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Enhancing Reality in Colorectal Surgery

Restoring 3D Vision
3D vision is important for judgement of depth, spatial locali-
zation, and perception of different reflective surfaces. All
these elements are fundamental to any surgical procedure
involving tissue dissection and suturing. The loss of 3D vision
occurs in standard laparoscopy which induces a distortion of
reality and requires adaptation by the surgeon. However, this
can be partially overcome by the use of new laparoscopes that
provide 3D vision. While there are few publications that
specifically investigate the benefits of 3D vision in laparosco-
pic surgery,1 it is clear that the restoration of 3D vision is a key
advantage of using the robotic platform.

Perioperative perception of human anatomy is still very
crude based on white light reflectance and limited tactile

feedback, and yet there is a potential wealth of knowledge
provided by preoperative radiological images that is nowpart
of the routine diagnostic assessment of any patient with a
diagnosis of colorectal cancer.

Few surgeons are able to use all the information they get
from these images during the operation. The use of an open
source DICOM compatible available freeware (OSIRIX, Pixmeo,
Geneva, Switzerland)2 allows surgeons to improve their reality
perception by vascular reconstructions or tagging the location
of the tumor. Once this has been done, this can be imported in
theater as an image overlay to help navigation during the
operation. Preoperative computed tomographic (CT) mesen-
teric angiograms canbe useful to identify anatomical variants.3

For example, a recent randomized controlled trial demonstrat-
ed that surgeons who had preoperative access to 3D CT
reconstructions of mesenteric vessels had shorter operative
times and better identification of aberrant vascular anatomy.4
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Abstract Colorectal surgery is one of the most common procedures performed around the world
with more than 600,000 operations each year in the United States, and more than a
million worldwide. In the past two decades, there has been a clear trend towardminimal
access and surgeons have embraced this evolution. Widespread adoption of advanced
minimally invasive procedures is often limited by procedural complexity and the need
for specific technical skills. Furthermore, the loss of 3D vision, limited overview of the
surgical field, and diminished tactile sensation make major colorectal procedures more
challenging and have an impact on the surgeons’ learning curves. New technologies are
emerging that can compensate for some of the sensory losses associated with
laparoscopy. High-definition picture acquisition, 3D camera systems, and the use of
biomarkers will allow improved identification of the target structures and help
differentiate them from surrounding tissues. In this article, we describe some of the
new technologies available and, in particular, focus on the possible implications of
biomarkers and fluorescent laparoscopic imaging.

� Both the authors contributed equally to this work.

Issue Theme Evolving and Emerging
Technologies in Colon and Rectal
Surgery; Guest Editors: Thomas E.
Cataldo, MD, FACS, FASCRS; Deborah
Nagle, MD, FACS, FASCRS

Copyright © 2015 by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.
Tel: +1(212) 584-4662.

DOI http://dx.doi.org/
10.1055/s-0035-1555007.
ISSN 1531-0043.

158

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:neil.mortensen@nds.ox.ac.uk
http://dx.doi.org/10.1055/s-0035-1555007
http://dx.doi.org/10.1055/s-0035-1555007


Smaller tumors, if not marked by endoluminal tattoo,
could also be mapped out to allow better localization. How-
ever, even the most advanced systems currently available are
not yet ready to do this in real-time because of limitations in
the ability to integrate preoperative imaging with surgical
views, including dealing with tissue deformity and motion
artifacts.

Use of Biomarkers and Fluorescence Imaging
Surgeons have always depended on white light to illuminate
their field of vision. Historically, operating theaters have been
located at the top of buildings, exemplified by the Old
Operating Theatre situated in the garret of St Thomas’s
Church, London, and the Ether Dome at Massachusetts Gen-
eral Hospital, Boston. Their location allowed the maximum
amount of light into the operating room, and emphasized the
need for optimal visual conditions required by surgeons.
Unfortunately, anatomical structures are not as distinct and
differentially colored as presented in standard anatomy text-
books. In reality, under white light visualization, body struc-
tures vary in limited shades of red, yellow, white, and gray
making it difficult to identify which structures are important
and which need to be removed.

