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Abstract

Background This is Part 2 of the first consensus guidelines for optimal care of patients undergoing emergency

laparotomy (EL) using an Enhanced Recovery After Surgery (ERAS) approach. This paper addresses intra- and

postoperative aspects of care.

Methods Experts in aspects of management of high-risk and emergency general surgical patients were invited to

contribute by the International ERAS� Society. PubMed, Cochrane, Embase, and Medline database searches were

performed for ERAS elements and relevant specific topics. Studies on each item were selected with particular

attention to randomized clinical trials, systematic reviews, meta-analyses, and large cohort studies and reviewed and

graded using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) system.

Recommendations were made on the best level of evidence, or extrapolation from studies on elective patients when

appropriate. A modified Delphi method was used to validate final recommendations. Some ERAS� components

covered in other guideline papers are outlined only briefly, with the bulk of the text focusing on key areas pertaining

specifically to EL.

Results Twenty-three components of intraoperative and postoperative care were defined. Consensus was reached

after three rounds of a modified Delphi Process.

Conclusions These guidelines are based on best available evidence for an ERAS� approach to patients undergoing

EL. These guidelines are not exhaustive but pull together evidence on important components of care for this high-risk

patient population. As much of the evidence is extrapolated from elective surgery or emergency general surgery (not

specifically laparotomy), many of the components need further evaluation in future studies.
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Abbreviations

ACS American College of Surgeons

AGS American Geriatric Society

AKI Acute kidney injury

ASA American Society of Anesthesiology

BIS Bispectral index

CAM Confusion assessment method

CAUTI Catheter-associated urinary tract infection

CPAP Continuous positive airways pressure

CS Damage control surgery

CVC Central venous catheter

EEG Electroencephalography

EGS Emergency general surgery

EL Emergency laparotomy

ESA/ESICM European Society for Anesthesiology and

European Society of Intensive Care

Medicine

ESPEN European Society for Clinical Nutrition and

Metabolism

ERAS Enhanced Recovery After Surgery

GDHT Goal-directed hemodynamic therapy

HELP Hospital end of life pathway

ICU Intensive care unit

IV Intravenous

LOS Length of stay

MAC Minimum alveolar concentration

MAP Mean arterial pressure

NELA National Emergency Laparotomy Audit

NGI Nasogastric intubation

NIPPV Noninvasive positive pressure ventilation

NIV Noninvasive ventilation

NMB Neuromuscular blockade

NPWT Negative pressure wound therapy

NSAIDs Non-steroidal anti-inflammatory drugs

NSQIP National Surgical Quality Improvement

Program

OR Odds ratio

PACU Post-anesthesia care unit

PCA Patient-controlled analgesia

PEEP Positive end-expiratory pressure

PND Perioperative neurocognitive disorder

POI Postoperative ileus

PONV Postoperative nausea and vomiting

PPC Postoperative pulmonary complications

PPV Pulse pressure variation

RCT Randomized clinical trial

RSI Rapid sequence induction

SSI Surgical site infection

SVV Stroke volume variation

TAP Transversus abdominis plane

TIVA Total intravenous anesthesia

TTE Transthoracic echography

VTE Venous thromboembolism
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Introduction

Enhanced Recovery After Surgery (ERAS) is a multidis-

ciplinary structured approach providing standardized evi-

dence-based components of care to patients undergoing

specific types of surgery. To date, ERAS has largely been

applied to elective surgery, but there is now evidence that

high-risk surgical patients, such as those undergoing

emergency laparotomy (EL), can also benefit from an

ERAS approach [1–11]. The term ‘‘laparotomy’’ in the

emergency situation encompasses a surgical exploration of

the acute abdomen for a number of underlying pathologies

[12–17]. Common indications include intestinal obstruc-

tion, perforation, or ischemia [13–15, 17]. For these

ERAS� Society Guidelines, the term ‘‘emergency’’ is

applied to all patients with non-elective, potentially life-

threatening intra-abdominal conditions requiring surgery,

excluding procedures for trauma, vascular conditions,

appendicitis, and cholecystitis.

