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Abstract
Background  In the Netherlands, approximately 15% of patients with rectal cancer undergo a low Hartmann’s procedure 
(low-HP). This is often preoperatively planned to avoid poor functional outcome or complications, but might be unplanned 
as a result of intraoperative difficulties. Low-HPs seem to be associated with worse oncological outcomes.
Methods  All patients who underwent either restorative low anterior resection (rLAR), planned low-HP, or unplanned low-
HP for primary rectal cancer in 2016 were included from a nationwide cohort. Main outcomes were 4-year local recurrence 
(LR) rate and disease-free survival (DFS).
Results  Of 2043 patients, 1704 underwent rLAR (83.4%), 253 planned low-HP (12.4%), and 86 unplanned low-HP (4.2%). 
Among intended rLAR patients (n = 1790), independent risk factors for unplanned low-HP were older age, higher body 
mass index (BMI), higher American Society of Anesthesiologists (ASA) score, and more distal tumor location. Oncological 
outcomes after low-HPs were worse than after rLARs (LR 13.7% vs 5.6%, DFS 54.7% vs 71.8%, both p < 0.001), but similar 
for unplanned and planned low-HP. In multivariable analysis, unplanned and planned low-HP were not associated with LR 
or DFS, but R1 resection was (HR 6.6 (4.1–10.6), HR 3.0 (2.2–4.0), respectively). In R1 resections, the distal margin was 
more often involved after low-HP (70.0% vs 28.6%, p = 0.013) compared to rLAR.
Conclusion  Poor outcomes in univariable analysis after low-HP appear to be associated with more challenging procedures 
and increased risk of involved resection margin rather than the low-HP itself. In case of expected difficulties, an extralevator 
abdominoperineal excision or referral to an expert center might be an alternative to improve resection margins.
Trial registration  ClinicalTrials.gov, identifier NCT05539417, retrospectively registered on September 16, 2022.

Keywords  Rectal cancer · Minimally invasive surgical procedures · Conversion to open surgery · Resection margins

Introduction

The type of total mesorectal excision (TME) is thought to 
influence oncological outcomes in patients with rectal can-
cer [1–3]. If a tumor is located near the anorectal junction 
(ARJ), a more complex TME is needed, including partial 
intersphincteric resection with or without anastomosis, or 
an abdominoperineal excision (APE) if the levator ani is 
involved [4].  When the location of the tumor allows for 

construction of an anastomosis and sphincter preservation, 
a low anterior resection (LAR) is performed. Most often 
an anastomosis is created, resulting in a restorative LAR 
(rLAR). Alternatively, a non-restorative procedure can be 
chosen, where an end-colostomy is constructed after sta-
pling the rectum distally from the tumor, also known as low 
Hartmann’s procedure (low-HP) [5, 6].

The decision to perform a low-HP is generally made 
preoperatively. The main reasons for planned low-HP are 
anticipated poor functional outcome or a high risk of mor-
tality from anastomotic leakage. However, low-HP may also 
result from intraoperative technical difficulties which with-
hold surgeons from creating an anastomosis. An unplanned 
low-HP might be related to a narrow pelvis, obesity, and/
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or a bulky distal tumour, making it more difficult to cre-
ate a tension-free anastomosis [7].  As a result, patients 
planned for n-rLAR are expected to differ significantly from 
those who undergo n-rLAR unplanned, with more comorbid-
ities, higher age, and more neoadjuvant irradiation. Social 
and cultural factors may also influence acceptance of a per-
manent ostomy [8–12].  Furthermore, a decreasing trend in 
the proportion of low-HPs was observed in the Netherlands, 
probably as a result of sub-specialization and auditing [13].  
Nevertheless, a low-HP was still performed in 14% of rectal 
cancer resections in 2016, with interhospital variability rang-
ing from 0 to 42% [14].

Current literature suggests that a low-HP is associated 
with worse oncological outcomes, with circumferential mar-
gin positivity rates reaching 32%, and a high 3-year local 
recurrence (LR) rate up to 15% [15, 16].  The specific fac-
tors leading to the poorer oncological outcomes of low-HP 
compared to rLAR remain unknown. It was hypothesized 
that technical difficulties during low pelvic dissection might 
have contributed to the intraoperative decision to perform 
a low-HP, resulting in an inferior TME specimen. There-
fore, this study aimed to compare oncological outcomes of 
patients who underwent low-HP with rLAR and identify 
factors, including unplanned procedures, that contribute to 
differences in these outcomes.

Methods

Data collection for this retrospective population-based 
cohort study by the Dutch Snapshot Research Group was 
conducted between 2020 and 2021 in the Netherlands. All 
patients who underwent curative resection for primary rec-
tal cancer in 2016 were included from 67 of the 69 Dutch 
hospitals providing rectal cancer care. Short-term outcomes 
were available from registration in the Dutch ColoRectal 
Audit (DCRA) and additional variables and 4-year follow-up 
data were collected by local teams through a secured web-
based tool. These collaborative teams consisted of surgical 
residents or physician assistants, supervised by a surgeon. A 
more detailed description of the study design can be found 
in previously published studies [17].

