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Abstract

HP and RPA.

colorectal resections.

an exception.

Diverticulitis, Colorectal cancer

Background Literature suggests colonic resection and primary anastomosis (RPA) instead of Hartmann's procedure
(HP) for the treatment of left-sided colonic emergencies. We aim to evaluate the surgical options globally used to treat
patients with acute left-sided colonic emergencies and the factors that leading to the choice of treatment, comparing

Methods This is a prospective, international, multicenter, observational study registered on ClinicalTrials.gov. A total
1215 patients with left-sided colonic emergencies who required surgery were included from 204 centers dur-
ing the period of March 1, 2020, to May 31, 2020. with a 1-year follow-up.

Results 564 patients (43.1%) were females. The mean age was 65.9+ 15.6 years. HP was performed in 697 (57.3%)
patients and RPA in 384 (31.6%) cases. Complicated acute diverticulitis was the most common cause of left-sided
colonic emergencies (40.2%), followed by colorectal malignancy (36.6%). Severe complications (Clavien-Dindo > 3b)
were higher in the HP group (P<0.001). 30-day mortality was higher in HP patients (13.7%), especially in case of bowel
perforation and diffused peritonitis. 1-year follow-up showed no differences on ostomy reversal rate between HP

and RPA. (P=0.127). A backward likelihood logistic regression model showed that RPA was preferred in younger
patients, having low ASA score (< 3), in case of large bowel obstruction, absence of colonic ischemia, longer time
from admission to surgery, operating early at the day working hours, by a surgeon who performed more than 50

Conclusions After 100 years since the first Hartmann's procedure, HP remains the most common treatment
for left-sided colorectal emergencies. Treatment's choice depends on patient characteristics, the time of surgery
and the experience of the surgeon. RPA should be considered as the gold standard for surgery, with HP being

Keywords Hartmann's procedure, Ostomy, Emergency surgery, Resection, Primary anastomosis, Left side, Colon,

Introduction

The Hartmann’s procedure (HP) is a rapid, simple surgi-
cal procedure, with relatively low perioperative morbidity
and mortality. It was first described in 1921 as a solution
for obstructed left-sided colonic carcinomas. Hartmann’s
procedure consists of 3 steps: (1) resection of a diseased
segment of the colon near the rectosigmoid junction, (2)
closure of the distal rectal stump and (3) formation of an
end colostomy [1-3].

During early 1900s three staged approach (first stage,
diverting colostomy; second stage, resection of the dis-
eased colon; third and last stage, colostomy closure) was
the most common treatment for left-sided colonic dis-
eases. Since the second half of the last century thanks to
the discovery of antibiotics, the surgical practice changed,
enabling surgeons to control postoperative infections and
HP started to be used [4].

HP showed better outcomes than three-stage sur-
gery due to less postoperative peritonitis, fewer reop-
erations, and lower mortality. In the 1980s and 1990s,
different studies favored HP, becoming the first-line
treatment for left-sided colonic emergencies [5, 6]
However, in the last 2 decades, the role of HP has
been questioned compared with colonic resection and
primary anastomosis. [7, 8] There was no difference
in major postoperative complications and mortality
between these two procedures [8—10]. Furthermore,
the presence of fecal peritonitis was no longer consid-
ered an absolute contraindication for immediate bowel
continuity reconstruction. [6—10]

Furthermore, only few patients get their stoma reversed
after HP. Hartmann’s reversal is also associated with high
morbidity rates up to 58% and mortality up to 3.6%, with
non-reversal rate ranging from 23 to 74% [11].
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Despite the growing evidence supporting primary
anastomosis for left-sided colonic emergencies, many
surgeons are still reluctant to follow this evidence. The
main concern is the anastomotic leakage which can be
disastrous, especially in sick patient, leading to medico-
legal implications. Other factors may affect the choice of
HP over other treatment, most of these procedures are
typically performed beyond normal working hours, and
often by young surgeons. [12-14]

The Goodbye Hartmann Trial aimed to evaluate the
surgical options globally used to treat patients with acute
left-sided colonic emergencies and the factors impacting
treatment choice, comparing HP and RPA.

Methods

Study design

This study was a multicenter, prospective, observational
study done in 204 hospitals from 31 different countries in
5 continents.

The study was developed and presented, according to
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guidelines. The study was
conducted in accordance with the principles of the Dec-
laration of Helsinki and Good Epidemiological Practices
[15].

