIEXIV�RYQFIV�SJ�ƽYSVIWGIRX�VIKMSREP�

P]QTL�RSHIW��(IWMKREXMRK�E�PEVKI�RYQFIV�SJ�ƽYSVIWGIRX�P]QTL�RSHIW�EW�702W�MW�YRHIWMVEFPI�

since advanced histopathological examination must be applied to all these nodes, which is 

expensive, time-consuming and probably not cost-effective. Another contributing factor is time 

of harvesting between injection and SLN detection. As shown by the results in table 2 of the 

reviewed studies, numbers of assigned SLNs were highest when SLNM was performed more 

than 15 minutes after injection 27,20. A high number of SLNs should be avoided, as non-SLNs 

could be mistaken for SLNs and unnecessary costs will be incurred. Therefore surgeons should 

EXXIQTX�XS�JSPPS[�P]QTL�ƽS[�HVEMREKI�TEXXIVRW�HMVIGXP]�EJXIV�MRNIGXMSR�[LMGL�[SYPH�SZIVGSQI�

prolonged time intervals between tracer administration and SLNM.

A wide variety of dye compositions, concentrations and dosages were employed in the reviewed 

studies. It is important to note that ICG and IRDye800CW should be seen as distinct tracers, 

EW�XLI]�LEZI�XLIMV�S[R�WTIGMƼG�GLIQMGEP�ERH�TL]WMGEP�TVSTIVXMIW��%R�-'+�HSWI�SJ�EVSYRH�����

ug has been suggested as optimal for SLNM but this has never been clearly investigated in 

colon cancer 39,12,40,41. Humanized-serum-albumin is frequently added to ICG and IRDye800CW, 

[LMGL�QE]�MQTVSZI�QIXEFSPMG�EGXMZMX]�ERH�VIWYPX�MR�E�FVMKLXIV�ƽYSVIWGIRX�WMKREP��-R�EHHMXMSR��

HSA should increase the hydrodynamic diameter, leading to better retention of dye in the SLN. 

,S[IZIV��VIWYPXW�JSV�ƽYSVIWGIRX�XVEGIV�GSQFMRIH�[MXL�,7%�MR�7021�EVI�MRGSRGPYWMZI�42,18,43. 

More research to optimize concentration, dosage and composition is necessary to improve the 

ƽYSVIWGIRX�WMKREP�ERH�XS�EPPS[�HMJJIVIRGIW�MR�WMKREP�MRXIRWMX]�FIX[IIR�XLI�702�ERH�WYVVSYRHMRK�

tissue to be distinguished.

8S�MQTVSZI�XLI�2-6�ƽYSVIWGIRGI�MQEKMRK�702�TVSGIHYVI�MR�GSPSR�GERGIV��TEXMIRX�ERH�XYQSV��

related characteristics should be investigated in addition to technical factors. Currie et al. 21 

reported a sensitivity of 33% and argued that this was caused by inclusion of large tumors 

(>35 mm ) and high number of T3 and T4 tumors, which are associated with more advanced 

tumor stages. Weixler et al. 20 and Liberale et al. 24 agreed that the inclusion of T3-T4 tumors is 

a potential cause of high false negative rates, but not tumor size itself. Tumor stage and size 

are both frequently mentioned as causes of high false negative rates in current literature 44. It 

is well-established that higher stage disease with more advanced transmural tumors increase 

the risk of lymph node metastasis. Secondly, large longitudinal and transserosal tumors could 

theoretically destroy efferent lymphatic pathways and may involve adjacent lymphatic drainage 

patterns, which can increase false negative rates. It must be emphasized that these factors 

LEZI�RIZIV�FIIR�ZIVMƼIH�EW�GSRJSYRHIVW�MR�PEVKI�WXYHMIW�45,10. However, since more advanced 

tumor stages already meet criteria for adjuvant chemotherapy, and treatment of these tumors 

5
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will not be altered by a SLN procedure, we suggest that future studies should try to include only 

early stage tumors.

High BMI and additional mesocolonic adiposity are associated with a decreased sensitivity for 

SLNM 46,45��%PXLSYKL�RSRI�SJ�XLI�MRGPYHIH�WXYHMIW�GSRƼVQIH�XLMW�EWWSGMEXMSR��[I�I\TIVMIRGIH�

XIGLRMGEP� HMƾGYPXMIW� HYVMRK� 7021� MR� TEXMIRXW� [MXL� E� JEXX]� QIWSGSPSR�� *MVWX�� MX� QYWX� FI�

IQTLEWM^IH� XLEX� IJJIGXMZI� TIRIXVEXMSR� SJ� ƽYSVIWGIRGI� MW� WXMPP� PMQMXIH� MR� JEXX]�QIWSGSPSR��

Additionally, more fatty tissue requires more dissection, leading to additional risk of disrupting 

the lymphatic vessels, with leakage of dye into the abdominal cavity as a consequence. As a 

VIWYPX�702�MHIRXMƼGEXMSR�FIGSQIW�QSVI�GLEPPIRKMRK��WMRGI�EHLIWMSR�SJ�H]I�XS�JEX�GSQTVSQMWIW�

XLI�2-6�ZMI[�ERH�ƽYSVIWGMRK�JEX�GSYPH�FI�QMWXEOIR�JSV�ER�702�21.

*MREPP]��XLI�TEXLSPSKMGEP�EWWIWWQIRX�SJ�702W�LEW�E�QENSV� MRƽYIRGI�SR�XLI�EGGYVEG]�SJ�XLI�

procedure. Only advanced histopathological techniques are able to detect occult tumor cells 

�I�K��MWSPEXIH�XYQSV�GIPPW�ERH�QMGVSQIXEWXEWIW��EPXLSYKL�XLI�TVSKRSWXMG�WMKRMƼGERGI�SJ�XLIWI�

occult tumor cells is still unclear. Nevertheless, it has been suggested that micrometastases 

EVI�EWWSGMEXIH�[MXL�E�WMKRMƼGERX�VIHYGXMSR�MR���]IEV�WYVZMZEP�5,8. Therefore, studies of the SLN 

procedure should use serial sectioning and IHC for histopathological examination to all SLNs 

when no lymph node metastasis are found after conventional H&E staining 47. Limitations of the 

results presented here include the marked variability in the methods used and the small number 

of patients included in each study, including our own single-center study.

CONCLUSIONS

)ZMHIRGI� VIKEVHMRK� 7021�[MXL�2-6� ƽYSVIWGIRGI� MQEKMRK� MR� GSPSR� GERGIV� MW� WXMPP� PMQMXIH��

Better standardization of the technique will be necessary in future trials. These studies should 

concentrate on early stage tumors and focus on tracer composition, injection mode and the 

improvement of real-time optical guidance to the SLN. Moreover, due to several anatomical 

ERH�XIGLRMGEP�HMƾGYPXMIW��XLI�702�TVSGIHYVI�MR�GSPSR�GERGIV�WIIQW�XS�FI�QSVI�GLEPPIRKMRK�

compared to other types of cancer, and considerable expertise will be required before large 

patient-related studies can be undertaken to validate SLNM as part of the standard surgical 

treatment in colon cancer.
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SUPPLEMENTARY INFORMATION 1

PubMed History 2 Oct 2018

Search Query Items 
found

#4 #1 AND #2 AND #3 237

#3 “Indocyanine Green”[Mesh] OR “Fluorescent Dyes”[Mesh] OR indocyanine 
green[tiab] OR wofaverdin[tiab] OR vophaverdin[tiab] OR vofaverdin[tiab] OR 
XVMGEVFSG]ERMR�?XMEFA�36�YNSZMVMHMR?XMEFA�36�MGK�?XMEFA�36�ƽYSVIWGIR�?XMEFA�36�
ƽYSVSGLVSQI�?XMEFA�36�ƽYSVSKIRMG�?XMEFA�36�G[����?XMEFA�36�MVH]I�?XMEFA�36�
cardio-green[tiab] OR cardiogreen[tiab] OR diagnogreen[tiab] OR “fox green”[tiab] 
OR ic green[tiab]

463848

#2 “Sentinel Lymph Node Biopsy”[Mesh] OR “Sentinel Lymph Node”[Mesh] OR 
((sentinel[tiab] OR lymph[tiab] OR lymphatic[tiab]) AND (node*[tiab] OR nodal[tiab]))

196119

#1 “Colorectal Neoplasms”[Mesh] OR ((colorectal[tiab] OR colon*[tiab] OR rectal[tiab] 
OR rectum[tiab] OR anus[tiab] OR anal[tiab] OR recti[tiab] OR recto[tiab] OR 
pararect*[tiab] OR retrorect*[tiab]) AND (neoplasm*[tiab] OR cancer*[tiab] OR 
tumor[tiab] OR tumour[tiab] OR tumors[tiab] OR tumours[tiab] OR malign*[tiab] OR 
mass[tiab]))

314134

Embase History 2 Oct 2018

Search Query Items 
found

#4 #1 AND #2 AND #3 617

#3 ƄMRHSG]ERMRI�KVIIRƅ�I\T�36�ƄƽYSVIWGIRX�H]Iƅ�I\T�36�ƄMRHSG]ERMRI�KVIIRƅ�EF�XM�O[�
OR wofaverdin:ab,ti,kw OR vophaverdin:ab,ti,kw OR vofaverdin:ab,ti,kw 
OR tricarbocyanin*:ab,ti,kw OR ujoviridin:ab,ti,kw OR icg:ab,ti,kw OR 
ƽYSVIWGIR��EF�XM�O[�36�ƽYSVSGLVSQI��EF�XM�O[�36�ƽYSVSKIRMG��EF�XM�O[�
OR cw800*:ab,ti,kw OR irdye*:ab,ti,kw OR ‘cardio green’:ab,ti,kw OR 
cardiogreen:ab,ti,kw OR diagnogreen:ab,ti,kw OR ‘fox green’:ab,ti,kw OR ‘ic 
green’:ab,ti,kw

623846

#2 ‘sentinel lymph node biopsy’/exp OR ‘sentinel lymph node’/exp OR 
((sentinel:ti,ab,kw OR lymph:ti,ab,kw OR lymphatic:ti,ab,kw) AND (node*:ti,ab,kw 
OR nodal:ti,ab,kw))

279597

#1 ‘large intestine tumor’/exp OR ((colorectal:ti,ab,kw OR colon*:ti,ab,kw OR 
rectum:ti,ab,kw OR rectal:ti,ab,kw OR anus:ti,ab,kw OR anal:ti,ab,kw OR 
recti:ti,ab,kw OR recto:ti,ab,kw OR pararect*:ti,ab,kw OR retrorect*:ti,ab,kw) AND 
(neoplas*:ti,ab,kw OR cancer*:ti,ab,kw OR tumor*:ti,ab,kw OR tumour*:ti,ab,kw OR 
malign*:ti,ab,kw OR mass:ti,ab,kw))

491479
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SUPPLEMENTARY INFORMATION 2

Table 1. Contingency table 3 x 2

LNs with metastases after 
H&E staging

LN without metastases

SLNs with metastases after H&E 
staging

True positives (TP) True positives (TP)

SLNs without metastases after 
H&E staging

False negatives (FN) True negatives (TN)

SLNs with metastases 
after serial sectioning and 
immunohistochemistry 

True positives (TP) True positives (TP)/ upstaged 
patients

Table 2. Outcomes of tracer composition and injection technique to primary outcomes

Variable Studies Sensitivity 
95%CI

Negative predictive 
value 95%CI

Detection rate 
 95%CI

Tracer

Fluorescent tracer 
alone

4 0.69 (0.41-0.88) 0.85 (0.73-0.83) 0.98 (0.91-1.0)

ICG 5 0.57 (0.36-0.76) 0.81 (0.72-0.88) 0.94 (0.80-1.0)

IRDye800CW 3 0.69 (0.52-0.82) 0.86 (0.63-0.95) 0.98 (0.93-1.0)

Additional blue dye 4 0.60 (0.45-0.74) 0.78 (0.70-0.86) 0.93 (0.76-1.0)

Number of injections

2-4 injections 5 0.57 (0.56-0.76) 0.81 (0.72-0.88) 0.94 (0.80-1.0)

Random 3 0.69 (0.52-0.82) 0.86 (0.63-0.95) 0.98 (0.93-1.0)

Injection technique

In vivo 4 0.57 (0.30-0.81) 0.81 (0.71-0.89) 0.91 (0.74-1.0)

Ex vivo 4 0.67 (0.52-0.80) 0.82 (0.68-0.91) 0.99 (0.95-1.0)

Injection site 

Subserosal 5 0.64 (0.51-0.76) 0.80 (0.71-0.87) 0.95 (0.83-1.0)

Submucosal 3 0.66 (0.27-0.91) 0.86 (0.67-0.95) 0.96 (0.87-1.0)

SLN mapping

Directly after injection 2 0.47 (0.22-0.73) 0.79 (0.62-0.90) 0.88 (0.41-1.0)

3-10 min after injection 4 0.67 (0.54-0.78) 0.84 (0.73-0.91) 0.96 (0.89-1.0)

More than 15 min after 
injection

2 0.66 (0.49-0.80) 0.83 (0.54-0.95) 0.99 (0.95-1.0)
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ABSTRACT

Purpose Using current optical imaging techniques and gamma imaging modalities, perioperative 

WIRXMRIP�P]QTL�RSHI��702�MHIRXMƼGEXMSR�MR�GSPSR�GERGIV�GER�FI�HMƾGYPX�[LIR�XLI�702�MW�PSGEXIH�

near the primary tumour or beneath a thick layer of (fat) tissue. Sentinel lymph node mapping 

using PET/CT lymphoscintigraphy combined with real-time visualization of the SLN using near-

infrared imaging, has shown promising results in several types of cancer and may facilitate the 

WYGGIWWJYP��MHIRXMƼGEXMSR�SJ�XLI�RYQFIV�ERH�PSGEXMSR�SJ�XLI�702�MR�IEVP]�GSPSR�GERGIV���

Methods Clinical feasibility of PET/CT lymphoscintigraphy using preoperative endoscopically 

injected [89Zr]Zr-Nanocoll and intraoperative injection of the near-infrared (NIR) tracer 

Indocyanine Green (ICG) was evaluated in ten early colon cancer patients. Three preoperative 

PET/CT scans and an additional ex vivo scan of the specimen were performed after submucosal 

injection of [89Zr]Zr-Nanocoll. All SLNs and other lymph nodes underwent extensive pathological 

examination for metastases. A histopathological proven lymph node visible at preoperative PET/

'8�ERH�MHIRXMƼIH�EX�4)8�'8�SJ�XLI�WTIGMQIR�[EW�HIƼRIH�EW�702��

Results A total of 27 SLNs were harvested in seven out of eight patients with successful 

injection of both tracers. In one patient no SLNs were assigned preoperatively. In two patients 

injection of [89Zr]Zr-Nanocoll failed due to incorrect needle positioning. Twenty-one (78%) SLNs 

were found intraoperatively using NIR-imaging. Eleven of the 27 (41%) SLNs were located near 

the primary tumour (< 2 cm). Those six SLNs not found intraoperatively with NIR-imaging 

were all located close to the tumour. In all seven patients at least one SLN could be assigned 

at preoperative imaging 24 hrs after tracer administration. One SLN contained metastases 

detected by immunohistochemistry. No metastases were found in the non-SLNs.

Conclusions This study shows the potential of preoperative PET/CT lymphoscintigraphy to 

inform the surgeon about the number and location of SLNs in patients with early colon cancer. 

8LI�EHHMXMSREP�YWI�SJ�2-6�MQEKMRK�EPPS[W�JSV�MRXVESTIVEXMZI�MHIRXMƼGEXMSR�SJ�XLIWI�702W�[LMGL�

are invisible with conventional white light imaging. Further research is necessary to improve and 

WMQTPMJ]�XLI�XIGLRMUYI��;I�VIGSQQIRH�TIVMSTIVEXMZI�702�MHIRXMƼGEXMSR�YWMRK�E�TVISTIVEXMZI�

lymphoscintigraphy scan just before surgery approximately 24 hrs after injection. Additionally 

an  postoperative scan of the specimen combined with intraoperative real-time NIR-imaging 

should be performed.
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INTRODUCTION

Colorectal cancer (CRC) is the second most common malignancy in the Western World and the 

fourth leading cancer-related cause of death worldwide 1. Lymph node involvement is still the 

strongest prognostic factor and serves as the most important selection criterion for adjuvant 

chemotherapy 2. The introduction of CRC screening programs will increase the number of 

early staged CRC (T1-T2 disease) 3, 4. The low risk of lymph node metastases in these early 

staged tumours makes local excision of the primary tumour an attractive treatment option 5. 

However, uncertainty regarding undetected lymph node metastases makes current treatment 

of segmental resection with en-bloc resection of lymph nodes unavoidable in early CRC. Despite 

complete surgical resection, up to 20 to 30% of patients with early CRC show disease recurrence 

ERH�IZIRXYEPP]�HMI�[MXLMR�ƼZI�]IEVW�SJ� MRMXMEP�XVIEXQIRX�6, 7. This high recurrence rate in node 

negative patients is probably the result of understaging due to missed metastases in lymph 

nodes during routine histopathological examination 8-10. Conversely, the majority of patients with 

true negative lymph nodes are exposed to unnecessary surgery-related morbidity and mortality 

at rates of up to 13.5 and 2.0%, respectively 11��7IRXMRIP�P]QTL�RSHI��702�MHIRXMƼGEXMSR�GSYPH�

offer a solution by detecting the lymph nodes with the most direct drainage from the primary 

tumour and therefore with the greatest chance of harbouring metastases. 

In melanoma and breast cancer, SLN biopsies are routinely performed using a combination 

of preoperative colloid SPECT lymphoscintigraphy and perioperative guidance by gamma-

probe and preoperatively injected blue dye. The combination of these techniques allows for 

TVISTIVEXMZI�MHIRXMƼGEXMSR�SJ�XLI�RYQFIV�ERH�PSGEXMSR�SJ�XLI�702W��ERH�VIEP�XMQI�MHIRXMƼGEXMSR�SJ�

the SLNs versus surrounding fat 12-15��702�MHIRXMƼGEXMSR�MR�GSPSR�GERGIV�WIIQW�QSVI�GLEPPIRKMRK�

than in breast cancer and melanoma. Firstly, SLNs of the colon are more often smaller (< 1 

cm),located beneath a thick layer of (fat) tissue and not visible with conventional white light 

imaging. Secondly, number and location of SLNs of colon carcinoma are less predictable. 

Additionally, it seems that more than one node can be assigned as SLN frequently and they 

ETTIEV�XS�FI�SJXIR�PSGEXIH�RIEV�XLI�XYQSYV��%R�EHHMXMSREP�HMƾGYPX]�SJ�702�MHIRXMƼGEXMSR�MR�

colon cancer is the absence of the intraoperative sense of touch since laparoscopy is the 

preferred surgical approach for colon resections. These drawbacks underlines the need for a 

high quality optic tracer. The limited resolution of planar or SPECT scintigraphy may preclude 

TVSTIV�TVISTIVEXMZI�702�MHIRXMƼGEXMSR�HYI�XS�XLI�WLMRI�XLVSYKL�IJJIGX�JVSQ�XLI�XVEGIV�HITSX�16, 

17��-RXVESTIVEXMZI�MHIRXMƼGEXMSR�MW�HMƾGYPX�FIGEYWI�FPYI�H]I�GERRSX�FI�WIIR�XLVSYKL�JEXX]�XMWWYI�

and its relatively small particle size causes rapid passage through lymphatic channels, limiting 

its usefulness in detecting the earliest tumour draining lymph nodes 18, 19. 

6
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2IEV�MRJVEVIH� ƽYSVIWGIRX� XVEGIVW�� ERH� IWTIGMEPP]� -RHSG]ERMRI� +VIIR� �-'+�� I\LMFMX� QSVI�

favourable characteristics for intraoperative detection of SLNs compared to blue dye (e.g. 

larger particle size and real-time, high/resolution optical guidance) 20. PET scanners have a 

better spatial resolution than conventional gamma imaging modalities, and allow for dynamic 

3D imaging. In oral cancer patients, [89Zr]Zr-Nanocoll PET/CT provided detailed anatomical 

PSGEPM^EXMSR�SJ�XVEGIV�JSGM�ERH�TSXIRXMEPP]�MQTVSZIH�MHIRXMƼGEXMSR�SJ�XLI�702W�IZIR�[LIR�XLI]�

were located near the injection spot 21. In colorectal cancer preoperative surgical planning using 

PET/CT combined with real-time NIR-staining of the SLNs using ICG might offer a solution for 

successful SLN biopsy. 

The main purpose of this study is to establish if preoperative [89Zr]Zr-Nanocoll PET/CT imaging 

is a useful technique to identify the number and location of SLNs in early colon cancer. 

Concordance and accuracy between number, location and histopathological outcomes of 

TVISTIVEXMZI�ERH�TSWXSTIVEXMZI�EWWMKRIH�702W�EX�4)8�'8�MQEKMRK�ERH�MRXVESTIVEXMZI�MHIRXMƼIH�

702W�YWMRK�VIEP�XMQI�ƽYSVIWGIRX�2-6�MQEKMRK�EVI�HIXIVQMRIH��7IGSRHP]��[I�EMQIH�XS�MRZIWXMKEXI�

the pharmacokinetics of [89Zr]Zr-Nanocoll to optimize the logistics of SLN biopsies involving 

radiolabelled nanocolloid.

MATERIALS AND METHODS

Patients

Patients were eligible if at least 18 years of age and scheduled for a laparoscopic resection 

of a histopathologically proven colon carcinoma or suspected malignant lesion seen during 

colonoscopy. Oral and written consent was mandatory for inclusion. Exclusion criteria were 

reduced physical condition (ASA IV), suspected or proven lymph node involvement or distant 

metastases seen on routine preoperative imaging (CT-scan), a tumour too large to pass 

endoscopically, claustrophobia and  allergy for iodine. The Medical Ethics Committee of the 

Amsterdam UMC - Vrije Universiteit Amsterdam and the National Competent Authority approved 

the study. The study is registered in the Clinical Trial database (NCT02850783). 
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Study design 

The study protocol (Figure 1) consisted of three preoperative PET/CT scans after injection of 

0.4 mL median 2.12 (1.69-2.85) MBq [89Zr]Zr-Nanocoll approximately 46 43-48 hrs before surgery 

and intraoperative injection of ICG. Detailed information concerning the injection technique can 

be found in the supplementary material (Supplementary material 1). The PET/CT scan nr. 1 

(Ingenuity; Philips Healthcare) consisted of 3-5 dynamic frames of 5 minutes each and started 

circa one hour after tracer injection. Two static PET/CT images were made one day (scan nr. 2) 

and two days (scan nr 3) after tracer administration (3-5 frames, 5 minutes each), respectively. 

Before surgery the results of the PET/CT images were compared with respect to the total 

number, localization and intensity of possible SLNs by a senior nuclear medicine physician 

�3�7�,��6IWYPXW�[IVI�HMWGYWWIH�[MXL�XLI�STIVEXMRK�WYVKISR��%�702�[EW�HIƼRIH�[LIR�JSGEP�

tracer accumulation was evident in the mesocolon. At start of surgery after general anaesthesia, 

E�WIGSRH�GSPSRSWGST]�WIVZIH�XS�MRNIGX�XLI�ƽYSVIWGIRX�XVEGIV�-RHSG]ERMRI�+VIIR��-'+�EX�XLI�

base of the tumour using one single injection. During surgery, a NIR laparoscopic device was 

YWIH��3P]QTYW��8SO]S��.ETER��8LI�702W�[IVI�HIXIGXIH�F]�QIERW�SJ�ƽYSVIWGIRGI�ERH�XLI�

DLSX�WTSXD�PSGEXMSRW�TVISTIVEXMZIP]�EWWMKRIH�EX�4)8�'8��-RXVESTIVEXMZI�ƽYSVIWGIRX�702W�[IVI�

marked with a suture. All patients underwent conventional oncological laparoscopic resection 

after SLN(s) marking with a suture. A fourth PET/CT scan (scan nr. 4) of the surgical specimen 

[EW�QEHI�HMVIGXP]�EJXIV�WYVKIV]�XS�GSRƼVQ�GSVVIGX�MHIRXMƼGEXMSR�SJ�TVISTIVEXMZIP]�MHIRXMƼIH�

DLSX�WTSXWD�ERH�XS�JEGMPMXEXI�GSQTEVMWSR�SJ�4)8�'8�MQEKMRK�ERH�TEXLSPSKMGEP�ƼRHMRKW��*MKYVI����

%JXIV�MHIRXMƼGEXMSR�ERH�EHHMXMSREP�WYXYVMRK�SJ�VEHMSEGXMZI�P]QTL�RSHIW�JSYRH�EX�4)8�'8�SV�[MXL�

NIR- imaging, the specimen was transferred to the department of Pathology for examination 

of the specimen including all lymph nodes.

Figure 1. Time schedule of the study protocol

6
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[89Zr]Zr-Nanocoll

[89Zr]Zr-Nanocoll is the PET corollary of 99mTc-Nanocoll used for SPECT scintigraphy. Heuveling 

et al. 25 showed that Nanocoll pharmacokinetics are independent of the radiolabel (either 89Zr or 
99mTc) and the 78 hrs physical half-life of 89>V�2ERSGSPP�EPPS[W�JSV�ƽI\MFMPMX]�MR�702�SFWIVZEXMSR�

time. [89Zr]Zr-NCS-Bz-DFO-Nanocoll (hereafter called [89Zr]Zr-Nanocoll) was produced according 

to the previously reported method in Heuveling et al. 25 under good manufacturing practice 

compliant conditions. [89>VA>V�2ERSGSPP�[EW�ƼPXIV�WXIVMPM^IH�[LMGL� VIWYPXIH� MR�E�WXIVMPI�ƼREP�

product with less than 2.5 endotoxin units/mL. The radiochemical purity was > 99.9%. 

Histopathology 

)\EQMREXMSR�SJ�XLI�WTIGMQIR�F]�XLI�TEXLSPSKMWX�JSPPS[IH�EJXIV�Ƽ\EXMSR�SJ�XLI�WTIGMQIR� MR�

JSVQEPMR�JSV�EX�PIEWX����LVW��%JXIV�Ƽ\EXMSR�XLI�TEXLSPSKMWX�LEVZIWXIH�XLI�TIVMSTIVEXMZI�WYXYVI�

QEVOIH�WXVYGXYVIW�EWWMKRIH�EW�702W�ƼVWX�ERH�WXSVIH�XLIQ�WITEVEXIP]��8LIVIEJXIV�XLI�TEXLSPSKMWX�

searched for additional lymph nodes by palpation and slicing of the whole specimen. Round, 

smooth and rigid structures similar to lymph nodes were harvested and stored separately too. 

Location of each potential SLN and all non-SLNs were compared with the locations assigned at 

4)8�'8�MQEKMRK��%PP�P]QTL�RSHIW�[IVI�VIEWWIWWIH�JSV�ƽYSVIWGIRGI�[MXL�XLI�2-6�PETEVSWGSTI�

and gamma well counter to reveal radioactivity. 

%PP�LEVZIWXIH�702W�ERH�RSR�702W�[IVI�FMWIGXIH�EPSRK�XLI�PSRKIWX�E\MW��TEVEƾR�IQFIHHIH�ERH�

stained with haematoxylin & eosin (H&E). Individual SLNs were embedded separately. If the 

P]QTL�RSHIW�[IVI�RIKEXMZI�EJXIV�VSYXMRI�,
)�WXEMRMRK��EPP�RSHIW�[IVI�WIGXMSRIH������vQ�XLMGO�

EX�����vQ�MRXIVZEPW�ERH�I\EQMRIH�EX�XLVII�PIZIPW�[MXL�,
)�WXEMRMRK�ERH�MQQYRSLMWXSGLIQMWXV]�

with the epithelial marker CEA (Clone 1117; DAKO Netherlands M7072), CAM 5.2 (3455799; 

BD Biosciences Netherlands) and CK19 (M0888, clone RCK 108; DAKO The Netherlands). 

1IXEWXEWIW�FIX[IIR�����QQ�ERH�����QQ�[IVI�GPEWWMƼIH�EW�QMGVSQIXEWXEWIW��ERH�QIXEWXEWIW�

WQEPPIV�XLER�����QQ�EW�MWSPEXIH�XYQSYV�GIPPW�EGGSVHMRK�XS�XLI�821���GPEWWMƼGEXMSR�

Image analysis

All PET/CT scans including the PET/CT of the specimen, were postoperatively reanalyzed and 

the results compared with respect to the total number and location of foci by a nuclear medicine 

TL]WMGMER��3�7�,�[LS�[EW�FPMRHIH�XS�WYVKMGEP�ƼRHMRKW�ERH�TEXLSPSK]�VIWYPXW��

The location of all lymph nodes found by the pathologist were compared with pre, -and 

postoperatively assigned SLNs at PET/CT imaging using Vinci software (Vinci 2.36.0; Max-
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Planck-Institut fur Neurologische Forschung, Cologne, Germany). Volumes of interest (VOI) 

were used to delineate the amount of radioactivity for pharmacokinetics 26. 

(IƼRMXMSR�SJ�WIRXMRIP�P]QTL�RSHIW

%�LMWXSTEXLSPSKMGEP�TVSZIR�P]QTL�RSHI�ZMWMFPI�EX�TVISTIVEXMZI�4)8�'8�ERH�MHIRXMƼIH�EX�4)8�'8�

SJ�XLI�WTIGMQIR�[EW�GPEWWMƼIH�EW�702��0]QTL�RSHIW�SRP]�WXEMRIH�F]�-'+�SV�YRWXEMRIH�RSHIW�

MHIRXMƼIH�F]�XLI�TEXLSPSKMWX�[IVI�HIƼRIH�EW�SXLIV�P]QTL�RSHIW��

Statistical analysis

Data were analysed using SPSS software (SPSS version 22.0; SPSS, Inc.; Chicago, IL). Point 

estimates and distribution were expressed as median and range, respectively. The Mann-

;LMXRI]�9�XIWX�[EW�TIVJSVQIH�XS�HIXIVQMRI�XLI�WXEXMWXMGEP�WMKRMƼGERGI�SJ�GSRXMRYSYW�ZEVMEFPIW��

6IWYPXW�[IVI�GSRWMHIVIH�EW�WXEXMWXMGEPP]�WMKRMƼGERX�EX�E P level of less than 0.05. 

RESULTS

We included ten patients with early colon cancer, and patient characteristics are shown in 

Table 1. None of the patients experienced any adverse reaction following [89Zr]Zr-Nanocoll 

administration. 

Table 1. Basic patient characteristics

Patient Gender Age BMI (kg/m2) ASA 
I-III

Tumour side Tumour 
size (cm)

T-stage N-stage

1 M 74 24.1 II Sigmoid 0.5 1 N0

2 M 67 23.0 II Sigmoid 2.8 1 N0

3 M 65 21.9 II Flexura hepatica 4.8 3 N0

4 M 75 36.1 III Flexura lienalis 1.0 3 N1

5 F 65 27.4 II Cecum 3.4 2 N0

6 M 77 23.8 II Sigmoid 3.0 2 N0

7 M 74 23.3 II Colon ascendens 3.2 1 N0

8 M 76 26.6 II Sigmoid 3.9 2 N0

9 M 69 27.8 I Sigmoid 2.5 2 N0

10 F 63 22.6 II Flexura lienalis 4.0 2 N0

Total 71.5 
(63-77)

24.0 
(21.9-36.1)

3.1 
(0.5-4.8)

6
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In one patient (Table 2,  patient 4, foci A) a SLN with isolated tumour cells was found. This SLN 

was detected with both imaging modalities and located > 2 cm from the primary tumour. No 

metastases were found in other SLNs or lymph nodes in the remaining patients. ICG injection 

was successful in all patients, but [89Zr]Zr-Nanocoll administration failed in two cases (Tables 1;  

patients 3 and 4). In one patient tracer had been injected through the subserosal colonic layer in 

the abdominal cavity (patient 3). In another patient injection failed due to needle luxation outside 

the tumour during [89Zr]Zr-Nanocoll administration (patient 4). Both resulted in low uptake of 

radioactivity in the primary tumour and high background radiation due to spill in the abdominal 

cavity or colonic lumen. Both patients were excluded from further analysis. 

