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Abstract

Background Due to faster recovery and lower morbidity rates, laparoscopy has become the gold standard in elec-
tive colorectal surgery for both the benign and malignant forms of the disease. A substantial proportion of colorectal
operations are, however, carried out in emergency settings, and most of the emergency resections are still performed
open. The aim of this study is to compare the laparoscopic versus open approach for emergency colorectal surgery.

Method/design This is a multicenter prospective randomized controlled trial including adult patients presenting
with a condition requiring emergency colorectal resection.

Discussion Previous studies cautiously recommend wider use of laparoscopy in emergency colorectal resections,
but all earlier reports are retrospective, are mostly single-center studies, and have limited numbers of patients.
Laparoscopy may involve some unpredictable risks that have not yet been reported because of the infrequent use
of the techniqueded to assess the safety of laparoscopy as well as the advantages and disadvantages of open com-
pared with laparoscopic emergency surgery.

Trial registration Trial registration number: ClinicalTrials.gov NCT05005117. Registered on August 12, 2021.

Keywords Laparoscopy, Emergency surgery, Colon, Colon cancer, Large bowel obstruction, Randomized controlled
trial

Background and rationale

The first laparoscopic colon resection for colorectal can-
cer was performed in 1990. In the beginning, there were
concerns about achieving adequate oncological results
with the laparoscopic technique. Additionally, there were
considerable numbers of port site metastases in the 1990s
which over time diminished along with the development
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of laparoscopic instrumentation [1]. Initial doubts were
quite soon dispelled, and laparoscopy was proven to be
both safe and equal to open surgery in terms of the onco-
logical results [2—4]. Patient recovery was also faster,
postoperative ileus occurred less often, and overall mor-
bidity was lower [4—6]. As a result, laparoscopy proved to
be cost-effective [7].

Today, laparoscopic colorectal resections are well
established in elective surgery, although the role of lapa-
roscopy in emergency operations remains uncertain [8,
9]. It may be expected that the same benefits achieved
with minimally invasive techniques in elective sur-
gery also advocate the use of laparoscopy in emergency
operations [10—12]. There are, however, several concerns
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regarding laparoscopy in emergency settings. The opera-
tions are technically more challenging due to distortion
of the normal anatomy and the presence of a dilated vul-
nerable bowel [13]. Intra-abdominal lavage in inflam-
matory processes might be less effective [14] and the
operation takes longer, which could be a disadvantage for
the critically ill patient [15].

Approximately 10-20% of colorectal resections are car-
ried out as emergency operations, which are associated
with a higher risk of in-hospital mortality, double the
risk of reoperation, and a three times higher risk of fail-
ure to rescue, compared to elective surgery [16—18]. The
type of complication varies greatly depending on whether
the operation has been elective or emergency, which
most likely also reflects the type of technical approach.
For example, fascial rupture is almost three times more
common after emergency surgery [18]. In many other
entities demanding emergency surgery, the laparoscopic
approach has proven to diminish both morbidity and
mortality [19] and can therefore be assumed to do the
same in colorectal surgery.

As many as 15-20% of patients with colorectal can-
cer present with an obstruction [16], and it is important
that the oncologic results do not get worse when a new
surgical technique is employed. There are no previous
reports assessing oncologic outcome between the lapa-
roscopic and open approaches in emergency operations.
When assessing the oncologic adequacy of the surgical
approach, the pathology report and the quality of the sur-
gical specimen are of the utmost importance. Classifying
the surgical specimen is only possible in a prospective
study design. Benz et al. proposed a new classification
system for surgical specimens that facilitates this evalu-
ation [20].

Previous reports on laparoscopy for emergency colo-
rectal resections cautiously propose using laparoscopy
more often in emergency settings, although most of the
reports are retrospective, register-based or single-center
studies with limited numbers of patients [21-23]. The
aim of this study is to evaluate whether patients benefit
from the laparoscopic approach in emergency colorectal
surgery in both the benign and malignant forms of the
disease.