There has been much interest in recent years in the use of
fluorescence to help guide surgery. Biomarkers which are
either inherently fluorescent or which are conjugated to a
fluorophore may be used in surgery in the following ways:

1. To identify normal anatomical structures.
2. To identify abnormal tissue, such as dysplasia or cancer.
3. To assess the perfusion and microvasculature of tissue for

wound healing or assessment of an anastomosis.
4. To assess the lymphatic drainage and identify sentinel

lymph nodes.

Biomarkers may be either specific or nonspecific. Specific
biomarkers bind to their targets only, are not normally
fluorescent, and, therefore, require a conjugated fluorophore.
Nonspecific biomarkers are inherently fluorescent and al-
though they do not bind specifically to any targets, they help
identify the natural channels within the body, for example,
lymph node drainage, blood vessels.

The principle of fluorescence imaging is the use of a special
endoscope that releases light at a certain wavelength (excita-
tion wavelength), which then stimulates a signal to be
released by the biomarker (emission wavelength). The fluo-
rescence signal emitted from the biomarker is detected by the
endoscope and the image is mapped digitally onto a screen.
Thefluorescent imagemay then bemapped over awhite light
image.

Most fluorescent-guided surgeries have used near infrared
(NIR) technology as the use of this wavelength results in a
greater depth of tissue penetration and a reduction of auto-
fluorescence from tissue. NIR endoscopes are most commonly
used together with indocyanine green (ICG) as a nonspecific
biomarker. ICG is clinically approved to be used in patients, has
few side effects (allergic reaction 1/300,000) and a very large
safety margin, the maximal dose being of 2 mg/kg of body
weight. There are currently two endoscopes available for NIR

imaging in laparoscopy (Pinpoint, Novadaq, Canada and D-
Light, Storz, Germany) and one in robotic surgery (Firefly, Da
Vinci, Intuitive Surgical, Inc., Sunnyvale, CA).5 Fluorescent
imaging in open abdominal surgery is also possible (Spy Scope,
Novadaq, Richmond, British Columbia, Canada).

Identifying Normal Structures

During surgery, it is often difficult to identify important
structures that are located within the operative field, which
need to be preserved to conserve normal physiological
function. Although this application has not been used before
in colorectal surgery, fluorescent biomarkers have been used
to identify and preserve nerves and the biliary tree in animal
models and patients, respectively.

It is important to identify nerves during surgery as acci-
dental injury can lead to significant impairment in neurolog-
ical and physiological function. However, peripheral nerves
are often difficult to identify and may be involved in the
diseased tissue. Whitney et al demonstrated in a mouse
model that the fluorescent NP41 peptide, when injected
intravenously, localized to the connective tissue surrounding
peripheral nerves, and highlighted these nerves without any
obvious toxicity.6 The same probe also labeled nerves in
human tissue samples.

ICG ismetabolized by the liver and excreted into the biliary
tree. This has been exploited in fluorescent cholangiography,
where the biliary tree can be highlighted in laparoscopic
surgery following an intravenous injection of ICG. In a studyof
52 patients,7 Ishizawa et al demonstrated that ICG enabled
real-time identification of the cystic duct-common hepatic
duct junction, as well as accessory bile ducts in 8 patients.
Similarly, ICG has been demonstrated to help delineate the
biliary tree during robotic cholecystectomy, with the cystic
duct and the common bile duct being visualized in 97.8 and
96.1% of the cases.8

Identifying Dysplasia and Cancer

Fluorescent biomarkers have been used to help identify
dysplasia and cancer during surgery.

