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Abstract

Aim: Nonrestorative low anterior resection (n-rLAR) (also known as low Hartmann'’s)
is performed for rectal cancer when a poor functional outcome is anticipated or there
have been problems when constructing the anastomosis. Compared with restorative LAR
(rLAR), little oncological outcome data are available for n-rLAR. The aim of this study was
to compare oncological outcomes between rLAR and n-rLAR for primary rectal cancer.
Method: This was a nationwide cross-sectional comparative study including all elective
sphincter-saving LAR procedures for nonmetastatic primary rectal cancer performed in
2011 in 71 Dutch hospitals. Oncological outcomes of patients undergoing rLAR and n-
rLAR were collected in 2015; the data were evaluated using Kaplan-Meier survival analy-
sis and the results compared using log-rank testing. Uni- and multivariable Cox regression
analysis was used to evaluate the association between the type of LAR and oncological
outcome measures.

Results: A total of 1197 patients were analysed, of whom 892 (75%) underwent rLAR
and 305 (25%) underwent n-rLAR. The 3-year local recurrence (LR) rate was 3% after
rLAR and 8% after n-rLAR (P < 0.001). The 3-year disease-free survival and overall sur-
vival rates were 77% (rLAR) vs 62% (n-rLAR) (P < 0.001) and 90% (rLAR) vs 75% (n-rLAR)
(P < 0.001), respectively. In multivariable Cox analysis, n-rLAR was independently associ-
ated with a higher risk of LR (OR = 2.95) and worse overall survival (OR = 1.72).
Conclusion: This nationwide study revealed that n-rLAR for rectal cancer was associated
with poorer oncological outcome than r-LAR. This is probably a noncausal relationship,
and might reflect technical difficulties during low pelvic dissection in a subset of those

patients, with oncological implications.
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INTRODUCTION

For nonlocally advanced rectal cancer, the reference treatment re-
mains a total mesorectal excision (TME) [1]. If the sphincters can be
spared, one may opt for either a restorative low anterior resection
(rLAR) or a nonrestorative low anterior resection (n-rLAR) [2,3]. The
latter entails cross-stapling of the rectal stump and construction of an
end colostomy and is also referred to as a low Hartmann's procedure.

The proportion of n-rLAR procedures in published rectal can-
cer literature is often relatively small, being <5% in most randomized
controlled trials [4,5]. However, in unselected series and population
studies, especially those from northern Europe, n-rLAR may be per-
formed in up to 25% of LARs [6]. Despite the fact that the sphincters
could be preserved with oncologically satisfactory margins, the ra-
tionale for nonrestorative surgery is usually not specified.

Two main reasons to perform n-rLAR are expected poor func-
tional outcome, such as impaired sphincter function and a high risk
of mortality should an anastomotic leak occur. Social and cultural
factors may also play a role as a result of varied acceptance of a per-
manent stoma by the patient and reluctance or eagerness on the
part of the surgeon to construct an anastomosis. A north-to-south
gradient regarding colostomy rates after surgery for primary rectal
cancer can be observed in Europe, with relatively high proportions
of abdominoperineal excision (APE) and Hartmann's procedures in
northern Europe [7]. In the Netherlands, surgeons are carrying out
rLAR increasingly more frequently, probably because of subspecial-
ization and auditing [8].

However, n-rLAR may also be unplanned. Dissection in the pelvis
can be technically challenging (e.g., male gender, narrow pelvis, obe-
sity, bulky tumour) [9]. A long and difficult TME dissection with inad-
equate exposure might lead the surgeon to construct an end stoma.

Finally, there may be an oncological cost of carrying out an
n-rLAR procedure because circumferential margin positivity rates of
up to 31.7% have been reported [10].

The aim of this nationwide comparative cross-sectional cohort
study was to compare oncological outcome following rLAR and
n-rLAR in patients with primary rectal cancer, focusing primarily on

local recurrence (LR).