This is Part 2 of a three-part guideline. Part 1[18] dealt

with background and preoperative care including diagno-

sis, rapid assessment, and optimization. This section

includes intraoperative and postoperative care, and Part 3

covers organizational aspects of management. We suggest

these ERAS� Society Guidelines should be used to

improve the management of patients undergoing EL and to

audit processes and outcomes of care.

Materials and methods

This project was initiated by the ERAS� Society. Lead

authors (MS and CP) were invited by the Society to

establish a guideline development group (GDG) of health

care professionals with diverse clinical or academic

expertise in the management of patients undergoing EL.

The GDG consisted of surgeons, anesthesiologists, a nurse,

a geriatrician, and a PhD who supported the organization of

the literature. Several of the authors were also accredited in

intensive care and the group was selected to ensure inter-

national representation. There was equal author represen-

tation from the USA and the UK (lead authors MS and CP

have worked in both the USA and the UK), with more

surgical representatives from the US, and more anesthetic

representatives from the UK reflecting National Emer-

gency Laparotomy (NELA) audit involvement. There were

five European authors and two from the rest of the world.

We recognize with regret in retrospect that Asia and Africa

were not included and will correct this on the next iteration

of these guidelines. A list of topics was generated, and

groups of physicians with different backgrounds and from

different countries were assigned to each topic, based on

their expertise, to perform a literature review of English

language publications and then to generate recommenda-

tions using the GRADE structure [19] and a modified

Delphi process. Once the topic groups had drafted

1 Department of Anesthesiology and Critical Care Medicine,

Leonard Davis Institute for Health Economics, University of

Pennsylvania, 3400 Spruce St, Philadelphia, PA 19104, USA

2 University College London, London, UK

3 Department of Anesthesia and Intensive Care Medicine,

Royal Surrey County Hospital, Guildford, Surrey, UK

4 Sir Charles Gardiner Hospital, Hospital Avenue, Nedlands,

WA 6009, Australia

5 Salford Royal NHS Foundation Trust, Stott La,

Salford M6 8HD, UK

6 University of Manchester, Manchester, UK

7 Western General Hospital, NHS Lothian,

Edinburgh EH4 2XU, Scotland

8 Hvidovre University Hospital, Copenhagen, Denmark

9 Harvard Medical School, Kessler Director, Center for

Surgery and Public Health, Brigham and Women’s Hospital

and Division of Trauma, Burns, Surgical Critical Care, and

Emergency Surgery, Brigham and Women’s Hospital, 1620

Tremont Street, Boston, MA 02120, USA

10 School of Population Health and Environmental Sciences,

Faculty of Life Sciences and Medicine, Guy’s and St

Thomas’ NHS Foundation Trust, King’s College London,

London, UK

11 Division of Surgery and Interventional Science, University

College London, London, UK

12 Department of Surgery, Virginia Commonwealth University

Health System, 1200 E. Broad Street, Richmond, VA 23298,

USA

13 Department of Anesthesiology and Critical Care Medicine,

Department of Surgery, The Johns Hopkins University

School of Medicine, 1800 Orleans Street, Baltimore,

MD 21287, USA

14 Department of Emergency and Trauma Surgery, Karolinska

University Hospital, CLINTEC, Karolinska Institutet,

Stockholm, Sweden

15 Karolinska University Hospital Huddinge, Hälsovägen 3.

B85, 141 86 Stockholm, Sweden

16 Department of Anaesthesia, Perioperative Medicine and

Critical Care, Medway Maritime Hospital, Windmill Road,

Gillingham, Kent ME7 5NY, UK

17 Division of Trauma, Burns and Surgical Critical Care,

Brigham and Women’s Hospital, 75 Francis Street, Boston,

MA 02115, USA

18 Division of Trauma and Acute Care Surgery, Medical

College of Wisconsin, 8701 Watertown Plank Rd,

Milwaukee, WI 53226, USA

19 Department of Visceral Surgery, Lausanne University

Hospital CHUV, University of Lausanne (UNIL), Rue du

Bugnon 46, 1011 Lausanne, Switzerland

20 Department of Anesthesia, St George’s Hospital,

Tooting, London, UK
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recommendations, these were collated and sent to the

