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Abstract
Background  In low rectal cancer, a negative distal margin (DM) is necessary for R0 radical resection, and therefore, the 
choice of surgical procedure is dependent on whether the planned transection rectum has residual cancer or not. Currently, 
surgeons choose surgical procedures according to intraoperative in vitro DM frozen sections. This study aimed to investigate 
the feasibility of real-time in vivo optical biopsy using confocal laser endomicroscopy (CLE) to evaluate DM in situ and 
determine the surgical procedure in low rectal cancer.
Methods  Optical biopsy using CLE was performed when the rectum was dissected at the levator ani plane and rectum tran-
section was ready. For negative DM, the surgical procedure of low anterior resection (LAR) was chosen. For positive DM, 
the surgical procedure of abdominoperineal resection (APR) was chosen. The specimen at the site of the planned transection 
rectum underwent intraoperative frozen section and routine pathological procedures.
Results  Eighteen patients underwent real-time in vivo optical biopsy using CLE in surgery. Eleven patients’ CLE images 
of DM showed a regular, round crypt, and round luminal opening covered by a simple layer of columnar epithelial cells and 
goblet cells. LAR was then performed. Pathology revealed that the 11 DMs were negative, and the median length of the 
DMs was 2.0 cm. The remaining seven patients’ CLE images of the planned transection rectum showed the loss of crypt 
architecture and irregular epithelial layer with loss of goblet cells. APR was then performed. Pathology confirmed cancer 
invasion, and the median distance from tumor to dentate line was 1.0 cm. The sensitivity, specificity, and accuracy of CLE 
optical biopsy of DM were 85.71%, 100%, and 94.44%, respectively.
Conclusions  It is feasible to perform real-time in vivo optical biopsy using CLE to evaluate DM in situ and determine the 
surgical procedure in low rectal cancer.

Keywords  Optical biopsy · In vivo · Distal margin · Surgical procedure · Confocal laser endomicroscopy · Low rectal 
cancer

In low rectal cancer, a negative distal margin (DM) is nec-
essary for R0 radical resection, and therefore, choosing a 
surgical procedure depends on whether the planned transec-
tion rectum has residual cancer or not. Currently, there are 
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two major surgical procedures, low anterior resection (LAR) 
and abdominoperineal resection (APR), for low rectal cancer 
[1, 2]. When the rectum is dissected at the levator ani plane 
and rectum transection is ready, LAR is performed when 
low rectal cancer can be completely resected with negative 
DM. Otherwise, APR is required. Surgeons choose surgical 
procedures according to intraoperative in vitro DM frozen 
sections. In the operating room, surgeons finish anastomosis 
and submit the stapler distal “doughnut” to intraoperative 
frozen section to determine whether the DM has a residual 
tumor or not. There are two disadvantages of intraoperative 
frozen section. First, it is in vitro, which means that patho-
logical diagnosis can only be made after rectum resection 
and anastomosis. Second, it is time-consuming, usually tak-
ing more than 30 min to acquire the final diagnosis. Once the 
intraoperative frozen section confirms positive margin, anal 
resection should be implemented to ensure radical treatment. 
In this situation, anastomosis is performed and expensive 
staplers are used, which means that both time and money 
are wasted. Therefore, if a real-time in vivo examination to 
evaluate DM in situ is available, it will be very helpful to 
determine the surgical procedure and achieve a real “tailored 
surgery” for low rectal cancer.

Confocal laser endomicroscopy (CLE) is a novel endo-
scopic technique that integrates confocal microscopy into 
the distal tip of a conventional white light endoscopy (WLE) 
[3]. WLE is able to observe the gross morphology of diges-
tive tract mucosa, and CLE is able to perform high-resolution 
imaging in vivo and provide real-time information on living 
cell morphology and tissue architecture [4]. Therefore, it has 
been applied to observe the mucosal layer of the digestive tract 
and make “optical biopsy” of digestive mucosal diseases, such 
as Barrett’s esophagus [5], inflammatory bowel disease [6], 
gastric intestinal metaplasia [7], and colorectal neoplasia [8]. 
Although CLE had been used in the endoscopic field for diag-
nosis, it is seldom applied in the surgical field, especially in 
low rectal cancer, to make optical biopsy for DM and help 
surgeons make a decision regarding surgical procedure. We 
hypothesized that CLE could make a real-time in vivo optical 
biopsy for DM in low rectal cancer surgery and help surgeons 
choose the surgical procedure. Thus, we performed this study 
to prove this hypothesis. The purpose of this study was to 
investigate the feasibility of real-time in vivo optical biopsy 
using CLE to evaluate DM in situ and determine the surgical 
procedure in low rectal cancer.