The study was approved by an independent ethical
committee (Comitato etico AVEN — area vasta Emilia
nord) and by the local ethical committees of all partici-
pating centers. Written informed consent was obtained
from all patients. The participating surgeons performed
their duties according to their usual practices.

The Goodbye Hartmann Trial was registered in Clini-
calTrials.gov (ID: NCT04829032).

Data were collected and managed using REDCap elec-
tronic data capture tools hosted at Parma University Hos-
pital. [16, 17] The recruitment period lasted 3 months
(March 1 2021, to May 31 2021).

No patient’s identifiable data (name, date of birth,
address, telephone number, etc.) were recorded.

Patient selection criteria
Inclusion criteria: patients aged between 18 and
100 vyears; diagnosis of left-sided (splenic flexure,
descending colon and sigmoid colon) colonic emergency
(perforated diverticulitis with purulent or fecal perito-
nitis; large bowel perforation-obstruction; colon cancer
perforation-obstruction; ischemic colitis; abdominal
trauma); surgical treatment with RPA, HP, ileostomy or
colostomy.

Exclusion criteria: patients ineligibile for surgery,
hemodynamically unstable patients, defined as patients
with an abnormal or unstable blood pressure that
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resulted in tissue hypoperfusion; patients with left-sided
colonic emergency managed with non-surgical treat-
ment; patients with previous colorectal surgery; patients
with concomitant non colonic emergencies.

Variables and definitions

Demographic data and baseline characteristics: age, gen-
der, BMI, comorbidities, ASA score, previous abdominal
surgery, Glasgow Coma Scale, quick Sequential Organ
Failure Assessment score (QSOFA) [18], symptoms. Vital
parameters: temperature, systolic blood pressure, respira-
tory rate. Laboratory data: white cell blood count (WBC),
blood hemoglobin concentration, C-reactive protein
(CRP). Disease characteristics: etiology (acute compli-
cated diverticulitis, colorectal cancer, colon ischemia,
abdominal trauma, foreign bodies, volvulus, intussuscep-
tion); preoperative diagnosis and assessment was per-
formed according to the clinical practice of each center,
CT scan of the abdomen was always performed in case
of diverticulitis and the severity was assessed according
to 2015 CT driven classification of left colon acute diver-
ticulitis [19]; clinical presentation (perforation, obstruc-
tion, ischemia).

Surgical details: Hartmann’s procedure (HP), colonic
resection with primary anastomosis with or without
diverting stoma (RPA), stoma without colonic resection.

Hospital characteristics: hospital type, annual volume
of emergency surgical procedures; annual volume of sur-
gical left-sided colonic disease; availability of Intensive
Care Unit (ICU)). Surgeon’s experience. Time of surgery:
weekdays, weekend, bank holidays, night shift. Postop-
erative outcomes: length of stay (LOS), Clavien-Dindo
Classification, reoperation, anastomotic leakage. Follow-
up data was collected in all patients at 1 year after the
index admission, including data on subsequent stoma
reversal and related complications.

Outcomes
The primary objective was to analyze the factors leading
to the surgical choice.

Secondary aims included defining the rate of Hart-
mann’s procedure reversal and the rate of permanent
stoma after 1 year of follow-up.

Statistical analysis

Patients were divided into three main groups: patients
who underwent Hartmann’s procedure; patients who
underwent colonic resection with primary anastomo-
sis with or without ileostomy; and patients who under-
went only ostomy (ileostomy or colostomy) without
colonic resection, according to the most common treat-
ment performed in left-sided colonic emergencies. Sub-
group analysis was performed for patients with colorectal
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cancer and those with complicated acute diverticulitis.
Quantitative data was expressed as mean (SD) or median
and interquartile range (IQR, minimum and maximum
values). The qualitative data were presented as absolute
frequencies, relative frequencies, cumulated frequencies,
and percentages. Student’s t test, Mann Whitney U test
or ANOVA were used for comparisons of continuous
or ordinal variables among groups as appropriate. Chi-
squared test or Fisher’s exact test, as appropriate, was
used for analysis of categorical data.

A logistic regression model defining the factors affect-
ing the decision to do primary anastomosis was per-
formed. The patients were divided into two groups:
those who had resection and primary anastomosis of the

Table 1 Baseline characteristics
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colon (n=384) and those who had Hartman’s procedure
or ostomy alone (n=831). Variables who had a loose p
value of less than 0.1 were entered into a backward Step-
wise (Likelihood Ratio) logistic regression model defining
factors affecting the decision to perform resection and
primary anastomosis of the colon. Data analysis was per-
formed using IBM SPSS Statistics 26.0. A p value of less
than 0.05 was accepted as significant.