whole group for feedback. There was then significant

review, editing, and response to comments, as well as

extensive discussion of appropriate inclusion or modifica-

tion of the recommendation list. The paper and recom-

mendation list were then circulated again using a modified

Delphi approach to rank the strength of the recommenda-

tion and seek further comment. A final Delphi was then

undertaken highlighting areas where, prior to modification,

there had been less than 80% agreement, and on this final

round more than 80% consensus was reached. The time

period searched was from 2005 until September 2021, with

greater emphasis on recent publications, randomized clin-

ical trials (RCTs), systematic reviews, meta-analyses, and

large cohort studies. With delays in reconvening the group

due to the COVID-19 pandemic, an updated search was

performed in the Spring of 2022. Retrospective studies

were considered where no other higher level of evidence

was available, and with particular relevance to EL. The

final guidelines were then circulated to all authors for

review and identification of further relevant papers. All

authors had access to papers reviewed using a reference

library. The guideline development process used to reach

consensus was based on that published by the ERAS�

Society [20, 21]. Twenty-three key components of peri-

operative care were agreed on and assessed with three

circulations of the paper. A reviewer from the International

ERAS� Society (OL) was appointed to provide internal

review of the guideline as it developed, on his suggestion

and the need for ERAS recommendations to be measurable

for compliance and actionable, the paper was re-ordered

prior to the final Delhi round to place all clinical compo-

nents into this paper (Part 2), and other components per-

haps less amenable to change by clinicians, such as

delivery system structure, into a second paper (Part 3 Peden

et al. unpublished 2023). Discussion of implementation and

delivery of these guidelines are done in Part 3. The com-

ponents of these guidelines will be placed into the ERAS

Society Interactive Audit System (EAIS) and will be tested

to measure compliance and outcome.

Definitions

In these guidelines, EL is defined in line with criteria used

by large cohort studies [16, 22] and definitions of high-risk

emergency general surgical procedures [23], therefore,

trauma laparotomies, appendectomy and cholecystectomy

are excluded. Most vascular conditions are excluded, such

as laparotomy for vascular pathology including ruptured

aortic aneurysm and return to the operating room with

complications following a vascular procedure. Conditions

relating to bowel ischemia such as mesenteric vascular

insufficiency are included [16, 22]. The definition of

emergency can also vary, from classification of the case by

the surgeon and anesthesiologist as an emergency [14] to a

definition used in a major US epidemiology study of

emergency surgery [24] as non-elective surgery within

48 h of admission. The UK National Emergency Laparo-

tomy Audit (NELA) defines emergencies as patients having

a non-elective admission with a potentially life-threatening

21 Department of Research and Evaluation, Kaiser Permanente

Research, Pasadena, CA 9110, USA

22 Department of General and Colorectal Surgery, Salford

Royal NHS Foundation Trust, Scott La, Salford M6 8HD, UK

23 Faculty of Medicine and Health, School of Health and

Medical Sciences, Department of Surgery, Örebro University,

Örebro, Sweden

24 Gastrointestinal Surgery, Nottingham Digestive Diseases

Centre and National Institute for Health Research (NIHR)

