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Abstract
Endoscopic resection is an effective treatment for non-
invasive esophageal squamous cell neoplasms (ESCNs). 
Endoscopic mucosal resection (EMR) has been devel-
oped for small localized ESCNs as an alternative to 
surgical therapy because it shows similar effectiveness 
and is less invasive than esophagectomy. However, 
EMR is limited in resection size and therefore piece-
meal resection is performed for large lesions, result-
ing in an imprecise histological evaluation and a high 
frequency of local recurrence. Endoscopic submucosal 
dissection (ESD) has been developed in Japan as one 
of the standard endoscopic resection techniques for 
ESCNs. ESD enables esophageal lesions, regardless 
of their size, to be removed en bloc  and thus has a 
lower local recurrence rate than EMR. The develop-
ment of new devices and the establishment of optimal 
strategies for esophageal ESD have resulted in fewer 
complications such as perforation than expected. How-
ever, esophageal stricture after ESD may occur when 
the resected area is larger than three-quarters of the 
esophageal lumen or particularly when it encompasses 
the entire circumference; such a stricture requires 
multiple sessions of endoscopic balloon dilatation. 

Recently, oral prednisolone has been reported to be 
useful in preventing post-ESD stricture. In addition, 
a combination of chemoradiotherapy (CRT) and ESD 
might be an alternative therapy for submucosal esoph-
ageal cancer that has a risk of lymph node metastasis 
because esophagectomy is extremely invasive; CRT 
has a higher local recurrence rate than esophagectomy 
but is less invasive. ESD is likely to play a central role 
in the treatment of superficial esophageal squamous 
cell neoplasms in the future.
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INTRODUCTION
Endoscopic resection (ER) is an effective treatment for 
esophageal squamous cell neoplasms (ESCNs) without 
nodal metastasis. A number of  retrospective studies in-
volving histopathological analyses of  surgically resected 
specimens of  esophageal squamous cell carcinomas 
(SCCs) have shown that cases of  non-invasive epithelial 
carcinoma (EP, carcinoma in situ) and intra-mucosal in-
vasive carcinoma limited to the lamina propria mucosae 
(LPM) had an extremely low risk of  lymph node and dis-
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tant metastasis[1-7]. Based on these findings, the Japanese 
guidelines state that the indication for ER of  esophageal 
SCC is a lesion limited to EP or LPM. The lymph node 
metastasis rates of  SCC invading to the muscularis mu-
cosae (MM SCC) and SCC invading the submucosa less 
than 200 µm below the muscularis mucosae (SM1 SCC) 
are reported as 9.3% and 19.6%, respectively[8]. Thus, ER 
is a relative indication for MM-SM1 SCC according to 
the Japanese guidelines. On the other hand, SM2-grade 
cancer (that invading the submucosa more than 200 µm 
below the muscularis mucosae) has a high frequency of  
lymph node metastasis (around 40%) and therefore ER is 
not recommended[1,9].

  Endoscopic mucosal resection (EMR) has been de-
veloped for small localized ESCNs as an alternative to 
surgical therapy because it shows similar effectiveness and 
is less invasive than esophagectomy[10-16]. However, EMR 
is limited in resection size and therefore piecemeal resec-
tion is performed for large lesions, resulting in an impre-
cise histological evaluation and a high frequency of  local 
recurrence[17].

  Endoscopic submucosal dissection (ESD) for ES-
CNs is an endoluminal therapeutic technique to dissect 
directly along the submucosal layer. ESD was developed 
in Japan for the surgical treatment of  gastric cancer and 
gave high curative resection rates for early gastric cancer, 
regardless of  tumor size[18-23]. Hence, the technique has 
also been introduced for the esophagus[24] and was ap-
proved for the treatment of  esophageal cancer by the 
Japanese government in 2008. ESD allows en bloc resec-
tion regardless of  the size and precise histological assess-
ment of  the specimens, which are excised in one piece 
with tumor-free lateral basal margins, therefore prevent-
ing residual disease and local recurrence[24,25]. Recent 
technical advances in ESD enable en bloc resection of  
lesions, even if  they occupy the entire circumference of  
the esophageal lumen. However, according to the guide-
lines in Japan, ER is principally limited to lesions that do 
not exceed two-thirds of  the luminal circumference be-
cause of  postoperative esophageal stricture. Postopera-
tive esophageal stricture after esophageal ESD might be 
observed frequently and this problem should be resolved 
before the widespread use of  ESD for ESCNs.

In this review, we describe the present techniques, out-
comes, complications and future perspectives of  esopha-
geal ESD for ESCNs.

