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Introduction: High quality of total mesorectal excision (TME) surgical technique and critical feedback regarding its completeness by
pathologist and a radiologist has been shown to inﬂuence the quality of surgery in patients with rectal cancer. In this study, we tried to
audit the quality of TME by 2 independent observers, a consultant pathologist and radiologist. TME was performed for all patients
with rectal tumors located <12 cm from the anal verge.
Main Outcome Measures: TME specimens were examined for completeness by experienced single consultant pathologist to
avoid interobserver bias. Postoperatively magnetic resonance imaging was done that was interpreted by a single consultant
radiologist to avoid interobserver bias in the study.
Discussion: Of total 103 patients, TME assessment was done in 53 patients. TME was complete in 35 cases (66%), near complete
in 14 cases (26%), and incomplete in 4 cases (8%) (P < 0.05). Twenty-eight cases were subjected to radiologic assessment of TME.
Complete TME was found in 19 (67%) and residual mesorectum was found in 9 (32%). The radiologic ﬁndings co-related with
pathology ﬁndings in these 28 cases as 17 cases were conﬁrmed TME complete by both magnetic resonance imaging and
histopathology, 4 cases were conﬁrmed incomplete by both and out of 7 near complete TME by pathology, 2 were labeled as
complete on radiology while 5 were labeled as incomplete (P < 0.05). Seven (13.2%) cases had positive circumferential resection
margin. Distal resection margin was > 2 cm in about 81.1%, <2 cm in 15% and involved in 3.7% of cases. The lymph node yield was
of 4–21 with an average of 11.5 nodes; with 54.7% having adequate nodal harvest ( > 12 lymph nodes).
Conclusions: Pathologist’s and radiologist’s constructive criticism will always help a surgeon to improve his quality of TME.
Keywords: TME (Total mesorectal excision), LAR (low anterior resection), APR

Total mesorectal excision (TME) refers to complete excision of
the mesorectum down to the pelvic ﬂoor and is indicated for
carcinoma of the middle and lower third of the rectum and has
become the contemporary standard of care for patients with
rectal cancer. Pathologists play a key role in the evaluation of
these specimens, including the quality assurance of surgical performance, as well as evaluation of the circumferential radial
margin (CRM). While the latter is the most signiﬁcant predictor
of local recurrence, the quality of the excised mesorectum is
another important factor in assessing the risk of local recurrence
in patients with a negative CRM. As proper pathologic

