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ABSTRACT

Background and study aims Endoscopic mucosal resec-
tion (EMR) of large sessile or laterally spreading colonic le-
sions is a safe alternative to surgery. We assessed reduc-

tions in Surgical Resection (SR) rates and associated clinical
and financial benefits following the introduction of an EMR
service to a large regional center.

Patients and methods Ongoing prospective intention-to-
treat analysis of EMR was undertaken from time of service
inception in 2009 to 2017. Retrospective data for SR of
large sessile/laterally spreading colonic lesions were collec-
ted for the period 4 years before commencement of the
EMR service (2005-2008) and 9 years after its introduction
(2009-2017).

Results From 2005 to 2008, 32 surgical procedures were
performed for non-malignant colonic neoplasia (50 % male,
median age 68 years, median Length of Stay (LoS) 10 days).
Following the introduction of the EMR service, there was a
56 % reduction in the number of patients referred for sur-
gery (32 surgical procedures, 47% male, median age 70
years, median LoS 8.5 days). During this period, EMR was
successfully performed in 183 patients with 216 lesions re-
sected (60 % male, median age 68 years, median LoS 1 day).
Compared to the SR group, the EMR cohort had a lower
peri-procedural complication rate (7.7% vs 54.7%, P<
0.0001), and shorter average LoS (1 vs 9 days, P<0.0001).
A cost saving of AUD $19543.5 was seen per lesion re-
moved with EMR compared to SR.

Conclusions The introduction of a dedicated EMR service
into a large regional center as an alternative to SR can lead
to a substantial decrease in unnecessary surgery with sub-
sequent clinical and financial benefits.

Introduction

Endoscopic mucosal resection (EMR) undertaken via colonos-
copy is a technique developed for the treatment of large sessile
or laterally spreading colonic lesions and has proved to be a safe
and effective alternative to surgery [1]. These precursors to
colorectal cancer (CRC) are seen in up to 5.2 % of colonoscopies
[2] and have traditionally been managed surgically. Endoscopic
submucosal dissection (ESD), developed in the East, is an emer-
ging alternative modality to surgery and EMR, but is not routi-
nely available in the West [3]. With expertly trained endos-

E1386

copists, lesions up to 100mm can be removed efficiently by
EMR and most recurrences can easily be managed endoscopi-
cally [4].

EMR of mucosal neoplastic lesions or Submucosal layer 1
(Sm1) cancers results in the same outcomes as surgical resec-
tion with low recurrence rates and the advantage of far lower
associated morbidity and mortality [5, 6]. The safety of EMR
has been well defined with a complication rate of 4-7%, most
commonly manifesting as peri-procedural bleeding [7-9].
These complication rates are less than those associated with la-
paroscopic or open surgical procedures (19-21%) [10,11].
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Open colorectal surgery is associated with a postoperative re-
covery that mandates an inpatient stay of up to 13.2 days
whereas EMR procedures are routinely performed as day cases
[10]. Peri-procedural mortality following elective colonic resec-
tion is 1.38-1.56% [12], compared with EMR mortality of 0%
[5,13].

Many large tertiary centers have developed advanced
endoscopy units providing patients with the option of EMR in
preference to operative management of appropriate colonic le-
sions. In a large Australian multicenter trial, 401 of 478 patients
(84 %) with large lesions avoided the need for surgery by using
EMR [13]. With a growing body of evidence for its safety, EMR is
becoming an effective alternative to traditional operative man-
agement and there is now a strong impetus to provide greater
access to EMR to a broader population. No significant differ-
ence in rates of complete excision, complications, and recur-
rences has been found between EMR performed at high versus
low volume centers [9]. Despite the findings of increased effi-
ciency, reduced costs and decreased morbidity and mortality
of EMR, surgery continues to be undertaken for a large number
of endoscopically appropriate lesions [14-16].

Geelong, a major Australian regional center located in Vic-
toria, had an EMR service introduced in 2009. This study aimed
to analyze the safety, success rate, and reduction in invasive
surgery rate associated with establishing this regional EMR ser-
vice. Secondary aims were to assess mortality and morbidity
rates and the financial implications of the introduction of this
EMR service.

