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Abstract
Background  Transanal endoscopic microsurgery (TEM) is a minimally invasive procedure with low morbidity. The defi-
nition of risk factors for postoperative complications would help to identify the patients likely to require more care and 
surveillance in an ambulatory or 1-day surgery (A-OdS) program. The main endpoints are overall 30-day morbidity and 
relevant morbidity. The secondary objectives are to detect risk factors for complications, rehospitalization, and the time of 
occurrence of the postoperative complications, and to describe the adverse effects following hospitalization that the A-OdS 
program would avoid.
Methods  This is an observational study of consecutive patients undergoing TEM between June 2004 and December 2016. 
Overall and relevant morbidity based on the Clavien–Dindo (Cl–D) classification were recorded, as were demographic, 
preoperative, surgical, and pathology variables. Univariate and multivariate analyses of the risk factors were carried out.
Results  Six hundred and ninety patients underwent surgery, of whom 639 were included in the study. Overall morbidity 
rate was 151/639 patients (23.6%); the clinically relevant morbidity rate was 36/639 (Cl–D > II) (5.6%) and mortality 2/639 
(0.3%). The most frequent complication was rectal bleeding, recorded in 16.9% (108/639 patients) and grade I in 86/108 
patients (78. 9%). The period with the greatest risk of complications was the first 2 days. The rehospitalization rate after 
48 h was 7%. The risk factors for complications were as follows: tumor size > 6 cm (OR 3.2, 95% CI 1.3–7.8), anti-platelet 
medication (OR 2.3, 95% CI 1.1–5.1), and surgeon’s experience < 150 procedures (OR 2.0, 95% CI 1–4.1).
Conclusions  TEM is a safe procedure. The low rates of morbidity, re-hospitalization, and postoperative complications in the 
first 2 days after surgery make the procedure suitable for A-OdS.

Keywords  TEM · Morbidity · Risk factors · 1-day surgery

Total mesorectum excision (TME) is the conventional surgi-
cal treatment for rectal cancer [1]. This technique controls 
the disease, but it is associated with substantial postoperative 
morbidity and mortality and also with genitourinary altera-
tions [2]. The median hospital stay is 8 days in laparoscopic 
surgery and 9 days in open surgery [3]. Rectal tumors such 
as adenomas and early rectal cancers can be treated with 

local surgery, a technique that achieves lower postoperative 
morbidity and mortality rates [4].

Transanal endoscopic microsurgery (TEM), described 
by Buess et al. [5] in the 1980s, allows the treatment of 
tumors up to 20 cm from the anal verge. With the creation 
of a pneumorectum, the margins of the lesion can be accu-
rately defined. More recently, transanal endoscopic operation 
(TEO) [6], which incorporates a high-definition monitor, and 
TransAnal Minimally Invasive Surgery (TAMIS) [7] with 
a single port system have simplified the technique and the 
equipment required.

The application of strict selection criteria and a clearly 
defined surgical technique achieves good outcomes in terms 
of postoperative morbidity and mortality, function, and cur-
ability. Given that TEM is a minimally invasive procedure 
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with low morbidity, an ambulatory or 1-day surgery (A-OdS) 
program is a possibility in these patients. Defining the risk 
factors for postoperative complications would allow us to 
identify patients likely to require more care and surveillance 
in an ambulatory or 1-day surgery (A-OdS) program. Few 
studies to date have assessed TEM in an outpatient regimen 
or have identified risk factors for postoperative complica-
tions [8, 9].

The main endpoints of the study were overall 30-day 
morbidity according to the Clavien–Dindo classification 
(Cl–D) [10] and relevant morbidity (defined as Cl–D > II). 
Secondary objectives were as follows: to detect risk factors 
related to postoperative complications (POC), rehospitaliza-
tion, and the time of occurrence of the POC, and to describe 
the adverse effects following hospitalization that the A-OdS 
program would avoid.

Materials and methods

Study design

This is an observational study with prospective data record-
ing in consecutive patients undergoing TEM.