At preoperative PET/CT imaging we assigned 24 potential SLN foci (Table 2). One 

subdiaphragmatic and one preaortic potential lymph nodes (Table 2, patient 1) were not 

harvested because they were located too far from the resection margins, which would hamper 

the conventional resection. Another focus was perioperative found but did not contain lymphatic 

tissue Table 2,  patient 1, focus A). In this patient no other SLNs were assigned preoperatively. 

%JXIV�I\GPYWMSR�SJ�XLIWI�XLVII�JSGM��E�ƼREP�RYQFIV�SJ�����JSGM�MR�WIZIR�SYX�SJ�IMKLX�TEXMIRXW�[MXL�

WYGGIWWJYP�MRNIGXMSR�SJ�FSXL�XVEGIVW�[IVI�MHIRXMƼIH��7SQI�JSGM�TVSZIH�XS�GSRXEMR�QSVI�XLER�SRI�

SLN, so that these 21 foci compromised 27 true SLNs. All 21 foci were preoperatively assigned 

F]�XLI�RYGPIEV�QIHMGMRI�GSRWYPXERX�NYWX�FIJSVI�WYVKIV]��%PP����702W�VIZIEPIH�ƽYSVIWGIRGI�SJ�

which 21 (78%) were detected intraoperatively using NIR-imaging. Eleven of the 27 (41%) SLNs 

were located near the primary tumour (< 2 cm). Those six SLNs not found intraoperatively with 

NIR-imaging were all located close to the tumour.

%R�EHHMXMSREP����P]QTL�RSHIW�[IVI�MHIRXMƼIH�EX�4)8�'8�MQEKMRK�SJ�XLI�WTIGMQIR��%PP�VIZIEPIH�

ƽYSVIWGIRGI�SJ�[LMGL����[IVI�MHIRXMƼIH�F]�MRXVESTIVEXMZI�2-6�MQEKMRK��7M\�SYX�SJ�XLIWI����P]QTL�

nodes were located near the primary tumour; three were only visible at PET/CT of the specimen 

and another three with both imaging modalities. Another 10 foci were only intraoperatively 

MHIRXMƼIH�[MXL�2-6�MQEKMRK��*SYV�SJ�XLIWI�ƽYSVIWGIRX�JSGM�GSRXEMRIH�JEX�XMWWYI��TEXMIRX����JSGM�

B, C, D, E). The remaining foci revealed six lymph nodes which all were located far from the 

primary tumour.  

All specimens were submitted for pathological examination. An additional 172 suspected lymph 

nodes were harvested from the specimen by the pathologist. Histopathological examination 

WLS[IH�����XVYI�P]QTL�RSHIW��*EX�SV�FPSSH�ZIWWIPW�[IVI�JSYRH�EX����JSGM�SJ�[LMGL�ƼJXIIR�

WLS[IH�ƽYSVIWGIRGI�TVSFEFP]�EW�E�VIWYPX�SJ�H]I�PIEOEKI�EJXIV�HMWVYTXMSR�SJ�P]QTLEXMG�ZIWWIPW�

during specimen extraction.
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3J�XLI�����XVYI�P]QTL�RSHIW�����RSHIW����	�WLS[IH�ƽYSVIWGIRGI�[MXL�VEHMSEGXMZMX]�GSYRXW�SJ��

14.3 10-3[ 0.36-13.3-3A�1&U�RSHI�ERH������?���������A�	-(�RSHI��[LMGL�[EW�WMKRMƼGERXP]�PS[IV�

than the SLN radioactivity; 68.3 x 10-3[ 4.7-215.9-3] MBq/node and 4.7 [0.32-13.2] %ID/node, (p 

= 0.0001). Mean radioactivity of lymph nodes without uptake of ICG was 1.2 x 10-3 (0.33-8.3 x 

10-3�1&U�ERH�����������������	-(�RSHI��[LMGL�[EW�WMKRMƼGERXP]�PIWW�XLER�EGXMZMX]�MR�XLI�702W�

ERH����ƽYSVIWGIRX�P]QTL�RSHIW���FSXL�T!��������2SRI�SJ�XLI�P]QTL�RSHIW�EHHMXMSREPP]�JSYRH�

in the specimen showed metastases.

6

Ankersmit_Marjolein_BNW_V8.indd   135Ankersmit_Marjolein_BNW_V8.indd   135 12/16/2019   0:52:1412/16/2019   0:52:14



136          Chapter 6

Ta
bl

e 
2.

 6
IW

YP
XW
�S
J�W

IR
XMR

IP
�P]
Q
TL

�R
SH

I�
MH
IR

XMƼ
GE

XMS
R�
[
MXL

�4
)8

�'
8�
ER

H�
RI

EV
�MR

JV
EV
IH

�MQ
EK

MR
K�
JS
V�I

EG
L�
TE

XMI
RX

Pa
tie

nt
Fo

ci
LN

 s
ta

tu
s 

af
te

r 
pa

th
ol

og
y

As
si

gn
ed

 a
s 

SL
N

 b
y 

PE
T-

CT
 

im
ag

in
g 

be
fo

re
 

su
rg

er
y

M
ar

ke
d 

in
tr

ao
pe

ra
tiv

el
y 

us
in

g 
N

IR
-I

CG

Ad
di

tio
na

l 
ex

 v
iv

o 
po

si
tiv

e 
fo

r 
N

IR
-I

CG

M
ar

ke
d 

po
st

op
er

at
iv

el
y 

at
 P

ET
/C

T 
of

 
th

e 
sp

ec
im

en

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

 
1st

 P
ET

/C
T

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

 
2nd

 P
ET

/C
T

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

  
3th

 P
ET

/C
T

1
A B C D E F LN

 d
ia

ph
ra

gm
 

LN
 p

re
-a

or
ta

l 
7 

x 
no

t f
ou

nd

no
 L

N
 ti

ss
ue

 
no

 L
N

 ti
ss

ue
 

no
 L

N
 ti

ss
ue

 
no

 L
N

 ti
ss

ue
no

 L
N

 ti
ss

ue
LN

 
N

ot
 h

ar
ve

st
ed

 
N

ot
 h

ar
ve

st
ed

Ye
s 

- - - - - N
ot

 h
ar

ve
st

ed
N

ot
 h

ar
ve

st
ed

Ye
s 

Ye
s 

Ye
s

Ye
s 

- Ye
s

   Ye
s 

Ye
s 

- - - Ye
s 

Ye
s

- - - - - - - - 1x
 n

ot
 fo

un
d

- - - - - - Ye
s

Ye
s

4 
x 

no
t f

ou
nd

Ye
s 

- - - - - Ye
s

Ye
s

2 
x 

no
t f

ou
nd

2
A B C D E F

2 
x 

SL
N

 
SL

N
SL

N
SL

N
2 

x 
SL

N
SL

N

Ye
s 

Ye
s

Ye
s

Ye
s 

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

- -

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

-

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

3 
A B C D 1 

x 
no

t f
ou

nd

SL
N

 
SL

N
LN

 
LN

 

Ye
s

Ye
s

- -

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

- -

- - - -

Ye
s

Ye
s

- -

Ye
s

Ye
s

- - 1 
x 

no
t f

ou
nd

4
A B C D E F G 5 

x 
no

t f
ou

nd

SL
N

  I
TC

 (I
H

C)
 

SL
N

SL
N

 L
N

 
 L

N
  

 L
N

 
 L

N

Ye
s

Ye
s

Ye
s

- - - - -

Ye
s 

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

-
Ye

s

Ye
s

Ye
s

Ye
s

Ye
s 

- Ye
s

Ye
s

- - - - - - -

Ye
s

- Ye
s

- - - - 1x
 n

ot
 fo

un
d

Ye
s 

Ye
s

- - - - - 4x
 n

ot
 fo

un
d

5
A B C D E F    

3 
x 

no
t f

ou
nd

2 
x 

SL
N

SL
N

 L
N

 L
N

 L
N

2 
x 

LN

Ye
s

Ye
s

- - - - -

Ye
s 

- Ye
s

- Ye
s 

Ye
s

 Ye
s

Ye
s

Ye
s 

Ye
s 

Ye
s 

Ye
s

Ye
s

Ye
s

Ye
s

- - - - - 1x
 n

ot
 fo

un
d

Ye
s 

- - - - -

- Ye
s 

- - - - 2 
x 

no
t f

ou
nd

Ankersmit_Marjolein_BNW_V8.indd   136Ankersmit_Marjolein_BNW_V8.indd   136 12/16/2019   0:52:1412/16/2019   0:52:14



4IVMSTIVEXMZI�7021�[MXL�4)8�'8�ERH�2-6�ƽYSVIWGIRGI�MQEKMRK�����     137

Ta
bl

e 
2 

(c
on

tin
ue

d)
.�6

IW
YP
XW
�S
J�W

IR
XMR

IP
�P]
Q
TL

�R
SH

I�
MH
IR

XMƼ
GE

XMS
R�
[
MXL

�4
)8

�'
8�
ER

H�
RI

EV
�MR

JV
EV
IH

�MQ
EK

MR
K�
JS
V�I

EG
L�
TE

XMI
RX

Pa
tie

nt
Fo

ci
LN

 s
ta

tu
s 

af
te

r 
pa

th
ol

og
y

As
si

gn
ed

 a
s 

SL
N

 b
y 

PE
T-

CT
 

im
ag

in
g 

be
fo

re
 

su
rg

er
y

M
ar

ke
d 

in
tr

ao
pe

ra
tiv

el
y 

us
in

g 
N

IR
-I

CG

Ad
di

tio
na

l 
ex

 v
iv

o 
po

si
tiv

e 
fo

r 
N

IR
-I

CG

M
ar

ke
d 

po
st

op
er

at
iv

el
y 

at
 P

ET
/C

T 
of

 
th

e 
sp

ec
im

en

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

 
1st

 P
ET

/C
T

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

 
2nd

 P
ET

/C
T

-H
IR

XMƼ
IH

�E
X�

po
st

op
er

at
iv

e 
an

al
ys

is
 o

f t
he

  
3th

 P
ET

/C
T

6 
A B C D E F 5 

x 
no

t f
ou

nd
 

1 
x 

no
 L

N
 

tis
su

e

SL
N

SL
N

LN LN
  

LN
  

LN

Ye
s

Ye
s

- - - - - -

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

- 1 
x 

no
 L

N
 

tis
su

e

Ye
s

Ye
s

Ye
s

- - - -

Ye
s

Ye
s

- - - - 2 
x 

no
t f

ou
nd

-

Ye
s 

- - - - - 1 
x 

no
t f

ou
nd

-

Ye
s

Ye
s

- - - - 2 
x 

no
t f

ou
nd

-

7 
A B C 1 

x 
no

t f
ou

nd

2 
x 

SL
N

 
SL

N
SL

N

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

-
Ye

s

Ye
s

Ye
s

Ye
s

- Ye
s

- 1 
x 

no
t f

ou
nd

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

8 
A B C D E F G 1 

x 
no

t f
ou

nd

SL
N

SL
N

3 
x 

SL
N

  L
N

  
  L

N
  

  L
N

  L
N

 

Ye
s

Ye
s

Ye
s

- - - - -

Ye
s

- - Ye
s

- Ye
s

-

Ye
s 

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

- Ye
s

- - - - -

Ye
s

Ye
s

Ye
s

- - - -

Ye
s

Ye
s

Ye
s

- - - - 1 
x 

no
t f

ou
nd

To
ta

l  
71

 fo
ci

 
21

 fo
ci

 w
ith

 2
7 

SL
N

19
 fo

ci
 w

ith
 

20
 L

N
 

23
 n

ot
 fo

un
d

6 
no

 L
N

 ti
ss

ue
2 

no
t h

ar
ve

st
ed

21
 x

 S
LN

 
16

 L
N

6 
x 

SL
N

 
4x

 L
N

 
27

 x
 S

LN
14

 x
 L

N
 

 1
1 

x 
SL

N
 

23
 x

 S
LN

24
 x

 S
LN

LN
= 

Ly
m

ph
 N

od
e;

 S
LN

 =
 S

en
tin

el
 L

ym
ph

 N
od

e;
 N

IR
-IC

G
 =

 N
ea

r i
nf

ra
re

d-
In

do
cy

an
in

e 
G

re
en 6

Ankersmit_Marjolein_BNW_V8.indd   137Ankersmit_Marjolein_BNW_V8.indd   137 12/16/2019   0:52:1412/16/2019   0:52:14



138          Chapter 6

Figure 2.�702�MHIRXMƼGEXMSR�EX�4)8�'8�MQEKIW�SJ�TEXMIRX����

-RNIGXMSR�WMHI�MW�WLS[R�EW�DMD�MR�EPP�MQEKIW��*SGM�%��&��'�ERH�(�WLS[IH�MR�XSXEP�ƼZI�WIRXMRIP�P]QTL�RSHIW�
ERH�[IVI�EPVIEH]�ETTEVIRX�EX�ƼVWX�WGER����L�EJXIV�MRNIGXMSR��*SGM�)�VITVIWIRXIH�X[S�WIRXMRIP�P]QTL�
RSHIW�ƼVWX�WIIR�EX�WIGSRH�4)8�'8�WGER�����L�EJXIV�MRNIGXMSR�ERH�*�[EW�ƼVWX�WIIR�EX�XLI�XLMVH�WGER�
EJXIV����LV��0]QTL�RSHIW�)�ERH�*�[IVI�TVSFEFP]�LMHHIR�FILMRH�XLI�SXLIV�DLSXXIVD�RSHIW��%PP�702W�[IVI�
MRXVESTIVEXMZIP]�MHIRXMƼIH�YWMRK�RIEV�MRJVEVIH�MQEKMRK��
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Pharmacokinetics and biodistribution

The pharmacokinetics of [89Zr]Zr-Nanocoll is shown in Figure 3. Pharmacokinetics were 

GEPGYPEXIH�YWMRK�XLI�EQSYRX�SJ�VEHMSEGXMZMX]�MR�WIZIR�SYX�SJ�XLI�IMKLX�702W�MHIRXMƼIH�EX�EPP�4)8�

CT scans. Exclusion of one SLN occurred since no reliable VOI be drawn due to its location near 

(< 2 cm) the tumour.  PET/CT scans were made 0.8 (0.17-1.37) hr, 24.18 (16.07-26.62) hrs, 42.02 

(40.08-42.33) hrs and 48.34 (46.2-5.25) hrs after injection, respectively. Not all SLNs were seen 

EX�EPP�XLVII�TVISTIVEXMZI�4)8�'8�WGERW��)PIZIR�702W�[IVI�ZMWMFPI�EX�XLI�ƼVWX�4)8�'8�WGER��%X�

XLI�WIGSRH�4)8�'8�WGER����702W�[IVI�WIIR��3RI�702�WIIR�EX�XLI�ƼVWX�4)8�'8�[EW�RSX�ZMWMFPI�

EX�XLI�WIGSRH�WGER�ERH����[IVI�ƼVWX�MHIRXMƼIH�EX�XLI�WIGSRH��8[IRX]�JSYV�702W�[IVI�QEVOIH�

at the third PET/CT just before surgery. Three SLNs seen at the second PET/CT scan were not 

ZMWMFPI�EX�XLI�XLMVH�WGER��%RSXLIV�XLVII�702W�[IVI�ƼVWX�MHIRXMƼIH�EX�XLMW�XMQI�TSMRX���*MKYVI����

Figure 3. Lymph node kinetics of [89Zr]Zr-Nanocoll

6
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Figure 4.�7IRXMRIP�P]QTL�RSHI�MHIRXMƼGEXMSR�F]�4)8�'8�MQEKMRK�SZIV�XMQI��

DISCUSSION

In the present study we demonstrated the feasibility of PET/CT lymphoscintigraphy combined 

with optical real-time NIR-imaging using [89Zr]Zr-Nanocoll and ICG to identify the SLNs in early 

WXEKI�GSPSR�GERGIV�TEXMIRXW��4IVMSTIVEXMZI�702�MHIRXMƼGEXMSR�WYGGIIHIH�MR�WIZIR�SYX�SJ�IMKLX�

patients in which a median number of three SLNs were found. All SLNs revealed radioactivity 

ERH�ƽYSVIWGIRGI��FYX�WM\�702W�[IVI�RSX�MHIRXMƼIH�[MXL�2-6�MQEKMRK�MRXVESTIVEXMZIP]��8LIWI�

six lymph nodes were all located near (< 2 cm) the primary tumour and were probably covered 

due to the shine-through effects from the injection depot. When attempting to identify SLNs 

near the tumour, our results demonstrate that PET/CT imaging is a reliable technique, although 

4)8�'8�SJ�XLI�WYVKMGEP�WTIGMQIR�QE]�MQTVSZI�XLI�EGGYVEG]��3ZIVEPP��XLIWI�ƼRHMRKW�WYKKIWX�

that PET/CT lymphoscintigraphy combined with NIR-imaging could be a useful method for 

702�MHIRXMƼGEXMSR�MR�TEXMIRXW�[MXL�IEVP]�WXEKIH�GSPSR�GERGIV��8LI�TVISTIVEXMZI�4)8�'8�MQEKIW�

could guide the surgeon to the number and location of SLNs which are currently unknown for 

GSPSR�GERGIV��-HIRXMƼGEXMSR�SJ�XLIWI�702W�[MXL�2-6�MQEKMRK�EPPS[W�JSV�MRXVESTIVEXMZI�HIXIGXMSR�

of these SLNs which is not possible with conventional white light imaging since SLNs are not 

visible with the naked eye. 
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8S�XLI�FIWX�SJ�SYV�ORS[PIHKI��XLMW�MW�XLI�ƼVWX�WXYH]�YWMRK�?89Zr]Zr-Nanocoll radiocolloid and PET/

CT with NIR- imaging as SLN mapping technique in colon cancer. The majority of studies in 

the literature used SPECT/CT alone or in combination with an optical tracer, typically blue dye. 

The limited resolution of gamma-cameras combined with the restricted visibility of blue dye 

through skin and fatty tissue and its rapid distribution through lymphatic channels, makes it 

HMƾGYPX�XS�HIXIGX�702W�MR�GSPSR�GERGIV��-R�TEVXMGYPEV�WMRGI�P]QTLEXMG�HVEMREKI�TEXXIVRW��PSGEXMSR�

and number of SLNs are unknown and unpredictable. The here presented biodistribution data 

of [89Zr]Zr-Nanocoll over time, combined with the extended pathological examination of the 

specimen provided essential anatomical information on lymphatic drainage patterns of the 

primary tumour towards SLNs.

The SLN procedure is based on the concept that tumour metastases occur in an orderly and 

WIUYIRXMEP�QERRIV��8LI�702�W�MW�EVI�XLI�ƼVWX�P]QTL�RSHI�W�XLEX�VIGIMZIW�P]QTLEXMG�HVEMREKI�

directly from the primary tumour an therefore has the highest probability of harbouring 

metastases 27. Based on this theory, we hypothesized  that the lymph nodes with the highest 

VEHMSEGXMZI�GSYRXW��DLSXXIWXD�RSHIW�EVI�QSWX�PMOIP]�XLI�ƼVWX�HVEMRMRK�RSHIW�JVSQ�XLI�TVMQEV]�

XYQSYV�ERH�XLIVIJSVI�GER�FI�GSRWMHIVIH�EW�702W��8LIWI� DLSXXIWXD�RSHIW�EVI�F]�HIƼRMXMSR�

XLI�RSHIW�ZMWMFPI�EX�4)8�'8�MQEKMRK��8LIVIJSVI�[I�GPEWWMƼIH�E�RSHI�EW�702�[LIR�MX�[EW�E�

LMWXSTEXLSPSKMGEP�TVSZIR�P]QTL�RSHI�ZMWMFPI�EX�TVISTIVEXMZI�MQEKMRK�ERH�MHIRXMƼIH�EX�4)8�'8�SJ�

XLI�WTIGMQIR��7MQMPEVP]�XS�FVIEWX�GERGIV�ERH�QIPERSQE�QSVI�XLER�SRI�DLSXƅ�RSHI�[IVI�EWWMKRIH�

as SLNs in all patients. This phenomenon could be attributed to passing of the tracer through 

the actual SLN into other nodes or due to divergent drainage patterns from the primary tumour 
28-30��2SX�EPP�MHIRXMƼIH�702W�[IVI�ZMWMFPI�EX�4)8�'8�MQEKMRK�EX�EPP�XMQI�TSMRXW��1SVISZIV�����P]QTL�

RSHIW�[IVI�ƼVWX�WIIR�EX�4)8�'8�SJ�XLI�WTIGMQIR�ERH�XLIVIJSVI�RSX�GPEWWMƼIH�EW�702��&SXL�

could be the result of physical bowel movements which changes the anatomical position of that 

part of the colon containing the injection depot and precludes SLN detection, as visualized in 

*MKYVI����,S[IZIV��MX�GER�FI�EVKYIH�XLEX�P]QTL�RSHIW�ƼVWX�WIIR�EX�TSWXSTIVEXMZI�4)8�'8�WLSYPH�

also be considered as SLNs, especially when these lymph nodes are located near the primary 

XYQSYV��*SV�EGGYVEXI�702� MHIRXMƼGEXMSR�[I� XLIVIJSVI� VIGSQQIRH�GSQFMRIH�TVISTIVEXMZI�

and postoperative PET/CT. The preoperative imaging could guide the surgeon towards the 

SLN intraoperatively whereas the postoperative imaging  may help the pathologist to identify 

additional potential SLNs to perform additional serial slicing and immunohistochemistry. Based 

on our results we recommend one preoperative lymphoscintigraphy scan approximately 24 hrs 

after tracer injection since the majority of the SLNs were found at the second PET/CT scan 

(85%) and only three additional SLNs were found at the third PET/CT scan. When the only aim 

of SLN mapping in colon cancer is improvement of lymph node staging, the here presented 

6
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method would not hamper introduction of the technique. For SLN biopsy combined with local 

I\GMWMSR�SJ�XLI�TVMQEV]�XYQSYV��XLMW�PEGO�SJ��E�LMKLP]�WIRWMXMZI�MRXVESTIVEXMZI�702�MHIRXMƼGEXMSR�

technique is a serious drawback

To improve intraoperative SLN detection, intraoperative detection using a handheld PET-probe 

would be desirable. Unfortunately development of such PET-probes is expensive and quite 

challenging due to high-energy photons that need a large collimated and shielded detector 19, 

31��*SPPS[MRK�P]QTL�ƽS[�HVEMREKI�TEXXIVRW�MR�VIEP�XMQI�YWMRK�2-6�MQEKMRK��[SYPH�EPWS�FI�ER�

attractive option to facilitate intraoperative detection. However in the present study we could 

RSX�MHIRXMJ]�ƽYSVIWGIRX�P]QTLEXMG�HVEMREKI�TEXXIVRW��8LMW�MW�TVSFEFP]�XLI�VIWYPX�SJ�XLI�PMQMXIH�

TIRIXVEXMSR�HITXL�SJ�2-6�PMKLX�LEQTIVMRK�MHIRXMƼGEXMSR�SJ�ƽYSVIWGIRX�WXVYGXYVIW�FIRIEXL�E�XLMGO�

layer of fatty mesocolonic tissue. 

Besides the limited tissue penetration of NIR-light we also noticed the differences in lymph 

RSHI�MHIRXMƼGEXMSR�FIX[IIR�2-6�ERH�4)8�'8��MQEKMRK��*MVWXP]��WM\�702W�PSGEXIH�RIEV�XLI�TVMQEV]�

XYQSYV�[IVI�RSX� MHIRXMƼIH�YWMRK�2-6�MQEKMRK��8LMW�JEMPYVI� MW�TVSFEFP]�XLI�VIWYPXW�SJ�XMWWYI�

SZIVP]MRK�XLI�RSHIW�ERH�FEGOKVSYRH�ƽYSVIWGIRGI�JVSQ�XLI�TVMQEV]�XYQSYV��8LIWI�VIWYPXW�

suggest that PET/CT is a more reliable imaging modality for SLN mapping in colon cancer. 

However we must emphasize that the number of included patients is small and NIR-imaging 

has shown to be a valuable tool to identify SLNs near the primary tumour in several other types 

SJ�GERGIV��%RSXLIV�WM\�MRXVESTIVEXMZIP]�MHIRXMƼIH�P]QTL�RSHIW�VIZIEPIH�XS�FI�ƽYSVIWGIRX�SRP]��

Although these nodes were not located near the primary tumour nor contained metastases, it is 

uncertain whether these lymph nodes are true non-SLNs. In the currently used method ICG and 

[89Zr]Zr-nanocoll were injected separately which could have caused different lymphatic drainage 

TEXXIVRW�SJ�IEGL�XVEGIV��8LIVIF]��E�GSRWMHIVEFP]�LMKLIV�RYQFIV�SJ�ƽYSVIWGIRX�WXEMRIH�P]QTL�

RSHIW�[IVI�JSYRH�GSQTEVIH�XS�702W�MHIRXMƼIH�EX�4)8�'8�MQEKMRK��8LMW�MW�XLI�GSRWIUYIRGI�

of the small hydrodynamic diameter of ICG resulting in fast migration to higher echelon lymph 

RSHIW�IWTIGMEPP]�[LIR�XLI�XMQI�MRXIVZEP�FIX[IIR�MRNIGXMSR�ERH�702�MHIRXMƼGEXMSR�I\TERHW�

To overcome these problems we recommend a single simultaneous injection of ICG combined 

with a radiocolloid. Several studies have shown promising results in multiple types of cancer 

using the hybrid tracer ICG-99mTc-Nanocolloid, which allows for preoperative SPECT/CT 

lymphoscintigraphy combined with intraoperative NIR-imaging and gamma-probe guided SLN 

detection 32, 33. An advantage of ICG-99mTc-Nanocolloid is the high  availability in several countries 

whereas [89Zr]Zr-Nanocoll has not been FDA approved yet. The applicability of this technique in 
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colon cancer should be reinvestigated using knowledge derived from the here presented results 

on drainage patterns and tracer characteristics.

8LIVI�[IVI�JSGM�[I�GPEWWMƼIH�EW�TSXIRXMEP�702�EX�4)8�'8�MQEKMRK�TVISTIVEXMZIP]�[LMGL�[IVI�

RSX�JSYRH�MR�XLI�WTIGMQIR��WII�8EFPI����4VISTIVEXMZI�702�MHIRXMƼGEXMSR�[EW�HMƾGYPX�MR�WIZIVEP�

cases due to background scattering. During reassessment of the PET/CT images we noticed 

that the majority of these foci were in retrospect suspected to be located into the lumen of the 

colon, so that some radioactive stool (due to leakage of [89Zr]Zr-Nanocoll from the injection 

spot) had been considered as SLN.  

*SV�UYERXMƼGEXMSR�SJ�VEHMSEGXMZMX]�YTXEOI��[I�GEPGYPEXIH�XLI�YTXEOI�SJ�?89Zr]Zr-Nanocoll as a 

percentage of the injection dose per node using the gamma well counter. Due to logistical 

restrictions we were not able to weigh nodes and therefore could not express uptake levels as 

injected dose per gram node (%ID/gram). However, the SLNs contained the highest amount of 

radioactivity compared to the other nodes, indicating that while additional analyses using %ID/

gram might have provided more information concerning biodistribution of [89Zr]Zr-Nanocoll, it 

would not have changed the results of assigned SLNs.

An important limitation of the present study was the 20% failure rate of [89Zr]Zr-Nanocoll 

injection.  Correct needle placement and careful administration of tracer with limited spillage 

SJ�H]I�MW�GVYGMEP�JSV�E�WYGGIWWJYP�702�TVSGIHYVI��,S[IZIV��WYFQYGSWEP�MRNIGXMSR�MW�HMƾGYPX�ERH�

even more challenging preoperatively when the patient is awake and exposed to the discomfort 

of a colonoscopy. For accurate tracer injection and image analysis there appears to be a steep 

learning curve. We therefore advocate that tracer injection should only be performed by an 

experienced surgeon or gastroenterologist and image analysis by a senior nuclear medicine 

consultant.  

Other disadvantages of the presented study were the limited number of patients, the extensive 

research protocol and high costs of PET/CT imaging devices. To better determine clinical 

MQTPMGEXMSRW�E�WMQTPMƼIH�TVSXSGSP�WXYH]�MRGPYHMRK�QSVI�TEXMIRXW�WLSYPH�FI�TIVJSVQIH��

CONCLUSION

Perioperative PET/CT lymphoscintigraphy using [89Zr]Zr-Nanocoll provides useful anatomical 

localization information on SLNs in colon cancer, and is able to detect nodes near the primary 

6
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tumour. Use in combination with real-time staining of the SLN is crucial to intraoperatively 

identify the nodes, since lymph nodes are not visible with conventional white light imaging. 

The limited penetration depth, the low sensitivity in detecting SLNs near the tumour, and its 

fast biodistribution are serious drawbacks of ICG for the SLN mapping technique in colon 

cancer. As a consequence, pre- and postoperative PET/CT lymphoscintigraphy is essential 

to disclose SLNs to the surgeon and pathologist, respectively. Further research should focus 

SR�WMQTPMƼGEXMSR�SJ�XLI�LIVI�TVIWIRXIH�XIGLRMUYI�ERH�IZEPYEXMSR�SJ�WIRWMXMZMX]�VEXIW�FIJSVI�

SLN mapping can be integrated in the daily treatment of patients with colon cancer. For 

tracer administration we recommend a single submucosal injection using a composed tracer 

GSRWMWXMRK�SJ�E�VEHMSGSPPSMH�ERH�STXMGEP�H]I��4IVMSTIVEXMZI�702�MHIRXMƼGEXMSR�WLSYPH�GSRWMWX�SJ�

a preoperative lymphoscintigraphy scan just before surgery, approximately 24 hrs after tracer 

injection. We suggest it should be combined with a postoperative scan of the specimen and 

intraoperative NIR imaging to identify the preoperatively assigned SLNs. 
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SUPPLEMENTARY MATERIAL 1

Detailed description of the injection technique

'SPSRMG�PEZEKI�SGGYVVIH�XLI�HE]�FIJSVI�XLI�ƼVWX�GSPSRSWGST]�[MXL��0�1SZMTVITk��

(YVMRK�ƼVWX�GSPSRSWGST]�XLI�4)8�XVEGIV�?89Zr]Zr-Nanocoll was injected using a V960 injection 

needle with a luminal volume of 1.2 mL (Prince Medical, Gutenberg, France). After endoscopic 

XYQSYV�PSGEPM^EXMSR�GSVVIGX�WYFQYGSWEP�RIIHPI�TPEGIQIRX�[EW�GSRƼVQIH�F]�E�VEMWMRK�FPIF�SJ�

NaCl 0.9% directly followed by injection of [89>VA>V�2ERSGSPP�ERH�ƼREP�ƽYWLMRK�[MXL�����Q0�2E'P�

0.9% to achieve maximal tracer administration. Afterwards the injection needle was measured 

for radioactivity to establish the exact amount of injected dose of [89Zr]Zr-Nanocoll. 

The second colonoscopy was performed directly after general anaesthesia and laparoscopic 

port placement. After localization of the tumour, a laparoscopic clamp was placed 5-10 cm 

proximal to the tumour to prevent distension of the proximal bowels. Injection of ICG/NaCl 

solution (2.5 mg/mL) was performed by the same senior gastroenterologist, again using a V960 

injection needle. ICG/NaCl was administrated by a single shot at the base of the tumour similar 

to injection of [89>VA>V�2ERSGSPP��%JXIV�GSRƼVQEXMSR�SJ�GSVVIGX�RIIHPI�TPEGIQIRX�MR�XLI�GSPSRMG�

submucosa using NaCl 0.9%, 0.5 mL (0.2-2.0 ml) ICG/NaCl was administered.
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ABSTRACT

Background The aim of this study was to test and validate a novel non-invasive method for 

intraoperative visualization of extra-hepatic bile ducts during laparoscopic cholecystectomy. 

Injury to the common bile duct (CBD) is a rare but major complication of laproscopic 

cholecystectomy. Most injuries occur when anatomy is unclear due to presence of 

EREXSQEXMG�ZEVMEXMSRW��EGYXI�MRƽEQQEXMSR��SV�EHLIWMSRW�

Patients and methods Thirty patients were included, and each received an intravenous 

injection of 0.05 mg/kg Indocyanine Green (ICG) (ICG-Pulsion®, PULSION Medical Systems 

AG, Munich, Germany) prior to the start of surgery. Laparoscopic cholecystectomy was 

performed according to standard procedures. The CBD and cystic duct (CD) were visualized 

before and during dissection of the liver hilus using a conventional laparoscopic camera and 

a recently developed Near Infrared camera (NIR) (Olympus, Tokyo, Japan).