One of the most commonly used biomarkers is 5-amino-
levulinic acid (5-ALA). 5-ALA is metabolized by tumors into
protoporphyrin IX, which is fluorescent in blue light. To date,
the largest clinical study involved 322 patients undergoing
surgery for malignant gliomas who were randomized to
either conventional white light microsurgery or 5-ALA fluo-
rescence-guided surgery. This study demonstrated that 5-
ALA fluorescence could guide surgeons to perform more
complete resections of the tumor, resulting in improved
progression-free survival.9 In colorectal surgery, most work
on 5-ALA has been performed on animal models.10,11 How-
ever, Kondo et al demonstrated that 5-ALA was able to
identify peritoneal metastasis in patients with colorectal
cancer that were not seen in white light vision.12

Specific molecular markers have also been developed that
identify specific molecular changes that occur on the cell
surface membrane during carcinogenesis. In epithelial
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ovarian cancer, folate receptor-α (FR-α) expression is in-
creased in 90 to 95% of the patients. van Dam et al demon-
strated that fluorescein-labeled folate, which is the ligand for
FR-α, was able to detect FR-α expressing tumors intraoper-
atively, as well as additional tumor deposits compared with
white light visualization alone, suggesting that this tool could
be useful in intraoperative staging and radical cytoreductive
surgery.13

Lectins are specific carbohydrate recognition proteins that
may be used to help identify dysplasia and cancer, as glyco-
sylation changes occur early during carcinogenesis. Bird–
Lieberman et al have shown that fluorescein labeled wheat
germ agglutinin (WGA) can act as a negative marker of
dysplasia in Barrett esophagus in ex vivo resection specimens
in conditions simulating endoscopy, which would have been
missed using white light examination alone.14 This may have
applications in colorectal neoplasia. Although the identifica-
tion of dysplasia using a negative marker does not appear
intuitive, positive markers are not without their limitations.
With negativemarkers, there is a riskof a false-positive result,
whereas with positive markers, there is a risk of a false-
negative result, which is more devastating to the patient.

Assessment of Bowel Perfusion

One of the major complications in colorectal surgery is an
anastomotic leak. This is a devastating complication of colo-
rectal surgery for the patient, surgeon, and health-care
provider. Average leak rates range between 1 and 3% for
ileo–colic anastomosis but can go up to 20% for a low
colorectal anastomosis.15 The process of anastomotic healing
can be divided into three steps: inflammation phase

(0–6 days), proliferation phase (3–10 days), and healing
phase (6–15 days). During the initial inflammatory process,
there is an intense inflammatory cell infiltration with secre-
tion of a newextracellularmatrix. The collagen I to collagen III
ratio will change during healing, and there will be less than
10% of collagen III at the end of the process. Neovasculariza-
tion starts around the 4th postoperative day and will allow a
complete healing of the anastomosis.While administration of
vascular endothelial growth factors (VEGF) decreases the
anastomosis leak rate,16 it is fundamental to have a good
perfusion of the anastomosis to allow a proper healing.17

Animal studies show that a stapled anastomosis will heal in
the same way as a simple enterotomy if the microvasculari-
zation is well preserved.18

Multiple factors have been shown to be associated with
anastomotic leak, including patient comorbidities such as age,
gender (male), smoking habits, diabetes, nutritional status,
and use of steroids. Intraoperative technical problems ac-
count for the other factors involved, such as blood loss (or
transfusion), type of resection, use of a drain, number of
stapler lines fired, peri-anastomotic hematoma, an abscess,
and anastomotic tension at the time of construction of the
anastomosis.19 Although the cause of a leak is multifactorial,
fewof the factors can be easilymodified to prevent a leak. The
assessment of perfusion of the colon during the surgery is,
however, one of them.