Objectives
The objective of this study is to evaluate whether patients
benefit from the laparoscopic approach in emergency
colorectal surgery, whether benign or malignant disease.
Our hypothesis is that the same beneficial effects of
laparoscopy seen in elective surgery and in other enti-
ties needing emergency surgery will also apply to emer-
gency colorectal surgery. These benefits are lower overall
postoperative morbidity, shorter in-hospital stay, less
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postoperative ileus, less postoperative pain, fewer wound
complications, and lower risk of mortality.

For oncologic patients, our hypothesis is that the lap-
aroscopic approach is superior to the open approach,
partly because of the faster recovery associated with
greater access to oncologic treatment and partly because
in laparoscopy the intra-operative circumstances need to
be optimized to mimic the elective situation, leading to
good visualization and a standardized approach.

Trial design

This study is a prospective, randomized, controlled, mul-
ticenter, superiority study comparing the laparoscopic
and open approaches for emergency colorectal resec-
tions. The primary endpoint is postoperative morbidity.
The trial is independent of any kind of commercial spon-
sorship. The flow chart of the study is presented in the

(Fig. 1).

Methods

Study setting

This study will be carried out in six university or central
hospitals in Finland: Péijat-Hame Central Hospital, Poh-
jois-Karjala Central Hospital, Jorvi Helsinki University
Hospital, Kanta-Hdme Central Hospital, Keski-Suomi
Central Hospital, and Oulu University Hospital.

Eligibility criteria

Inclusion criteria

The patient has a condition necessitating emergency
colorectal resection. We define the timeframe for emer-
gency colorectal resection to be within 0-48 h from the
decision to proceed with surgery.

— Age 18 years or older
— The patient is competent to give their consent
— Signed informed consent

Exclusion criteria

— The patient’s condition is due to trauma

— Simultaneous acute pancreatitis

— The need for resection is due to a complication from
a previous procedure, i.e., reoperation

— Simultaneous ruptured aortic aneurysm or ruptured
aortic aneurysm as the underlying cause of the need
for surgery

All patients arriving in the emergency room and
diagnosed with a condition requiring emergency
colorectal resection will be considered for inclusion.
After receiving proper information on the possible
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ASSESSING FOR ELIGIBILITY

All patients needing an emergency colorectal
resection.

Check for exclusion criteria.

l

ENROLMENT AND RANDOMISATION (N=192)

l

SURGERY: LAPAROSCOPIC APPROACH
(N=96) FILLING THE CASE REPORT
FORM, PHOTOGRAPH OF THE
SURGICAL SPECIMEN

NORMAL FOLLOW-UP

5 YEARS FOR ONCOLOGIC PATIENTS

FILLING THE CASE REPORT FORM

Fig. 1 Flowchart

advantages and disadvantages of the intervention, and
after voluntarily signing the informed consent form,
the subjects will be enrolled in the trial. The written
consent will be obtained by a member of the research
group and a copy given to the patient. After enrolment,
the patient will be randomized for either open or lapa-
roscopic surgery. The procedure will be carried out or
closely supervised by a specialist in gastrointestinal
surgery experienced in colorectal resections. Patients
considered but not meeting the inclusion criteria and
patients with at least one exclusion criterion will not
be enrolled. These patients and the reasons for their
exclusion will be documented. Postoperative care and
follow-up will follow normal praxis and the case report
form will be completed. Ninety days after surgery,
patients will be requested to fill in the Gastrointestinal
Quality of Life Index (GIQLI) questionnaire, which is
the only deviation from normal follow-up. The GIQLI
questionnaire will be sent by post at no cost to the
patient. Once enrolled, patients will not be required to
make any further visits to the hospital or to undergo
any radiation or medical procedures. The follow-up for
oncology patients will also be arranged according to
the normal follow-up schedule.

I

SURGERY: OPEN APPROACH (N=96)
FILLING THE CASE REPORT FORM,
PHOTOGRAPH OF THE SURGICAL
SPECIMEN

NORMAL FOLLOW-UP

5 YEARS FOR ONCOLOGIC PATIENTS

FILLING HE CASE REPORT FORM

If at any point the allocated type of intervention needs
to be modified or even discontinued because of patient
safety or for any other reason, the circumstances and rea-
sons will be carefully documented and the patient will be
informed. For example, if the patient’s condition changes,
making the patient unfit for surgery, the patient will nor-
mally be excluded. In the event of conversion during
the operation, the circumstances will be carefully docu-
mented but the patient will still be able to participate.