Results

Baseline patient characteristics

A total 1307 patients were included in the study.
Complete data were available in 1215 (92.9%) patients.

HP was performed in 697 (57.3%) patients, RPA in 384

Variable Total HP group RPA group Ostomy group P value
Age—mean=£SD 658+156 68.7+15.0 61.7+149 625+175 <.001
Female sex—N. (%) 557 (45.9%) 331 (47.5%) 168 (43.8%) 58 (43.6%) 0431
Body Mass Index (BMI)—Mean+SD 265+49 265+52 268+44 25.7+49 0.123
ASA—N. (%) <.001
1 44 (11.9%) 71 (10.2%) 55 (14.3%) 18 (13.6%)

2 451 (37.3%) 214 (30.8%) 189 (49.4%) 48 (36.3%)

3 451 (37.3%) 274 (39.5%) 128 (33.5%) 49 (37.1%)

4 38 (11.4%) 113 (16.3%) 10 (2.6%) 15 (11 3%)

5 3(1.9%) 21(3.0%) 0(0.0%) 2 (1.5%)

Previous abdominal surgery—N. (%) 373 (30.9%) 220 (31.6%) 118 (30.7%) 35 (26.3%) 0.480
Fever—N. (%) 285 (23.4%) 193 (28.9%) 71(19.3%) 21 (16.1%) <.001
qSOFA score >2—N. (%) 142 (11.6%) 105 (15.0%) 26 (6.7%) 1(8.2%) <.001
WBC (1079/L)—Mean+SD 128+7.8 133492 120+4.8 126+6.6 0.048
HB—mean +SD 123+36 122+42 127127 117421 0.021
CRP—mean+SD 85.1+889 9344931 736+81.8 70.7£78.0 0.001
HP, Hartmann's procedure; RPA, primary anastomosis

Table 2 Disease types and clinical presentation

Variable Total HP group RPA group Ostomy group P value
Etiology

Complicated Acute Diverticulitis 490 (40.3%) 304 (43.6%) 168 (43.7%) 18 (13.4%) <.001
CRC 445 (36.6%) 229 (32.8%) 154 (40.1%) 62 (46.2%) 0.003
Sigmoid volvulus 5 (4.5%) 1 (4.4%) 6 (4.1%) 8 (5.9%) 0.681
Foreign body ( .7%) (2 0%) 7 (1.8%) 0(0.0%) 0.833
Trauma 21(1.7%) 7 (1.0%) 8 (2.0%) 6 (4.4%) 0.015
Intussusception 5(0.4%) 2 (0.2%) 1(0.2%) 2 (1.4%) 0117
Other cancer 5(1.2%) 5(0.7%) 2 (0.5%) 8 (5.9%) <.001
Other 163 (13.3%) 105 (15.0%) 28 (7.2%) 30 (22.3%) <.001
Clinical presentation

Large bowel perforation 694 (57.1%) 455 (65.5%) 207 (28.9%) 38 (5.4%) <.001
Large bowel obstruction 527 (43.7%) 255 (37.0%) 189 (49.2%) 83 (62.4%) <.001
Colonic Ischemia 119 (9.9%) 91 (13.2%) 13 (34%) 15(11.1%) <.001
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(31.6%) cases and ostomy (ileostomy or colostomy) with-
out bowel resection in 134 (11.0%) patients.

The baseline characteristics of the study cohort strati-
fied according to the surgical procedure are reported on
Table 1.

Disease characteristics

Acute complicated diverticulitis (ACD) and colorectal
cancer (CRC) were the most common causes of left-sided
colonic emergencies. CRC and ACD patients’ character-
istics are reported in Appendix 1 and 2.

HP was performed mostly in presence of large bowel
perforations (455/694, 65.5%). RPA was performed
prevalently in large bowel obstruction (189/384 (49.2%)
(P<0.001), Table 2.

In patients with large bowel perforation HP was
preferred especially in patients with ASA score>3
(OR=1.49; P=0.002), within 12 h from hospital admis-
sion (OR=0.64; P=0.047) and during nighttime
(OR=1.73; P=0.013).

In patients with large bowel obstruction, HP was
preferred in patients with ASA score>3 (OR=1.32;
P=0.028), within 12 h from hospital admission
(OR=0.65; P=0.029), during nighttime (OR=2.16;
P=0.000) and in centers with low volume of emergency
surgical procedures (OR=0.62; P=0.023).

