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Abstract
Background Histological analysis of surgical specimen is the gold standard for cancer classification. In particular, frozen 
histological diagnosis of vague peritoneal spots or uncertain excision of tumors plays a crucial role in the decision to proceed 
with or abandon an operation. Confocal laser microscopy (CLM) enables in-vivo and real-time high-resolution tissue analysis. 
This method has already been used during endoscopic assessments analyzing transformation of esophageal or colon mucosa. 
We examined whether a CLM device enables to distinguish between non-malignant and malignant tissue in vivo and real 
time and enables to assign peritoneal carcinomatosis spots to their primary tumor. In addition, we investigated whether the 
newly developed CLM camera device causes any tissue damage.
Methods CC531 colon carcinoma cells were implanted on the serosa side of the colon and intraperitoneally in Wag/Rija rats 
via laparotomy. After 7 days of tumor growth, confocal laser microscopy in vivo was performed by re-laparotomy. Images 
of non-malignant and malignant tissue were characterized in terms of specific signal pattern. No fluorescent dye was used. 
Correlations to findings in conventional histology were systematically recorded and described. Potential tissue damage was 
examined by conventional histology.
Results All animals survived the operative procedure and could be evaluated 7 days following surgery. No unexpected death 
occurred after surgery. Non-malignant colon is defined by small cycles of the microvilli of the colon. There is repetitive 
deregulated structure in colon carcinoma. Peritoneal carcinomatosis showed the same structural pattern as in primary colon 
carcinoma. In all examined cases, it was possible to differentiate between peritoneal carcinomatosis spots and non-malignant 
peritoneum. The CLM device did not cause any tissue damage.
Conclusions The CLM camera device reported here is feasible to identify peritoneal carcinomatosis spots, assign these spots 
to the primary tumor, as well as distinguish between non-malignant and malignant tissue in without using any fluorescent dye.

Keywords Confocal laser microscopy · Laparoscopy · Peritoneal metastasis · Colon cancer

Colorectal cancer is the third most commonly diagnosed 
cancer in males and the second in females [1]. Peritoneal 
carcinomatosis (PC) of colon cancer depicts a progressed 
stage of digestive cancer and is feared as metastatic spread 
by patient and physician. Especially, PC is linked to sig-
nificant shorter overall survival as compared with other 

metastatic manifestations in colon cancer [2]. In several 
studies, about 17.4% of patients had PC as a component of 
multisite disease and 2.1% of patients had PC as a sole site 
of disease [3]. Therefore, it is obligatory to diagnose metas-
tasis prior to selecting therapy. In spite of great improve-
ments of diagnostic imaging techniques such as computer 
tomography or magnetic resonance imaging, PC remains 
difficult to detect in imaging, and exploratory laparoscopy is 
typically performed to determine whether peritoneal metas-
tases are involved [4].

Confocal laser microscopy (CLM) is a well-established 
analysis method in endoscopy based on principle of tissue 
fluorescence [5]. It is possible to assess pathology in gastro-
intestinal tissue sites, e.g., Barrett’s esophagus [6], lesions 
in the duodenum [7], colonic mucosa, [8] and pancreatic 
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biliary duct [9]. A general impairment of CLM devices is 
the need of intravenous or local fluorescent contrast dyes, 
which have been reported to several side effects [10–12]. 
However, there is no CLM device for intraoperative diag-
nostic of tumor regions and potential metastases.

The herein reported CLM device developed for minimal-
invasive surgical (MIS) approach and intraoperative diagnos-
tic does not need any fluorescent contrast dye. This device 
is composed of a confocal laser scanning microscope and a 
rigid 5-mm laparoscope with Hopkins-rod lenses (Fig. 1). 
The special feature of this CLM device is that it does not 
require any fluorescent dye. Induced fluorescence of the 
tissue alone is sufficient for imaging. Introduced through 
a laparoscopic or thoracoscopic port, surgeons can use the 
CLM camera device like any other surgical instrument. Our 
previous study demonstrated that this device is feasible to 
distinguish between non-malignant and malignant mucosa 
ex vivo [13]. However, this CLM device for minimal-inva-
sive surgery needs to verify assigning PC spots to their pri-
mary cancer lesion.