A large number of tools havebeendeveloped to try to address
this question, but none has yet been adopted into daily clinical
practice. The ideal tool for laparoscopic surgery should be easy to
use, accurate with a minimum of false-negative results and,
more importantly, with a fewor no false positives. It would be as
objective and reproducible as possible and cost effective. While

Table 1 Techniques to assess blood supply of an anastomosis

Technique Laparoscopic
surgery

Easy to use Accurate Objective Reproducible Cost effective

Color of the bowel þ þ � � � $

Marginal blood vessels þ þ � � � $

On table angiography28 þ � þ þ þ $$$

Pulse oxymetry29 � þ � þ þ $

Polarographic oxygen tension30,31 � � þ � þ $$

Doppler Ultrasound32 � þ � � � $

Intravital microscopy � � � � � $$$ no human
use

Spectrophotometry � � þ þ þ $$

Bowel wall contractility � � � þ � $$$

pH measurement � � � þ þ $$

Microdialysis � � � � � $$

Fluorescein
fluorescence33

� � � þ � $$

Laser Doppler flowmetry15 � � � � � $$

Near infrared24 þ þ þ þ þ $
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the traditional clinical criteria of good perfusion of tissue include
the identification of a bleeding marginal vessel and pink vascu-
larized mucosa, newer techniques have tried to make this step
more objective (►Table 1).

Themicrocirculation at the anastomosis plays a crucial role in
any anastomotic dehiscence. Dividing the colonic blood supply
leads to a loss of small vessel collaterals as shown in studiesusing
intravenousangiography inopensurgery, but this isnot practical
in everyday practice.20However, NIR technologywith the use of
ICG seems to have all the characteristics needed. It is possible to
use it in laparoscopic surgery, it is easy to use, is reproducible,
and accurate.

Once we can assess the microvascularization of an anasto-
mosis in real time, it will be feasible to alter the course of
surgery to prevent the development of a leak. During the
operation, the conventional scope is replaced by anNIR scope,
an intravenous injection of ICG is given and the prepared
colon can be assessed before and after anastomosis. The
anastomosis can be inspected both extraluminally and intra-
luminally using a modified rectoscope passed per

anally. ►Fig. 1 gives an example of NIR imaging to assess
the microvascularization in real time, showing a clear cut off
at the level of the loss of the signal after vessels
division. ►Fig. 2 shows the NIR fluorescence after the anas-
tomosis has been completed.

As this is such a novel area of research, there are only a few
prospective feasibility studies that have been published.
Sherwinter et al21 visualized 20 patients who underwent a
low anterior resection using transanal NIR imaging and
discovered that 50% of the patients with poor perfusion
around the anastomosis developed a leak. Jafari et al22

showed in a small prospective robotic series of patients
undergoing low anterior resections that the use of NIR
imaging led to a decrease in the anastomotic leak rate from
18 to 6%. This has been confirmed in a recent study in robotic
surgery where imaging led to a change in the proximal
transection area in 40% of the patients, and resulted in a 5%
anastomotic leak rate in those patients.23 Finally, in our small
prospective study of laparoscopic colorectal resections, we
had no leaks in a selected group of low anterior and high

Fig. 1 Near infrared (NIR) imaging after vessel division in a low anterior resection (Left up: normal view, middle left: NIR mode, and low left:
composite view mixed). (A) Before injection of indocyanine green (ICG), the clamp shows the planned level of transection. (B) After apparition of
the signal with the main screen with the composite view, showing a clear cut off of the signal.
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anterior resections or right hemicolectomies.24 A larger
prospective study, the PILLAR study, is about to be reported
with similarly low leakage rates.

There is much to be learned about this technology in the
prevention of anastomotic leak particularly after a low anterior
resection. While these early studies are promising, there will a
need for further refinement of the technique. Outstanding
questions remain on whether intraluminal imaging is better
than extraluminal, and whether the perfusion signal can be
quantified. Clearly, randomized controlled trials will be needed
before the benefits of this new technology can be established.

