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Abstract

Purpose Emergency general surgery patients undergoing laparoscopic surgery are at reduced risk of mortality and may
require reduced length of critical care stay. This study investigated the effect of laparoscopy on high-risk patients’ post-
operative care requirements.

Methods Data were retrieved for all patients entered into the NELA database between 2013 and 2018. Only high-risk surgical
patients (P-POSSUM predicted mortality risk of > 5%) were included. Patients undergoing laparoscopic and open emergency
general surgical procedures were compared using a propensity score weighting approach. Outcome measures included total
length of critical care (level 3) stay, overall length of stay and inpatient mortality.

Results A total of 66,517 high-risk patients received emergency major abdominal surgery. A laparoscopic procedure was
attempted in 6998 (10.5%); of these, the procedure was competed laparoscopically in 3492 (49.9%) and converted to open
in 3506 (50.1%). Following inverse probability treatment weighting adjustment for patient disease and treatment character-
istics, high-risk patients undergoing laparoscopic surgery had a shorter median ICU stay (1 day vs 2 days p <0.001), overall
hospital length of stay (11 days vs 14 days p <0.001) and a lower inpatient mortality (16.0% vs 18.8%, p <0.001). They were
also less likely to have a prolonged ICU stay with an OR of 0.78 (95% CI 0.74-0.83, p <0.001).

Conclusion The results of this study suggest that in patients at high risk of post-operative mortality, laparoscopic emer-
gency bowel surgery leads to a reduced length of critical care stay, overall length of stay and inpatient mortality compared
to traditional laparotomy.
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Introduction UK, one of the newest recommendations to improve care

for this patient group is that “high-risk” patients—defined

Morbidity and mortality risk prediction is a crucial part of the
pre-operative workup for patients undergoing emergency lapa-
rotomy. Reliable risk prediction is an aide for clinicians in the
appropriate counselling of, and shared decision-making with,
patients and next-of-kin. In addition, it can be used for case-
mix stratification, and benchmarking, and can guide resource
allocation, for example informing healthcare providers on the
likelihood of need for admission to critical care.

Numerous scoring tools are available to predict risk
including P-POSSUM, NELA and NSQIP [1-3]. In the
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as those with a NELA score-predicted mortality of 5% or
more—must be transferred to a critical care unit post-oper-
atively [4]. This national recommendation is coupled to
financial incentives, and now forms part of the Emergency
Laparotomy Best Practice Tariff, an enhanced payment
for healthcare providers who admit 80% or more of peri-
operatively identified high-risk patients to a post-operative
critical care bed.

Intensive care unit (ICU) beds are a precious resource
within any hospital. They are fundamental to ensuring
appropriate care for emergently admitted patients and also
to ensure that cancer care and elective surgery can proceed
safely. The emergence of SARS-CoV-2 and the subsequent
COVID-19 pandemic has placed ICU beds under even fur-
ther strain. Emergency general surgery patients are particu-
larly resource intensive; they have longer lengths of stay
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and require more organ support when compared to other
surgical specialties [5]. This represents a huge cost to hospi-
tals and health care providers. In 2010, emergency surgical
patients accounted for 14,000 admissions to ICU with a cost
of £88 million [6]. It is now more important than ever that
surgeons do as much as possible to minimise the morbidity
and mortality of emergency surgery patients and utilise ICU
resources appropriately.

Considering patients undergoing emergency major
abdominal surgery, the majority of emergency bowel sur-
gery is performed via laparotomy—in the UK, only 19%
of cases are attempted using laparoscopy [7]. This figure
has remained static over the previous 4 years. Data from
single-centres and even the 7th NELA report have shown
that patients undergoing laparoscopy require a reduced
length of ICU stay; they have half the length of inpatient
stay and a 30-day mortality a third of that of patients under-
going emergency laparotomy [7, 8]. It has been questioned
whether this is an effect of selection bias, with laparoscopy
reserved for the fittest and lowest-risk patients [7]. However,
even when laparoscopic cases are matched with open cases
at a population level, patients managed with laparoscopic
surgery experience reduced blood loss and a shorter length
of stay and their risk of mortality is reduced by half [9]. It is
still unclear if the benefits of laparoscopy extend to high-risk
patients who are at the greatest risk of death and likely they
require the most resource-intensive care.

In the absence of randomised trial data, appropriately
controlled observational studies, particularly when taken
from large routine datasets, can provide evidence that is use-
ful in clinical practice. In this study, a large national dataset
of patients undergoing major emergency general surgery was
analysed to establish what, if any, difference in outcome,
including critical care utilisation, length of stay and overall
mortality, was seen in high-risk patients comparing for risk-
adjusted differences in surgical approach.