Materials and methods

Patients

A prospective study was performed between July 2016 and 
November 2017. Patients with low rectal cancer, confirmed 

by preoperative endoscopic biopsy, were recruited to par-
ticipate in this prospective study. This study was approved 
by the institutional review board of Nanfang Hospital, and 
written informed consent was obtained prior to study par-
ticipation. Inclusion criteria were as follows: 18–70 years of 
age, body mass index (BMI) less than 30, American Society 
of Anesthesiologists (ASA) class 1–3, rectal cancer con-
firmed pathologically by endoscopic biopsy, the distance 
from lower edge of tumor to the dentate line was less than 
5 cm, single low rectal cancer, and planned radical resection. 
Exclusion criteria were past history of allergies, previous 
abdominal surgery, pregnant woman, emergency patients 
with obstruction or perforation, T4b cancer evaluated by CT 
or MRI or endoscopic ultrasonography, distant metastasis, 
and planned local excision or Hartmann procedure. Eighteen 
patients were enrolled in this study.

Real‑time in vivo optical biopsy using CLE in surgery

In this study, fluorescein sodium made by Guangzhou Bai-
yunshan Ming Hing Pharmaceutical Company (3 ml: 0.6 g/
ampule, H44023401) was used as the exogenous contrast 
agent. Each patient received a fluorescein sodium hypersen-
sitive test before CLE examination. Then, 0.1 ml fluorescein 
sodium was diluted with 0.9% sodium chloride solution to 
1 ml and injected through peripheral intravenous under intra-
operative monitoring. Then, doctors observed the skin and 
vital signs for 5 min to determine whether the patient was 
allergic to fluorescein sodium. If there was no skin rash and 
vital signs were stable, the contrast agent was administered 
1 min before CLE examination. The specific usage and dose 
were as follows: 3 ml of fluorescein sodium was diluted with 
0.9% sodium chloride solution to 6 ml and intravenously 
injected in the periphery.

Optical biopsy using CLE was performed when the 
rectum was dissected at the levator ani plane and rectum 
transection was ready. The surgeon closed the rectum trans-
versely with a laparoscopic long forcep at the levator ani 
plane. Then, real-time in vivo optical biopsy using CLE 
was performed trans-anally to exam the rectal mucosa at the 
levator ani plane. The CLE (ISC-1000) produced by Pentax 
Company (Tokyo, Japan) was used, which is not only able to 
observe the rectum’s gross morphology but can also observe 
mucosal microarchitecture at a resolution of 0.7 µm. In this 
study, we used an argon laser excitation light at 488 nm wave 
length. Endomicroscopic examination was performed at a 
scanning speed of 0.8 frames/s. CLE produced confocal 
images with a field of a view of 1024 × 1024 pixels. The 
surgeon and endoscopist analyzed the CLE images dur-
ing examination and made a real-time evaluation of rectal 
mucosa in the transverse section at the levator ani plane. If 
the CLE images showed normal mucosa architecture, which 
is regular with a round crypt and round luminal opening 
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covered by a simple layer of columnar epithelial cells and 
goblet cells, DM was determined to be negative. If the CLE 
images showed abnormal mucosa architecture and cancer 
cells, such as the loss of crypt architecture and irregular 
epithelial layer with loss of goblet cells, DM was determined 
to be positive. For negative DM in planned transection rec-
tum, the surgical procedure of LAR was chosen. For positive 
DM in planned transection rectum, an endoscopic clip was 
used to mark the planned transection location for further 
pathological sampling and final hematoxylin–eosin (H–E) 
diagnosis. After the clip was marked, the surgical procedure 
of APR was chosen. DM at the site of the planned transec-
tion rectum underwent intraoperative frozen section, and the 
specimen was subjected to routine pathological procedures. 
The CLE images were compared with the H–E staining 
images.