Patients

All the patients were operated upon by five surgeons at the 
Coloproctology Unit of our center between June 2004 and 
December 2016. The patients who were candidates for TEM 
underwent preoperative examination following the previ-
ously described protocol [11]. They were classified into five 
groups according to preoperative indication: group I with 
curative intention (benign tumors, which after ultrasound 
(u) and magnetic resonance imaging (MRI) were staged as 
u-MRI T0-1 and u-MRI N0); group II, with curative intent 
(low-grade adenocarcinomas, u-MRI T0-1 and u-MRI N0); 
group III, consensus indication (low-grade adenocarcino-
mas, u-MRI T2 and u-MRI N0, who reject radical surgery); 
group IV, palliative indication; and group V, atypical indica-
tions [12].

Inclusion criteria

Patients in preoperative indication groups I to IV undergoing 
TEM during the recruitment period.

Exclusion criteria

Patients in group V (atypical indications); in many cases, 
these patients undergo surgical treatments that are not 
directly related to tumor excision.

Patient preparation and TEM surgical technique

Preoperative preparation was carried out in accordance with 
the protocol [11]. Antibiotic prophylaxis (ceftriaxone 1 g/iv 
and metronidazole 500 mg/iv 30 min before surgery) and 
thromboembolic prophylaxis (enoxaparin 40 mg/subcutane-
ous). Anesthesia was mainly general, unless the anesthesi-
ologist decided that spinal anesthesia was feasible. The tech-
niques used for the local excision were either TEM (Richard 
Wolf, Knittlingen, Germany) or TEO (Karl Storz GmbH, 
Tüttlingen, Germany) [6]. As per protocol, full-thickness 
total excision of the rectal wall was performed with suture 
of the defect [11]. Diet was then started and the patient was 
mobilized the next day, being discharged between the second 
and third days post-surgery. In view of the results obtained, 
in the last 2 years oral tolerance and mobilization have been 
started 6–8 h after surgery and patients have been discharged 
at 24–48 h.

Postoperative morbidity was assessed at an outpatient 
visit 30 days after surgery. Subsequently, patients followed a 
specific protocol depending on the definitive pathology [11].

Main variable

Overall 30-day morbidity according to the Cl–D [8] and 
clinically relevant morbidity (defined when the POC was 
Cl–D > II, i.e., IIIa, IIIb, IVa, IVb, or V).

Study variables and morbidity risk factors

Preoperative: demographic, patient‑related, 
and tumor‑related

Patients receiving anti-platelet medication abandoned this 
treatment one week before surgery and were administered 
acetylsalicylic acid 100 mg/day during the hospital stay. 
Patients treated with anticoagulants changed to a heparin 
protocol.

Tumor size was based on a similar Scala et al.’s classifi-
cation which defines rectal tumors as small when < 3 cm in 
diameter, large when 3–6 cm and giant when > 6 cm [13].

Surgeons’ experience: following Barendse et al. [14], 
surgeon 1 was the one with the most experience, with > 150 
cases; surgeons 2, 3, and 4 had average experience (35–150 
cases) and surgeon 5 had the least experience (< 35 cases).

Postoperative variables: 30-day morbidity and mortality 
(Cl–D). Comprehensive Complication Index (CCI) score 
[15] an “index based on the Cl–D classification which sum-
marizes the postoperative course with a new morbidity scale 
ranging from 0 (no complication) to 100 (death)”. Morbidity 
not associated with TEM but associated with hospitalization; 
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the day of appearance of the first complication, and hospital 
re-admission (hospitalization or observation in the emer-
gency room for more than 24 h).

Rectal bleeding, the main POC, was defined as more than 
100 ml of red blood from the anus evaluated by the nurse, 
or a similar amount in the toilet bowl that cannot be quan-
tified. If the patient returned to the hospital’s emergency 
department, rectal bleeding was tested and evaluated in the 
same way.

Since January 2005, the morbidity of all patients admitted 
to both the Colorectal Unit and the Department of General 
and Digestive Surgery has been prospectively recorded. The 
assessment of adverse effects is peer-reviewed [16]. The pre-
sent study was approved by the Local Institutional Ethics 
Committee (CEIC: 2016-636), and complied with the crite-
ria of the Declaration of Helsinki. The STROBE guidelines 
for observational studies were followed.