Material and methods

Patients entered into the NELA dataset between 2013 and
2018 were collated, anonymised and considered for inclu-
sion in the study. NELA is estimated to have > 80% case
ascertainment for patients undergoing emergency general
surgery, excluding those with appendicitis, biliary disease,
uncomplicated hernia or trauma [2]. Detailed inclusion cri-
teria have been previously described [7]. The dataset from
which cases were drawn for this study has been used to pub-
lish previously [10, 11].

Clinical data was ascertained including indication, opera-
tive findings, patient characteristic and measures of opera-
tive risk including P-POSSUM mortality risk [1]. Predic-
tions of mortality using the NELA prediction tool were not

@ Springer

included as these were unavailable for more than 50% of
the dataset [2]. Patients were eligible for inclusion in the
study if they had a P-POSSUM predicted mortality risk
of >5% (i.e. high-risk patients) and if the inpatient episode
was recorded as complete (i.e. patients were not recorded as
still in patients in the analysis dataset). Patients were also
excluded if they were recorded as having a ‘laparoscopic
assisted’ operation as this was considered too imprecise a
term. Of 118,355 patients in the full dataset, 68,228 had
a recorded P-POSSUM mortality risk of >5% (57.2%). Of
these patients, after excluding patients in whom outcome
was unknown or who underwent a laparoscopic assisted pro-
cedure, a final sample size of 66,517 was obtained (Fig. 1).

The primary outcome measures were total length of
intensive care (level 3) stay, overall length of stay and dis-
charge status (alive/dead). Laparoscopic and open proce-
dures were compared, with both laparoscopic converted and
laparoscopic completed procedures considered together for
the primary analysis.

Missing data was present in 5114 cases (7.7%). Timing
of surgery (in hours or out of hours) was missing in 3.6% of
cases, and procedure in 2.0%. All other variables had < 1%
data points missing. Missingness was handled using multiple

NELA entered
patients 2013-2018
n=118,355

Predicted Mortality <56%
n =50,679

4
Predicted Mortality =5%
n = 68,228

Discharge status
> unknown
n=1,159

Discharge status known

n = 67,067
Laparoscopic Assisted Procedure
]
n =550
/
Final Sample Size
n=66,517
4
Laparoscopic Laparoscopic Converted Open
n = 3,492 n = 3,506 n=59,519

Fig. 1 Flowchart of patient selection
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imputation by chained equations with 10 imputed datasets
and 10 iterations [12].

The decision to undertake laparoscopic or open emer-
gency surgery is influenced by patient, hospital and surgeon
factors. A simple comparison of emergency laparoscopic
and open surgery would be of limited value as it would
describe the effect of surgical approach in two different
patient groups. In order to measure the effect of laparos-
copy in these non-randomised patient groups and reduce
bias from selection and confounders, a propensity score
weighting approach was taken [13]. The propensity score
is the probability of being selected for a treatment based
on a number of defined variables. The propensity score is
generated by a multivariable logistic regression of receiving
a treatment (in this case laparoscopic vs open surgery), and
conditional on specified variables for which adjustment is to
be made. Having calculated this probability for each case,
the inverse of this is then used as a weight applied for all
subsequent analysis with the aim of balancing the specified
covariates between treatment arms. In this study, we used
18 patient, treatment and disease characteristics to balance
between groups, which are listed in Table 1.

The degree of covariate balance was assessed using the
standardised mean difference (SMD), with a value of > 0.1
defined as indicating significant imbalance [13]. Propensity
score weights were calculated individually in each imputed
dataset and then combined by mean aggregation as has been
described previously [14].

In addition to the primary analysis, a series of planned
subgroup analyses were undertaken to examine the breadth of
applicability of any demonstrated effects. Propensity scores
were recalculated on each occasion as has been described
previously [15]: firstly very-high-risk patients (P-POSSUM
mortality > 10% and >20%), followed by patients undergoing
colorectal procedures, analysis of laparoscopic converted and
laparoscopic completed procedures separately; patients oper-
ated on out of hours; and finally including only patients admit-
ted to ICU. Analysis was conducted in R 4.0.1 with hypothesis
testing using weighted statistical tests (Mann—Whitney U and
chi-square test) and logistic regression.

