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ABSTRACTABSTRACT

Introduction.Introduction. Care bundles to improve post-operative outcomes after major abdominal emergency surgery have proven to be
effective. This study investigated the correlation between adherence to protocol and post-operative outcomes after
implementing perioperative bundle care at a single hospital.

Methods. Methods. This was a retrospective cohort study. Data were collected from 2018 to 2019. Patients undergoing surgery due to
major emergency abdominal pathophysiology were included. The care bundle covered the pre-, intra- and post-operative
course and included 12 elements. High adherence was defined as the completion of 70% of the elements. We used the
Clavien-Dindo Classification and the Comprehensive Complication Index to evaluate post-operative complications.

Results.Results. A total of 120 patients were included. High adherence was obtained in 54% of the patients. We found no difference in
post-operative mortality or complications when comparing high adherence with low adherence. However, cases with high
protocol adherence had a longer length of stay.

Conclusions.Conclusions. We found no difference in mortality or complications. Patients with a high adherence had a longer hospital stay.

Funding.Funding. none

Trial registration.Trial registration. not relevant.

Strategies for optimising the course of major emergency abdominal surgery have been evaluated with varying
results. Single-centre studies have shown promising results with lowered mortality rates after using a structured
care bundle [1, 2]. In contrast, an extensive multi-centre study failed to replicate those findings [3, 4]. Care
bundles aim to improve outcomes by implementing several actions simultaneously, but only the cumulative
effect is measured. Each action may not provide a measurable effect on its own, but in combination with other
interventions, the collective effect leads to a superior outcome. Analysing the impact of individual elements in
bundle care is challenging, and omitting either of them to investigate their isolated effect may be unethical. To
gain insight into the implementation and thereby the effect, one can analyse adherence to bundle elements [4,
5].

Implementation rates in bundle care – and their correlation with clinical outcomes – have been investigated in
the elective surgical setting such as enhanced recovery after surgery (ERAS) [6-10]. This showed that increased
adherence to protocol correlated with improved outcomes.

So far, no studies have examined the association between adherence to protocol and clinical outcomes in an
emergency surgical setting. Therefore, this study aimed to investigate if increased adherence to protocol in
major emergency abdominal surgery influenced post-operative complications and mortality.
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METHODSMETHODS

This was a retrospective cohort study. We initiated bundle care for patients undergoing major abdominal
emergency surgery coined the “Abdominal Surgery Acute Protocol”. The bundle included 12 clinical and
administrative elements (Table 1Table 1).

Preoperative clinical elementsPreoperative clinical elements

Single-dose antibiotics were administered on suspicion of any condition that would require major abdominal
emergency surgery [11]. A nasogastric tube was inserted to avoid further intestinal load and prevent vomiting
[12]. A fast-track computed tomography (CT) was concluded within one hour after it was requested. If the patient
needed emergency surgery, this was scheduled as the next possible procedure with latest start-up within six
hours from the decision to operate. If start-up was anticipated to take more than six hours, an additional
operating room was opened.

Intraoperative clinical elementsIntraoperative clinical elements

Patients were administered a thoracic epidural unless contraindicated. Contraindications were the use of
anticoagulants or circulatory instability.

Post-operative clinical elementsPost-operative clinical elements

At the end of the surgery, the patients were stratified as being at either major risk or minor risk of death. The
patient was considered to have a major risk if he or she obtained a surgical Apgar (appearance, pulse, grimace,
activity and respiration) score ≤ 4 or had an American Society of Anesthesiologists (ASA) score > 2 [13, 14]. The
surgical Apgar score was calculated using intraoperative measurements of blood loss, mean arterial pressure
and heart rate. The post-operative destination for those assessed to be at major risk was the intensive or
intermediate care unit for 24 hours. Patients who were considered to be at minor risk would first go to the
recovery room for observation and then to the surgical ward. Physiotherapy, including mobilisation, was
performed as soon as possible.

