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Abstract

Background: Acute high-risk abdominal surgery is common, as are the attendant risks of organ failure, need for intensive care, 
mortality, or long hospital stay. This study assessed the implementation of standardized management.

Methods: A prospective study of all adults undergoing emergency laparotomy over an interval of 42 months (2018–2021) was 
undertaken; outcomes were compared with those of a retrospective control group. A new standardized clinical protocol was 
activated for all patients including: prompt bedside physical assessment by the surgeon and anaesthetist, interprofessional 
communication regarding location of resuscitation, elimination of unnecessary factors that might delay surgery, improved 
operating theatre competence, regular epidural, enhanced recovery care, and frequent early warning scores. The primary endpoint 
was 30-day mortality. Secondary endpoints were duration of hospital stay, need for intensive care, and surgical complications.

Results: A total of 1344 patients were included, 663 in the control group and 681 in the intervention group. The use of antibiotics 
increased (81.4 versus 94.7 per cent), and the time from the decision to operate to the start of surgery was reduced (3.80 versus 
3.22 h) with use of the new protocol. Fewer anastomoses were performed (22.5 versus 16.8 per cent). The 30-day mortality rate was 
14.5 per cent in the historical control group and 10.7 per cent in the intervention group (P = 0.045). The mean duration of hospital 
(11.9 versus 10.2 days; P = 0.007) and ICU (5.40 versus 3.12 days; P = 0.007) stays was also reduced. The rate of serious surgical 
complications (grade IIIb–V) was lower (37.6 versus 27.3 per cent; P = <0.001).

Conclusion: Standardized management protocols improved outcomes after emergency laparotomy.
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Introduction
Emergency surgery is associated with morbidity and mortality1. In 
most healthcare systems, emergency general surgery accounts 
for a significant part of the public health burden2,3. Many patients 
have failure of one or more organ systems4,5 and a 30-day 
mortality rate of 10–20 per cent is not unusual6–14, even in 
high-income healthcare systems. Nearly 20 000 excess deaths per 
year occur in the context of emergency surgery in the USA15. 
Great efforts have been made to improve outcomes with 
standardized perioperative management9,12. Countries at the 
forefront have developed national quality improvement 
programmes for emergency laparotomy6,16.

Encouraged by these changes, in 2017 the NU Hospital Group 
(Vastra Gotaland County in southwestern Sweden) developed a 
protocol for standardized management. The SMASH (Standardized 
perioperative Management of patients operated with acute 
Abdominal Surgery in a High-risk and emergency setting) study 
started in February 201817. The aim of the study was to investigate 
whether standardized perioperative management improved 
postoperative outcomes after emergency laparotomy in a Swedish 
context. Data from a prospective consecutive intervention group 

including all adult patients were compared with those of a control 
group18 treated at the same surgical centre before implementation 
of the standardized perioperative protocol.

Methods
This controlled single-centre study evaluated postoperative 
outcomes after the implementation of a standardized 
perioperative management protocol for adult patients 
undergoing high-risk abdominal surgery (emergency laparotomy 
and, in selected patients, laparoscopy). The study compared an 
intervention group with a control group. The study was 
registered with ClinicalTrials.gov (NCT03549624, registered 8 
June 2018), and was approved by the Swedish Ethical Review 
Authority (868-17).

Intervention group
Starting in February 2018, a clinical standardized protocol (the 
intervention) was activated for every patient in need of an 
emergency laparotomy. The protocol served as a checklist for 
the staff involved, with all measures included in standardized 
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management and as a clinical record form for patients included in 
the study.