ESOPHAGEAL ESD PROCEDURE
EMR is a technique for resection of  the mucosa contain-
ing the lesion via a snare wire. The lesion is strangulated 
by the snare wire and then resected after creating a sub-
mucosal cushion. To strangulate the lesion-containing 
mucosa firmly, several EMR methods, such as 2-channel 
EMR[26], EMR-C (EMR using a cap-fitted endoscope)[27] 
and esophageal endoscopic mucosal resection (EEMR)[28], 
have been developed. In 2-channel EMR, grasping for-
ceps passed through another channel grasp the area near 
the lesion to help the snare wire strangulate the lesion. 
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In EMR-C, the mucosa, including the lesion, is aspirated 
into a plastic cap attached to the tip of  a forward-viewing 
endoscope; it is then strangulated by a small-diameter 
snare wire pre-looped within the cap and resected. These 
EMR methods are relatively easy and safe; thus, EMR has 
been used for the treatment of  superficial ESCNs, espe-
cially small lesions that can be treated by EMR with en 
bloc resection. However, en bloc resection of  lesions larger 
than 20 mm is difficult by EMR. Piecemeal resection of  
large lesions by EMR is insufficient for histological as-
sessment and leads to local recurrence of  ESCNs[17,29].

Detail of  the ESD procedure has been described else-
where[30,31]. Esophageal ESD comprises four steps (Figure 
1): (1) circumferential marking: markings for the incision 
are made outside the margin with an electrosurgical knife; 
(2) submucosal injection: fluid such as sodium hyaluronate 
(0.5%) is injected into the submucosa to elevate the lesion 
from the muscle layer[32,33]. By mixing in a small amount 
of  dye, the sodium hyaluronate can be easily distinguished 
from the non-injected area; (3) mucosal incision: a mu-
cosal incision around the lesion is then made with an 
electrosurgical knife. Several knives have been developed 
for this purpose, such as the insulation-tip knife[34,35], hook 
knife[24,36], flex knife[37,38], flush knife[39], ball-tipped flush 
knife[40] and triangle-tipped knife[41]. Usually, the distal half  
of  the mucosal incision is completed first, followed by the 
proximal half; and (4) submucosal dissection: dissection 
of  the submucosa proceeds from the proximal to the dis-
tal end, using the same knife that was used for the muco-
sal incision.

Esophageal ESD is considered more difficult to 
perform than gastric ESD. The esophageal lumen is nar-
row and the esophageal wall moves continuously with 
respiratory movements and cardiac pulsation. Moreover, 
because the esophageal wall is thinner than that of  the 
stomach, perforation during esophageal ESD occurs 
more frequently than during gastric ESD. This can result 
in mediastinal or subcutaneous emphysema and some-
times respiratory failure.

In Japan, the use of  esophageal ESD has spread rapid-
ly and has been attempted in several hospitals. As a result, 
the esophageal ESD procedure is now thought to be rela-
tively straightforward. This is because: (1) it is easy to in-
ject the fluid into the submucosal layer and to separate the 
mucosa from the muscle layer; (2) the submucosal layer is 
easily recognized because of  the lesion located in a tan-
gential direction; and (3) the submucosa of  the esophagus 
contains few vessels that could lead to massive bleeding; 
thus, minimum hemostatic effort is required.

Esophageal ESD using conventional knives is a lon-
ger procedure and requires highly skilled endoscopists. 
This makes the acceptance of  esophageal ESD in other 
countries more difficult. Grasping-type scissor forceps 
(GSF), which can grasp and incise the targeted tissue 
using an electrosurgical current, are a newly developed 
device for ESD[42-44]. Akahoshi et al[43] reported the use-
fulness of  GSF for early gastrointestinal tract neoplasms 
because of  their safety and simplicity. GSF can easily 
grasp the submucosal layer injected with fluid because 



Honda K et al . ESD for esophageal cancer

46 April 15, 2012|Volume 3|Issue 2|WJGP|www.wjgnet.com

the lesion is located in a tangential direction. Thus, GSF 
might be particularly useful for safely dissecting the sub-
mucosal layer in esophageal ESD.

