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Abstract

Background Endoscopic submucosal dissection (ESD) is

a new, widely accepted method for the treatment of early

gastric cancer and was developed to increase the en bloc

resection rate. This study aimed to evaluate the efficacy

and safety of ESD compared with conventional endoscopic

mucosal resection (EMR) for small rectal carcinoid tumors.

Methods A retrospective study was carried out that

included 43 patients with small rectal carcinoid tumors

(\10 mm). The cohort comprised two groups: Group A

(N = 23) underwent conventional EMR from January 2004

to August 2005, while group B (N = 20) underwent ESD

with needle-knife from September 2005 to December 2006.

The rate of curative en bloc resection, the procedure time,

and the incidence of complications were evaluated.

Results The en bloc resection rate and the rate of com-

pleteness of resection of group B were higher than those of

group A (100 vs. 87%, 100 vs. 52.5%, respectively). The

average operation time required for resection was signifi-

cantly longer in group B (28.4 ± 17.2 min) compared with

group A (12.3 ± 15.4 min) (p \ 0.05). None of the

patients had immediate or delayed bleeding during the

procedure. Perforation occurred in one case of group B and

the patient recovered after several days of conservative

treatment. Three patients had local recurrence after EMR,

while no patient experienced recurrence after ESD.

Conclusion ESD, compared with conventional EMR,

increased en bloc and histologically complete resection

rates and may reduce local recurrence rate for small rectal

carcinoid tumors. Increased operation time and complica-

tion risks with ESD remain problematic. Further technique

and investigation are required to confirm the safety and to

assess the long-term prognosis of ESD.

Keywords Rectal carcinoid tumor � Endoscopy �
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With the wide performance of colonoscopy and advances

in endoscopy, we are now able to find and diagnose rectal

carcinoid tumors at a very early stage [1]. Those that are

smaller than 10 mm in diameter and contained within the

submucosal layer can be treated by endoscopic resection

because they rarely metastasize [2]. However, there is a

high risk of incomplete removal or of complications when

these tumors are managed by conventional endoscopic

mucosal resection (EMR), as most of these tumors are

located in the submucosal layer of the rectal wall of the

lower portion of the rectum [3]. Incomplete resection of

tumors with EMR sometimes results in the need for addi-

tional surgery. One-piece resection allows us to make an

accurate histological diagnosis as well as to reduce the

incidence of unnecessary surgery. The technique of endo-

scopic submucosal dissection (ESD), being developed for

en bloc resection of large lesions in the stomach, has been

widely accepted for the treatment of early gastric cancer [4,
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5]. Compared with EMR, ESD has the advantages of per-

mitting en bloc and histological complete resection. On the

other hand, this method has some disadvantages such as

long operating time, high frequency of complications, and

the need for a high level of technical skill.

In this retrospective study, we aimed to compare the

clinical usefulness of ESD with needle-knife and conven-

tional EMR for treating small rectal carcinoid tumors.

Patients and methods

With the approval of the institutional review board, the

selection criteria of the studied cohort were as follows: (1)

confirmed histological diagnosis of rectal carcinoid tumors,

(2) lesions no larger than 10 mm, (3) the lesions should be

contained within submucosal layer, (4) no symptoms of

carcinoid syndrome, and (5) no pararectal lymph node and

distant metastases found before the procedure. Thus, 43

consecutive patients who underwent endoscopic proce-

dures for rectal carcinoid at Zhongshan Hospital between

2004 and 2006 were enrolled in this study. Endoscopic

ultrasonography (EUS) with a high-frequency miniprobe

(UM-3R, 20 MHz, Olympus Optical Co., Ltd., Tokyo,

Japan) through the biopsy channel of the colonoscopy was

performed to evaluate the precise size and the invasion

depth of the tumors and to assess whether there had been

metastases to the pararectal lymph nodes. Informed consent

was obtained from all patients before the procedure was

performed.