Preoperative measures
Following a decision to operate, regardless of location within the 
hospital (surgical ward, emergency room, or ICU), the following 
measures were implemented immediately: measurement of 
vital signs (early warning score), heart rate, BP, respiratory rate, 
saturation, level of consciousness, and body temperature. Early 
treatment with antibiotics was implemented, together with 
insertion of a nasogastric tube and a urinary catheter, followed 
by extended blood chemical analyses, including haemoglobin 
concentration, platelet count, white blood count, levels of 
sodium, potassium, creatinine kinase, C-reactive protein, and 

procalcitonin, and arterial blood gas). In addition, a bedside 
assessment by the responsible surgeon and anaesthetist was 
undertaken as soon as possible, followed by communication 
regarding the best location for preoperative management. For 
example, a clinically stable patient may be managed for a few 
hours on a surgical ward until the start of surgery, whereas an 
unstable patient would be moved directly to either the ICU or 
the preoperative centre for resuscitation by an anaesthetist 
before surgery. Both the responsible surgeon and anaesthetist 
eliminated factors that may delay the start of surgery.

Perioperative measures
A thoracic epidural was applied if there was no contraindication, 
and in patients for whom the priority for the first incision was 

2014–2017 (38 months) 2018–2021 (42 months)

Total no. of
surgical procedures

n = 16 344

Excluded: elective
surgery n = 9078

Excluded: priority
³24 h n = 3042

Excluded: priority
³24 h n = 3214

Total no. of 
emergency laparotomies

n = 837

Total no. of 
emergency laparotomies*

n = 836

Intervention group
n = 681

Excluded n = 3382
Appendiceal surgery n = 1336
ERCP, Gastroscopy, Colonoscopy, etc. n = 733
Other emergency and minor surgery n = 143
Diagnostic laparascopic surgery n = 175
Wound surgery dressing revision, etc. n = 195
Testicular surgery n = 198
Anal surgery n = 118
Vascular surgery n = 128
Biliary surgery n = 194
Hernia surgery n = 162

Excluded n = 3388
Appendiceal surgery n = 1172
ERCP, Gastroscopy, Colonoscopy, etc. n = 501
Other emergency surgery n = 352
Diagnostic laparascopic surgery n = 210
Wound surgery dressing revision, etc. n = 198
Testicular surgery n = 198
Anal surgery n = 185
Vascular surgery n = 177
Biliary surgery n = 163
Hernia surgery n = 133
Minor surgery n = 99

Excluded n = 173
Other procedure performed n = 46
Negative laparotomies n = 30
Second look n = 29
Children (age <18 years) n = 9
Surgery never started n = 7
Not a surgical patient n = 5
Surgical report never found n = 3
Multiple primary laparotomies‡ n = 44

Emergency surgery 
Priority: 30 min, 2 h, 6 h

n = 4224

Emergency surgery
Priority: 30 min, 2 h, 6 h

n = 4219

All emergency surgery 
n = 7266

All emergency surgery 
n = 7433

Excluded: elective
surgery n = 7739

Total no. of
surgical procedures

n = 15 171

Control group
n = 663

Excluded n = 156
Missed operation† n = 47
Negative laparotomies n = 14
Second look n = 33
Children (age <18 years) n = 18
Multiple primary Laparotomies‡ n = 44

Fig. 1 Study flow chart 

*Including laparotomies that had a different procedure code initially. †Standardized protocol never used. ‡An individual can be included only once. ERCP, endoscopic 
retrograde cholangiopancreatography.
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more than 30 min (that is 2 or 6 h). This was followed by setting up 
an arterial line for the best haemodynamic control, and repeated 
chemical blood and arterial blood gas analyses. Methods for 
monitoring cardiac output using goal-directed fluid therapy 
during the perioperative phase were required. During the study 
interval, the centre used several different non-invasive methods 
(CardioQTMChichester, United Kingdom, CheetahTMMinneapolis, 
MN, USA, HemoSphereTMIrvine, CA, USA), but the primary goal 
was the same—to identify any fluid deficit and to determine 
whether the patient’s circulation improved with bolus doses of 
fluid (whether the patient responded to fluid). According to the 
standardization, there were two rapid sequencing protocols for 
the induction of anaesthesia, one for clinically stable patients 
and the other for unstable patients. Finally, the management 
protocol aimed for the highest level of clinical competence 

available in the responsible surgeon and anaesthetist in the 
operating theatre.

