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Abstract
Introduction Emergency laparotomy (EL) is a commonly performed operation with increased morbidity and mortality.
Currently, there is a lack of published outcomes following emergency laparotomy within an Irish population. The aim of this
study was to assess our outcomes and compare these to predefined outcomes from NELA.
Methods A review of a prospectively maintained database of all patients who underwent an emergency laparotomy between
January 1st 2015 and October 31st 2016was performed. Patient demographics, operative indication and procedures, preoperative
lactate, time of surgery, admission to high dependency unit (HDU) and mortality (30- and 90-day mortality) were included.
Statistical analysis was performed using Minitab V18 with p < 0.05 considered significant.
Results One hundred twenty-four emergency operations were performed on 120 patients. Themedian age was 60 years. Indications
for surgery included the following (%): peritonitis (32.45%), obstruction (22.5%), complicated hernia (19.1%), mesenteric ischae-
mia (15%), trauma (4.1%), and acute haemorrhage (3.3%). A consultant surgeon and consultant anaesthetist were present at 79 and
78% of EL carried out, respectively. Reported 30- and 90-daymortality were 6.66 and 11.6%, respectively. Thirty-daymortality was
20% in octogenarians. Index lactate did not correlate with mortality (p = 0.43). A significant proportion of mortalities had proce-
dures carried out between 6 pm and midnight with the highest mortality rate in patients with mesenteric ischaemia (p < 0.05).
Conclusion EL is associated with high mortality rates. Our mortality figures compare favourably with the NELA data. We
support the development of a national database to facilitate improvements in the quality of care delivered to this high-risk cohort.
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Introduction

The acute abdomen remains the most frequent indication for
acute surgical admission in the nontrauma patient [1].
Emergency laparotomy (EL) describes an exploratory procedure
where the clinical presentation, pathology and perioperative
management vary considerably. Over 30,000 EL are performed
in the UK per annum [2]. Despite this large number, there is an

unsatisfactory standard of care for this cohort of patients [1]. In
Ireland, over a 3-year period between 2011 and December 2013,
there were 19,000 emergency laparotomies performed [3]. There
has been limited focus upon introducing and establishing surgi-
cal care pathways to improve outcomes in this cohort of critically
ill patients with high predicted morbidity and mortality rates. In
2007, the Association of Surgeons in Great Britain and Ireland
(ASGBI) identified unsatisfactory outcomes and prepared a stra-
tegic document for improvement of provision of care and ser-
vices in this subset of patients [1]. The National Emergency
laparotomy Audit (NELA) was commissioned in 2011 and
aimed to highlight the interhospital variations in outcomes and
to standardise the perioperative and postoperative management
of these patients [4].

According to the 2016 population census, Ireland like
many European countries has an ageing population [5].
19.1% of the population are now over the age of 65 years
[3]. While the term ‘elderly’ has not been universally defined,
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specialists in medicine for the elderly in Ireland generally
consider those aged over 70 as elderly. This is also reflected
in the NELA project guidelines [4]. Poor outcomes in octoge-
narians following emergency surgery are well documented. In
2010, the National Confidential Enquiry into Patient
Outcomes and Death (NCEPOD) reported 30-day mortality
was 31.2% for octogenarians undergoing abdominal surgery;
83.4% of cases were emergencies [6]. The severity of
coexisting comorbidities inherently adds to the complexity
of both the perioperative and postoperative care leaving them
vulnerable to significant postoperative morbidity. Elderly pa-
tients account for 43% of emergency surgeries in hospitals and
the associated poor outcomes need to be addressed [7].
Recently, some of the recommendations outlined in the
NELA report have been investigated in prospective studies
[8, 9]. Perioperative initiatives (care bundles) have reduced
mortality in this group of patients [8, 9].

The aim of the current study was to compare our institu-
tional EL data with the NELA datapoints, including key rec-
ommendations from the first published report and internation-
al published data.