Results  9WMRK�-'+�2-6��XLI�'&(�ERH�'(�GSYPH�FI�ZMWYEPM^IH����QMRYXIW��Tɸ!ɸ������ERH�����

QMRYXIW��Tɸ!ɸ������IEVPMIV�XLER�[MXL�E�GSRZIRXMSREP�GEQIVE��&SXL�IEVP]��������TEXMIRXW�ERH�

PEXI��������TEXMIRXW� MHIRXMƼGEXMSR�SJ�XLI�'&(�[MXL�-'+�2-6�[EW�WMKRMƼGERXP]�QSVI�JVIUYIRX�

GSQTEVIH�XS�GSRZIRXMSREP�MQEKIW�������ERH�������VIWTIGXMZIP]��Tɸ!ɸ �������3RI�TSWX�STIVEXMZI�

bilioma required re-admission and endoscopic retrograde cholangiopancreatography (ERCP) 

with stent placement.

Conclusions -HIRXMƼGEXMSR�SJ�XLI�'&(�ERH�'(�YWMRK�E�PS[�HSWI�SJ�-'+�ERH�XLI�2-6�GEQIVE�[EW�

both faster and more frequent compared to conventional laparoscopic images during elective 

laparoscopic cholecystectomy.
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INTRODUCTION

Laparoscopy has been the gold standard for elective cholecystectomies in patients with 

uncomplicated cholecystolithiasis since the 1990’s. The introduction of laparoscopy for elective 

cholecystectomy has led to an increase in injuries to the extra-hepatic bile ducts1. The Critical 

View of Safety (CVS) was introduced as a safety measure to reduce injuries and has now become 

an integral part of standard laparoscopic cholecystectomy 2. However, despite an initial decrease 

in bile duct injuries with the introduction of CVS, current literature suggests that bile ducts injuries 

are still in the 0.26-0.6% range 3-8. Although this complication is rare, a patient with a common 

bile duct injury (CBD) injury is likely to have re-interventions, prolonged hospital admission, a 

decreased quality of life and is faced with a 5%-9% mortality risk 9-13. The 2011 consensus meeting 

SJ�XLI�)YVSTIER�%WWSGMEXMSR�JSV�)RHSWGSTMG�7YVKIV]��)%)7��8YVMR��-XEP]�GSRƼVQIH�XLEX�TVIZIRXMSR�

of bile duct injury remains a priority in the improvement of laparoscopic cholecystectomies. 

Although the CVS is a guideline for safe dissection and is used as a checkpoint before clipping 

ERH�GYXXMRK�SJ�XLI�OI]�WXVYGXYVIW�MR�XLI�PMZIV�LMPYW��MX�RIMXLIV�GPEVMƼIW�EREXSQ]�TVMSV�XS�HMWWIGXMSR�

nor guarantees that injuries will not occur after the completion of dissection.

Intraoperative cholangiogram (IOC) is currently the most commonly used method to provide 

real-time images of biliary structures during surgery when searching for CBD stones or bile 

duct injury is suspected during surgery. However, IOC requires x-ray equipment operated by 

trained personnel and the surgeon must cannulate the bile ducts in order to inject the contrast 

agent. In addition to patient exposure to radiation, IOC use often prolongs laparoscopic 

cholecystectomy, and additional costs have been reported 14;15. The routine or selective use of 

IOC is still controversial in current literature 4;5;16-23 and it is not routinely used in most centers 

HYVMRK�IPIGXMZI�PETEVSWGSTMG�GLSPIG]WXIGXSQ]��%�RSZIP�XIGLRMUYI�YWMRK�E�ƽYSVIWGIRX�H]I�ERH�

near-infrared (NIR) light can be used with laparoscopy and offers early visualization of structures 

containing this dye. In this study we used Indocyanine Green (ICG) (ICG-Pulsion®, PULSION 

1IHMGEP�7]WXIQW�%+��1YRMGL��+IVQER]�EW�ƽYSVIWGIRX�H]I��-'+�MW�E�ƽYSVIWGIRX�GSRXVEWX�EKIRX��

which has been successfully used in the assessment of liver function, arterial (micro) circulation, 

tissue perfusion and ophthalmic imaging 24. After intravenous injection, ICG becomes protein-

bound and emits light with a wavelength of 830 nanometers when assessed with near-infrared 

light 25;26��-'+�MW�I\GPYWMZIP]�I\GVIXIH�MRXS�XLI�FMPI��[LMGL�[SYPH�IREFPI�ƽYSVIWGIRX�MQEKMRK�SJ�XLI�

bile ducts during laparoscopic cholecystectomy using a Near-Infrared camera.

This study was designed to test and validate the novel non-invasive technique using ICG and NIR 

light (ICG-NIR) for early visualization of the extra hepatic bile ducts in order to improve anatomical 

7
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MHIRXMƼGEXMSR�SJ�XLI�'&(��MR�EHHMXMSR�XS�XLI�':7�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQ]��8LI�EMQ�

of this study was to investigate the additional value of the ICG-NIR technique during elective 

laparoscopic cholecystectomy. We hypothesized that the CBD will be visualized earlier during 

dissection due to the use of ICG-NIR compared with conventional imaging (CI). In contrast, no 

HMJJIVIRGIW�MR�XLI�JVIUYIRG]�SJ�MHIRXMƼGEXMSR�SJ�XLI�G]WXMG�HYGX��'(�YWMRK�-'+�2-6�SV�'-�EVI�

I\TIGXIH�FIGEYWI�MHIRXMƼGEXMSR�SJ�XLI�'(�MW�ER�MRXIKVEP�TEVX�SJ�XLI�':7�

METHODS

Study design

This study was a prospective single-center, observational, cross-over study to evaluate the 

feasibility of ICG-NIR during laparoscopic cholecystectomy. The protocol for this study was 

approved by the institutional ethics committee of the VU University Medical Centre, Amsterdam, 

The Netherlands.

Patients

Patients were selected for participation from the outpatient clinic of the VU Medical Center, 

Amsterdam. Inclusion criteria were uncomplicated cholecystolithiasis, age between 18 and 80 

years and completion of preoperative workup including abdominal ultrasound and laboratory 

tests. Exclusion criteria were complicated cholecystolithiasis, (biliary pancreatitis, cholestasis, 

hospital admission related to cholecystolithasis, acute cholecystitis, endoscopic retrograde 

cholangiopancreatography/ stent placement, or impaired liver function), ultrasound examination 

showing dilated intra- or extrahepatic bile ducts, cysts, abscesses or choledocholithiasis, 

extended comorbidity (ASA > III), iodine allergy, thyroid disease (hyper-/hypothyroidism), and 

use of listed medication interfering with hepatic ICG uptake (anti-convulsion medication, sodium 

FMWYPƼXI��LEPSTIVMHSP��LIVSMRI��TIXLMHMRI��QIXEQM^SPI��QIXLEHSRI��QSVTLMRI��RMXVSJYVERXSMR��

opium alkaloids, phenobarbital and phenylbutazon).

NIR laparoscopic camera

8LI�2-6�GEQIVE�YWIH�JSV�XLMW�WXYH]�[EW�HIZIPSTIH�F]�3P]QTYW��3P]QTYW��8SO]S��.ETER��%�ƼPXIV�

[EW�HIWMKRIH�XS�ƼX�E�VMKMH��o laparoscope (Olympus, Tokyo, Japan) (Figure 1). The laparoscopic 

camera image can be switched from laparoscopic CI to NIR imaging using a lever, and the 

I\GMXEXMSR�FEVVMIV�ƼPXIV�SRP]�EHQMXW�PMKLX�[MXL�E�[EZIPIRKXL�EFSZI�����RERSQIXIVW��8LI�2-6�

GEQIVE�HMWTPE]W�EPP�ƽYSVIWGIRX�WXVYGXYVIW�MR�KVIIR�EKEMRWX�E�FPEGO��RSR�ƽYSVIWGIRX�FEGOKVSYRH��

ICG has a peak emission of 830 nanometers when assessed with near-infrared light. Following 
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intravenous injection, ICG becomes bound to plasma proteins and is excreted exclusively in bile 

by the liver, without passing the enterohepatic circulation. ICG is pharmacologically inactive 

and is also not metabolized.

Figure 1.�2IEV�MRJVEVIH�ƼPXIV�EXXEGLIH�XS�VMKMH��o conventional laparoscope

Procedures

After receiving oral and written information, patients were asked to participate and informed 

consent was obtained. Patients were scheduled and prepared for elective laparoscopic 

cholecystectomy according to standard preoperative procedures. In the operating room, patients 

received a single intravenous bolus injection of 0.05 mg/kg ICG diluted in water immediately after 

induction of standard general anesthesia. During the cholecystectomy both the prototype NIR 

camera (Olympus, Tokyo) and a conventional laparoscopic camera (EndoEye, Olympus, Tokyo) 

were used. Before commencing dissection of the liver hilus was begun, the NIR scope was used 

XS�WGVIIR�JSV�ƽYSVIWGIRX�FMPI�HYGXW�MR�ERH�RIEV�XLI�PMZIV�FIH��8LI�2-6�WGSTI�[EW�YWIH�EX�XLI�WXEVX�

of dissection, early during dissection, late during dissection and at CVS to visualize bile structures.

&MPI�HYGXW��ZMWYEPM^IH�F]�IMXLIV�2-6�WGSTI�SV�'-��[IVI�MHIRXMƼIH�F]�XLI�STIVEXMRK�WYVKISR�ERH�

the investigator. The visualized structures were noted on the scoring form, together with time 

of observation. The laparoscopic cholecystectomy was performed conform with standard 

surgical procedures and the CVS. After CVS was obtained and once removal of the gallbladder 

was completed, the NIR scope was used to screen for bile leakage from either the liver bed or 

the extra-hepatic bile ducts. All NIR images were recorded on video for later review. Following 

surgery, patients recovered on the surgical ward and were discharged according to standard 

postoperative procedures.

Statistical analysis

Data were collected and then analyzed using SPSS (version 15.0, Chicago, IL, USA). A formal 

power analysis was performed in SAS (version 9.2, SAS Institute Inc., Cary, NC, USA) using 

7
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XLI�VIWYPXW�SJ�E�TMPSX�WIVMIW�SJ���TEXMIRXW�WLS[MRK�ER�WMKRMƼGERX�IEVPMIV�ZMWYEPM^EXMSR�SJ� XLI�

CBD with ICG-NIR compared with CI. A power of 90% required 27 patients, assuming that 

proportions of discordant pairs were 70% (image on ICG-NIR but not on conventional) and 

20% (image on conventional camera but not on ICG-NIR). The total sample size was therefore 

Ƽ\IH�EX����8LI�TIVJSVQERGI�SJ�XLI�GSRZIRXMSREP�ERH�-'+�2-6�GEQIVE�[EW�GSQTEVIH�YWMRK�

the McNemar test, times to visualization with CI and ICG-NIR were compared using the non-

TEVEQIXVMG�;MPGS\SR�WMKRIH�VEROW�XIWX��6IWYPXW�[IVI�GSRWMHIVIH�WXEXMWXMGEPP]�WMKRMƼGERX�[LIR�

p<0.05. When applicable, standard deviation (±) or percentages (%) are given.

RESULTS

An overview of inclusions and exclusions is shown in Figure 2. Patients’ characteristics are 

shown in Table 1. Average operating time was 71 minutes (± 20.2). No complications occurred 

due to intravenous injection of ICG. Three complications were noted during laparoscopic 

cholecystectomy. One patient suffered from bleeding due to a trocar incision after completion 

of the cholecystectomy. A liver hematoma was noted in another patient due to traction on the 

falciform ligament. Both complications were controlled laparoscopically with bipolar coagulation 

without further need for intervention. In a third patient, a laceration of the CD was noted early 

during dissection of the liver hilus. The laceration was double clipped and both NIR and CI showed 

no bile leakage after clipping. Postoperatively, the patient was re-admitted with a bilioma. An 

IRHSWGSTMG�VIXVSKVEHI�GLSPEKMSTERGVIEXSKVETL]�MHIRXMƼIH�FMPI�PIEOEKI�JVSQ�XLI�PSGEXMSR�SJ�XLI�

GPMTW��7XVEWFIVK�'PEWWMƼGEXMSR�X]TI�%�FMPI�HYGX�MRNYV]�SR�XLI�VIQEMRMRK�'(��%�WXIRX�[EW�TPEGIH��

Excluding the readmission, 14/30 (46.7%) patients were operated as outpatients, 12/30 (40%) 

patients were admitted for one night and 4/30 patients stayed longer than one night.

Figure 2. Inclusions and exclusions

Ankersmit_Marjolein_BNW_V8.indd   158Ankersmit_Marjolein_BNW_V8.indd   158 12/16/2019   0:52:1912/16/2019   0:52:19



NIR vs conventional imaging during laparoscopic cholecystectomy          159

Table 1. Patient characteristics BMI: body mass index. ASA: American Society of Anesthesiology

4EXMIRXW�GLEVEGXIVMWXMGW�Rɸ!ɸ��

Male : female ratio
Age in years
BMI
%7%�GPEWWMƼGEXMSR�-���--���---
Additional surgical procedures

9 : 21
49.7 (± 16.7)
27.5 (± 4.32)
13 : 11 : 6
1 Nissen fundoplication

A single intravenous bolus injection of ICG was administered immediately after induction of 

general anesthesia, and surgery began 10 minutes (± 8.0) after injection of ICG. Observations 

after injection of ICG with NIR and CI were performed at start of dissection ), early during 

dissection , late during dissection and at CVS (Figures 3-5) . Results of ICG-NIR and conventional 

MHIRXMƼGEXMSR�SJ�XLI�'&(�ERH�'(�EVI�WLS[R�MR�8EFPI����8LI�EZIVEKI�XMQI�XS�TSWMXMZI�MHIRXMƼGEXMSR�

of the CD with ICG-NIR of 37.9 (± 21.4) minutes after injection compared to 46.5 (± 23.2) minutes 

on CI (Wilcoxon signed ranks test, p < 0.001). During dissection of the liver hilus, one biliary and 

two arterial anatomical variations were encountered. The NIR camera was used to differentiate 

between biliary and non-biliary (arterial) structures, allowing the biliary nature of the known 

WXVYGXYVIW�XS�FI�GSRƼVQIH�ERH�JVSQ�XLIVI�EPPS[MRK�EWWIWWQIRX�SJ�XLI�RSR�FMPMEV]�WXVYGXYVIW�

%R�EHHMXMSREP�G]WXMG�EVXIV]�ERH�I\XIRHIH�VMKLX�LITEXMG�EVXIV]�[MXL�WLSVX�'(�[IVI�MHIRXMƼIH��

excluding the presence of an aberrant bile duct. No clear CVS could be obtained with CI in 4 

TEXMIRXW�HYI�XS�EHLIWMSRW�ERH�EREXSQMGEP�ZEVMEXMSRW��&SXL�XLI�'(�ERH�XLI�'&(�[IVI�MHIRXMƼIH�

using the NIR camera, allowing safe dissection and transection of the CD and cystic artery.

Table 2. Results

 Observation time (minutes)

Structure visualization 
modality

First
(26[2-50])

Second
(38[5-88])

Third
(43[22-98])

Fourth
(52[20-125])

CD

ICG 10/30 22/30 24/30 29/30

Conventional 1/30 7/30 14/30 29/30

P 0.004 0.000 0.013 1.000

CBD

ICG 20/30 24/30 24/30 26/30

Conventional 2/30 4/30 7/30 10/30

P 0.000 0.000 0.000 0.000

Observation time is given in minutes (mean[range]).
CBD, common bile duct; CD; ICG, indocyanine green.

7
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Figure 3. Conventional vs. ICG-NIR observation before start of dissection.
LV: liver; GB: gallbladder; > cystic duct; << common bile duct; GS: black contour of large gallstone

Figure 4. Conventional vs. ICG-NIR observation early during dissection.
LV: liver; GB: gallbladder; AD: adhesion; > cystic duct; << common bile duct

Figure 5. Conventional vs ICG-NIR observation after dissection.
LV: liver; GB: gallbladder; > cystic duct; << common bile duct
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DISCUSSION

The results of this pilot study comparing ICG-NIR with CI during laparoscopic cholecystectomy 

MRHMGEXI�XLEX�XLI�2-6�GEQIVE�EPPS[W�E�WMKRMƼGERXP]�IEVPMIV�MHIRXMƼGEXMSR�SJ�FSXL�XLI�'&(�ERH�XLI�'(�

-R�EHHMXMSR��XLI�'&(�[EW�MHIRXMƼIH�WMKRMƼGERXP]�QSVI�JVIUYIRXP]�[MXL�2-6�MQEKMRK�IEVP]�HYVMRK�

dissection and at CVS compared with CI The failure of the NIR-ICG technique to identify the 

CBD in the remaining patients (10/30) could have been caused by the relatively deep position of 

the CBD interacting with the limited penetration depth of ± 1.0 cm for ICG, preventing detection 

of the CBD in such cases. We stress that no additional attempts were made during surgery to 

identify the CBD when not visible with CI or NIR-ICG because surgical exploration of the hilus 

to identify the CBD is not standard during laparoscopic cholecystectomy and could increase 

XLI�VMWO�SJ�FMPI�HYGX�MRNYV]��%PXLSYKL�MHIRXMƼGEXMSR�MW�RSX�TEVX�SJ�XLI�HMWWIGXMSR�HYVMRK�WXERHEVH�

PETEVSWGSTMG�GLSPIG]WXIGXSQ]��[I�JSYRH�XLI�MHIRXMƼGEXMSR�SJ�XLI�'&(�YWIJYP�JSV�GLSSWMRK�XLI�

PIZIP�SJ�HMWWIGXMSR�MR�XLI�LMPYW�EX�WEJI�HMWXERGI�SJ�XLI�MHIRXMƼIH�'&(��ERH�JSV�PMQMXMRK�HMWWIGXMSR�

of the CD when the CBD was visualized at close proximity.

%PXLSYKL�XLI�'(�GSYPH�FI�MHIRXMƼIH�WMKRMƼGERXP]�IEVPMIV�[MXL�XLI�2-6�GEQIVE��XLI�HMJJIVIRGIW�

gradually declined during dissection, and at CVS no differences between NIR and CI remained 

�XEFPI���8LMW�ƼRHMRK�WYTTSVXW�SYV�L]TSXLIWMW�XLEX�RS�HMJJIVIRGIW�FIX[IIR�2-6�ERH�'-�GSYPH�

VIEWSREFP]�FI�I\TIGXIH�EX�':7��WMRGI�TSWMXMZI�MHIRXMƼGEXMSR�SJ�XLI�'(�MW�QERHEXSV]�JSV�':7�

(YVMRK�XLMW�WXYH]��XLI�YWI�SJ�-'+�2-6�[EW�WXVMGXP]�SFWIVZEXMSREP��-J�XLI�'(�SV�'&(�[EWMHIRXMƼIH�

with NIR but not with CI, dissection was continued with aid of CI and performed following 

standard laparoscopic dissection.

Doses of ICG described in the literature range from a single bolus injection of 2.5 mg total to 

0.5 mg/kg 27-32. The various moments at which ICG injection has been reported include 30-60 

minutes before arrival in the operating room or the start of surgery, to just before induction of 

general anesthesia, and even following endotracheal intubation 31-36.

8LI�HSWI�YWIH�MR�XLI�TVIWIRX�WXYH]�[EW������QK�OK��8LI�ƼVWX�ERH�XLMVH�TEXMIRX�VIGIMZIH�-'+�����

hours prior to the start of surgery, based on the reported peak in concentration of ICG in bile 120 

minutes after intravenous injection 24. The second patient received ICG in the operating room only 

minutes before the start of surgery due to logistical delays. During NIR inspection in this patient, 

ICG was noted in the gallbladder, in the CBD, and in the CD within 20 minutes after intravenous 

administration. The remaining 28 patients received ICG after the start of general anesthesia. 

7
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To guarantee early visibility and to optimize pre-operative logistics, the authors suggest that 

intravenous administration should be carried out prior to the induction of general anesthesia.

Verbeek et al. 37. studied the timing of administration and optimal dose of ICG during open 

hepatopancreatobiliary surgery and validated their results during elective conventional 

laparoscopic cholecystectomy in uncomplicated cholecystolithiasis. A prolonged interval (24 

hours) between ICG administration and NIR cholangiography yielded the best results, with 

PS[IV�PMZIV�FEGOKVSYRH�ƽYSVIWGIRGI�ERH�STXMQEP�2-6�GLSPERKMSKVETL]�37. . Although surgeons 

at our institution have not reported poor visibility due to high liver to background ratios, the 

most favorable interval and optimal timing of ICG application to best elucidate biliary structures 

remains unknown. However, it is clear that the prolonged interval between administration of 

ICG and NIR-cholangiography proposed by Verbeek and colleagues 37 would not be applicable 

in the clinical setting of acute cholecystectomy in complicated cholecystolithiasis.

-R�XLMW�WXYH]�[I�LEZI�IRGSYRXIVIH�SRI�FMPI�HYGX�MRNYV]�MR����TEXMIRXW��%PXLSYKL�-'+�2-6�MHIRXMƼIH�

leakage of bile, the bile duct injury was not prevented. Further randomized studies will be 

VIUYMVIH�XS�HIQSRWXVEXI�XLI�TSWWMFPI�FIRIƼX�SJ�-'+�2-6�XS�HIGVIEWI�XLI�SGGYVVIRGI�SJ�FMPI�

duct injuries during laparoscopic cholecystectomy.

Although others have reported good visibility of the CD (90-100%) and CBD (50-100%) using ICG, 

published data mainly include case reports or small patient series that lack substantial power 
30-36;38. For example, Schols et al. 30 performed a feasibility study in a series of 15 laparoscopic 

GLSPIG]WXIGXSQMIW�MR�[LMGL�YWI�SJ�2-6�-'+�JEGMPMXEXIH�WMKRMƼGERXP]�IEVPMIV�MHIRXMƼGEXMSR�ERH�E�

clear delineation of both CBD and CD - in agreement with the results of our study. Using ICG, 

Ishizawa et al. 32�VITSVXIH�MHIRXMƼGEXMSR�SJ�'(�ERH�'&(�MR�E�WIVMIW�SJ����TEXMIRXW�YRHIVKSMRK�

laparoscopic cholecystectomy. Anatomic variants were seen in 8/52 patients during preoperative 

GLSPERKMSKVETL]�ERH�GSRƼVQIH�[MXL�2-6�-'+�HYVMRK�XLI�WYVKMGEP�TVSGIHYVI32. Both of these 

studies reported results from heterogeneous patient populations including patients with 

cholecystolithiasis, gallbladder polyps and (acute) cholecystitis 30;32.

In contrast, we validated ICG-NIR in a selective patient population consisting only of patients 

with uncomplicated cholecystolithiasis. The results presented in this study show early visibility 

of the extra hepatic bile ducts with ICG-NIR compared to CI in patients with uncomplicated 

symptomatic cholecystolithiasis. However, even in the setting of a cholecystectomy indicated 

by an uncomplicated case of cholecystolithiasis, ICG-NIR could be of great value to the 

WYVKISR��JSV�I\EQTPI��[LIR�HMWWIGXMSR�XYVRW�SYX�XS�FI�YRI\TIGXIHP]�HMƾGYPX�HYI�XS�EREXSQMG�
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variation of the bile ducts. Secondly, we hypothesized that particularly for cases of complicated 

cholecystolithiasis such as cholecystitis, biliary pancreatitis, surgery after endoscopic retrograde 

cholangiopancreatography, or percutaneous gallbladder drainage with unclear anatomy, the 

ICG-NIR technique could be of tremendous value for safe dissection towards CVS. Recent 

years have seen the introduction of new, minimally invasive techniques including Single Incision 

0ETEVSWGSTMG�7YVKIV]��2EXYVEP�3VMƼGI�8VERWPYQMREP�)RHSWGSTMG�7YVKIV]��238)7��%QIVMGER�

Society for Gastrointestinal Endoscopy [Oak Brook, IL] and Society of American Gastrointestinal 

and Endoscopic Surgeons [Los Angeles, CA]), and robot-assisted laparoscopic surgery.

The rate of bile duct injuries in single/incision laparoscopic surgery cholecystectomy is 

higher than laparoscopic cholecystectomy; 0,7% versus 0.26-0.6% respectively 8;39 This might 

FI�EXXVMFYXEFPI� XS� XLI�HMJJIVIRX�ERKPI� MR�[LMGL� XLI�WYVKMGEP�ƼIPH� MW�ETTVS\MQEXIH�SV�HYI� XS�

different positioning and introduction of a decreased number of trocars than in conventional 

laparoscopic cholecystectomy. Differences in visualization might impede or delay recognition 

of the extra-hepatic bile ducts and increase the risk of iatrogenic bile duct injury. Several 

studies suggest that ICG-NIR imaging could represent an important aid to surgeons performing 

cholecystectomies with single-incision laparoscopic surgery, NOTES or the robot 31;40-42. 

Fluorescent cholangiography will allow better visualization of the bile ducts while it reduces 

the learning curve in implementing these new minimally invasive surgical techniques.

These new developments illustrate the potential value of image-guided surgery using novel 

ERH�ORS[R�XIGLRMUYIW�WYGL�EW�ƽYSVIWGIRGI�[MXL�-'+�SV�SXLIV�ƽYSVIWGIRX�EKIRXW��-R�XLI�JYXYVI��

imaging will become increasingly more important during surgical procedures and is expected 

to become an integral part of minimally-invasive surgery.

CONCLUSION

Use of ICG-NIR during elective laparoscopic cholecystectomy for uncomplicated 

GLSPIG]WXSPMXLMEWMW�VIWYPXW�MR�IEVP]�ERH�QSVI�JVIUYIRX�MHIRXMƼGEXMSR�SJ�XLI�'(�ERH�'&(�HYVMRK�

surgery, without the need for bile duct cannulation required with IOC. Using ICG-NIR, unclear or 

EFRSVQEP�FMPMEV]�EREXSQ]�GER�FI�MHIRXMƼIH�MR�YRGSQTPMGEXIH�GLSPIG]WXSPMXLMEWMW��ERH�GSRZIVWMSR�

can be prevented in case of unclear CVS. For patients with complicated cholecystolithiasis, 

[I�I\TIGX� -'+�2-6�XS�TVSZMHI�EHHMXMSREP�ZEPYI�JSV� MHIRXMƼGEXMSR�SJ� XLI�'(�ERH�'&(�HYVMRK�

laparoscopic cholecystectomy. We therefore recommend that further research be carried out 

to clarify whether ICG-NIR would allow elucidation of biliary anatomy in patients with a high 

risk of bile duct injury.

7
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ABSTRACT

Background Although rare, injury to the common bile duct (CBD) during laparoscopic 

cholecystectomy (LC) can be reduced by better intraoperative visualization of the cystic 

HYGX��'(�ERH�'&(��8LI�EMQ�SJ�XLMW�WXYH]�[EW�XS�IWXEFPMWL�XLI�IƾGEG]�SJ�IEVP]�ZMWYEPM^EXMSR�

SJ�XLI�'(�ERH�XLI�EHHIH�ZEPYI�SJ�'&(�MHIRXMƼGEXMSR��YWMRK�RIEV�MRJVEVIH��2-6�PMKLX�ERH�XLI�

ƽYSVIWGIRX�EKIRX�MRHSG]ERMRI�KVIIR��-'+��MR�TEXMIRXW�EX�MRGVIEWIH�VMWO�SJ�FMPI�HYGX�MRNYV]�

Materials and Methods Patients diagnosed with complicated cholecystitis and scheduled for 

LC were included. The CBD and CD were visualized with NIR light before and during dissection 

of the liver hilus and at critical view of safety (CVS).

Results Of the 20 patients originally included, 2 were later excluded due to conversion. In 6 of 18 

patients, the CD was visualized early during dissection and prior to imaging with conventional 

white light. The CBD was additionally visualized with ICG-NIR in 7 of 18 patients. In 1 patient, 

conversion was prevented due to detection of the CD and CBD with ICG-NIR.

Conclusions�)EVP]�ZMWYEPM^EXMSR�SJ�XLI�'(�SV�EHHMXMSREP�MHIRXMƼGEXMSR�SJ�XLI�'&(�YWMRK�-'+�2-6�

in patients with complicated cholecystolithiasis can be helpful in preventing CBD injury. Future 

studies should attempt to establish the optimal dosage and time frame for ICG administration 

and bile duct visualization with respect to different gallbladder pathologies.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) has become the standard surgical treatment for patients 

with symptomatic cholecystolithiasis 1-4 and today is one of the most frequently performed 

procedures in general surgery 5,6. Although laparoscopy improves postoperative outcomes 

compared with open surgery, bile duct injury is a rare but serious and persistent complication. 

The classic injury occurs when the common bile duct (CBD) is mistaken for the cystic duct 

(CD), resulting in (partial) CBD resection 7. Bile duct injury is associated with high morbidity 

VEXIW��TVSPSRKIH�LSWTMXEP�WXE]��GLEPPIRKMRK�ERH�I\XIRWMZI�WYVKIV]��ERH�E�WMKRMƼGERX�RIKEXMZI�

impact on quality of life even 10 years after the event 8. Therefore, it is now strongly advised 

that the critical view of safety (CVS) must be met prior to clipping of any tubular structure 9. 

However, and despite the widespread implementation of CVS, recent literature suggests that 

bile duct injury still occurs in 0.26% to 0.7% of procedures 10-15. In addition, conversion to an open 

procedure is indicated in cases where CVS cannot be reached, with reported conversion-to-

open rates in LC presently around 2.6% to 10% 16-18. Conversion is often due to unclear (biliary) 

anatomy associated with a wider range of conditions including acute cholecystitis, acute biliary 

TERGVIEXMXMW��FPIIHMRK�MR�'EPSXƅW�XVMERKPI��ƼFVSXMG�WLVYROIR�KEPPFPEHHIVW�HYI�XS�TVIZMSYW�MRJIGXMSR��

gallstones in Hartmann’s pouch, a short cystic duct, Mirizzi’s syndrome, or abnormal biliary 

anatomy 17-20.

Although the intraoperative cholangiogram (IOC) was introduced in open cholecystectomy for 

diagnostic and therapeutic reasons, use of the procedure in LC also helps prevent bile duct 

injury by allowing real-time imaging of the bile ducts. However, the routine use of IOC in LC is 

GSRXVSZIVWMEP�HYI�XS�E�RYQFIV�SJ�HVE[FEGOW�MRGPYHMRK�WMKRMƼGERXP]�MRGVIEWIH�STIVEXMRK�XMQI��

added costs, requirement for cannulation of the bile duct with a concomitant increased risk 

of bile duct injury, radiation exposure, misinterpretation and the need for additional equipment 

and trained personnel 13,21-23. IOC is therefore not part of the standard operative procedure 

MR�IZIV]�GSYRXV]��1SVI�VIGIRXP]��I\XIRWMZI�MRZIWXMKEXMSR�SJ�ƽYSVIWGIRX�MQEKI�KYMHIH�WYVKIV]�

LEW�WLS[R�XLEX�XLI�XIGLRMUYI�GER�MQTVSZI�XLI�MHIRXMƼGEXMSR�SJ�GIVXEMR�EREXSQMG�WXVYGXYVIW��%�

RYQFIV�SJ�WXYHMIW�LEZI�HIQSRWXVEXIH�XLEX�VIEP�XMQI�ƽYSVIWGIRX�MQEKMRK��YWMRK�MRHSG]ERMRI�

green (ICG) (ICG-Pulsion, Pulsion medical Systems AG, Munich, Germany) in combination with 

E�RIEV�MRJVEVIH��2-6�GEQIVE��MW�E�ZMEFPI�ETTVSEGL�XS�VIEP�XMQI�ƽYSVIWGIRX�MHIRXMƼGEXMSR�SJ�XLI�

bile ducts in uncomplicated cholecystolithiasis 24-38, and without the disadvantages of IOC. 