Postoperative measures
The basic criteria for postoperative ICU admission were the same as 
before the introduction of standardized care: failure of one or more 
vital organ systems. Postoperative care on the recovery ward was 
upgraded after bedside assessments by the responsible 
anaesthetist, and extended chemical blood and arterial blood gas 
analyses on arrival. On arrival on the ward, standard care with 
early nutrition, optimal pain treatment, and mobilization was 
upgraded with frequent assessments of the early warning score 
(initially on arrival, after 2 and 4 h, and then every 8 h in order to 
detect any deterioration in patients’ clinical status). A detailed 
presentation of the standardization has been published previously17.

Table 1 Demographics and baseline characteristics

Intervention 
(n = 681)

Control 
(n = 663)

P*

Age (years) 0.083
Mean(s.d.) 67.6(16.8) 66.0(17.5)
Median (range) 71 (18–97) 69 (18–96)

Sex ratio (M : F) 317 : 364 302 : 361 0.75
BMI (kg/m2) n = 429 n = 594 0.07

Mean(s.d.) 26.2(5.5) 25.6(5.6)
Median (range) 25.4 (12.8– 

47.8)
24.7 (11.1– 

67.5)
Co-morbidity

Chronic obstructive lung 
disease

67 (9.8) 54 (8.1) 0.32

Ischaemic heart disease 95 (14.0) 80 (12.1) 0.34
Congestive heart failure 44 (6.5) 59 (8.9) 0.11
Diabetes 84 (12.3) 76 (11.5) 0.68
Chronic renal failure 26 (3.8) 30 (4.5) 0.61
Obesity 99 (14.5) 82 (12.4) 0.28
Smoking 80 (11.7) 86 (13.0) 0.55
No co-morbidity 357 (52.4) 333 (50.2) 0.45

ASA physical status grade 0.44
I 48 (7.0) 72 (10.9)
II 254 (37.3) 222 (33.5)
III 280 (41.1) 264 (39.8)
IV 79 (11.6) 94 (14.2)
V 20 (2.9) 11 (1.7)

Diagnosis at surgery
Peritonitis 0.015

No peritonitis 532 (78.1) 489 (73.8)
Purulent 38 (5.6) 42 (6.3)
Faecal 59 (8.7) 48 (7.2)
Other 52 (7.6) 84 (12.7)

Intestinal ischaemia 91 (13.4) 76 (11.5) 0.33
Bowel obstruction 0.049

No obstruction 273 (40.3) 277 (42.0)
Small intestine 304 (44.9) 314 (47.6)
Colon 100 (14.8) 68 (10.3)
Missing 4 4

Trauma 15 (2.2) 20/661 (3.0) 0.44
Bleeding 33 (4.8) 41/659 (6.2) 0.33
Perforation 0.027

No perforation 469 (69.5) 460 (69.4)
Colon 87 (12.9) 57 (8.6)
Small intestine 62 (9.2) 72 (10.9)
Ventricle 37 (5.5) 56 (8.4)
Anastomosis 20 (3.0) 18 (2.7)
Missing 6 0

Values are n (%) unless otherwise indicated. *Between-groups Fisher’s exact test 
(lowest 1-sided P-value multiplied by 2) for dichotomous variables, Mantel– 
Haenszel χ2 test for ordered categorical variables, χ2 test for non-ordered 
categorical variables, and Fisher’s non-parametric permutation test for 
continuous variables.

Table 2 Intervention variables

Intervention 
(n = 681)

Control 
(n = 663)

Perioperative management
Preoperative administration of 
antibiotics

645 (94.7) 524 of 644 
(81.4)

Use of epidural anaesthesia 484 (71.1) 444 (67.0)
Arterial line set up 578 (84.9) 244 (36.8)
Noradrenaline 
(norephinephrine) used

586 (86.3) 474 (71.5)

Induction of anaesthesia
Propofol 501 (79.0) 550 (83.5)
Ketamine 61 (9.6) 60 (9.1)
Propofol + ketamine 72 (11.4) 49 (7.4)
Missing 46 4

Goal-directed fluid therapy in 
theatre

527 of 679 
(77.6)

–*

Anaesthesia complication
No 601 (91.6) 573 (87.2)
Aspiration 11 (1.7) 5 (0.8)
Other complication 44 (6.7) 79 (12.0)
Missing 25 6