Therefore, in this study we asked whether this newly 
developed CLM device enables to distinguish in  vivo 
between non-malignant and malignant tissue and allows 
assigning peritoneal tumor spots to their potential primary 
cancer lesion. Additionally, we examined whether this CLM 
device causes any tissue damage.

Materials and methods

Study design

The study was designed to evaluate the CLM device in vivo 
and to assess a potential tissue damage caused by the laser 
beam of the CLM device simultaneously. To determine 
whether it is possible to distinguish between non-malignant 
and malignant tissue as well as to assign tumor peritoneal 
spots to colon tumor region, we used the CC531 adeno-
carcinoma model in rats developed by Marquet et al. [14]. 
This tumor model enabled a peritoneal seeding as well 
as an implantation of tumor cells in the peritoneum and 

abdominal organs for assessment of defined regions [15, 
16]. If implanted in the abdominal peritoneum, the seeding 
in the abdominal cavity is more slow. To determine whether 
the CLM device caused any tissue damage, we chose the 
implantation of tumor cells in the peritoneum because dif-
fuse peritoneal seeding might prevent an assessment of 
healthy non-malignant tissue.

The CC531 colon adenocarcinoma cells were implanted 
in colon and peritoneum of male inbred WAG/Rija rats via 
laparotomy. After 7 days of tumor growth, we performed 
confocal laser microscopy in vivo using the newly devel-
oped CLM camera device via re-laparotomy. After CLM, 
the regions of non-malignant and malignant colon and peri-
toneum were resected for histological assessment of tissue 
damage that might be caused by the laser beam of the CLM 
camera device.

Animals

Ten inbred male pathogen-free WAG/Rija rats (151–308 g), 
delivered by Charles River, Sulzfeld, Germany, were used in 
this study. Maintenance and care of all animals used in this 
study were carried out according to the direction of national 
animal protection law and according to the directories of 
European Community Council (2010/63/E4). The animals 
were housed in groups of three up to four animals and had 
free access to food and water. They got accustomed to their 
new surrounding and to the investigator for at least 10 days 
before the first surgical intervention.

Endoscopic confocal laser microscopy camera device

The CLM camera device (Karl Storz GmbH & Co KG, 
Tuttlingen, Germany) is built up of a confocal laser scan-
ning microscope (Laser class 1) and rigid 5-mm endoscope 
with Hopkins-rod lenses. Surgeons can use it like surgi-
cal instrument during surgery. The scanning field covers 
300 µm × 300 µm with a 3-dimensional scanning depth of 
80 µm. Confocal frames are collected with a scan rate of 
40 frames per second. Confocal images were stored using 
an imaging processing software distributed by Heidelberg 
Engineering GmbH (Heidelberg, Germany).

Tumor suspension

CC531 moderately differentiated colon adenocarcinoma 
cells (Cell Lines Services GmbH, Eppelheim, Germany) 
were cultured in 20 ml complete RMPI 1640 medium (Cell 
Lines Services GmbH, Eppelheim, Germany) with 10% 
heat-inactivated fetal bovine serum (Cell Lines Services 
GmbH, Eppelheim, Germany) and 1% Penicillin/Strepto-
mycin at 37 °C and 5%  CO2 in monolayer cultures.

Fig. 1  Confocal laser microscope device for minimal-invasive 
approach. The CLM camera device is composed of a confocal laser 
scanning microscope device and rigid 5-mm endoscope with Hop-
kins-rod lenses
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To prepare a tumor suspension for intraperitoneal appli-
cation, the complete medium was removed. Then, after 
being washed with 20 ml phosphate-buffered saline, the 
cells were detached by 4 ml Accutase (Cell Lines Services 
GmbH, Eppelheim, Germany). After incubating for 10 min 
at 37 °C, 6 ml complete medium was added. The cells 
were harvested, suspended in phosphate-buffered saline, 
and centrifugated at 300 x g for 5 min. Vital counting was 
performed in a Bürker hematocytometer. The injected sus-
pension had a density at least 2.5 × 106 vital cell/200 µl.