Patient selection

Patients who underwent a local excision (with or with-
out completion TME), proctocolectomy, or had unknown 
surgical treatment were excluded. For baseline descrip-
tion, both patients who underwent an APE and those who 
underwent (n-)rLAR as initial surgical treatment for pri-
mary rectal cancer were included, regardless of neoadju-
vant treatment. After this, patients who underwent APE or 

had unregistered planned/unplanned low-HP were excluded 
(Online Appendix 1).

Rectal cancer treatment according to Dutch 
guidelines

In 2016, the Dutch national guideline recommended neoadju-
vant chemoradiation for patients with advanced rectal cancer 
(cT4, MRF+, cN2, or pathological extramesorectal nodes). 
For intermediate tumors (cT3cdN0 or cT1–3N1(MRF−)), 
shared decision-making was advised regarding the choice 
between TME alone or short-course radiotherapy. In case 
of low-risk rectal cancer (cT1–cT3abN0) neoadjuvant treat-
ment was not recommended. At that time, total neoadjuvant 
therapy, whether with induction or consolidation chemother-
apy, was not part of routine practice. Following neoadjuvant 
treatment, patients were counselled regarding the intended 
surgical approach. As part of this counselling, they were 
also informed about the risk of intraoperative deviation from 
the initial surgical plan—specifically, the possibility that a 
restorative procedure might not be feasible and that forma-
tion of an ostomy might be required.

Outcome measures and definitions

The primary outcome was 4-year LR rate. Secondary out-
comes included metachronous distant metastases (DM), 
disease-free survival (DFS), overall survival (OS), and con-
version rate from rLAR to low-HP. Moreover, R1 resection 
rate and type of positive margin (circumferential or distal) 
were evaluated.

An rLAR was defined as a rectal resection with a colorec-
tal or coloanal anastomosis, with or without diverting stoma. 
Low-HP was defined as rectal resection with stapling of the 
rectal stump and formation of an end colostomy, leaving 
the rectal stump in situ. The decisions on the type of sur-
gical resections were made during multidisciplinary meet-
ings. Data regarding surgeon experience were not available. 
Conversion from r-LAR to low-HP was collected from the 
operation report. Rationale for conversion to low-HP was 
not collected. Tumor location was measured from its dis-
tal border to the anorectal junction (ARJ). Metachronous 
DMs were those developed after the 3-month postoperative 
period; those that occurred within 3 months were catego-
rized as synchronous. Pelvic sepsis was defined as presacral 
abscess or anastomotic leakage according to any of the fol-
lowing: contrast extravasation on imaging studies, a pre-
sacral abscess collection requiring surgical, radiological or 
endoscopic intervention, or a presacral collection that either 
led to delay in ostomy closure or to resection of the colo-
rectal anastomosis. A positive resection margin (R1) was 
defined as a pathological circumferential or distal resection 
margin (CRM/DRM) of 1 mm or less.
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Statistical analysis

Categorical data are presented as numbers and percentages 
and compared with a χ2 test. Continuous data are presented 
as mean with standard deviation or median with interquartile 
range, and compared with an independent t test, Mann–Whit-
ney U test or one-way analysis of variance (ANOVA). Miss-
ing data were reported, and analyses were performed using 
complete cases. Logistic regression assessed variables 
associated with the risk of low-HP in patients undergoing 
intentional rLAR. Univariable variables with p < 0.10 were 
selected for multivariable regression using backwards selec-
tion. Kaplan–Meier estimates were used for 4-year DFS, OS, 
LR, and DM rates and compared with a log-rank test. Multi-
variable Cox proportional hazard evaluated the association 
between surgery type and oncological outcomes. A media-
tion and sensitivity analysis was applied, removing surgery 
type (minimally invasive, minimally invasive converted, and 
open) and adding the APE cohort, to demonstrate sensitivity 
to cohort characteristics and understand the causal mecha-
nism. Analyses were conducted using IBM SPSS statistics 
version 28 (Chicago, IL), with a two-sided p value < 0.05 
considered statistically significant.

Ethics

The Medical Ethics Committee of the Amsterdam UMC 
approved this study and determined it to be exempt from 
the Dutch Medical Research Involving Human Subjects Act. 
Local institutional review boards approved the study execu-
tion and determined patient consent procedures.

Results

In total 2772 primary TME procedures were performed 
in 2016 (Supplementary Fig. 1), with a median follow-up 
period of 49 months (IQR 34–55). An APE was performed 
in 699 patients (24.6%), a rLAR in 1704 patients (61.5%), 
and a low-HP in 369 patients (13.9%).