Time of surgery

HP was generally performed within 12 h from hospital
admission in 396 (56.7%) patients Conversely, the 40.1%
of RPA cases were performed after 24 h from hospital
admission (P<0.001).

Table 3 Time of surgery
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Hospital’s characteristics didn’t affect the time from
hospital admission to surgery (P=0.285).

During weekends, HP was the most performed pro-
cedure (178/270, 65.9%). RPA was performed only in
64/270 patients (23.7%) during weekends (P=0.025).

HP distribution during daytime and nighttime was
similar with the 51.5% of HP performed during the day
and the 48.5% during the night (from 8 pm to 7am).
Conversely, most of RPA (73.4%) were performed dur-
ing the day and only the 26.6% of RPA during the night
(P<0.001).

HP was the most common treatment during weekends
and nighttime also in patients with low ASA score. Dur-
ing the weekends and the nighttime, the 59.3% and 62.2%
of ASA <3 patients respectively underwent HP against
the 44.7% of weekdays and 39.6% of daytime (P=0.013)
(Table 3).

Surgical approach

Laparotomy was the most common surgical approach
(n=985, 81.1%). Among the different surgical proce-
dures, 623 (89.5%) HP and 110 (82.0%) ostomies were
performed via laparotomy. Laparoscopic colonic resec-
tion with primary anastomosis was the most common
laparoscopic procedure (127/233, 54.5%) (P<0.001).
Peculiarly, 80.7% of laparoscopic procedures were per-
formed during daytime (P<0.001). During nighttime, lap-
aroscopy was performed only in 43/478 (8.9%) patients,
28 (12.5%) during early night and only in 15 (6.7%) in late
night. Robotic surgery was attempted 6 times (0.49%),
only one patient underwent robotic HP while the other
five underwent robotic RPA.

Variable Total HP group RPA group Ostomy group P value
Time from hospital admission to surgery <.001
Lessthan Th 37 (3.0%) 25 (3.5%) 8 (2.0%) 4(2.9%)

Between 1and 6 h 402 (33.1%) 255 (36.6%) 99 (25.8%) 48 (35.8%)

From6to 12 h 213( 7.5%) 41 (20.2%) 54 (14.0%) 18 (13.4%)

From 12to 24 h 69 (13.9%) 90 (12.9%) 68( 7%) 11 (8.2%)

After 24 h 392 (32.3%) 85 (26.5%) 54 (40.2%) 53 (39.5%)

Day of surgery 0.025
Weekday 926 (76.2%) 507 (72.7%) 314 (81.7%) 105 (78.3%)

Weekend 270 (22.2%) 178 (25.5%) 64 (16.6%) 28 (20.8%)

Public holiday 18 (1.4%) 12 (1.7%) 5(1.3%) 1(0.7%)

Time of surgery <.001
Day: 7 am-8 pm 735 (60.4%) 359 (51.5%) 282 (73.4%) 94 (70.1%)

Early night: 8 pm-11 pm 241 (19.8%) 157 (22.5%) 62 (16.1%) 22 (16.4%)

Late night: 11 pm-7am 238 (19.6%) 181 (25.9%) 39(10.1%) 18 (13.4%)
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Table 4 Surgeon and center characteristics

Variable Total HP group RPA group Ostomy group P value
Surgeon’s experience <.001
> 50 colorectal resections 01 (74.1%) 497 (55.1%) 322 (35.7%) 82 (9.1%)

<50 colorectal resections 314 (25.8%) 200 (63.6%) 62 (19.7%) 2 (16.5%)

> 10 colorectal resections per year in the last 5 years 871 (71.6%) 491 (56.3%) 303 (34.7%) 7 (8.8%) <.001
<10 colorectal resections per year in the last 5 years 330 (27.1%) 99 (60.3%) 77 (23.3%) 4 (16.3%)

Center characteristics 0.004
Academic 568 (47.2%) 313 (45.4%) 180 (47.2%) 75 (56.3%)

Trauma Center 2 (11.8%) 73 (10.6%) 33 (8.6%) 6 (4.5%)

Non-Trauma Center 535 (41.0%) 311 (44.0%) 171 (44.2%) 53(39.2%)

Presence of Intensive Care Unit (ICU)? 98 (98.5%) 683 (99.1%) 374 (97.6%) 131 (98.4%) 0.170
Annual volume of emergency surgical procedures 0.005
<500 265 (22.0%) 155 (58.4%) 82 (30.9%) 28 (10.5%)