Surgical technique

The operations will be conducted according to the
requirements of the patient’s underlying medical condi-
tion, for example whether the reason for surgery is perfo-
ration or obstruction.

For an obstruction in the right-sided colon or trans-
versum, the aim will be primary resection and anasto-
mosis. The anastomosis will be done extracorporeally to
avoid fecal contamination. In the case of perforation with
wide contamination in the critically ill patient, an ostomy
alone will be considered instead of anastomosis or with a
defunctioning stoma. For an obstruction in the left-sided
colon, the aim will also be to perform a primary resec-
tion with anastomosis. Because of the elevated risk of
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anastomotic leakage, a defunctioning loop transversos-
tomy or ileostomy will be considered even in the absence
of perforation. Depending on the clinical condition of the
patient, primary resection with end colostomy is also an
option.

In the case of perforation and peritonitis, intra-abdom-
inal lavage will be performed. If the reason for surgery
is colorectal cancer, the operation will be performed
according to CME principles.

In laparoscopic operations, decompression of the
enlarged intestine will be carried out at the beginning
of the procedure by making a small incision in the site
planned for specimen removal. The wound will be pro-
tected by a wound protector. After making a purse-string
suture, a small enterotomy will be performed in the intes-
tinal wall, through which a suction tube will be inserted
to decompress the bowel. After sufficient decompression,
the enterotomy will be closed and the lid placed on the
wound protector. After this, pneumoperitoneum will
be created and the procedure carried out laparoscopi-
cally according to same principles as in elective surgery.
In open surgery, either a midline or a horizontal incision
will be made and the procedure carried out according to
normal praxis. A separate decompression is not usually
needed. The wound will be closed according to Israels-
son’s technique with slowly absorbable monofilament
sutures.

If needed, at any point of the protocol, for patient safety
or any another reason, the allocated intervention will be
modified or discontinued.

Outcomes

The main endpoint of the study will be 30-day postop-
erative morbidity, which will be evaluated from the Com-
prehensive Complication Index (CCI) of all patients.
CCI is the sum of all complications weighted on with
their severity based on the Clavien-Dindo classification
(CCI=V(wC+wC2+...+wCx)/2) and has values ranging
from 0 to 100 [24].

The secondary endpoints of the study are as follows.

Ninety-day mortality
Ninety-day mortality is death for any reason within
90 days of surgery (yes/no).

Surgical site infection (SSI)

SSI is defined as infections occurring up to 30 days after
surgery (or up to 1 year after surgery in patients receiv-
ing implants) and affecting either the incision or the deep
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tissue at the operation site. SSI is divided into superficial
incisional, deep incisional, and organ/space surgical site
infections [25].

Intensive care unit (ICU)-free days

ICU-free days are defined as the number of days during
which the patient is alive up to 30 days postoperatively
minus days spent in the ICU (range 0-30).

Length of stay (LOS)
LOS is defined as the time (days) between the index
emergency operation and the day of discharge.

Permanent ostomy

Permanent ostomy (yes/no) is defined as no stoma rever-
sal within 2 years of the operation, as nearly all reversals
are performed within that timeframe [26].

Reoperation risk

This is reoperation within 30 days after primary inter-
vention (yes/no) and the reason for reoperation. Only
operations that are due to a (suspected) complication and
directly related to the primary operation are considered
as a reoperation.

Bowel function
This is the time (days) from operation to the first
defecation.

Readmission
This is readmission within 30 days after surgery for any
reason (yes/no and reason for readmission).

Quality of life (QoL)
QoL is measured by the GIQLI health survey [27] 90 days
after surgery.

For oncologic patients

Quality of surgical specimen

All surgical specimens will be photographed according to
an agreed protocol. The specimen will be placed on a clean
surface before the bowel is opened. The mesentery will be
spread out for visualization. The main vascular branches as
well as the tumor will be pointed out with an instrument
(e.g., Crile). The specimen will be evaluated by an inde-
pendent, blinded specialist in gastroenterological surgery.
To classify a right-sided colon specimen, the Benz classifi-
cation will be used [20]. Left-sided specimens will be clas-
sified according to previously agreed criteria including the
level of vascular ligation and quality of mesentery (Addi-
tional file 3).
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Pathologic report and TNM classification

— The number of lymph nodes (both the number of
retrieved lymph nodes and nodes affected by cancer
will be recorded)

— Site of any metastases

Overall survival (OS)
OS is defined as the time (years) from initial cancer treat-
ment to death for any reason.