Tumor inoculation

All rats were anesthetized with 2% Xylazin (4–6  mg/
kg body weight) and 10% S-Ketamine (2–3 mg/kg body 
weight) by intraperitoneal injection. Supplemental doses 
of S-Ketamine were given half-hourly to maintain anesthe-
sia, when the surgical procedure exceeded 30 min.

The abdomen was opened via midline incision and 
200 µl of the tumor suspension were implanted in the 
colon (colon tumor region) and the peritoneum (perito-
neal region) of the right abdomen (Fig. 2). The regions 
were marked by monofilament 5−0 polypropylene sutures 
 (Prolene®, Ethicon, Germay). The midline incision was 
closed by subcutaneous polyfilament 4−0 continuous 
suture (Polyglectin 910,  Vicryl®, Ethicon, Germany) and 
cutaneous monofilament 3−0 interrupted suture (polyam-
ide,  Ethilon®, Ethicon, Germany).

After surgical procedure, animals were allowed to 
recover from anesthesia before returning to the animal 
facility. They were weighted and examined for side effects 
(wound infection, loss of appetite, fatigue syndrome, 
lethargy).

In‑vivo endoscopic confocal laser microscopy

After 7 days of tumor growth, re-laparotomy was performed 
using anesthesia as described above. Confocal laser micros-
copy was performed of both non-malignant and malignant 
tissues in colon and peritoneum. Furthermore, we analyzed 
the transition zone between non-malignant and malignant 
tissue in colon and peritoneum. Assessed regions of non-
malignant colon and peritoneum as well as malignant colon 
and peritoneal regions were resected for histological assess-
ment of tissue damage caused by laser beam of CLM camera 
system.

Analysis of data and statistical analysis

Afterward (offline) 250 virtual, laser-microscopic pictures 
of each region (non-malignant and malignant tissue of the 
colon and Peritoneum) were compared independently and 
blinded. We noted all morphological differences between 
non-malignant colon and peritoneal regions and malignant 
colon and peritoneal regions of each individual. In a second 
step, we noted all reconstructable similarities between non-
malignant regions and between all malignant regions in the 
colon and peritoneum. Morphologic characteristics were 
described for each entity independently by the surgeon and 
the pathologist. In summary, for description only character-
istics with 100% inter- and intraobserver consensus were 
noted. The results of the CLM were compared with histo-
logical analyses. Additionally, we noted if there were find-
ings for any tissue damage (necrosis) in the non-malignant 
regions caused by the CLM laser beam.

Statistical analysis was calculated using GraphPad  Prism® 
6.0 statistical software. The sample size calculation is based 
on the tissue damage that might be performed by the laser 

Fig. 2  Implantation of colon adenocarcinoma cells in colon and peritoneum. CC531 colon adenocarcinoma cell solution was implanted in peri-
toneum (A) and colon (B). A monofilament non-absorbable suture marked the regions of tumor cell implantation
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beam of the CLM camera system. To determine if there were 
significant tissue damage caused by CLM laser beam (necro-
sis, lymphatic infiltration etc.), we performed one-way sign 
test. We considered no tissue damage significant at p < 0.05 
with a statistical power at 1−β = 0.95.

Results

Clinical appearance

All animals survived surgical tumor inoculation and were 
evaluated after 7 days via re-laparotomy. Postoperatively, 
their body weight showed an almost steady increase in 
weight over the observation period. Although macroscopic 
examination revealed a sizeable tumor load during re-lapa-
rotomy, animals did not show any sign of suffering.

Qualitative description of CLM criteria

The regions of non-malignant and malignant regions in 
colon and peritoneum were inspected with the CLM cam-
era system. We noted the characteristics of each region 
(Table 1).