Statistical methods

The SPSS program version 23 was used. Due to the prospec-
tive nature of the data collection, no values were missing. 
In the description of the quantitative variables, the values of 
the mean and standard deviation or median and interquar-
tile range (IQR) were given when the normality conditions 
were not met. The categorical variables were presented as 
absolute numbers and percentages. The univariate statisti-
cal analysis of the quantitative variables, with independent 
groups, was carried out using the Student’s t test provided 
that its conditions of application were met; otherwise the 
Mann–Whitney U or Kruskal–Wallis test was applied. For 
categorical variables, Pearson’s χ2 test or Fisher’s exact test 
was used, depending on the conditions. A p value < 0.05 
was considered statistically significant, with a confidence 
interval of 95%.

Statistically significant variables, or those with a trend 
toward significance (p < 0.2), were introduced in the mul-
tivariate analysis of relevant morbidity. Logistic regres-
sion analysis was used to identify predictors of relevant 
morbidity.

Results

During the study period, 690 patients underwent TEM. 
Fifty-one patients with atypical indications were excluded. 
Figure  1 shows the patients included (639) distributed 
according to their preoperative indication group. The over-
all morbidity rate was 23.6% (151/639 patients), the relevant 
morbidity rate 5.6% (36/639) and the mortality rate 0.3% 
(2/639). The two deaths were a 54-year-old cirrhotic male 
awaiting liver transplantation who underwent surgery for a 
large villous adenoma (preoperative group I); he had no POC 
related to the surgery, but in the third postoperative week 
developed a digestive hemorrhage due to angiodysplasia of 
the right colon, coagulopathy and leading to death. The other 
case was an 82-year-old patient with high comorbidity and 
rectal adenocarcinoma stage T2 with palliative indication 
(group IV), who presented septic shock due to fecaloid peri-
tonitis following an inadvertent intraperitoneal perforation, 
leading to multi-organ failure and death.

Table 1 shows the descriptive analysis of the series. Serious 
complications (Cl–D III to V) occurred in only 36 patients 
(5.6%). Fifteen patients out of 639 (2.34%) had morbidity 
stage IIIb: of these, seven were re-operated with TEM for rec-
tal bleeding. One patient was converted to abdominal surgery 
due to technical difficulties. In two patients with suspicion of 
inadvertent perforation due to massive pneumoperitoneum and 
abdominal pain, a laparotomy was performed which did not 
reveal pathology (one of them had a loop colostomy). Two 

Fig. 1   Patients’ flow chart. Relevant morbidity: Cl–D > II (IIIa, IIIb, IVa, IVb, V)
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Table 1   Descriptive analysis of 639 patients (indication groups I–IV)

Variables Result (n = 639)

Demographic. Preoperative Age (median-IQRs-range) 71 years (IQR 16 years)(31–92 years)
Sex Male 389 (60.9%)

Female 250 (39.1%)
ASA I 20 (3.1%)

II 332 (52.0%)
III 231 (36.2%)
IV 56 (8.8%)

Tumor-related Distance from anal verge (median-IQR-range) 7 cm (IQR 5 cm) (2–22 cm)
Size (median-IQRs-range) 4 cm (IQR 2 cm) (1–12 cm)
Location by quadrant Anterior 167 (26.1%)

Left lateral 164 (25.7%)
Posterior 181 (28.3%)
Right lateral 127 (19.9%)

Surgical Surgical time (median-IQRs-range) 70 min (IQR 50 min) (265–20 min)
Peritoneal perforation 45 (7.0%)
Conversion to open surgery 1 (0.2%)
Type of anesthetic General 576 (90.1%)

Local 63 (9.9%)
Full-thickness wall excision 632 (98.9%)
Single-piece excision 616 (96.4%)
Closure of defect Complete 556 (87.01%)

Partial 79 (12.36%)
None 4 (0.63%)

Surgeon’s experience > 150 TEM/TEM 308 (48.2%)
35–150 TEM/TEO 236 (36.9%)
< 35 TEM/TEO 95 (14.9%)

TEM or TEO TEM 342(53.5%)
TEO 297 (46.3%)

Postoperative Hospital stay (median-IQRs-range) 3 days (IQR 2 days) (0–31 days)
Overall morbidity 151(23.63%)
Clavien–Dindo (Cl–D) classification grade Cl–D grade I 93/639 (14.6%)

