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Summary

Patients eligible for emergency laparotomy who do not proceed to surgery are not as well-
characterised as patients who do proceed to surgery. We studied patients eligible for
laparotomy, as defined by the National Emergency Laparotomy Audit criteria, from August
2015 to October 2016. We analysed the association of individual variables with survival and
two composite scores: P-POSSUM and a general survival model. Out of 314 patients, 214
(68%) underwent laparotomy and 100 (32%) did not. Median (IQR [range]) follow-up was 1.3
(0.1-1.8 [0.0-2.5]) years for the cohort, 1.5 (1.1-2.0 [0.0-2.6]) years after laparotomy and
0.0 (0.0-1.1 [0.0-2.2]) years without laparotomy. There were 126/314 (40%) deaths in the
follow-up period, 52/214 (24%) deaths after laparotomy and 74/100 (74%) deaths without
surgery. Ninety out of 126 deaths (71%) were within 1 month of hospital admission. Patient
variables were different for the two groups, which when combined in the general survival
model generated background median (IQR [range]) life expectancies of 12 (6—21 [0-49]) and
4 (2—-6 [0-36]) years, respectively, p < 0.0001. ‘Poor fitness’ precluded laparotomy in 74/100
(74%) patients. The decision to not operate involved a consultant less often than the
decision to operate: 66/100 (66%) vs. 178/214 (83%), p = 0.001. Our study supports the
contention that survival beyond 30 postoperative days could be predicted reasonably
accurately. Survival in patients who did not have laparotomy was shorter than expected.

Emergency laparotomy might have prolonged survival in some patients.



Introduction

Emergency laparotomy is indicated for a range of acute surgical pathologies, the purpose of
which is to prolong the duration and maintain the quality of a patient’s life [1, 2]. Until
recently, this patient population remained undefined, but the introduction of the National
Emergency Laparotomy Audit (NELA) in the UK has documented nearly 30,000 cases a year
in England and Wales. Patients are predominately older adults with risk-adjusted rates of
death in the first postoperative month of 5%-17% [3-6], consistent with similar populations
in other countries [7-10].

Characterisation of the emergency laparotomy population has led NELA to publish
criteria that define a standard pathway of care to improve outcomes for these patients. This
has resulted in improved awareness and integration of targeted standardised process
pathways which have been accompanied by a reduction in postoperative mortality, from
12% to 10% [6-8]. However, there remains an undefined surgical population not studied by
the current NELA database that could provide more insight in to emergency laparotomy
care: patients who fulfil the criteria for emergency laparotomy but who do not proceed to
surgery (‘NolLap’) [9, 10]. The only information in relation to these patients comes from the
recently published Perth (Australia) Emergency Laparotomy Audit that reported 13/211 (6%)
of patients eligible for laparotomy did not proceed to surgery [11].

We aimed to characterise a consecutive series of patients eligible for emergency
laparotomy who did not proceed to surgery, compared with patients who did. We aimed to
compare patient variables and process factors associated with survival in both groups to

gain insight into this uncharacterised population.



Methods

We reported this study using the STROBE Guidelines [12]. From August 2015 to October
2016, we prospectively studied adults (18 years or older) admitted to one district general
hospital, for whom emergency laparotomy was indicated. We did not seek ethical approval
for the study, which was approved by the Clinical Effectiveness Department of NHS Greater
Glasgow and Clyde. The Caldicott guardian and the NHS Greater Glasgow and Clyde
Research and Development approved use of the NELA database.

The surgical department consisted of ten consultants (breast, upper gastrointestinal,
colorectal; minimum of two years’ on-call experience), serving a population of around 200,000
from both rural and urban areas. The on-call team consisted of one consultant, one surgical
trainee (post-MRCS up to ST7) and two foundation year doctors. On average each week there
were 100 inpatient admissions and 4-5 emergency laparotomies.

We did not study patients excluded by NELA criteria, for instance conditions related
to the appendix or gallbladder, herniae with no bowel resection, trauma and planned return
to theatre [13]. Patients who had undergone elective surgery were eligible for inclusion, if
emergency laparotomy was indicated for postoperative complications. However, patients
were excluded if the indication for emergency laparotomy followed a different intervention,
for instance radiological drainage of an abscess.