OUTCOMES OF ESOPHAGEAL ESD
En bloc resection and local recurrence rates
The outcomes of  esophageal ESD are shown in Tables 
1 and 2. The en bloc resection rate is greater than 90% (90
.6%-100%)[24,29,45-49]. En bloc resection, meaning resection 
in a single piece, facilitates an accurate histological as-
sessment and reduces the risk of  recurrence. In fact, the 
local recurrence rate after esophageal ESD is extremely 
low (0%-3.1%)[24,29,45-49]. In contrast, the local recurrence 
of  SCCs after EMR was reported to be as high as 20% 
because en bloc resection by EMR is difficult and multiple 
resections are required for large lesions[17]. In a large 
scale study comparing 116 patients treated by ESD with 
184 patients treated by EMR for superficial SCCs, Taka-
hashi et al[48] reported that en bloc resection and the local 
resection rate were significantly better in the ESD group 
(100% and 0.9%, respectively) than in the EMR group 
(53.3% and 9.8%, respectively) (Table 2). In both groups, 

19 of  300 patients experienced a local recurrence and 
68.4% of  all the local recurrences (13/19) were treated 
by piecemeal EMR. Thus, the EMR procedure is itself  
considered a risk for local recurrence. Ishihara et al[29,49] 
reported a comparison of  ESD and EMR (EMR-C and 
2-channel EMR) for esophageal cancers of  both < 20 
mm and ≥ 20 mm (Table 2). For the larger, latter group, 
they compared 32 lesions treated by ESD with 46 lesions 
treated by EMR. The en bloc resection rates of  EMR and 
ESD were 10.9% (5/46 lesions) and 90.6% (29/32 le-
sions), respectively. Lesions treated by EMR also had 
significantly more recurrences (23.9%; 11/46) than those 
treated by ESD (3.1%; 1/32). There were no recurrences 
of  lesions treated by en bloc resection. For the smaller le-
sions, Ishihara et al[29,49] compared 64 lesions treated by 
ESD with 36 lesions treated by EMR (21 EMR-C and 
15 2-channel EMR). As shown in Table 2, the en bloc re-
section rate of  ESD was superior to that of  EMR-C or 
2-channel EMR, even for a lesion < 20 mm in size.

Although en bloc resection seems to be ideal for 
reducing the local recurrence rate, it is technically difficult 
to achieve by EMR. For en bloc resection of  large lesions, 
ESD would be the best method. The procedure time for 
ESD is notably longer than that for EMR (as shown in 
Table 2). Further improvement to reduce the procedure 
time of  this method is needed before ESD could become 
a standard treatment.

Complications
Minor bleeding during esophageal ESD is well con-
trolled by hemostasis performed using the same knife as 
that used for submucosal dissection, hemostatic forceps 
(HDB2422/HDB2418; Pentax HOYA Co, Tokyo, Japan) 
or a coagrasper (FD-410LR; Olympus Medical Systems 
Co Tokyo, Japan). Massive bleeding complications are 
rarer in esophageal ESD than in gastric ESD.

As mentioned above, perforation during esophageal 
ESD has been considered to occur more frequently 
than during gastric ESD and can result in mediastinal 
or subcutaneous emphysema and sometimes respiratory 
failure. However, perforation is relatively rare (0%-4%), 
as shown in Tables 1 and 2. In these studies, all cases of  
perforation were cured conservatively without surgery. If  
perforation diagnosed by endoscopic findings of  tearing 
of  the muscle layer occurs, ESD can be completed after 
immediate closure of  the perforation by endoscopic 
clipping.

On the other hand, pneumomediastinum (mediasti-
nal emphysema) without perforation during esophageal 
ESD occurs frequently if  the muscular layer is exposed. 
In a study of  58 patients treated for esophageal neo-
plasms by ESD, Tamiya et al[47] demonstrated that the in-
cidence of  pneumomediastinum detected by computed 
tomography (CT) was 56.3% (18/32) in the group with 
muscle exposure, although it was 0% (0/26) in the group 
without exposure of  muscular layer. However, the pres-
ence of  pneumomediastinum by CT did not imply overt 
esophageal perforation and did not influence the post-

Figure  1 Steps of esophageal endoscopic submucosal dissection. A: 
Iodine-unstained lesion revealed by chromoendoscopy with iodine staining; B: 
Marking around the lesion; C: Submucosal injection to generate a submucosal 
cushion; D: Mucosal incision around the marking dots from the distal side; E: Mu-
cosal incision from the proximal side; F: Submucosal dissection beneath the le-
sion; G: Artificial ulcer after removal of the lesion; H: Resected en bloc specimen.

A B

C D

E F

G H
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procedural clinical course. Thus, pneumomediastinum 
associated with muscle exposure is a minor complication.