Cl–D grade II 22/639 (3.4%)
Cl–D grade IIIa 11/639 (1.7%)
Cl–D grade IIIb 15/639 (2.3%)
Cl–D grade IVa 7/639 (1.1%)
Cl–D grade IVb 1/639 (0.2%)

Mortality Cl–D grade V 2/639 (0.3%)
Overall CCI (median-IQR-range) 0 (IQR 0) (0–100)
CCI-patients with morbidity (median-IQR-range) 151 patients 12.2 (IQR 17.52) (8.7–100)
Clinically relevant morbidity (Cl–D ≥ III) 36 (5.6%)
Asymptomatic fever post-TEM 57 (8.92%)
Patients readmitted 45 (7.0%) Cl–D I 25/45 (55.6%)

Cl–D II 6/45 (13.3%)
Cl–D IIIa 7/45 (15.6%)
Cl–D IIIb 5/45 (11.1%)
Cl–D IVa 2/45 (4.4%)
Cl–D IVb 0/45 (0%)

Definitive pathology Adenoma 382 (59.78%)
Adenocarcinoma 212 (33.18%)
None pathology 45 (7.04%)
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patients had perianal abscesses, one of which required three 
debridements and subsequent colostomy. Three patients pre-
sented recto-vaginal fistulas which were treated by colostomy 
and subsequent repair. Seven presented stage IVa complica-
tions: two rectal bleeding and hemodynamic instability, three 
cardiac decompensations, one stroke, and another who could 
not be extubated due to bronchospasm. One patient with grade 
IVb had shock due to heart failure following atrial fibrillation.

The CCI, which reflects the relative importance of the com-
plications of a procedure, presented a median score of 0 (IQR 
0). Assessing only those patients who presented complications, 
the CCI was 12.2 (IQR 17.52). An effect rarely reported in 
previous studies is the presence of asymptomatic fever in the 
immediate postoperative period (day 1 or 2): we recorded this 
in 57 of the patients (8.92%). Forty-five patients (7%) were 
readmitted to hospital.

Table 2 divides the 214 complications recorded in the study 
according to type. The most frequent POC was rectal bleeding, 
recorded in 108 patients (129 episodes/214, 60.3%), which was 
grade I in 86 patients (78. 9%), grade II in two (1.8%), grade 
IIIa in ten (9.2%), grade IIIb in eight (7.3%), and grade IVa 
in two (1.8%). Urinary morbidity was recorded in 27 of 639 
patients (7.3%), accounting for 23 of the 214 POC (10.7%). 
Seventy-five patients (11.7%) suffered POC which we attrib-
uted to their being hospitalized.

Figure 2 shows the risk of appearance of complications 
according to postoperative day. Although most of the compli-
cations appeared during the first 2 days, a non-negligible risk 
persisted between 7 and 11 days.

Table 3 displays the univariate analysis of all possible fac-
tors related to overall and relevant morbidity. The ASA clas-
sification, surgical time, and surgeon’s experience presented 
statistically significant differences in both types of morbidity.

After the multivariate analysis including all the variables 
with significance < 0.2 for relevant morbidity, the predictors 
obtained were as follows: tumor size > 6 cm (OR 3.2, 95% 
CI 1.3–7.8), previous anti-platelet medication (OR 2.3, 95% 
CI 1.1–5.1) and surgeon’s experience < 150 (OR 2, 95% CI 
1–4.1).

Discussion

TEM achieves oncological results comparable to those 
of TME in the treatment of selected rectal lesions (large 
adenomas and early rectal cancers [17, 18]). The overall 

morbidity figures for TEM range between 7.7 and 31.4% [8, 
19], depending on the criteria used to record the complica-
tions. In our study, in which complications were recorded 
prospectively, we found a rate of 23.64%, graded accord-
ing to the Cl–D classification [8]. More than half of these 
complications did not require more than simple observation 
(Cl–D grade I), and clinically relevant morbidity (Cl–D > II) 
was recorded in only 5.6% of patients. In descriptions and 
comparisons of morbidity, it is important that studies should 
apply the same criteria, and the Cl–D classification makes 
this possible [20].