An APE was performed in patients with more distal and 
more locally advanced tumors, who also received neoad-
juvant chemoradiation more often, compared to (n-)rLAR 
cases, and there were more R1 resections in the APE group 
(Table 1). Patients who underwent low-HP were older than 
rLAR patients (73 vs 65 years old, p < 0.001), had a prior 
bowel resection more often (3.5% vs 0.8%, p < 0.001), a 
higher ASA score (ASA III/IV 32.5% vs 13.8%, p < 0.001), 
and presented with more distally located tumors, higher 
clinical T stage (cT stage), and more often with synchro-
nous metastases (Table 1). The surgical procedure was 
open in 22.5% of low-HP vs 8.9% of rLAR (p < 0.001), and 

postoperative blood transfusions were more common after 
low-HP (15.3% vs 4.7% in rLAR, p < 0.001). Moreover, in 
low-HP there were more R1 resections (10.0% vs 2.9% in 
rLAR, p < 0.001).

Planned vs unplanned low‑HP

After excluding APE patients and 46 patients who under-
went low-HP with unknown planning status, a total of 2043 
patients could be included for final analyses. rLAR was per-
formed in 1704 (83.4%), planned low-HP in 253 (12.4%), 
and unplanned low-HP in 86 patients (4.2%). The proportion 
of unplanned low-HP among patients who underwent low-
HP was 86/339 (25.4%).

Patients who underwent a planned low-HP were older 
compared to patients in the unplanned low-HP group (74 vs 
70 years old, p < 0.001, Table 2). Preoperative tumor charac-
teristics, including distance to the ARJ and cT/N stage were 
not statistically different between both groups. While inten-
tional minimally invasive approach was similar (planned 
79.5% vs unplanned 71.4%, p = 0.185), the percentage of 
conversion to open surgery was significantly higher in the 
unplanned group compared to the planned group (17.5% vs 
3.0%, p < 0.001). Moreover, the mean duration of surgery 
was longer for unplanned low-HPs compared to planned 
procedures (246 vs 181 min, p < 0.001).

Risk of unplanned low‑HP

In 1790 patients, the initial surgical plan was to perform 
rLAR. This changed intraoperatively to a low-HP in 86 
patients (4.8%). Patients who underwent unplanned low-HP 
were older and had a higher ASA score compared to patients 
who underwent rLAR (Table 2). Tumors in the unplanned 
low-HP group were located closer to the ARJ compared 
to rLAR cases (4.9 cm vs 6.8 cm, p < 0.001), and multi-
visceral resections were performed more often (10.5% vs 
4.6%, p = 0.013). Low-HP was more often performed using 
a primary open approach (25.6% vs 8.9% rLAR, p < 0.001), 
and in case of primarily minimally invasive, more often 
converted to an open procedure (17.5% vs 4.5% rLAR). 
Moreover, procedures low-HP procedures took longer 
(246 vs 197 min, p < 0.001) and more often required blood 
transfusions postoperatively (21.3% vs 4.7%), compared 
to rLAR. Locally advanced disease ((y)pT4 9.2% vs 3.0%, 
p = 0.007) and involved resection margin (R1) (11.6% vs 
2.9%, p < 0.001) were more common in the unplanned low-
HP group. In case of an R1 resection, the DRM was more 
often involved in case of an unplanned low-HP as compared 
to rLAR (70.0% vs 28.6%, p = 0.013).

In binary logistic regression analysis including all 
patients who intentionally underwent rLAR (Table 3), con-
version to low-HP was associated with an age above 65 years 
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Table 1   Patient, tumor, operative, and histopathological details according to type of procedure

Whole cohort
(N = 2772)

APE
(N = 699; 24.6%)

rLAR
(N = 1704; 61.5%)

Low-HP
(N = 369; 13.9%)

p value
APE vs 
rLAR vs 
low-HP

p value
rLAR vs low-HP

Sex, male 1789 (64.5) 469 (67.1) 1099 (64.5) 221 (59.9) 0.065 0.095
Age at resection, mean (SD) 66.9 (10.2) 67.2 (10.5) 65.4 (9.6) 73.3 (9.7) < 0.001* < 0.001*
BMI, mean (SD) 26.5 (4.4) 26.7 (4.7) 26.4 (4.2) 26.6 (4.5) 0.156 0.590
Previous bowel segment resection 49 (1.8) 22 (3.1) 14 (0.8) 13 (3.5) < 0.001* < 0.001*
ASA III/IV 492 (17.7) 139 (20.0) 233 (13.8) 120 (32.5) < 0.001* < 0.001*
Distance from the ARJ in cm, mean 

(SD)
5.3 (3.6) 1.7 (2.1) 6.8 (3.1) 5.2 (2.8) < 0.001* < 0.001*

cT stage < 0.001* < 0.001*
 cT1/T2 764 (27.6) 159 (23.2) 524 (32.1) 81 (22.7)
 cT3 1617 (58.3) 389 (56.8) 997 (61.1) 231 (64.7)
 cT4 269 (9.7) 131 (19.1) 96 (5.9) 42 (11.8)
 cTx 25 (0.9) 6 (0.9) 16 (1.0) 3 (0.8)