Methods

A prospectively maintained emergency laparotomy database
was created in December 2014 in conjunction with establishing
an emergency surgery signout document. This study included
all patients who underwent an EL between the 1st of January
2015 and the 31st of October 2016 in Tallaght Hospital (a
university teaching hospital which admits approximately 2500
acute surgical patients annually within a network model of
care); analysis was then performed. To ensure all patients were
captured in the database during the study period, a further search
was performed using the hospital inpatient enquiry (HIPE) and
the inpatient manager system (IPM) using the search term ‘ex-
ploratory lap*’ and ‘emergency lap*’ to generate a report. This
group was then cross-referenced with the database, electronic
general surgical theatre log books to validate our records. All
manual theatre logbooks were interrogated separately.

Inclusion criteria:

& Patients older than 18 years
& Patients who underwent an expedited, urgent or emergen-

cy abdominal procedure involving the gastrointestinal
tract (GIT)

& All open, laparoscopic or laparoscopically assisted
procedures

& Procedures involving the stomach, small or large bowel or
rectum

& Procedures were grouped into categories: obstruction,
peritonitis (defined as peritonitis due to a perforated vis-
cus), mesenteric ischaemia, etc.

& Patients who underwent an emergency abdominal surgery
for trauma

The list of procedures included was cross-referenced
against the scope of the NELA inclusion criteria.

Exclusion criteria:

& Patients younger than 18
& Elective abdominal procedures
& Any procedures involving the oesophagus, the biliary tree,

the kidneys, and pancreas
& Abdominal aortic aneurysm rupture

Demographic features including age and sex were recorded.
Operative indication and procedure were recorded and then
subdivided into predefined categories. Preoperative or perioper-
ative lactate and preoperative imaging were recorded. Specific
documentation of time of admission, time booked on emergency
list and of induction of anaesthesia was recorded. Patients admit-
ted to a high-dependency unit (HDU) bed postoperatively, and
mortality rates were also included. Seniority of staff present at an
operation was recorded from the inpatient manager databases
and cross-referenced with theatre logbooks. An electronically
circulated ‘surgical signout’, a typed document that is emailed
at 7 am to allmembers of the general surgical teams, including all
consultant general surgeons, was also interrogated [10].

Timing of surgery was defined as the logged time of induc-
tion of anaesthesia using the centricity software. Patients were
recorded as being admitted to HDU if they went to the inten-
sive care unit (ICU) or the postoperative acute care unit
(PACU); otherwise, they were recorded as a general surgery
ward admission. All patients admitted to HDU had acute
physiology and chronic health evaluation II (APACHE II)
scores recorded. APACHE II is designed to measure the se-
verity of disease in patients admitted to the ICU. Total mor-
tality in the cohort within the study period, 30-day mortality
and 90-day mortality as well as cause of death were also re-
corded. This was retrieved from medical notes and also by
interrogation of the register of deaths within the hospital.

Statistical analysis was performed using Microsoft Excel
program and Minitab-V18 with a p value of less than 0.05
(p < 0.05) considered significant. Comparison of outcomes be-
tween two groups was performed using paired t test and one-
way ANOVAwas used to analyse the means of three or more
factors within the study. Finally, univariate and multivariate
analysis was performed to examine the impact of one or multi-
ple factors on outcome.

Results

The study consisted of 124 operations on 120 patients. These
included 63 males and 57 females, with median age 60 years
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(18–87, Table 1a). The most common operative indications
included the following (%): peritonitis (32.5%), obstruction
(22.5%), complicated hernia (19.1%), ischaemia (15%), trau-
ma (4.1%), bleeding (3.3%) andmissing data 3.3% (Table 1b).

Over half of the patients (55.8%) had preoperative comput-
ed tomography (CT) within 24 h of undergoing their operative
procedure. Twenty-eight percent were within 6 h of surgery
and on the day of admission to hospital. A further 17% of
those who did not have a CT had a plain film X-ray displaying
evidence of acute abdominal pathology. Most procedures took
place between 7 am and 6 pm (54%). A significant number of
mortalities underwent operative procedures carried out be-
tween 6 pm and midnight (p < 0.05). Preoperative or periop-
erative lactate was available in 109 patients (Table 2). Sixty-
six percent of patients had an elevated lactate; however, index
serum lactate measured on admission did not correlate with
mortality (p = 0.43). Patients admitted to a HDU bed postop-
eratively all had Apache II scores on admission. The mean
Apache II score for ICU admissions was 20.3 [range 7–29]
and HDU admissions 13.59 [4–26].