The CCI [15] facilitates comparisons of patients with 
more than one complication, since its algorithm includes all 
postoperative events and their respective grades of severity 
[21]. As we have seen, TEM is a procedure associated with 
low morbidity. We do not know of any previous reports of 
TEM morbidity in relation to the CCI. We confirmed that 
as a minimally invasive procedure, the global median of the 
TEM series is 0 (IQR 0). Assessing the CCI only in patients 
with morbidity, the index remained low (median 12.2, IQR 
17.52).

With regard to the techniques used for local exeresis, in 
classical endoanal resection (ER) complications are infre-
quent. The main drawbacks are the poor surgical results in 
comparison to TEM, such as free margins (71% in ER vs. 
90% in TEM) and single-piece excision (65% of ER vs. 94% 
of TEM) [22]. In our study, we reported a free margin rate 
of 93.4% and a single-piece excision rate of 96.4%. A ran-
domized study by our group demonstrated similar efficacy 
using TEM and TEO [23].

The most frequent complications after TEM are of uri-
nary origin or rectal bleeding. In some studies, urinary mor-
bidity was the most frequent, with rates between 5.9 and 
10.8% [4, 24]. In the present study, urinary morbidity was 
recorded in 7.3% of patients. In the event of rectal bleed-
ing, we adopt a wait-and-see approach; if it persists, we per-
form endoscopic control (as occurred in ten patients, 9%); 
if it does not resolve, we reoperate, again using TEM (nine 
patients, 8.1%). In our study, none of these patients required 
abdominal surgery. Other series also describe rectal bleeding 
as the most frequent complication, with rates between 27% 
[14], 14% [25] and a rate of 9% using TAMIS [20].

Postoperative asymptomatic fever in TEM is defined as 
fever that appears in the first 24–48 h without other symp-
toms or focus, and reaching a figure as high as 39 °C. In 
our study, 57 patients (8.92%) presented postoperative 

IQRs interquartile ranges, Cl–D Clavien–Dindo, CCI Comprehensive Complication Index, ASA American Society of Anesthesiologists

Table 1   (continued)

Variables Result (n = 639)

Affected margins 42 (6.57%)
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asymptomatic fever; the fever was not associated with leu-
kocytosis or abdominal or pelvic pain, and reverted with 
antipyretics. A more complex situation is the association 
of fever with abdominal pain and leukocytosis, which has 
been termed post-TEM syndrome [26]. In two patients in our 
study, this complication obliged us to perform exploratory 
laparotomies which did not reveal pathology.

Some studies report the dehiscence of the suture of the 
defect after TEM [8, 24]. In our study, we do not record this 
event because we do not consider it to be clinically relevant; 
nevertheless, its consequences (usually rectal bleeding or 
suppuration) should be monitored. Intraoperative blood 
loss is usually one of the factors considered in relation to 

postoperative morbidity. In TEM, due to the use of the ultra-
sonic scalpel bleeding is uncommon, and the median blood 
loss does not surpass 10 ml [27].

The low morbidity associated with TEM makes it pos-
sible to reduce post-surgery hospital stay. However, few 
studies have reported results with short hospital stay (i.e., 
ambulatory or 24 h). One study achieved discharge on the 
same day as surgery in 80% of 175 patients [8]; in another, 
46 of 96 patients (48%) were treated on an outpatient basis 
and 24 (25%) had a stay of 23 h [9]. It is important to estab-
lish the risk factors for postoperative complications of TEM 
in order to ensure the reliability and safety of these early dis-
charge programs. In our study, we analyzed all the possible 

Table 2   Description of complications related to TEM

AUR​ acute urine retention, UTI urinary tract infection, ALE acute lung edema
a Cl–D grade 2 or more

Total no. of patients with complications related to surgery 151/639 (23.63%)

No. of surgical complications detected 214
Rectal bleeding 129/214 (60.3%)
Urinary complications 34/214 (15.9%)
 AUR​ 19/214 (8.9%)
 UTI 8/214 (3.7%)
 Hematuria and traumatic urine catheter insertion 5/214 (2.3%)

Infectious complications 23/214 (10.7%)
 Abscess 8/214 (3.7%)
 Pneumoperitoneum/retropneumoperitoneum/pneumomediastinum 4/214 (1.9%)
 Recto-vaginal fistula 5/214 (2.3%)
 Other 7/214 (3.3%)