Results
Cohort characteristics

Characteristics of the 66,517 high-risk patients who received
emergency major abdominal surgery (as defined by NELA
inclusion criteria) and were included in the study are shown
in Table 2. A laparoscopic procedure was attempted in 6998
(10.5%), and of these the procedure was competed laparo-
scopically in 3492 (49.9%) and converted to open in 3506
(50.1%). Prior to weighting, the most notable differences
between patients undergoing laparoscopic and open sur-
gery were P-POSSUM mortality risk (median, laparoscopic
12.2% vs 17.7% open, p <0.001), procedure performed
(fewer resections of small bowel or colon, and more wash-
out, peptic ulcer repair and adhesiolysis for laparoscopic
approaches) and predicted blood loss, which was less in
patients undergoing laparoscopic surgery.

A standardised mean difference of > 0.1 (indicating sig-
nificant imbalance) prior to weighting was seen in 10 out
of 18 variables used for inverse probability of treatment
weighting (IPTW), all of which were reduced to <0.1 by
the weighting process. The mean SMD was also reduced
from 0.145 to 0.012, suggesting that IPTW has been effec-
tive in creating a dataset suitable for analysis and that
residual differences in the specified covariates between
these groups are small.

Outcomes

Prior to weighting, shorter ICU stay (median O vs 2 days,
p<0.001) and overall length of stay (median 11 vs 14 days,
p<0.001) were observed, and patients were more likely
to be discharged alive (89.0% vs 80.7%, p <0.001). Fewer
patients undergoing laparoscopic surgery were admitted to
ICU in comparison to those undergoing an open operation
(47.9% vs 61.7%, p <0.001).

Following IPTW and adjustment for patient disease and treat-
ment characteristics, patients undergoing laparoscopic surgery
had a shorter median ICU stay (1 day vs 2 days p <0.001), overall

Table 1 Characteristics used to
weight analysis groups

Patient and treatment details

Indication for surgery Disease characteristics

Patient age

Sex

Procedure

Operator grade

Institution case volume (quintile)
Preoperative CT performed
Time of surgery

Peritonitis Predicted blood boss
Perforation Degree of peritoneal soiling
Abscess P-POSSUM predicted mortality

Anastomotic leak
Intestinal obstruction
Ischaemia

Colitis

Malignancy
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Table 2 Characteristics of high-risk patients who received emergency major abdominal surgery pre- and post-weighting