Materials and methods
Study design and inclusion criteria

This is an ongoing prospective observational cohort study in-
clusive of all consecutive adult patients with colorectal lesions
referred for EMR from the time of service inception in January
2009 to December 2017. The study was approved by the Uni-
versity Hospital Geelong Human Research Ethics Committee
(reference number 12/140). Exclusion criteria included patients
referred for EMR with lesions less than 15 mm that were resect-
ed by traditional hot/cold snare polypectomy; lesions that were
below the dentate line; or lesions involving the appendiceal or-
ifice orileocecal valve. Patients with previous incomplete resec-
tions performed at our or other institutions were also included.
EMR was not attempted in lesions with features strongly sug-
gestive of submucosal invasion. In these instances, surgical
management was recommended. All lesions were initially iden-
tified by consultant endoscopists from Geelong and the sur-
rounding referring area. In addition, data were collected retro-
spectively for all patients who underwent SR for benign colo-
rectal lesions in the period 4 years before the introduction of
the EMR service (2005 to 2008) as well as in the subsequent 9
years (2009 to 2017).

Data collection

Data collected included patient demographics, lesion charac-
teristics including size, location, and histology, EMR or type of
surgery performed, complications, length of stay (LoS), recur-
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rence rates, peri-procedural mortality, and Weighted Inlier
Equivalent Separation (WIES) values. If a patient required read-
mission in the immediate post-procedural period for a related
complication, the LoS and WIES values of this second admission
were included as part of the index procedure admission totals.
The senior investigator completed detailed data sheets for each
EMR patient and these, along with results, complications and
follow-up colonoscopies were recorded in a database by a dedi-
cated research assistant. Surgical data were abstracted from a
hospital database and reviewed by two researchers. In Victorian
public hospitals, inpatient encounters are funded according to
activity-based case mix via WIES.Higher WIES values are as-
signed to more costly inpatient stays with the state govern-
ment providing funding accordingly. At the time of writing,
the monetary funding for one WIES point was AUD $4545.

Procedures

Colonoscopy was performed using Olympus 180 series vari-
able-stiffness colonoscopes (Olympus Optical, Japan, Tokyo)
with intravenous sedation. Split-dose bowel preparation was
used in the majority of cases and colonic insufflation with car-
bon dioxide was introduced soon after commencement of the
study. Both white light and narrow-band imaging (NBI), with
or without distal cap attachment, were used to assess each le-
sion.

All EMR procedures were performed as day cases by the se-
nior investigator. The diameter of the lesion was estimated at
the time of colonoscopy by reference to an open snare placed
adjacent to the lesion. Technical success was defined as com-
plete removal of all visible neoplastic tissue in a single treat-
ment session. EMR was performed by the “sequential inject
and resect” technique [17]. A solution consisting of 1mL of
0.4% Indigo Carmine or Methylene Blue and 1mL of 1:10000
epinephrine combined with 8 mL of 0.9 % saline solution was in-
jected into the submucosal layer under the lesion to separate
the mucosa from its underlying muscularis propria for safe re-
section. Resection was performed predominantly using a 20-
mm sized spiral snare and microprocessor controlled electro-
surgical generator. En bloc resection was attempted for most
lesions <25mm. For lesions >25mm, sequential piecemeal
EMR resection was performed, with care to ensure the inclusion
of a small (1-3mm) margin of normal tissue in the lateral mar-
gins. For extensive lesions (>40 mm or those that occupied >1
wall of the colon), injection and resection of each wall or a half
segment was performed sequentially to allow free access to tis-
sue within potentially sharp angulations, to enhance visualiza-
tion, and to minimize time for subsidence of the fluid cushion
due to diffusion. Ablative techniques were avoided and only
used sparingly when complete resection was not possible.
“Soft coagulation” to treat the lateral margins of piecemeal re-
sected lesions was undertaken once its role in reducing recur-
rence was recognized [18]. Complete resection of the lesion
was defined histologically as clear margins at the resection bor-
der. Histological assessment was carried out on excised and re-
trieved tissue.

Immediate bleeding was defined as that which required ad-
ditional measures above dilute epinephrine (1:10000). This
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> Table 1 Patient demographics, lesion characteristics and dysplasia for the EMR and surgery cohorts.