Between 500 and 1000 466 (38.7%) 290 (62.2%) 133 (28.5%) 43 (9.2%)

>1000 473 (39.2%) 244 (51.5%) 167 (35.3%) 62 (13.1%)

Annual volume of elective colorectal resections 0.245
<50 72 (5.9%) 41 (56.9%) 21(29.1%) 10 (13.8%)

Between 50 and 100 386 (32.0%) 237 (61.3%) 109 (28.2%) 40 (10.3%)

>100 747 (61.9%) 412 (55.1%) 252 (33.7%) 83 (11.1%)

Surgeon and center characteristics
Inexperienced surgeons performed more HP and osto-
mies than RPA compared with experienced surgeons
(P<0.001). Inexperienced surgeons performed less lapa-
roscopic procedures (12.6%) than experienced surgeons
(20.6%) (P=0.041). Inexperienced surgeons also per-
formed 50.1% of operations during nighttime (11 pm to
7 pm). Notably the 29.9% of all surgical procedures took
place in the late night (from 11 pm to 7 am). While expe-
rienced surgeons performed 35.4% of operations during
nighttime and only 16.1% during late night (P=0.002).
The distribution and types of surgical procedures were
similar across the hospitals, regardless of origin coun-
try. Most of the RPA cases were performed in hospitals

Table 5 Postoperative outcomes

with high volume of emergency surgical procedures.
(P=0.005). The surgeon and center characteristics are
summarized on Table 4.

Postoperative outcomes

Length of stay (LOS) was higher in HP group
(13.4+12.1 days) compared with the RPA group
(11.7+10.2 days) (P=0.048).

LOS was higher in patients treated with laparotomy
(13.4+11.8 days) compared to patients treated with lapa-
roscopic approach (9.8 +7.0 days). (P<0.001).

Postoperative complications were higher in patients
who underwent HP (P<0.001).

Variable Total HP group RPA group Ostomy group P value
LOS—mean+SD 127111 134+12.1 11.7+£10.2 120+84 0.048
Complications 554 (46.7%) 352 (51.9%) 146 (38.8%) 56 (42.1%) <.001
Clavien-Dindo classification 0.002
1 237 (32.2%) 129 (19.3%) 86 (23.8%) 22 (17.0%)

2 246 (20.5%) 151 (22.6%) 72 (20.0%) 23 (17.8%)

3a 46 (3.9%) 29 (4.3%) 13 (3.6%) 4(3.1%)

3b 89 (7.6%) 46 (6.8%) 32 (8.8%) 11 (8.5%)

4a 31 (2.6%) 21(3.1%) 7 (1.9%) 3(2.3%)

4b 19 (1.6%) 10 (1.4%) 7 (1.9%) 2 (1.5%)

30-day mortality 115 (9.9%) 92 (13.7%) 9(2.5%) 14 (10.8%) <.001
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Table 6 1-year follow-up of patients with ostomy

Variable Total HP group RPA group Ostomy group Pvalue
Permanent stoma 760 (82.9%) 430 (78.3%) 22 (6.6%) 77 (76.2%) <.001
Surgery for ostomy reversal 198 (21.6%) 119 (21.6%) 55 (64.7%) 24 (23.7%) <.001
Complication during reversal surgery 30 (15.1%) 19 (15.9%) 6 (10.9%) 5(20.8%) 0.041

Table 7 The backward stepwise (likelihood ratio) logistic regression model defining factors affecting the decision to perform resection
and primary anastomosis of the colon, 384 resection and primary anastomosis patients compared with 831 Hartman's procedure or

ostomy patients

Variable Estimate S.E Wald Pvalue OR OR95% C.llower OR95% C.lI.
limit upper limit

Age -0.02 0.006 10484 0.001 098 0.968 0.992

ASA Classification -045 0.108 17.026 <.001 0.641 0.519 0.792

Large bowel obstruction 041 0.169 5792 0.016 1.501 1.078 2.091

Colonic ischemia -1.02 0.361 791 0.005 0.362 0.178 0.735

Time from admission to surgery 0.23 0.066 12.210 <0.001 1.260 1.107 1434

Earlier Time of day -0.26 0.115 5.083 0.024 0.771 615 0.967

Surgeon Experience (> 50 colorectal 0.67 0.202 10.865 <.001 1.948 1.310 2.897

resections)

Constant 0.66 0510 1.651 0.199 1.926

OR, odds ratio; SE, standard error; Cl, confidence interval

Severe complications (Clavien-Dindo > 3b) were higher
in HP group (P<0.001).