We used a standardised morphine-sparring regime in which morphine was given as needed only. Additional
analgesics consisted of paracetamol (1 g, four times a day) and ibuprofen (600 mg, three times a day) unless
contraindicated. If patients were not administered an epidural, they were initially allowed prolonged release
tramadol 50 mg twice a day.
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Administrative elementsAdministrative elements

Electronic journal-entry templates were used to maintain uniformity and help the staff remember the elements
at any stage. The “Entry note” included history, clinical examination, ASA score, performance score, blood tests
and suspected diagnosis. The surgical “Booking Note” included the type of surgery, suspected pathology and risk
of conversion from laparoscopic to open surgery. The “Surgery Note” included a description of the procedure
and a post-operative plan. The “Ward Arrival Note” contained post-operative care details for the nursing staff.
The “Rounds Note” included mobilisation, pain, intestinal function, resuscitation, blood tests, antibiotics,
clinical assessment and treatment plan. A four-page project folder was used for documentation when the patient
was enrolled in the protocol. It covered all stages with timestamps and checklists.

ImplementationImplementation

Before the bundle was initiated, a campaign was implemented for involved staff wherein all care bundle
elements were explained and background information was provided. Staff in the emergency ward attended two
educational sessions before the implementation. The surgeons had multiple sessions where they were provided
with examples of the electronic templates. Radiologists and physiotherapists were also given a presentation of
the bundle. All doctors in the Emergency, Surgical and Anaesthesiology Departments were given action cards.
After the implementation, both doctors and nurses attended follow-up sessions to ensure adherence and allow
new staff members to obtain information. Furthermore, the surgeons were reminded of the bundle daily during
the first month.

SettingSetting

Data were collected from June 2018 to June 2019 from a single hospital. Follow-up time for mortality was one
year; for post-operative complications, 30 days.

ParticipantsParticipants

Patients were included if they underwent emergency laparotomy or laparoscopy. The following conditions were
included: mechanical bowel obstruction, intestinal ischaemia, gastrointestinal perforation, intra-abdominal
abscess and bleeding. The exclusion criteria were surgery due to trauma, appendicitis and cholecystitis. Patients
were excluded from analysis if they had been transferred from another ward or hospital. Furthermore,
emergency re-operations from planned surgery were also excluded.

VariablesVariables

The primary outcome was possible associations between adherence to bundle elements and post-operative
outcomes. The secondary outcome was adherence rates of bundle elements. We defined high adherence as
completion of at least 70% of the elements within one case. Implementation of an element was considered a
success if it was completed in 70% of the patients. This approach was inspired by prior research on protocol
adherence in an ERAS setting [6, 8]. As there were 12 elements, each patient needed to have undergone at least
nine elements to reach high adherence. Complications were analysed using the Comprehensive Complication
Index (CCI) [15]. The CCI summarises all post-operative complications into a single score for each patient,
thereby making it possible to quantify several complications. We also analysed complications with a Clavien–
Dindo score > 2 [16]. Finally, we listed complications as either medical (pulmonary, cardiac, neurological or
nephrological) or surgical (surgical site infections, wound dehiscence, bleeding or mechanical bowel
obstruction).

Data sourcesData sources

All data were collected from the electronic patient files.
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BiasBias

We had no loss to follow-up. There were no missing data from adherence to protocol elements.

Quantitative variablesQuantitative variables

Age, duration of surgery and other continuous variables were stated as median and interquartile range (IQR).

Based on BMI, patients were grouped into underweight (< 18.5 kg/m2), normal weight (18.5-24.9 kg/m2) or

overweight (≥ 25 kg/m2). The Charlson Comorbidity Index score was grouped into mild (0-2), moderate (3-5) or
severe (> 5). The CCI was calculated from Clavien–Dindo-graded complications and remained a continuous

variable for analysis [15]. All other variables were stated as counts and frequency.

Approvals: No patient consent was needed for this type of study, nor was approval by the ethics board. The study
was approved by the Danish Data Protection Agency [17].

Statistical methodsStatistical methods

R studio v. 1.3.1093 was used for all statistical analyses. For binary analyses, we used the χ2-test for categorical
variables and the Kruskal-Wallis test for continuous variables. For analysing how adherence influenced CCI, we
performed an unadjusted linear regression analysis. We used zero (low adherence) as a reference. Results from
linear regression were stated as a decrease or increase in CCI scores with 95% confidence intervals (CI). Missing
values are mentioned below tables. There were no missing data in the variables used for analysis. Statistical
significance was set to p = 0.05.

Trial registration: not relevant.