Cardiac complication 11/214 (5.1%)
 Heart arrhythmia 4/214 (1.9%)
 Heart failure or ALE 6/214 (2.8%)
 Shock of unknown origin 1/214 (0.5%)

Respiratory complication 7/214 (3.3%)
 Bronchospasm 2/214 (0.1%)
 Pneumonia 2/214 (0.1%)
 Others 3/214 (1.4%)

Pain levels above normal 3/214 (1.4%)
Others 7/214 (3.3%)

Total no. of patients with complications due to hospitalization 75/639 (11.7%)

Total complications due to hospitalization 94
Clinically relevant hospital morbiditya 4/639 (0.63%)
 Catheter extravasation 46/94 (48.9%)
 Phlebitis 27/94 (28.7%)
 Reaction to medication 12/94 (12.8%)
 Falls 4/94 (4.3%)
 Delirium 1/94 (1.1%)
 Stage 1 sacral ulcer 1/94 (1.1%)
 Vomiting 2/94 (2.1%)
 Hydroelectrolytic alteration 1/94 (1.1%)
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factors related to morbidity from the point of view of the 
patient’s characteristics, rectal tumor, surgical technique, 
and surgeon’s experience (Table 3).

The predictive factors found after the multivariate anal-
ysis were anti-platelet medication, lesion size > 6 cm and 
lesser experience of the surgeon. Some studies have associ-
ated age, duration of surgery and lesions of more than 5.7 cm 
in size with increased hospital stay [9]. Others report that 
lateral location, lesions > 2 cm and distance > 8 cm from 
the anal verge are related to higher overall morbidity and the 
appearance of rectal bleeding [28] but others do not find any 
predictors of morbidity [25].

The experience of the surgeon has already been described 
as an independent factor in the results obtained with various 
colorectal surgeries [29]. In TEM, a surgeon is considered an 
expert after 35 procedures [14]. In our study, we differenti-
ate between non-expert surgeons (fewer than 35 procedures, 
but supervised by an expert surgeon), expert surgeon (over 
35 procedures), and highly expert surgeon (over 150 proce-
dures). The highly expert surgeon obtained the best results 
and surgeon’s experience emerged as an independent factor 
of protection against morbidity.

We have not found any previous studies in the literature 
that have focused on the day of appearance of complications. 
Initially, we thought that a considerable proportion of the 
complications occurred after hospital discharge. As shown 
in Fig. 2, although the majority appear in the first 24–48 h, 
the risk of complications between 7 and 11 days is not neg-
ligible. However, relevant morbidity is low (5.6%) and the 
re-admission to hospital after a hospital stay of 3 days is 
also low (7%). All these features allow us to include this 
procedure in an A-OdS program.

Based on our results, we recommend that patients who do 
not present any risk factors for overall or relevant morbidity 
should be included in the ambulatory program, and the rest 
in the 1-day surgery program. With the relevant morbidity 
rate of 5.6% and the re-admission rate of 7%, we do not favor 
prolonged preventive hospitalization but prefer to perform 
home controls in the patients at highest risk.

The limitations of the study are those inherent in obser-
vational studies. Its single-center design and the fact that 
almost all the surgeons are experts in TEM may reduce its 
external validity.

Among the study’s strong points are its inclusion of one 
of the most extensive series of TEM described in the litera-
ture, and the prospective nature of data collection, which 
means that no values were lost. The study was conducted by 
the same team of expert surgeons and used the same patient 
selection protocol, preoperative preparation, surgical tech-
nique and morbidity classification with the Cl–D and CCI 
classifications.

Conclusions

The morbidity and mortality rates associated with TEM 
are low, especially clinically relevant morbidity (Cl–D 
grade > II). Rectal bleeding is the most frequent POC, it is 
always important, but only rarely of clinical importance. 
The low rates of re-hospitalization and appearance of POCs 
within 48 h of surgery make the procedure suitable for 
A-OdS.