The cohort was divided into two groups according to the

method of endoscopic resection. The conventional EMR

method was performed on 23 lesions between January 2004

and August 2005 (group A) and ESD with needle-knife was

performed on 20 lesions between September 2005 and

December 2006 (group B). Since September 2005, all

small rectal carcinoid tumors were resected by ESD in our

endoscopy center instead of by conventional EMR. All

patients were hospitalized for the endoscopic treatment.

Pethidine, hydrochloride, and propofol were given intra-

venously for sedation with monitoring of cardiorespiratory

function during the endoscopic procedure.

EMR was performed with the use of a single-channel

colonoscope (CF-Q260, Olympus). Briefly, after injection

of submucosal saline containing 0.0025% epinephrine into

the base of the lesion, the lesion was tightened with a high-

frequency electrosurgical snare. Electronic current was

then applied to resect the lesion. For EMR with a cap-fitted

panendoscope (EMRC), a transparent cap was attached to

the tip of colonoscope, and saline was injected into sub-

mucosal layer to elevate the lesion. The lesion was then

aspirated, tightened around with a snare, and finally

resected with the aid of electrocautery. Lesions larger than

5 mm were resected by EMRC. The artificial ulcer was

always carefully trimmed with argon plasma coagulation

(APC) after EMR.

ESD was also performed with the use of a single-channel

colonoscope (CF-Q260, Olympus). A short transparent

cap was attached to the tip of colonoscope to provide a

constant endoscopic view and to apply tension to the con-

nective tissue for submucosal dissection. The tip of the

needle-knife (KD-10Q-1, Olympus) was bent to cut mucosa

and to dissect the rectal submucosal layer. ESD was per-

formed as follows (Fig. 1). (1) Marker dots were made

approximately 5 mm away from the lesion. (2) Using a

23-gauge disposable needle, several milliliters of submu-

cosal injection solution (100 ml saline ? 5 ml indigo

carmine ? 1 ml epinephrine) were injected around the

lesion to lift it off the muscularis propria layer. (3) The

mucosa was then incised outside the marker dots using the

needle-knife. (4) The submucosal connective tissue beneath

the lesion was gradually dissected from the muscularis

propria layer with the needle-knife. Solution was injected

repeatedly during the dissection if necessary. Finally, the

lesion was resected completely from the muscularis propria

layer with the needle-knife. Exposed vessels on the artificial

ulcer were coagulated with APC to prevent delayed bleed-

ing. No other knives or EMR techniques were used during

ESD.

Patients were allowed to take a small amount of water

immediately after the treatment. If there was no compli-

cations, patients were permitted to take soft food the next

day and were discharged within 1 week. Abdominal radi-

ography was routinely taken after the treatment to check

for any perforation. All patients were scheduled to be

followed up by standard colonoscopy and EUS every

3 months within the first year after treatment to confirm the

healing of the artificial ulcer and assess any residual tumor;

thereafter, it was performed annually to diagnose local

recurrence and other lesions. Biopsy specimens were taken

from any ulcerative lesion identified during the follow-up

examinations to histologically confirm the presence of

residual tumor and local recurrence. Abdominal and pelvic

CT was also carried out to assess pararectal lymph nodes

and distant metastases if necessary.

The en bloc resection rate, histologically complete

resection rate, the time required for resection, complica-

tions (procedure-related bleeding, perforation), and resid-

ual/local recurrence of the resected lesion were evaluated.

An en bloc resection was defined as a one-piece resection.

A complete resection was considered a resection with a

tumor-free margin in which both the lateral and basal

margins were free of tumor cells, and an incomplete

resection was diagnosed when the tumor extended into the

lateral or basal margin or the margins were indeterminate

due to artificial burn effects. Patients with incomplete
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resections were recommended for further endoscopic

resection until the margins were tumor-free or for surgical

intervention. The time required was measured from the

time point of marking to resection of the lesion. Procedure-

related bleeding was classified as immediate or delayed.

Immediate bleeding was defined as large amounts of

bleeding during the procedure and difficult hemostasis.