Lymph Node Mapping and the Potential for
Tailored Surgery for Colorectal Cancer

Currently, the same surgical operation (excision of the pri-
mary lesion and all draining lymph nodes) is proposed for all
patients with colorectal cancer irrespective of stage and

tumor size. With the introduction of bowel cancer screening
programs, more patients are being detected with early stage
disease without involvement of any lymph nodes. As there is
no treatment benefit for these patients from having such
normal lymph nodes excised, they are currently receiving a
much more extensive operation than what is actually re-
quired for cure. This exposes them to additional risks of injury
during their operation and necessitates a longer hospital stay
than would otherwise be the case. Indeed, a small group of
patients (around 10% of the total) is currently undergoing a
radical operation when their cancer is potentially removable
(and curable) by an endoscopic procedure that would not
entail removal of any length of bowel and that could be
performed potentially as a much simpler procedure.

Radical surgery, the classical oncological operation, involv-
ing resection of as many nodes as possible may still have a
place in advanced cancer but this has an increased morbidity
andmortality and a low level of evidence.25 As 97.5% of all the

Fig. 2 Near infrared (NIR) imaging after side to end anastomosis in a low anterior resection (Left up: normal view, middle left: NIR mode, and low
left: composite view mixed). (A) Before injection of indocyanine green (ICG). (B) After ICG injection, main screen with the NIR black and white
image, showing a good microperfusion of the anastomosis.
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significant lymphnodes are foundwithin 5 cmof the tumor,26

extended radical surgery will be unnecessary especially with
aberrant lymphatic drainage in up to 22% of the cases.27 In
this situation, a tailored limited resection could be sufficient if
we can correctly identify involved nodes at the time of
resection. This is particularly important in rectal cancer
surgery, where the patient risks either a long-term stoma
or major functional disturbance.

The concept of sentinel lymph node mapping is currently
being developed for patients with breast cancer, melanoma,
and, more recently, early stage stomach cancer. In colorectal
cancer, blue dyehas been used to look at lymphnode drainage
patterns in resected specimens and at open surgery. Lym-
phatic drainage in colorectal cancer is less predictable.
Although first draining lymph nodes in the primary lymph
node basin have been demonstrated, we prefer to use the
term significant lymph node.

We have been using the NIR laparoscope and ICG injection
intraluminally around the tumor to identify significant lymph
nodes intraoperatively at laparoscopic colorectal cancer resec-
tions. We have selected patients with small tumors in the
descending colon, sigmoid colon, and upper rectum. At the
beginning of the procedure, a colonoscope is passed into the
rectum. Insufflationwith CO2 is essential to prevent over disten-
sion of the colon and subsequent difficulty with the resection. A
submucosal injection of ICG is given around the tumor and after
30 minutes the draining lymph nodes will be made visible. It is
possible to inject the ICG a day before the surgery but this can be
difficult for the patient and hospital to arrange.

The conventional laparoscope is changed for the NIR scope
and the nodes can be identified as awhite on black image, or a
superimposed image on the conventional image, as seen
in ►Fig. 3. The significant node can then be marked with a
clip for subsequent histopathological analysis.

Now that the significant nodes can be reliably identified,
there remain two important issues. We do not as yet have

enough evidence for the predictive value and accuracy of the
node sampling for it to be used in routine clinical practice. In
addition, assessment of nodes for cancer needs to be in real time
during the procedure.Wehave been using one-step nucleic acid
amplification on resected specimen significant nodes to test the
feasibility of immediate histopathological assessment in the
operating room and this work is in progress.

The use of lymphatic mapping can also improve the
visualization of draining lymph nodes lying outside the field
of standard operative resection (aberrant drainage). This
occurs in approximately 10 to 20% of the patients and
explains why some low-risk cancer could recur.

Conclusion and Perspective for Colorectal
Surgery

We are entering a new era of surgery where the surgeon’s
eyesight can be augmented usingnew technologies to provide
3D endoscopic images, fusion of operative field, cross-sec-
tional imaging, identification of important structures using
fluorescent biomarkers, the provision of real-time informa-
tion on blood flow and colonic microcirculation, and the
intraoperative identification of lymph nodes previously
only seen by thehistopathologist. The challenge is to translate
these exciting concepts into improvements in cancer out-
comes, with minimal surgical resection, less morbidity, and
better functional results.
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