MRFa 993 (61.4) 161 (43.2) 691 (70.7) 141 (62.9) < 0.001* 0.030*
cN stage < 0.001* < 0.001*
 cN0 1110 (41.5) 255 (37.2) 731 (44.8) 124 (34.7)
 cN1 862 (32.2) 203 (29.6) 537 (32.9) 122 (34.2)
 cN2 691 (25.8) 224 (32.7) 358 (21.9) 109 (29.5)
 cNx 12 (0.4) 3 (0.4) 7 (0.4) 2 (0.6)

Synchronous metastases 204 (7.4) 60 (8.6) 105 (6.2) 39 (10.6) 0.005* 0.003*
Neoadjuvant radiotherapy < 0.001* < 0.001*
 None 1071 (38.6) 176 (25.2) 761 (44.7) 134 (36.3)
 5 × 5 short interval 471 (17.0) 79 (11.3) 334 (19.6) 58 (15.7)
 5 × 5 long interval 298 (10.8) 94 (13.4) 145 (8.5) 59 (16.0)
 Chemoradiation 932 (33.6) 350 (50.1) 464 (27.2) 118 (32.0)

Multivisceral resection 215 (7.8) 101 (14.4) 78 (4.6) 36 (9.8) < 0.001* < 0.001*
Initial approach < 0.001* < 0.001*
 Open 381 (13.7) 146 (20.9) 152 (8.9) 83 (22.5)
 Laparoscopic 1944 (70.1) 464 (66.4) 1220 (71.6) 260 (70.5)
 TaTME 169 (6.1) 24 (3.4) 136 (8.0) 9 (2.4)
 Robot 269 (9.7) 65 (9.3) 189 (11.1) 15 (4.1)
 Other 9 (0.4) 0 (0.0) 7 (0.5) 2 (0.6)

Conversion to open surgeryb 109 (4.6) 22 (4.0) 69 (4.5) 18 (6.4) 0.279 0.170
Duration of surgery (min), mean 

(SD)
210.3 (92.0) 246.3 (106.7) 197.1 (78.9) 198.6 (96.3) < 0.001* 0.795

Blood transfusion 221 (8.4) 92 (13.6) 76 (4.7) 53 (15.3) < 0.001* < 0.001*
Complications within 30 days of 

surgery
1027 (37.4) 288 (41.2) 607 (36.0) 132 (36.1) 0.126 0.897

 Surgical complicationsc 666 (64.8) 172 (59.7) 414 (68.2) 80 (60.6) 0.025* 0.093
 Reinterventionsd 351 (52.6 73 (42.4) 241 (58.2) 37 (46.3) 0.001* 0.048*

Pelvic sepsis 404 (14.6) 72 (10.3) 291 (17.1) 66 (17.9) < 0.001* 0.709
Readmitted 694 (25.0) 155 (22.2) 450 (26.4) 89 (24.1) 0.085 0.395
Number of readmissions, mean (SD) 1.65 (1.41) 1.53 (1.19) 1.69 (1.40) 1.77 (1.83) 0.319 0.715
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(OR 1.9 (95% CI 1.1–3.2), p = 0.013), a BMI of 30 or higher 
(OR 1.9 (95% CI 1.1–3.4), p = 0.013), a higher ASA clas-
sification (ASA III/IV; OR 3.1 (95% CI 1.9–5.3), p < 0.001), 
and a more distal location (ARJ < 3.0 cm; OR 8.9 (95% CI 
4.2–19.0), p < 0.001).

Oncological outcomes according to type 
of procedure

At 4 years after primary rectal cancer resection, oncologi-
cal outcomes were significantly worse for low-HP com-
pared to rLAR (LR 13.7% vs 5.6%, p < 0.001, DM 24.9% 
vs 17.8%, p < 0.001, DFS 54.7% vs 71.8%, p < 0.001, 
and OS 67.1% vs 84.8%, p < 0.001, Fig. 1a–d). Within 
the low-HP group, cumulative incidence of LR (12.7% vs 
13.6%, p = 0.852), DM (24.9% vs 27.7%, p = 0.718), DFS 
(53.5% vs 57.4%, p = 0.845), and OS (78.4% vs 62.8%, 
p = 0.064) at 4 years were not statistically different for 
planned and unplanned low-HP (Fig. 1e–h). After correc-
tion for covariates in a multivariable model, the type of 
procedure (rLAR, unplanned or planned low-HP) was not 

significantly associated with 4-year LR rate, DM rate, DFS 
nor OS (Table 4). In a second multivariable model (Sup-
plementary Table 1A-B) in which patients who underwent 
APE were included and the approach (minimally invasive, 
minimally invasive converted, or open) was not incorpo-
rated in the model, low-HP was significantly associated 
with increased LR rate and DM rate and lower OS and 
DFS.