Overall Open Laparoscopic Pre Post
weighting  weighting
SMD SMD
n 66,517 59,519 6998
Hospital volume Highest quintile 22,676 (34.1) 20,303 (34.1) 2373 (33.9) 0.103* 0.038
2nd quintile 14,933 (22.4) 13,188 (22.2) 1745 (24.9)
3rd quintile 12,775 (19.2) 11,622 (19.5) 1153 (16.5)
4th quintile 9928 (14.9) 8935 (15.0) 993 (14.2)
Lowest quintile 6205 (9.3) 5471 (9.2) 734 (10.5)
Age 18-30 2020 (3.0) 1657 (2.8) 363 (5.2) 0.196* 0.012
3040 2326 (3.5) 1923 (3.2) 403 (5.8)
40-50 4304 (6.5) 3765 (6.3) 539 (7.7)
50-60 7291 (11.0) 6492 (10.9) 799 (11.4)
60-70 13,142 (19.8) 11,870 (19.9) 1272 (18.2)
70-80 20,383 (30.6) 18,431 (31.0) 1952 (27.9)
80+ 17,051 (25.6) 15,381 (25.8) 1670 (23.9)
Male sex 32,605 (49.0) 29,251 (49.1) 3354 (47.9) 0.024 0.020
Preoperative CT scan 56,866 (86.3) 51,046 (86.6) 5820 (84.0) 0.072 0.001
Predicted blood loss <100 ml 19,930 (30.0) 16,842 (28.3) 3088 (44.2) 0.351* 0.029
101-500 ml 39,917 (60.1) 36,412 (61.3) 3505 (50.2)
501-999 ml 4825 (7.3) 4535 (7.6) 290 (4.1)
1000 ml+ 1746 (2.6) 1641 (2.8) 105 (1.5)
Senior surgeon present Consultant 60,105 (90.4) 53,631 (90.2) 6474 (92.6) 0.085 0.014
Non-consultant Career 2545 (3.8) 2334 (3.9) 211 (3.0)
grade
Trainee 3802 (5.7) 3494 (5.9) 308 (4.4)
Operation performed out of hours 27,576 (43.0) 25,158 (43.9) 2418 (35.8) 0.166* 0.007
P-POSSUM predicted mortality 16.90 [8.80, 38.90] 17.70[9.00, 40.60] 12.20 [7.40, 25.80] 0.337* 0.056
Type of procedure General 33,493 (51.4) 29,635 (50.8) 3858 (56.4) 0.261%*
Upper gastrointestinal 5418 (8.3) 4523 (7.7) 895 (13.1)
Colorectal 26,296 (40.3) 24,213 (41.5) 2083 (30.5)
Procedure Washout only 1803 (2.8) 1328 (2.3) 475 (6.9) 0.448%* 0.079
Peptic ulcer repair/oversew 4611 (7.1) 3872 (6.6) 739 (10.8)
Gastric surgery (other) 807 (1.2) 651 (1.1) 156 (2.3)
Small-bowel resection 10,394 (15.9) 9697 (16.6) 697 (10.2)
Left colectomy 2244 (3.4) 2039 (3.5) 205 (3.0)
Right colectomy 8266 (12.7) 7495 (12.8) 771 (11.3)
Subtotal/panproctocolec- 4037 (6.2) 3738 (6.4) 299 (4.4)
tomy
Hartmann’s procedure 10,551 (16.2) 9843 (16.9) 708 (10.4)
Other 10,139 (15.5) 9112 (15.6) 1027 (15.0)
Adhesiolysis 6934 (10.6) 6154 (10.5) 780 (11.4)
Drainage of abscess 1934 (3.0) 1531 (2.6) 403 (5.9)
Formation of stoma 3487 (5.3) 2911 (5.0) 576 (8.4)
Peritoneal soiling None 18,759 (28.3) 16,749 (28.2) 2010 (28.8) 0.138* 0.010
Serous fluid only 16,488 (24.9) 15,081 (25.4) 1407 (20.2)
Localised pus 7143 (10.8) 6234 (10.5) 909 (13.0)
Free pus, blood or bowel 23,894 (36.0) 21,247 (35.8) 2647 (38.0)
contents
Malignancy None 49,118 (74.1) 43,796 (73.8) 5322 (76.3) 0.064 0.023
Primary 7667 (11.6) 6948 (11.7) 719 (10.3)
Nodal 3123 (4.7) 2841 (4.8) 282 (4.0)
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Table 2 (continued)

Overall Open Laparoscopic Pre Post
weighting weighting
SMD SMD
n 66,517 59,519 6998
Disseminated 6394 (9.6) 5746 (9.7) 648 (9.3)
Indication Peritonitis 17,606 (26.5) 15,572 (26.2) 2034 (29.1) 0.065 0.007
Perforation 20,563 (30.9) 18,319 (30.8) 2244 (32.1) 0.028 0.030
Abscess 4905 (7.4) 4261 (7.2) 644 (9.2) 0.075 0.004
Anastomotic leak 6785 (10.2) 6019 (10.1) 766 (10.9) 0.027 0.019
Obstruction 10,679 (16.1) 9939 (16.7) 740 (10.6) 0.179* 0.020
Ischaemia 6884 (10.3) 6443 (10.8) 441 (6.3) 0.162* 0.042
Colitis 2005 (3.0 1687 (2.8) 318 (4.5) 0.091 0.006

Values are count (percentage) and median (IQR). SMD standardised mean difference. *SMD > 0.1, indicating significant imbalance between
groups. Propensity score weighting minimises imbalance in all measured characteristics

hospital length of stay (11 days vs 14 days p <0.001) and a lower
inpatient mortality (16.0% vs 18.8%, p<0.001). They were also
less likely to have a prolonged ICU stay (greater than 75th per-
centile of ICU stay for all patients, i.e. 4 days) with an OR of
0.78 (95% CI 0.74-0.83, p<0.001, 19.6% vs 24.1% p <0.001).

Subgroup analyses

Analysis was carried out in various subgroups, with IPTW recal-
culated and applied separately. Excellent balance was achieved
in all subgroups, with no covariates exhibiting a residual
SMD>0.1. Results were broadly consistent with the primary
analysis (Table 3), with a shorter length of stay both overall and
on ICU and a lower in hospital mortality for patients undergoing
laparoscopic surgery. For patients where the procedure was con-
verted to open, in hospital mortality was not statistically different
(17.8% laparoscopic converted, 19.1% open, p=0.061); however
areduced ICU and overall length of stay was still seen.