assessment of the TME specimen provides important prognostic
information, as well as critical feedback to surgeons regarding
technical performance. The high quality surgical techniques for
mesorectal excision has been shown to inﬂuence locoregional
control for carcinoma of the rectum. Pelvic recurrence following
conventional rectal resection for cancer is common with a
worldwide incidence of ∼30% that have penetrated rectal wall
(pT3) irrespective of nodal status[1,2]. There is opinion that local
recurrence is because of incomplete excision of mesorectum or
breach of mesorectum during rectal dissection. In total mesorectal
excision, by sharp and meticulous dissection in the holy plane,
Heald et al[3] and Enker et al[4] have reported low recurrence rate
in patients with rectal cancer. Very low rates of tumor recurrence
(4%) are also reported by Macfarlane et al[5]. However, high
chances of increased morbidity and anastomotic site leakage[6]
and impaired bowel function[7] are associated with routine TME.
Pathologic involvement of CRM and/or an incomplete mesorectum are predictors of local recurrence[8,9]. In a Swedish series
half of patients with local recurrence had visible mesorectal tissue
in pelvis on postoperative magnetic resonance imaging (MRI)
and computed tomography, suggesting that suboptimal surgery
had been performed[10,11].
The concept of TME has now also been applied for transanal
approaches. A preliminary study by Kang et al[12] demonstrated
that transanal total mesorectal excision in rectal cancer is safe and
feasible. A radiologist can also predict residual mesorectum
on postoperative T2-weighted MRI of the pelvis performed on
patients following mesorectal excision. MRI is performed after an
interval of 6 weeks after surgery to avoid confusions in
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at presentation, 9 patients with gross residual disease, 12 with
local excision, 15 cases of carcinoma of the upper rectum treated
with partial mesorectal excision, and 5 patients that were lost in
early follow-up. Of the remaining 53 cases, all the specimens were
examined by a consultant pathologist for assessment of TME as
per guidelines and 28 cases were subjected to radiologic assessment of TME in a blinded manner.
Study subjects in our study were in an age group of 18–75 with
a mean age of 48 years. Male:female ratio was 26:27 with almost
equal distribution among males and females. Of the 53 cases,
TME was complete in 35 cases (66%), near complete in 14 cases
(26%), and incomplete in 4 cases (8%) (P < 0.05). Twenty-eight
cases were subjected to radiologist for assessment of TME in a
blinded manner. Complete TME was found in 19 of 28 cases
(67%) and residual mesorectum was found in 9 of 28 cases
(32%). The radiologic ﬁndings co-related with pathology ﬁndings in these 28 cases as 17 cases were conﬁrmed TME complete
by both MRI and histopathology, 4 cases were conﬁrmed
incomplete by both and of the 7 near complete TME by pathology, 2 were labeled as complete on radiology while as 5 were
labeled as incomplete (P < 0.05).There were about 9 cases that
were done laparascopically. Of the 9 cases, 4 (44.4%) were found
to have complete mesorectal excision. Seven of the 53 cases had
positive CRM. Cases with negative CRM had complete TME as
compared with those with CRM positive (73.9% vs 14.2%,
respectively) (P = 0.007). Distal resection margin was > 2 cm in
about 81.1% of cases, <2 cm in about 15% of cases and was
involved in about 3.7% of cases. DRM had no relation with
completeness of TME. The lymph node yield was in the range of
4–21 with an average of 11.5 nodes per specimen with 54.7%
having adequate nodal harvest ( > 12 lymph nodes). In our study,
mesorectal defects were equally seen with both APR and LAR
(50% vs 51%, respectively) (P = 0.28). Seven of the 53 cases
(13.2%) received neoadjuvant chemoradiotherapy. TME was
complete in 71.4% of patients who received neoadjuvant therapy
as compared with 65.2% who did not receive neoadjuvant
therapy (P = 0.38). There was little difference in 2 groups as
neoadjuvant chemoradiotherapy helped independently in
downstaging and improved local control (Tables 1 and 2).

postoperative changes and mesorectal assessment. This study was
conducted to audit the quality of mesorectal excision in our set-up
by 2 independent observers, a senior consultant radiologist and
senior pathologist. The study was conducted by blinding the
surgeon and the independent assessors to each other to strengthen
the quality of audit for TME in our set-up.

Patients and methods
Patients with rectal cancer located within 4–12 cm from anal
verge were evaluated as per preset protocol. During this period all
rectal cancer operations were performed exclusively by 3 fully
trained colorectal consultant surgeons. Therefore, a standard
surgical technique was used at the study institution. TME was
performed for all tumors located <12 cm from the anal verge. A
preoperative MRI was done in these patients then they underwent
TME and evaluated postoperatively by MRI that was interpreted
by a single consultant radiologist to avoid interobserver bias in
the study. Pathologic specimens from such patients were also
being examined for completeness of TME by experienced single
consultant pathologist to avoid interobserver bias. MRI and
pathologic ﬁndings were evaluated and compared in extent and
completeness of mesorectal excision by experienced faculty as
described in a blinded manner in order to ensure a quality audit of
surgery (TME) being performed in our department. On the basis
of macroscopic assessment pathologist graded specimen as
complete, near complete, and incomplete, whereas radiologist
graded surgeries as complete or incomplete. Further, all the
patients are on follow-up for assessment of local recurrence on
long term.
Postoperative T2-weighted MRI of the pelvis was performed
on 28 patients following mesorectal excision. MRI was performed after time interval of 6 weeks after surgery to avoid
confusions in postoperative changes and mesorectal assessment.
A consultant radiologist evaluated the images with regard to
residual mesorectum and distal margin. Mesorectal fatty tissue
with a discernable tissue interface of ﬁbrosis which separates
mesorectum from mesocolon, was considered a sign of residual
mesorectal tissue. Tissue ﬁbrosis as differentiated from mesorectal fascia as ﬁbrosis typically has a lower signal on T2-weighted
images, often seems more continuous, and may appear thicker
than mesorectal fascia. Residual mesorectum was deﬁned as any
mesorectal tissue left after low anterior resection (LAR) with
TME or abdominoperineal resection (APR). The work has been
reported in line with the STROCSS criteria[13].