Consultant surgeon and anaesthetic presence was 79 and
71%, respectively (Table 3). The presence of both consultant
surgeon and consultant anaesthetist was highest from 08:00 to
23:59. Attendance was less after 00:00; however, this did not
impact on overall 30-day mortality. One patient who was op-
erated on after 00.00 during the study period died within

90 days. The consultant surgeon was present for this
operation.

Factors associated with mortality were examined. Patient
sex, age, index lactate and seniority presence were not associ-
ated with overall patient mortality (p = 0.37, p = 0.54, p =
0.43, p = 0.12, respectively). Patients that underwent laparot-
omy between 18:00 and 23:59 and those diagnosed with acute
mesenteric ischaemia (AMI) as the primary indication had
significantly higher 30-day mortality rates (p < 0.05, Table 4).

Equal numbers of patients were managed in an ICU/ HDU
and ward setting postoperatively.

Thirty-day mortality was 6.66% (n = 8) and 90-day mortal-
ity was 11.6%. Ischaemia was the most common indication
(50%) for surgery in the 30-day mortality group, and the level
of operator was not statistically significant (p = 0.12). Eighty-
three percent of the 90-day mortality operations were per-
formed by a consultant surgeon. Fifty percent were performed
during the daytime. Octogenarians had an overall 30-day mor-
tality of 20%. Fifty percent of mortalities were managed in
HDU postoperatively. Fifty percent of the 30-day mortality
group were already being managed in ICU preoperatively,
and all had Apache II scores above 22 which is associated
with mortality as high as 40%.

Discussion

Internationally, there are poor reported outcomes in emergen-
cy abdominal surgery [2].

In 2007, the ASGBI acknowledged that standards of care
for emergency surgical admissions were often unsatisfactory
and needed to be addressed [1]. The NELAwas one of the first
prospective studies examining directly the variations in out-
comes across the UK in an attempt to improve and achieve a
common ‘gold’ standard. The factors influencing poor out-
comes are diverse and can be divided into patient factors and
system factors. The cohort of patients admitted acutely and

Table 1 Baseline demographics of patients included in the study and
indications for laparotomy: the majority of patients were male and aged
40–49. The most common indication for laparotomy was peritonitis
followed by gastrointestinal obstruction, hernia and ischaemia

A

Characteristic Group Number of patients

Gender Male 63

Female 57

Age in years 18–39 9

40–49 20

50–59 9

60–69 19

70–79 17

80–89 6

> 90 0

B

Indication Number of patients Frequency (%)

Peritonitis 39 32.5

Obstruction 27 22.5

Hernia (complicated) 23 19.1

Ischaemia 18 15

Trauma 5 4.1

Bleeding 4 3.3

Missing 4 3.3

Table 2 Timing of surgical intervention and index lactate measurement
on admission: the majority of patients had emergency procedures
performed during 7 am and 17:59 pm. Fewer patients had procedures
performed after midnight. Operations performed after 00:00 were not
associated with mortality (p = 0.13). A larger proportion had normal
lactate levels measured on admission

Time of surgery 07.00–17.59 67

18.00–23.59 40

00.00–06.59 16

Index lactate 0–1.6 55

1.6–3 32

3.1–6 15

> 6 5

None 13
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requiring an emergency operation varies in age, comorbidities
and diagnosis. The framework to deliver acute surgical care
can often be limited by infrastructure, resources, senior clini-
cal input and leadership within it [3]. In Ireland, we have
begun to address the framework within which we deliver
acute surgical care. In 2013, we began addressing the Irish
framework with a comprehensive document ‘Model of care
for acute surgery’ [3]. More recently, in 2016, a critical surgi-
cal abdomen consensus conference published a paper address-
ing performance quality and outcomes for acute surgical care
[11]. Key performance indicators (KPI) were identified to al-
low continued evaluation of existing policies and resources to
ensure optimal care of the emergency surgical patient going
forward.