Cancer-specific survival (CSS):
CSS is defined as the time (years) from initial cancer
treatment to death caused by the same cancer.

Disease-free survival (DFS)

DES is defined as the time (years) from initial cancer
treatment to recurrence of the cancer or death for any
reason.

Pre-intervention data

— Diagnosis and reason for the emergency operation
(obstruction, perforation, ischemia etc.)

— Age, sex, BMI, ASA classification, co-morbidity
according to the Charlson comorbidity index [28], pre-
vious abdominal operations, and medication use of
anticoagulants, oral cortisone, or immunosuppressants

— Need for ICU treatment preoperatively (yes/no)

Intervention data

— The surgical technique (open/laparoscopic/conver-
sion) and type of resection using the Nordic Medico-
Statistical Committee (NOMESCO) Surgical Proce-
dural codes

— Anastomosis (intra- or extracorporeal, hand-sewn or
stapled) or/and ostomy (loop-ileo-or colostomy or

Table 1 Estimate of enrolment timeline
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end ileo-or colostomy). Was the anastomosis tested
intraoperatively (air—water leak test/endoscopy)?

— Contamination  (preoperative/perforation/abscess/
local peritonitis/general peritonitis)

— Duration of operation (min), duration of anesthesia
(min), blood loss (ml), blood transfusion (IU), intra-
operative fluids (ml), and the need for vasoactive
drugs (noradrenaline) during the operation (yes/no)

Post-intervention data

— Need for ICU treatment (days), need for nasogas-
tric tube (days), flatus (days), first bowel move-
ment (days)

— Pain medication: epidural anesthesia (days), need for
opioids (days), pain medication at discharge

— LOS, discharge to home or to rehabilitation unit

— All complications described and measured by the
Clavien-Dindo classification

— Demand for re-operation

— The GIQLI questionnaire (points) 90 days postopera-
tively

— For oncologic patients: OS, CSS, DFS, adjuvant ther-
apy (days)

— Follow-up at 6 months, 1, 3 and 5 years

— In the case of metastatic disease: OS, CSS, chemo-
therapy (days)

— Ifremission is achieved (days)- > DFS

Participant timeline

Recruitment of patients started in September 2021 at Péi-
jat-Hame Central Hospital and will last for 3—4 years. The
estimated enrolment schedule is presented in Table 1.
The progress of enrolment is expected to vary between
participating hospitals because of differences in the
annual caseloads of emergency colorectal diseases. The
endpoint of the study is when the final patient recruited
reaches the 90-day follow-up and for the oncologic

Enrolment Sum of Dfuratlon
progress Hospital 1  Hospital 2 Hospital 3 Hospital 4 Hospital 5 Hospital 6 Y .O. ©

(patients/year) participants enrolment
P (years)

20 20 20 20 20 20 20 120 1.6

25 25 25 25 25 25 25 150 1.3

30 | 30 30 30 30 30 30 180 1.1

40 | 40 40 40 40 40 40 240 0.8
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assessment when the final patient recruited reaches the
5-year follow-up or dies.

Sample size

Sample size calculations will be based on previous stud-
ies, which report 48.3% 30-day postoperative morbidity
after open surgery and 27.8% after laparoscopy [22]. The
aim of the study is to show that postoperative morbid-
ity is lower after laparoscopic surgery. Assuming a =0.05
and a (?) power=80, 87 patients are needed for both
groups. The effect size is 0.54. Assuming a 10% patient
drop-out rate during the 30-day follow-up period, a total
of 192 patients, i.e., 96 in each group, is needed.

Recruitment

All subjects fulfilling the inclusion criteria will be con-
sidered for participation in the trial. An anonymous
record will be kept prospectively for all subjects fulfill-
ing the inclusion criteria but not attending, either for not
consenting or for any other reason, for later assessment
of selection bias. The schedule of events in the study is
shown in the Table 2.