The ‘NolLap’ group was patients who fulfilled the NELA criteria but who did not
proceed to surgery. The surgical department was made aware of the audit to ensure that we
included patients from non-surgical wards. However, we did not guide decision-making. The
on-call surgical registrar recorded patient details on a secure database in a locked room in
the surgical department. To reinforce identification, theatre logbooks and emergency CT
scan lists were reviewed. We recorded the reasons for decisions not to proceed to surgery,
which we categorised as: patient decision; or surgery likely to be futile, either due to poor
patient fitness or advanced malignancy.

We recorded patient: age; sex; ASA physical status [14, 15]; baseline blood tests
including creatinine, estimated glomerular filtration rate (eGFR), haemoglobin and albumin,
immediate pre-operative serum lactate and creatinine (measured within four hours of the
surgical review); predicted pre-operative P-POSSuM [16]; and the surgical diagnosis. The
Cockcroft-Gault equation was used to calculate estimated glomerular filtration rate (eGFR).
We also recorded co-morbidity: acute coronary syndrome; stroke; heart failure; peripheral
arterial disease; and a history of angina or transient ischaemic (cerebral) attack. Baseline

functional status of the patient was recorded; fully independent or not. We recorded



delivery of NELA standards for all patients in whom emergency laparotomy was indicated.
We calculated survival curves with a general survival model [17-19], with mortality hazard
recently been shown to temporarily increase 25-fold by the acute surgical abdomen [20].

Censor date was 30™ November 2017 or date of death, whichever came first.

We compared continuous data with ‘t’ test and Kruskal-Wallis test, as appropriate,
and rates with Fisher exact test. The Kaplan-Meier estimate was used for survival and model
fit was calculated with the Likelihood ratio test, Wald test and Log rank test. Variables
associated with mortality at a threshold of p < 0.1 were included in the multivariable analysis
with stepwise backward elimination. The calibration of P-POSSuM and general models with
mortality at 30 days was assessed with calibration belts [21]. Results were analysed with
multiple imputation which was used for missing data. We used R [22] and SPSS (version 24,

Armock, NY: IBM Corp) for statistical analyses.



Results

We studied 314 patients in whom emergency laparotomy was indicated (Fig. 1): 100 did not
proceed to surgery whilst 214 had emergency laparotomy. Patients who did not undergo
laparotomy were: older; more dependent; more likely to have co-morbidity, with higher
ASA physical status; and were more likely to present with bowel ischaemia (Table 1 and Fig.
2). The median life expectancy of those not operated on was one third the life expectancy of
patients who had surgery, although for some patients in both groups life expectancy
exceeded three decades.

Of the 100 patients who did not have surgery, 80 (80%) were reviewed on general
surgical wards, 17 (17%) on medical wards and 3 (3%) elsewhere. NELA key standards of care
were delivered less often when not followed by laparotomy, except for the speed at which
the decision not to operate was reached (Table 2). Reasons for not operating were: 80 (80%)
considered futile, due to poor fitness in 74 patients or advanced malignancy in six patients;
whilst four (4%) patients declined surgery. No reason was documented for the remaining 16
(16%) patients.

Median (IQR [range]) follow-up was 1.3 (0.1-1.8 [0.0-2.5]) years for the cohort, 1.5
(1.1-2.0 [0.0-2.6]) years after laparotomy and 0.0 (0.0-1.1 [0.0-2.2]) years for patients who
did not have surgery. Overall there were 126/314 (40%) deaths during the study period,
52/214 (24%) deaths after laparotomy and 74/100 (74%) deaths without surgery. Most of
the 126 deaths occurred within one month of acute hospital admission: 90/126 (71%) cohort
deaths; 27/52 (52%) deaths after laparotomy; and 63/74 (85%) deaths without surgery.

The observed mortality rate in the month after laparotomy — 27/214 (13%) — was
not statistically different to the rates predicted by the P-POSSuM model and general model,
37/214 (17%) and 26/214 (12%), respectively, p = 0.22 and p = 1. The mortality rate in one
month of 63/100 (63%) in the ‘NoLap’ group was more than expected had these 100
patients had laparotomy: P-POSSuM predicted 40/100 (40%) deaths; and the general model
predicted 30/100 (30%) deaths, p = 0.002 and p < 0.001, respectively. The survival curve
predicted by the general model matched the observed survival after laparotomy, except for
mortality between one month and one year, a period that is not modelled (Fig. 3a). Survival
without surgery was worse than that modelled had the 100 patients had laparotomy (Fig.
3b). Calibration belt analyses suggest that both models underestimated deaths in the first
month for patients with low expected mortality rates and overestimated deaths in patients

with high expected mortality rates (see also Supplementary Information Figs. S1a-f).