In general, colon adenocarcinoma regions could be delin-
eated from non-malignant colon areas. Regular round or lin-
ear patterns of colon crypts could be found in non-malignant 
colon tissue, whereas colon cancer regions tended to present 
a polymorphic and irregular pattern (Table 1).

In non-malignant colon regions, we found two kinds of 
patterns according to crypt section line. First, regular round 

or oval structures were seen comparable to histological 
transversal sections of colon crypts (Fig. 3a). Otherwise lin-
ear patterns represent longitudinal sections of colon crypts. 
In most cases, it was possible to detect vessels of the colon 
wall.

In colon cancer, regular patterns were deregulated and 
our observations showed irregular cell arrangements and 
morphology. Furthermore, there were large elongated and 
irregular regions that presented histopathologically as glands 
filled with necrotic debris (Fig. 3b). We could not find any 
vessel structures using CLM.

Examination of the peritoneum by the endoscopic CLM 
enabled us to scan the peritoneal layer as well as the abdomi-
nal wall muscles in non-malignant areas due to scanning 
depth of CLM camera system in comparison to the one cell 
layer of the peritoneum. Thus, non-malignant peritoneal 
regions showed a striated pattern with white and black bands 
and indistinct longitudinal stripes (Fig. 3c).

Tumor regions of the peritoneum showed the same CLM 
pattern as the tumor regions in the colon wall with large 
elongated and irregular regions as well as irregular cell 
arrangements in CLM scan (Fig. 3d). We could not detect 
the abdominal wall muscles anymore. Due to the detection 
of the same tumor pattern in different tissues, a potential 
assignment to each other is possible.

Scanning the transition from non-malignant to malignant 
tissue in the colon, the transition zone showed a beginning 
of washed out structure and irregular morphology (Fig. 4a). 
The transition zone between non-malignant and malignant 
tissue is more defined in the peritoneum. We could find 
abdominal wall muscle pattern next to the beginning of large 

Table 1  Confocal laser 
microscopy characteristics

CLM criteria Tissue damage

Non-malignant
 Colon Regular round or oval crypts None

Linear crypts
Vessels detecting possible

 Peritoneum Abdominal wall muscles None
Striated pattern with white and black bands
Indistinct longitudinal stripes

Malignant
 Colon Irregular cell arrangements

Large elongated crypts
Diffuse edge
Necrotic debris
No vessel detection

 Peritoneum Abdominal wall muscles cannot be seen
Irregular cell arrangements
Large elongated crypts
Diffuse edge
Necrotic debris
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elongated and irregular pattern that is characteristic for the 
tumor zone (Fig. 4b).

Analysis of tissue damage

Using H&E staining, we analyzed tissue damage resulted 
from by the CLM laser beam in non-malignant tissue. 

Exposure time was defined by 5 min CLM scanning colon 
and peritoneal tissue. We were not able to detect any cell 
necrosis, lymphatic infiltration, or other inflammation or 
tissue damage signs on subsequent histological exami-
nation. Risk of tissue damage caused by CLM camera 
system was calculated with p < 0.0001 (Table 1).

Fig. 3  In-vivo confocal laser 
microscopy of non-malignant 
and malignant tissue in colon 
and peritoneum. Confocal laser 
microscopy of non-malignant 
and malignant tissue of the 
colon and peritoneum with 
corresponding histopathologic 
images. In non-malignant colon 
regions, regular round or oval 
structures were seen comparable 
to histological transversal sec-
tions of colon crypts. In colon 
cancer, regular patterns were 
deregulated and irregular cell 
arrangements and morphol-
ogy were seen. Observing the 
peritoneum, abdominal wall 
muscles in non-malignant areas 
can be identified due to scan-
ning depth of CLM camera sys-
tem. Peritoneal tumor regions 
showed the same pattern like 
primary colon cancer regions in 
CLM scan
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Discussion

This study in a modified in-vivo colon adenocarcinoma 
rodent model shows that the newly developed endoscopic 
CLM device for MIS enables to distinguish between non-
malignant and malignant tissue and enables to assign peri-
toneal tumor spots to their potential primary cancer lesion 
without performing any tissue damage.