Follow-up
All the patients are in follow-up for assessment of local recurrence
as study period was short (2 y). During the study 3 patients were
presented with local recurrences. One perianastomotic, 1 nodal,
and 1 was on the posterior vaginal wall. All the 3 had negative
CRM but incomplete TME on initial surgical procedure.

Statistical analysis
Statistical package for the social sciences software version 16.0
(SPSS 16.0) was used for data assessment and statistical analysis.
All the continuous variables were shown in terms of descriptive
statistics and categorical variables were expressed in terms of
frequency and percentage. Categorical variables were analyzed
with the help of χ2 test and Fisher exact test.

Discussion
TME surgery in the treatment of rectal cancer has been shown to
result in a reduction in the number of local recurrences in retrospective studies. Macfarlane et al[5] studied that mesorectal
excision for rectal cancer adds to operative time and complications but has been claimed to eliminate virtually all locally
recurrent disease after “curative” surgery. Cecil et al[14] observed
that TME results in low local recurrence rates in lymph nodepositive rectal cancer. Scott et al[15] studied that TME appears to
be associated with a reduced local recurrence rate following
surgery for rectal cancer.

Results
During the study period of 2 years (May 2014 to April 2016) a
total of 103 patients of carcinoma rectum were reported to the
colorectal department of our institution. In the study the patients
which were excluded includes 13 patients with distant metastasis
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In our study, TME was complete in 35 cases ( 66%), near complete in 14 cases (26%), and incomplete in 4 cases (8%). Even the
near complete category by our pathologist was introduced to be
more on critical side rather than favorable side of surgeon which
otherwise in many centers would be labeled as complete. We
appreciate this because a critical appraisal always helps a surgeon to
improve more. The data were statistically signiﬁcant with a P-value
of <0.05. Of the 53 cases, 28 cases were assessed by a radiologist for
completeness of TME in a blinded manner. Complete TME was
found in 19 (67%) and residual mesorectum was found in 9 of the 28
cases (32%). The data were evaluated statistically with the help of χ2
test and Fisher exact test. The data were statistically signiﬁcant with a
P-value of <0.05. Statistically MRI was better in identifying residual
mesorectum than histopathology. There is a possibility that since
MRI had only 2 categories and no category of near complete category and probably that was the reason for giving statistical advantage to MRI. In 2013 Bondeven et al[16] studied that MRI-detected
residual mesorectum was identiﬁed in 54 (39.7%) of 136 patients
with the pathology ﬁndings in 88 patients (64.7%). García-Granero
et al[17] found that of the 359 specimens, 294 (81.9%) underwent
evaluation; 82.3% were “complete.” In our study, mesorectal excision was complete in a good percentage of cases because of a high
volume center and all these surgeries were performed by colorectal
specialists, and in case we add up near complete specimen to complete ones percentage goes as high as 92% because many studies did
not mention about near complete category. The chances of interobserver variation were greatly reduced in our study by ensuring that
only 1 senior professor of radiology reported the MRI in a blinded
manner who is considered expert in MRI. Besides, chances of missing
a residual mesorectum on MRI got markedly reduced by following
this design in our study. Also doing it in a blinded manner further
strengthened the audit for quality of TME in our set-up. Proper
pathologic assessment of the TME specimen provides important
prognostic information, as well as critical feedback to surgeons
regarding technical performance (Figs. 1–4).
In our study, both direct tumor extension and the presence of
positive lymph nodes within 1 mm of the CRM were considered
to be a positive margin. Cases with negative CRM had higher
rates of complete TME as compared with those with CRM
positive (73.9% vs 14.2%, respectively). The data were statistically signiﬁcant, P = 0.002 (P < 0.05). Our results are consistent
with world literature which support that higher rates of complete
TME are present in CRM negative cases. Nagtegaal et al[18–20]
showed that the risk of having a positive CRM is related to
the quality of the mesorectum, as patients with a positive CRM