Several variables were associated with survival after laparotomy, which was reduced
to two variables by multivariate analysis: background mortality (general model); and acute
pre-operative lactate concentration (Table 3). These same variables were also associated
with survival in patients who did not have surgery, with similar hazard ratios, for whom the

multivariate model was age, sex and P-POSSuM mortality (Table 4).



Discussion

We found that patients who did not proceed to surgery in whom emergency laparotomy
was indicated had higher expected mortality and observed mortality than patients who did
have laparotomy.

This is the first study to characterise a consecutive series of ‘NoLap’ UK patients,
which unexpectedly constituted a third of admissions with acute surgical abdomen. In turn,
a third of these patients were alive 30 days after admission.

The decision to operate or not is complex. It is guided by objective patient
characteristics and the subjective experiences of the emergency surgeon and peri-operative
team. The most common documented reasons for not operating were ‘poor fitness’ and ‘not
fit enough for surgery’. In most cases the diagnosis of fitness too poor to proceed to
laparotomy was not explicitly justified in the notes, although the average survival predicted
by a combination of objective characteristics was worse than the survival predicted for
patients who did proceed to laparotomy. For example, patients who did not undergo
laparotomy were older, with worse baseline renal function and albumin levels and with
worse acute physiological derangement, in particular raised lactate concentration. All of
these factors are associated with higher mortality and shorter median survival [14, 15, 23].

The mortalities predicted by the P-Possum model and the general model were
similar to the survival observed for patients who had emergency laparotomy. However,
observed survival shorter than expected in ‘NoLap’ patients suggests that more might have
survived had they proceeded to surgery. Whilst this is an important finding, our results are
far from directive or conclusive. We hope to provoke further large-scale work to address the
reasons for this disparity. In addition to a missed opportunity, the disparity between
observed and predicted survival could be due to unmeasured confounding factors, in both
chronic health and acute illness [24], and patients preferring symptom palliation to the
possible prolongation of death afforded by surgery and subsequent critical care. We
acknowledge that NELA proposes that P-POSSuM is a guide to identify high-risk patients and
drive early consultant input, rather than influence laparotomy decision-making [3, 25, 26,
27].

Decisions not to operate were taken on average made more quickly than decisions
to operate and were less often informed by CT scan, formal risk assessment, consultant
surgical documentation or admission to critical care. It is unclear whether rapid decisions
not to operate were an efficient response to prognosis and patient wishes or in error. One

might reasonably expect that decisions not to operate would be unaffected by these factors



for patients who presented in extremis and had otherwise short life expectancies and poor
quality of life, for instance due to severe heart or lung disease or end-stage metastatic
disease. We think that consultant input in our unit is possibly better than many other
hospitals, as consultant surgeons attend > 95% of emergency laparotomies, which compares
favourably the average of 84% reported by NELA [6].

We think that our patient pathway might be improved by establishing criteria that
prompt consultant surgical review and CT scan, which could be a combination of chronic
health and acute physiological derangement, perhaps as summarised by P-PoSSUM or
general survival models. This approach might improve the understanding of pathology,
facilitating more informed discussions with the patient and their family, even though it may
not change interventions or outcomes. However, improved information could lead to
changes in conservative management, whereby the same patient with a decision not to
proceed to laparotomy is admitted to a High Dependency Unit to optimise their outcome
rather than a general surgical ward. In addition, key areas could be targeted for future novel
surgical approaches and technologies, for instance the diagnosis of gastrointestinal
ischaemia often preceded the decision not to operate. The non-operative pathway should
also consider involving palliative care specialists at an early stage [28].