Sample size determination

In our hospital, between January 2016 and June 2016, 
the time of intraoperative diagnosis by frozen section is 
30 ± 10 min. We hypothesized that the average time of 
intraoperative diagnosis by CLE is 15 min, after which 18 
cases were determined. With this number of cases, the study 
would have 90% power to detect a 50% decrease in the time 
of intraoperative diagnosis (two-sided type I error = 0.05).

Results

Eighteen patients with low rectal cancer participated in 
this prospective study. All patients underwent real-time 
in vivo optical biopsy using CLE in surgery. The patient 
demographics and cancer characteristics are summarized in 
Table 1. During the operation, optical biopsy using CLE 
was performed when the rectum was dissected at the leva-
tor ani plane and rectum transection was ready. The surgeon 
closed the rectum transversely with a laparoscopic long for-
cep at the levator ani plane. Then, real-time in vivo CLE 
optical biopsy was performed trans-anally to exam the rectal 
mucosa at the levator ani plane (Fig. 1). The surgeon and 
endoscopist analyzed the CLE images during CLE examina-
tion and made a real-time diagnosis of DM in the planned 
transection rectum at the levator ani plane. The average time 
of CLE examination was 12 min. The CLE diagnostic fea-
tures of negative DM and positive DM are shown in Table 2.

Eleven patients’ CLE images of DMs in the planned tran-
section rectum showed normal mucosa architecture and cell 
morphology, which is regular with round crypts and round 
luminal opening covered by a simple layer of columnar epi-
thelial cells and goblet cells (Fig. 2A). DMs were deter-
mined to be negative, and the procedures of LAR were then 
performed (Fig. 2B). Pathology revealed that the 11 DMs 

Table 1   Patient demographics and cancer characteristics (18 cases)

Variable

Age (years): median (range) 59 (41–70)
Gender (male/female) 11/7
BMI (kg/m2): median (range) 24.74 (18.52–29.53)
Tumor size (cm): median (range) 3.5 (1.8–5.5)
Distance from tumor to dentate line (cm): 

median (range)
3.5 (0.5–5.0)

ASA (I/II/III/IV) 2/12/3/0
Neoadjuvant therapy (yes/no) 6/12

Fig. 1   Intraoperative CLE examination. A During the laparoscopic 
surgery, optical biopsy using CLE was performed when the rectum 
was dissected at the levator ani plane and rectum transection was 
ready. CLE optical biopsy was performed trans-anally to make sure 
whether the planned transection rectum had residual cancer or not. B 
The surgeon closed the rectum transversely with a laparoscopic long 
forcep at the levator ani plane. C Low rectum transection was finished 
at the levator ani plane when CLE imaging showed negative margin
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were negative by final H–E staining images (Fig. 2C). The 
median distance from tumor to DM was 2.0 cm with a range 
of 0.5–3.5 cm. The remaining seven patients’ CLE images 
of DMs in the planned transection rectum showed abnormal 
mucosa architecture and cell morphology, which included 
the loss of crypt architecture and irregular epithelial layer 
with loss of goblet cells (Fig. 2D); therefore, DMs were 
determined to be positive, and the surgical procedures of 
APR were performed (Fig. 2E). Pathology confirmed cancer 

invasion by final H–E staining images (Fig. 2F). The median 
distance from tumor to dentate line was 1.0 cm with a range 
of 0.5–1.5 cm. In these seven positive DMs, CLE imaging 
showed abnormal mucosa architecture. Six patients’ CLE 
images were determined as cancer tissue, but one patient’s 
CLE image was deemed “abnormal” because CLE imag-
ing was full of fluorescein leakage, and the blurred image 
was difficult to diagnose. The surgeon and endoscopist faced 
difficulty in identifying the tissue microstructure and could 