%PXLSYKL�VIEP�XMQI�ƽYSVIWGIRX�MQEKMRK�LEW�GPIEV�TSXIRXMEP�MR�XLI�IRLERGIH�ZMWYEPM^EXMSR�SJ�XLI�

CBD in patients at risk for bile duct injury, the majority of the studies published to date actually 

excluded patients with acute cholecystitis, biliary pancreatitis, cholangitis, increased risk of 

8
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common bile duct stones, and conversion to an open procedure. These patients in particular 

[SYPH�TSXIRXMEPP]�HIVMZI�XLI�KVIEXIWX�FIRIƼX�JVSQ�MRXVESTIVEXMZI�MHIRXMƼGEXMSR�SJ�XLI�'(�ERH�

CBD, and improved imaging would help in the move toward safe LC.

8LMW�WXYH]�XLIVIJSVI�WSYKLX�XS�IZEPYEXI�[LIXLIV�-'+2-6�JEGMPMXEXIW�IEVPMIV�MHIRXMƼGEXMSR�SJ�XLI�'(�

compared with conventional white light imaging in patients with complicated cholecystolithiasis. 

Furthermore, we also attempted to determine if ICG-NIR contributes to the additional 

MHIRXMƼGEXMSR�SJ�XLI�'&(�GSQTEVIH�[MXL�GSRZIRXMSREP�MQEKMRK�MR�XLIWI�GEWIW�

MATERIALS AND METHODS

Patients

All consecutive patients attending the outpatient clinic or the emergency room of the VU Medical 

Centre Amsterdam who met the inclusion criteria were asked to participate.

Inclusion criteria were the following: age 18 years and older, scheduled for LC after complicated 

gallstone disease as indicated by an acute or chronic cholecystitis, biliary pancreatitis, 

percutaneous gallbladder drainage, choledocholithiasis without signs of CBD stones at surgery 

or after endoscopic retrograde cholangiopancreaticography (ERCP).

Exclusion criteria were the following: isolated symptomatic cholelithiasis, iodine allergy, 

hyperthyroidism, hypothyroidism and use of listed medication interfering with hepatic ICG 

uptake as mentioned in the “Summary of Product Characteristics” (SPC) of ICG-Pulsion 

�ERXMGSRZYPWMZI�QIHMGEXMSR��G]GPSTVSTERI��FMWYPTLEXI�GSRRIGXMSRW��WSHMYQ�FMWYPƼXI�LEPSTIVMHSP��

diamorphine, pethidine, morphine, nitrofurantoin, opium alkaloids, phenobarbital, phenylbutazon, 

probenicid, metamizole, rifamycin, methadone, or heroin). The study protocol was carried out 

in accordance with the Declaration of Helsinki, approved by the institutional ethics committee 

of the VU University Medical Centre Amsterdam and registered in the Dutch Trial Registration 

register (NTR 4680).

Indocyanine Green

-RHSG]ERMRI�KVIIR� MW�E�ƽYSVIWGIRX�GSRXVEWX�EKIRX�[MXL�E�TIEO�IQMWWMSR�SJ�����RQ�[LIR�

assessed with NIR light. Following intravenous injection, ICG becomes proteinbound and is 

excreted exclusively by the liver into the bile without entering the enterohepatic circulation 39-41. 

ICG is pharmacologically inactive, is not metabolized, and has been successfully and safely 

used in the assessment of liver function, arterial microcirculation, tissue perfusion, ophthalmic 

imaging, and imaging of the bile ducts during uncomplicated cholecystolithiasis.
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Near-Infrared Laparoscopic Camera

The NIR camera used for this study was developed by Olympus (Olympus, Tokyo, Japan). A 

ƼPXIV�[EW�HIWMKRIH�XS�ƼX�E�VMKMH��q�PETEVSWGSTI�[MXL�E����QQ�HMEQIXIV��3P]QTYW��8SO]S��.ETER��

Using a lever, the image from the laparoscopic camera can be switched from conventional 

PETEVSWGSTMG� MQEKMRK� XS�2-6� MQEKMRK��8LI�I\GMXEXMSR�FEVVMIV�ƼPXIV�SRP]�EHQMXW� PMKLX�[MXL�E�

[EZIPIRKXL�EFSZI�����RQ��9WMRK�XLI�2-6�GEQIVE��EPP�ƽYSVIWGIRX�WXVYGXYVIW�EVI�HMWTPE]IH�MR�

KVIIR�EKEMRWX�E�FPEGO��RSR�ƽYSVIWGIRX�FEGOKVSYRH��8LI�2-6�GEQIVE�W]WXIQ�MR�GSRNYRGXMSR�[MXL�

-'+�IRLERGIH�ƽYSVIWGIRGI�LEW�EPVIEH]�FIIR�YWIH�HYVMRK�E�RYQFIV�SJ�PETEVSWGSTMG�TVSGIHYVIW�

including LC and sentinel lymph node imaging in colorectal cancer 28,42,43.

Surgical Procedures

Patients were scheduled and prepared according to the standard preoperative protocol for 

elective or acute LC, depending on the indication for surgery. In the operating room, directly after 

the time-out procedure and induction of general anesthesia, patients received an intravenous 

bolus of 0.2 mg/kg ICG diluted in water for intravenous injection. During the cholecystectomy, 

a conventional laparoscopic camera (EndoEye, Olympus, Tokyo, Japan) and a NIR camera 

(Olympus, Tokyo, Japan) were used and the image modes were switched during the surgical 

procedure. The NIR scope was used at set points during surgery (further referred to as “look”) to 

ZMWYEPM^I�XLI�ƽYSVIWGIRX�FMPI�HYGXW��MR�TEVXMGYPEV�XLI�'(�ERH�XLI�'&(��8LI�ƼVWX�PSSO�TIVJSVQIH�MR�

EPP�TEXMIRXW��EXXIQTX�XS�ZMWYEPM^I�XLI�ƽYSVIWGIRX�FMPI�HYGXW��ƼVWX�PSSO�EJXIV�MRGMWMRK�XLI�TIVMXSRIEP�

fold in the hilus of the gallbladder and before dissection of Calot’s triangle. If the CD could not 

be visualized at the start of dissection, a second look with the NIR scope followed at an early 

point during dissection but before skeletonizing of structures. In all patients, a third look with the 

NIR laparoscope was performed when CVS was reached with conventional imaging, to identify 

ƽYSVIWGIRX�FMPI�HYGXW��&MPI�HYGXW��ZMWYEPM^IH�F]�IMXLIV�2-6�SV�GSRZIRXMSREP�[LMXI�PMKLX�MQEKMRK��

[IVI�MHIRXMƼIH�F]�XLI�STIVEXMRK�WYVKISR��XLI�EWWMWXMRK�WYVKISR�ERH�XLI�EXXIRHMRK�MRZIWXMKEXSV��

The visualized structures and time of observation were noted on the case record form. The 

LC was performed in accordance with Dutch protocols, including achievement of CVS. An IOC 

was not performed since this is not part of standard LC in the majority of the hospitals in The 

Netherlands, including our hospital. After surgery, patients recovered on the surgical ward and 

were discharged according to standard postoperative procedures.

Statistical Analysis

Data were analyzed using SPSS software (SPSS version 20.0; IBM Corp, Armonk, NY). 

Continuous data are expressed as the median (minimum-maximum). The Mann-Whitney U test 

8
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[EW�TIVJSVQIH�XS�HIXIVQMRI�XLI�WXEXMWXMGEP�WMKRMƼGERGI�FIX[IIR�KVSYTW�[MXL�ERH�[MXLSYX�FMPI�

HYGX�ZMWYEPM^EXMSR�[MXL�-'+�2-6��6IWYPXW�[IVI�GSRWMHIVIH�WXEXMWXMGEPP]�WMKRMƼGERX�[LIR�P < 0.05.

RESULTS

Following receipt of oral and written informed consent, 20 patients scheduled for LC were 

included in the study. The group included 13 males and 7 females, with a mean age of 65 (range 

26-82) years and a mean body mass index (BMI) of 25.45 (range 16.8-38.0) kg/m2. Two patients 

required early conversion to an open procedure due to dense adhesions as a result of acute 

cholecystitis. One of these patients had already undergone percutaneous gallbladder drainage 

and ERCP. Both patients were excluded from further analysis (Table 1).

Table 1. 4EXMIRX�'LEVEGXIVMWXMGW��2ɸ!ɸ���

Male:Female 13:7

Age, years, median (min-max) 65 (26-82)

Body mass index, kg/m2, median (min-max) 25.45 (16.8-38.0)

ASA (American Society of Anesthesiologists)
 I 7

 II 10

 III 3

Conversion 2

Eighteen patients were included in the analysis (Table 2). Three patients suffered from biliary 

pancreatitis, one of whom had a complicated history of necrotizing biliary pancreatitis with 

renal failure and neuropathy, resulting in a prolonged stay at the intensive care unit before 

surgery (patient 1). Seven patients were diagnosed with acute cholecystitis. Seven patients were 

diagnosed with choledocholithiasis, of whom one had undergone a prior magnetic resonance 

cholangiopancreaticography (MRCP; patient 2), 4 patients a single ERCP (patients 3, 6, 7, 16), 1 

patient 2 ERCPs (patient 10), and 1 patient 3 ERCPs (patient 14) before surgery.

8LI�EZIVEKI�XMQI�FIX[IIR�MRNIGXMSR�SJ�-'+�ERH�XLI�ƼVWX�PSSO�[MXL�XLI�2-6�GEQIVE�[EW�����VERKI�

������QMRYXIW��%X�ƼVWX�PSSO��XLI�'(�[EW�SFWIVZIH�MR���SJ����TEXMIRXW�YWMRK�GSRZIRXMSREP�[LMXI�

light imaging and in 4 of 18 with ICG-NIR (Table 2). In 1 patient, the CD could be visualized with 

both conventional white light and ICGNIR imaging. The CBD was visible in 2 of 18 patients using 

ICG-NIR. These structures could not be visualized with white light at this time point (Table 2).
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-R�XLI�VIQEMRMRK����TEXMIRXW��RS�FMPI�HYGXW�GSYPH�FI�ZMWYEPM^IH�EX�ƼVWX�PSSO��-R�XLI�TVSXSGSP�E�

second look was planned for these patients early in dissection but before skeletonizing of 

WXVYGXYVIW��%W�':7�[EW�VIEGLIH�UYMGOP]�EJXIV�XLI�ƼVWX�PSSO�MR���SJ�XLI����TEXMIRXW��E�WIGSRH�PSSO�

was performed in just 6 patients. At second look, the CD could be visualized with both imaging 

modalities in 1 of 6 patients, and visualized only with conventional white light in a further 2 

TEXMIRXW��-R���TEXMIRXW��XLI�'(�ERH�'&(�GSYPH�FI�ZMWYEPM^IH�SRP]�[MXL�-'+�2-6��-R�XLI�ƼREP�TEXMIRX�

(patient 14), anatomy was unclear with white light. Visualization of the CD and CBD with ICG-

NIR during second look aided the surgeon and prevented conversion to an open procedure.

Overall, CVS was reached 51 (range 10-117) minutes after ICG injection. At CVS, the CD could be 

MHIRXMƼIH�MR�EPP����TEXMIRXW�YWMRK�GSRZIRXMSREP�[LMXI�PMKLX��[LIVIEW�XLI�'&(�GSYPH�FI�MHIRXMƼIH�

MR�SRP]���SJ����TEXMIRXW��9WMRK�-'+�2-6�MQEKMRK��XLI�'(�[EW�MHIRXMƼIH�MR����SJ����TEXMIRXW��ERH�

XLI�'&(�GSYPH�FI�MHIRXMƼIH�MR���SJ����TEXMIRXW��EPP�SJ�[LSQ�EPWS�WLS[IH�E�ƽYSVIWGIRX�G]WXMG�

duct (Table 3).

;LIR�GSQTEVMRK�TEXMIRXW�[MXL�E�G]WXMG�HYGX�SJ�GSQQSR�FMPI�HYGX� MHIRXMƼIH�F]�-'+�2-6�EX�

':7�XS�TEXMIRXW�MR�[LSQ�RS�ƽYSVIWGIRX�FMPI�HYGXW�[IVI�MHIRXMƼIH�EX�':7��RS�HMJJIVIRGIW�[IVI�

apparent with regard to age, BMI, or duration of symptoms before surgery (Table 4). Average 

XSXEP�STIVEXMRK�XMQI�[EW�������VERKI��������QMRYXIW��8MQI�FIX[IIR�-'+�MRNIGXMSR�ERH�ƼVWX�PSSO�

and the and this did not differ between patients with and without time between injection and 

':7�[IVI�EPWS�GSQTEVEFPI�ƽYSVIWGIRX�FMPI�HYGX�MQEKMRK��8EFPI���XMQI�FIX[IIR�-'+�MRNIGXMSR�

ERH�ƼVWX�PSSO��8MQI�FIX[IIR�-'+�MRNIGXMSR�ERH�ƼVWX�PSSO�ERH�XLI�XMQI�FIX[IIR�MRNIGXMSR�ERH�':7�

[IVI�EPWS�GSQTEVEFPI�FIX[IIR�KVSYTW��8LMW�WYKKIWXW�XLEX�XLIVI�[IVI�RS�WMKRMƼGERX�HMJJIVIRGIW�

MR�XIVQW�SJ�HMƾGYPX]�SJ�XLI�WYVKMGEP�TVSGIHYVI�FIX[IIR�XLI�TEXMIRXW�[MXL�ERH�[MXLSYX�-'+�2-6�

bile duct imaging. No bile duct injuries occurred in the cohort and no other complications arose. 

-R�EHHMXMSR��RS�EREXSQMGEP�ZEVMEXMSRW�SJ�XLI�FMPMEV]�XVII�[IVI�MHIRXMƼIH�

8
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Table 3. Bile Duct Imaging With Conventional and Indocyanine Green Near-Infrared (ICG-NIR) Imaging at 
Each “Look.”

Look 1a Look 2b Look 3c

No. of patients 18 6d 18

Time after ICG injection, minutes, median (min-max) 30 (20-72) 70 (28-91) 51 (10-117)

Bile duct imaging 7 4 18

Conventional imaging Cystic duct (CD) 3 3 18

Common bile duct (CBD) 0 0 3

No visualization of bile ducts 15 3 0

ICG-NIR imaging Cystic duct (CD) 4 2 13

Common bile duct (CBD) 2 2 7

No visualization of bile ducts 13 4 5

a After incising the peritoneal fold in the hilus of the gallbladder and before dissection of Calot’s triangle.
b %JXIV�XLI�ƼVWX�PSSO�FIJSVI�WOIPIXSRM^MRK�SJ�WXVYGXYVIW�ERH�SRP]�TIVJSVQIH�MJ�XLI�G]WXMG�HYGX�GSYPH�RSX�FI�
ZMWYEPM^IH�EX�XLI�ƼVWX�PSSO�
c When critical view of safety was reached with conventional imaging.
d A second look was planned in 11 patients but performed in just 6 patients. In 5 patients, critical view of 
WEJIX]�[EW�VIEGLIH�UYMGOP]�EJXIV�XLI�ƼVWX�PSSO�FIJSVI�E�WIGSRH�PSSO�GSYPH�LEZI�FIIR�TIVJSVQIH�

Table 4. Characteristics of Patients With and Without ICG-NIR Imaging of the Bile Ducts at CVS.

ICG-NIR 
-HIRXMƼGEXMSR

No ICG-NIR 
-HIRXMƼGEXMSR

P

No. of patients 13 5

Age, years, median (min-max) 65 (39-82) 65 (26-73) .964

BMI, kg/m2, median (min-max) 25 (16.8-32.4) 25.6 (19.4-33.0) .750

Diagnosis

Cholecystitis acuta 4 3

Biliary pancreatitis 2 1

Choledocholithiasis 6 1

Cholangitis 1 0

Time symptoms to operation, days, median 
(min-max)

75 (2-714) 2 (2-238) .213

First look, minutes, median (min-max) 30 (20-72) 42 (23-57) .750

CVS, minutes, median (min-max) 49 (25-117) 60 (10-101) .892

Operating time, minutes, median (min-max) 75 (45-128) 90 (50-120) .892

Abbreviations: CVS, critical view of safety; ICG, indocyanine green; NIR, near-infrared.

8
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DISCUSSION

This study was designed to assess the practicality and usefulness of ICG-NIR in early 

MHIRXMƼGEXMSR�SJ�XLI�'(�ERH�XLI�EHHMXMSREP� MQEKMRK�SJ�XLI�'&(��GSQTEVIH�[MXL�GSRZIRXMSREP�

white-light imaging, during LC in patients with complicated cholecystolithiasis. Fluorescent 

imaging of the CD was possible in the majority of the cases at CVS, and improved the 

MHIRXMƼGEXMSR�SJ�XLI�'&(�GSQTEVIH�XS�GSRZIRXMSREP�[LMXI�PMKLX� MQEKMRK��-R���TEXMIRX�� MX�[EW�

even possible to prevent conversion by detecting the CD and CBD with ICG-NIR before CVS 

was reached. However, we should emphasize that the number of patients included in the study 

[EW�WQEPP�ERH�IEVPMIV�'(�MHIRXMƼGEXMSR�F]�-'+�2-6�[EW�SRP]�TSWWMFPI�MR�E�JI[�SJ�XLIWI�TEXMIRXW��

7IGSRH��SZIVEPP�ZMWYEPM^EXMSR�VEXIW�SJ�XLI�'(�ERH�'&(�[MXL�2-6�ƽYSVIWGIRGI�[IVI�QYGL�PS[IV�

than the visualization rates described for uncomplicated cases of cholecystolithiasis 24-38.

The diminished visualization of the bile ducts with ICG-NIR in the patient population presented 

here may have been due to severe edema or dense adhesions as a result of an acute or past 

MRƽEQQEXMSR�SV�ER�MRXIVZIRXMSR�WYGL�EW�)6'4�26,33,34. It is important to bear in mind that the 

TIRIXVEXMSR�HITXL�SJ�-'+�MW�PMQMXIH��r����GQ�ERH�MW�TVSFEFP]�MRWYƾGMIRX�JSV�ZMWYEPM^EXMSR�SJ�XLI�

bile ducts when covered by thickened tissue. This phenomenon is also suspected in obese 

patients (BMI >30 kg/m2), in which case the bile ducts are covered by a fatty peritoneum. In 

EKVIIQIRX�[MXL�GYVVIRX�PMXIVEXYVI��[I�HMH�RSX�ƼRH�WMKRMƼGERX�HMJJIVIRGIW�MR�&1-�MR�SYV�TEXMIRXW�

in relation to successful or unsuccessful imaging of bile duct structures 44. We hypothesize 

XLEX�SXLIV�TEXMIRX�ERH�WYVKMGEP�VIPEXIH�JEGXSVW��MRGPYHMRK�MRƽEQIH�XMWWYI��QE]�MRXIVJIVI�[MXL�ERH�

MRƽYIRGI�XLI�WYGGIWW�VEXI�SJ�ƽYSVIWGIRGI�ZMWYEPM^EXMSR�SJ�XLI�FMPI�HYGXW�MR�GSQTPMGEXIH�GEWIW�

Important unresolved issues regarding the ICG-NIR technique are the large disparities in time 

intervals to imaging following injection of ICG and the wide variation in dosages. In current 

literature, the reported timing of ICG injection in uncomplicated cholecystolithiasis varies 

between 30 and 60 minutes prior to start of surgery until after endotracheal intubation. Whether 

a prolonged interval (up to 24 hours) improves visualization is not yet known. In terms of dosage, 

in the present study we used 0.2 mg/kg, which is in the range of a bolus of 2.5 mg in total up 

to 0.5 mg/kg used in described in current literature. Based on our earlier (satisfactory) results 

in uncomplicated cases and for logistical reasons, ICG was injected directly after induction of 

general anesthesia 28.�3YV�ƼREP�PSSO�MR�EPP�TEXMIRXW�EX�':7�[EW�VIEGLIH�EX�E�QIHMER�SJ������������

minutes after ICG administration. Bearing in mind the low visualization rates of bile ducts in 

our study, particularly compared with uncomplicated cases, we presume that dosage and time 
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JVEQI�EVI�HIGMWMZI�ERH�GVYGMEP�JSV�XLI�IJJIGXMZIRIWW�SJ�'(�ERH�'&(�2-6�ƽYSVIWGIRGI�MQEKMRK�

in patients with complicated gallbladder pathologies.

With normal liver function, 95% of ICG is captured by hepatocytes within 15 minutes of injection 

and excreted into the bile 45. In patients with decreased liver function, removal of ICG from blood 

to bile is delayed. This suggests that earlier injection of ICG could improve detection rates of 

the CD and CBD in complicated cases. Verbeek et al46 have shown, in uncomplicated cases, 

that optimal visualization of the bile ducts is achieved by injection (10 mg ICG) 24 hours prior to 

surgery and is due to an increased contrast ratio of CBD versus liver background. These authors 

argued that administration of ICG should be performed as early as possible in all patients to 

EPPS[�STXMQEP�GPIEVERGI�SJ�XLI�GSRXVEWX�EKIRX�JVSQ�XLI�PMZIV�FIJSVI�YRHIVXEOMRK�2-6�ƽYSVIWGIRGI�

assisted LC. However, this regime would be challenging in the case of elective LC and in patients 

suffering from acute cholecystitis requiring early surgery.

Four studies to date have described (small) patient cohorts in which ICG-NIR bile duct imaging 

was used in LC due to complicated cholecystitis 26,32,33,47. The most complicated cases included 

in these studies were patients with acute cholecystitis. The CD and CBD visualization rates 

HIWGVMFIH�MR�XLIWI�WXYHMIW�[IVI�WMKRMƼGERXP]�LMKLIV�XLER�XLSWI�JSYRH�MR�SYV�WXYH]������	�XS�

100% and 72% to 79.1% versus 72% and 38%, respectively). With the exception of patient 

selection, these studies show no great differences in timing and dosage compared to our 

WXYH]��XLYW�WYKKIWXMRK�XLEX�TEXMIRX�TEXLSPSK]�MRƽYIRGIW�XLI�IƾGEG]�SJ�-'+��-X� MW�TVIWIRXP]�

unclear whether this phenomenon can be attributed to delayed clearance of ICG from blood 

to bile due to decreased liver clearance, as described above. Therefore, future studies should 

attempt to establish optimal dosages and timeframes for ICG administration and bile duct 

visualization, taking into account both the various gallbladder pathologies and feasibility in 

daily surgical practice.

CONCLUSIONS

2-6�ƽYSVIWGIRGI�EWWMWXIH�0'�LEW�XLI�TSXIRXMEP�XS�FIGSQI�E�WXERHEVH�WYVKMGEP�TVSGIHYVI��

Early visualization of the cystic duct and additional imaging of the CBD may increase safety 

in LC and might offer an alternative to the intraoperative cholangiogram in patients with an 

MRGVIEWIH�VMWO�SJ�'&(�MRNYV]��-R�GSRXVEWX�XS�XLI�IEWI�ERH�IƾGMIRG]�SJ�'(�ERH�'&(�HIXIGXMSR�

F]�ƽYSVIWGIRX�MQEKMRK�MR�YRGSQTPMGEXIH�GEWIW��KEPPFPEHHIV�TEXLSPSK]�ETTIEVW�XS�GVIEXI�

a much more challenging and complex situation. Further research is needed to optimize 

8
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techniques, dosage, timing, and patient selection in order to establish whether ICG-NIR can 

help prevent and manage bile duct injury, and whether there is a place for routine use of 

ƽYSVIWGIRX�MQEKMRK�MR�XLSWI�TEXMIRXW�EX�MRGVIEWIH�VMWO�SJ�FMPI�HYGX�MRNYV]�HYVMRK�0'�
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ABSTRACT

Background Near-infrared imaging with indocyanine green (ICG) has been extensively 

investigated during laparoscopic cholecystectomy (LC). However, methods vary between 

studies, especially regarding patient selection, dosage and timing. The aim of this systematic 

review was to evaluate the potential of the near-infrared imaging technique with ICG to 

identify biliary structures during LC.

Methods A comprehensive systematic literature search was performed. Prospective 

trials examining the use of ICG during LC were included. Primary outcome was biliary tract 

visualization. Risk of bias was assessed using ROBINS-I. Secondly, a meta-analysis was 

TIVJSVQIH�GSQTEVMRK�-'+�XS�MRXVESTIVEXMZI�GLSPERKMSKVETL]��-3'�JSV�MHIRXMƼGEXMSR�SJ�FMPMEV]�

structures. GRADE was used to assess the quality of the evidence.

Results Nineteen studies were included. Based upon the pooled data from 13 studies, cystic 

duct visualization was 86.5 (95%CI 71.2–96.6) prior to dissection of Calot’s triangle with a 2.5-mg 

dosage of ICG and 96.5 (95%CI 93.9–98.4) after dissection. The results were not appreciably 

different when the dosage was based upon bodyweight. There is moderate quality evidence that 

the CD is more frequently visualized using ICG than IOC (RR 1.16; 95% CI 1.00–1.35); however, 

XLMW�HMJJIVIRGI�[EW�RSX�WXEXMWXMGEPP]�WMKRMƼGERX�

Conclusion This systematic review provides equal results for biliary tract visualization with 

near-infrared imaging with ICG during LC compared to IOC. Near-infrared imaging with ICG has 

the potential to replace IOC for biliary mapping. However, methods of near-infrared imaging 

with ICG vary. Future research is necessary for optimization and standardization of the near-

infrared ICG technique.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) is one of the most frequently performed surgical procedures 

worldwide 2, 3. The most serious complication is bile duct injury with an incidence 0.3–1.5% 4–6. 

&MPI�HYGX�MRNYV]�LEW�WMKRMƼGERX�MQTEGX�SR�UYEPMX]�SJ�PMJI�ERH�WYVZMZEP��7MRGI�XLI�MRXVSHYGXMSR�SJ�

LC, prevention of complications has been a priority of surgeons 7. To avoid complications such 

as bile duct injury, instruments have been developed to minimize risk. One of the strategies is 

the critical view of safety (CVS) during the dissection of the gallbladder according to Strasberg 8.

Despite introduction of CVS, the use of modern highresolution cameras and angled optics, the 

incidence of bile duct injury still remains 0.42% 9. Most common causes of bile duct injury are 

TSSV�MHIRXMƼGEXMSR�SJ�XLI�FMPMEV]�XVEGX�ERH�MRƽEQQEXSV]�GLERKIW�WYGL�EW�EGYXI�GLSPIG]WXMXMW��

To overcome risk of bile duct injury, extra intraoperative visualization techniques, such as 

intraoperative ultrasound and cholangiogram (IOC), have been introduced 10.

IOC is a technique that aids the surgeon to identify the biliary anatomy, possible common bile 

duct stones and anatomical variations during LC. The use of IOC is debateable. Advocates of 

the technique argue IOC should be used routinely during LC in order to avoid bile duct injury. 

Adversaries argue that the technique is not practically feasible, because additional trained staff 

is required during surgery 5. Furthermore, incision of the cystic duct is required which could lead 

to possible bile duct injury. Also, IOC provides additional harmful radiation for the patient 5, 11, 12. 

Another disadvantage is that partial dissection of Calot’s triangle should be performed before 

IOC can be utilized and, therefore, bile duct injury can occur before IOC.

6IGIRXP]��MRXVESTIVEXMZI�ZMWYEPM^EXMSR�SJ�XLI�FMPI�HYGXW�YWMRK�RIEV�MRJVEVIH�PMKLX�ERH�XLI�ƽYSVIWGIRX�

dye indocyanine green (ICG) were introduced during cholecystectomy 13. This technique provides 

real-time imaging of the biliary tract even before dissection of Calot’s triangle.

ICG is an intravenously delivered agent, which when stimulated by near-infrared light (700–900 

RQ�TVSZMHIW�ƽYSVIWGIRX�ZMWYEPM^EXMSR�SJ�ZEWGYPEV�ERH�FMPMEV]�WXVYGXYVIW��-'+�MW�E�[EXIV�WSPYFPI�

dye with peak spectral absorption at 800 nm. After intravenous injection, ICG is bound to plasma 

proteins and, therefore, remains intravascular. ICG is metabolized almost exclusively by hepatic 

parenchymal cells and secreted into the bile. Peak concentration in the bile occurs between 

30 min and 2 h after injection, whereas peak concentration in the arterial system is reached 

within 1–2 min 14.

9
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Near-infrared imaging with ICG during LC has only recently been introduced 15, 16. Under near-

MRJVEVIH�PMKLX��XLI�FMPMEV]�WXVYGXYVIW�EVI�ƽYSVIWGIRXP]�LMKLPMKLXIH��TSXIRXMEPP]�EMHMRK�EREXSQMGEP�

MHIRXMƼGEXMSR�ERH�TVIZIRXMSR�SJ�FMPI�HYGX�MRNYV]��&IRIƼXW�SJ�-'+�MRGPYHI�XLEX�MX�MW�PIWW�MRZEWMZI�ERH�

no incision of the cystic duct is required, nor is the patient exposed to radiation. Furthermore, 

ICG has the potential to identify the biliary tract before dissection of Calot’s triangle, whereas 

IOC is generally performed after dissection of the CD.

Currently, near-infrared imaging with ICG is rapidly expanding to other surgical areas. The use 

of near-infrared imaging with ICG for LC is suggested to be safe and feasible 17–19. However, 

between the published studies there is wide variation in technical and procedure-related factors, 

such as dosage, timing of ICG administration and patient pathology.

Primary question of this systematic review is to evaluate how the near-infrared imaging 

technique with ICG is used during LC in order to identify biliary structures. Secondary questions 

MRGPYHI��[LEX�MW�XLI�MRƽYIRGI�SJ�HSWEKI�ERH�XMQMRK�SR�FMPMEV]�XVEGX�ZMWYEPM^EXMSR�FIJSVI�ERH�EJXIV�

HMWWIGXMSR�SJ�'EPSXƅW�XVMERKPI#�;LEX�MW�XLI�MRƽYIRGI�SJ�SFIWMX]�ERH�KEPPFPEHHIV�HMWIEWI�EIXMSPSK]�

on biliary tract visualization? And does near-infrared imaging with ICG provide more frequent 

biliary tract visualization compared to IOC?

METHODS

This systematic review was conducted in accordance with the preferred reporting items 

for systematic reviews and meta-analysis statement 20. No approval of the medical ethics 

committee was required.

Criteria for considering studies for this review

Eligibility criteria

%VXMGPIW�[IVI�MRGPYHIH�MJ�XLI]�JYPƼPPIH�XLI�JSPPS[MRK�GVMXIVME��1 the study describes the use of near-

infrared imaging with ICG; 2 reports on laparoscopic cholecystectomies in humans for treatment 

of gallbladder disease (e.g. cholecystolithiasis and cholecystitis); and 3 used a prospective 

design (i.e. cohort study or randomized controlled trial). To avoid overlapping patient data in 

duplicate publications, the article with the largest sample size was included. No publication date 

or publication status restrictions were imposed. Only studies published in English, German or 

Dutch were included.
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8]TIW�SJ�SYXGSQI�QIEWYVIW

Primary outcome of this review was extrahepatic biliary tract visualization of the cystic duct 1,  

common bile duct (CBD) and common hepatic duct (CHD) before and after dissection of 

Calot’s triangle. Secondary outcomes were comparison of ICG to IOC, dosage and timing of 

administration of ICG and body mass index (BMI).

Search methods for selection of studies

Electronic searches

A comprehensive search was performed in the bibliographic databases PubMed, Embase.

com, the Cochrane Library (via Wiley) and Web of Science from inception of the databases 

to the 8 February 2016, in collaboration with a medical librarian (LS). Search terms included 

controlled terms (Mesh in PubMed, Emtree in Embase) as well as free text terms. Free text 

terms were only used in the Cochrane Library and Web of Science. The following terms were 

used (including synonyms and closely related words) as index terms: ‘biliary tract surgical 

procedures’ or ‘biliary tract’ or ‘biliary tract diseases’ and ‘cholangiography’ or ‘spectroscopy’ 

SV�ƄRIEV�MRJVEVIHƅ�SV�ƄWYVKIV]��GSQTYXIVEWWMWXIHƅ�ERH�ƄMRHSG]ERMRI�KVIIRƅ�SV�ƄƽYSVIWGIRX�H]IWƅ��

The full search strategies for all the databases are given in ‘‘Supplementary Information S1’’.