Delayed bleeding was defined as clinical evidence of

bleeding as evidenced by melena at 0–30 days after ESD

which requires endoscopic treatment. The incidence of

perforation as seen during colonoscopy or based on the free

air on a plain abdominal radiography or a CT image after

the procedure was recorded. Residual/local recurrence of

the lesion was determined histopathologically by using

biopsy specimens in follow-up endoscopy and EUS with-

out further treatment.

Statistical analysis

Quantitative data are expressed as the mean and standard

deviation (SD) values. Statistical significance was evalu-

ated using Fisher’s exact test or Student’s t test as appro-

priate. p Values (two-tailed) of less than 0.05 were

considered statistically significant.

Results

A total of 43 patients with small rectal carcinoid tumors

were treated by endoscopic resection. Table 1 summarizes

the clinical characteristics of those patients. No difference

in clinical characteristics between groups A and B were

observed. The mean ages of group A and group B were

50.3 ± 13.6 and 47.6 ± 18.5 years, respectively. The

mean tumor size of group A was 6.7 mm (range = 3–10,

SD = 2.1), while that of group B was 7.2 mm (range =

4–10, SD = 1.9).

The en bloc resection rate of group B was 20/20 (100%)

and that of group A was 20/23 (87%). The rate of complete

resection for group B was 100% (20/20), significantly

different from that of group A at 52.2% (12/23) (p \ 0.05).

Among those 11 (47.8%) incomplete resection lesions in

group A, 8 had positive basal margins and 3 had indeter-

minate margins. Histopathological evaluation revealed that

both the lateral and basal margins of the specimens were

free of tumor cells in all lesions of group B (Fig. 2). As

indicated in Table 1, the time required for resection was

significantly longer in group B compared with group A

(28.4 ± 17.2 vs. 12.3 ± 15.4 min, respectively, p \ 0.05).

Bleeding and perforation are two major complications of

endoscopic resection. None of the patients in either group

had immediate or delayed bleeding during the procedure.

Minor bleeding occurred in all of the cases, but hemostasis

was achieved by nonsurgical endoscopic treatment, i.e., hot

biopsy forceps electrocoagulation, argon plasma coagula-

tion (APC), and hemoclipping. None of the patients

required blood transfusion.

None in group A suffered from perforation, whereas one

case (5%) in group B had perforation. The perforation

occurred on 2 days after we performed the ESD procedure.

The patient complained of a little abdominal distention

without abdominal pain. The perforation was very small

and could not be found during ESD. Routine abdominal

radiography showed pneumoretroperitoneum. After 5 days

of conservative treatment with discontinuation of oral

intake and intravenous use of antibiotics, the patient

Fig. 1 The small rectal carcinoid tumor resected by ESD with

needle-knife. A Needle-knife for ESD. B Endoscopic view of rectal

carcinoid tumor. C The outline of the carcinoid tumor marked by the

needle-knife. D The mucosa was incised outside the marker dots after

several milliliters of solution were injected into the submucosal layer.

E Solution was injected repeatedly during the dissection. F The

wound dealt with APC after resection. G The specimen was stretched

along its edge with needles and pinned onto a plate. H The base of the

resected specimen. With complete resection of the lesion in one piece,

the size of the resected specimen was 12 9 10 mm
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recovered without further endoscopic or surgical

intervention.

The average follow-up period after treatment was

42.6 ± 26.1 months in group A and 18.7 ± 10.6 months

in group B. There were three cases in group A of local

recurrence evaluated by colonoscopy and EUS during

follow-up, while none of the patients in group B had

recurrence during follow-up (Fig. 3). Although the follow-

up period of group A was longer than that of group B, all

three recurrent cases in group A were found within 1 year,

which means that the recurrence rate was still comparable

to that of group B since the minimum follow-up time of

group B was longer than 12 months. All three locally

recurrent lesions were successfully treated with curative

intent. One patient underwent transanal surgery and the

other two were treated by ESD. During the follow-up

period, no metastases were found and there was no treat-

ment-related death in either group.