METHOD
Study design and patients

This was a nationwide, retrospective, cross-sectional study performed
by the Dutch Snapshot Research Group. All patients were operated on
in 2011, and outcome data were collected in 2015. The study design has
been reported previously [11,12]. In short, all resections for primary rec-
tal cancer performed between 1 January 2011 and 31 December 2011
in the Netherlands were identified from the Dutch Colorectal Audit. This
is an obligatory nationwide audit of all colorectal cancer resections, for
which patient demographics, tumour information, intra-operative details
and patient outcomes within 30 days of surgery are collected. Hospitals

What does this paper add to the literature?

While in unselected series and population studies a non-
restorative low anterior resection (n-rLAR) is a frequently
performed procedure, there remains little published data
on oncological outcomes after this procedure, compared
with restorative LAR for primary rectal cancer. We found
that n-rLAR was independently associated with a higher
risk of local recurrence and worse overall survival.

that participated in this Dutch Snapshot Research Group project were
provided with their own Dutch Colorectal Audit data in 2015, and resi-
dents completed the dataset, together with additional diagnostic, pro-
cedural and outcome data, using an online secured web tool under the
supervision of a consultant surgeon. From this database, which contains
both short- and long-term outcomes for all rectal cancer resections
performed in 71 Dutch Hospitals, patients who had undergone either
rLAR or n-rLAR in 2011 were identified. Patients were excluded if they
had metastatic disease (cM1), if surgery was noncurative, if they had re-
ceived a multivisceral resection or if surgery had been carried out as an
emergency.

For this study, the following data were analysed: baseline patient
demographics; pretreatment tumour characteristics; operative de-
tails; histopathological parameters; postoperative complications;
and related surgical re-interventions and re-admissions. Oncological
follow-up details included date and treatment of recurrence, as well
as survival status.

This study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines [13].
The study received approval from the Medical Ethical Committee
of the Amsterdam UMC (Academic Medical Center, Amsterdam, the
Netherlands). The local Ethics Committees decided that informed
consent was not needed because of the retrospective design of the
study and use of anonymized data.

Outcome measures

Primary outcome was 3-year LR rate, including association between
type of resection and LR. Secondary outcomes were rates of histo-
pathologically determined circumferential resection margin positiv-
ity (p)CRM+), overall and surgical complications, pelvic sepsis, 3-year

disease-free survival (DFS) and 3-year overall survival (OS).

Definitions

Restorative LAR was defined as a rectal resection with the forma-
tion of a stapled or hand-sewn colorectal or coloanal anastomosis,
with or without a defunctioning stoma. Nonrestorative LAR was de-
fined as a rectal resection with cross-stapling of the rectal stump
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TABLE 1 Patientand tumour =
characteristics rLAR % n-rLAR %
Characteristic (n=892) (n = 305) P-value
Male 565/891 63.4 181/305 59.3 0.206
Age (years) 65 (58-72) 75 (68-81)
>70 years 285/892 32.0 212/305 69.5 <0.001
ASA = Il 116/892 13.0 78/305 25.6 <0.001
BMI >30 113/887 12.7 48/302 15.9 0.166
Threatened 167/892 18.7 62/305 20.3 0.538
margin®
Distance to ARJ 60/892 6.7 60/305 19.7 <0.001
<3 cm
cT-stage
cT1 38/771 4.9 7/256 2.7 0.161
cT2 2447771 31.6 71/256 277
cT3 463/771 60.1 165/256 64.5
cT4 26/771 3.4 13/256 5.1
cTX/missing 121 49
cN-stage
cNO 320/743 43.1 125/251 49.8 0.024
cN1 292/743 39.3 99/251 39.4
cN2 131/743 17.6 27/251 10.8
cNX/missing 149 54
Neoadjuvant therapy
None 105/892 11.8 41/305 13.4 0.810
SCRT 502/892 56.3 164/305 53.8
LCRT 25/892 2.8 10/305 3.3
CRT 260/892 291 90/305 29.5

Abbreviations: ARJ, anorectal junction, as measured on sagittal MRI; ASA, American Society

of Anesthesiologists-Classification; BMI, body mass index; cN-stage, clinical nodal stage; CRT,
chemoradiotherapy; cT-stage, clinical tumour stage; LCRT, long-course radiotherapy without
concomitant chemotherapy; n-rLAR, nonrestorative low anterior resection; rLAR, restorative low

anterior resection SCRT, short-course radiotherapy.