EMR cohort (n = 183) Surgery cohorts (n = 64) P value
Age, median (IQR), years 68(15.8) 68(17.3) 0.697
Sex, n (%)
= Male 109 (59.6) 31(48.4) <0.001
= Female 74 (40.4) 33(51.6)
Lesion size, n (%) n =216 n =69
« <15 mm 32(14.8) 20(29.0) 0.008
« 15-30 mm 138 (63.9) 21(30.4) <0.001
= 30.1-40 mm 28(13.0) 11(15.9) 0.023
« >40 mm 18(8.3) 13(18.8) 0.015
= Notrecorded 0(0.0) 4(5.8) 0.531
Location of lesions, n (%) n =216 n =69
= Rectum 16 (7.4) 4(5.8) 0.727
= Rectosigmoid junction 3(1.4) 0(0.0) 0.325
= Sigmoid colon 30(13.9) 6(8.7) 0.031
= Descending colon 13(6.0) 3(4.3) 0.600
= Transverse colon 33(15.3) 7(10.1) 0.166
= Hepatic flexure 12(5.6) 6(8.7) 0.025
= Ascending colon 64 (39.6) 29 (42.0) 0.019
« Cecum 45(20.8) 14 (20.3) 0.003
Paris classification, n (%) n =216
« 0-ls 66 (30.6) NA
= 0-lla 75 (34.7) NA
= 0-Is + 0-lla 42(19.4) NA
« 0-lla + 0-lIb 4(1.9) NA
« Other 29(13.4) NA
Post-procedural bleeding, n (%)
= No 172 (94.0) NA
= Yes 11(6.0) NA
En bloc resection, n (%)
« No 122 (56) NA
« Yes 94 (44) NA
Lesion histology, n (%)
= Tubularadenoma 136 (63.0) 15(23) <0.001
= Tubulovillous/villous adenoma 43(20.0) 21(33) 0.055
= Sessile serrated adenoma/polyp 36(14.8) 7(11) 0.649
= Adenocarcinoma 5(2.3) 4 (6) 0.150
= Normal bowel mucosa’ 0 17 (27) <0.001
Dysplasia, n (%)
« None 48(22.2) 19 (27.5) <0.001
« Lowgrade 108 (50.0) 34(49.3) 0.438
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»> Table 1 (Continuation)

EMR cohort (n = 183)

= High grade 49(22.7)
= Carcinomain situ 6(2.8)
= Adenocarcinoma 5(2.3)

" No adenomatous tissue was identified within the resection specimen.

type of bleeding was primarily managed by the placement of
endoscopic clips (Resolution Clip, Boston Scientific, Natick,
Massachusetts, United States; QuickClip, Olympus). Bleeding
was classified as delayed if it occurred after discharge and was
of a clinically significant level requiring readmission.

Following EMR, all patients were observed for 4 hours. Clini-
cal follow-up occurred 2 weeks post EMR, when results were
communicated to the referring specialists and patients. Grad-
ing of dysplasia was reported according to the revised Vienna
classification [19]. In patients who underwent a technically suc-
cessful EMR, with complete resection and without submucosal
invasive cancer (SMIC), or High Grade Dysplasia (HGD), colo-
noscopy at 12 months was recommended and these were com-
monly performed by the referring endoscopist. For patients
with HGD or a potentially incomplete resection, repeat endos-
copy was scheduled at 4 months by the senior investigator.
When invasive malignancy was detected, surgical review was
advised. At the follow-up colonoscopy, the site of the EMR scar
was visualized and if required, biopsies were taken. Residual
and/or recurrent adenoma was excised using a small, thin-wire
snare and, if necessary, ablated with argon plasma coagulation
(APC). All specimens were retrieved and reviewed by expert
gastrointestinal pathologists.

Statistical analysis

Statistical analyses were performed using IBM SPSS Version
25.0 (Armonk, NY, United States: IBM Corp.). All averages are
expressed as mean and standard deviation for normally distrib-
uted data or median and interquartile range for non-normally
distributed data. Chi-squared testing was used to compare pro-
portions. The t test was used to compare means.

Results

Between January 2009 and January 2018, 194 consecutive pa-
tients were enrolled for EMR. However, EMR was not attempted
in eight patients due to lesion appearance being suggestive of
invasive malignancy or technical unfeasibility (extending over
the dentate line or involving the ileocecal valve with extension
into the terminal ileum). In the same period, 32 patients were
referred for surgery including three patients in whom EMR was
unsuccessful. The remaining 29 patients had surgery per-
formed in lieu of EMR due to referrer or surgeon unfamiliarity
with availability and efficacy of EMR for removal of non-malig-
nant polyps. Therefore, a total of 183 patients (194-11 pa-
tients) underwent successful EMR (109 male [60%], median
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Surgery cohorts (n = 64) P value
16 (23.2) 0.820

0(0.0) <0.001
0(0.0) <0.001

age 68 years, range 25-89 years). Of these, 159 had a single
lesion, 16 had 2 lesions, 7 had 3 lesions, and 1 had 4 lesions re-
moved by EMR, accounting for 216 lesions in total. Details are
presented in » Table 1.

Over the 4-year period before the introduction of EMR, 32
surgical procedures were performed for 35 benign colonic le-
sions (16 male [50%], median age 68 years, range 27 -84
years). In the 9 years following the introduction of a dedicated
EMR service, 32 patients with 33 benign lesions were referred
for surgery (15 male [47 %], median age 70 years, range 35-
88 years). Surgery type is presented in » Table 2.