In this first multivariable model (Table 4), R1 resection 
had the strongest association with LR (HR 6.5, 95% CI 
4.1–10.6, p < 0.001), DM (HR 3.0, 95%  CI 2.0–4.5, 
p < 0.001), DFS (HR 3.0, 95% CI 2.2–4.0, p < 0.001), 
and OS (2.7, 95% CI 1.9–3.8, p < 0.001). In addition to 
R1 resection, neoadjuvant therapy and approach (mini-
mally invasive converted to open or open approach) 
were strongly associated with all oncological endpoints 
(Table 4).

The patient characteristics of the nine patients who 
developed local recurrence after unplanned low-HP are 
shown in Supplementary Table 2; five of nine had a tumor 
located > 3 cm from the ARJ, three of nine did not receive 
neoadjuvant (C)RT; and none had a pT4 tumor.

Data are presented as n (%), unless otherwise stated
APE abdominoperineal excision, rLAR restorative lower anterior resection, low-HP non-restorative lower anterior resection, SD standard devia-
tion, BMI body mass index, ASA American Society of Anesthesiologists, ARJ anorectal junction, cT  stage clinical T  stage, MRF mesorectal 
fascia, cN stage clinical N stage, TaTME transanal total mesorectal excision, min minutes, (y)pT stage (post-therapy) pathological T stage, (y)
pN stage (post-therapy) pathological N stage
a As percentage of the cT3 tumors
b As percentage of the laparoscopic, TaTME, and robot approach
c As percentage of total complications < 30 days
d As percentage of surgical complications < 30 days
*Statistically significant (p < 0.05)

Table 1   (continued)

Whole cohort
(N = 2772)

APE
(N = 699; 24.6%)

rLAR
(N = 1704; 61.5%)

Low-HP
(N = 369; 13.9%)

p value
APE vs 
rLAR vs 
low-HP

p value
rLAR vs low-HP

(y)pT stage < 0.001* < 0.001*

 (y)pT0 206 (7.4) 62 (8.9) 123 (7.2) 21 (5.7)

 (y)pT1 323 (11.7) 69 (9.9) 233 (13.1) 31 (8.4)

 (y)pT2 860 (31.0) 223 (31.9) 540 (31.7 97 (26.3)

 (y)pT3 1264 (45.6) 308 (43.1) 764 (44.8) 192 (52.0)

 (y)pT4 116 (4.2) 37 (5.3) 51 (3.0) 28 (7.6)

 (y)pTx 3 (0.1) 0 (0.0) 3 (0.2) 0 (0.0)
(y)pN stage 0.214 0.067
 (y)pN0 1825 (65.8) 465 (66.5) 1137 (66.7) 223 (60.4)
 (y)pN1 647 (23.3) 157 (22.5) 390 (22.9) 100 (27.1)
 (y)pN2 298 (10.8) 76 (10.9) 176 (10.3) 46 (12.5)
 (y)pNx 2 (0.1) 1 (0.1) 1 (0.1) 0 (0.0)

Involved resection margin 166 (6.0) 80 (11.5) 49 (2.9) 37 (10.0) < 0.001* < 0.001*
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Table 2   Patient, tumor, operative, and histopathological details according to type of low-HP

rLAR
(N = 1704)

Unplanned low-HP
(N = 86)

Planned low-HP
(N = 253)

p value
rLAR vs 
unplanned low-
HP

p value
Planned vs 
unplanned 
low-HP

Sex, male 1099 (64.5) 58 (67.4) 147 (58.1) 0.644 0.126
Age at resection, mean (SD) 65.4 (9.6) 69.7 (9.9) 74.4 (9.2) < 0.001* < 0.001*
BMI, mean (SD) 26.4 (4.2) 27.2 (5.5) 26.4 (4.2) 0.225 0.230
Previous bowel segment resection 14 (0.8) 5 (5.8) 6 (2.4) < 0.001* 0.055
ASA III/IV 233 (13.8) 28 (32.6) 87 (34.5) < 0.001* 0.842
Distance from the ARJ in cm, mean (SD) 6.8 (3.1) 4.9 (2.6) 5.3 (2.8) < 0.001* 0.289
cT stage 0.262 0.770
 cT1/T2 524 (32.1) 20 (24.4) 58 (23.7)
 cT3 997 (61.1) 54 (65.9) 157 (64.1)
 cT4 96 (5.9) 7 (8.5) 28 (11.4)
 cTx 16 (1.0) 1 (1.2) 2 (0.8)

MRFa 691 (70.7) 37 (69.8) 95 (60.5) 0.896 0.388
cN stage 0.155 0.915
 cN0 731 (44.8) 31 (36.6) 87 (35.5)
 cN1 537 (32.9) 27 (32.9) 86 (35.1)
 cN2 358 (21.9) 25 (30.5) 70 (28.6)
 cNx 7 (0.4) 0 (0.0) 2 (0.8)