Postoperative esophageal stricture might be observed 
more frequently after resections in the esophagus because 
ESD permits resection of  large specimens, even com-
pletely circumferential resections. Stricture is reported to 
occur in 6.9%-18.0% of  cases (Table 1). Stricture after 
esophageal ESD may occur when the resected area is 
larger than three-quarters of  the circumference of  the 
esophageal lumen. Mizuta et al[50] retrospectively evaluated 
42 superficial esophageal cancer lesions in 33 patients 
who underwent ESD and showed that the predictive fac-
tors for post-ESD esophageal stricture were a circumfer-
ential mucosal defect size of  more than 71% (sensitivity 
100%, specificity 97.1%) and a circumferential tumor size 
of  more than 59% (sensitivity 85.7%, specificity 97.1%).

MANAGEMENT OF ESOPHAGEAL 
STRICTURE AFTER ESD
Strictures have almost always been treated with repeated 
endoscopic balloon dilatation (EBD). Ono et al[45] re-
ported that 15 of  84 (18%) patients treated by esophageal 
ESD experienced esophageal stricture and were success-
fully managed with EBD in a median of  two sessions 
(range 1-20). Moreover, the authors recommended pre-
ventive EBD for cases of  mucosal defect exceeding 75% 
of  the esophageal circumference. However, the EBD 
procedure itself  carries a risk of  esophageal perforation. 
There are only a few studies concerned with dilatation of  
esophageal strictures after ESD. Takahashi et al[51] report-
ed the risk of  perforation and its specific risk factors dur-
ing dilatation of  post-EMR/ESD esophageal stricture. 
Seven perforations (1.1%, 7/648 procedures or 9.0%, 
7/78 patients) were observed in this study. Two of  these 
patients developed a thoracic abscess and needed drain-
age, although all the patients recovered without surgery.

Another treatment option for post-ESD esophageal 
stricture is endoscopic placement of  a stent. Saito et al[52] 
reported two cases in whom biodegradable stents for 
post-ESD esophageal strictures were successfully placed. 
In both lesions, the mucosal defect had extended to 
seven-eighths of  the circumference.

Recently, systemic steroid administration has been 
reported to be effective for post-EBD stricture and 
might resolve the problems of  EBD, such as multiple 

EBD sessions reducing the patient’s quality of  life and 
increasing the risk of  esophageal perforation[53]. Isomoto 
et al[54] described seven patients with superficial SCC 
who underwent completely circumferential ESD. Of  the 
seven patients, four were treated with an 8 wk course 
of  oral prednisolone that was administered at a dose 
of  30 mg daily on the third post-ESD day and tapered 
off  gradually (30 mg/d, 30 mg/d, 25 mg/d, 25 mg/d, 
20 mg/d, 15 mg/d, 10 mg/d and 5 mg/d for 7 d each). 
Administration of  oral prednisolone effectively either 
prevented esophageal stricture or reduced the number 
of  EBD sessions. Two patients required no EBD and 
two patients required fewer EBD sessions (2 and 11 
sessions, respectively) than the three patients (30, 20 
and 48 sessions, respectively) who had not received oral 
prednisolone. In a retrospective study in 41 patients with 
esophageal stricture after complete circular or semicircu-
lar ESD for esophageal SCCs involving more than three-
quarters of  the lumen, Yamaguchi et al[55] compared 
an oral prednisolone group with a pre-emptive EBD 
group. Oral prednisolone was administered as in Iso-
moto et al[54]’s report. Pre-emptive EBD was started on 
the third day post-ESD and continued twice weekly for 
8 wk. An additional EBD was performed on demand in 
both groups whenever dysphagia appeared. The average 
number of  EBD sessions was significantly decreased in 
the oral prednisolone group compared with in the pre-
emptive EBD group (1.7 vs 15.6, respectively). In this 
study, there were no complications related to the EBD 
itself  in either group and no adverse events related to 
the oral prednisolone occurred. Oral prednisolone may 
offer a safe and effective option for the prevention of  
post-ESD stricture, potentially reducing or eliminating 
the need for EBD.

LONG-TERM OUTCOMES AFTER ESD
For esophageal ESD, in the 2007 annual meeting of  the 
Japanese Gastroenterological Endoscopy Society, the 3 
year survival rates for EP-LPM cancer and MM-SM1 
cancer were 95.1% and 86.7%, respectively.