Discussion

Rectal carcinoid tumors are rare but primary carcinoids

may be discovered in the rectum more often nowadays with

the advent of screening colonoscopy. The reported inci-

dence of rectal carcinoid tumors is 17–27% of all gastro-

intestinal carcinoids, and the majority of rectal carcinoid

tumors are small, with 86% being less than 1 cm in

diameter [6]. In general, metastasis correlates with the size

of the rectal carcinoid tumor [7]. Carcinoids smaller than

1 cm in diameter only occasionally exhibit malignant

potential, and tumors larger than 2 cm are almost always

invasive, metastatic, or both. The important features asso-

ciated of rectal carcinoids with metastatic risk are

involvement of the muscularis propria, size greater than

2 cm, and the presence of mitotic figures. Invasion into

muscularis propria carries the strongest statistical risk. As

for the treatment of rectal carcinoid tumors, tumor size and

depth of invasion are considered to be the main determi-

nants of appropriate treatment. Therefore, it is important to

diagnose the depth of invasion and to measure the tumor

size preoperatively. EUS is an ideal for examination of the

tumor in that it allows direct determination of the depth of

invasion and tumor size by the sonographic image. Tumor

diameter on EUS and the depth of invasion correlated to

some extent [8–10]. Considering the guidelines of Soga

[11] for the treatment of rectal carcinoid tumors, local

excision or endoscopic excision is considered curative for

Table 1 Clinical characteristics

and treatment outcomes of

patients in groups A and B

Group A (EMR)

(n = 23)

Group B (ESD)

(n = 20)

p value

Gender, M/F 14/9 12/8

Age (mean ± SD) (years) 50.3 ± 13.6 47.6 ± 18.5

Tumor size (mean ± SD) (mm) 6.7 ± 2.1 7.2 ± 1.9

No. of patients with en bloc resection 20 (87.0%) 20 (100%) 0.28

No. of patients with complete resection 12 (52.2%) 20 (100%) \0.05

Procedure time (mean ± SD) (min) 12.3 ± 15.4 28.4 ± 17.2 \0.05

No. of patients with bleeding

Immediate 0 0

Delayed 0 0

No. of patients with perforation 0 1(5%)

No. of patients with local recurrence 3 (13.0%) 0 0.28

No. of patients with metastases 0 0

Fig. 2 Histopathological view of a carcinoid tumor resected with

ESD (hematoxylin and eosin stain). A The tumor was within the

submucosa of the rectum (940). B The basal margin was free of

tumor invasion (940)

Fig. 3 Follow-up 12 months after a carcinoid tumor was resected

with ESD. A The artificial ulcer was healed with scar formation.

B EUS showed no tumor residue or local recurrence
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lesions smaller than 10 mm with the extremely low risk of

metastases.

As a minimally invasive technique, endoscopic resec-

tion may benefit patients diagnosed with rectal carcinoid

tumors. It offers the promise of localized treatment of these

tumors, with relatively few complications and low mor-

tality. Various endoscopic resection procedures such as

endoscopic polypectomy, strip biopsy, aspiration resection,

and band-snare resection have been described as effective

treatments for rectal carcinoid tumors [12–14]. However,

complete resection of carcinoid tumors of the rectum is

difficult with conventional polypectomy because about

75% of the tumors extend into the submucosa [9]. Poly-

pectomy may not provide adequate resection margins and

additional surgical intervention may be needed.

For submucosal lesions such as rectal carcinoid tumors,

endoscopic treatment requires special techniques for dee-

per resection to achieve clear margins. This can be

achieved by lifting the lesion with either submucosal

injection of saline solution as in conventional EMR or

direct submucosal dissection as in ESD. The use of ESD in

the treatment of rectal carcinoids is substantial for the

following two reasons: First, since the rectum is fixed in the

retroperitoneum, the endoscope can be maneuvered more

easily than it can in other organs of gastrointestinal tract.