Synchronous metastases 105 (6.2) 13 (15.1) 23 (9.1) 0.003* 0.117
Neoadjuvant radiotherapy 0.212 0.340
 None 761 (44.7) 34 (39.5) 97 (38.3)
 5 × 5 short interval 334 (19.6) 12 (14.0) 40 (15.8)
 5 × 5 long interval 145 (8.5) 9 (10.5) 44 (17.4)
 Chemoradiation 464 (27.2) 31 (36.0) 72 (28.5)

Multivisceral resection 78 (4.6) 9 (10.5) 20 (7.9) 0.013* 0.463
Initial approach < 0.001* 0.185
 Open 152 (8.9) 22 (25.6) 51 (20.2)
 Laparoscopic 1220 (71.6) 55 (64.0) 188 (74.3)
 TaTME 136 (8.0) 4 (4.7) 4 (1.6)
 Robot 189 (11.1) 4 (4.7) 9 (3.6)
 Other 7 (0.5) 1 (1.2) 1 (0.4)

Conversion to open surgeryb 69 (4.5) 11 (17.5) 6 (3.0) < 0.001* < 0.001*
Duration of surgery (min), mean (SD) 197.1 (78.9) 246.0 (100.1) 181.4 (90.4) < 0.001* < 0.001*
Blood transfusion 76 (4.7) 17 (21.3) 32 (13.6) < 0.001* 0.101
Complications within 30 days of surgery 607 (36.0) 36 (42.9) 85 (33.7) 0.430 0.131
 Surgical complicationsc 414 (68.2) 24 (66.7) 49 (57.6) 0.847 0.354
 Reinterventionsd 241 (58.2) 15 (62.5) 20 (40.8) 0.679 0.081

Pelvic sepsis 291 (17.1) 18 (20.9) 40 (15.8) 0.379 0.276
Readmitted 450 (26.4) 23 (26.7) 57 (22.5) 0.945 0.427
Number of readmissions, mean (SD) 1.7 (1.40) 1.9 (1.4) 1.5 (1.3) 0.581 0.315
(y)pT stage 0.007* 0.824
 (y)pT0 123 (7.2) 6 (7.0) 14 (5.5)
 (y)pT1 233 (13.1) 6 (7.0) 25 (9.9)
 (y)pT2 540 (31.7) 22 (25.6) 70 (27.7)
 (y)pT3 764 (44.8) 44 (51.2) 127 (50.2)
 (y)pT4 51 (3.0) 8 (9.2) 17 (6.7)
 (y)pTx 3 (0.2)
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Discussion

In this cross-sectional national cohort involving 67 Dutch 
hospitals, low-HP comprised 14% of all rectal cancer resec-
tions. Among patients who underwent low-HP, the proce-
dure was unplanned in 25%, which was 5% of the patients 
who were intended to undergo rLAR. Intraoperative con-
version from rLAR to a low-HP was associated with higher 
age, higher BMI, ASA classification > 2, and a more distal 
tumor location. As compared to rLAR, unplanned low-HP 
more often resulted in resection with incomplete margins 
(R1; 10.0% vs 2.9%; and 11.5% for APE), but the tumor was 
also more often staged (y)pT4 (9.2% vs 3.0%). Interestingly, 
in the unplanned low-HP group the DRM was more often 
positive in case of an R1 resection as compared to the rLAR 
group (70% vs 29%). Following correction for confounders 
in multivariable analysis, the type of procedure was not sta-
tistically associated with 4-year LR, DM, or DFS.

This is the first study that investigated the difference 
between planned and unplanned low-HP. While both groups 
had roughly similar results, this observation may oversim-
plify the underlying factors. The planned group typically 
includes patients with more advanced disease or comorbidi-
ties as compared to rLAR, which may explain their worse 
outcomes. The unplanned group, expected to mirror the 
rLAR selection, seemed to include patients encountering 

significant intraoperative difficulties, leading to issues such 
as higher DRM and CRM involvement. These factors, rather 
than the procedure type alone, likely drive the differences 
in long-term outcomes. Discrepancies with previous stud-
ies may be attributed to variations in included variables and 
patient selection for multivariable analysis [15, 16]. A medi-
ation and sensitivity analysis, including patients undergoing 
APE and not accounting for surgical approach (minimally 
invasive, conversion to open, or primarily open surgery), 
demonstrated significantly poorer oncological outcomes for 
low-HP. This indicates that oncological outcomes are influ-
enced by various procedural factors. As a result of selection 
bias, disentangling cause and effect remains difficult. Still, 
in low rectal cancer, precise planning to achieve R0 resec-
tion should be the goal and functional outcome, and the risk 
of an anastomosis or an end colostomy should always be 
secondary to that.

