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1. Abstract

1.1. Background and Aims

Emergency laparotomy is an expensive and commonly
performed emergency surgery that is associated with high mortality
and morbidity. Post-operative respiratory complications, such as
post-operative pneumonia (POP) is a common morbidity following
emergency laparotomy. POP is associated with high cost and
challenging treatment options. This article aims to review and
highlight the risk factors of POP identified in current literature and
the latest management strategies for POP.

1.2. Methods and Results

A literature search was conducted on PubMed®, using the key
words “emergency laparotomy”, “prevention of post-operative
pneumonia and “post-operative respiratory care bundles”. A local
departmental audit was performed to assess our centre’s current
practices and against standards set by current evidence and
preventative strategies for POP. Current preventative strategies for
POP focusses on improving oral care, chest physiotherapy, regular
coughs and deep breathing exercises, and the use of incentive
spirometry. Care bundles such as I-COUGH have been shown to be
successful in the reduction of POP when implemented.

1.3. Conclusions

Post-operative respiratory complications such as POP represents
a significant element of morbidity and mortality following emergency
laparotomy. Bundled standardised post-operative respiratory care
pathways in combination with appropriate nursing education is
essential for successful implementation of a care bundle.

2. Background and Introduction

Emergency laparotomy is an acute abdominal surgery associated
with high costs and high mortality in acute hospitals. Between
December 2020-November 2021, 22 132 emergency laparotomies
were performed in the United Kingdom [1]. It is a common yet
diverse procedure carried out by the emergency general surgery
team, described as an intrabdominal exploratory procedure where the
clinical presentation, underlying pathology, anatomical site of surgery
and perioperative management can vary considerably between
each procedure [2]. The variation in surgical pathology, patient
physiology at the time of presentation, increasing elderly population,
coupled with the nature of emergency caseload and limited time
for preoperative optimisation of the patient, contributes to the high
incidences of postoperative morbidity and mortality. In 2013, Murray
et al established the National Emergency Laparotomy Audit (NELA)
within the UK Emergency Laparotomy Network, where 173 acute
hospitals across England and Wales submitted data on emergency
laparotomy. In its eighth year running, in-hospital mortality was

found to be 9.2% in the 2020-2021 audit year [1]. There is a clear
association between rising age and 30-day mortality following
an emergency laparotomy, with an risk increment of 4% every 10
years from the age of 50. Other than patient age and co-morbidities,
post-operative pneumonia (POP) is a common complication in post-
operative patients - leading to morbidity, mortality and increased cost
of care. Postoperative pneumonia is defined as a hospital acquired
pneumonia developing 48-72 hours after admission in a post-
surgical patient [4,5]. A recent study by Howes and colleagues have
demonstrated that pulmonary-related complication was the second
most common category of post-operative morbidity following
emergency laparotomy, with a reported incidence of 71.5% of a
114 patient cohort (6). Pneumonia has significant relevance as it can
negatively affect patient safety and the outcomes of their surgeries.
It has shown to increase mortality and morbidity in patients.
Mortality can range from 20-50% and studies have shown to affects
late quality of life (7). There is also a financial burden on the NHS
with patients having their stay in hospitals increased by 7-9 days,
with hospital acquired infections costing the NHS up to an estimated
£2.7 billion (8). The annual estimated cost of approximately £650
million can be attributed to emergency laparotomy in England [9].
Post-operative pneumonia (POP) in the surgical patient is largely
multifactorial, and represents a known complication in general
surgical patients, with reported incidences ranging from 0.5% to
28% (6). In critically ill patients who have had an emergency
laparotomy, impaired host defences and the increased risk of
aspiration of gastrointestinal tract contents represent some of the
more common cause of post- operative pneumonia [5,6]. The
pathogens involved in POP is largely polymicrobial in nature, and
with the increasing antimicrobial resistance crisis, treatment is
becoming increasingly challenging [10]. Therefore, there is a need
to identify preventable risk factors and utilise care bundles for post-
operative respiratory care to reduce the incidences of POP. We aim to
review and highlight the risk factors of POP identified in current
literature and the latest management strategies for POP.The |
COUGH program showed success where incidence of postoperative
pneumonia reduced from 2.6% to 1.6% within a year of
implementation [11]. We aim to use the same in our hospital in
particular, our emergency laparotomy patients in the General
Surgery department where we have roughly 60-100 cases a year.
While pneumonia can be a clinical diagnosis, we shall use
radiological changes for our definition of pneumonia.