Bold P-values are significant.

“Threatened margin was defined as presence of tumour or malignant lymph nodes <1 mm of the
mesorectal fascia on baseline pelvic MRI.

and formation of an end colostomy. Pelvic sepsis, detected at any
time during follow-up, was considered to be caused by an anasto-
motic leakage or pelvic abscess in the rLAR group and a rectal stump
abscess in the n-rLAR group. A pCRM+ was defined as the presence
of tumour or malignant lymph nodes <1 mm from the inked resec-
tion plane. Local recurrence was defined as recurrent disease in the
pelvis or at the anastomotic site. Distant recurrence was defined
as metastatic localizations outside the pelvis, which were not pre-
sent at the time of rectal resection. The DFS rate was defined as

the percentage of patients who were alive without signs of local or
distant recurrence, and the OS rate was defined as the percentage of
patients who were still alive, independent of disease status.

Statistical analysis

Categorical data were presented as number of patients and percent-
ages, whilst continuous data were shown as either mean + SD or
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median (interquartile range [IQR], depending on the data distribu-
tion. Categorical and continuous variables were compared using the
chi-square test and the Mann-Whitney U-test, respectively.

Kaplan-Meier survival analysis was used to determine the actual
3-year LR, 3-year DFS and 3-year OS rates from the date of surgery,
and the rates from each group were compared using the log-rank
test.

Uni- and multivariable Cox regression analyses were used to
evaluate the association between type of LAR and LR, DFS and OS.
Potential risk factors for these outcomes with a univariate value of
P <0.1 were included in the multivariable regression analysis. A value
of P <0.05 was considered statistically significant. Data were anal-
ysed using the Statistical Package for Social Sciences (SPSS) (IBM
SPSS Statistics for Windows, version 25.0 (IBM Corp.).

RESULTS
Patients

In 2011, 1400 LAR procedures (998 rLAR and 402 n-rLAR) from 71
hospitals in the Netherlands were registered in the Dutch Snapshot
Database. After exclusion of cM1 stage, noncurative intent, multi-
visceral resection and emergency procedures, 1197 patients were
included for analysis. Of those, 892 (74.5%) underwent rLAR and
305 (25.5%) underwent n-rLAR. Median follow-up time of the total
cohort was 42 (IQR = 32-47) months.

Table 1 shows the baseline patient- and tumour character-
istics for the two procedures. Most patients were male (rLAR:
565 [63.4%]; n-rLAR: 181 [59.3%)]). Patients in the n-rLAR group
were significantly older (65 [IQR: 58-72] years vs 75 [IQR: 68-
81] years; P < 0.001), presented with higher American Society of
Anesthesiologists (ASA) classification (13.0% vs 25.6%; P < 0.001)
and more often had a tumour located <3 cm from the anorectal
junction (ARJ) (6.7% vs 19.7%; P < 0.001), than those in the rLAR
group. Clinical T-stage was comparable between the groups, while
clinical NO-stage occurred slightly more often in the n-rLAR group
(43.1% vs 49.8%; P = 0.02).

Surgical and pathological characteristics

Annual hospital volume did not differ significantly between the
groups. A laparoscopic approach was used significantly more often
in the rLAR group (54.4% vs 42.0%; P < 0.001). Laparoscopic proce-
dures were significantly more often converted to midline laparotomy
in the n-rLAR group (13.4% vs 26.2%; P < 0.001). Major intra-opera-
tive complications (including bleeding requiring transfusion and vis-
ceral injuries to the bowel, ureter/urethra and bladder), occurred in
15 (1.8%) patients from the rLAR group and in nine (3.2%) from the
n-rLAR group (P = 0.16; Table 2).

There was no significant difference in overall complication

rate within 30 days (P = 0.63). Pelvic sepsis occurred in a similar

percentage of patients at any time during follow-up among the two
groups; anastomotic leakage or presacral abscess was reported in
16.5% of patients in the rLAR group, whereas an abscess on top of
the rectal stump after n-rLAR was reported in 18.9% of patients
(P =0.34). Also, no differences in re-interventions and re-admissions
beyond 30 days were observed (Table 2). A secondary anastomosis
was constructed in 15 (3.7%) patients from the n-rLAR group.