Nottingham Biomedical Research Centre, Nottingham

University Hospitals and University of Nottingham, Queen’s

Medical Centre, Nottingham NG7 2UH, UK

25 MRC Versus Arthritis Centre for Musculoskeletal Ageing

Research, School of Life Sciences, University of Nottingham,

Queen’s Medical Centre, Nottingham NG7 2UH, UK

26 Division of Trauma and Emergency Surgery, Department of

Surgery, Orebro University Hospital and School of Medical

Sciences, Orebro University, 701 85 Orebro, Sweden

27 Division of Trauma and Acute Care Surgery, Department of

Surgery, Fundación Valle del Lili, Cra 98 No. 18 – 49,

760032 Cali, Colombia

28 Sección de Cirugı́a de Trauma y Emergencias, Universidad

del Valle – Hospital Universitario del Valle, Cl 5 No. 36-08,

760032 Cali, Colombia

29 Department of Anesthesia and Intensive Care Medicine,

Royal Surrey County Hospital, Egerton Road,

Guildford, Surrey GU5 7XX, UK

30 Division of Traumatology, Surgical Critical Care and

Emergency Surgery, University of Pennsylvania,

Philadelphia, PA 19104, USA

31 Department of Anesthesiology, The Ohio State University

and Wexner Medical Center, 410 West 10Th Ave,

Columbus, OH 43210, USA

32 Department of Surgery, University of California San

Francisco, 513 Parnassus Ave HSW1601, San Francisco,

CA 94143, USA

33 Department of Anesthesiology, Critical Care and Pain

Medicine-Hospital for Special Surgery, Department of

Anesthesiology-Weill Cornell Medicine, 535 East 70th
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condition [22]. In these guidelines the term ‘‘emergency’’ is

applied to all patients with a non-elective, potentially life-

threatening intra-abdominal condition requiring surgery.

Commentary

The components of a standard ERAS elective colorectal

pathway were reviewed in relation to the patient under-

going EL [25]. However, EL is required to treat a range of

upper and lower gastrointestinal conditions in patients who

also require management of acute physiological derange-

ment before, during and after surgery. This warrants a

specific EL pathway. In particular, a high level of intra-

operative and postoperative monitoring is needed to ensure

desired physiological parameters are attained and main-

tained. Many of the elements of the pathway are contigu-

ous across pre-, intra-, and postoperative phases of the

pathway.

Results

Evidence and recommendations

A summary of the 23 ERAS elements for intra- and post-

operative care and grading of recommendations with their

respective level of evidence is depicted in Table 1.

Preoperative phase

For preoperative pathway components, please see Part 1 of

this guideline [18] which includes discussion on the timing

of surgery. Since publication of Part 1, our recommenda-

tions on the management of sepsis and source control have

been further endorsed [26].

Intraoperative phase

The aim of intraoperative management of an ERAS pro-

tocol for EL is to identify and rectify the primary surgical

pathology and correct physiological derangement due to

the pathology and associated surgery, such as blood loss,

fluid shifts, and sepsis. Management of physiological

derangement should occur alongside surgical intervention.

Surgery, while essential, also drives further inflammation

and pain both of which are additional physiological stres-

sors for the patient, as is sub-optimal analgesia and anes-

thesia. The following evidence-based components should

be incorporated into an intraoperative pathway of care for

each patient undergoing EL.

Intraoperative surgical considerations

The choice of surgical technique should be based upon a

judgment of factors related to the patient, the surgical

pathology, preoperative imaging findings, surgeon’s pref-

erence and experience, and a risk/benefit assessment.

Recent guidelines have been published addressing man-

agement of different types of colorectal surgical emer-

gencies [27].

We have made no formal recommendations with regard

to surgical technique and approach as each case must be

considered based on the factors listed above, and the skill

and resources of the surgical team.

Surgical approach

The use of initial diagnostic laparoscopy has increased

during the past decade due to increased experience and

training [28]. An initial diagnostic laparoscopy can always

be converted to an open laparotomy technique. In a recent

systematic review and meta-analysis of laparoscopic versus

open emergency colorectal surgery comprising 7865

laparoscopic and 55, 862 open surgery procedures, a

laparoscopic approach was associated with lower mortality,

less overall morbidity, wound infection, wound dehiscence,

ileus, pulmonary and cardiac complications, and shorter

length of stay than an open approach [29]. However, all but

one of the studies included were non-randomized retro-

spective cohorts, thus raising the strong possibility of

confounding by indication. In an analysis of data from

NELA, 11, 753 patients undergoing attempted emergency

laparoscopic surgery were matched with 23, 506 patients

undergoing emergency open laparotomy surgery (1:2

matching). The commonest laparoscopically performed

procedures were colectomy, adhesiolysis, washout, and

repair of perforated peptic ulcers. Laparoscopically

attempted surgery was associated with lower mortality,

blood loss and length of hospital stay [30]. Some studies

have reported increased risk with conversion from laparo-

scopic to open surgery [31].

In summary, laparoscopic surgery should be considered

when appropriate, considering underlying pathology,

available resources, and surgeon experience.