Second, panperitonitis is less likely to occur, even if the

muscle layer is torn. ESD, developed from the EMR

method, is a new form of endoscopic treatment that has the

advantage of making large en bloc resection possible,

allows precise histological staging, and may prevent dis-

ease recurrence better than the standard EMR method [15,

16]. ESD enables us to treat rectal carcinoid tumors and has

revolutionized the management of diseases of the lower

digestive tract. However, ESD involves some risks because

of its technical features and it also takes a long time to

perform.

In this study, en bloc resection of rectal carcinoid tumors

was achieved with ESD in all 20 lesions (100%) on which

it was attempted, and the rate of complete resection was

100%, while the rate for one-piece resection with tumor-

free margins was only 52.2% with EMR. This is a big

improvement compared with conventional methods. The

risk of local recurrence after EMR varies between 2 and

35% [17]. In this study there were three cases (13%) with

local recurrence in the EMR group during follow-up, but

no patient in the ESD group had local recurrence. Careful

follow-up is necessary to detect any local recurrence as

complete removal may be possible in repeat procedures.

Further studies are required to assess the efficacy of this

technique, long-term recurrence rates, and patient survival.

Bleeding and perforation are the two main complica-

tions of ESD. Because the perforation is usually small, it

can be found and managed with metallic clips in an

experienced endoscopist’s hands, but massive bleeding

during ESD sometimes is difficult to deal with. Compared

with perforation, the prevention and handling of bleeding is

more important. Once bleeding occurs during ESD,

hemostasis may take a long time and the endoscopic view

may be affected; blind hemostasis may eventually lead to

perforation. Sometimes when massive bleeding is

encountered, one has no choice but to stop the ESD pro-

cedure. During ESD, immediate minor bleeding is not

uncommon and can be treated successfully by grasping the

bleeding vessels with hot biopsy forceps and coagulating

them [18]. Direct coagulation with the needle-knife can be

done for small vessels in the submucosa during ESD.

Metallic clips are often deployed for more brisk bleeding,

but they may have an effect on the next ESD procedure

[19]. In this study, no patient had immediate or delayed

bleeding during either the EMR or the ESD procedure.

Perforation during ESD can be managed in many cases

conservatively if it is found immediately and closed during

the procedure if there was good bowel preparation [20, 21].

When there is perforation into the retroperitoneal space, it

has been reported that the pressured air from the tip of the

endoscope can cause subcutaneous emphysema, pneumo-

retroperitoneum, pneumomediastinum, and pneumoscro-

tum [22]. Endoscopic closure of a perforation with

endoclips has been attempted because the rectal lumen is

thought to be comparatively clean and the perforation is

usually small during ESD. One patient in the present study

suffered perforation with pneumoretroperitoneum after

ESD, and the condition was successfully managed without

additional surgery.

As for the endoscopic treatment of small rectal carcinoid

tumors, Ono et al. [23] reported that endoscopic submu-

cosal resection with a ligation device (ESMR-L) provided a

significantly deeper vertical resection margin and, theo-

retically, a high rate of curative resection. The same group

recently reported a retrospective study of 61 patients with

satisfactory results achieved [24]. Moon et al. [25] reported

that endoscopic submucosal resection with double ligation

(ESMR-DL) for the treatment of small rectal carcinoid

tumors showed no histopathological evidence of tumor

involvement at the resection margins, no immediate or late

complications, and no local recurrence in any patient. The

difference among ESD, ESMR-L, and ESMR-DL with

respect to the benefit of endoscopic treatment of rectal

carcinoids therefore needs to be further evaluated, espe-

cially regarding the vertical resection margin, complica-

tion, and local recurrence.

In conclusion, ESD is a feasible method for the treat-

ment of small rectal carcinoid tumors and has advantages

over EMR with regard to achieving en bloc and complete

resection. This treatment modality also has an acceptable

rate of complications which can be adequately managed
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endoscopically. Further investigation is required to confirm

the safety and assess the long-term prognosis of this

method.
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