due to tumor extension more frequently had an incomplete
mesorectum compared with those with a negative CRM (44% vs
24%, P < 0.05). Jeyarajah et al[21] found that tumors with a
CRM > 1 mm were more likely to have complete or near complete mesorectal excision although García-Granero et al[17] did
not observe a statistically signiﬁcant relationship between quality
of mesorectal excision and CRM status. Accurate determination
of CRM status is essential, because this is the single most
important factor for predicting the risk of local recurrence in
patients with rectal cancer.
In our study, residual mesorectum were equally seen with both
APR and LAR (50% vs 51%, respectively) (P = 0.28). Bondeven
et al[15] showed that residual mesorectum was more frequent in
patients treated with partial mesorectal excision (63%) than
those who had total mesorectal excision/LAR (36%) or APR
(13%). García-Granero and colleagues found that APR was the
sole covariate associated with inadequate mesorectal excision.
They found that CRM involvement and noncomplete mesorectum, CRM positive, poorly differentiated tumors, nodal
involvement, and APR were independent risk factors for overall
recurrence[17]. However in our study no signiﬁcant difference was
noted on the basis of surgical procedure, as residual mesorectum
was equally seen with both APR and LAR (50% vs 51%,
respectively). In our study the number of patients subjected to
APR is quite low as compared with LAR and that might be the
reasons for same percentage of residual mesorectum.
In our study 7 of the 53 cases (13.2%) received neoadjuvant
chemoradiotherapy. TME was complete in 71.4% of patients
who received neoadjuvant therapy as compared with 65.2% who

Figure 1. Complete total mesorectal excision specimen. Gross external
appearances of various total mesorectal excision specimens as evaluated by a
senior pathologist.

Figure 3. Incomplete total mesorectal excision specimen. Gross external
appearances of various total mesorectal excision specimens as evaluated by a
senior pathologist.

Figure 2. Near complete total mesorectal excision specimen. Gross external
appearances of various total mesorectal excision specimens as evaluated by a
senior pathologist.
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Figure 4. A, Preoperative magnetic resonance imaging (MRI) of rectal carcinoma. B, Postoperative MRI showing complete total mesorectal excision.

did not receive neoadjuvant therapy (P = 0.385). There was little
difference in the 2 groups as neoadjuvant chemoradiotherapy
helped independently in downstaging and improved local
control.
Effect of laparoscopic approaches for carcinoma of the rectum
such as laparoscopic LAR had direct impact on quality of mesorectal excision. There were about 9 cases that were done laparascopically. Of the 9 cases, 4 (44.4%) were found to have complete
mesorectal excision. The incompleteness of mesorectal excision in

rest of cases was attributed to learning phase of laparoscopic LAR
surgery. There were breaches in mesorectal fascia during gut
manipulation due to learning phase of laparoscopic rectal surgeries
which were picked up by pathologist as mesorectal defects in the
specimen. The quality of mesorectal excision in laparascopic LAR
will improve once surgeons expertise in laparoscopic management
of these cases gets negotiated. The laparoscopically operated
patients had less postoperative pain, better-preserved pulmonary
function, earlier restoration of gastrointestinal function, and an

Table 1
Incidence of various parameters related to completeness of TME on histopathology report.
Parameters
Total cases
Sex ratio (M:F)
Distance from AV (cm)
0–5
5.1–10
10.1–12
Adjuvant therapy
No
Yes
Operation
LAR
APR
CRM
negative
positive
T Stage
T0
T1
T2
T3
T4

No. Patients

Complete TME (%)

Near Complete TME (%)

Incomplete TME (%)

Statistical Signiﬁcance (P )

53
26:27

35 (66)
19:16

14 (26)
5:9

4 (8)
2:2

< 0.05*
1.00*
0.36**

21
30
2

14 (67)
19 (63)
2 (100)

5 (24)
9 (30)
0

2 (10)
2 (7)
0

46
7

30 (65)
5 (71)

13 (28)
1 (14)

3 (7)
1 (14)

44
9

29 (66)
6 (67)

12 (27)
2 (22)

3 (7)
1 (11)

46
7

34 (74)
1 (14)

9 (20)
5 (71)

3 (6)
1 (14)

4
2
22
20
5

3 (75)
2 (100)
16 (73)
12 (60)
2 (40)

1 (25)
0
4 (18)
7 (35)
2 (40)

0
0
2 (9)
1 (5)
1 (20)

0.34**

0.28**

0.007**

0.41**

APR indicates abdominoperineal resection; AV, anal verge; CRM, circumferential resection margin; F, female; LAR, low anterior resection; M, male; TME, total mesorectal excision.
*Fisher exact test.
**Pearson χ2 test.
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of time because of experience we have seen that even patients with
DRM involvement doing well with adjuvant therapy. The distal
margin, although less important than the CRM in terms of frequency of involvement and impact on recurrence, is still important
to assess. Results from the Dutch TME trial showed that while in
nearly 40% of cases the distance between the tumor and the distal
margin was <2 cm, there was no statistical difference in recurrence
between patients with a distal margin <2 cm compared with those
with a distal margin > 5 cm[22].