Severe complications in ASA score<3 were lower in
RPA group than HP group, also in case of perforation and
diffuse peritonitis (P=0.017).

Severe complications in patients with ASA score>3
were similar in both HP and RPA groups. (P> 0.05).

Severe complications were higher in high-risk patients
(diffuse peritonitis, qSOFA score >2) with ASA score>3
(P=0.002).

Mortality was significantly higher in patients with
bowel perforation and diffused peritonitis (P<0.001).

Anastomotic leakage was reported in 46 patients
(11.9%). Conservative treatment of anastomotic leak-
age was effective in 10 patients (21.6%), in the other 36
cases, surgery was required to manage anastomotic leak
(78.4%).

Postoperative outcomes are summarized in Table 5.

Follow-up

Only 21.6% of HP patients underwent surgery for ostomy
reversal during the 1-year follow-up, against the 64.7%
of RPA patients. Complication rate after ostomy rever-
sal was higher in the HP groups (P=0.41). Anastomotic
leakage was 7.5% in HP group compared with the 9.0%
in RPA group (P>0.05). Permanent stoma was reported
in 430 (78.3%) cases in HP group, similar to the ostomy

group with 77 cases (76.2%). In the RPA group only 22
(6.6%) patients had a stoma after 1-year from surgery
(P<0.001) (Table 6).

Primary aim: which factors influence the choice of HP

and RPA?

The logistic regression model was made dividing patients
into 2 groups: primary anastomosis of the colon (n=384)
and Hartman’s procedure or ostomy alone (n=23831).

The logistic regression model was highly significant
(P<0.001) having a Nagelkerke R Square of 0.2.

The analysis predicted several factors that contributed
to performing RPA instead of HP. (Table 7).

The choice of surgical procedure is related to
patient’s factors, etiology, hospital setting and surgeon’s
characteristics.

RPA was preferred in younger patients, having low ASA
score (<3), in case of large bowel obstruction, absence
of colonic ischemia, longer time between admission and
surgery, operating early at the day working hours, and
by a surgeon who performed more than 50 colorectal
resections.

In contrast, HP was the preferred procedure in patients
with ASA score status >3, qSOFA score>2, in case of
large bowel perforation, in low volume hospitals, within
12 h from hospital admission, performed by inexperi-
enced surgeons and during the night.
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Discussion

The results of this study showed that HP remains the
most common surgical procedure for colorectal emer-
gencies. Several factors may be related to HP choice.
Regression model analysis showed that HP was preferred
in low volume hospitals, by inexperienced surgeons, dur-
ing the night, in older patients, large bowel perforation,
colonic ischemia, and patients having ASA score >3 and
qSOFA score > 2.

Typically, the greatest concern against RPA in the treat-
ment of colorectal emergency was anastomotic leakage
which ranged from 3.5 to 30% in emergency surgery. [9,
10, 20] In this study anastomotic leakage after RPA was
11.9% out of whom 78.4% required surgery.

In the last decades several studies evidenced no differ-
ence in major postoperative complications and mortality
between HP and RPA, [7, 9, 12, 14, 21] as also reported in
the present study. Furthermore, recent literature showed
better postoperative outcome and reduced mortality
after RPA even in large bowel perforations with general-
ized purulent or fecal peritonitis. [9, 10, 22]

The results of the study confirm literature findings,
severe complications were 40% higher in HP group than
RPA group (25% compared with 10%), the 30-day mortal-
ity was 5 times more in HP (13.7% compared with 2.5%
of RPA).

Another factor in favor of RPA, as reported in several
studies, was the better stoma-free survival compared
with the HP patients [9, 10, 20, 23]. In the present study
ostomy reversal after 1-year follow-up was only 25% in
HP patients compared to the 64.7% in RPA group.

Furthermore, complications after ostomy reversal were
30% higher in the HP group compared to the RPA group
(15.9% vs 10.9%) in the present study. Literature findings
showed higher morbidity and anastomotic leak rate of
Hartmann’s reversal surgery which ranges from 20 to 50%
compared with 2 to 7% in RPA [22, 24-27].

Despite these factors in favor of RPA, usually HP
patients have more comorbidities and worse clinical
presentation compared to RPA patients [28—31]. In this
study Hartmann’s procedure was performed mainly in
cases of large bowel perforation, ASA score>3, and
qSOFA score > 2.