The reported 4-year LR rates following rLAR (6%) and 
low-HP (planned 14%, unplanned 13%) align with previous 
studies [2, 3, 16, 18]. However, in contrast to prior large ret-
rospective cohorts, the current study found no association 
between low-HP and oncological outcomes in multivariable 
analysis [16, 18]. The paramount factor contributing to LR 
development is R1 resection, a finding corroborated by the 
present study in which involved CRM and DRM were strongly 
correlated with LR risk [19–21]. The R1 resection rate was 

Data are presented as n (%), unless otherwise stated
rLAR restorative lower anterior resection, low-HP non-restorative lower anterior resection, SD standard deviation, BMI body mass index, ASA 
American Society of Anesthesiologists, ARJ anorectal junction, cT  stage clinical T  stage, MRF mesorectal fascia, cN  stage clinical N  stage, 
TaTME transanal total mesorectal excision, min minutes, (y)pT stage (post-therapy) pathological T stage, (y)nT stage (post-therapy) pathological 
N stage, CRM circumferential resection margin, DRM distal resection margin
a As percentage of the cT3 tumors
b As percentage of the laparoscopic, TaTME, and robot approach
c As percentage of total complications < 30 days
d As percentage of surgical complications < 30 days
e As percentage of involved resection margin
*Statistically significant (p < 0.05)

Table 2   (continued)

rLAR
(N = 1704)

Unplanned low-HP
(N = 86)

Planned low-HP
(N = 253)

p value
rLAR vs 
unplanned low-
HP

p value
Planned vs 
unplanned 
low-HP

(y)pN stage 0.170 0.695

 (y)pN0 1137 (66.7) 49 (57.0) 156 (61.7)

 (y)pN1 390 (22.9) 26 (30.2) 65 (25.7)

 (y)pN2 176 (10.3) 11 (12.8) 32 (12.6)

 (y)pNx 1 (0.1) 0 (0.0) 0 (0.0)
Involved resection margin 49 (2.9) 10 (11.6) 22 (8.7) < 0.001* 0.422
 CRM positivee 39 (79.6) 5 (50.0) 13 (56.5) 0.050 0.730
 DRM positivee 14 (28.6) 7 (70.0) 12 (52.2) 0.013* 0.341
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highest for unplanned low-HP (12%, versus 3% in the rLAR 
group and 9% in the planned low-HP group), mainly as a 
result of a positive DRM. This can be explained by more dis-
tally located tumors in the unplanned low-HP subgroup, and 
in some instances, a concerted effort might have been made 
to avoid an APE. Nonetheless, caution should be exercised 
in such scenarios, emphasizing the necessity for preopera-
tive reassessment through imaging and careful consideration 
of alternatives when the procedure cannot be executed as 
planned. Although this topic lies beyond the scope of the pre-
sent study, the authors propose that an extralevator APE might 
be required in such cases. In our view, the exposure of the 
distal mesorectum might still be compromised if performing 
intersphincteric APE, because keeping the external sphincter 
with levator muscles in place might prevent adequate view on 
the distal TME plane in these difficult cases. Alternatively, if 
relevant expertise is available, a transanal TME might be con-
sidered to avoid DRM positivity given the optimized exposure 
to the distal TME plane.

Intraoperative technical challenges, also in the unplanned 
low-HP group, have likely contributed to worse oncologi-
cal outcomes in univariable analysis. In unplanned low-HP 

cases, potential technical hurdles are reflected in prolonged 
surgical duration and frequent conversions from minimally 
invasive techniques to open surgery. Notably, this conversion 
is strongly associated with increased risk of LR and/or DM 
in multivariable analysis. While the choice between surgical 
techniques (low-HP or rLAR) may not inherently impact 
oncological outcomes, the quality of surgery, especially in 
the presence of technical challenges during the procedure, 
could significantly influence outcomes. However, directly 
attributing outcomes to specific procedural differences 

Table 3   Uni- and multivariate binary logistic regression for conversion to low-HP

n-rLAR non-restorative lower anterior resection, BMI body mass index, ASA American Society of Anesthesiologists, ARJ anorectal junction, 
cT stage clinical T stage, cN stage clinical N stage
*Statistically significant (p < 0.05)

Variable Categories Univariable Multivariable

OR (95% CI) P OR (95% CI) P

Age ≤ 65 1.000 < 0.001* 1.000 0.013*
> 65 2.176 (1.360–3.481) 1.905 (1.143–3.175)

Sex Male 1.000 0.577
Female 0.887 (0.553–1.392)

BMI (kg/m2) < 25.0 1.000 0.049* 1.000 0.013*
25.0–30.0 0.798 (0.475–1.342) 0.788 (0.448–1.385)
≥ 30.0 1.619 (0.934–2.806) 1.915 (1.062–3.452)

ASA I/II 1.000 < 0.001* 1.000 < 0.001*
III/IV/V 3.120 (1.942–5.014) 3.120 (1.836–5.304)