Table 2   The CLE diagnostic features of negative DM and positive DM

CLE imaging Negative DM Positive DM

Tissue architecture Regular foveolar pattern with central, round crypt openings Irregular epithelial layer with loss of crypts and goblet cells, 
no crypt architecture

Glands Normal glands lined with epithelial cells and goblets cells Irregular tubular structures, Ridged-lined irregular epithelial 
layer

Stroma Normal stroma Reduced stroma
Cell morphology Normal simple layer of columnar epithelial cells Cellular and nuclear pleomorphism
Goblet cells Yes No

Fig. 2   Real-time in  vivo optical biopsy using CLE to evaluate DM 
in situ and determine the surgical procedure in low rectal cancer. A 
CLE showed normal mucosa architecture, which has regular crypt 
and round luminal opening covered by a simple layer of columnar 
epithelial cells and goblet cells, in planned transection rectum. B DM 
was determined to be negative, and LAR was then performed. C H–E 
staining image confirmed negative DM. D CLE showed abnormal 

mucosa architecture, which included the loss of crypt and irregular 
epithelial layer with loss of goblet cells, in the planned transection 
rectum. E DM at the planned transection rectum was determined to 
be positive, and APR was then performed. The arrow shows an endo-
scopic clip at the planned transection rectum. F H–E staining image 
confirmed cancer invasion in the planned transection rectum
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not determine whether the abnormal structure represented 
cancer, necrosis, or inflammation. In this case, CLE imaging 
could not make a cancer diagnosis for DM in the planned 
transection rectum. Since a negative margin was not found, 
intraoperative biopsy was performed, and frozen section 
confirmed residual tumor and tissue necrosis after neoadju-
vant radiotherapy and chemotherapy. Then, the surgical pro-
cedures of APR were performed. Postoperative H–E staining 
pathology showed a residual tumor close to the dentate line.

All specimens underwent routine pathological proce-
dures, and CLE optical diagnosis was compared with the 
final H–E diagnosis. The sensitivity, specificity, accu-
racy, positive predictive value, and negative predictive 
value of CLE optical biopsy were 85.71% (6/7), 100% 
(11/11), 94.44% (17/18), 100% (6/6), and 91.66% (11/12), 
respectively (Table 3). The time of CLE examination was 
12 ± 5 min, and the time of intraoperative frozen section 
was 30 ± 10 min. There was a significant difference between 

the time of CLE examination and the time of intraoperative 
frozen section (p < 0.05). There was no fluorescein sodium 
allergy occurred in this study. All patients had intraoperative 
yellow-staining urine, which did not need any treatment and 
disappeared automatically 6 h after surgery. No patient had 
any side effects of fluorescein sodium. The surgical outcome 
and pathological results are shown in Table 4. The median 
followup time was 6 months, and no cancer recurrence was 
found. No patient died in this study.

Discussion

In this study, we used CLE imaging to perform real-time 
in vivo optical diagnosis for DM in the planned transection 
rectum and found that CLE imaging could clearly show 
tissue architecture and cell morphology while also iden-
tifying negative or positive DM in situ with sensitivity, 

Table 3   Accuracy of CLE 
biopsy for DM

PPV positive predictive value, NPV negative predictive value

N = 18 Pathological diagnosis

Cancer (N1 = 7) No cancer (N2 = 11)

CLE diagnosis
 Cancer (N3 = 6) 6 0 PPV = 100% (6/6)
 No cancer (N4 = 12) 1 11 NPV = 91.66% (11/12)

Sensitiv-
ity = 85.71% 
(6/7)

Specificity = 100% (11/11) Accuracy = 94.44% (17/18)

Table 4   Surgical outcome and pathological results (N = 18)

CLE confocal laser endomicroscopy, DM distal margin, LAR low anterior resection, APR abdominoperineal resection, AJCC American Joint 
Committee on Cancer, UICC Union for International Cancer Control

Variable CLE negative DM (n = 11) CLE positive DM (n = 7)