Discussion

The results of this study suggest that in patients at high risk of
post-operative mortality, laparoscopic emergency bowel sur-
gery leads to a reduced length of critical care stay, overall length
of stay and inpatient mortality compared to traditional lapa-
rotomy. By excluding low-risk patients with an estimated mor-
tality risk of <5%, and by utilising a propensity score weighted
approach, we have attempted to address the risk of occult selec-
tion bias, as well as differences in patient demographics and
pathology, to create a balanced group of patients for analysis.
This paper specifically focusses on high-risk general surgi-
cal patients as they are a resource intensive group with poor
outcomes. High-risk patients experience excess complication
rates, they are frequently elderly and comorbid and they have

complex needs and frequently require a prolonged length of
hospital stay [6]. By including only high-risk patients under-
going surgery, this study focuses not only on the patient cohort
most likely to require resource-intensive care; it also addresses
clinically relevant differences in outcome such as ICU length
of stay, for patients where UK national health policy now
mandates post-operative care on a level 2 or 3 care unit.

The benefits of laparoscopy in gastrointestinal surgery
are well established. Laparoscopy permits surgery through
smaller incisions; there is reduced blood loss and there is a
reduced systemic inflammatory response to surgery [15-17].
Post-operatively, data have suggested that this translates into
an earlier return of respiratory and gut function and reduced
analgesic requirement [16, 18]. Laparoscopy reduces length
of stay and there is reduced morbidity and mortality [19].
These reductions in mortality have been shown to reduce
hospital costs [20]. Longer term benefits of laparoscopy are
furthermore to be expected with reduced rates of incisional
hernia and adhesional intestinal obstruction [21].

The most recent NELA report observes that 19% of emer-
gency cases were attempted with laparoscopy—this figure
has remained static since 2018 [7]. It is unclear why this is
the case as there is sufficient surgical ability to support the
use of laparoscopy in the emergency setting. Laparoscopy
is commonplace in major elective surgery; the laparoscopic
approach is the gold standard for the majority of upper gas-
trointestinal procedures; in colorectal surgery, data from
the National Bowel Cancer Audit shows that laparoscopic
resection rates have increased annually since 2013 (48 to
61%). Similarly, appendicitis and acute biliary conditions
are now managed overwhelmingly with laparoscopy [22,
23]. Data from randomised controlled trials, meta analyses
and international guidelines increasingly support the use
of laparoscopy to manage perforated peptic ulcer, small-
bowel obstruction and diverticulitis [24-30]. Despite this,
two recent surveys have shown that the choice of surgical
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operating at 81% capacity [37]. The highest level recommended
for safe and efficient patient care is 85% [38]. There is expected
to be an annual increase in demand for critical care services of
around 4% per year [39]. These beds are likely to be occupied
by our ageing and increasingly comorbid population [27]. When
demand for ICU beds outstrips supply, there is an impact on the
provision of elective surgery and in extreme cases the quality
of care [40]. A recent national audit demonstrated that a lack of
critical beds was the leading cause for cancelled surgery [41].
Prior to the pandemic, it was estimated that nationally 280 urgent
operations are cancelled each month due to a lack of ICU beds
[37]. Cancellation of procedures causes emotional distress, has
financial implications and has been demonstrated to lead to worse
clinical outcomes amongst patients [42].

Any interrogation of the NELA database is inevitably
limited by the quality and completeness of data inputted and
omitted. This will inevitably introduce bias into the dataset
which may not be addressed by our analytic approach with
unpredictable consequences. However, our study used well-
validated methods, including multiple imputation and propen-
sity score weighting, to address known sources of bias which
facilitates robust analysis. A further limitation is that we have
only observed the length of critical care admission and not the
interventions provided by ICU such as the level of organ sup-
port. Given the unpredictable nature of emergency surgery, it is
challenging to conduct large-scale RCTs. Analyses from large
population-based data are fundamental to inform best practice.

The quality of care for emergency general surgery patients
is dependent on support from theatres, radiology teams and
critical care capacity. This must be supported by appropriate
consultant, medical and nursing cover [43, 44]. These all
require training, recruitment and infrastructure change. This
costs money and change can be slow. Most gastrointestinal
surgeons utilise laparoscopy in their elective work and most
hospitals possess laparoscopic equipment. A conscious deci-
sion to increase the uptake of laparoscopy for emergency
cases could yield immediate improvements to outcomes at
both patient and system level, with little extra cost.

Conclusion

This analysis suggests that across a large nationwide data-
set, superior outcomes are seen when high-risk emergency
general surgery procedures are conducted laparoscopically
when compared to open surgery, even when adjusted for a
broad range of confounding factors.
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