7IEVGLMRK�SXLIV�WSYVGIW

7]WXIQEXMG�VIZMI[W�ERH�REVVEXMZI�VIZMI[�EVXMGPIW�XLEX�[IVI�MHIRXMƼIH�HYVMRK�XLI�WIEVGL�[IVI�

checked for additional references.

Data collection and analysis

7IPIGXMSR�SJ�WXYHMIW

Article selection was performed by three authors independent of one another (DvD, SV and 

1%��8MXPIW�ERH�EFWXVEGXW�[IVI�ƼVWX�WGVIIRIH��ERH�[LIR�YRGPIEV��XLI�JYPP�XI\X�SJ�ER�EVXMGPI�[EW�

examined. In case of disagreement regarding inclusion or exclusion, a paper was discussed 

to establish consensus. To avoid overlapping patient data in duplicate publications, the article 

[MXL�XLI�PEVKIWX�WEQTPI�WM^I�[EW�MRGPYHIH��8LI�TVSGIWW�SJ�MRGPYWMSR�MW�WLS[R�MR�E�ƽS[�GLEVX�

(Figure 1).

9
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Figure 1.�46-71%�ƽS[�HMEKVEQ

(EXE�I\XVEGXMSR�ERH�QEREKIQIRX

Data were extracted by three authors (SV, DvD and MA) independent of one another using a 

data extraction form that included information on: publication details; dosage and timing of ICG 

administration; camera system used; general patient characteristics; general surgical procedure 

characteristics, including conversion and complication rate and operating time; LC indications 

and information on biliary tract visualization.

6MWO�SJ�FMEW�EWWIWWQIRX

Two authors (SV and MA) assessed the risk of bias for studies that reported comparisons 

between ICG and IOC using the Cochrane’s ROBINS-I tool (Risk Of Bias In Nonrandomized 
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Studies of Interventions) 21. The following items were assessed: bias due to confounding; 

selection bias; bias in measurement of interventions; bias due to missing data; bias in 

measurement of outcomes; and bias in the selection of the reported result. Each domain was 

scored as low, moderate, serious or critical risk of bias. Overall risk of bias of the included study 

was scored serious if serious risk of bias was scored in at least one domain. If no serious risk 

of bias was scored in any domain, the study would receive an overall moderate risk of bias.

1IEWYVIW�SJ�XVIEXQIRX�IJJIGX

8LI� TVMQEV]� SYXGSQI� MW� HMGLSXSQSYW� �M�I�� MHIRXMƼGEXMSR� FMPMEV]� WXVYGXYVI�� 4VIZEPIRGI� SJ�

biliary duct visualization for the CD, CBD, CHD and the cystic duct junction (CD-j) is given as 

proportions. Weighted mean biliary duct visualization was calculated through pooled analysis 

MR�E�VERHSQ�IJJIGXW�QSHIP�[MXL���	�GSRƼHIRGI�MRXIVZEPW�YWMRK�1IH'EPG�WSJX[EVI��3SWXIRHI��

Belgium).

ICG visualization was compared to IOC for the CD, CBD and CHD. Outcomes are weighted 

by inverse variance in a random effects model. Treatment effect is presented as relative risk 

[MXL���	�GSRƼHIRGI�MRXIVZEPW��8LIWI�EREP]WIW�[IVI�GSRHYGXIH�MR�6IZ1ER��22. Heterogeneity 

between studies was assessed through a number of manners: Eye-Ball, Q test and the I2 statistic. 

Technical failure of IOC was not excluded from calculations, but analysed as not able to visualize 

the bile duct structures.

Data synthesis

The overall quality of the evidence and strength of recommendations was evaluated using 

GRADE 23. At the start of GRADE assessment process, we assumed high quality for all studies 

and we downgraded the quality of the evidence for each comparison by one to two levels 

depending on the seriousness of the violations in each domain.

To assess the risk of bias for a comparison, the risk of bias tables for each study in that 

comparison was considered. For each comparison, the risk of bias was considered serious 

(-1) if a majority of the evidence in the studies included in the meta-analysis (in terms of number 

of participants) scored serious risk of bias. For consistency, we considered a majority of the 

following four items: an I2 ZEPYI�SJ�QSVI�XLER���	��WXEXMWXMGEP�WMKRMƼGERGI�SJ�LIXIVSKIRIMX]�

�T!������PEVKI�ZEVMEXMSR�MR�WM^I�IJJIGX�ERH�RS�SZIVPETTMRK�SJ�GSRƼHIRGI�MRXIVZEPW�JSV�HS[RKVEHMRK�

�����-J�LEPJ�SJ�XLI�MXIQW�[IVI�WGSVIH�JSV�MRGSRWMWXIRG]��XLI�ZEVMEXMSR�MR�WM^I�IJJIGX�ERH�GSRƼHIRGI�

intervals were considered decisive. For imprecision of results, serious imprecision leading to 

downgrading (-1) was judged if a comparison included fewer than 22,000 participants or if wide 

9
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GSRƼHIRGI�MRXIVZEPW�EVSYRH�XLI�IJJIGX�IWXMQEXI�[IVI�VITSVXIH��-RHMVIGXRIWW�SJ�XLI�IZMHIRGI�[EW�

not an issue in this review, because the population, intervention, comparison and outcomes were 

directly correlated with the review question. Summary of Findings tables were generated for 

the primary analyses and for the primary outcome measures only. The quality of the evidence 

is described as:

• ,MKL��JYVXLIV�VIWIEVGL�MW�ZIV]�YRPMOIP]�XS�GLERKI�SYV�GSRƼHIRGI�MR�XLI�IWXMQEXI�SJ�IJJIGX�

• 1SHIVEXI��JYVXLIV�VIWIEVGL�MW�PMOIP]�XS�LEZI�ER�MQTSVXERX�MQTEGX�SR�SYV�GSRƼHIRGI�MR�XLI�

estimate of effect and may change the estimate;

• 0S[��JYVXLIV�VIWIEVGL�MW�ZIV]�PMOIP]�XS�LEZI�ER�MQTSVXERX�MQTEGX�SR�SYV�GSRƼHIRGI�MR�XLI�

estimate of effect and is likely to change the estimate.

• Very low: the true effect is likely to be substantially different from the estimate of effect.

A ‘Summary of Findings’ table was created using GRADEpro software 24.

RESULTS

An overview of included studies is provided in Table 1. In total, 19 studies were included for 

qualitative evaluation. Of 19 studies 15, 16, 25–41��SRI�RSR�VERHSQM^IH�GSRXVSPPIH�XVMEP�[EW�MHIRXMƼIH�
27 and 18 prospective cohort studies. In total, 772 patients were reported, with a 0.5% (1/197 

patients) conversion rate and 1.7% (10/578 patients) complication rate.

Of 19 studies, 13 reported near-infrared imaging with ICG during laparoscopic cholecystectomy 
15, 16, 25, 28–30, 33–37, 40, 41 and six studies reported multiple laparoscopic techniques, including single 

incision and robotic surgery 26, 27, 31, 32, 38, 39��%ZIVEKI�XMQI�SJ�ƼVWX�-'+�EHQMRMWXVEXMSR�ZEVMIH�FIX[IIR�

74 min prior to surgery up to after tracheal intubation. Most studies administered ICG between 

45 and 60 min prior to surgery. Timing of a second administration was reported on different 

moments during the surgical procedure in order to identify the cystic artery (CA). The CA was 

MHIRXMƼIH�MR�����	�?7(�����A�SJ�XLI�GEWIW�32, 34, 37. For near-infrared visualization, the use of six 

different camera systems has been reported.

In total, 14 studies included patients with only uncomplicated gallbladder disease 

(cholecystolithiasis, chronic cholecystitis or gallbladder polyp), encompassing 311 patients 15, 

16, 26, 27, 30–32, 35, 37–41��ERH�ƼZI�WXYHMIW�MRGPYHIH�FSXL�GSQTPMGEXIH�ERH�YRGSQTPMGEXIH�KEPPFPEHHIV�

disease (acute cholecystitis, biliary pancreatitis, cholestasis and post-ERCP), encompassing 

461 patients 25, 28, 29, 33, 34. In total, 78 of 461 patients suffered complicated gallbladder disease.
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Biliary tract visualization per dosage of ICG

7IZIVEP�HSWEKI�WGLIQIW�[IVI�YWIH��E�Ƽ\IH�HSWEKI�SJ�����QK�-'+�[EW�YWIH�MR�RMRI�WXYHMIW�16, 26, 

27, 31, 33, 35, 37–39, a dosage of 0.05 mg/kg bodyweight was used in six studies 28–30, 32, 34, 40, a dosage 

of 0.5 mg/kg bodyweight was used in two studies 25, 36 and two studies reported other dosage 

schemes 15, 41��*SV�EREP]WMW�SJ�FMPMEV]�XVEGX�MHIRXMƼGEXMSR��XLI�WXYHMIW�TVSZMHMRK�MRJSVQEXMSR�SR�

HSWEKI�WGLIQI�[IVI�WXVEXMƼIH�F]�Ƽ\IH�HSWEKI������QK�ERH�HSWEKI�TIV�OMPSKVEQ�FSH][IMKLX�

(0.05 mg/kg) as given in Table 2.

7IZIR�WXYHMIW�[IVI�WXVEXMƼIH�XS�XLI�Ƽ\IH�HSWEKI�KVSYT�IRGSQTEWWMRK�����TEXMIRXW�16, 26, 31, 

33, 35, 37, 38��7M\�WXYHMIW�[IVI�WXVEXMƼIH�XS�XLI������QK�OK�FSH][IMKLX�KVSYT�IRGSQTEWWMRK�����

patients 28–30, 2, 34, 40. One study reported on visualization of the CD-j before dissection with positive 

MHIRXMƼGEXMSR�MR����SJ����GEWIW�34. No studies reported on the CHD and CD-j visualization after 

dissection. Two studies have used a dosage scheme of 0.5 mg/kg bodyweight, of which one has 

evaluated visualization of the biliary structures before and after dissection in 23 patients 36. Two 

included studies with different dosage schemes 15, 41 did not report on biliary tract visualization.

-R�EHHMXMSR�XS�XLI�'(��'&(��',(��SXLIV�WXVYGXYVIW�SV�EFIVVERX�EREXSQ]�[IVI�MHIRXMƼIH�MR��������

����	�SJ�XLI�TEXMIRXW��1SWXP]��XLI�GSRƽYIRGI�SJ�XLI�VMKLX�ERH�PIJX�LITEXMG�HYGX�[EW�ZMWYEPM^IH�
16, 30, 34��3XLIV�MHIRXMƼIH�WXVYGXYVIW�MRGPYHI�ER�I\XVE�'%�40, additional hepatic duct or aberrant 

course of the CD 16, 30, 34, 40 and a CBD cyst 30. 

ICG versus IOC visualization

In total, four studies compared the use of ICG with IOC in 215 patients 29, 30, 35, 36. Risk of bias 

was scored moderate for visualization of the CD and CBD and serious for visualization of the 

CHD (Table 3). Results of biliary structure visualization with ICG and IOC are presented in Figure 

2A–C. There is moderate quality evidence that visualization of the cystic duct with ICG is better 

than using the IOC (RR 1.16; 95% CI 1.00–1.35), and, respectively, moderate and low quality 

evidence for the visualization of the CBD (RR 1.00; 95% CI 0.97–1.03) and CHD (RR 0.76; 95% 

CI 0.58–1.01)with ICG compared to visualization with IOC. None of the estimated effect sizes 

[IVI�WXEXMWXMGEPP]�WMKRMƼGERX��8EFPI����%PP�XLVII�GSQTEVMWSRW�[IVI�HS[RKVEHIH�JSV�WIVMSYW�

imprecision because few participants were examined. The comparison of the CHD also scored 

serious risk of bias due to possible selection bias. 

Ankersmit_Marjolein_BNW_V8.indd   194Ankersmit_Marjolein_BNW_V8.indd   194 12/16/2019   0:52:2412/16/2019   0:52:24



NIR biliary tract visualization: a systematic review          195

Ta
bl

e 
2.

 B
ili

ar
y 

tr
ac

t v
is

ua
lis

at
io

n 
pe

r d
os

ag
e 

sc
he

m
e

&M
PME
V]
�XV
EG

X�Z
MW
YE

PMW
EX
MS
R�
[
MXL

�E
��
��
Q
K�
Ƽ\

IH
�H
SW

EK
I�
SJ
�-'

+
�n

 (%
)

St
ud

y
R

ad
m

. t
im

in
g 

(m
in

s)
C

D 
be

fo
re

C
D 

af
te

r
C

BD
 b

ef
or

e
C

BD
 a

ft
er

C
H

D 
be

fo
re

C
H

D 
af

te
r

Is
ha

za
w

a 
16

52
30

52
 (1

00
)

52
 (1

00
)

-
-

50
 (9

6.
2)

52
 (1

00
)

Is
ha

za
w

a 
31

7
15

*
5 

(7
1.

4)
-

-
-

7 
(1

00
)

-

Bu
ch

s 
26

12
45

11
 (9

1.
7)

12
 (1

00
)

6 
(5

0)
10

 (8
3.

3)
4 

(3
3.

3)
8 

(6
6.

7)

Sc
ho

ls
 37

30
15

*
29

 (9
6.

7)
-

25
 (8

3.
3)

-
-

-

Sp
in

og
lio

 38
45

45
42

 (9
3.

3)
44

 (9
7.

8)
41

 (9
1.

1)
44

 (9
7.

8)
40

 (8
8.

9)
44

 (9
7.

8)

O
sa

yi
 35

82
74

46
 (5

6.
1)

78
 (9

5.
1)

31
 (3

7.
8)

63
 (7

6.
8)

29
 (3

5.
4)

57
 (6

9.
5)

Ko
no

 33
10

8
-

88
 (8

1.
5)

10
3 

(9
5.

4)
-

94
 (8

7.
0)

10
0 

(9
2.

6)

W
ei

gh
te

d 
m

ea
n 

%
 (9

5%
C.

I.)
86

.5
 (7

1.
2-

96
.6

)
96

.5
 (9

3.
9-

98
.4

)
67

.3
 (3

5.
5-

92
.1

)
86

.6
 (6

7.
1-

98
.0

)
76

.8
 (5

1.
2-

94
.7

)
88

.9
 (7

3.
5-

98
.2

)

Bi
lia

ry
 tr

ac
t v

is
ua

lis
at

io
n 

w
ith

 a
 0

,0
5m

g 
pe

r k
g 

bo
dy

w
ei

gh
t d

os
ag

e 
of

 IC
G

 n
 (%

)

Ka
ne

ko
 32

28
15

26
 (9

2.
8)

-
-

-
27

 (9
6.

4)
-

D
ip

 30
65

60
50

 (7
6.

9)
65

 (1
00

)
50

 (7
6.

9)
65

 (1
00

)
-

-

D
ip

 29
45

60
44

 (9
7.

8)
†

-
36

 (8
0.

0)
†

-
27

 (6
0.

0)
†

-

La
rs

en
 34

35
15

*
-

-
-

-
-

-

va
n 

D
am

 40
30

15
*

10
 (3

3.
3)

29
 (9

6.
7)

20
 (6

6.
7)

26
 (8

6.
7)

-
-

D
ip

 28
71

60
71

 (1
00

)
-

62
 (8

7.
3)

-
50

 (7
0.

4)
-

W
ei

gh
te

d 
m

ea
n 

%
 (9

5%
C.

I.)
85

.2
 (6

0.
2-

98
.9

)
98

.4
 (9

2.
4-

99
.9

)
78

.7
 (7

0.
3 

- 8
6.

0)
95

.3
 (7

3.
4-

99
.0

)
76

.6
 (5

4.
5-

92
.9

)

2
YQ

FI
V�S

J�F
MPM
EV
]�
WX
VY
GX
YV
I�
MH
IR

XMƼ
GE

XMS
RW

�R
��	

�T
VS
TS

VX
MS
R
�F
IJ
SV
I�
ER

H�
EJ
XI
V�H

MW
WI

GX
MS
R�
SJ
�'
EP
SX
ƅW
�XV
ME
RK

PI
��8

MQ
MR
K�
SJ
�-'

+
�E
HQ

MR
MW
XV
EX
MS
R�
MW
�I
UY

EP
��E

ZI
VE
KI

��
��
��
ER

H�
37

.5
 m

in
ut

es
 b

ef
or

e 
su

rg
er

y)
 fo

r b
ot

h 
gr

ou
ps

. I
C

G
, i

nd
oc

ya
ni

ne
 g

re
en

; t
im

in
g,

 ti
m

in
g 

of
 a

dm
in

is
tr

at
io

n;
 m

in
s,

 m
in

ut
es

; C
D,

 c
ys

tic
 d

uc
t; 

C
BD

, c
om

m
on

 b
ile

 d
uc

t; 
C

H
D,

 
GS

Q
Q
SR

�L
IT

EX
MG
�H
YG

X��
��
-'
+
�E
HQ

MR
MW
XV
EX
MS
R�
EJ
XI
V�E

RE
IW

XL
IW

ME
��Ƌ
�F
MPM
EV
]�
WX
VY
GX
YV
I�
MH
IR

XMƼ
GE

XMS
R�
FI

JS
VI
�E
RH

�H
YV
MR
K�
HM
WW

IG
XMS

R

9

Ankersmit_Marjolein_BNW_V8.indd   195Ankersmit_Marjolein_BNW_V8.indd   195 12/16/2019   0:52:2412/16/2019   0:52:24



196          Chapter 9

Table 3. Risk of bias , ROBINS-I

ROBINS-I Dip46 Dip46 Osayi35 Prevot36

Participants 65 45 82 23

Domain

Bias due to confounding Low Low Low Low

Bias in selection of participants into the study Low Low Serious Serious

Bias in measurement of interventions Low Low Low Low

Bias due to departures from intended interventions Low Low Low Low

Bias due to missing data Low Low Low Low

Bias in measurement of outcomes Moderate Moderate Moderate Moderate

Bias in selection of the reported result Low Low Low Low

Overall Moderate Moderate Serious Serious

Obesity and visualization accuracy

In addition to using BMI as a baseline characteristic, three studies reported on ICG visualization 

in different BMI groups 27, 28, 35. Osayi et al. 35 reported similar visualization rates for the CD, CBD 

ERH�',(��FYX�WMKRMƼGERXP]� MRGVIEWIH�ZMWYEPM^EXMSR�SJ�XLI�'(�NYRGXMSR�MR�XLI�&1-�Ƶ����KVSYT�

�Tɸ!ɸ�������%REP]WMW�SJ����TEXMIRXW�[MXL�&1-�"����VIZIEPIH�TVIZEPIRGI�SJ�ZMWYEPM^EXMSR�SJ�XLI�'(�

and CBD of 91 and 64%. Dip et al. 28 evaluated 71 patients of whom 53% had a BMI > 30. They 

VITSVXIH�RS�WXEXMWXMGEPP]�WMKRMƼGERX�HMJJIVIRGIW�FIX[IIR�SFIWI��&1-�"����ERH�RSR�SFIWI��&1-�

Ƶ����TEXMIRXW�JSV�FMPMEV]�XVEGX�ZMWYEPM^EXMSR��3FIWMX]�[EW�QIRXMSRIH�EW�E�GEYWI�SJ�JEMPYVI�SJ�-'+�

visualization of bile ducts in one study 15.

Buchs et al. 27�RSXIH�E�WMKRMƼGERX�JEWXIV�HMWWIGXMSR�MR�XLI�-'+�KVSYT�GSQTEVIH�XS�XLI�GSRXVSP�

group (conventional laparoscopy) in patients with a BMI < 25. Biliary tract visualization was 

not assessed.
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Figure 2a. CD visualization

Figure 2b. CBD visualization

Figure 3b. CHD visualization
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DISCUSSION

This systematic review has examined the use of near-infrared imaging using ICG for visualization 

of the cystic duct and related structures. Results suggest that the use of the near-infrared 

imaging with ICG technique provides good overall visualization rates of the CD, CBD, CHD and 

CD junction prior to and following dissection of Calot’s triangle. Although the number of studies 

is limited and, therefore, the strength of our conclusions is also limited, visualization rates of the 

biliary structures using near-infrared imaging techniques with ICG appear to be equally good 

JSV�IMXLIV�����QK�Ƽ\IH�HSWEKI�SV������QK�TIV�OK�HSWEKI�SJ�-'+��7QEPP�ZEVMEXMSR�SJ�XMQMRK�SJ�

ICG administration was seen, varying between over an hour before surgery until directly after 

EREIWXLIWME��%W�SJ�]IX��WXYHMIW�LEZI�VIZIEPIH�PMXXPI�MRJSVQEXMSR�VIKEVHMRK�MRƽYIRGI�SJ�SFIWMX]�SV�

gallbladder disease aetiology on biliary tract visualization. Also, biliary tract visualization was 

comparable for near-infrared imaging with ICG and conventional IOC.

Most studies used similar timing of ICG administration. Only Kono et al. 33 described in their 

cohort a difference in visualization of the CD-j after different administration times, with 

WMKRMƼGERXP]�QSVI�'(�N�ZMWYEPM^EXMSR�EJXIV�E�PSRKIV�TVISTIVEXMZI�EHQMRMWXVEXMSR�SJ�-'+��QIHMER�

90 min prior to surgery (range 15–165) versus 47 min (range 21–205), p<0.01). Verbeek et al. 
41�HIWGVMFIH�XLEX�EHQMRMWXVEXMSR�SJ�-'+����L�TVMSV�XS�WYVKIV]�VIWYPXW�MR�E�WMKRMƼGERXP]�MRGVIEWIH�

CBD-to-liver contrast. Longer preoperative administration of ICG could result in increased 

visualization rates of the biliary tract structures.

%R� MQTSVXERX� JEGXSV� XLEX� GSYPH� MRƽYIRGI� -'+� MQEKMRK� MW� XLI� EQSYRX� SJ� MRXVE�EFHSQMREP�

adipose tissue. Unfortunately, too few studies have examined this aspect and; therefore, strong 

conclusions cannot be derived. Interestingly, one study 35 reported improved visualization rates 

for the CD-j in patients with lower BMI, while another study reported no differences 28 with 

increasing BMI. Intra-abdominal adipose tissue has been known to be a risk factor in abdominal 

surgery, leading to increased number of post-operative complications 42. More intra- abdominal 

adipose tissue results in a decreased penetration of near-infrared light and thus decreased 

visualization of biliary tract structures 33. BMI has been used as a standard for obesity because 

of its simplicity; however, BMI does not distinguish between the type of adipose tissue or 

location of fat within the intra-abdominal cavity 43, 44. In order to assess the effects of intra-

abdominal adipose tissue on near-infrared imaging with ICG, the patients should be selected 

on basis of fat percentage assessed by either CT or MRI instead of BMI 45.

9
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There is moderate quality evidence comparing near-infrared imaging using ICG to conventional 

-3'�� XLIVIJSVI�� JYXYVI� VIWIEVGL� MW� PMOIP]� XS�LEZI�ER� MQTSVXERX� MQTEGX�SR�GSRƼHIRGI� MR� XLI�

estimate of effect and may change the estimate. However, since IOC comes with higher costs, 

QSVI�HMƾGYPX�TIVMSTIVEXMZI�PSKMWXMGW��KVIEXIV�VEHMEXMSR�I\TSWYVI��KVIEXIV�YWI�SJ�VEHMSKVETLMG�

GSRXVEWX�ƽYMHW��JVIUYIRX�XIGLRMGEP�JEMPYVI�ERH�VMWO�SJ�FMPI�HYGX�MRNYV]�HYI�XS�GERRYPEXMSR�SJ�XLI�'(��

ICG might be considered to be the better option for visualization of the biliary tract 46, although 

JYVXLIV�VIWIEVGL�MW�RIGIWWEV]�XS�GSRƼVQ�XLMW�VIGSQQIRHEXMSR�

As IOC depends on at least partial dissection in order to cannulate the CD, ICG provides early 

MQEKMRK�FIJSVI�WXEVX�SJ�HMWWIGXMSR��2SX�SRP]�EVI�IEVP]��TVMSV�XS�HMWWIGXMSR�MHIRXMƼGEXMSR�VEXIW�[MXL�

ICG adequate, ICG can be used multiple times during dissection without increasing radiation or 

contrast load to the patient compared to IOC. Also, overall costs for ICG are 32.3 USD compared 

to 778.83 USD for IOC 46, although cost for the near-infrared imaging system is unclear.

Several studies have reported aberrant biliary anatomy with the use of ICG 16, 30, 34, 40. Most 

commonly reported aberrant anatomy are variations in the hepatic duct. Failure to identify 

aberrant biliary anatomy could result in bile duct injury. In order to reduce major post-operative 

GSQTPMGEXMSRW��-'+�MHIRXMƼGEXMSR�SJ�EFIVVERX�EREXSQ]�QMKLX�PIEH�XS�E�VIHYGIH�VEXI�SJ�FMPMEV]�

tract leakages.

This systematic review is limited by the design of the included studies. Most included studies 

are prospective cohort studies and, therefore, highly subject to bias. To date, no randomized 

trials have been performed that investigate biliary tract visualization. The design of these 

prospective cohort studies is also limited because most studies did not compare intraoperative 

visualization with ICG to conventional white light laparoscopy. Therefore, no conclusions can 

be drawn whether the near-infrared with ICG technique provides advantages over conventional 

laparoscopy.

In addition, a rather heterogeneous population was examined. Some studies included only 

uncomplicated gallbladder disease, while others have included both complicated and 

uncomplicated disease. In the studies reporting both indications, biliary tract visualization 

results biliary structures during LC. Visualization rates were equal for both dosage schemes. 

When compared to IOC, ICG provides equal visualization of the bile ducts for both complicated 

ERH�YRGSQTPMGEXIH�EVI�TSSPIH�XSKIXLIV��*YVXLIVQSVI��WXYHMIW�YWIH�HMJJIVIRX�HIƼRMXMSRW�JSV�

uncomplicated and complicated gallbladder disease. Therefore, no conclusions can be drawn on 

the use of biliary tract visualization for either complicated or uncomplicated gallbladder disease.
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This systematic review and meta-analysis emphasize the need for further investigation. 

Randomized trials comparing near-infrared imaging with ICG to conventional white light 

laparoscopy are needed to assess the additive value of near-infrared imaging with ICG. Also, 

the effect of earlier preoperative ICG administration on biliary tract visualization should be 

further evaluated. To analyse the effect of uncomplicated and complicated gallbladder disease 

SR�-'+�ZMWYEPM^EXMSR�VIWYPXW��JYVXLIV�VIWIEVGL�WLSYPH�GPIEVP]�HIƼRI�MRGPYHIH�TEXMIRXW�KVSYTW�

CONCLUSIONS

This systematic review shows that near-infrared imaging with ICG provides good visualization of 

the biliary structures during LC. Visualization rates were equal for both dosage schemes. When 

comparing to IOC, ICG provides equal visualization of the bile ducts before dissection. Near-

infrared imaging with ICG has the potential to replace IOC for biliary mapping. However, future 

research is necessary for optimization and standardization of the near-infrared ICG techniques.

9
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SUPPLEMENTARY INFORMATION

1. Search strategy and search results:

Supplementary information S1

7IEVGL�WXVEXIK]�JSV�4YF1IH��*IFVYEV]��XL�����

?1IWLAɸ!ɸ1IHMGEP�WYFNIGX�LIEHMRKW

?XMEFAɸ!ɸ[SVHW�MR�XMXPI�SV�EFWXVEGX

Search Query Items 
found

#4 #1 AND #2 AND #3 244

#3 “Indocyanine Green”[Mesh] OR “Fluorescent Dyes”[Mesh] OR indocyanine 
green[tiab] OR wofaverdin[tiab] OR vophaverdin[tiab] OR icg[tiab] OR 
ƽYSVIWGIR�?XMEFA�36�ƽYSVSGLVSQI�?XMEFA�36�ƽYSVSKIRMG�?XMEFA�36�G[����?XMEFA�
36�MVH]I�?XMEFA�36�ƽYSVSTLSVI?XMEFA�36�ƽYSVIWGIMR?XMEFA�36�MRHSG]ERMRI�
KVIIR?SXA�36�[SJEZIVHMR?SXA�36�ZSTLEZIVHMR?SXA�36�MGK?SXA�36�ƽYSVIWGIR�?SXA�
36�ƽYSVSGLVSQI�?SXA�36�ƽYSVSKIRMG�?SXA�36�G[����?SXA�36�MVH]I�?SXA�36�
ƽYSVSTLSVI?SXA�36�ƽYSVIWGIMR?SXA

405300

#2 “Cholangiography”[Mesh] OR “Spectroscopy, Near-Infrared”[Mesh] 
OR “Surgery, Computer-Assisted”[Mesh] OR cholangiogra*[tiab] OR 
cholangiopancreatograph*[tiab] OR near-infrared[tiab] OR nir[tiab] OR 
image guided surger*[tiab] OR computer-aided surger*[tiab] OR computer 
EWWMWXIH�WYVKIV�?XMEFA�36�VSFSX�?XMEFA�36�ƼVIƽMKLX?XMEFA�36�FMPMEV]�QET�?XMEFA�
OR angiogra*[tiab] OR ((real time[tiab] OR realtime[tiab] OR biliary[tiab] OR 
optical[tiab] OR intra-operative[tiab] OR intraoperative[tiab]) AND (imag*[tiab] 
OR visual*[tiab])) OR cholangiogra*[ot] OR cholangiopancreatograph*[ot] OR 
near-infrared[ot] OR nir[ot] OR image guided surger*[ot] OR computer-aided 
WYVKIV�?SXA�36�GSQTYXIV�EWWMWXIH�WYVKIV�?SXA�36�VSFSX�?SXA�36�ƼVIƽMKLX?SXA�36�
biliary map*[ot] OR angiogra*[ot] OR ((real time[ot] OR realtime[ot] OR biliary[ot] 
OR optical[ot] OR intra-operative[ot] OR intraoperative[ot]) AND (imag*[ot] OR 
visual*[ot]))

321028

#1 “Biliary Tract Surgical Procedures”[Mesh] OR “Biliary Tract”[Mesh] OR “Biliary 
Tract Diseases”[Mesh] OR Biliar*[tiab] OR gallbladder[tiab] OR bile duct*[tiab] 
OR ampulla of vater*[tiab] OR cystic duct*[tiab] OR hepatic duct*[tiab] OR 
cholecystectom*[tiab] OR choledochostom*[tiab] OR cholelithiasis[tiab] OR 
cholangitis[tiab] OR choledoch*[tiab] OR cholecyst*[tiab] OR gallstone*[tiab] 
OR hepatobiliary*[tiab] OR gall bladder[tiab] OR biliar*[ot] OR gallbladder[ot] 
OR bile duct*[ot] OR ampulla of vater*[ot] OR cystic duct*[ot] OR hepatic 
duct*[ot] OR cholecystectom*[ot] OR choledochostom*[ot] OR cholelithiasis[ot] 
OR cholangitis[ot] OR choledoch*[ot] OR cholecyst*[ot] OR gallstone*[ot] OR 
hepatobiliary*[ot] OR gall bladder[ot]

207453

9
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��� 7IEVGL�WXVEXIK]�JSV�)QFEWI�GSQ��*IFVYEV]��XL�����

�I\Tɸ!ɸ)1XVII�OI][SVH�[MXL�I\TPSWMSR

�EF�XMɸ!ɸ[SVHW�MR�XMXPI�SV�EFWXVEGX

2)%6��!ɸ[SVHW�RIEV�XS�IEGL�SXLIV����TPEGIW�ETEVX

2)<8��!ɸ[SVHW�RI\X�XS�IEGL�SXLIV����TPEGI�ETEVX

Search Query Items 
found

#4 #1 AND #2 AND #3 1227

#3 ƄMRHSG]ERMRI�KVIIRƅ�I\T�36ɸƄƽYSVIWGIRX�H]Iƅ�I\T�36ɸƄMRHSG]ERMRI�KVIIRƅ�EF�XM�
36ɸ[SJEZIVHMR�EF�XM�36ɸZSTLEZIVHMR�EF�XM�36ɸMGK�EF�XM�36�ƽYSVIWGIR��EF�XM�
36ɸƽYSVSGLVSQI��EF�XM�36ɸƽYSVSKIRMG��EF�XM�36ɸG[�����EF�XM�36ɸMVH]I��EF�XM�
36ɸƽYSVIWGIMR�EF�XM