Hospitals with high volume of emergency surgery
(more than 1000 procedures per year) performed less
HP procedures (51.5%) compared to small (58.4%) and
medium (62.2%) volume hospitals. The lack of some ser-
vices (24-h specialist coverage and an on-site CT scan-
ner) could contribute to these differences. [32—34]

Surgical experience, early decision, and faster time to
emergency surgery affected the intraoperative surgical
errors and clinical outcome. During the night, indication
for surgery was usually made by those who do not make
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the surgery [35-37]. In the present study, most surgical
operations (73.6%) were performed by experienced sur-
geons who have done more than 50 colorectal resections.
The 63.4% of surgical procedures performed by inexperi-
enced surgeons, were mainly HP, with only 19.8% being
RPA. Conversely, experienced surgeons performed HP in
55.1% of the cases and RPA in 35.8%. Inexperienced sur-
geons performed less laparoscopic procedures (12.6%)
compared with experienced surgeons (20.6%) without
a difference in morbidity and mortality. These findings
were driven by several factors.

65.7% of patients with ASA score status>3 and 47.8%
of ASA score<3 patients were treated with HP. ASA
score status>3 has been reported as independent risk
factor for postoperative complications, especially in high-
risk patients with bowel perforation and diffuse peritoni-
tis [38-40].

Similar severe complications after HP and RPA in ASA
score status >3 were reported in this study. RPA patients
with ASA score<3 showed better postoperative out-
comes than HP patients.

RPA was suggested in patients with ASA score=3
and HP in high-risk patients (diffuse peritonitis, qSOFA
score > 2) with ASA score=3.

HP was performed in ASA score <3 especially during
weekends and nighttime. Several HP performed dur-
ing weekends (59.3%) and nighttime (62.2%) could be
avoided in favor of RPA due to the better postoperative
outcomes.

16.8% of patients treated during late night had qSOFA
score > 2, whilst only 9.1% of patients treated during day-
time had qSOFA score >2. High qSOFA score was asso-
ciated with organ dysfunction and a mortality of more
than10% which favored the HP procedure. [41, 42]

Laparoscopy was performed in 25.2% of the pro-
cedures during daytime, and only in 6.7% during the
night. LOS was lower in patients treated with laparos-
copy which favor minimally invasive surgery even in
emergency surgery [43, 44]. Robotic surgery, although
performed in few patients, reflects the increased inter-
est in this approach in emergency surgery [45, 46]
which should be properly assessed in future studies
despite its limitations.

Performing randomized clinical trials comparing HP
and RPA can be challenging. The results of this study
supported the use of RPA although HP as a treatment
of left-sided colonic emergencies is still a viable option.
Nevertheless, we must acknowledge that results car-
ried the risk of selection bias depending on the clinical
status of the patient, the experience of the surgeon, the
setting of the hospitals, including available technologies
(robot, SEMS [47], 24-h specialist coverage and an on-
site CT scanner) and time in which surgery was done.
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Conclusions Variable HP group RPA group Ostomy Pvalue

HP remains the most common treatment for left-sided (n=229) (n=154) group

colorectal emergencies. Selection of the type of surgery (n=62)

depends on the time of surgery, the experience of the Early night: 47 (20.5%) 25 (16.2%) 7 (11.2%) <0.001

surgeon, and patient characteristics. The study sup- 8pm-11pm

ports the use of RPA which should be considered as the  Late night: 49 (21.3%) 13 (8:4%) 8(12.9%)

gold standard for surgery, with HP being an exception. 1 pm=7.am _

Several factors contributed to the choice of HP over  °Urgeonsexperience

RPA but they are not often related to higher postopera- ~ >>0colorectal 176 (768%)  139(50.2%)  39(62.9%) <0001
resections

tive outcomes.

. . Center annual volume of emergency surgical procedures
The RPA was preferred in younger patients age, hav- Jeneysigea’p