In the period 2009 to 2017, the mean size of lesion removed
by EMR was 24 mm (range 15-80mm). In the period from 2009
to 2017, polyps removed by SR compared to EMR were larger
(30mm, range 5-70mm, P=0.003). There was no statistically
significant difference in polyp size between those removed by
SR in the period from 2004 to 2008 and EMR resected polyps
in the period 2009 to 2017 (25mm, range 5-80mm, P=
0.086).

Of the 107 EMR cases with 4 months of follow-up data, colo-
noscopy revealed no recurrence in 100 cases (93.5%) and re-
currence in 7 cases (6.5%). Data was not available in 76 cases
(41.5%) due to follow-up colonoscopy being performed at an
external referring institution, patients declining repeat colo-
noscopy, patient death (unrelated to EMR), or definitive colo-
rectal surgery. All seven cases of recurrence were completely
treated during follow-up colonoscopy and there were no cases
of progression of recurrent disease to malignancy.

Length of stay and complications

Median LoS post-colorectal surgery in the 2005-2008 cohort
was 10 days (IQR 8.25, range 3-65 days), and in the 2009 -
2017 cohort, median LoS was 8.5 days (IQR 8, range 3-30
days). The median LoS after all colorectal surgery was 9 days
(IQR 9.25 days), and was significantly longer than LoS associat-
ed with EMR (median 1 day, IQR 0, P<0.0001). The LoS per le-
sion removed was significantly longer before the introduction
of an EMR service (13.0 days) compared to following its intro-
duction (2.7 days, P<0.001).

There were no deaths in the peri-procedural setting in either
the EMR or colorectal surgery cohort. Of the 64 surgical proce-
dures performed during the entire study period (2004-2017),
35 (54.7 %) were associated with major peri-operative compli-
cations in a total of 51 major complications. In total, 14 compli-
cations were seen associated with the 183 EMR procedures
(7.7 %). Delayed bleeding occurred in 11 cases, all of which
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> Table2 Type of surgery used in the surgery cohorts for the periods
before and after initiation of the EMR service.

Surgery type 2005-2008 2009-2017
Abdominoperineal resection, n (%) 2(6.3) 1(3.1)
Anterior resection, n (%) 1(3.1) 2(6.3)
Ileocolic resection, n (%) 1(3.1) 1(3.1)
Left hemicolectomy, n (%) 2(6.3) 1(3.1)
Right hemicolectomy, n (%) 23(71.9) 25(78.1)
Sigmoid colectomy, n (%) 1(3.1) 1(3.1)
Subtotal colectomy, n (%) 2(6.3) 1(3.1)
Total, n 32 32

were managed either conservatively or with transfusion of
packed red blood cells. Operative management was not requir-
ed. Perforation occurred on two occasions, both episodes man-
aged conservatively with broad-spectrum antibiotics. One pro-
cedure was complicated with aspiration pneumonitis requiring
a 3-day admission. The complication rate associated with EMR
was significantly less than that associated with colorectal sur-
gery, P<0.0001 (» Table 3).

Financial impact

The median WIES funding associated with each EMR was 0.3
units (IQR 0.2) compared with the median WIES of 4.6 units
(IQR 2.5) for SR. EMR, including readmissions and management
of complications or failed procedures, had a WIES unit per le-
sion removed rate of 0.46.SR, including management of asso-
ciated complications, had a significantly greater WIES unit per
lesion removed rate of 5.2 (P<0.001).

Discussion

EMR is an effective technique for the removal of large sessile or
laterally spreading colonic lesions not amenable to removal by
standard endoscopic means. The introduction of an EMR ser-
vice to our regional institution reduced the need for colorectal
surgical procedures and hence reduced the total cost per lesion
removed, complications, and LoS.

The average WIES value of 0.3 for EMR is significantly less
than the average colorectal surgery value of 4.6. This decrease
of 4.3 WIES units is equivalent to a saving of AUD $ 19543.5 per
procedure. In addition to this significant cost saving, the provi-
sion of a non-metropolitan EMR service likely provides many
other less tangible financial benefits, such as reduced travel
costs, accommodation costs, and in some cases, decreased
productivity loss with earlier return to work. Finally, many rural
residents are resistant to transfer and management at metro-
politan centers, and provision of EMR in a non-metropolitan
center may capture those patients who would otherwise have
elected for surgical management performed in a local setting,
or even avoided healthcare entirely.
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» Table3 Complications in the EMR and surgery cohorts.