One strength of our study is that it was prospective and the research team included
patients from non-general surgical wards, including medical wards, critical care and
gynaecology, which do not usually contribute to audits of surgical deaths. We acknowledge
some important limitations. Our findings are unlikely to be applicable to all hospitals as it
was a single centre study of a small number of patients compared with national audits.
Although the study included ten different emergency surgeons of differing sub-specialties, it
may have selection bias due to local surgical practice. Despite the data being prospectively
collected we accept that we might have missed some patients, for instance when a decision
not to operate was made by a specialty other than the on-call general surgeon. Also, the
diagnosis of a pathology manageable by laparotomy could have been incorrect, whether or
not it was supported by a CT scan. Finally, some patient data were missing.

In conclusion, this is the first UK study to characterise the third of patients who are
eligible for emergency laparotomy but who do not proceed to surgery, of whom one third
survive at least 30 days. Predicted survival suggested that some patients who did not
proceed to surgery might have benefitted from laparotomy, whilst some patients who had
laparotomy might have benefitted from non-surgical interventions. Decisions to operate or

not are complex. We hope that further research will improve the management of patients



with acute abdomen and may inform how to best match patients to operative management

or symptomatic management without surgery.
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Table 1 Characteristics of 314 patients in whom emergency laparotomy was indicated, categorised by whether the patient proceeded to surgery (n = 214) or

not (n = 100). Values are mean (SD), median (IQR [range]) or number (proportion).

. .. Total Emergency laparotomy
Characteristic (n=314) No (n = 100) Yes (n = 214) p value
Age; years 68.3 (15.5) 78.0 (11.1) 63.7 (15.2) <0.001
Height; cm 165.7 (10.2) 162.1 (9.7) 167.2 (10.0) <0.001
Weight: kg 70.6 (19.4) 64.6 (16.9) 73.1(19.9) <0.001
Sex; male 149 (48%) 45 (45%) 104 (49%) 0.552
ASA;1or2 92 (30%) 5 (5%) 87 (41%) <0.001
Past history* 313 100 213
Acute coronary syndrome 50 (16%) 17 (17%) 33 (16%)
Stroke 25 (8%) 13 (13%) 12 (6%)
Heart failure 25 (8%) 15 (15%) 10 (5%) <0.001
Peripheral arterial disease 15 (5%) 8 (8%) 7 (3%)
Angina 28 (9%) 13 (13%) 15 (7%)
TIA 9 (3%) 2 (2%) 7 (3%)
Functional status; independentt 200 (65%) 29 (30%) 171 (81%) <0.001
Baseline blood results
Creatinine¥; pmol.I? 71 (63-86 [43-452]) 74 (64-99 [43-452]) 70 (63-81 [46-162]) < 0.001
eGFR%; ml.min.1.73m 72 (53-99 [353]) 56 (39-72 [162]) 82 (60-106 [337]) <0.001
Haemoglobin; g.I* 127 (112-142 [55-201]) 126 (110-139 [66-177]) 128 (113-145 [55-201]) 0.018
Albumin$; g.I* 35 (31-38 [19-47]) 32 (29-36 [20-44]) 36 (33-39[19-47]) <0.001
Pre-operative blood results
Creatinine*; pmol.I* 77 (63-119 [37-614]) 108 (73-173 [43-614]) 72 (61-99[37-426]) <0.001
eGFR; ml.min.1.73m? 71 (45-103 [205]) 43 (28-68 [164]) 82 (58-109 [199]) <0.001
Haemoglobin; g.I* 127 (112-142 [146]) 126 (110-139 [111]) 128 (113-145 [146]) 0.13
Lactate**; mg.dl* 2.2(1.2-4.0[0.0-19.4]) 3.3(1.5-5.5[0.1-19.4]) 1.8(1.0-3.5[0.0-11.3]) <0.001
Indication for surgeryt 310 98 212
Ischaemia 35(11%) 23 (24%) 12 (6%)
Intestinal obstruction 121 (39%) 24 (25%) 97 (46%) <0.001

Intestinal perforation 52 (17%) 21 (21%) 31 (15%)



Peritonitis 6 (2%) 1(1%) 5(2%)

Intra-abdominal abscess 18 (6%) 7 (7%) 11 (5%)

Colitis 6 (2%) 0 6 (3%)

Bleeding 7 (2%) 3 (3%) 4 (2%)

Fistula 3(1%) 0 3 (1%)