Postoperative care in recovery 
unit (hours)

n = 563 n = 545

Mean(s.d.) 6.85(4.51) 7.64(4.67)
Median (range) 5.22 (1.53– 

26.85)
5.87 

(0.43– 27.07)
Degree of urgency

Emergency 24 (3.5) 23 (3.5)
Within 2 h 372 (54.6) 254 (38.3)
Within 6 h 285 (41.9) 386 (58.2)

Time from registration to start of 
surgery (hours)
Mean(s.d.) 3.22(1.96) 3.80(3.36)
Median (range) 2.73 (−0.52 – 

17.3)
3.03 (0.08– 

54.12)
Total duration of operation 

(minutes)
Mean(s.d.) 94.0(48.2) 90.7(48.8)
Median (range) 84 (12–335) 81 (20–375)

Perioperative care—highest 
competence level in operating 
theatre
Surgeons

Registrar 34 (5.0) 56 (8.5)
Specialist 177 (26.2) 183 (27.7)
Senior consultant 464 (68.7) 421 (63.8)
Missing 6 3

Anaesthetists
Registrar 207 (30.5) 253 (38.4)
Specialist 155 (22.8) 127 (19.3)
Senior consultant 317 (46.7) 278 (42.2)
Missing 2 5

Values are n (%) unless otherwise indicated. *Data not available retrospectively.
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Interprofessional team
An interprofessional working group consisting of nurses from all 
three surgical wards, the operating ward, recovery ward, and 
the ICU, a surgeon, and an anaesthetist met once a month, 
monitoring every patient in the intervention group to check that 
the standardization was being followed.

All operations versus unique individuals
The SMASH study was designed to include all operations, 
meaning that one unique individual was registered for each new 
operation. Power calculations were to include 725 operations. 
During statistical analysis, two data sets were created, the first 
with all operations, and the second with unique individuals 
included only once.

Control group
The group undergoing surgery before standardization (2014–2017) 
consisted of unselected patients undergoing high-risk abdominal 
emergency surgery18. Data on the controls were collected 
retrospectively from the computerized surgery planning system, 
followed by a review of every patient’s electronic medical 
records to ensure that all patients fulfilling the inclusion criteria 
were included and to collect all necessary data. At this time, no 
standardized management was undertaken, and the patients 
received perioperative management according to national 
practice. All patient-related clinical decisions were made by the 
responsible surgeon and anaesthetist at the time.

Missed patients
There were patients for whom the clinical protocol could not be 
found and reviewed by the interprofessional group, or data 
relating to the protocol were missing, indicating that the 
protocol had not been activated or had been forgotten in the 
clinical work. Demographic data and mortality for the missed 
patients are presented in Table S1.

Variables
The following variables were collected for the two groups in the 
study. Demographic variables included: age, sex, height and 
weight, supplemented with data on co-morbidity for smoking, 
obesity, diabetes, heart failure, ischaemic heart disease, chronic 
obstructive pulmonary disease, and chronic renal failure. The 
variable renal failure was reported previously in an article with 
outcomes for the control group, where it represented both acute 
and chronic renal failure18. Here, the variable was re-evaluated 
and, after further review, included only patients with chronic 
renal failure. Demographic variables also included the 
pathology indicating surgery: mechanical ileus, peritonitis, 
ischaemic or gangrenous bowel, bleeding, perforation, or 
trauma. In the study, as in clinical practice, one patient could 
have several pathologies.

The time point variables described the relevant time flows: 
time from notification of surgery to first incision, duration of 
stay in hospital, and number of admissions to ICU and duration 
of ICU care. In addition, data on the anaesthetic assessment and 
interventions (induction drug, treatment with vasopressors, 
arterial line insertion, application of epidural anaesthesia) and 
the surgical procedures performed (such as adhesiolysis, 
intestinal resections, stoma, anastomoses, and the removal of 
other organs) were registered. These data also included the level 
of clinical perioperative competence (surgical and anaesthetic).