RESULTSRESULTS

A total of 181 patients were treated according to the bundle. Based on eligibility criteria, we excluded 61 patients,
which led to 120 patients finally being available for analysis. Excluded patients included 15 patients who
underwent re-operation from elective surgery and 46 patients who were transferred from another hospital. The
median age of the population was 71 years (IQR: 58-78). The most frequent surgical diagnosis was mechanical
bowel obstruction followed by gastrointestinal perforation. Cases with a low adherence had a lower Charlson
Comorbidity Index and the duration of surgery was shorter. Further description of the cohort is presented in
Table 2Table 2. Out of the 12 bundle elements, seven (58%) were defined as a success with completion in ≥ 70% of the
cases. Figure 1Figure 1 shows each element of the bundle and the adherence distribution. Five elements did not reach a
70% completion rate, of which three were made up of entry-note templates. The least successful element was the
arrival note template. A CT was performed within one hour in 63% of the cases. The median waiting time for a
CT was 43 min (IQR: 25-86). A thoracic epidural was administered in 62% of the cases who underwent
laparotomy and were eligible for an epidural.
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Among the 120 patients, 65 (54%) were defined as high-adherence patients. No statistically significant difference
was observed in mortality rates. However, cases with a high adherence had a longer median length of stay (TableTable
33). Finally, unadjusted linear regression revealed no difference in CCI score between patients with a high
adherence and a low adherence (0.787 points; 95% CI: –9.145-10.718)

DISCUSSIONDISCUSSION

Patients with a high adherence had a longer length of stay but no statistically significant difference in mortality
or complications. More than half of the elements in the bundle were defined as successful.

As previously described, we defined high adherence as completion of at least 70% of the elements within one
case [6]. To obtain better adherence, we conduced teaching sessions with both nurses and doctors. Every bundle
element was explained and all administrative parts were exemplified in detail. However, we could have
performed better on maintaining attentiveness and informing new staff. As the study was conducted in a
teaching hospital, staff turnover was considerable and new staff were not always fully informed about the
bundle.

Length of stay was longer in high-adherence cases. The same cases had a longer duration of surgery, which may
indicate difficult surgical conditions that may have influenced the post-operative course. The longer stay may
also potentially be attributed to confounding by indication as described in the Limitations section. Finally, we
raise the question if length of stay is an appropriate outcome when optimising major emergency surgery to
increase survival.

Three out of the five unsuccessful elements were electronic templates. The ward arrival note was the least
successful element in the protocol. A possible reason was that the ward arrival note was recorded by nurses who
had never used the journaling part of the system. Nurses received instructions on how to record a note into the
system, but no formal training on this was provided.
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Large-scale implementation of bundle care was attempted at 93 hospitals in the EPOCH trial [3, 4]. Similar to
what we observed, many sites in the EPOCH trial wished they had a more comprehensive engagement. Before
our implementation, we held meetings with the Departments of Radiology, Emergency, Anaesthesia and
Physiotherapy. The meetings focused on ensuring a common understanding of and establishing support for the
protocol.

A study in elective surgery, but similar to the present study, found that increasing adherence was statistically
associated with a lower rate of post-operative complications [6]. However, patients undergoing emergency
surgery and those undergoing elective surgery are not comparable. Major emergency surgery requires
resuscitation and urgency, and the patients are often in physiological distress due to dehydration, fasting and
sepsis. Adhering to a protocol is probably more challenging in emergency surgery than in an elective setting. A
related study analysed the adherence to bundle care in emergency surgery and found a ≥ 70% adherence to
bundle elements [5]. However, this study did not correlate the adherence rate to clinical outcomes.

Future studies on adherence in an emergency setting should be performed with biochemical markers and
should include more patients in order to investigate their physiological and immunological response.
Furthermore, using a success criterion for high adherence is a flexible and predefined tool and should be
implemented in future research. As described earlier, omitting certain elements of a bundle may be unethical.
However, it may be possible to construct a randomised controlled trial to investigate the effect of the
administrative elements on post-operative outcomes.

This study had several limitations. We detected no statistically significant difference in mortality, which may
potentially be due to the study size. A risk of confounding by indication exists as patients with poorer
physiological conditions may have received more attention, thereby obtaining a greater adherence to protocol
and contributing to a longer length of stay.

CONCLUSIONSCONCLUSIONS

High adherence to bundle elements increased post-operative length of stay, but did not change mortality rates or
complications. For future research, we should consider if length of stay is a meaningful outcome for emergency
surgery. Creating a wider sense of responsibility among staff and paying special attention to their behavioural
changes may possibly have increased adherence to the protocol.
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