However, in Ireland, there is currently no ongoing audit
analysing mortality after EL; furthermore, very few single
centres are reporting their EL mortality data. Given this, the
aim of this study was to audit the outcomes, specifically mor-
tality in the EL cohort of patients in a single Irish general
surgical centre with the knowledge that this is a diverse cohort
undergoing emergent and individually specified procedures
that carry higher mortality than elective operations [13].

As described in the first report by the NELA, the umbrella
term ‘EL’ can include over 400 operations, contributing to the
difficulty in identifying and capturing all procedures in our

centre for analysis [1]. Data collated for this study was record-
ed by cross referencing hospital inpatient enquiry (HIPE) da-
tabases, theatre online data portals coding for ‘EL’ and hand-
written general surgical theatre logbooks. The ‘surgical
signout’ as previously described was invaluable to ensure all
EL’s were captured [10]. Ideally, a national database similar to
NELA should be in place and run through the National Office
of Clinical Audit [12].

Early identification of acute intra-abdominal sepsis and
early implementation of care bundles are recommended by
NELA [1]. The arterial blood lactate level is an indicator of
circulatory and cellular oxygen metabolism and is used as
diagnostic criterion of sepsis for evaluating the level of tissue
perfusion. While studies in critical care patients have shown
lactate to be an independent risk factor for mortality, in the
emergency laparotomy cohort, specifically AMI [13], it did
not correlate with the severity of ischaemia or mortality
[14–17]. Furthermore, a systematic review examining lactate
as a predictor of in-hospital mortality concluded that while
lactate is useful for risk assessment of acutely ill patients ad-
mitted to hospital, there may be more value in serial measure-
ments or prolonged time to normalise lactate for predicting
mortality [15].

In the current study, preoperative or perioperative lactate
did not correlate with overall mortality. While higher lactates

Table 3 Time of day, seniority of staff and associated 30-day mortality: seniority of staff presence was greatest from 08:00 to 23:59. Attendance was
decreased from 00:00 to 07:59. Thirty-day mortality was highest in patients operated on from 18:00 to 23:59. There was no 30-day mortality in patients
who had laparotomies performed after midnight

Time of day* n Consultant anaesthetist
present (%)

Consultant surgeon
present (%)

30-day mortality (%) 90-day mortality (%)

08:00–17:59 67 88 86.5 2.98 4.47

18:00–23:59 40 75 77.5 15 5

00:00–07:59 16 50 68.7 0 6.25

*Time of anaesthetic induction

Table 4 Factors associated with
mortality: Patients with primary
diagnosis of bowel ischaemia and
that underwent operative
intervention between 18:00 and
23:59 were at increased risk of
mortality (p < 0.05)

Factor Observed no. (mean) Significance p value

Sex (F/M) 8/6 No p = 0.37

Age (m) 69.8 No p = 0.54

Index lactate (preop) 2.13 No p = 0.43

Time of surgery 8/14 (18.00–24.00) Yes p < 0.05

Consultant surgeon 10/14 No p = 0.12

Consultant anaesthetist 11/14 No p = 0.1

Ischaemia 6/14 Yes p < 0.05

Peritonitis 3/14 No p = 0.09

Hernia 1/14 No p = 0.21

Obstruction 3/14 No p = 0.31

Bleed 0/14 No p = 0.29

Trauma 0/14 No p = 0.3
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have been reported as independent factors in surgical
decision-making [16], it is not specific to all acute abdomen
diagnoses as evidenced by the fact that 45.8% of our patients
had a normal lactate.