Primary and secondary endpoints
The primary endpoint was short-term postoperative mortality 
(within 30 days). Secondary endpoints were: postoperative 
complications according to the Clavien–Dindo classification, 
duration of hospital stay, postoperative admission to ICU, and 
duration of stay in ICU. In the future, long-term postoperative 
mortality (1 year) will also be analysed.

Statistical analysis
On inclusion, each patient’s medical record data were scrutinized 
in both groups. During this phase of processing and analysing, all 
the data were deidentified. Categorical variables are presented as 
number with percentage. The adjusted OR was calculated by 
GENMOD (General Mode) with the generalized estimating 
equation (GEE) model, with binary outcome and link function 
logit adjusted for age, intestinal ischaemia, faecal, purulent/ 

Table 3 Surgical procedures

Intervention 
(n = 681)

Control 
(n = 663)

Type of operation
Primary emergency laparotomy 602 (88.4) 572 (86.3)
Reoperation 79 (11.6) 91 (13.7)
Initial laparoscopy 45 (6.6) –*

Bowel resections 239 (35.1) 239 (36)
Colon 117 (49.0) 142 (59.4)

Small intestine 110 (46.0) 83 (34.7)
Colon and small intestine 12 (5.0) 14 (5.9)
Missing 1 0

Anastomoses 114 of 679 (16.8) 149 (22.5)
Stoma formation 165 of 679 (24.3) 169 (25.5)
Adhesiolysis 314 of 678 (46.3) 299 (45.1)
Excision of intra-abdominal organ

None 669 (98.2) 648 (97.7)
Part of/whole stomach 3 (0.4) 4 (0.6)
Spleen 5 (0.7) 5 (0.8)
Part of liver 0 (0.0) 2 (0.3)
Uterus and/or ovaries 3 (0.4) 3 (0.5)

Values are n (%) unless otherwise indicated. *Data not available for controls.

Table 4 Primary efficacy analysis

Intervention 
(n = 681)

Control 
(n = 663)

Adjusted GEE model† Unadjusted GEE model‡ Comparison between 
groups§

OR* P OR* P Difference* P

Death within 30 days 73 (10.7) 96 (14.5) 0.69 (0.47, 0.99) 0.045 0.71 (0.51, 0.98) 0.038 3.8 (0.1, 7.5) 0.046

Values are n (%) unless otherwise indicated; *values in parentheses are 95% confidence intervals. †Analysed by GENMOD (General Mode) with generalized estimating 
equation (GEE) model, with binary outcome and link function logit adjusted for: age, intestinal ischaemia, faecal, purulent/other peritonitis, chronic obstructive lung 
disease, ischaemic heart disease, congestive heart failure, chronic renal failure, diabetes, obesity, smoking, ASA grade, and sex. ‡Analysed by GENMOD with GEE 
model, with binary outcome and link function logit. §The confidence interval for dichotomous variables is the asymptotic Wald confidence limits with continuity 
correction. Analysis by Fisher’s exact test (lowest 1-sided P value multiplied by 2).

http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad081#supplementary-data
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other peritonitis, chronic obstructive lung disease, ischaemic 
heart disease, congestive heart failure, chronic renal failure, 
diabetes, obesity, smoking, ASA grade, and sex. The OR was 
calculated by GENMOD with the GEE model, with binary 
outcome and link function logit. For comparisons between 
groups, Fisher’s exact test (lowest 1-sided P value multiplied by 
2) was used for dichotomous variables. The confidence interval 
for dichotomous variables was the asymptotic Wald confidence 

limits with continuity correction. Statistical analyses were 
performed using SAS® version 9.4 (SS Institute, Cary, NC, USA).