35 Department of Anesthesiology Keck School of Medicine,

University of Southern California, 2020 Zonal Avenue IRD

322, Los Angeles, CA 90033, USA

36 Department of Anesthesiology, Perelman School of

Medicine, University of Pennsylvania, 3400 Spruce St.,

Philadelphia, PA 19104, USA
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Table 1 ERAS emergency laparotomy intra- and postoperative phase, consensus guideline review by Delphi method [19, 20]

ERAS Item whole pathway (this paper) Guideline Level of

evidence

Recommendation

grade

Surgical approach

13 (1) Intra-abdominal Drains Routine, prophylactic use of intra-abdominal surgical drains is

discouraged given a lack of evidence to their benefit in clean

and clean/contaminated cases. The situation may differ in

contaminated abdominal cases

Low Weak

14 (2) Prevention of Infection 14.1

Perioperative Antibiotics

Perioperative broad spectrum intravenous antibiotics should be

administered within 60 min before skin incision unless the

patient is already receiving appropriate antibiotic therapy, some

agents such as fluoroquinolones and vancomycin require

administration over 1–2 h, and therefore, administration should

begin, if possible, within 120 min. Local and national

guidelines should be followed for choice of antibiotic, dosing,

and administration. Continuation of antibiotics should be based

on pathology and contamination during surgery

High Strong

14.2 Skin Asepsis Preoperative skin antisepsis with alcohol-based solutions, or

chlorhexidine for patients with an allergy to alcohol-based skin

solutions should be used. Chlorhexidine with alcohol is optimal

High Strong

14.3 Fascial Wound Protector, irrigation,

and glove change in Abdominal closure

Routine use of a fascia abdominal wound protector, abdominal

irrigation, and new gloves and closure instruments is

recommended to reduce SSI

Moderate Strong

ERAS Item Guideline Level of

evidence

Recommendation

grade

Anesthesia and perioperative management

15. (3) Rapid Sequence Induction of

Anesthesia

To minimize the risk of aspiration after induction of anesthesia,

rapid control of the airway with intubation using a fast-acting

muscle relaxant such as succinylcholine 1–2 mg kg -1 or

rocuronium 0.9 to 1.2 mg kg -1 for placement of an

endotracheal tube should be used. We recommend the use of

cricoid pressure according to the practitioner’s respective

national guidelines. Drugs for induction of anesthesia should be

selected and dosed appropriately to maintain hemodynamic

stability

Moderate Strong

16.1 (4) Maintenance Anesthetic Agent

and Depth of Anesthesia Monitoring

There is no evidence to recommend one anesthetic agent over

another for maintenance of anesthesia

Low Weak

16.2 Consider using depth of anesthesia monitoring in patients over

60 years of age at risk of postoperative delirium and anesthesia-

induced hypotension

Moderate Strong

17 (5) Postoperative Nausea and Vomiting

(PONV) Reduction

All patients undergoing emergency laparotomy are at high risk of

PONV due to physiological derangement and gastrointestinal

insult. A multimodal approach to reducing PONV should be

utilized, minimizing triggers and opioids

High Strong

18.(6) Temperature Management Measurement of Core Temperature, using a reliable method to

monitor the efficacy of warming measures, should be routine

High Strong

Active warming devices and warming of intravenous fluids should

be used to maintain normothermia

High Strong

19. (7) Lung Ventilation Strategy Routine use of low tidal volume (6–8 ml/kg/predicted body

weight) and positive end-expiratory PEEP[ = 5 cm H2O,

with titration according to flow-volume loops and clinical

evaluation is recommended

Moderate Strong

20.1 (8) Monitoring and Reversal of

Neuromuscular Block (NMB)

Neuromuscular blockade should be monitored using a quantitative

peripheral nerve monitor to ensure adequate reversal before

endotracheal extubation, with the most reliable site of

monitoring being the abductor pollicis muscle

High Strong

20.2 Reversal of NMB using a selective relaxant binding agent (if

available) as compared with neostigmine is recommended

Moderate Strong
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Table 1 continued