Anastomotic leak 3 (1%) 0 3 (1%)

Multiple diagnoses 39 (13%) 7 (7%) 32 (15%)

Other 20 (6%) 12 (12%) 8 (4%)

Predicted monthly mortality: %

Background 0.4(0.1-1.1[0.0-9.8]) 1.2(0.7-2.1[0.0-9.8]) 0.2(0.1-0.6[0.0-5.0]) <0.001
Postoperative

P-POSSUM 13 (4-35 [1-99])t+ 29 (14-74 [1-99]) 6 (3-20 [1-98])tt <0.001
General model 10 (3-25 [0-100])+* 29 (15-44 [0-96])*% 6 (2-15 [0-1001]) <0.001
Predicted median life expectancy: y

Background 8 (4-17 [0-49]) 4 (2-6 [0-36]) 12 (6-21 [0-49]) <0.001
‘Postoperative’ 8 (2-16 [0-49]) 2 (0-5 [0-36]) 12 (5-21 [0-49]) <0.001

Missing values: *1, t4, £32, §73, **77, t12, 110

$+Value exceeded 100% for eight patients.

TIA, transient (cerebral) ischaemic attack; eGFR, estimated glomerular filtration rate.



Table 2 The national emergency laparotomy audit (NELA) pre-operative standards of care
delivered to 314 patients admitted with acute surgical abdomen, categorised by whether

they did not or did proceed to laparotomy. Values are number (proportion) or median (IQR

[range]).
Total Emergency laparotomy

NELA standard of care (n = 314) No (n = 100) Yes (n = 214) p value
Computerised tomography

Before decision 243 (77%) 67 (67%) 176 (82%) 0.003
Reported by consultant* 180 (74%) 52 (78%) 128 (73%) 0.003
Patient was risk assessed 35 (11%) 4 (4%) 31 (15%) <0.001
Mortality risk was documented 103 (33%) 24 (24%) 79 (37%) < 0.001
Consultant decision documented 244 (78%) 66 (66%) 178 (83%) 0.001
Admission to surgeon review time *

Documented 193 (62%) 68 (68%) 125 (58%) 0.001
Value; h 11 (4-19 [0-755]) 4 (1-14 [0-662]) 13 (7-19 [0-755]) < 0.001
Time from surgeon review to decision *

Documented 166 (53%) 67 (67%) 99 (46%) 0.001
Value; h 5(0-23 [0-840]) 2 (0-13[0-115]) 8 (0-31 [0-840]) 0.023
P-POSSuM mortality > 5%9| 212 (68%) 89 (89%) 123 (58%) <0.001
Admitted to critical care 136 (64%) 15 (17%) 121 (98%) <0.001

Number of patients for whom values were missing: *83; 1121 ¥151; 92;
NELA, national emergency laparotomy audit.



Table 3 Univariate and multivariate association of variables with survival for 214 patients

with acute surgical abdomens who proceeded to laparotomy.

Sex; male

Height; cm

Weight; kg

Age; years

Heart failure
Functional status;
Independent

Blood results

Baseline

Creatinine; umol.I?
eGFR; ml.min.1.73m2
Haemoglobin; g.I*
Albumin; g.I*
Pre-operative
Creatinine; umol.I*
eGFR; ml.min'1.1.73m?
Haemoglobin; g.I*
Lactate; mg.dl?

Univariate

HR (95% Cl)
0.94 (0.55-1.63)
0.99 (0.96-1.02)
0.98 (0.97-1.00)
1.03 (1.01-1.05)

3.3(1.4-7.8)

1.23 (1.04-1.47)
1.01 (1.00-1.03)
0.98 (0.97-1.00)
0.98 (0.97-1.00)
0.96 (0.91-1.01)

1.00 (1.00-1.01)

0.99 (0.98-1.00)
1.15(1.00-1.31)

Predicted monthly mortality; %

Pre-operative
General model
Postoperative
P-POSSuM

General model

1.63 (1.37-1.95)

1.02 (1.01-1.03)
1.02 (1.01-1.03)