Distance to the ARJ (cm) > 7 cm 1.000 < 0.001* 1.000 < 0.001*
3.1–7 cm 3.643 (1.916–6.925) 3.892 (2.017–7.509)
≤ 3 cm 6.890 (3.302–14.380) 8.892 (4.167–18.972)

cT stage T1–2 1.000 0.268
T3 1.419 (0.840–2.396)
T4 1.910 (0.786–4.642)

cN stage N0 1.000 0.160
N1 1.225 (0.720–2.085)
N2 1.702 (0.986–2.936)

Neoadjuvant radiotherapy None 1.000 0.219
5 × 5 short interval 0.804 (0.411–1.572)
5 × 5 long interval 1.389 (0.652–2.958)
Chemoradiation 1.495 (0.907–2.466)

Fig. 1   Oncological outcomes according to type of resection. a 
4-year local recurrence rate for rLAR (5.6%) vs low-HP (13.7%, 
p < 0.001). b 4-year local recurrence rate for planned low-HP (12.7%) 
vs unplanned low-HP (13.6%, p = 0.852). c 4-year distant metas-
tasis rate for rLAR (17.8%) vs low-HP (24.9%, p < 0.001). d 4-year 
distant metastasis rate for planned low-HP (24.9%) vs unplanned 
low-HP (27.7%, p = 0.718). e 4-year disease-free survival for rLAR 
(71.8%) vs low-HP (54.7%, p < 0.001). f 4-year disease-free survival 
for planned low-HP (53.5%) vs unplanned low-HP (57.4%, p = 0.845). 
g 4-year overall survival for rLAR (84.8%) vs low-HP (67.1%, 
p < 0.001). h 4-year overall survival for planned low-HP (78.4%) vs 
unplanned low-HP (62.8%, p = 0.064). rLAR restorative lower ante-
rior resection, n-rLAR non-restorative lower anterior resection

▸
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is complex. The observed worse outcomes in univariable 
analyses following low-HP may instead be influenced by 
a combination of interrelated factors. This is supported by 
the absence of an association between low-HP and worse 
outcomes in multivariable analyses, suggesting that other 
variables play a more prominent role in determining these 
results.

On the other hand, some preoperatively known factors 
can be used for better preoperative planning. In planned 
low-HP, patients had a higher cT stage but a similar per-
centage receiving neoadjuvant (C)RT, likely as a result of 
older age and more comorbidities, which may have contrib-
uted to poorer oncological outcomes. In unplanned low-HP, 
cT stage was comparable to rLAR cases, but tumors were 
more distal and patients had a higher BMI. Additionally, 
these patients often have a history of previous bowel resec-
tion, making them more prone to technical challenges during 
surgery, which may have contributed to poorer oncological 
outcomes. Unfortunately, scrutinizing LR cases revealed 
considerable heterogeneity in terms of tumor location, 
cT stage, surgical approach, and the site of recurrence. This 
illustrates the difficulties in defining the reasons for failure 
after unplanned low-HP.

During TME surgery, a substantial proportion of patients 
(35–50%) experience inadvertent retention of mesorectal tis-
sue, indicating suboptimal treatment [22, 23]. This incom-
plete resection has been identified as a predictive factor for 
LR [24, 25]. A study on partial mesorectal excision surgery 
revealed that 86% of patients who developed LR exhibited 
residual mesorectal tissue on postoperative MRI, highlight-
ing its role in recurrence [26]. Although MRI information 
regarding postoperative mesorectum was unavailable in our 
study, inadvertent residual mesorectum may play a role, 
especially in the unplanned low-HP group given the high 
proportion of positive DRM. Transanal TME or extralevator 
APE might reduce the risk of residual mesorectal tissue [23].

Several limitations warrant acknowledgement. The ret-
rospective nature of the study inherently introduces selec-
tion bias, which has been mitigated to the best of our ability 
through multivariable analysis. Moreover, the resections 
were performed in 2016, which limits the generalizability 
of the findings to current practice, as surgical techniques 
and perioperative management may have evolved since 
then. Additionally, certain pertinent information, such as the 
rationale behind the intraoperative decision to perform low-
HP, the level of experience of the operating surgeon(s), or 
referral to an expert center, was not captured in the dataset. 
The number of unplanned low-HPs among the total group 
was low, limiting statistical power. However, this study 
adds to the existing literature by describing and analyzing 
unplanned low-HP and planned low-HP as two distinct clini-
cal entities.

Conclusion

This study revealed that planned and unplanned low-HP 
procedures showed poorer oncological outcomes compared 
to rLAR in univariable analysis, but this was not associated 
with the type of procedure in multivariable analysis. Techni-
cal challenges encountered during unplanned low-HP have 
likely contributed to these poorer oncological outcomes, 
but it is difficult to disentangle cause and effect. Careful 
preoperative planning and intraoperative consideration, par-
ticularly for distal tumors, is warranted to lower DRM and 
CRM positivity. Although beyond the scope of this study, 
conversion to extralevator APE or a transanal TME rather 
than pursuing low-HP in case of technical difficulties may 
improve resection margins in selected cases. These findings 
underscore the importance of surgical decision-making and 
patient selection.
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