Table 2
Incidence of various parameters related to completeness of TME
on magnetic resonance imaging report.
Parameters

No. Patients

No. patients
28
Sex ratio (M:F)
12:16
Distance from AV (cm)
0–5 cm
12
5.1–10 cm
15
10.1–12 cm
1
Adjuvant therapy
No
26
Yes
2
Operation
LAR
23
APR
5
CRM
Negative
24
Positive
4
T Stage
T0
2
T1
1
T2
10
T3
11
T4
4
Pathologic correlation of TME
Complete
17
Near complete
7
Incomplete
4

Complete
TME (%)

Incomplete
TME (%)

Statistical
Signiﬁcance (P)

19 (68)
6:13

9 (32)
6:3

0.000*
0.79*
0.31**

8 (67)
10 (67)
1 (100)

4 (33)
5 (33)
0

17 (65)
2 (100)

9 (35)
0

17 (74)
2 (40)

6 (26)
3 (60)

19 (79)
0

5 (21)
4 (100)

2 (100)
1 (100)
8 (80)
6 (55)
2 (50)

0
0
2 (20)
5 (45)
2 (50)

17 (100)
2 (29)
0

0
5 (71)
4 (100)

Conclusions

0.26**

For rectal cancer TME should be the standard surgical treatment.
Careful macroscopic as well as microscopic assessment of distance of tumor to CRM, is the most signiﬁcant predictor of local
recurrence. Moreover, implementation of TME has resulted in
progressive changes in preoperative imaging, histopathologic
staging, and neoadjuvant treatment, highlighting the importance
of the multidisciplinary team in patient management. Differences
in outcomes between surgeons speciﬁcally trained in TME have
been observed in multicenter trials. Local recurrence represents
the ultimate outcome marker of this variability, and it is directly
related to the quality of mesorectal excision. Currently, there are
2 important morphologic observations related to surgical quality:
the involvement CRM and the macroscopic assessment of
mesorectal excision. The prognostic importance of the CRM
involvement is beyond question. However, macroscopic assessment of mesorectal excision is a more recently described quality
marker with less inﬂuence in current guidelines. Assessment of
surgical quality, that is, quantifying the proportion of specimens
graded as complete by the pathologist, may add some relevant
information to other prognostic parameters. Besides a postoperative MRI at 6 weeks interval has proved another excellent
method of audit to assess the completeness of TME. This study
made us to believe and realize that there is always a scope of
improvement to upgrade your surgical skills.

0.26**

0.002**

0.31**

< 0.05***

APR indicates abdominoperineal resection; AV, anal verge; CRM, circumferential resection margin;
F, female; M, male; TME, total mesorectal excision.
*Fisher exact test value 21.9 and P-value <0.05.
**Pearson χ2 at 1 df = 9.85 with P = 0.002.
***Pearson χ2 test at 2 df = 21.45 with P < 0.05.

earlier discharge from the hospital. The postoperative stress
response is lower after laparoscopic colectomy. The incidence of
port site metastases is <1%. Survival after laparoscopic resection of
colon cancer appears to be at least equal to survival after open
resection. The operative but overall costs when compared with
hospital stay are more for open as proven in our other study.
However, there are some under-reported problems in laparascopic
surgery of rectum like application of Endo GI staplers especially
with 60 mm cartridge always poses lot of difﬁculty and it is always
better to use 45 mm cartridge in third world patients as their pelvis
is narrow. Another signiﬁcant difﬁculty encountered is to be sure
about the distal margin with smaller lesions where hand sensation is
missing, but a limited pfannensteil conversion helps to feel the lower
margin. Laparoscopic resection of colon cancer is a safe and feasible
procedure that improves short-term outcome. Results regarding the
long-term survival of patients enrolled in large multicenter trials
will determine its role in general surgery.
Distal resection margin was > 2 cm in about 81.1% of cases,
<2 cm in about 15% of cases, and was involved in about 3.7% of
cases (P < 0.05). In involved distal margins, there is a deﬁnite
chance of recurrence. DRM had no relation with completeness of
TME. Involvement of distal resection margin was slightly higher
in our cases. Probably the reason for more involvement of DRM is
because of a high volume center we are more in favor of ultra low
resection rather than APR even in very low growth. Over a period
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