Assignment of interventions

Allocation

Patients will be randomly allocated to the study group
according to a computer-generated list, compiled by
a person who is not involved in the clinical care of trial
patients. The randomization will be performed in blocks
of six patients. A separate randomization list will be cre-
ated for each center. Another separate randomization list
will be created according to the indication for surgery:
obstruction, perforation, or other reason. The results
of the randomization will be read by opening sealed
envelopes in numerical order. Randomization will be
performed after confirmation of patient eligibility and
consent.

Blinding

Blinding is impossible after surgery since wound size will
reveal which technique was used. The independent sur-
geon evaluating the photographed surgical specimen will,
however, be blinded to the technique used.

Data collection, management, and analysis

Data collection methods

All data will be collected prospectively into an electronic
database.

The reasons for withdrawal will be carefully docu-
mented. The investigator will attempt to contact the sub-
ject at least three times prior to designating them as lost
to follow-up. The investigator will document the date and
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type of attempted communication. If a subject cannot be
reached during the visit window, a missed visit will be
recorded. After three consecutive missed visits, the sub-
ject will be considered lost to follow-up, and a study exit
form will be completed in the CRFs. Any data on subject
participation and procedures until their withdrawal will
be analyzed within the research.

Data management

All data will be handled with the utmost confidenti-
ality. Patients” CRFs will be filled in by the study per-
sonnel during postoperative monitoring. The data will
then be entered manually in the electronic database
(SPSS). All patients will be supplied with a research
number and the keyfile connecting research number
with patient identification number stored separately
from the main dataset. Both files will be placed into
locked storage, accessed only by research personnel on
faculty computers accessed only with a personal pass-
word. At the end of the study period, all data will be
destroyed. Permission for the study register has been
given by the ethics committee of Helsinki University
Hospital and by the Piijait-Hdme Central Hospital
administration.

Data monitoring

No data monitoring committee has been appointed
for this trial. All complications and harmful events
will be carefully reported using specific CRFs, and
serious events will be reported to the principal inves-
tigator immediately. As previous studies do not pro-
vide enough information on differences in recovery
time between open and laparoscopic approaches in
an emergency setting, a preliminary safety analysis at
30-day follow-up on 50 patients in each group will be
done. It is presumed that laparoscopy is safer, although
there might be unknown factors that affect patient
recovery. Any serious concern raised at any point in
the study will result in its preliminary termination
being considered. All authors will have access to the
data. All concerns raised by any author or person out-
side the study group will be documented and assessed
by the authors.

Statistical methods

The findings will be analyzed using SPSS (version 27 or
higher) (IBM Corp., Armonk, NY, USA) for Windows.
Both intention-to-treat and per-protocol analyses will
be performed.

Between-group comparisons of continuous variables
will be performed using Student’s ¢ test or with the
Mann-Whitney U test if heterogeneous variances per-
sist. Categorical data will be compared using the x* test
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or Fisher’s exact test. Long-term survival will be ana-
lyzed using Cox regression or Kaplan—Meier’s analysis.
Two-tailed p values will be reported. P-values <0.05 are
considered significant. If data for a certain variable is
missing the case will be removed from the analysis in
question.

Ethics and dissemination

Research ethics approval

This study follows the Declaration of Helsinki on
medical protocols and ethics, and the study’s protocol
has been approved by the Ethics Committee of Hel-
sinki University Hospital 7.4.2021 (reference num-
ber 1106/2021). The amendment for participation by
Pohjois-Karjala Central Hospital was approved on 30
November 2022. The amendment for participation by
Keski-Suomi Central Hospital and Jorvi Helsinki Uni-
versity Hospital was approved on 18 January 2023. The
amendment for participation by Oulu University Hos-
pital was approved on 5 July 2023. Each participating
hospital applies for study permission at their unit.

Protocol amendments

Important protocol modifications will be communicated
to the Helsinki University Hospital Ethics Committee in
line with the amendments. All modifications will also be
registered at ClinicalTrials.gov.