Surgical procedure LAR APR
Operative time (min): median (range) 200 (150–250) 270 (240–330)
Estimated blood loss (ml): median (range) 20 (10–100) 50 (10–200)
Fluorescein sodium allergy (no/yes) 11/0 7/0
Intraoperative complications (no/yes) 11/0 7/0
CLE diagnosis of planned transection rectum Normal Abnormal
H–E diagnosis of planned transection rectum No cancer Cancer
Distance from tumor to distal margin (cm): median (range) 2.0 (0.5–3.5)
Distance from tumor to dentate line (cm): median (range) 1.0 (0.5–1.5)
Tumor size (cm): median (range) 2.5 (0–5.0) 3.0 (2.0–6.0)
Tumor differentiation: no cancer/high/moderate/poor/mucinous/signet 

ring cell
1/0/5/1/4/0 0/0/4/1/1/1

T stage (T0/T1/T2/T3/T4) 1/0/1/2/7 0/0/1/1/5
N stage (N0/N1/N2) 9/0/2 4/2/1
M stage (M0/M1) 11/0 7/0
AJCC/UICC stage (no cancer/I/II/III/IV) 1/1/7/2/0 0/1/3/3/0
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specificity, and accuracy up to 85.71%, 100%, and 94.44%, 
respectively. In negative DM, CLE demonstrated normal 
mucosa architecture, which included regular crypt and 
round luminal opening covered by a simple layer of colum-
nar epithelial cells and goblet cells, after which the surgi-
cal procedure of LAR was chosen. In contrast, in posi-
tive DM, CLE showed abnormal mucosa architecture and 
cancer morphology, such as cellular pleomorphism and 
irregular epithelial layer with the loss of crypts and gob-
let cells, after which the surgical procedure of APR was 
chosen. The CLE images were compared to gold-standard 
H–E staining images. This study showed that real-time 
in vivo optical biopsy using CLE was able to evaluate DM 
in situ and helpful in determining the surgical procedure 
in low rectal cancer. To the best of our knowledge, this is 
the first study using CLE to make real-time in vivo optical 
diagnosis to evaluate DM in situ and determine the surgi-
cal procedure in low rectal cancer.

In low rectal cancer, which is less than 5  cm from 
anal verge, the National Comprehensive Cancer Network 
(NCCN) guideline (Version 2.2015) recommended that 
negative DM of 1–2 cm may be acceptable, which must 
be confirmed as tumor-free using frozen section [9]. In 
China, resection for low rectal cancer requires the distance 
from tumor to DM to be at least 2 cm, and if the distance is 
shorter than 2 cm, frozen section is recommended to confirm 
the absence of tumor [10]. Some studies reported that the 
length of DM less than 1 cm was also acceptable, regard-
less of whether it was with or without neoadjuvant therapy 
[11–15]. From these data, we found that frozen section is 
currently necessary and routine for DM less than 1–2 cm. 
However, as we mentioned above, there are two disadvan-
tages of intraoperative frozen section, including its in vitro 
and time-consuming nature. In our study, we used CLE to 
make real-time in vivo optical diagnosis for DM and then 
chose the proper surgical procedure. Eleven negative DMs 
and seven positive DMs in the planned transection rectum 
were identified by intraoperative CLE. In these 11 negative 
DMs, the median distance from tumor to DM was 2.0 cm 
with a range of 0.5–3.5 cm, and the final pathology con-
firmed that the DMs were tumor-free. Therefore, real-time 
in vivo optical diagnosis using CLE for DM could provide 
a “tailored surgery” for low rectal cancer.

A limitation of this study is that it is not a multicenter 
randomized controlled trial. Therefore, we have registered 
a study in Clinicaltrials to perform a multicenter prospective 
randomized controlled trial, which has been approved by the 
ethics committee of Nanfang Hospital. Currently, this mul-
ticenter prospective randomized controlled trial is ongoing.

In conclusion, real-time in vivo optical biopsy using CLE 
to evaluate DM in situ is feasible, which is very helpful for 
surgeons in choosing an optimal surgical procedure to pro-
vide a “tailored surgery” for low rectal cancer patients.
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