Ono et al[45] reported the long-term outcomes for 84 
patients treated by ESD for ESCNs. Histopathologically, 
58 patients were diagnosed with a high-grade intraepi-
thelial neoplasm (HGIN), including EP or LPM cancer, 
and were followed-up without additional therapy. Only 

Table 1  Recent outcomes of esophageal endoscopic submucosal dissection

Authors Year Total Mean size Operation En bloc  Local    Perforation Stricture

        lesions/cases (mm)     time (min) resection (%) recurrence (%) (%)      (%)

Oyama et al[24] 2005 102/102 28 (4–64) - 95 (95/102) 0 (0/102) 0 (0/102) 7.4 (7/95)

Ono et al[45] 2009 107/84 22.9 (1–66) - 100 (107/107) 1.2 (1/84) 4 (4/107) 18 (15/84)

Tamiya et al[47] 2010 58/58 30.4 (4–67) 180 100 (58/58) 0 (0/58) 0 (0/58) 6.9 (4/58)

Nonaka et al[46] 2010 27/25 21 (2–55)   88 100 (27/27) 0 (0/25) 3.7 (1/27) 12 (3/25)
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one patient, whose lesion was identified as HGIN with 
Rx (lateral) resection, had a local recurrence after 6 mo 
and was successfully treated with additional ESD. The 
cause-specific survival rate at 5 years was 100% for pa-
tients with HGIN or LPM cancer. On the other hand, 
28 patients were histopathologically diagnosed with MM 
or SM cancer. Fifteen of  the 28 patients underwent ad-
ditional therapies [chemoradiotherapy (CRT)/radiother-
apy, 6; surgery, 9]. Three patients with MM or SM cancer 
died of  esophageal SCC after ESD. The cause-specific 
survival rate at 5 years was 85% for patients with MM or 
SM cancers.

ESOPHAGEAL ESD COMBINED WITH CRT
Surgery is recommended for SM SCCs because of  the 
high frequency of  lymph node metastasis. However, 
esophagectomy is extremely invasive and is associated 
with significant morbidity and mortality, particularly in 
patients of  advanced age or those with cardiac or pul-
monary complications. Such patients may be treated 
with CRT. Although CRT has a favorable survival rate 
and mild toxicity in patients with a stage I lesion (UICC-
TNM classification: T1N0M0), the local recurrence rate 
of  CRT is higher than that of  esophagectomy[56]. ESD 
with subsequent CRT for SM SCCs might be useful for 
preventing residual lesion or local recurrence. A random-
ized controlled study is now ongoing in Japan, in which 
patients with suspected SM1 or SM2 SCC are treated 
with ER, and whether subsequent CRT is performed is 
based on the histological findings. Patients with SCC oc-
cupying larger than three-quarters of  the circumference 
of  the esophageal lumen are excluded in this study.

In our experience, EBD for post-ESD stricture dur-
ing subsequent CRT requires multiple sessions even if  
treated with steroids and therefore decreases the patient’
s quality of  life. Thus, CRT and subsequent ESD might 
be a useful therapeutic option for large esophageal le-
sions that have a risk of  postoperative esophageal stric-
ture and for residual or recurrent esophageal lesions.

Saito et al[57] reported three cases of  superficial esoph-
ageal cancer treated with CRT followed by ESD. One pa-
tient refused surgery and the other two patients suffered 
from severe cardiopulmonary disease complications. In 

all three patients, CRT was effective in reducing tumor 
size and the residual tumors were completely resected by 
ESD. In this report, one patient had a superficial SCC 
occupying the entire circumference of  the lumen at a 
site 15-25 cm from the upper incisor. The esophageal le-
sion was markedly reduced in size by CRT and the small 
residual lesion was resected en bloc by ESD. If  ESD had 
been used initially in this case, esophageal stricture might 
have occurred and required several sessions of  EBD. The 
combination of  CRT plus subsequent ESD may also be 
useful for patients with superficial esophageal cancer who 
need completely circumferential ESD to avoid esopha-
geal stricture.

CONCLUSION
In summary, ESD for the management of  superficial 
ESCNs is an effective and safe therapeutic modality. 
ESD is well established in Japan, although esophageal 
ESD requires highly skilled surgeons. ESD is recom-
mended for EP or LPM esophageal cancers, especially 
those larger than 2 cm. ESD is also indicated for le-
sions invading to the MM–SM or occupying the entire 
circumference of  the lumen. ESD followed by CRT, or 
ESD after CRT, may be an alternative therapeutic option 
for patients unwilling to undergo esophagectomy or for 
high-risk patients with MM–SM cancer. The manage-
ment of  esophageal stricture after ESD is one of  the 
major problems. The administration of  prednisolone 
may be useful for esophageal stricture after ESD, reduc-
ing the requirement for EBD sessions. Although ex-
tensive controlled, randomized studies are necessary to 
evaluate the usefulness of  these treatments, there is no 
doubt that ESD will play a central role in the treatment 
of  superficial ESCNs in the future.
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