The pCRM+ rate was 5.7% in the rLAR group and 7.2% in the
n-rLAR group (P = 0.76). Overall, the (y)pT-stages were significantly
higher in the n-rLAR group (P = 0.007). There were no significant
differences in pathological nodal stage, total number of lymph nodes
examined and presence of extramural vascular invasion. Adjuvant
chemotherapy was administered significantly more often in the
rLAR group (13.4% [rLAR group] vs 5.6% [n-rLAR group]; P < 0.001;
Table 3).

Oncological outcomes

The 3-year LR rate was 3% after rLAR and 8% after n-rLAR, as
evaluated using univariate Kaplan-Meier survival analysis (log-
rank: P < 0.001; Figure 1A). Table 4 shows the results of uni- and
multivariable Cox regression analyses for LR. In addition to type
of procedure (rLAR and n-rLAR), tumour height from ARJ, neo-
adjuvant therapy and pathological tumour and nodal stages were
found to have P <0.1 in univariable analyses. Multivariable Cox
regression analyses revealed that n-rLAR was independently as-
sociated with higher odds of LR (OR = 2.950; 95% Cl: 1.559-5.581;
P = 0.001). Another independent risk factor for LR was (y)pN1-2
stage (OR = 2.608; 95% Cl: 1.402-4.849; P = 0.002), while neoad-
juvant therapy lowered the risk of LR (OR = 0.328; 95% CI: 0.161-
0.666; P = 0.002).

Univariate Kaplan-Meier survival analysis demonstrated that
3-year DFS was significantly (P < 0.001) better after rLAR (77%)
than after n-rLAR (62%). Data from uni- and multivariable Cox re-
gression analyses for any recurrence (LR and/or distant metastasis
[DM]) or death are provided in Table S1. Classification as ASA zllI
(OR = 2.582; 95% Cl: 1.171-5.691; P = 0.02) and adjuvant therapy
(OR = 0.043; 95% Cl: 0.003-0.544, P = 0.02) were independently
associated with DFS, while type of procedure (rLAR and n-rLAR)
was not. Univariate Kaplan-Meier survival analysis demonstrated
that 3-year OS was significantly (P < 0.001) higher after rLAR (90%)
than after n-rLAR (75%) (Figure 1B). Multivariable Cox regression
analyses showed that n-rLAR was an independent risk factor for
death (OR = 1.720; 95% Cl: 1.210-2.444; P = 0.003), as were male
gender (OR = 0.64), age 270 years (OR = 2.54), ASA =11l (OR = 2.54),
tumour height from ARJ (OR = 1.60) and (y)pN1-2 stage (OR = 2.11)
(Table S2).

Table S3 shows treatment of LR and DM and the locations of DM.
Approximately one-third of patients with LR in both rLAR and n-LAR
groups could be treated with curative intent, while in the presence
of DM, 55.2% of patients in the rLAR group were treated with cu-
rative intent compared with 35.1% in the n-rLAR group (P = 0.01).
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TABLE 2 . Operative details and LAR n-rLAR
postoperative outcomes Variable (n=892) % (n=305) % P-value
Annual hospital volume (no. of patients)
<25 184/892 20.6 71/305 23.3 0.408
25-50 470/892 52.7 163/305 53.4
>50 238/892 26.7 71/305 23.3
Approach
Open 407/892 45.6 177/305 58.0 <0.001
Laparoscopic 485/892 54.4 128/305 42.0
Conversion 62/463 13.4 32/122 26.2 0.001
Of which early 31/463 6.7 17/122 13.9 0.003
Diverting stoma 588/812 72.4 NA NA
Major intra-operative 15/850 1.8 9/284 3.2 0.155
complications
Bleeding requiring 7/850 0.8 6/284 21
transfusion
Visceral injury? 7/850 0.8 2/284 0.8
Other 1/850 0.1 1/284 0.4
Complications <30 days
Overall 329/863 38.1 116/292 39.7 0.627
Surgical 191/863 221 62/292 21.2 0.748
Requiring 127/863 14.7 42/292 14.4 0.889
re-intervention
Re-intervention >30 days 110/888 12.4 38/305 12.5 0.974
Re-admission >30 days 172/889 19.3 62/305 20.3 0.710
Pelvic sepsis® 144/871 16.5 48/254 18.9 0.378

Abbreviation: NA, not applicable.