Fig. 2   Function of risk of appearance of the first complication
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Table 3   Univariate analysis of risk factors in overall and relevant morbidity

No morbidity (n = 488) Overall morbid-
ity (n = 151)

p value No morbidity (n = 605) Relevant mor-
bidity (n = 36)

p value

Sex
 Male 289 (74.3%) 100 (25.7%) 0.128a 370 (95.1%) 19 (4.9%) 0.38b

 Female 199 (79.6%) 51 (20.4%) 233(93.2%) 17(6.8%)
Age
 < 60 years 111 (79.9%) 28 (20.1%) 0.038b 132 (95%) 7 (5%) 0.752a

 60–80 years 301 (77.8%) 86 (22.2%) 366 (94.6%) 21 (5.4%)
 > 80 years 76 (67.3%) 37 (32.7%) 105 (92.9%) 8 (7.1%)

Indication group
 I: curative. Adenoma 349 (76.4%) 108 (23.6%) 0.739b 435 (95.2%) 22 (4.8%) 0.037a

 II: curative. Carcinoma 80 (79.2%) 21 (20.8%) 95 (94.1%) 6 (5.9%)
 III: consensus. Carcinoma 33 (75.0%) 11 (25.0%) 42 (95.5%) 2 (5.5%)
 IV: palliative. Carcinoma 26 (70.3%) 11 (29.7%) 31 (83.8%) 6 (16.2%)

ASA
 IV 35 (62.5%) 21 (37.5%) 0.032b 47 (83.9%) 9 (16.1%) 0.005a

 III 172 (74.5%) 59 (25.5%) 219 (94.8%) 12 (5.2%)
 II 265 (79.8%) 67 (20.2%) 318 (95.8%) 14 (4.2%)
 I 16 (80%) 4 (20%) 19 (95%) 1 (5%)

Anticoagulants
 Yes 31 (72.1%) 12 (27.9%) 0.463a 39 (90.7%) 4(9.3%) 0.293b

 No 457 (76.7%) 139 (23.3%) 564 (94.6%) 32 (5.4%)
Anti-platelet medication
 Yes 67 (65.0%) 36 (35.0%) 0.005a 93 (90.3%) 10 (9.7%) 0.061b

 No 421 (78.5%) 115 (21.5%) 510 (95.1%) 26 (4.9%)
HBP
 Yes 225 (74.5%) 77 (25.5%) 0.306a 283 (93.7%) 19 (6.3%) 0.499b

 No 263 (78.0%) 74 (22.0%) 320 (95%) 17 (5%)
Diabetes mellitus
 Yes 81 (73.0%) 30 (27.0%) 0.390a 107 (96.4%) 4 (3.6%) 0.373b

 No 407 (77.1%) 121 (22.9%) 496 (93.9%) 32 (6.1%)
Heart disease
 Yes 90 (69.8%) 39 (30.2%) 0.063a 117 (90.7%) 12 (9.3%) 0.054b

 No 398 (78.0%) 112 (22.0%) 486 (95.3%) 24 (4.7%)
Lung disease
 Yes 111 (77.1%) 33 (22.9%) 0.911a 137 (95.1%) 7 (4.9%) 0.837b

 No 377 (76.2%) 118 (23.8%) 466 (94.1%) 29 (5.9%)
Hematological disease
 Yes 4 (50.0%) 4 (50.0%) 0.094a 7 (87.5%) 1 (12.5%) 0.373b

 No 484 (76.4%) 147 (23.3%) 596 (94.5%) 35 (5.5%)
Chronic kidney failure
 Yes 24 (77.4%) 7 (22.6%) > 0.99a 29 (93.5%) 2 (6.5%) 0.691b

 No 464 (76.3%) 144 (23.7%) 574 (94.4%) 34 (5.6%)
Distance from anal verge
 High > 12 cm 43 (87.8%) 6 (12.2%) 0.005b 47 (95.9%) 2 (4.1%) 0.132c

 Medium 6–12 cm 242 (79.2%) 61 (20.1%) 291 (96%) 12 (4%)
 Low < 6 cm 203 (70.7%) 84 (29.3%) 265 (92.3%) 22 (7.7)

Tumor size
 Large > 6 cm 34 (64.2%) 19 (35.8%) 0.060b 46 (86.8%) 7 (13.2%) 0.029c

 Medium 3–6 cm 286 (76.3%) 89(23.7%) 354 (94.4%) 21 (5.6%)
 Small < 3 cm 168 (79.6%) 43 (20.4%) 203 (96.2%) 8 (3.8%)
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