Predicted median life expectancy; y

Background
Postoperative

0.94 (0.90-0.97)
0.94 (0.91-0.98)

z
-0.2
-0.8
-1.9

2.9
2.8

2.4
2.3
-2.7
-2.4

-1.7

2.0

-1.57

2.0

5.4

4.0
5.0

-3.6
-3.3

p value

Multivariate*

HR (95% CI) z pvalue
0.83
0.40
0.062
0.0037

0.0056

0.018

0.023
0.0071
0.015
0.09

0.042

0.12

0.044 1.11(0.97-1.28) 1.51 0.13

<0.001 2.16 (1.62-2.87) 5.28 <0.001

<0.001
<0.001

<0.001
<0.001

HR, hazard ratio; z, z value, eGFR, estimated glomerular filtration rate.
*Likelihood ratio test 21.1, p = 0.00003; Wald test 32.9, p = 0.00000007; Log-rank test 42.4,

p = 0.0000000006.



Table 4 Univariate and multivariate association of variables with survival for 100 patients

admitted with acute surgical abdomens who did not proceed to laparotomy.

Univariate Multivariate*

HR (95% CI) z pvalue HR(95% CI) z p value
Sex; male 0.96 (0.61-1.52) -0.2 0.86 0.93 (0.57-1.51) -0.3 0.76
Height; cm 0.99 (0.97-1.02) -0.4 0.67
Weight; kg 0.97 (0.95-0.98) -3.7 0.00021
Age; years 1.04 (1.02-1.07) 3.3 0.00083 1.04 (1.02-1.07) 3.3 0.00083
Heart failure 0.79 (0.40-1.54) -0.7 0.49
Functional status;
Independent 1.12 (1.01-1.23) 2.3 0.024
Blood results
Baseline
Creatinine; umol.I? 1.00 (1.00-1.05) 1.0 0.31
eGFR; ml.min't.1.73m?2 0.99 (0.98-1.00) -2.7  0.0060
Haemoglobin; g.I* 1.00 (0.98-1.01) -0.5 0.64
Albumin; g.I"* 0.97 (0.92-1.01) -1.4 0.16
Pre-operative
Creatinine; umol.I* 1.00 (1.00-1.00) 1.9 0.052
eGFR; ml.min1.1.73m?
Haemoglobin; g.I* 1.00(0.99-1.02) 0.8 0.45
Lactate; mg.dl? 1.07 (1.01-1.13) 2.5 0.01
Predicted monthly mortality; %
Background 1.23(1.10-1.38) 3.6 0.00034
Postoperative
P-POSSUM 1.02 (1.01-1.02) 4.2 <0.001 1.01(1.01-1.02) 3.85 0.00012
General model 1.01 (1.00-1.02) 2.8 0.0056
Predicted median life expectancy; y
Background 0.91 (0.87-0.96) -3.4 0.00075
‘Postoperative’ 0.92 (0.87-0.97) -3.1  0.0022

eGFR, estimated glomerular filtration rate.
*Likelihood ratio test 28.2, p = 0.000003; Wald test 25.0, p = 0.00002; Log-rank test 26.5, p =
0.000008.



Figure 1 Strobe diagram of 314 patients in whom emergency laparotomy was indicated.

NELA, National Emergency Laparotomy Audit.
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Figure 2 A histogram of median life expectancies in 314 patients admitted with acute

surgical abdomen, 214 of whom had laparotomy ( ) and 100 of whom did not (——).
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a)

b)

Figure 3 Observed survival ( ) admission with acute surgical abdomen for 314 patients:
a) 214 of whom had laparotomy; b) 100 of whom did not. Red lines are predicted survival
after emergency laparotomy ( ) and background survival without acute surgical
abdomen (------. ). Dashed black lines are 95% ClI.
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Fig. S1 Online supplementary information, composite graphs of: Giviti calibration belts for
death within 30 days admission, with 95% and 99% confidence intervals; and cumulative
distributions of predicted mortality for patients who survived (@) or died (®): a) Total cohort
vs P-POSSuM; b) Total cohort vs general model; c) Laparotomy patients vs P-POSSuM; d)
Laparotomy patients vs general model; e) Patients who did not have surgery vs P-POSSuM; f)

Patients who did not have surgery vs general model.
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): a) 214 of whom had emergency laparotomy;

Fig. S2 Predicted survival for 314 patients (

)

b) 100 of whom did not. The average predicted survival with acute surgical abdomen (

and without (-----.).
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