3. Methods

3.1. Literature Search

An electronic literature search was conducted on PubMed®,
using the key words “emergency laparotomy”, “prevention of post-
operative pneumonia, and “post-operative respiratory care bundles”,

to review current evidences and strategies in the management of
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post-operative pneumonia following emergency laparotomy. The
search was limited to articles published in English language only.
The search yielded 11 articles detailing post-operative pneumonia
preventative bundles, however none were specific to emergency
laparotomy patient cohorts. Selected articles are detailed in our
references, are explored and summarised in this review article.A local
departmental audit was also carried out concurrently to review our
own practices in the General Surgery department in Queen Elizabeth
Hospital, Gateshead. This was performed to audit our standards of
practice within the department and set a baseline prior to introducing
a reformed prevention of post-operative pneumonia bundle at our
centre.

3.2. Local Departmental Audit

We carried out a retrospective audit on the incidences of POP
at our centre, with an aim to evaluate its association with mortality
following emergency laparotomy. Data were collected and analysed
retrospectively from patients who underwent emergency laparotomy
between January 2019 December 2022. This data was available
through our local electronic NELA database. A total of 65 patient
mortality post emergency laparotomy were identified at our centre.
Patient demographics, cause and date of death were further reviewed
and collated through local electronic and paper medical records
to delineate the incidences of POP and associated mortality at our
centre. We used Microsoft Excel for statistical analysis of the data.
Following basic statistical analysis, the main causes of mortality
following emergency laparotomy at our centre (Figure 1) were
identified as POP (18 patients, 28%), multiorgan failure (16 patients,
25%), peritonitis (8 patients, 12%) and others (23 patients, 35%). Our
centre’s incidence of POP aligns with current reported incidences of
POP in general surgical patients as detailed above [5-7].The mean
age of the patients was 74.3 years with a range of 44 years (Figure
2). Figure 3 demonstrates the mortality after emergency laparotomy
is similar in both genders but mortality from POP was higher in the
male group (68.40 % Vs 31.60%). Incidences of mortality from POP
were audited against current our Trust’s practices on post-operative
feeding and utilisation of prevention of post-operative pneumonia
(POPP) protocols. The mean duration between post-operative time
and initial post-operative feeding for patients who developed POP
were 2.88 days via nasogastric/nasojejunal routes and 4 days via oral
route. Following review of local compliance with POPP protocol,
we found that only 53% of the patients who had developed POP
had a POPP protocol prescribed.Our audit has highlighted that
POP remains a significant risk factor to mortality in patients who
underwent emergency laparotomy. More importantly, there is need
to reinforce the utilisation of- and rigorous education surrounding
local POPP protocols. To improve our centre’s POPP pathway, and
subsequent patient outcomes, we have conducted a review on current
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Figure 1:Graphical representation of the main causes of mortality
from our local departmental audit.
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evidence-based POPP strategies whilst identifying important risk
factors of POP. We hope to introduce and implement a reformed
POPP bundle at our centre, based on up-to-date evidences in current
literature. Following implementation of this new POPP bundle, we
will complete the audit cycle by completing a re-audit to assess future
patient outcomes.

4. Risk Factors
4.1. Pre-Operative
4.1.1. Chronic Obstructive Pulmonary Disease (COPD)

Chronic obstructive pulmonary disease (COPD) is growing
pandemic with the global health crisis of smoking in the modern era.
COPD is characterized by persistent airflow limitation and ventilatory
restriction, and is associated with increased morbidity and mortality
[12,13]. It has been established by various reports that moderate-
to-severe COPD is an independent risk factor for post-operative
respiratory complications after abdominal surgery [14-17].

4.2. Smoking

Chronic inflammation of the lungs is prevalent in current
smokers, in addition to a high prevalence of abnormality of dynamic
compliance, closing volume, maximal mid-expiratory flow, and
residual volume [18]. As a result of smoking, there is progressive
deterioration of pulmonary functional reserve and a reduced
pulmonary function in current active smokers [19]. Unsurprisingly,
smoking has been identified as an independent risk factor for the
development of post-operative respiratory complications [17].