. . >1000 83 (36.4% 85 (55.1% 26 (42.6%) 0.005
ing low ASA score (<3), in case of large bowel obstruc- ‘) _ 53.19%) , “26%
. L . . Center annual volume of elective colorectal resections
tion, absence of colonic ischemia, longer time between
o . >100 149 (65.0%) 110 (71.4%) 44 (70.9%) 0.278
admission and surgery, operating early at the day work- _
. POS{OD@I’GUV@ outcomes
ing hours, by a surgeon who performed more than 50
. LOS— 11.2+£69 103+66 11.8+£86 0.289
colorectal resections. mean+SD
Complications 109 (48.4%) 51 (33.5%) 22 (36.0%) 0.010
Clavien- 47 (20.5%) 22 (14.2%) 10 (16.1%) 0.018
Dindo>=3b
Appendix 1 30-day mortal- 25 (11.0%) 3(2.0%) 4(6.6%) 0.002
Colo-rectal cancer emergencies characteristics ¥
(N =445). 1-year follow-up
Permanent 131 (40.4%) 12 (36.3%) 37 (67.2%) <0.001
Variable HP group RPA group Ostomy P value stoma
(n=229) (n=154) group Surgery 33 (33.6%) 20 (60.6%) 13(20.0%)  <0.001
(n=62) for ostomy
reversal
Age— 68.0+£14.2 65.6+£13.9 64.5£155 0.119 Complication 5 (15.1%) 3(15.0%) 2(15.3%) 0.791
mean+5D during reversal
Female 95 (41.6%) 62 (40.5%) 24 (39.3%) 0.940 surgery
sex—N. (%)
ASA—N. (%) 0.004
1 25 (10.9%) 18 (11.8%) 8(13.1%)
2 94 (41.29%) 80 (52.6%) 24(39.3%) Appendix 2
3 76(33.3%) 52 (34.2%) 25 (40.9%) Complicated acute diverticulitis  characteristics
4 27 (11.8%) 2.(1.3%) 4 (6.5%) (N'=490).
5 6 (2.6%) 0 (0.0%) 0 (0.0%)
qSOFA 26 (11.3%) 10 (6.4%) 1(1.6%) 0.029 Variable HP group RPA group Pvalue
score>2- N. (n=304) (n=168)
(%)
Clinical presentation Age—mean+SD  69.1%14.7 60.0+132 <0.001
largebowel  88(384%)  26(168%)  8(129%) <0001  Femalesex—N.(%) 156 (>1.3%) 77 (45.8%) 0255
perforation ASA—N. (%) <0.001
Large bowel 141 (61.5%) 128 (83.1%) 54 (87.0%) <0.001 1 29 (9.5%) 25(14.1%)
obstruction 2 77 (25.4%) 78 (46.4%)
CO|On|C. 12 (53%) 9 (59%) 1 (1 6%) 0404 3 140 (462%) 61 (36,3%)
Ischemia
. 4 50 (16.5%) 4(2.3%)
Abdominal approach
5 7 (2.3%) 0 (0.0%)
Laparoscopy 14 (6.1%) 33 (21.4%) 8 (12.9%) <0.001
qSOFA score > 2- 39 (12.8%) 8 (4.7%) 0.005
Laparotomy 215 (93.8%) 119 (77.2%) 54 (87.0%) N. (%)
(T)ignozfrom hospital admission to surgery Clinical presentation
o Large bowel perfo- 280 (92.7%) 146 (88.4%) 0.123
Within12h  140(61.1%)  65(422%)  28(45.1%) ration
Time of surgery obstruction

Weekend 52 (22.7%) 31 (20.1%) 13 (20.9%) 0.804 Colonic Ischemia 14 (4.6%) 1(0.5%) 0.017
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Variable HP group RPA group P value
(n=304) (n=168)

Abdominal approach

Laparoscopy 42 (13.8%) 78 (46.4%) <0.001

Laparotomy 260 (85.8%) 87 (51.7%)

Time from hospital admission to surgery 0.013

Within 12 h 187 (61.5%) 67 (39.8%)

After 12 h 117 (38.4%) 101 (60.1%)

Time of surgery

Weekend 83 (27.3%) 20 (11.9%) <0.001

Early night: 70 (23.0%) 28 (16.7%) <0.001

8pm-11pm

Late night: 11 pm- 81 (26.6%) 17 (10.1%)

7am

Surgeon’s experience

>50 colorectal 211 (69.4%) 134 (79.7%) 0.015

resections

Center annual volume of emergency surgical procedures

> 1000 86 (28.7%) 51 (30.5%) 0.864

Center annual volume of elective colorectal resections

>100 154 (51.5%) 101 (60.4%) 0.275

Postoperative outcomes

LOS—mean+SD 140+11.6 123492 0.108

Complications 155 (52.3%) 66 (40.0%) 0.011

Clavien-Dindo>3b 66 (21.7%) 25 (14.8%) 0.007

30-day mortality 34 (11.9%) 3(1.9%) <0.001

T-year follow-up

Permanent stoma 131 (51.9%) 6 (14.2%) <0.001

Surgery for ostomy 69 (29.3%) 30 (71.4%) <0.001

reversal

Complication dur- 12 (17.3%) 2 (6.6%) 0.027

ing reversal surgery
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