In this study, we report the application of new developed 
endoscopic camera system for MIS—composed of confocal 
laser scanning microscope and a rigid endoscope—without 
fluorescent dye application. The possible field of application 
of this CLM camera system has been demonstrated in three 
ways in this study.

First, it is possible to interpret CLM images with 
high concordance to conventional histology. Colon and 
intraabdominal wall tissue show distinctive pattern, so 
that it is possible to distinguish between different organs. 
Our results are consistent with recent studies from other 
groups [17]. In this context, the advantage of CLM tis-
sue examination without fluorescent dye is a rapid and 
repetitive measurement and avoidance of possible side 
effects of fluorescent dyes. Although fluorescein consid-
ered being a safe fluorescent dye, its application requires 
a waiting period of 8 min after intravenous application for 
best contrast and image quality. In addition, the window 
for observations is limited after dye application. Compared 

to fresh frozen section, it is possible to perform repetitive 
assessments and surgeons might reach a quick intraopera-
tive decision because operation is not interrupted by wait-
ing for the frozen section results.

Second, we delivered evidence that non-malignant and 
malignant tissue could be distinguished by the new endo-
scopic CLM system. These findings are in accordance with 
results of study Pierangelo et al. [18]. In this study, the 
authors characterized peritoneal spots ex vivo using indo-
cyanine green through a confocal endomicroscope. They 
were able to make a distinction between malignant and non-
malignant tissue. The transition zone is more defined and 
easier to analyze in the peritoneum. It is possible to detect 
the crypts of the rat colon due to scanning depth of the CLM 
camera system and the minimal thickness of the colon wall. 
Additionally, CC531 tumor cells are similar to the normal 
non-malignant colon mucosa cells and might complicate to 
define the transition zone. Depending on the tumor type and 
tissue species, it may differ to determine to transition zone 
like in the pathohistology.

Third, this CLM device enables to assign peritoneal 
tumor regions to their potential primary tumor. Our results 
correspond with results of metastatic gastric cancer in rats 
[19]. In this study, the authors used a similar animal model 
examining CLM for gastric cancer. In this context, our ani-
mal model does not truly represent a metastatic model, but 
rather represents heterotrophically implanted cells in the 
peritoneum [20]. This model does not have the task of iden-
tifying neither tumor cells in the colon mucosa—a domain 
of endoscopy—nor tumor cell spread in the abdominal cav-
ity. The aim was rather to show that a defined tumor pat-
tern could be attributed to its metastasis (peritoneal tumor 
regions) and vice versa using our CLM system. Compared 
to the other studies, our system is the only one designed for 
minimally invasive surgery and allows tissue examination 
without fluorescent dyes.

In preparation for clinical use, H&E histology showed 
no tissue damage, which is an important prerequisite for in-
vivo intraoperative testing in patients. Using a Laser class 
1, surgeons can apply our CLM system without any special 
eye protection.

With regard to fresh frozen section, our CLM aims to 
upgrade this technology to enable examinations of perito-
neal spots rapidly and repetitively during MIS. However, 
the range of application is not only limited to minimally 
invasive surgery. Discussing CLM images during surgery, 
pathologists and surgeons might consider in the future this 
novel application.

In conclusion, the CLM camera device reported in this 
study provides a safe examination tool for real-time and in-
vivo tissue assessment during MIS. It enables the reliable 
differentiation between benign and malignant tissue as well 
as the assignment of metastasis to its origin.

Fig. 4  In-vivo confocal laser microscopy of transition zone between 
non-malignant and malignant tissue in colon and peritoneum. The 
transition zone in the colon showed a beginning of washed out struc-
ture and irregular morphology (A). The transition zone between non-
malignant and malignant tissue is more defined in the peritoneum. 
Abdominal wall muscle patterns are located next to the beginning 
of large elongated and irregular pattern that is characteristic for the 
tumor zone (B)
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