Bold P-values are significant.

@Restorative low anterior resection (r-LAR): bowel (n = 5), ureter/urethra (n = 1), bladder (n = 1);
nonrestorative LAR (n-rLAR): bowel (n = 1), ureter/urethra (n = 1).

bPelvic sepsis was considered an anastomotic leakage or pelvic abscess in the rLAR group and a
rectal stump abscess in the n-rLAR group, being detected at any time during follow-up.

DISCUSSION

In this nationwide cross-sectional comparative study of 1197 elec-
tive sphincter-saving primary rectal cancer resections from 71
Dutch hospitals, continuity was not restored in 25% of patients.
Comparison of baseline characteristics revealed that this decision
was mainly driven by patient-related factors. Patients who under-
went n-rLAR were a median of 10 years older than those who under-
went rLAR (and more than twice as many patients who underwent
n-rLAR were over 70 years of age), and twice as many patients who
underwent n-rLAR were classified as ASA grade 3. By contrast, cT-
stage, cN-stage, proportion of threatened CRM on MRI, and per-
centage and type of neoadjuvant therapy were remarkably similar
between patients undergoing rLAR and those undergoing n-rLAR.
The only tumour-related factor that differed significantly between
patients in rLAR and n-rLAR groups was distance from the ARJ. The
pathological CRM+ rate was not significantly different, while (y)pT-
stages were significantly higher in patients from the n-rLAR group.
Considering these characteristics and after correction for distance

from the ARJ, multivariable analysis demonstrated that n-rLAR with
end colostomy was independently associated with a higher risk of LR
than rLAR with primary anastomosis. Uncorrected 3-year DFS and
OS were significantly lower after n-rLAR, probably reflecting the
elderly frail patient group, but n-rLAR remained independently as-
sociated with worse OS after correction for confounding variables.
The observed 3-year LR rates after rLAR (3%) and non-rLAR (8%)
are in line with other published data on rates of LR following LAR. A
Swedish study analysing 114 rLAR and 58 n-rLAR procedures per-
formed in the Stockholm region between 1995 and 2003, showed
a 5-year cumulative LR rate of 5% and 10%, respectively [14]. In
contrast to the present study, this could be explained by the per-
centage of positive margins which, similarly to those in the present
study (5% [rLAR] vs 14% [n-rLAR]), was also significantly higher in
the n-rLAR group. Another analysis of 2333 rLAR and 248 n-rLAR
procedures registered in the Spanish rectal cancer project between
2006 and 2010 showed LR rates of 3.7% and 11.3%, respectively,
after a median follow-up of 37 months [15]. Perforation (2.3% vs
12.6%) and CRM+ (6.6% vs 16.6%) were also significantly higher in
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TABLE 3 Histopathological parameters

. rLAR n-rLAR and oncological follow-up
Variable (n=892) % (n = 305) % P-value
(y)pT-stage

pTO 49/871 5.6 22/297 7.4 0.007

pT1 75/871 8.6 18/297 6.1

pT2 316/871 36.3 88/297 29.6

pT3 396/871 45.4 149/297 50.2

pT4 14/871 1.6 14/297 4.7

pTx 21/871 2.4 6/297 2.0
(Y)pN-stage

pNO 561/871 64.4 187/297 63.0 0.086

pN1 216/871 24.8 81/297 27.3

pN2 83/871 9.5 20/297 6.7

pNx 11/871 1.3 9/297 3.0
pCRM

<1 mm 39/689 57 16/222 7.2 0.400
No. of lymph nodes

examined

Median (IQR) 12(9-12) 12 (8-16) 0.072

>10 563/869 64.8 177/298 59.4 0.095
EMVI 80/817 9.8 28/274 10.2 0.838
Adjuvant chemotherapy 119/889 13.4 17/304 5.6 <0.001
FU time (months)

Median (IQR) 43(36-47) 38 (15-45) <0.001
Actual 3-year LR 3.0 8.0 <0.001
Actual 3-year DFS 77.0 62.0 <0.001
Actual 3-year OS 90.0 75.0 <0.001

Abbreviations: CRM, circumferential resection margin; DFS, disease-free survival; EMVI,
extramural vascular invasion; FU, follow-up; IQR, interquartile range; LR, local recurrence; n-rLAR,
nonrestorative low anterior resection; OS, overall survival; pN-stage, pathological nodal stage; pT-

stage, pathological tumour stage; r-LAR, restorative low anterior resection.