Confidentiality

Patient confidentiality will be strictly maintained.
Patients will be pseudonymized by study identification
numbers, and all data will be processed without using
names or personal social security numbers. Access to
patient records will be limited to the study group and the
study coordinator appointed by the investigator.

Discussion

Minimally invasive surgery has become the gold standard
in elective colorectal surgery because recovery is faster,
less pain medication is required, postoperative morbid-
ity is lower, and the oncological results are good [4-6, 17,
29-34]. For some reason, there has not been the same
enthusiasm for minimally invasive surgery in emergency
settings even though it can be presumed that the same
advantages in favor of laparoscopy could well apply.
Previous studies cautiously recommend wider use of
laparoscopy, but as mentioned earlier, they are all retro-
spective, most single-center studies with small numbers
of patients [17, 23, 35—41]. In retrospective studies com-
paring two different techniques, selection bias is inevi-
table. Some register-based studies have tried to balance
the open and laparoscopic groups by propensity score
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methods [17, 23, 35—-41]. However, these studies still have
considerable limitations such as the retrospective nature
of the study, data loss, nonuniformity, selection bias, and
coding errors.

Laparoscopic emergency colorectal surgery may
involve numerous possible risk factors such as iatrogenic
bowel perforations, inadequately performed abdominal
lavage, risk of contamination, and poor decompression.
Because laparoscopy has been infrequently used in emer-
gency situations, there might also be many unpredict-
able risk factors that have not yet been recognized. One
theoretical disadvantage of the laparoscopic technique
is the use of pneumoperitoneum in critically ill patients
with peritonitis-related injury of the peritoneal lining. It
has been shown that laparoscopy induces negative effects
on peritoneal integrity, modifies its immune system, and
induces peritoneal acidosis [42]. However, the clinical
significance of these factors effects is not known.

In other words, there are probably many advantages
to be gained by introducing laparoscopy more widely in
emergency colorectal surgery, but at the same time the
risk factors should be properly assessed.

In April 2020, Harji et al. published the LaCeS feasi-
bility trial used to evaluate the safety and overall imple-
mentation of a prospective randomized controlled
trial assessing laparoscopy versus open approach in
emergency colorectal surgery. No statistical analy-
ses were carried out, but postoperative morbidity and
mortality were somewhat lower for patients who had
undergone a laparoscopic procedure, indicating that
laparoscopic emergency colorectal surgery could be
safe. Recruitment and patient compliance were also
found to be good [43]. We found the results encourag-
ing for implementation of the LapEmerge trial, which
is the first full-scale randomized, controlled study to
compare open and laparoscopic emergency colorectal
resections.

As a continuation of the LaCeS feasibility trial, the
LaCeSS2 trial started recruiting patients in February
2022. Like the LapEmerge trial, this is also a multicenter,
randomized controlled trial comparing the open and
laparoscopic approaches for colon resection in emer-
gency settings. The protocols of these trials are congru-
ent in many ways, which will make comparison of the
results not only possible but also interesting. There are
also differences in focus. The LaCeS2 trial seeks to evalu-
ate cost-effectiveness between the groups, which can be
considered a strength compared to the LapEmerge trial.
The target sample size is greater (512) in the LaCeS2
trial, which could also be considered a strength should it
succeed but seems ambitious considering the challenges
of recruitment in emergency settings and might prolong
the recruitment process unnecessarily. The LapEmerge



Gronroos-Korhonen and Kossi Trials (2024)25:268

trial has a unique setting of evaluating the oncological
outcome of these patients, also taking into account the
quality of the surgical specimen. Since emergency colon
resections for oncologic patients are inevitable and the
oncologic outcome is clearly inferior to elective surgery
[44], this aspect of the trial is of the utmost importance.
Overall, both of these trials, which are complementary,
will provide novel information on both the short- and
long-term effects and safety of laparoscopy in emer-
gency colorectal surgery.

Trial status

Approval by the Ethics Committee of Helsinki University
Hospital was received (referencel106/2021), and patient
recruitment at Paijat-Hame Central Hospital started in
September 2021. So far, 75 patients have been enrolled.
Other hospitals started recruitment during 2023. Recruit-
ment is expected to end on 30 September 2025. This is ver-
sion 1 of the protocol.
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