The 2011 NCEPOD report found delays in 20% of non-
elective procedures getting to the operating theatre [18]. Fifty-
four percent of EL in our centre occurred during daytime
hours and following CT imaging. A significant proportion of
mortalities had procedures between 6 pm and midnight
(p < 0.05). This reflects data showing poorer outcomes for
patients operated on after normal working hours [20]. The
indication for surgery, patient comorbidities and time for re-
suscitation may influence the risk of operative delay and ad-
verse outcomes. Furthermore, due to many confounders, it is
challenging to ascertain if a delay in some aspect of care has
occurred or influenced outcome. An observational study
looking at this found that delayed access to operating rooms
for emergency surgery was associated with increased mortal-
ity risk and longer length of stay [18]. We acknowledge that
we have not ascertained all the confounders that may have
been involved namely due to difficulty in accurately collecting
this data. The NCEPOD has continuously recommended that
emergency surgical patients should have prompt access to
radiology, theatres, critical care facilities and senior level
trained staff [19–21]. It is consistently felt that the entire bun-
dle of components is essential rather than one aspect carrying
disproportionate value. High-risk patients anaesthetised or op-
erated on outside normal working hours by nonconsultant
trainees have a poorer outcome [21], however, the level of
operator did not result in higher mortality in this study.

The NELA recommendations included admission of ‘high-
risk’ patients to a HDU postoperatively. Fifty percent of our
30-day mortality patients were managed in either ICU or
HDU. Documentation of risk of mortality is important to en-
sure high-risk patients are prioritised in admission to a HDU
bed. Elderly patients and patients with a preoperative mortal-
ity risk of over 10% should be managed in HDU [1]. We did
not see percentage quantification of perioperative mortality
risk documented within the audit period in our institution.
Our cohort is a heterogeneous group of patients of varying
age, complexity and sickness-severity, similar to the NELA
group. Our overall 30-day mortality figures are favourable at
6.66%when compared with the 14.9% overall mortality in the
NELA study [2]. Mortality among octogenarians was unsur-
prisingly higher at 20% and confirms the challenge surgeons
face to achieve better outcomes in the elderly with multiple
medical comorbidities, reduced physiological reserve that tol-
erate anaesthetic/surgical insult poorly. It has been estimated
that up to 15% of people over the age of 80 are ‘frail’. Frailty
can be suspected in those with an obvious lack of reserve,
unintentional weight loss, exhaustion, slow walking and low
daily physical activity [22]. It is paramount that this cohort
also received input early from medicine for the elderly to

avoid morbidities and mortalities following surgery. The re-
cently published third NELA report figures remain low for the
involvement of geriatricians within this cohort [23]; in our
institution involvement was 0% and needs to be addressed.
Age has been shown to be an independent predictor of mor-
tality [24].

Although the adherence to use of goal-directed fluid thera-
py (GDFT) and early antibiotic administration was not direct-
ly reviewed within the scope of this study due to limitations in
accurately collecting this data, the sepsis six care bundle is in
widespread use within our institution with high rates of ob-
served compliance. There are limitations to this single centre
study. Firstly, our cohort number is small but acceptable for
the study period. Secondly, we acknowledge that there are
many confounders that make it difficult to ascertain where true
delays occurred in timing of surgery, and the necessity for
improvements in documentation has been highlighted. To
our knowledge, it is the first EL data reported from Ireland.

We hope this study highlights the need for an Irish
prospective emergency laparotomy database and the im-
portance of prospective risk assessments for individual
patients requiring EL.

Conclusion

Emergency laparotomy is associated with highmortality rates.
Our figures are favourable when compared to the international
standards; however, as proposed by the NELA study, the in-
troduction of a care bundle may further improve early and late
mortality rates. We feel that it has been an important step in
prioritising higher levels of care for these surgical patients and
identifying areas for future improvement and collaboration of
departments to achieve a higher standard in our institution.
Our overall 6.66% 30-day mortality is a snapshot of EL pro-
cedures carried out in one Irish institution.We would advocate
for implementation of an EL care bundle to include dedicated
CT scanning, perioperative checklist for triaging abdominal
sepsis (early warning score/GDFT/antibiotics), and introduc-
tion of a dedicated emergency theatre to avoid operative de-
lays. We also advocate for a national EL database to address
mortality after EL.
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