Bold P-values are significant.

the n-rLAR group. In multivariable analysis, n-rLAR was an indepen-
dent predictor for LR and survival. However, in our study, pCRM+
was comparable between the groups and cannot explain the differ-
ences observed in LR rate and survival, in contrast to the Swedish
and Spanish studies.

An important factor which has been linked to LR is pelvic sepsis,
with a relatively recent meta-analysis suggesting that anastomotic
leakage after rLAR can adversely affect the oncological outcome
[16]. Leaving a rectal stump after n-rLAR may also lead to formation
of pelvic abscess as a result of infected pelvic haematoma or sta-
ple-line disruption. Published data based on the Dutch Colorectal
Audit 2009-2013 has reported that n-rLAR was associated with
significantly fewer 30-day abdominal infective complications than
rLAR [17]. The present study reveals that with longer follow-up (be-
yond 1 year postoperatively) the pelvic sepsis rates in both groups
are substantially higher and not significantly different. Pelvic sepsis
might have contributed to the high LR rate observed after n-rLAR,
but does not explain the increased rate of LR observed after rLAR.

More patients received adjuvant therapy after rLAR. A me-
ta-analysis showed that adjuvant fluorouracil-based chemother-
apy did not improve oncological outcome in rectal cancer patients
after preoperative (chemo)radiotherapy [18]. As preoperative
radiotherapy was given to almost 90% of patients in both rLAR
and n-rLAR groups, the difference in adjuvant chemotherapy does
not seem to (fully) explain the observed difference in oncological
outcome.

Other factors to consider are the impact of intra-operative tech-
nical issues and subspecialization. In a proportion of patients in the
n-rLAR group, the decision not to restore bowel continuity might have
been made intra-operatively following a difficult TME dissection with
inadequate exposure. This is suggested by the observation that n-rLAR
was converted more frequently than rLAR from an open to a laparo-
scopic procedure. In the n-rLAR group, 20% of tumours were located
within 3 cm from the ARJ. Visualization of the distal rectum from an
abdominal approach can be difficult, thereby complicating TME dis-
section, cross-stapling and construction of a coloanal anastomosis.
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FIGURE 1 (A)Kaplan-Meier survival curves of 3-year local recurrence-free (A) and 3-year overall survival (B) proportion of the
totale groups. n-rLAR, nonrestorative low anterior resection; rLAR, restorative low anterior resection

Hypothetically, n-rLAR might correlate with incomplete TME
specimen with residual mesorectum, which potentially still con-
sists malignant lymph nodes, leading to the development of LR.
This would explain the discrepancy between the pCRM+ rate and
the LR rate because residual mesorectum does not impact on
pCRM-+. Bondeven et al. [19] demonstrated that inadvertent residual

mesorectum was commonly found on postoperative MRI, support-
ing this hypothesis. Unfortunately, quality of the specimen obtained
following TME, data on distal resection margin length and postoper-
ative imaging were not available in this dataset.

Hospital volume was equally distributed between groups. Data
on surgeon seniority and experience in low rectal surgery were
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?éf gsce (Rii §F)
Univariable analysis Multivariable analysis TAB LF 4 Uni-and mulltivariable cox
regression analyses for risk factors of local
p- recurrence (LR)
Variable OR (95% CI) P-value OR (95% ClI) value
Gender
Male 1.238 (0.682-2.248) 0.483
Female Ref
BMI
<30 Ref
230 1.393(0.648-2.997) 0.396
MRF threatened
No Ref
Yes 1.072(0.516-2.231) 0.851
Distance ARJ
<4 cm 1.964(0.913-4.225) 0.084 NS
24 cm Ref
NAT
None Ref
Yes 0.347(0.175-0.687) 0.002 0.328(0.161-0.666) 0.002
Procedure
rLAR Ref
n-rLAR 3.173(1.755-5.735) <0.001 2.950(1.559-5.581) 0.001
Approach
Open Ref
Lap. 1.389 (0.765-2.522) 0.280
Tumour stage
(y)pTO-3 Ref
(y)pT4 3.551(1.097-11.497) 0.034 NS
Nodal stage
(y)pNO Ref
(y)pN1-2 2.342(1.286-4.265) 0.005 2.608 (1.402-4.849) 0.002
Adjuvant chemotherapy
Yes 20.347 0.853
(0.000-1.319E+15)
No Ref