505845

#2 ƄGLSPERKMSKVETL]ƅ�I\T�36ɸƄRIEV�MRJVEVIH�WTIGXVSWGST]ƅ�I\T�36ɸƄGSQTYXIV�
EWWMWXIH�WYVKIV]ƅ�I\T�36ɸGLSPERKMSKVE��EF�XM�36�GLSPERKMSTERGVIEXSKVETL��EF�XM�
36ɸƄRIEV�MRJVEVIHƅ�EF�XM�36ɸRMV�EF�XM�36ɸƄMQEKI�KYMHIH�WYVKIV]ƅ�EF�XM�
36ɸƄMQEKI�KYMHIH�WYVKIVMIWƅ�EF�XM�36��ƄVIEP�XMQIƅɸ2)%6��ɸMQEK��EF�XM�36�
�VIEPXMQIɸ2)%6��ɸMQEK��EF�XM�36��STXMGEPɸ2)%6��ɸMQEK��EF�XM�36��ƄGSQTYXIV�
EMHIHƅɸ2)%6��ɸWYVKIV��EF�XM�36��ƄGSQTYXIV�EWWMWXIHƅɸ2)%6��ɸWYVKIV��EF�XM�
36ɸVSFSX��EF�XM�36ɸƼVIƽMKLX�EF�XM�36��FMPMEV]ɸ2)%6��ɸQET��EF�XM�36ɸZMWYEP��EF�XM

643692

#1 ƄFMPMEV]�XVEGX�WYVKIV]ƅ�I\T�36ɸƄLITEXSFMPMEV]�W]WXIQƅ�I\T�36ɸƄFMPMEV]�XVEGX�HMWIEWIƅ�
I\T�36ɸFMPMEV��EF�XM�36ɸKEPPFPEHHIV�EF�XM�36��FMPIɸ2)<8���HYGX��EF�XM�36ɸƄEQTYPPE�
SJ�ZEXIVƅ�EF�XM�36��G]WXMGɸ2)<8��ɸHYGX��EF�XM�36��LITEXMGɸ2)<8��ɸHYGX��EF�XM�
36ɸGLSPIG]WXIGXSQ��EF�XM�36�GLSPIHSGLSWXSQ��EF�XM�36ɸGLSPIPMXLMEWMW�EF�XM�
36ɸGLSPERKMXMW�EF�XM�36ɸGLSPIHSGL��EF�XM�36ɸGLSPIG]WX��EF�XM�36ɸKEPPWXSRI��EF�XM�36�
LITEXSFMPMEV]��EF�XM�36ɸƄKEPP�FPEHHIVƅ�EF�XM

793399

3. 7IEVGL�WXVEXIK]�JSV�;MPI]�'SGLVERI�0MFVEV]��*IFVYEV]��XL�����

XM�EF�O[ɸ!ɸ[SVHW�MR�XMXPI��EFWXVEGX�SV�OI][SVH

Search Query Items 
found

#1 biliar* or gallbladder or (bile and duct*) or (ampulla and vater*) or (cystic and duct*) 
or (hepatic and duct*) or cholecystectom* or choledochostom* or cholelithiasis 
or cholangitis or choledoch* or cholecyst* or gallstone* or hepatobiliary* or gall 
bladder

9099

#2 cholangiogra* or cholangiopancreatograph* or near-infrared or nir or (image guided 
and surger*) or (computer-aided and surger*) or (computer assisted and surger*) 
SV�VSFSX��SV�ƼVIƽMKLX�SV��FMPMEV]�ERH�QET��SV�ERKMSKVE��SV���VIEP�XMQI�SV�VIEPXMQI�SV�
biliary or optical or intra-operative or intraoperative) and (imag* or visual*))

22320

#3 MRHSG]ERMRI�KVIIR�SV�[SJEZIVHMR�SV�ZSTLEZIVHMR�SV�MGK�SV�ƽYSVIWGIR��SV�
ƽYSVSGLVSQI��SV�ƽYSVSKIRMG��SV�G[�����SV�MVH]I��SV�ƽYSVSTLSVI�SV�ƽYSVIWGIMR

4684

#4 #1 and #2 and #3 20
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4. 7IEVGL�WXVEXIK]�JSV�;IF�SJ�7GMIRGI��*IFVYEV]��XL�����

87ɸ!ɸ[SVHW�MR�XSTMG

8-ɸ!ɸ[SVHW�MR�XMXPI

Search Query Items 
found

#4 #3 AND #2 AND #1 390

#3 87!�ƄMRHSG]ERMRI�KVIIRƅ�36�[SJEZIVHMR�36�ZSTLEZIVHMR�36�MGK�36�ƽYSVIWGIR��
36�ƽYSVSGLVSQI��36�ƽYSVSKIRMG��36�G[�����36�MVH]I��36�ƽYSVSTLSVI�36�
ƽYSVIWGIMR

1,163,990

#2 TS=(cholangiogra* OR cholangiopancreatograph* OR ‘near-infrared’ OR ‘near 
infrared’ OR nir OR (image guided AND surger*) OR (computer-aided AND 
WYVKIV��36��GSQTYXIV�EWWMWXIH�%2(�WYVKIV��36�VSFSX��36�ƼVIƽMKLX�36��FMPMEV]�
AND map*) OR angiogra* OR ((real time OR realtime OR biliary OR optical OR 
‘intra-operative’ OR intraoperative) AND (imag* OR visual*)))

943,839

#1 TS=(biliar* OR gallbladder OR (bile AND duct*) OR (ampulla AND vater*) 
OR (cystic AND duct*) OR (hepatic AND duct*) OR cholecystectom* OR 
choledochostom* OR cholelithiasis OR cholangitis OR choledoch* OR 
cholecyst* OR gallstone* OR hepatobiliary* OR ‘gall bladder’)

370,644

9
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MOLECULAR IMAGE-GUIDED ABDOMINAL SURGERY

During surgical procedures the surgeon still relies mainly on inspection and palpation to identify 

WXVYGXYVIW��-X�MW�SJXIR�ZIV]�HMƾGYPX�XS�HMWXMRKYMWL�QEPMKRERX�JVSQ�LIEPXL]�XMWWYI��SV�XS�HMWXMRKYMWL�

FIX[IIR�ƼFVSXMG�ERH�MRƽEQIH�XMWWYI�[LMPI�EZSMHMRK�MRNYV]�XS�WXVYGXYVIW�XLEX�WLSYPH�FI�WTEVIH��

The introduction of laparoscopic and robotic surgery, which both minimize intraoperative tactile 

feedback, has accelerated the need for additional perioperative imaging modalities. Molecular 

image-guided surgery, using radionuclides or optical tracers, has the potential to improve current 

surgical performance. After administration of radionuclides, the radioactive signal can be used 

JSV�TVISTIVEXMZI�RYGPIEV�MQEKMRK�ERH�JSV�MRXVESTIVEXMZI�XYQSV�PSGEPM^EXMSR�F]�MHIRXMƼGEXMSR�SJ�

an acoustic signal produced by a hand-held detection probe. Intraoperative guidance, using 

RIEV�MRJVEVIH��2-6�ƽYSVIWGIRGI�MQEKMRK�MR�TEVXMGYPEV��EPPS[W�JSV�VIEP�XMQI�ZMWYEPM^EXMSR�SJ�XMWWYI�

and vital structures.

(ITIRHMRK�SR�XLI�WTIGMƼG�TEXLSPSK]�ERH�XLI�EMQ�SJ�XMWWYI�ZMWYEPM^EXMSR��MQEKMRK�QSHEPMXMIW�

GER�FI�YWIH�IMXLIV�WITEVEXIP]�SV�MR�GSQFMREXMSR��6IEP�XMQI�2-6�ƽYSVIWGIRGI�MQEKMRK�LEW�JSYRH�

applications in the imaging of nerves, bile ducts, ureters and in the evaluation of adequate blood 

ƽS[��3TXMGEP�MQEKMRK��EPSRI�SV�GSQFMRIH�[MXL�RYGPIEV�MQEKMRK��4)8�SV�74)'8��MW�TVIJIVVIH�MR�

SRGSPSKMGEP�WYVKIV]�EW�MX�GER�FI�YXMPM^IH�JSV�WIRXMRIP�P]QTL�RSHI��702�MHIRXMƼGEXMSR�SV�XS�PSGEPM^I�

tumor tissue in order to determine disease extent and improve radical resection.

In this thesis, we illustrate the application and feasibility of molecular image-guided surgery 

MR�EFHSQMREP�WYVKMGEP�TVSGIHYVIW��3YV�VIWIEVGL�JSGYWIH�SR���XLI�MHIRXMƼGEXMSR�SJ�XLI�702�MR�

colon cancer, and 2) bile duct imaging during laparoscopic cholecystectomy. The technique was 

suitable for both technical applications. To improve the diagnostic and clinical performance of 

QSPIGYPEV�MQEKI�KYMHIH�WYVKIV]��WIZIVEP�XIGLRMGEP�LYVHPIW�ƼVWX�RIIH�XS�FI�XEGOPIH��ERH�E�FIXXIV�

understanding is required of disease pathology and patient characteristics in order to improve 

perioperative visualization. In general, molecular image-guided surgery has the potential to 

dramatically improve the treatment and prognosis of the individual patient.

TECHNICAL CHALLENGES IN MOLECULAR IMAGE-GUIDED ABDOMINAL SURGERY

Intraoperative real-time imaging

8LI� YWI� SJ� LMKL� HIƼRMXMSR� �,(� ERH� ��HMQIRWMSREP� ��(� MQEKMRK� W]WXIQW� LEW� MQTVSZIH�

intraoperative imaging dramatically in the last few years 1, 2��2-6�ƽYSVIWGIRGI�MQEKMRK�LEW�

advantages compared to conventional white light imaging due to the emission of light in the 
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2-6�VERKI���������RQ��VIWYPXMRK�MR�HIITIV�TIRIXVEXMSR�HITXL�ERH�PIWW�EYXSƽYSVIWGIRGI�JVSQ�

WYVVSYRHMRK�XMWWYI��%�ƽYSVIWGIRX�ƽYSVSTLSVI�MW�VIUYMVIH�XS�TVSHYGI�E�2-6�ƽYSVIWGIRX�WMKREP��

and currently only Indocyanine Green (ICG) and methylene blue are approved for clinical use by 

the Food and Drug Administration and the European Medicines Agency.

-'+�MW�XLI�QSWX�[MHIP]�YWIH�ƽYSVSTLSVI�MR�GPMRMGEP�WXYHMIW��(YI�XS�MXW�WLSVX�WIVYQ�LEPJ�XMQI�SJ�

only a few minutes, combined with exclusive clearance by the liver, intravenous administration 

of ICG allows visualization of micro-perfusion of the bowel and imaging of the bile duct. 

Peritumoral injection of ICG facilitates SLN mapping and is preferred over methylene blue due 

its favorable excitation peak of around 800 nm and its larger particle size 3.

-R�XLMW�XLIWMW��[I�YWIH�-'+�EW�E�ƽYSVIWGIRX�EKIRX�JSV�702�QETTMRK�ERH�FMPI�HYGX�MQEKMRK��2-6�

ƽYSVIWGIRGI�MQEKMRK�TVSZIH�XS�FI�JIEWMFPI�JSV�FSXL�ETTPMGEXMSRW��,S[IZIV��E�QENSV�HVE[FEGO�MW�

XLI�PMQMXIH�TIRIXVEXMSR�HITXL�SJ������QQ��QIERMRK�XLEX�ƽYSVIWGIRX�WXVYGXYVIW�PSGEXIH�FIRIEXL�E�

XLMGO�PE]IV�SJ��JEXX]�XMWWYI��WIZIVI�IHIQE�SV�HIRWI�EHLIWMSRW�EVI�HMƾGYPX�XS�MHIRXMJ]��8S�MQTVSZI

2-6� ƽYSVIWGIRGI� MQEKMRK�� RI[� H]IW� [MXL� FIXXIV� ƽYSVIWGIRX� TVSTIVXMIW� QMKLX� MQTVSZI�

MRXVESTIVEXMZI� MQEKMRK�UYEPMX]��8LI�ƽYSVIWGIRX�H]I�-6(]I���';�MW�GYVVIRXP]�XLI�FIWX�2-6�

ƽYSVIWGIRX�H]I�EZEMPEFPI�ERH�MW�GPSWI�XS�*(%�ETTVSZEP��%RMQEP�WXYHMIW�LEZI�WLS[R�ER�I\GIPPIRX�

contrast ratio between SLNs stained with IRDye800CW and surrounding tissue. Additionally, 

conjugation of IRDye800CW to a nanocolloid improved retention time in the node to up to 24 

hrs. ZW800-I is another interesting new dye which is currently being clinically tested 4. ZW800-I 

has low toxicity and is excreted through the kidneys, enabling visualization of the ureters and 

perfusion of anastomoses. It also has a favorable emission wavelength of 788 nm, which allows 

for visualization with current camera systems adjusted for ICG. Dyes that emit light in the NIR-II 

range from 1000 to 1700 nm rather than the NIR-I range (700-1000 nm) might also improve 

imaging 4. These dyes have longer wavelengths and therefore less attenuation and scattering, 

which is especially favorable when imaging deeply located tissue. However, these favorable 

TVSTIVXMIW�EVI�EGGSQTERMIH�F]�MRGVIEWIH�EYXSƽYSVIWGIRGI��*YVXLIVQSVI��XLIWI�H]IW�LEZI�E�

lower quantum yield compared to NIR-dyes in current use, they show different pharmacokinetics, 

and they require visualization adjustment in current clinical imaging systems 5.

Another interesting new technique that might improve intraoperative imaging is optoacoustic 

imaging 6. A major advantage of optoacoustic imaging is better spatial resolution in deep tissue, 

[MXL� PIWW�TLSXS�FPIEGLMRK�ERH�EYXSƽYSVIWGIRGI�GSQTEVIH� XS�2-6�MQEKMRK��3TXSEGSYWXMG�

imaging is a method based on the absorption of tissue when illuminated by NIR-light. The 

10
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absorbed optical energy is converted into heat, causing a transient thermoelastic expansion 

that generates ultrasound waves from the tissue that absorbs the NIR-light. These ultrasound 

waves can be detected, resulting in visualization of NIR-absorbing tissue. NIR-dyes (ICG and 

IRDye800CW) can be used as contrast agents with optoacoustic imaging to visualize tissues 

of interest. Optoacoustic imaging studies in mouse models have shown favorable results 

VIKEVHMRK�XLI�WIRWMXMZMX]�SJ�HIXIGXMSR�ERH�XLI�HMJJIVIRXMEXMSR�SJ�ƽYSVIWGIRX�XEVKIXW��WYKKIWXMRK�

that this technique could overcome the problem of restricted penetration depth of current NIR 

ƽYSVIWGIRGI�MQEKMRK�QSHEPMXMIW�7.

The performance of intraoperative imaging may also be enhanced through improvement of 

MQEKMRK�W]WXIQW��*MVWX��XLI�WIRWMXMZMX]�SJ�MQEKMRK�W]WXIQW�GER�FI�MQTVSZIH�F]�QSHMƼGEXMSR�

SJ�WSJX[EVI��IQMWWMSR�ƼPXIVW�ERH�FEGOKVSYRH�GSVVIGXMSRW��7IGSRHEV]�XS�XLIWI�GEQIVE�W]WXIQ�

improvements, it also appears to be essential to keep the imaging probe perpendicular during 

MRWTIGXMSR�MR�SVHIV�XS�SFXEMR�ER�STXMQEP�ƽYSVIWGIRX�WMKREP�ERH�FIXXIV�HMWXMRKYMWL�XLI�ƽYSVIWGIRX�

target from normal tissue 8��%PXLSYKL�WIIQMRKP]�WMQTPI��HYI�XS�XLI�PMQMXIH�ƽI\MFMPMX]�SJ�XLI�

laparoscopic camera this can be quite challenging during surgery. A DROP-IN NIR camera, 

which can be inserted through a trocar port and picked up by the surgeon with laparoscopic 

devices, could overcome this problem. A prototype DROP-IN gamma probe has already been 

investigated for use in SLN imaging in prostate cancer. This study demonstrated an enlarged 

probe maneuverability to freely scan in every direction in the abdominal cavity and increased 

the autonomy of the operating surgeon 9.

4IVMSTIVEXMZI�QSPIGYPEV�RYGPIEV�MQEKMRK

4VISTIVEXMZI�QSPIGYPEV�RYGPIEV�MQEKMRK�MW�YWIH�XS�TPER�XLI�WYVKMGEP�WXVEXIK]�ERH�HIƼRI�XLI�

extent of disease. The radioactive signal can subsequently be used for intraoperative localization 

of the tissue of interest using a handheld radionuclide probe.

For preoperative nuclear imaging, positron emission tomography (PET) combined with 

conventional computed tomography (CT) scans is currently the most sophisticated nuclear 

imaging modality. Compared to single photon emission computed tomography (SPECT), 

PET scanners have a higher sensitivity and much better temporal resolution, producing high-

UYEPMX]�[LSPI�FSH]��(�MQEKIW��4)8�GLEVEGXIVMWXMGW�EVI�JEZSVEFPI�VIKEVHMRK�702�MHIRXMƼGEXMSR�

in colon cancer, since lymphatic drainage patterns are unknown. However, it often appears that 

the majority of SLNs are located near the injection site, and the limited resolution of SPECT 

ERH�E�WLMRI�XLVSYKL�IJJIGX�JVSQ�XLI�XVEGIV�HITSX�QE]�TVIGPYHI�EGGYVEXI�MHIRXMƼGEXMSR�[LIR�

a SLN is close to the tumor 10, 11. PET/CT lymphoscintigraphy is able to detect SLNs near the 
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primary tumor and can provide a detailed localization of these nodes in oral cancer patients 12.  

PET/CT imaging has the potential to improve the SLN procedure in colon cancer patients and 

has therefore been investigated in this thesis as a nuclear imaging technique for this application.

4)8�'8� MW�E� VIPEXMZIP]�RI[�XIGLRMUYI� MR� XLI�QSPIGYPEV�RYGPIEV� MQEKMRK�ƼIPH��7TIGMƼG�4)8�

tracers are needed for PET imaging and over the last decade 89-Zirconium has garnered a 

great deal of attention as an emergent radionuclide for PET imaging. Its favorable half-life of 

78.4 hrs facilitates quantitative analysis of tracer distribution over time. Secondly, it can be easily 

coupled to various compounds, in particular to a (nano)colloid resulting in the radiocolloid [89Zr]

Zr-Nanocoll. Nanocoll enlarges the radionuclide molecule and therefore improves retention of 

the radiocolloid in the SLN. Drawbacks of PET imaging are the high associated costs and the 

limited availability of PET/CT cameras. Additionally, a handheld PET probe for intraoperative 

localization of the radioactive signal would be desirable but is not yet available. The development 

of this type of PET-probe is challenging and expensive due to high-energy photons that need a 

large collimated and shielded detector, which is probably unsuitable for laparoscopic surgery 
13, 14. Meanwhile, improved hand-held gamma cameras and SPECT imaging systems have been 

developed. Additionally, new SPECT radionuclides such as indium-111, with a half-life of 67.32 

days, are now available. However, it is unclear if these imaging probes and dyes will be able 

to overcome the limited temporal resolution of SPECT and associated shine-through, and the 

diminished visualization of adjacent tissues of interest.

First results of a phase I study in renal cell carcinoma using indium-111 as a tracer, combined 

with preoperative SPECT imaging, are promising 8. However, It must be emphasized that 

the study only included solitary tumors of at least 1.5 cm. Future studies must demonstrate 

whether indium-111, combined with SPECT imaging modalities, is capable of detecting signals 

from smaller, adjacent and more widely-spread tumor tissues. It seems likely that an optimal 

VEHMSRYGPMHI�WLSYPH�FI�GLSWIR�MR�PMKLX�SJ�XLI�TVIGMWI�GPMRMGEP�UYIWXMSR�JSV�IEGL�WTIGMƼG�HMWIEWI�

pathology 15.

FUTURE PERSPECTIVES OF IMAGE-GUIDED ABDOMINAL SURGERY

The sentinel lymph node procedure in colon cancer

As shown in Chapter 3, the sensitivity of the SLN procedure (SNP) in colon cancer is with 56% 

QYGL�PS[IV�GSQTEVIH�XS�FVIEWX�GERGIV�ERH�QIPERSQE��-X�WIIQW�XS�FI�HMƾGYPX�XS�MHIRXMJ]�XLI�

correct SLN(s) in colon cancer probably due to technical and anatomical properties which 

are unique for colon cancer. This combined with the wide variation of the used SLN mapping 

10

Ankersmit_Marjolein_BNW_V8.indd   213Ankersmit_Marjolein_BNW_V8.indd   213 12/16/2019   0:52:2712/16/2019   0:52:27



214          Chapter 10

methods, patients selection and histopathological analysis of lymph nodes, we have to conclude 

XLEX�XLI�TIVJSVQERGI�SJ�724�MR�GSPSR�GERGIV�MW�WXMPP�MRWYƾGMIRX��8S�MQTVSZI�XLI�724��WIZIVEP�

patient, tumor and procedure-related factors should be optimized and standardized.

8LI�ƼVWX�WXIT�MW�XS�WIPIGX�SRP]�XLSWI�TEXMIRXW�[MXL�WXEKI�-�ERH�IZIRXYEPP]�WXEKI�--�HMWIEWI��[LS�

LEZI�TSXIRXMEPP]�XLI�KVIEXIWX�FIRIƼX�SJ�XLI�702�TVSGIHYVI��1SVI�EHZERGIH�XYQSV�WXEKIW�EPVIEH]�

meet criteria for adjuvant chemotherapy and their treatment will not be changed by a SLN 

TVSGIHYVI�� -X� MW�HMƾGYPX�XS�HMWXMRKYMWL�IEVP]�ERH�QSVI�EHZERGIH�XYQSV�WXEKIW�[MXL�GYVVIRX�

preoperative imaging techniques (CT scan). Therefore, future studies should integrate patient 

selection as part of the research protocol.

7YFWIUYIRXP]��VIƼRIQIRX�SJ�XLI�TVISTIVEXMZI�ERH�MRXVESTIVEXMZI�702�QIXLSH�WLSYPH�FI�JYVXLIV�

investigated with imaging techniques other than planar lymphoscintigraphy, gamma-counting 

and blue dye. In Chapter 6 we demonstrated that preoperative PET/CT lymphoscintigraphy, 

GSQFMRIH�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK��GSYPH�KYMHI�XLI�WYVKISR�XS�XLI�PSGEXMSR�SJ�E�RYQFIV�

of SLNs in early-staged colon cancer, even when they were located near the injection site. 

However, physical movement of the bowel that changes the anatomical position of SLNs, 

combined with a minimized but not entirely absent ‘shine-through effect’ from the injection 

HITSX�SJ�FSXL�XVEGIVW��WXMPP� MQTIHIW�TIVMSTIVEXMZI�702�MHIRXMƼGEXMSR��%HHMXMSREPP]��XLI�PMQMXIH�

TIRIXVEXMSR�HITXL�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�ERH�XLI�JEWX�QMKVEXMSR�SJ�-'+�XS�LMKLIV�IGLIPSR�

nodes hampered intraoperative localization of the SLNs. To improve perioperative SLN 

MHIRXMƼGEXMSR��E�LERHLIPH�4)8�TVSFI�[SYPH�FI�HIWMVEFPI�FYX�EW�QIRXMSRIH�MW�RSX�]IX�GPMRMGEPP]�

feasible. However, the lack of a handheld PET-probe, combined with the limiting properties of 

2-6�ƽYSVIWGIRGI�MQEKMRK��QIERW�XLEX�ER�EHHMXMSREP�I\�ZMZS�4)8�'8�WGER�SJ�XLI�WTIGMQIR�MW�

unavoidable. When the only aim of SLN mapping in colon cancer is improvement of lymph node 

WXEKMRK��XLMW�XIGLRMUYI�WLSYPH�FI�WMQTPMƼIH�ERH�MRZIWXMKEXIH�MR�JYXYVI�PEVKI�ZSPYQI�WXYHMIW��

However, if the purpose of the SNP is to diminish the extent of surgery through SLN biopsy and 

PSGEP�I\GMWMSR�SJ�XLI�TVMQEV]�XYQSV��MX�MW�HSYFXJYP�[LIXLIV�TVISTIVEXMZI�702�MHIRXMƼGEXMSR�YWMRK�

4)8�'8�P]QTLSWGMRXMKVETL]�GSQFMRIH�[MXL�MRXVESTIVEXMZI�2-6�ƽYSVIWGIRGI�MQEKMRK�[MPP�FI�

WYƾGMIRX��7IZIVEP�WXYHMIW��MR�QYPXMTPI�X]TIW�SJ�GERGIV��LEZI�WLS[R�TVSQMWMRK�VIWYPXW�YWMRK�XLI�

hybrid tracer ICG-99mTc-Nanocolloid, which allows preoperative SPECT/CT lymphoscintigraphy 

combined with intraoperative NIR-imaging and gamma-probe guided SLN detection 16, 17. Since 
99mTc-Nanocoll has exactly the same behavior in vivo as [89Zr]Zr-Nanocoll, the applicability of 

ICG-99mTc-Nanocolloid as an SLN mapping technique should be reinvestigated in colon cancer 

using insights derived from our results. An additional advantage of ICG-99mTc-Nanocoll is the 

wide availability in several countries, whereas [89Zr]Zr-Nanocoll is not yet FDA approved. As 
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mentioned earlier, it is uncertain whether SPECT actually contributes to improvement of the 

SNP, since it has an unfavorably low resolution compared to PET/CT.

We also expect that, in addition to the imaging technique used, procedure-related factors may 

play an important role in improving current SLN performance in colon cancer.

First, injection into the submucosal layer shows favorable results compared to the subserosal 

injection technique. This is probably the result of more accurate injection close to the tumor after 

submucosal injection, with consequent improvement of uptake by all tumor-draining lymphatic 

vessels. Secondly, we found that an ex vivo performed SNP showed better sensitivity. We 

hypothesized that this is probably explained by a more aggressive dissection of the mesocolon 

XS�MHIRXMJ]�702W��,S[IZIV��I\�ZMZS�702�MHIRXMƼGEXMSR�EJXIV�I\XVEGXMSR�SJ�XLI�WTIGMQIR�HMWVYTXW�

natural lymphatic pathways and may fail to identify SLNs when these are located outside the 

resection area. Meanwhile, an in vivo executed SNP could identify aberrant lymph node drainage 

patterns, which may change the mesocolonic resection margins when SLNs are located outside 

XLI�GSRZIRXMSREP�WYVKMGEP�ƼIPH�18. Furthermore, the in vivo technique has the potential to perform 

SLN picking, combined with local excision of the primary tumor when no metastases are 

found in the SLN. We therefore advocate that the SNP should be performed in vivo using an 

endoscopic submucosal injection technique.

In addition to technical improvements of SLN biopsy in colon cancer, the procedure would 

be greatly improved by better knowledge concerning lymphatic drainage patterns and thus 

understanding of lymphatic metastatic spread. In contrast to breast cancer and melanoma, 

702W�SJ�XLI�GSPSR�EVI�RSX�PSGEXIH�EX�E�TVIWTIGMƼIH�MRXVE�EFHSQMREP�PSGEXMSR��1SVISZIV��EFIVVERX�

lymphatic drainage outside the standard resection margins has been described in up to 22% of 

patients, accompanied by lymph node metastases in 10% of these cases 18. Better exploration 

and determination of lymphatic drainage patterns would help guide the surgeon to the location 

and number of SLNs that need to be retrieved. This knowledge would also be very helpful when 

702W�EVI�HMƾGYPX�XS�EWWMKR�HYI�XS�VIXIRXMSR�SJ�ƽYSVIWGIRX�H]I�MR�JEX�XMWWYI�SV�[LIR�VEHMSEGXMZI�

stool is mistaken for a SLN following tracer leakage into the lumen of the colon.

8LI�TSXIRXMEP�FIRIƼX�SJ�XLI�724�MR�GSPSR�GERGIV�MW�XS�MQTVSZI�WXEKMRK��TEXMIRX�QEREKIQIRX�ERH�

survival. The widely accepted practice for lymph node assessment is H&E-staining of a single 

or a few sections cut from each lymph node block representing only a small volume of the 

lymph node in a single axis, potentially producing sampling error 19. Serial sectioning increases 

detection of (macro)metastases and especially of the “occult tumour cells”, ie. isolated tumour 

cells and micrometastases. As shown in Chapter 3, true prevalence of LNM as derived from 

10
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the high quality concept validation studies was 48% (after extensive histopathology) versus 

36% after conventional H&E-staining. These missed LNM after initial surgical treatment could 

explain the disease recurrence in patients considered to have no lymph node metastases after 

primary surgery with standard histopathology. However. the prognostic relevance of occult 

tumour cells and treatment of these patients with adjuvant chemotherapy to improve survival is 

still unclear and must be established. It is suggested that only micrometastases are associated 

[MXL�E�WMKRMƼGERX�VIHYGXMSR�MR���]IEV�WYVZMZEP�[LMPI�XLIMV�TVIWIRGI�MW�QYGL�PS[IV�GSQTEVIH�XS�

isolated tumour cells 20-23. The EnRoute study (NCT01097265) was designed to determine the 

FIRIƼXW�SJ�EHNYZERX�GLIQSXLIVET]�MR�XLSWI�TEXMIRXW�[MXL�702W�VIZIEPMRK�QMGVSQIXEWXEWIW�24. 

Unfortunately, this study had to be terminated prematurely due to low patient numbers and 

slow inclusion. Saha et al. 25 recently showed an improved survival in patients treated with 

chemotherapy if only one lymph node with micrometastases was found compared to those 

who refused adjuvant treatment. In patients treated with chemotherapy, an average survival 

of 108 months was reported compared to 50 months in those not treated with chemotherapy. 

However, only 30 patients were included in the study and the authors did not stratify for tumor 

stage. Future studies should investigate the prognostic relevance of isolated tumour cells 

ERH�QMGVSQIXEWXEWIW�WITEVEXIP]��EW�MHIRXMƼIH�F]�702�TVSGIHYVIW��*YXYVI�VERHSQM^IH�XVMEPW�

should establish if adjuvant chemotherapy improves survival in these patients. When a reliable 

SNP has been developed and the clinical relevance of occult tumour cells is known, studies 

which investigate SLN-picking combined with local excision of the primary tumour when no 

QIXEWXEWIW�EVI�JSYRH�MR�XLI�702W�GER�FI�HIWMKRIH�EW�ƼREP�WXIT��8LMW�XVIEXQIRX�ETTVSEGL�

would dramatically change therapy options for patients with early staged tumours, and could 

potentially decrease surgery-related morbidity rates while improving patient survival 26, 27.

Intraoperative real-time optical molecular imaging

Since ICG is exclusively cleared by the liver and excreted into the bile, it can be used for imaging 

of the biliary tree during laparoscopic cholecystectomy. The main advantage of intraoperative 

2-6�ƽYSVIWGIRGI�MQEKMRK�SJ�XLI�I\XVELITEXMG�FMPMEV]�WXVYGXYVIW�MW�XLI�TSXIRXMEP�XS�EZSMH�FMPI�HYGX�

injuries in patients. For patients with complicated cholecystolithiasis this application could be 

SJ�TEVXMGYPEV�ZEPYI�FIGEYWI�MHIRXMƼGEXMSR�SJ�WXVYGXYVIW�MW�SJXIR�HMƾGYPX�HYI�XS�EHLIWMSRW�SV�

WIZIVI�IHIQE�GEYWIH�F]�ER�EGYXI�SV�TSWX�MRƽEQQEXSV]�WXEXI��'YVVIRXP]��SRP]�E�JI[�WXYHMIW�

have included patients with complicated cholecystolithias in particular cholecystitis 28-30. 