4.3. Intra-Operative
4.3.1. Operative Time

Several studies have shown that a prolonged operative time and
anaesthesia of more than 3 hours were risk factors for the development
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Figure 2: Age distribution of patient cohort, from our local
departmental audit.
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Figure 3: Local departmental audit findings of post-operative
mortality following emergency laparotomy, subcategorised by
gender.
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of post-operative pneumonia and other respiratory complications [20-
23]. Whilst under general anaesthesia and in a supine position intra-
operatively, there is a direct consequence to patient’s lung volume, as
it becomes restricted and subsequent impaired gas exchange capacity
during surgery [24]. As a result, this leads to impaired lung compliance
and a risk to developing post-operative pulmonary complications.
Due to the vast variability of surgical pathology involved in thean
emergency laparotomy, operative time is highly variable and could
last longer than 3 hours in cases of complex anatomy, severe adhesions
and/or when complex bowel resection is needed.

4.3.2. Urgency of Surgery-Emergency Surgery

Compared to elective abdominal surgery, patients presenting with
an acute abdomen necessitating immediate surgical intervention are
often one the sickest in the hospital and often do not have the luxury
of dedicated pre-operative optimisation, given the urgency of the
surgery required. Many studies have identified emergency surgery
as an independent risk factor for the development of pulmonary
complications post-operatively [14,25-27]. The combined stressors
of the pathophysiological insult from an acute abdomen and surgery
pose a risk for cardiopulmonary dysregulation and complications
post-operatively.

5. Post-Operative

5.1. Critical Care Admission

Critically ill patients have a high risk of aspiration and aspiration
pneumonia, largely due to their supine position, gastroparesis and
nasogastric intubation [28-30]. Additionally, patients who have been
intubated and placed under sedation are known to have an altered
swallowing reflex, even in patients who have been intubated for as
short a time as 24 hours [31,32]. Majority of surgical patients post-
emergency laparotomy are admitted to the intensive care unit post-
operatively and are susceptible to the aforementioned risks of
developing post-operative pneumonia.

5.2. Post-Operative lleus

Patients who have had bowel surgery are at a risk of post-
operative ileus (POI), which can be defined as a physiological arrest
to gastrointestinal transit in response to surgical stress [33]. More
often than not, patients who have undergone an emergency
laparotomy would have had a degree of intestinal manipulation, due
to the nature of pathologies indicated for an emergency laparotomy
[1,3]. Coupled with the regular administration of opioids and
sedatives post-operatively, POI can be attributed to multiple reasons,
all of which can be applied in post-emergency laparotomy patient.
POI leads to nausea and vomiting, abdominal distension, delayed
gastric emptying, all of which pose a risk of aspiration pneumonia in
any cohort of patients who have had abdominal surgery [34,35].

5.3. Role of Post-Operative Respiratory Care

Post-operative respiratory complications, including pneumonia
(POP) is common and associated with high healthcare expenditure.
The costs associated with post-operative respiratory complications
have been shown to be over USD$52,000 per patient in the United
States [36]. With the increased length of stay and associated high costs,
it is important for clinicians to understand the role of post-operative
respiratory care and utilise it effectively to prevent problematic post-
operative respiratory complications. As detailed above in the risk
factors section, the overall combined impact of surgical trauma and
anaesthesia results in reduced pulmonary function and consequently
inevitable atelectasis. As a result of atelectasis post-operatively,
hypoxaemia and translocation of microbes into the systemic
circulation can lead to pneumonia and increased patient morbidity and
mortality [37,38]. Furthermore, patient positioning, administration
of strong opioid analgesics can restrict and worsen lung volumes,
leading to significant reduction in the functional residual capacity
and vital capacity [39]. Post-operative respiratory care focuses on
techniques and interventions that increase lung volumes and improve
coughing mechanisms post-operatively, with the aim of counteracting
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the negative impacts of atelectasis. Many of these techniques are low
cost and easy to employ in the post-operative setting. Examples of
post-operative respiratory care include, coughing and deep breathing,
incentive spirometry, chest physiotherapy, regular mobilisation and
oral care [39-42].

5.4. Oral Care

In recent years, clinicians have identified poor oral hygiene as
a contributory factor to POP [40]. It is thought that one of the main
causes of postoperative pneumonia is aspiration of saliva containing
pathogenic microorganisms, leading to bacterial translocation and
subsequent chest infection. Investigators have since introduced
interventions to improve perioperative oral care, such as oral health
instruction, dental scaling, removal of tongue coating, denture
cleaning, instructions for gargling and regular teeth-brushing, to
prevent post-operative pulmonary complications secondary to
aspiration40. Akutsu and colleagues have found that by instructing
patients to brushing their teeth five times per day decreased the
frequency of postoperative pneumonia from 32% to 9% among
patients who underwent esophagectomy [41].