Results
Demographics
A total of 1344 patients who underwent emergency laparotomy 
were included in the study, 681 in the intervention group and 

663Control
No. at risk

Intervention
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Fig. 2 Kaplan–Meier survival curve showing probability of survival up to 30 days after surgery

Table 5 Secondary efficacy analyses adjusted

Intervention 
(n = 681)

Control 
(n = 663)

Adjusted GEE model† Unadjusted GEE model‡ Comparison between 
groups§

LS mean/OR* P LS mean/OR* P Difference* P

Duration of hospital 
stay (days)
Mean(s.d.) 10.2(13.3) 11.9(13.0) LS mean 

−1.90  
(−3.27, −0.53)

0.007 LS mean 1.71  
(−3.12, −0.30)

0.0172 −1.71 (−3.13, −0.31) 0.017

Median (range) 7 (0–175.6) 7.5 (0.1–112.9)
ICU care 133 (19.5) 145 (21.9) OR 1.19  

(0.88, 1.60)
0.26 OR 1.15  

(0.89, 1.50)
0.29 2.3 (−2.1, 6.8) 0.32

Duration of ICU care 
(days)

n = 133 n = 145

Mean(s.d.) 3.12(5.97) 5.40(8.34) LS mean 
−2.35  

(−4.07, −0.64)

0.007 LS mean −2.28  
(−4.00, −0.57)

0.009 −2.28 (−4.01, −0.59) 0.006

Median (range) 1.29 (0.02–53.54) 2.15 (0.03– 62.02)
Readmission to ICU 22 (3.2) 30 (4.5) OR 1.62  

(0.90, 2.91)
0.11 OR 1.42  

(0.81, 2.49)
0.22 1.3 (−0.9, 3.5) 0.28

Surgical complications 
(Clavien–Dindo 
classification)

LS mean 
−0.16 (−0.23, 

−0.09)

<0.001 LS mean −0.15 (−0.22, 
−0.08)

<0.001 <0.001

No complications 1 (0.1) 7 (1.1)
Grade I–IIIa 494 (72.5) 407 (61.4)
Grade IIIb–IVb 115 (16.9) 141 (21.3)
Grade V 71 (10.4) 108 (16.3)

Values are n (%) unless otherwise indicated; *values in parentheses are 95% confidence intervals. †Analysed by GENMOD (General Mode) with GEE model, 
with binary outcome and link function logit adjusted for age, intestinal ischaemia, faecal, purulent/other peritonitis, chronic obstructive lung disease, 
ischaemic heart disease, congestive heart failure, chronic renal failure, diabetes, obesity, smoking, ASA grade, and sex. ‡Analysed by GENMOD with GEE 
model, with binary outcome and link function logit. §For dichotomous variables, the confidence interval is the asymptotic Wald confidence limits with 
continuity correction; analysis by Fisher’s exact test (lowest 1-sided P value multiplied by 2). LS (Least Squares), .
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663 in the control group. The control phase lasted for 38 months 
(20 August 2014 to 20 October 2017) and the intervention phase 
for 42 months (25 February 2018 to 3 September 2021) (Fig. 1). 
The mean age in the intervention group was 67.6 years 
compared with 66.0 years in the control group. Both groups 
included a majority of women, and one or more of the listed 
co-morbidities occurred in 47.6 per cent of patients in the 
intervention group and 49.8 per cent of the controls. ASA III was 
the most common physical status grade (Table 1).

Bowel obstruction in any form was present in 59.7 per cent of 
patients in the intervention group and in 58.0 per cent of 
controls, but there were more cases of colonic obstruction in the 
intervention group (14.8 versus 10.3 per cent) (Table 1). The rate 
of intestinal perforation was equally high in both groups, but 
peritonitis was more common in the control group. Intestinal 
ischaemia or gangrene was present in 13.4 per cent of patients 
in the intervention group and 11.5 per cent of controls.

Management
The time from notification of surgery to the start of operation was 
reduced from 3.80 to 3.22 h with use of the standardized protocol. 
Perioperative antibiotic use increased from 81.4 to 94.7 per cent 
(Table 2).

Goal-directed fluid therapy was used in 77.6 per cent of 
operations in the intervention group, and haemodynamic 
monitoring with an arterial line was used in 84.9 and 36.8 per 
cent of patients in the protocol and control groups respectively 
(Table 2). Fewer anastomoses were fashioned in the intervention 
group (16.8 versus 22.5 per cent) (Table 3). Colonic resections 
were less common during the interventional phase than before 
(49.0 versus 59.4 per cent), whereas small bowel surgery was 
more common (46.0 versus 34.7 per cent).