Abbreviations: ARJ, anorectal junction; BMI, body mass index; Lap., laparoscopic; MRF, mesorectal
fascia; NAT, neoadjuvant therapy; n-rLAR, nonrestorative low anterior resection; Ref, reference;

rLAR, restorative low anterior resection.
Bold P-values are significant.

unavailable. Therefore, we cannot contradict the suggestion that
different levels of expertise within high-volume hospitals may
have influenced the choice of procedure. Against this is the fact
that Dutch colorectal cancer care is provided in community hospi-
tals only by certified and specialized gastrointestinal surgeons with
obligatory auditing, including continuous feedback; service review
is performed if there is evidence of underperformance. There are
no low-volume centres and no ‘general’ surgeons performing rec-
tal cancer resections in the Netherlands. Any surgeon carrying out
rectal cancer surgery must perform a minimum of 20 rectal resec-

tions per year (including APE and surgery for benign disease). Finally,

rectal cancer surgery is often performed by two consultants, so this
makes analyses on an individual surgeon basis difficult.

What are the clinical implications of our findings? We suggest
that when nonrestoration of continuity is being considered (for ex-
ample, if poor bowel function is expected, or restoration appears to
be technically difficult), an intersphincteric APE (iAPE) might be an
option. This has a potentially lower risk of residual mesorectum but
might also reduce the risk of diversion proctitis and pelvic sepsis.
Our group has previously reported that iAPE and n-rLAR have an
equal risk of pelvic abscess formation and have a similar need for
re-intervention and re-admission [20]. Caution is needed because an
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iAPE can also be challenging, requiring experience and subspecialist
training. A currently ongoing multicentre randomized controlled trial
comparing iAPE and n-rLAR should reveal data on the optimal non-
restorative technique [21].

A further option to avoid a permanent stoma when intra-opera-
tive difficulties are encountered could be use of the n-rLAR proce-
dure to carry out a delayed coloanal anastomosis. This might facilitate
better quality of the specimen obtained by TME if combined with
an intersphincteric approach from below. A randomized multicentre
trial (46 patients in each arm) compared delayed hand-sewn coloanal
anastomosis with immediate hand-sewn coloanal anastomosis with
diverting ileostomy [22]. The composite 30-day complication rate
(including stoma reversal) was 35% (delayed coloanal anastomosis)
vs 45% (immediate coloanal anastomosis plus ileostomy), and not
statistically significant, leading the authors to conclude that delayed
anastomosis is a safe alternative.

We acknowledge that our study has limitations. Some data
were missing and some were inaccurately recorded. In addition,
the decision to perform a nonrestorative procedure may reflect
an expected difficult procedure, a notion supported by the higher
conversion rate and other intra-operative major complications
in this group. This, in itself, introduces selection bias, even after
correcting for several measured confounders using multivariable
analyses. Finally, some important information was not collected
in the dataset, such as the surgeon's reason for not carrying out
a restorative procedure, the quality of the TME specimen and the
level of experience of the operating surgeon(s). Information on
quality of the TME specimen could have provided insight into the
association between n-rLAR and LR but, as an outcome measure
itself, would not have been included in the multivariable model as

an independent variable.

CONCLUSION

This nationwide study reports that elective n-rLAR for primary
rectal cancer is independently associated with a significantly
higher risk of LR and worse OS than rLAR with a primary anas-
tomosis but that this is likely to be a noncausal relationship. The
higher recurrence rate in n-rLAR may relate to a more technically
difficult rectal dissection leading to a damaged or incomplete TME
specimen.
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