1SVISZIV��SYVW�EVI�XLI�SRP]�VIWYPXW�SR�ƽYSVIWGIRX�FMPI�HYGX�MQEKMRK�EJXIV�FMPMEV]�TERGVIEXMXMW��

percutaneous gallbladder drainage or after endoscopic retrograde cholangiopancreatography 

�)6'4�� -R�GSRXVEWX�XS�TEXMIRXW�[MXL�YRGSQTPMGEXIH�KEPPWXSRI�HMWIEWI��ƽYSVIWGIRX�FMPI�HYGX�

MQEKMRK�WIIQW�XS�FI�HMƾGYPX�MR�TEXMIRXW�[MXL�GSQTPMGEXIH�KEPPWXSRI�HMWIEWI��WII�Chapter 8. 
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The cause of this difference in performance between gallbladder pathologies is unclear. We 

hypothesized that a suboptimal dosage, concentration or inappropriate time interval between 

administration of ICG and surgery contributes to this diminished visualization. In patients with 

uncomplicated cholecystitis the optimal time-frame between ICG administration and imaging 

seem to be between 3 to 24 hrs 31, 32. In patients with complicated cholecystitis a decreased liver 

function could cause a delayed hepatic clearance of ICG. As a consequence this time-interval 

should be exceeded, although this is probably not feasible in daily practice since patients with 

complicated cholecystitis are often operated in an unplanned acute setting. Secondly, thickened 

�TSWX�MRƽEQQEXSV]�XMWWYI�QE]�EPWS�MQTIHI�XLI�ƽYSVIWGIRX�WMKREP��*YXYVI�WXYHMIW�QYWX�WLS[�

[LIXLIV�XLIWI�PMQMXEXMSRW�GER�FI�SZIVGSQI��EW�2-6�ƽYSVIWGIRGI�GLSPERKMSKVETL]�LEW�VIEP�

potential in the prevention of bile duct injuries in patients with complicated cholecystolithiasis.

3RI�WXVEXIK]�XS� MQTVSZI�I\XVELITEXMG�FMPI�HYGX�ZMWYEPM^EXMSR� MW� MRNIGXMSR�SJ� XLI�ƽYSVSTLSVI�

directly into the gallbladder. A major advantage of this technique is the absence of background 

ƽYSVIWGIRGI�MR�XLI�PMZIV�HYI�XS�EGGYQYPEXMSR�EJXIV� MRXVEZIRSYW�MRNIGXMSR��'YVVIRX�TYFPMWLIH�

results regarding visualization of the bile duct using this method are similar to those for 

intravenous injection 33. An additional complex surgical procedure consisting of intraoperative 

needle puncture, preparation of a purse-string at the gallbladder fundus and injection of 

ICG into the purse-string requires advanced surgical skills and can be time-consuming. The 

QENSV� PMQMXEXMSR�SJ�XLMW�XIGLRMUYI�MW�XLI�STXMGEP�GSRXEQMREXMSR�SJ�XLI�STIVEXMZI�ƼIPH�EX�2-6�

visualization due to ICG leakage. The technique could be interesting for patients who already 

LEZI�E�XVERWLITEXMG�HVEMR�SV� MR�HMƾGYPX�GEWIW�[LIR�EHHMXMSREP� MQEKMRK�[SYPH� MRGVIEWI�XLI�

WEJIX]�SJ�XLI�GLSPIG]WXIGXSQ]��*YXYVI�WXYHMIW�WLSYPH�WIIO�XS�VIƼRI�XLI�XIGLRMUYI�ERH�GSQTEVI�

systematic versus intragallbladder injection in patients with complicated cholecystolithiasis.

&EWIH�SR�SYV�VIWYPXW�MR�XLMW�XLIWMW��[I�FIPMIZI�XLEX�2-6�ƽYSVIWGIRX�GLSPERKMSKVETL]�[MXL�-'+�

is a potentially promising technique for the avoidance of bile duct injuries or to replace IOC 

for biliary mapping. However, future research focusing on optimization of the technique and 

standardization of doses, concentration and timing of administration is necessary to gain wide 

clinical acceptance. Moreover, the low rate of bile duct injury in uncomplicated cholecystolithiasis 

indicates that a very large number of patients would need to be monitored. Practical clinical 

IƾGEG]�SJ�XLI�XIGLRMUYI�[MPP�TVSFEFP]�RSX�FI�JSYRH�MR�XLI�TVIZIRXMSR�SJ�FMPI�HYGX�MRNYVMIW�FYX�

VEXLIV�MR�XLI�IEVPMIV�IWXEFPMWLQIRX�SJ�':7��VIWYPXMRK�MR�GSWX�VIHYGXMSRW��8LI�ƼVWX�QYPXMGIRXIV�

randomized controlled study is currently underway with this alternative endpoint as its main 

objective 34��1IER[LMPI��XLIVI�GSYPH�FI�E�XVIQIRHSYW�TSXIRXMEP�FIRIƼX�SJ�IEVP]�ZMWYEPM^EXMSR�SJ�

XLI�I\XVELITEXMG�FMPI�HYGXW�MR�TEXMIRXW�[MXL�GSQTPMGEXIH�GLSPIG]WXSPMXLMEWMW�YWMRK�ƽYSVIWGIRX�

10

Ankersmit_Marjolein_BNW_V8.indd   217Ankersmit_Marjolein_BNW_V8.indd   217 12/16/2019   0:52:2712/16/2019   0:52:27



218          Chapter 10

GLSPERKMSKVETL]��,S[IZIV��2-6�ƽYSVIWGIRGI�GLSPERKMSKVETL]�MR�TEXMIRXW�[MXL�QSVI�WIZIVI�

KEPPFPEHHIV�TEXLSPSKMIW�ETTIEVW�XS�GVIEXI�E�GSQTPI\�WMXYEXMSR�[LMGL�MRƽYIRGIW�XLI�IƾGEG]�

of the technique. The technique, dosage and timing in these patients should be investigated 

separately from patients with uncomplicated cholecystolithiasis.

%RSXLIV� MRXIVIWXMRK� ETTPMGEXMSR� SJ� 2-6� ƽYSVIWGIRGI� MQEKMRK� MR� EFHSQMREP� WYVKIV]� RSX�

yet discussed in this thesis is the visualization of micro-perfusion of the bowel to prevent 

EREWXSQSXMG�PIEOEKI��%REWXSQSXMG�MRWYƾGMIRG]�PIEHMRK�XS�EREWXSQSXMG�PIEOEKI�MW�E�WIVMSYW�

complication during colorectal (cancer) surgery. Currently, the selection of an optimal site 

for anastomosis with adequate perfusion is determined by the intraoperative opinion of 

XLI�WYVKISR��7IZIVEP�WXYHMIW�LEZI�WYKKIWXIH�XLEX�ƽYSVIWGIRGI�-'+�QIHMEXIH�ERKMSKVETL]�

improves the outcome of laparoscopic anastomotic bowel surgery by changing the surgical 

plan 35, 36��%PXLSYKL�2-6�ƽYSVIWGIRGI�MQEKMRK�MR�XLMW�ETTPMGEXMSR�ETTIEVW�XS�FI�IEW]��WEJI�ERH�

effective, there is still a lack of large, well-designed randomized trial evidence for its routine 

YWI�MR�GSPSVIGXEP�WYVKIV]��*YVXLIVQSVI��QSWX�WXYHMIW�LEZI�RSX�YWIH�ER�SFNIGXMZI�UYERXMƼGEXMSR�

SJ�XLI�ƽYSVIWGIRX�WMKREP�XS�EWWIWW�STXMQEP�XMWWYI�TIVJYWMSR��-QEKMRK�WSJX[EVI�XLEX�QIEWYVIW�

ƽYSVIWGIRGI�MRXIRWMX]�MW�GYVVIRXP]�YRHIV�MRZIWXMKEXMSR�MR�WIZIVEP�WXYHMIW�36-38. Tools that quantify 

bowel perfusion will help develop the technique as a reliable instrument and should be integrated 

in future studies.

Tumor-targeted molecular imaging

8YQSV�XEVKIXIH�QSPIGYPEV�MQEKMRK�LEW�SRP]�FVMIƽ]�FIIR�HMWGYWWIH�MR�XLMW�XLIWMW�WS�JEV�FYX�[MPP�

probably prove to be the most important and revolutionary application in abdominal surgery, 

especially in the treatment of malignancies.

Visualization of tumor boundaries and tumor spread is pivotal to complete tumor resection, 

while preventing excision of unnecessary tissue that may cause surgery-related complications. 

8YQSV�XEVKIXIH�QSPIGYPEV�MQEKMRK�I\TPSMXW�XYQSV�WTIGMƼG�FMSQEVOIVW�XLEX�EVI�SZIVI\TVIWWIH�

by the tumor of interest and which can be targeted by molecules (e.g. monoclonal antibodies 

or small peptides) 39�IEWMP]�GSRNYKEXIH�XS�ƽYSVSTLSVIW��VEHMSEGXMZI�MWSXSTIW�SV�FSXL�

In abdominal surgery, tumor-targeted molecular imaging could improve surgical outcomes 

in patients with peritoneal metastases and might help achieve complete resection in organ-

sparing surgery. Treatment of patients with peritoneal metastases consists of cytoreduction 

surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy (HIPEC). Survival of 

patients depends on the extent of disease and completeness of the cytoreduction. Therefore, 
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accurate patient selection and macroscopically complete cytoreduction are of the utmost 

importance. Current preoperative imaging modalities have limited value in the detection of 

TIVMXSRIEP�QIXEWXEWIW�WMRGI�QSWX�PIWMSRW�EVI�XSS�WQEPP�XS�FI�MHIRXMƼIH�[MXL�4)8��'8�SV�16-�40. 

Tumor-targeted molecular imaging would be desirable in patients with PM in terms of selecting 

XLSWI�TEXMIRXW�[LS�[MPP�YPXMQEXIP]�FIRIƼX�JVSQ�WYVKIV]�ERH�EGLMIZMRK�GSQTPIXI�G]XSVIHYGXMSR��

In pancreatic and rectal cancer the technique can be used to improve radical resection and 

diminish local recurrence or distant metastases. Additionally, it could help to evaluate response 

to chemoradiotherapy in rectal cancer patients, which in turn might improve selection of patients 

[LS�GSYPH�FIRIƼX�JVSQ�EHHMXMSREP�WYVKIV]��7IZIVEP�TLEWI�-�ERH�--�WXYHMIW�[MXL�ƽYSVSTLSVI�PEFIPIH�

XYQSV�WTIGMƼG�ERXMFSHMIW�EVI�YRHIV[E]�MR�TEXMIRXW�[MXL�GSPSR��VIGXEP�ERH�TERGVIEXMG�GERGIV�

(NTR5673; NCT02743975; NCT03384238; NCT02973672; NCT03659448; NCT01972373). 

*YVXLIVQSVI��E�WXYH]�YWMRK�E�GSQFMREXMSR�SJ�XLI�74)'8�'8�RYGPMHI�-RHMYQ�---��ƽYSVIWGIRX�XVEGIV�

-6(]I���';�ERH�XLI�GEVGMRSIQFV]SRMG�ERXMKIR�WTIGMƼG�ERXMFSH]��0EFIXY^YQEF��MW�TVIWIRXP]�

being conducted in patients with peritoneal metastases of colorectal cancer (NCT03699332). 

8YQSV�PSGEPM^EXMSR�ERH�VIWIGXMSR�[MPP�FI�HIƼRIH�F]�E�GSQFMREXMSR�SJ�TVISTIVEXMZI� MQEKMRK�

[MXL�MRXVESTIVEXMZI�XEVKIXIH�VEHMS��ERH�ƽYSVIWGIRX�KYMHIH�WYVKIV]��8LI�VIWYPXW�SJ�XLMW�WXYH]�

will be very interesting with regard to the impact of tumor-targeted imaging on perioperative 

clinical decision making in these patients. Eventually, future phase III studies should focus on 

the impact of tumor-targeted imaging on clinical endpoints such as morbidity rates, quality of 

life and progression-free or overall survival rates.

General conclusion

In this thesis we described the application of image-guided molecular imaging techniques for 

702�MHIRXMƼGEXMSR�MR�GSPSR�GERGIV�ERH�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQMIW��-RXVESTIVEXMZI�

2-6�ƽYSVIWGIRGI� MQEKMRK�TVSZIH� JIEWMFPI� JSV�702�QETTMRK� MR�GSPSR�GERGIV�ERH�FMPI�HYGX�

imaging, and in both applications has the potential to improve surgical outcomes, patient 

WYVZMZEP�ERH�WEJIX]��8LI�HIZIPSTQIRX�SJ�RI[�ƽYSVIWGIRX�XVEGIVW�ERH�GPMRMGEP�MQEKMRK�W]WXIQW�

that improve the penetration depth of the NIR-signal are important to overcoming current 

limits of visualization. To improve SLN mapping in colon cancer, a highly sensitive preoperative 

RYGPIEV�MQEKMRK�XIGLRMUYI�[SYPH�FVMRK�EHHMXMSREP�FIRIƼX�F]�GVIEXMRK�E�VSEH�QET�SJ�XLI�RYQFIV�

and location of SLNs. Moreover, careful patient selection regarding disease pathology would 

LIPT�MHIRXMJ]�XLSWI�[LS�[SYPH�TSXIRXMEPP]�HIVMZI�XLI�QSWX�FIRIƼX�JVSQ�EHHMXMSREP�TVI�ERH�SV�

intraoperative molecular imaging. In the future, the characteristics of the patient and pathology 

WLSYPH�FI�QEXGLIH�XS�XLI�WTIGMƼG�TVSTIVXMIW�SJ�ER�MQEKMRK�XIGLRMUYI��XLYW�STXMQM^MRK�QSPIGYPEV�

image-guided surgery for each indication. This should be followed by large, well-designed 

10
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randomized trials to assess the clinical implementation of these techniques in abdominal 

surgery.
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SUMMARY

PART I   MOLECULAR IMAGE-GUIDED SURGERY IN COLON CANCER

The introduction of nationwide screening programs, increasing life expectancy, healthy ageing 

and increasing awareness of symptoms, will lead to a dramatic increase of patients diagnosed 

with early staged tumours without lymph node metastases (stage I-II). Especially patients 

with stage I disease, can be potentially treated with local excision of the primary tumour that 

would prevent them from surgery-related complications and even mortality. However, up to 

��	�SJ�TEXMIRXW�[MXL�WXEKI�-�--�HMWIEWI��WLS[�HMWIEWI�VIGYVVIRGI�ERH�IZIRXYEPP]�HMI�[MXLMR�ƼZI�

years after initial treatment despite complete surgical resection. This is probably the result of 

understaging due to missed occult tumour cells (micrometastases or isolated tumour cells) 

during routine histopathological examination. It is known that advanced histopathological 

techniques like serial sectioning combined with immunohistochemistry are highly sensitive for 

detection of occult tumour cells. However, the resulting workload of extensive histopathological 

examination to all lymph nodes is not compatible with daily practice. The Sentinel Lymph Node 

�702�MW�XLI�ƼVWX�RSHI�MR�XLI�SVHIVP]�P]QTLEXMG�HVEMREKI�TEXXIVR�JVSQ�XLI�TVMQEV]�XYQSYV�ERH�

LEW�XLIVIJSVI�XLI�LMKLIWX�GLERKI�SJ�LEVFSVMRK�QIXEWXEWIW��-HIRXMƼGEXMSR�SJ�XLI�702�EPPS[W�

the pathologist to perform detailed histopathological analysis to only the SLNs in addition to 

GSRZIRXMSREP�,
)�WXEMRMRK��%W�E�VIWYPX�� MHIRXMƼGEXMSR�SJ�XLI�702�GSYPH�MQTVSZI�P]QTL�RSHI�

staging while diminishing the surgical damage in patients with early colon cancer without lymph 

node metastases.

In Chapter 2 we describe the concept of the SLN procedure (SNP) and the current drawbacks 

MR�GSPSR�GERGIV��1ENSV�GSRGIVRMRKW�XS[EVHW�XLI�724�EVI�XLI�[MHI�ZEVMEXMSR�SJ�702�MHIRXMƼGEXMSR�

techniques and lack of standardized methods regarding patient and tumour related factors. At 

that time the most recent literature showed a sensitivity of 86% and detection rate of 96% for 

the SNP in colon cancer. Results voor sensitivity are lower compared to other types of cancer in 

which the SLN procedure is the gold standard for surgical staging of the lymph nodes. However, 

MX�WIIQW�XLEX�MHIRXMƼGEXMSR�SJ�XLI�XVYI�702�MW�HMƾGYPX�MR�GSPSR�GERGIV��8IGLRMGEP�PMQMXEXMSRW�ERH�

disadvantageous characteristics of current used tracers seem to be the main causes of the 

YRWEXMWJEGXSV]�VIWYPXW��*MVWX��FPYI�H]IW�LEZI�PMQMXIH�TIRIXVEXMSR�HITXL�ERH�EVI�XLIVIJSVI�HMƾGYPX�

to be visualized in fatty mesocolon. Secondly, the particle size of blue dye is relative small 

resulting in fast migration of dye to regional lymph nodes. The additional use of gamma tracers 

present the problem of the ‘shine-through effect’ of SLN close to the primary tumour which 

EVI�LMHHIR�F]�XLI�LMKLP]�VEHMSEGXMZI�MRNIGXMSR�WMXI��2IEV�MRJVEVIH��2-6�ƽYSVIWGIRGI�MQEKMRK�
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using Indocyanine Green (ICG) as contrast agent, is mentioned as solution for these technical 

problems. First the NIR-range (700-1000 nm) penetrates more deeply into the living tissue 

GSQTEVIH�XS�GSRZIRXMSREP�[LMXI�PMKLX�MQEKMRK�SV�FPYI�H]I��7IGSRHP]��XLI�ƽYSVIWGIRX�EKIRX�-'+�

I\LMFMXW�WXVSRK�I\GMXEXMSR�ERH�ƽYSVIWGIRGI�MR�XLI�2-6�VERKI����������RQ�ERH�QSVISZIV�MX�MW�

clinically approved. The additional conjugation of humanized serum albumin (HSA) improves 

XLI�ƽYSVIWGIRX�WMKREP�ERH�IRPEVKIW�XLI�TEVXMGPI�WM^I��[LMGL�JEGMPMXEXIW�H]I�VIXIRXMSR�MR�XLI�702��

-R�WEQI�GLETXIV�[I�EPWS�HMWGYWW�WSQI�HVE[FEGOW�SJ�2-6�ƽYSVIWGIRGI� MQEKMRK�FEWIH�SR�

our own experiences at that time. First spillage of dye caused by incorrect needle positioning 

HYVMRK�H]I�EHQMRMWXVEXMSR��VIWYPXW�MR�LMKL�FEGOKVSYRH�ƽYSVIWGIRGI�SJ�TIVMXSRIYQ�[LMGL�QEOIW�

702�MHIRXMƼGEXMSR�MQTSWWMFPI��;I�EPWS�RSXMGIH�XLEX�XLI�TIRIXVEXMSR�HITXL�SJ�2-6�ƽYSVIWGIRGI�

imaging is better compared to blue dye, but still limited up to a maximum of 0.5-1.0 cm. We 

WLSVXP]�HMWGYWWIH�XLI�TVSQMWMRK�RI[�ƽYSVSTLSVI�-6(]I���';��0-�'36�FMSWGMIRGI��0MRGSPR��

NE) that has several advantages above ICG. First, IRDye800CW seems to have a stronger 

ƽYSVIWGIRGI�WMKREP�GSQTEVIH�XS�-'+��%HHMXMSREPP]�MX�GER�FI�GSZEPIRXP]�GSRNYKEXIH�XS�WIZIVEP�

biomolecules, which makes it the dye of choice for tumour-targeted imaging. At the time, 

IRDye800CW was not FDA approved yet and therefore not clinically investigated.

As mentioned, no consensus exists on the validity of the SNP in colon cancer. Additionally to 

XLI�XVEGIV�YWIH��WIZIVEP�XYQSYV�ERH�TVSGIHYVI�VIPEXIH�JEGXSVW�EVI�WYTTSWIH�XS�MRƽYIRGI�XLI�

performance of the SNP. In Chapter 3 we present a systematic review and meta-analysis which 

provides an overview of the diagnostic performance of the SLN procedure in terms of sensitivity, 

negative predictive value and detection rate. To validate the hypothesis that SLNs are the most 

likely hosts for potential lymph node metastases and assess to what extent the SLNs are 

representative of the total lymph node yield, we selected high quality concept validation studies. 

These studies are characterized by their pathological assessment of all SLNs and regional 

lymph nodes with advanced histopathological techniques and therfore ensure an unbiased 

EWWIWWQIRX��%JXIV�E�WIEVGL�MR�)QFEWI�ERH�4YFQIH�[I�MHIRXMƼIH����IPMKMFPI�WXYHMIW�SJ�[LMGL�

six were selected as high quality concept validation studies. Overall analysis showed a low 

sensitivity of 73% with a corresponding negative predictive value of 82%. Diagnostic outcome 

measurements decreased further to a disappointing sensitivity of 56% and negative predictive 

value of 69% in the high quality concept validation studies. Subanalysis of procedure related 

factors showed better results for sensitivity after an ex vivo procedure while in vivo harvestigs 

detected twice as many SLNs. The better sensitivity of the ex-vivo approach may result from 

FIXXIV�VIEP�XMQI�ZMWYEPM^EXMSR�SJ� P]QTL�ƽS[�H]REQMGW�ERH�E�QSVI�WTIGMƼG�HMWWIGXMSR�SJ�XLI�

mesocolon to detect SLNs. On the other hand, node positive (S)LNs can be missed with the ex 

vivo technique when they are located outside the resection area.
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Despite to overall disappointing SLN perfomance, we showed that the prevalence of lymph 

node metastases increased from 34% after conventional H&E-staining to 48% with advanced 

MQQYRSLMWXSGLIQMWXV]��8LIWI�VIWYPXW�YRHIVPMRI�XLI�TSXIRXMEP�FIRIƼX�SJ�XLI�724�MR�GSPSR�GERGIV�

to improve staging, patient management and survival. However, it must be emphasized that 

the prognostic and predictive relevance of occult tumor cells is still unclear. Additionally it is 

WYKKIWXIH�XLEX�SRP]�QMGVSQIXEWXEWIW�EVI�EWWSGMEXIH�[MXL�E�WMKRMƼGERX�VIHYGXMSR�MR���]IEV�

survival while their presence is much lower compared to isolated tumour cells. Future studies 

should investigate the prognostic relevance of isolated tumour cells and micrometastases, and 

establish if adjuvant chemotherapy improve survival of these patients. Moreover we conclude 

XLEX�XLI�702�TIVJSVQERGI�MW�GYVVIRXP]�MRWYƾGMIRX�HYI�XS�EREXSQMGEP�ERH�XIGLRMGEP�HMƾGYPXMIW�

combined with the wide variation of used SLN mapping methods, patient selection and 

histopathological analysis of lymph nodes. Therefore a standardized SNP must be developed, 

JSGYWWMRK�SR�PS[�MRZEWMZI�XYQSYVW�ERH�VIEP�XMQI�MQEKMRK�SJ�P]QTL�ƽS[�XS[EVHW�XLI�702�

In Chapter 4 and Chapter 5 we continued our research towards an accurate SNP using NIR 

ƽYSVIWGIRGI�MQEKMRK�MR�GSPSR�GERGIV��-R�Chapter 4�[I�TVIWIRX�XLI�VIWYPX�SJ�XLI�ƼVWX����TEXMIRXW�

undergoing the SNP in vivo using a transcutanously subserosal injection technique. At least one 

SLN could be assigned in all patients of which none contained metastases. However, in four 

patients metastases were found in regional lymph nodes resulting in a sensitivity of 0%. We 

hypothesized that these very dissapoiting results could be caused by incorrect needle positioning 

not close enough to the tumor. This could have led to drainage of dye into adjacent lymph vessels 

instead of the vessels draining the SLN, resulting in high false negativity rates. Also dislocation of 

the needle during tracer administration occurred in several patients with extravasation of dye into 

the peritoneum as consequence. Therefore we switched to a submucosal injection technique 

by colonoscopy. In the subsequent 15 patients as described in Chapter 5. We experienced no 

spillage of dye using the submucosal injection technique and sensitivity rates increased to 

80%. Additionally, a systematic review and meta-analysis was conducted to identify currently 

YWIH�QIXLSHW�ERH�VIWYPXW�JSV�702�QETTMRK�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK��8LMW�W]WXIQEXMG�

review and meta-analysis included 8 studies describing 227 SLN procedures. A sensitivity of 

63% was found accompanied by a negative predictive value of 81% and detection rate of 94%. 

9TWXEKMRK�EW�E�VIWYPX�SJ�I\XIRHIH�LMWXSTEXLSPSKMGEP�EWWIWWQIRX�[EW���	��7XVEXMƼIH�EREP]WMW�

showed no improvement of SLN performance regardless of used tracer, injection site, in vivo or 

ex vivo SLN performance, number of injections and timing between tracer administration and 

702�MHIRXMƼGEXMSR��3ZIVEPP�[I�GSRGPYHIH�XLEX�IZMHIRGI�VIKEVHMRK�7021�[MXL�2-6�ƽYSVIWGIRGI�

imaging in colon cancer is still limited. However, the SNP in colon cancer seems to be more 

challenging compated to other types of cancer and considerable expertise will be required 
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before large patient-related studies can be undertaken to validate SLNM as part of the standard 

surgical treatment in colon cancer.

In Chapter 6 we show the first clinical results of SLN identification using PET/CT 

P]QTLSWGMRXMKVETL]�GSQFMRIH�[MXL�VIEP�XMQI�2-6�ƽYSVIWGIRGI�MQEKMRK�[MXL�-'+��;I�EMQIH�

to establish if preoperative [89Zr]Zr-nanocoll PET/CT imaging is a useful technique to identify 

XLI�RYQFIV�ERH�PSGEXMSR�SJ�702W�ERH�MJ�XLI�EHHMXMSREP�YWI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�EPPS[W�

JSV�MRXVESTIVEXMZI�MHIRXMƼGEXMSR�SJ�XLIWI�702W��8LVII�TVISTIVEXMZI�4)8�'8�P]QTLSWGMRXMKVETL]�

and additional PET/CT scan of the surgical specimen were made. A lymph node visible at 

TVISTIVEXMZI�4)8�'8�ERH�MHIRXMƼIH�EX�4)8�'8�SJ�XLI�WTIGMQIR�[EW�GPEWWMƼIH�EW�702��-R�X[S�SYX�

of ten patients injection of [89Zr]Zr-nanocoll failed. In seven out of the eight remaining patients, 

TIVMSTIVEXMZI�702�MHIRXMƼGEXMSR�WYGGIIHIH�[MXL�E�QIHMER�RYQFIV�SJ�XLVII�LEVZIWXIH�702W��3RI�

702�WLS[IH�MWSPEXIH�XYQSYV�GIPPW��%PP�702W�VIZIEPIH�VEHMSEGXMZMX]�ERH�ƽYSVIWGIRGI��7M\�702�

PSGEXIH�RIEV�XLI�TVMQEV]�XYQSYV�� ���GQ�[IVI�RSX�MHIRXMƼIH�[MXL�2-6��ƽYSVIWGIRGI�MQEKMRK��

This result suggests that PET/CT lymphoscintigraphy has a better performance when SLNs 

are located close to the injection site. The preoperative PET/CT guided the surgeon towards 

XLI�ƽYSVIWGIRX�702�MRXVESTIVEXMZIP]��[LIVIEW�XLI�TSWXSTIVEXMZI�MQEKMRK�MHIRXMƼIH�EHHMXMSREP�

SLNs not seen during surgery. As long as optimization of the SNP is considered as the primary 

aim of the current research, we recommend to perform a preoperative lymphoscintigraphy 24 

hrs after injection combined with postoperative scan of the specimen.

PART II   MOLECULAR IMAGE GUIDED SURGERY DURING LAPAROSCOPIC CHOLECYSTECTOMY

-R�XLI�WIGSRH�TEVX�SJ�XLMW�XLIWMW�[I�JSGYW�SR�2-6�ƽYSVIWGIRGI�MQEKMRK�JSV�ZMWYEPM^EXMSR�SJ�FMPMEV]�

WXVYGXYVIW�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQ]��2-6�ƽYSVIWGIRGI�MQEKMRK�GSYPH�TVIZIRX�FMPI�

duct injuries and may replace the current intraoperative cholangiography (IOC) as imaging 

technique.

In Chapter 7 [I�MRZIWXMKEXIH�XLI�ZEPYI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�[MXL�-'+�MR�EHHMXMSR�XS�

XLI�'VMXMGEP�:MI[�SJ�7EJIX]��':7�JSV�IEVP]�MHIRXMƼGEXMSR�SJ�XLI�I\XVELITEXMG�FMPI�HYGXW�HYVMRK�

laparoscopic cholecystectomy in patients with uncomplicated cholecystolithiasis. Thirty 

patients were included. An intravenous injection of 0.05 mg/ kg ICG diluted in water was 

administrated prior to surgery. The Common Bile Duct (CBD) and Cystic Duct (CD) were both 

WMKRMƼGERX�IEVPMIV�MHIRXMƼIH�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK�GSQTEVIH�XS�GSRZIRXMSREP�[LMXI�PMKLX�

MQEKMRK��%HHMXMSREPP]��XLI�'&(�[EW�MHIRXMƼIH�WMKRMƼGERXP]�QSVI�JVIUYIRXP]�HYVMRK�HMWWIGXMSR�ERH�

EX�':7�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK�
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)EVP]�ZMWYEPM^EXMSR�SJ�XLI�'(�ERH�EHHMXMSREP�MHIRXMƼGEXMSR�SJ�XLI�'&(�GSYPH�FI�SJ�KVIEX�ZEPYI�

[LIR�FMPMEV]�EREXSQ]�MW�YRGPIEV�SV�EFRSVQEP��8LIVIJSVI�XLI�IƾGEG]�ERH�IEVP]�ZMWYEPM^EXMSR�SJ�

XLI�'(�ERH�EHHIH�ZEPYI�SJ�'&(�MHIRXMƼGEXMSR�[MXL�2-6�ƽYSVIWGIRGI�MQEKMRK�MR�TEXMIRXW�[MXL�

complicated gallbladder disease, was investigated in Chapter 8. Eighteen patients were included 

in this study. Patients received an intravenous bolus of 0.2 mg/kg ICG diluted in water directly 

EJXIV�MRHYGXMSR�SJ�KIRIVEP�ERIWXLIWME��%X�XLI�ƼVWX�PSSO��[LMGL�[EW�WIX�NYWX�FIJSVI�HMWWIGXMSR�SJ�

Calot’s triangle, the CD was observed in three patients with conventional imaging and in four 

TEXMIRXW�YWMRK�2-6�ƽYSVIWGIRGI� MQEKMRK��%X�XLMW�XMQI�TSMRX�� XLI�'&(�GSYPH�FI�EHHMXMSREPP]�

ZMWYEPM^IH�MR�SRP]�X[S�TEXMIRXW�YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK��%�WIGSRH�PSSO�[EW�IWXEFPMWLIH�

IEVP]�HYVMRK�HMWWIGXMSR�FYX�FIJSVI�WOIPIXSRM^MRK�FMPMEV]�WXVYGXYVIW��-R�ƼZI�TEXMIRX�':7�[EW�EPVIEH]�

reached before the second look could be obtained. The CD and CBD could be visualized in two 

TEXMIRXW�YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK�EX�XLI�WIGSRH�XMQI�TSMRX��TVIZIRXMRK�GSRZIVWMSR�XS�ER�

open procedure in one patient. Disappointingly, at CVS the CD was visualized in only 13 patients 

YWMRK�2-6�ƽYSVIWGIRGI�MQEKMRK�[LMPI�GSRZIRXMSREP�[LMXI�PMKLX�MQEKMRK�MHIRXMƼIH�XLI�'(�MR�EPP�

18 patients. Additionally, the CBD could only be visualized in seven patients. We hypothesized 

XLEX�XLIWI�MRJIVMSV�VIWYPXW�SJ�ƽYSVIWGIRX�FMPI�HYGX�MQEKMRK�MR�GSQTPMGEXIH�GEWIW�GSQTEVIH�XS�

uncomplicated gallbladder disease, could be caused by severe edema or dense adhesions as a 

VIWYPX�SJ�EGYXI�SV�TEWX�MRƽEQQEXMSR�SV�EJXIV�)6'4�GSQFMRIH�[MXL�XLI�PMQMXIH�TIRIXVEXMSR�HITXL�

SJ�2-��ƽYSVIWGIRGI�MQEKMRK��3XLIV�TEXMIRX�ERH�TVSGIHYVI�VIPEXIH�JEGXSVW�WYGL�EW�LMKL�&SH]�

Mass Index (BMI), optimal dosages and timeframes between ICG administration and bile duct 

ZMWYEPM^EXMSR�QMKLX�EPWS�MRƽYIRGI�XLI�WYGGIWW�VEXI�SJ�XLI�TVSGIHYVI��IWTIGMEPP]�MR�GSQTPMGEXIH�

cases. Therefore we concluded that future research should focus on optimizing the technique, 

dosage, timing and patient selection in order to establish whether NIR -luorescence imaging can 

help to prevent bile duct injuries and if there is a place for routing use of the technique during 

laparoscopic cholecystectomy.