Outcomes
Patients in the protocol group had a lower 30-day mortality rate 
than controls (10.7 versus 14.5 per cent; P = 0.045) (Table 4 and 
Fig. 2). The mean duration of hospital stay was reduced to 10.2 
days, and 19.2 per cent of patients in the intervention group 
required primary intensive care compared with 21.9 per cent of 
controls. Duration of ICU stay was reduced from a mean of 5.40 
to 3.12 days with use of the standardized protocol, and the 
readmission rate was only 3.2 per cent, compared with 4.5 per 
cent in the control group. The rate of serious surgical 
complications (Clavien–Dindo grade IIIb–V) decreased (Table 5).

Discussion
A reduction in 30-day mortality, serious surgical complications, 
duration of hospital and ICU stay, and need for reoperation was 
observed in this study of protocol-driven standardized 
management of patients needing emergency laparotomy, 
compared with historical controls.

The time to first incision has been considered important in 
several studies and may be defined according to prehospital, 
preimaging, decision, and preoperative phases19. The SMASH 
care bundle activates from the middle of the decision phase and 
the preoperative phase when a notification of surgery is made. 
As a result, the management in earlier phases within emergency 
care was not included in the present study. A focus on the early 
phases could further improve the outcome.

The new standardized management protocol has several parts 
and checkpoints. One explanation for the improved results might 
be use of the standardized form and the close collaboration 

between surgeon and anaesthetist, and not one specific item. A 
data review indicated improvements in many of the management 
variables regarded beforehand as being important in the SMASH 
study care bundle17. These included a shorter time to the start of 
surgery and more patients treated with early antibiotics, 
generally higher level of clinical competence in the operating 
theatre, and the upgrade of postoperative care at recovery. 
However, data on goal-directed fluid therapy in the control group 
are missing, so the impact of this factor is difficult to assess.

The main aim of the SMASH study was to include every operation; 
one individual could be included more than once in order to reflect 
reality in clinical practice. The study population comprised 
generally severely ill patients who were often in need of repeated 
surgery. However, the total data were divided into two sets, one 
including all operations and the other with patients included only 
once. Comparing the analyses of the two sets revealed the same 
statistically significant differences in secondary outcome. 
However, as death was the primary endpoint, and this could 
happen only once, the data set comprising unique individuals was 
used in the analyses presented here. The data set including all 
operations is available in Tables S2–S6.

Among the weaknesses of this study, frailty was not examined. 
Evaluating frailty in elderly patients could help to identify those in 
need of adapted care and those who have a good prognosis despite 
old age20. In addition, the authors did not use any tools to estimate 
the risks associated with the surgical procedure. Today, there are 
a number of tools available to estimate these risks, such as 
P-POSSUM and American College of Surgeons National Surgical 
Quality Improvement Program calculators. These tools were 
initially developed for elective situations, but adaptations for 
emergency laparotomy are available21. The single-centre design 
of the present study reduced the external validity and made the 
study interval longer. Undertaking this investigation as a 
multicentre study theoretically could have shortened the study 
time and provided better generalizability. On the other hand, 
such an approach could have led to reduced compliance with 
the protocol and increased complexity in data collection. Some 
data are missing for the control cohort because these patients 
were included retrospectively. No randomization of patients was 
undertaken in this study, even though there were indications 
that standardization of management could be beneficial to the 
patient without any risk.

The improved outcome can be explained in part by causes other 
than the new standardized protocol. The study covered a period of 
8 years, during which the development of highly specialized 
medical care improved continuously. For example, anastomosis 
was less common in the intervention group, which could be 
explained by the development of damage control surgery. 
Furthermore, a better general standard of intensive care may 
have affected the results. In addition, the Hawthorne effect may 
have played a role. It has previously been stated that 
improvements can occur solely because clinicians are observed. 
The fact that the present interprofessional working group carried 
out monthly audits of all laparotomies could have led to this 
effect22. This study was designed in 2017 and the field of high-risk 
emergency abdominal surgery is developing continuously. Part 1 
of an enhanced recovery after surgery programme for emergency 
laparotomy was published more recently23.
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