Complications EMR cohort Surgery cohorts
(n=183) (n=64)

lleus 0 7

Pulmonary embolism 0 2

Non-ST elevation myocardial 0 2

infarction

Anastomosis complications 1 12

including wound infection,

post-procedure bleeding

Otherinfection 0 14

Others (includes stroke, 3 14

delirium, perforation)

Total cases with one or more 14(7.7) 51(54.7)

complication), n (%)

The complication rate associated with EMR has been de-
scribed across several series as between 4% and 7% [7-9]. Our
complication rate of 7.7% is consistent with these previously
published findings. Average LoS was significantly less for pa-
tients undergoing EMR compared to colorectal surgical proce-
dures. This is intrinsically linked to complication rate; a study
reviewing complication rates following elective surgery for
non-malignant colorectal polyps found a 30-day mortality of
0.7 %, a major postoperative adverse event rate of 14%, and a
readmission rate of 7.8%, while the need for a second major
surgery was 3.6 % [14].

Determination of long-term success following EMR requires
data on recurrence and/or progression. Our recurrence rate
(6.5%) at 4-month follow-up colonoscopy was less than that
quoted in the literature, which ranged from 15% to 47% [4,
13,20-24]. The low recurrence rate in our series is likely to be
due to the high en bloc resection rate and the use of soft tip co-
agulation after piecemeal resections. There were five instances
where EMR histology had the unexpected finding of adenocar-
cinoma. All five cases proceeded to surgical management.

Ours is the first series to examine the impact of EMR per-
formed in a regional center. The introduction of a dedicated
EMR service resulted in a significant decrease in the number of
patients with benign colonic lesions undergoing surgery. As our
series demonstrates, appropriately performed EMR has many
advantages over colorectal surgery consistent with published
literature; in particular, lower morbidity [5, 13], lower compli-
cation rate [10,11], and reduced length of stay [10]. Despite
these clear benefits, many patients are still referred for surgery
for resection of EMR appropriate lesions [25]. Explanations en-
countered during chart review of the patients undergoing sur-
gery include the erroneous belief that a lesion is too large to be
resectable endoscopically or that a lesion is malignant despite
endoscopic evidence or biopsies indicating otherwise. Other
reasons may include the views that lesions removed via EMR
technique have a high risk of recurrence and that EMR is there-
fore not a definitive form of therapy. In some instances, there is
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also lack of awareness or training in accurate endoscopic as-
sessment of lesions. There are potentially other entrenched bia-
ses against referring patients for EMR, a lack of familiarity with
EMR, and either a real or perceived dearth of EMR services.

Our series helps address some of these issues, suggesting
that EMR can be safely performed in a non-metropolitan set-
ting. Finally, EMR does not preclude patients from having defi-
nitive surgery if carcinoma-in situ/adenocarcinoma is found, or
if a lesion is endoscopically non-resectable [26].

This study is subject to some limitations. Firstly, while EMR
data were collected prospectively, surgical data were collected
retrospectively with a chart review. However, two researchers
completed the chart review, thus reducing the chance of inac-
curate data collection. Secondly, this study investigated the in-
troduction of EMR to a single regional center with a single op-
erator. The general applicability of results to metropolitan cen-
ters is uncertain. Between 2004 and 2008, our data assumed
that all patients with lesions not amenable to traditional colo-
noscopic removal were managed with colorectal surgery at
our study institution. We do not have data with regard to any
patients who might have had lesions assessed as not appropri-
ate for traditional colonoscopic removal and who may have
been subsequently referred to a metropolitan center for EMR.
Furthermore, calculation of WIES funding includes the index
admission, future admissions for management of complica-
tions, and follow-up colonoscopies. Numbers of outpatient
clinic appointments, future surveillance colonoscopies, medi-
cations, and other indefinable costs were not included in calcu-
lations of cost and may affect the accuracy of estimates of cost
savings.

In conclusion, this study demonstrates that a dedicated EMR
service results in a significant reduction in the total number of
surgical procedures performed for the primary indication of re-
moving large sessile or laterally spreading colonic lesions. In the
current series, complication rates were consistent with metro-
politan counterparts when performed by an expert endos-
copist. Compared to traditional surgical management, EMR
was associated with a decreased average length of hospital
stay (9 days vs 1 day, P<0.0001) and decreased complication
rates (54.7 % vs 7.7 %, P<0.0001). There was a cost saving of ap-
proximately AUD$19 543.5 per patient treated with EMR rather
than surgery. Despite increasing awareness of the clinical and
financial advantages of EMR, not all patients with endoscopical-
ly resectable lesions are referred for EMR. The barriers to fur-
ther uptake of EMR require further investigation.
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