5.5. Incentive Spirometry

Incentive Spirometry was first introduced by Bartlett et al in the
1970s as a simple, method to encourage deep breathing exercises
and sustained maximal inspirations in the postoperative patient [42].
At the time of its introduction, Bartlett and colleagues had found a
significant reduction in the incidences of respiratory complications in
the patient cohort that utilised incentive spirometry and concluded that
voluntary maximal inspiration is highly effective in reversing altered
pulmonary function after surgical and anaesthetic insult 42. Indeed,
a recent randomised control trial by Zhao et al Has shown that
volume incentive spirometry improves the haemodynamics and
pulmonary function of patients following open abdominal surgery
[43].

6. Chest Physiotherapy

Chest physiotherapy provides a means to postural drainage of
pulmonary secretions and aims to prevent atelectasis by treating
secretions obstructing small airways [39]. Targeted chest
physiotherapy is not new in the rehabilitation realm, such that
multiple studies in the last three decades have shown the use of
chest physiotherapy is associated with significant reduction in the
incidences of post- operative respiratory complications and chest
infections [44- 47]. Besides the benefit of preventing post-
operative respiratory complications, there is also an added benefit of
cost-effectiveness for acute hospitals where the high costs associated
with treatment of said complications can be avoided [48].

6.1. Use of Preventative Care Bundles

In the last two decades, there has been a considerable success
in the change of intensive care unit practices globally since the
introduction of ventilator-associated pneumonia care bundle by
the Institute for Healthcare Improvement by Resar et al. [49].
Undoubtedly, combining a group of inter-related treatments strategies
would make sense, especially with the common end-goal of reducing
an important clinical hurdle such as post-operative pneumonia (POP).
In more recent years, there have been various successful outcomes
in the reduction of POP reported globally following the introduction
of care bundles and post-operative pneumonia prevention programs.
Of the reported studies, it appears to be universal that the collective
use of incentive spirometry, head of bed elevation > 30 degrees,
perioperative oral care with chlorhexidine gargles, ambulation with
adequate analgesia, regular coughing with deep breathing exercises
and ongoing education of all surgical ward staff makes up the so-
called bundle approach to preventing POP [50-54].

7.1 Cough

In fact, Cassidy et al have coined a standardised and rather
notable perioperative pulmonary care program known as | COUGH11
(short for =lIncentive spirometry, Coughing and deep breathing,
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Oral care, Understanding, Getting out of bed, and Head of bed
elevation) in 2013, with a good outcome and reported reduction of
incidence of postoperative pneumonia from 2.6% to 1.6% after its
implementation. Associated risk-adjusted outcomes were also shown
to decrease from an OR 2.13 to an OR of 1.5811. The | COUGH
group have demonstrated that The | COUGH methodology is simple
and achievable, which is crucial for successful implementation
[39].However, it is worth noting that in a follow up study a decade
down the line, Cassidy and colleagues have found that whilst there
was initial improvement in outcomes, the loss of early program
momentum and unfortunately local outcome have reverted to pre-
program implementation rates of POP55. Whilst a less-than-ideal
outcome, this demonstrates the importance of continued adherence
to a newly implemented protocol so as to ensure sustainability and
protracted success. This highlights the natural wax and wanes of
initial momentum following introduction of a new protocol in an
institution. There is a complex interaction of local population health
concerns, dedication of stakeholders, financial supports, human
resources and the organisational environment when it comes to the
sustainability of a quality improvement project such as | COUGH55.
This is an important message to be appreciated by anyone who
intends to implement a new POP prevention program within their
local hospital systems.

7.1. Summary and Conclusions

Emergency laparotomy is a costly and high stakes emergency
general surgical procedure with associated high morbidity and
mortality [1,9,56]. Post-operative respiratory complications such
as POP represents a significant cause of morbidity and mortality
[1,5,6]. following major abdominal surgery such as an emergency
laparotomy. Yet, there is quite a sparse scientifically-based patient
care pathways, especially in the peri- and post-operative period
specific for emergency laparotomy [56,57]. Bundled standardised
post-operative respiratory care pathways designed for major surgical
procedures, such as | COUGH, coupled with a healthy culture of
nursing education is essential for successful outcomes in preventing
POP [5,11,55].In addition to targeted bundles to prevent post-
operative pulmonary complications, more recent work have shown
that it was possible to implement a more comprehensive and detailed
perioperative protocol in emergency abdominal surgery with good
compliance shown in a single centre in Denmark [58]. There
remains considerable scope for future studies and further research
into the implementation of simple and effective comprehensive
recovery care bundles for patient who have had major emergency
abdominal surgery.
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