In Chapter 9 we present a systematic review in which we evaluated visualization of the CD, 

CBD and Common Hepatic Duct (CHD) before and after dissection of Calot’s triangle with 

2-6�ƽYSVIWGIRGI�MQEKMRK�YWMRK�-'+�HYVMRK�PETEVSWGSTMG�GLSPIG]WXIGXSQ]��;I�EHHMXMSREPP]�

compared biliary structure visualization between ICG and IOC in a meta-analysis. After a 

search in PubMed, Embase, the Cochrane Library and Web of Science, 19 eligible studies 

[IVI�MHIRXMƼIH��TVIWIRXMRK�����TEXMIRXW�[LIVISJ�SRP]����TEXMIRXW�WYJJIVIH�JVSQ�GSQTPMGEXIH�

KEPPFPEHHIV�HMWIEWI��6IWYPXW�WYKKIWX�XLEX�XLI�YWI�SJ�2-6�ƽYSVIWGIRGI�MQEKMRK�[MXL�-'+�TVSZMHIW�

good overall visualization rates of the CD, CBD, CHD and CD junction prior to and following 

dissection of Calot’s triangle. Visualization rates of the biliary structures appear to be equally 

KSSH�JSV�IMXLIV�����QK�Ƽ\IH�HSWEKI�SV������QK��OK�HSWEKI�SJ�-'+��7QEPP�ZEVMEXMSR�SJ�XMQMRK�SJ�
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ICG administration was seen, varying between over an hour before surgery until directly after 

anesthesia. We found moderate quality evidence that visualization of the CD and CBD with ICG is 

FIXXIV�XLER�-3'��8LMW�ƼRHMRK�GSQFMRIH�[MXL�XLI�LMKLIV�GSWXW�SJ�-3'��QSVI�HMƾGYPX�TIVMSTIVEXMZI�

logistics, radiation exposure and risk of bile duct injury, ICG might be considered to be a better 

STXMSR�JSV�ZMWYEPM^EXMSR�SJ�XLI�FMPMEV]�XVEGX��,S[IZIV��JYVXLIV�VIWIEVGL�MW�RIGIWWEV]�XS�GSRƼVQ�XLMW�

VIGSQQIRHEXMSR��3ZIVEPP��RS�GSRGPYWMSRW�GSYPH�FI�HVE[R�[LIXLIV�2-6�ƽYSVIWGIRGI�MQEKMRK�

with ICG provides advantages over conventional white light imaging during laparoscopic 

cholecystectomy or in the prevention of bile duct injuries. Future randomized trials must be 

IRVSPPIH��MRGPYHMRK�E�LIXVSKIRSYW�TEXMIRX�TSTYPEXMSR�ERH�[MXL�GPIEV�HIƼRMXMSRW�JSV�YRGSQTPMGEXIH�

and complicated gallbladder disease.
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Chapter 11

DUTCH SUMMARY

DEEL I   MOLECULAIRE BEELDGELEIDENDE CHIRURGIE BIJ DIKKE DARM TUMOREN

Door de invoering van landelijke screeningsprogramma’s, stijgende levensverwachting, 

toenemende aantal gezonde ouderen en bewustzijn van (vroege) alarmsymptomen, neemt aantal 

patiënten met dikke darmkanker in een vroeg stadium zonder tekenen van lymfklierstadiering 

(stadium I-II) snel toe. Potentieel kunnen deze tumoren behandeld worden met een lokale 

excisie van de tumor, met name wanneer het een T1 of T2 tumor betreft. Deze behandeling 

voorkomt blootstelling aan chirurgische gerelateerde complicaties inclusief mortaliteit van 

een uitgebreide en-block resectie. Het is echter ook bekend dat 20% van de patiënten na een 

radicale resectie van een stadium I-II tumor, zich later alsnog presenteert met metastasen 

op afstand waarvan een deel binnen 5 jaar na initiële behandeling overlijdt. Dit is mogelijk 

het gevolg van onderstadiëring door het missen van occulte tumor cellen in de lymfklieren 

(micrometastasen en geïsoleerde tumor cellen) tijdens conventionele histopathologische 

beoordeling. Het is bekend dat de detectie van occulte tumor cellen toeneemt door gebruik 

te maken van aanvullende uitgebreide histopathologische technieken, zoals het uitsnijden van 

meerdere opeenvolgende coupes gecombineerd met immuunhistochemie. Deze aanvullende 

technieken zijn echter duur en tijdrovend waardoor niet geschikt voor dagelijks gebruik. De 

schildwachtklier (SWK) is de eerste lymfklier waar de lymfebanen vanaf de primaire tumor 

naartoe draineren, en heeft daardoor de grootste kans op het bevatten van metastasen. Het 

MHIRXMƼGIVIR�ZER�HI^I�7;/�FMIHX�HI�QSKIPMNOLIMH�SQ�NYMWX�ST�HI^I�P]QJOPMIV�YMXKIFVIMHI�IR�

gedetailleerde histopathologische analyse te doen aanvullend op conventionele H&E-kleuring. 

De SWK-procedure kan enerzijds een lokale excisie van de primaire tumor en daarmee dus 

de kans op chirurgische complicaties verkleinen, wanneer deze negatief is voor metastasen. 

Anderzijds kan de SWK-procedure het detecteren van metastasen juist optimaliseren en 

daarmee patientoverleving verbeteren.

In hoofdstuk 2 beschrijven we het concept van de SWK-procedure en huidige tekortkomingen 

van de techniek bij dikke darmkanker. Destijds liet de literatuur een sensitiviteit van 86% en 

detectie van 96% zien, wat lager is ten opzichte van andere tumoren waarbij de SWK-procedure 

al standaard wordt toegepast. De grote variatie in gebruikte technieken en de afwezigheid van 

standaardisatie ten aanzien van patiënt- en tumor gerelateerde factoren, worden aangewezen 

als oorzaken van dit mindere resultaat. Ook technische tekortkomingen en eigenschappen 

van de gebruikte tracers lijken hieraan bij te dragen. Als eerste wordt de penetratiediepte 

van de meest gebruikte tracer ‘ blue dye’ besproken. Deze is zeer beperkt en daardoor 
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moeilijk te visualiseren wanneer SWKs diep in het vettige mesocolon liggen. Tevens is de 

molecuulgrootte van blue dye relatief klein waardoor deze snel migreert naar opeenvolgende 

regionale lymfklieren. Het additioneel gebruik van gamma-tracers lijkt niet direct bij te dragen 

aan de verbetering van de SWK-procedure. Dit komt doordat SWKs nabij de tumor overstraald 

worden door het zeer radioactieve injectiedepot ter plaatse van de primaire tumor. Nabij-

MRJVEVSHI�ƽYSVIWGIRXMIFIIPHZSVQMRK��2-6�ƽYSVIWGIRX�MQEKMRK�QIX�-RHSG]ERMRI�+VSIR��-'+�

EPW�KIPIMHIRHI�ƽYSVIWGIVIRHI�XVEGIV�MR�TPEEXW�ZER�FPYI�H]I��[SVHX�KI^MIR�EPW�QSKIPMNOI�STPSWWMRK�

voor deze technische problemen. De verhouding tussen het signaal en de achtergrond is het 

KVSSXW�FMN�REFMN�MRJVEVSHI�KSPƽIRKXIW�����������RQ�[EEVHSSV�HMITKIPIKIR�WXVYGXYVIR�FIXIV�

gevisualiseerd kunnen worden ten opzichte van conventioneel wit licht en blue dye. Indocyanine 

+VSIR�LIIJX�IIR�IQMWWMIKSPƽIRKXI�VSRH�����RQ�[EEVQII�LIX�KIWGLMOX�MW�ZSSV�2-6�ƽYSVIWGIRXI�

beeldvorming en wordt al klinisch gebruikt. Het toevoegen van gehumaniseerd albumine (HSA) 

PMNOX�XIZIRW�LIX�ƽYSVIWGIRXI�WMKREEP�XI�ZIVWXIVOIR�IR�LIX�QSPIGYYP�XI�ZIVKVSXIR�[EX�VIXIRXMI�

van ICG in de SWK bevorderd. In dit hoofdstuk bespreken we naar aanleiding van onze eigen 

IVZEVMRKIR��SSO�IROIPI� XIOSVXOSQMRKIR�ZER�2-6�ƽYSVIWGIRXI�FIIPHZSVQIRHI� XIGLRMIO�EPW�

methode voor de SWK-procedure in dikke darmkanker. Ten eerste kan tijdens het injecteren 

-'+�PIOOIR�MR�HI�MRXVE�EFHSQMREPI�VYMQXI�[EEVHSSV�IV�ZIIP�EGLXIVKVSRH�ƽYSVIWGIRXMI�SRXWXEEX��

[EX�MHIRXMƼGEXMI�ZER�HI�7;/�SRQSKIPMNO�QEEOX��3SO�FPIIO�HEX�HMITKIPIKIR�P]QJOPMIVIR�RSK�

WXIIHW�QSIMPMNO�XI�HIXIGXIVIR�^MNR�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�HSSV�HI�EPWRSK�FITIVOXI�

penetratiediepte van 0.5-1.0 cm. In dit hoofdstuk bespreken we kort een veelbelovende nieuwe 

ƽYSVIWGIVIRHI�XVEGIV�-6(]I���';��0-�'36�FMSWGMIRGI��0MRGSPR��2)�[IPOI�IROIPI�ZSSVHIPIR�

LIIJX�XIR�ST^MGLXI�ZER�-'+��8IR�IIVWXI�PMNOX�LIX�IIR�WXIVOIV�ƽYSVIWGIRX�WMKREEP�XI�LIFFIR�HER�

ICG. Daarnaast is het mogelijk IRDye800CW covalent te binden met verschillende biomoleculen 

[EEVHSSV�LIX�IIR�^IIV�KIWGLMOXI� MW�ZSSV�WTIGMƼIOI�EEROPIYVMRK�ZER�XYQSVIR��(IWXMNHW�[EW�

IRDye800CW nog niet goedgekeurd door de FDA en kon dus niet klinisch onderzocht worden.

In hoofdstuk 3 gaan we dieper in op de validiteit van de SWK-procedure en beschrijven we in 

een systematic review met meta-analyse de huidige sensitiviteit, negatief voorspellende waarde 

en detectie van de SWK-procedure bij dikke darmkanker. Na een uitgebreide zoekopdracht in 

Pubmed en Embase, werden 47 studies geïncludeerd. Deze studies laten een sensitiviteit van 

73% zien met een bijbehorende negatief voorspellende waarde van 82%. Om vast te stellen of 

de SWK een correct voorspellende waarde heeft voor lymfkliermetastasen, zouden alle SWKs 

en regionale lymfklieren geanalyseerd moeten worden met aanvullende histopathologische 

technieken naast conventionele H&E-kleuring. Daarom worden zes ‘high-quality studies’ 

geselecteerd die alle lymfklieren met deze aanvullende technieken onderzoeken. In deze high-

quality studies daalt de sensitiviteit naar 56% en negatief voorspellende waarde naar 69%. 
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Subanalyses laten zien dat een ex-vivo uitgevoerde SWK-procedure een betere sensitiviteit geeft 

maar dat er bij een in-vivo procedure twee keer meer SWKs worden gevonden. Waarschijnlijk is 

de betere sensitiviteit van de ex-vivo procedure toe te schrijven aan de directe visualisatie van 

HI�P]QJIHVEMREKI�IR�QIIV�WTIGMƼIOI�HMWWIGXMI�ZER�LIX�QIWSGSPSR��%ER�HI�ERHIVI�OERX�OYRRIR�

positieve (schildwacht) klieren juist gemist worden met de ex-vivo techniek wanneer deze 

buiten het resectiegebied liggen. Ondanks de teleurstellende resultaten van de SWK-procedure 

beschreven in dit hoofdstuk, blijkt dat het aanvullend uitgebreid histopathologisch analyseren 

van de lymfklieren wel degelijk een toename geeft van het aantal lymfkliermetastasen van 

34% naar 48%. Hierbij moet worden opgemerkt dat de prognostisch en voorspellende waarde 

van de veelal gevonden occulte tumor cellen nog steeds onduidelijk is. Daarbij wordt in de 

literatuur gesuggereerd dat alleen micrometastasen van invloed zijn op de vijfjaarsoverleving 

terwijl deze minder frequent voorkomen dan geïsoleerde tumorcellen. Toekomstige studies 

moeten dan ook onderzoeken wat de prognostische waarde is van micrometastasen danwel 

geïsoleerde tumorcellen, en of behandeling met adjuvante chemotherapie de overleving 

van deze patiënten beïnvloed. Bovendien blijkt uit deze studie dat de SWK-procedure door 

anatomische en technische uitdagingen gecombineerd met de grote variatie in de gebruikte 

methoden nog niet voldoende is ontwikkeld bij dikke darmkanker. Om de SWK-procedure te 

ZIVFIXIVIR�MW�KIWXERHEEVHMWIIVH�SRHIV^SIO�RSHMK��[EX�^MGL�WTIGMƼIO�VMGLX�ST�ZVSIKXYQSVIR�IR�

gebruik maakt van optimale beeldvormende technieken.

In hoofdstuk 4 en hoofdstuk 5 beschrijven we onze resultaten van de SWK-procedure met NIR 

ƽYSVIWGIRXI�FIIPHZSVQMRK��-R�hoofdstuk 4 laten we de resultaten zien van de SWK-procedure na 

transcutane subserosale injectie met ICG. In alle 14 patiënten kon een SWK zonder metastasen 

worden aangewezen. Echter in vier patiënten werden wel uitzaaiingen gevonden in regionale 

lymfklieren wat resulteert in een sensitiviteit van 0%. Dit zeer teleurstellende resultaat is mogelijk 

veroorzaakt door het onvermogen om met deze injectietechniek, de tracer dichtbij de tumor 

te injecteren. Dit kan zorgen voor drainage van tracer in aangrenzende lymfebanen in plaats 

van de lymfebanen, die direct vanaf de tumor draineren. Daarnaast bleek het ook lastig te zijn 

de naald goed gepositioneerd te houden gedurende injectie, met dislocatie en extravasatie 

van dye in het peritoneum als gevolg. Derhalve werd in de daaropvolgende 15 patiënten een 

coloscopie verricht waarbij ICG nabij de tumor en in de submucosale laag werd geïnjecteerd, 

zie hoofdstuk 5. Dit bleek een technisch eenvoudige injectiemethode te zijn zonder lekkage 

van ICG in de peritoneale ruimte, wat resulteerde in een sensitiviteit van 80%. Aanvullend werd, 

in hoofdstuk 5, een systematic review en meta-analyse verricht om de huidige methoden en 

VIWYPXEXIR�ZER�HI�7;/�TVSGIHYVI�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�MR�OEEVX�XI�FVIRKIR��)V�

werden 8 studies geïncludeerd waarin 227 SWK-procedures werden uitgevoerd. Een sensitiviteit 
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van 63% werd gevonden met een daarbij behorende negatief voorspellende waarde van 81% 

en detectie ratio van 94%. In 15% van de patiënten werden metastasen gevonden in de SWKs 

na aanvullende histopathologische analyse. Er werden geen verschillen gezien voor de SWK-

procedure op basis van gebruikte tracer, injectie methode, tijdsinterval tussen injectie en SWK 

MHIRXMƼGEXMI�SJ�[ERRIIV�HI^I�MR��SJ�I\�ZMZS�[IVH�YMXKIZSIVH��)GLXIV�LIX�EERXEP�WXYHMIW�HMI�HI�

7;/�TVSGIHYVI�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�LIIJX�SRHIV^SGLX� MW�RSK�FITIVOX��;IP�

concluderen we aan de hand van deze resultaten, dat de SWK-procedure bij dikke darmkanker 

SSO�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�QSIMPMNOIV� MW� MR�ZIVKIPMNOMRK�QIX�ERHIVI�ZSVQIR�ZER�

kanker. Er is dan ook meer expertise nodig voordat grote klinische studies naar de validatie 

van de SWK-procedure als onderdeel van de standaard chirurgische behandeling van dikke 

darmkanker kunnen worden gestart.

In hoofdstuk 6 beschrijven we de eerste resultaten van de SWK-procedure waarbij we 

TVISTIVEXMIZI�4)8�'8� P]QJWGMRXMKVEƼI� GSQFMRIVIR�QIX� MRXVE�STIVEXMIZI�2-6� ƽYSVIWGIRXI�

beeldvorming. We maken hierbij gebruik van de radioactieve stof [89Zr]Zr-nanocoll en ICG. Het 

doel in deze studie is om vast te stellen of preoperatieve beeldvorming met [89Zr]Zr-nanocoll 

PET/CT bijdraagt aan het lokaliseren van aantal en locatie SWKs, en of deze overeenkomen met 

HI�7;/W�HMI�XMNHIRW�HI�STIVEXMI�KIʩHIRXMƼGIIVH�[SVHIR�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK��

Er worden drie preoperatieve [89>VA>V�RERSGSPP� 4)8�'8� P]QJWGMRXMKVEƼIʥR� KIQEEOX� SQ�

de kinetiek en biodistributie van de tracer vast te stellen. Tevens wordt een postoperatieve 

PET/CT van het preparaat gemaakt. Een lymfklier wordt beschouwd als SWK wanneer deze 

gezien wordt op preoperatieve PET/CT en op de scan van het preparaat. In twee van de tien 

patiënten was er sprake van inadequate injectie van [89Zr]Zr-nanocoll. In zeven patiënten 

OSRHIR�7;/W�KIʩHIRXMƼGIIVH�[SVHIR��[IPOI�EPPIR�REEWX�VEHMSEGXMIJ�SSO�ƽYSVIWGIRX�[EVIR��

In één SWK werden geïsoleerde tumorcellen aangetroffen. Zes SWKs nabij de primaire tumor 

� ���GQ�[IVHIR�RMIX�KIHIXIGXIIVH�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK��(MX�WYKKIVIIVX�HEX�

4)8�'8�P]QJWGMRXMKVEƼI�FIXIV� MR�WXEEX� MW�SQ�7;/W�HMGLXFMN�HI�TVMQEMVI�XYQSV�XI�HIXIGXIVIR�

XIR�ST^MGLXI�ZER�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK��:IVHIV�JEGMPMXIIVHI�HI�TVISTIVEXMIZI�4)8�'8�

HI�GLMVYVK�FMN�LIX�MRXVE�STIVEXMIJ�HIXIGXIVIR�ZER�HI�ƽYSVIWGIRXI�7;/W�IR�[IVHIR�RSK�IROIPI�

EERZYPPIRHI�7;/W�KIʩHIRXMƼGIIVH�ST�HI�TSWXSTIVEXMIZI�4)8�'8�WGER��-R�HI^I�JEWI�ZER�LIX�

onderzoek waarin optimalisatie van de SWK-procedure nog het primaire doel is, adviseren wij 

HER�SSO�IIR�TVISTIVEXMIZI�P]QJWGMRXMKVEƼI�WGER����YYV�RE�XVEGIV�MRNIGXMI�XI�GSQFMRIVIR�QIX�

een postoperatieve scan van het preparaat.
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DEEL II    MOLECULAIRE BEELDGELEIDENDE CHIRURGIE TIJDENS DE LAPAROSCOPISCHE 

 CHOLECYSTECTOMIE

In het tweede deel van dit proefschrift onderzoeken we de visualisatie van biliaire structuren 

XMNHIRW�HI�PETEVSWGSTMWGLI�GLSPIG]WXIGXSQMI�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK��,IX�HSIP�

ZER�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�FMN�HI^I�STIVEXMI�MW�LIX�ZSSVOSQIR�ZER�KEP[IKPIXWIP�IR�LIX�

ZIVZERKIR�ZER�HI�MRXVE�STIVEXMIZI�GLSPERKMSKVEƼI��-3'�EPW�FIIPHZSVQIRHI�XIGLRMIO�

In hoofdstuk 7�SRHIV^SIO�[I�SJ�ZVSIKI�MHIRXMƼGEXMI�ZER�HI�I\XVELITXMWGLI�KEP[IKIR�QIX�FILYPT�

ZER�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�ZER�XSIKIZSIKHI�[EEVHI�MW�EPW�EERZYPPMRK�ST�HI�Ƅ'VMXMGEP�

View of Safety’ (CVS) bij patiënten die een laparoscopische cholecystectomie ondergaan voor 

ongecompliceerd galsteenlijden. Bij 30 patiënten werd preoperatief een oplossing van 0.05 mg/

OK�-'+�[EXIV�MRXVEZIRIYW�KIʩRNIGXIIVH��(I�HYGXYW�G]WXMGYW�[IVH�WMKRMƼGERX�IIVHIV�KIHIXIGXIIVH�

QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�XIR�ST^MGLXI�ZER�GSRZIRXMSRIPI�FIIPHZSVQMRK��8IZIRW�[IVH�

HI�HYGXYW�GLSPIHSGLYW�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�ZEOIV�KIʩHIRXMƼGIIVH�XMNHIRW�LIX�

vrijmaken van de driehoek van Calot en ook ten tijde van CVS.

%ERKI^MIR�ZVSIKI�ZMWYEPMWEXMI�ZER�HI�HYGXYW�G]WXMGYW�IR�EERZYPPIRHI�MHIRXMƼGEXMI�ZER�HI�HYGXYW�

choledochus juist van grote toegevoegde waarde kan zijn wanneer de anatomie onduidelijk of 

afwijkend is, wordt de techniek in hoofdstuk 8 onderzocht in patiënten met gecompliceerd 

galsteenlijden. In 18 patiënten werd net na algehele anesthesie een oplossing van 0.02 mg/

kg ICG/water intraveneus geïnjecteerd. Tijdens de operatie werd vlak voor het vrijmaken van 

de driehoek van Calot en vroeg tijdens de dissectie, getracht de biliaire structuren met NIR 

ƽYSVIWGIRXI�FIIPHZSVQMRK�XI�ZMWYEPMWIVIR��(I�HYGXYW�G]WXMGYW�[IVH�HVMI�OIIV�KIZMWYEPMWIIVH�

QIX�GSRZIRXMSRIPI�FIIPHZSVQMRK�IR�ZMIV�OIIV�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�ZPEO�ZSSV�

het vrijmaken van de driehoek van Calot. Daarnaast kon de ductus choledochus twee keer 

KIʩHIRXMƼGIIVH�[SVHIR�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK��-R�ZMNJ�TEXMʥRXIR�[IVH�':7�FIVIMOX�

nog voordat er een tweede keer met NIR laparoscoop gekeken kon worden. In twee patiënten 

[IVHIR�^S[IP�HI�HYGXYW�G]WXMGYW�EPW�HYGXYW�GLSPIHSGLYW�KIZMWYEPMWIIVH�QIX�2-6�ƽYSVIWGIRXI�

beeldvorming, waardoor conversie naar een open procedure in één patiënt voorkomen kon 

worden. Helaas kon de ductus cysticus op CVS slechts in 13 patiënten gevisualiseerd worden 

QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�XIV[MNP�HI^I�QIX�GSRZIRXMSRIPI�FIIPHZSVQMRK�[IP� MR�EPPI�

TEXMʥRXIR�KIʩHIRXMƼGIIVH�[IVH��%ERZYPPIRH�[IVH�HI�HYGXYW�GLSPIHSGLYW�QIX�2-6�ƽYSVIWGIRXI�

beeldvorming in zeven patiënten gedetecteerd. Het moeizaam zichtbaar maken van de galwegen 

in deze patiëntenpopulatie, is waarschijnlijk het gevolg van oedeem en adhesies rondom de hilus 

bij of na een acute cholecystitis of ERCP, gecombineerd met de beperkte penetratie van NIR 
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ƽYSVIWGIRXI�FIIPHZSVQMRK��%RHIVI�TEXMʥRX��IR�TVSGIHYVI�KIFSRHIR�JEGXSVIR�^SEPW�&SH]�1EWW�

Index (BMI), dosis en tijdsinterval tussen ICG toediening en beeldvorming, zijn mogelijk ook van 

invloed. Toekomstige studies moeten zich dan ook richten op deze factoren om zodoende de 

techniek te kunnen verbeteren en vast te stellen of galwegletsel voorkomen kan worden door 

LIX�VSYXMRIQEXMK�XSITEWWIR�ZER�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�XMNHIRW�HI�PETEVSWGSTMWGLI�

cholecystectomie.

In hoofdstuk 9 onderzoeken we in een systematic review de toegevoegde waarde van NIR 

ƽYSVIWGIRXI�FIIPHZSVQMRK� MR�LIX�ZSSVOSQIR�ZER�KEP[IKPIXWIP� XMNHIRW�HI� PETEVSWGSTMWGLI�

GLSPIG]WXIGXSQMI��:MWYEPMWEXMI�QIX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�ZER�HI�HYGXYW�G]WXMGYW��

ductus choledochus en ductus hepaticus communis zowel voor als na dissectie van de driehoek 

van Calot, wordt geëvalueerd. Aanvullend wordt een meta-analyse verricht waarbij visualisatie 

ZER�HI�FMPMEMVI�WXVYGXYVIR�XYWWIR�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�IR�-3'�[SVHIR�ZIVKIPIOIR��

2IKIRXMIR�WXYHMIW�QIX�����TEXMʥRXIR�[SVHIR�KIʩHIRXMƼGIIVH�RE�IIR�^SIOSTHVEGLX�MR�4YF1IH��

Embase, the Cochrane Library en Web of Science. Slechts 78 geïncludeerde patiënten met 

gecompliceerd galsteenlijden werden geincludeerd. Resultaten van het review suggereren 

HEX�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�QIX�-'+�HI�HYGXYW�G]WXMGYW��HYGXYW�GLSPIHSGLYW��HYGXYW�

hepaticus communis en overgang tussen ductus cysticus en ductus hepaticus communis, 

zowel voor als tijdens het vrijmaken van de driehoek van Calot goed kan visualiseren. Een 

optimale dosis wordt gezien bij 2.5 mg ICG of bij een oplossing van 0.05 mg/kg. Het toedienen 

van ICG varieert tussen een uur preoperatief tot direct na algehele anesthesie. Er is mild bewijs 

HEX�ZMWYEPMWEXMI�ZER�HI�HYGXYW�G]WXMGYW�IR�HYGXYW�GLSPIHSGLYW�FIXIV�MW�QIX�2-6�ƽYSVIWGIRXI�

beeldvorming ten opzichte van IOC. Echter, aangezien IOC gepaard gaat met hoge kosten, 

uitdagende perioperatieve logistieke planning, radioactieve straling en toenemend risico op 

KEP[IKPIXWIP��OER�2-6�ƽYSVIWGIRXI�FIIPHZSVQMRK�SZIV[SKIR�[SVHIR�EPW�FIXIVI�STXMI�ZSSV�LIX�

visualiseren van de biliaire structuren. Aanvullend onderzoek is nodig om dit daadwerkelijk 

vast te kunnen stellen. Aan de hand van dit review kunnen geen eenduidige conclusies worden 

KIXVSOOIR� EERKEERHI� LIX� ZSSVHIIP� ZER� 2-6� ƽYSVIWGIRXI� FIIPHZSVQMRK� XIR� ST^MGLXI� ZER�

conventionele beeldvorming tijdens de laparoscopische cholecystectomie en in het voorkomen 

van galwegletsel. Hiervoor zullen eerst gerandomiseerde studies uitgevoerd moeten worden 

QIX�IIR�LIXIVSKIRI�TEXMʥRXIRTSTYPEXMI�HMI�XIZIRW�KIFVYMO�QEOIR�ZER�IIRHYMHMKI�HIƼRMXMIW�

aangaande ongecompliceerd en gecompliceerd galsteenlijden.
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Misschien nog wel meer opgelucht dan blij, maar vooral heel trots ben ik op de voltooiing van 

dit proefschrift. Dankbaar ben ik voor de hulp, tijd en ondersteuning van een heleboel mensen 

die onmisbaar zijn geweest voor het succesvol afmaken van dit promotieonderzoek. Uiteindelijk 

heb je in je leven, en dus ook gedurende het schrijven van een proefschrift, mensen nodig die 

ST�IIR�GVYGMEEP�QSQIRX�PIXXIVPMNO�SJ�ƼKYYVPMNO�^IKKIR��ƈMO�KIPSSJ�MR�NI�Ɖ�(I^I�QIRWIR��HMI�MO�QIX�
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ambitieus plan zijn we samen aan dit project begonnen. Het resulteerde in eindeloze discussies 

met de METC, herschrijven van protocollen en bijschaven van ambities. We waren het net zo 

vaak met elkaar eens als met elkaar oneens, maar gingen altijd door met wederzijds respect, 

optimisme en heel veel toewijding. Je gaf mij de nodige ruimte om mezelf te ontwikkelen en 

gunde mij een podium om te netwerken en kansen te benutten. Daarnaast was je ook in tijden 

van tegenspoed een enorme steunpilaar, ongeacht of dit werk gerelateerd of privé was. Lieve 

Jeroen, met het afronden van dit proefschrift sluiten wij beide een hectische en bewogen periode 
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Prof.dr. H.J. Bonjer, beste Jaap. Het is een enorm voorrecht om bij u te mogen promoveren. 
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van de studies. Je ‘rode pen’ met opmerking en correcties als: “Klopt niet, waarom staat dat hier, 

HMX�QSIX�NI�YMXPIKKIR�Ɖ�HVIZIR�QMN�EJ�IR�XSI�XSX�[ERLSST��QEEV�[EVIR�ZSSVEP�LIIP�IVK�XIVIGLX��-O�

ben ervan overtuigd dat zonder jouw expertise en begeleiding, de inhoud van dit proefschrift 

niet zo waardevol was geweest. Daarnaast ben je ook een zeer plezierig en vriendelijk persoon. 

Ik heb heel veel van je geleerd en ik hoop dat we contact blijven houden.
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te wisselen tijdens de verdediging. 

Prof. dr. J.H.W. de Wilt, beste Hans. Nog voordat wij elkaar leerden kennen vond ik je al een 
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van het manuscript, en nog meer voor de gesprekken en adviezen. Ik kijk er naar uit door je 

opgeleid te worden.
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Ik waardeer je enorm als chirurg en wetenschapper, maar vooral als mens. Ik hoop nog veel 
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Het wetenschappelijke niveau binnen jouw onderzoeksteam is indrukwekkend hoog en het is 
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van zeer grote waarde geweest voor de vorming van dit proefschrift. Heel veel dank daarvoor 
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met zich mee. Dit is precies ook de reden waarom het zo moeilijk is om de toegevoegde waarde 
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Beste Rianne, super mooi dat je deze onervaren lab-kneus op sleeptouw wilde nemen in het 

Moleculaire Celbiologie laboratorium. Als je hierop terugblikt, was het een gouden greep van 
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vertrouwen. 
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,SSR��;I�LSYHIR�GSRXEGX�
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Lieve Tjarda, Miranda, Hans en Marlies: Ik citeer Morsink: “Een bij elkaar geraapt zooitje,” maar 

wel een fantastisch mooi bij elkaar geraapt zooitje. Dank voor jullie support en op naar nog een 
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verbonden. En gelukkig maar, want het aantal momenten waarbij we samen tot tranen aan 
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toe hebben gelachen is inmiddels ontelbaar. Ik vind je hilarisch, slim en vooral heel lief. Daarbij 

bied je altijd een luisterend oor en weet je de juiste adviezen te geven wanneer het nodig is. 

=SY�VSGO�KMVP����
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staat en daar ben ik heel blij mee. 

Paranimf Laura Mertens. Lieve Lau, nietsvermoedend zaten we bij het EAES congres in 
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