ERAS Item Guideline Level of

evidence

Recommendation

grade

21.1 (9) Intravenous fluid and electrolyte

replacement

Patients should have ongoing treatment to correct electrolyte

disturbances throughout the perioperative period

Moderate Strong

21.2 Balanced crystalloids should be used in preference to 0.9% normal

saline for resuscitation and to maintain intravascular volume

Low Weak

22.1, 2 (10)

Goal Directed Hemodynamic Therapy

(GDHT), Cardiovascular Monitoring,

Maintenance of blood pressure and

vasopressor use

Use of arterial and/or central venous pressure catheters should be

considered at an early stage to aid in physiological assessment

and to deliver and titrate vasopressors and fluid therapy

Moderate Strong

GDHT should be considered during surgery in high-risk patients

to optimize cardiac index. A MAP of 60–65 mmHg and

Cardiac Index[ 2.2 L/min/m2, individualized to the patient,

should be maintained during surgery using appropriate

vasopressors and inotropes as needed

Moderate Strong

23. (11) Management of Blood Glucose Patients should have their glucose closely monitored and

controlled in the range of 7.7–10 mmol/l preferably with the use

of a variable rate insulin infusion

Moderate Strong

24. (12) Blood Product Management Transfusion of red blood cells should be restrictive (trigger Hb 70

-90 g/l), with exceptions based on individualized clinical status

and comorbidities

Moderate Strong

25.1 (13) Multimodal Systemic Analgesia Each patient should be assessed for the optimal perioperative

analgesic regimen, considering the presence of sepsis and

coagulation abnormalities. Multimodal management should

include acetaminophen and non-steroidal anti-inflammatory

drugs if there are no contraindications

Low Strong

25.2 The use of wound catheters and/or local abdominal wall blocks

and catheters should be considered to reduce postoperative

opioid demand but may have variable efficacy

Low Weak

25.3 Thoracic epidural analgesia and spinal anesthesia should be used

only after assessment for sepsis and abnormal coagulation.

Hypotension necessitates appropriate monitoring, volume and

vasopressor therapy

Low Weak

26. (14) End of Surgery, Evaluation and

Endotracheal Extubation

A multidisciplinary discussion at the end of surgery should be

used to assess suitability for endotracheal extubation as the risk

of postoperative pulmonary complications and reintubation is

high

Moderate Strong

27.1 (15) Prevention of postoperative

Pulmonary complications

Patients who have undergone emergency laparotomy and show

evidence of hypoxemia, should receive continuous positive

airway pressure or noninvasive positive pressure ventilation

(technique based on local expertise), rather than standard

oxygen therapy, if the risk of aspiration is considered to be low.

This should occur in an environment where staff are skilled in

these techniques, continuous physiological monitoring is

available, and arterial blood gases can be sampled

High Strong

27.2 Respiratory physiotherapy involving the training and supervision

of patients’ sputum clearance, developing inspiratory muscle

strength, and deep breathing exercises, should be used in

emergency laparotomy patients in the postoperative period

Moderate Strong

28. (16) Admission to the Intensive Care

Unit (ICU) or higher level of care

postoperatively

Health Systems should establish protocols for determining the

appropriate location for postoperative care based on a validated

preoperative risk score, impact of the surgical procedure,

ongoing physiological instability and continuing supportive and

therapeutic requirements

Moderate Strong

29. (17) Postoperative Delirium Screening

and Prevention

Patients over 65 years of age should receive regular postoperative

delirium screening. At-risk patients should be managed with

non-pharmaceutical interventions such as regular orientation,

sleep hygiene approaches and cognitive stimulation to prevent

delirium, and medication triggers minimized

High Strong
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Gastrointestinal/colorectal anastomoses in emergency

laparotomy

A postoperative bowel anastomotic leak is a life-threaten-

ing major complication and even when survived is often

associated with emergency re-operations, extended stay,

prolonged recovery, and shorter disease-free cancer sur-

vival [32]. The risk factors for anastomotic leak have been

well documented and include emergency surgery, Ameri-

can Society of Anesthesiology (ASA) physical status,

advanced age, low serum albumin concentration, intraop-

erative blood loss and hypotension, extra peritoneal anas-

tomosis, long operations [32–36], and vasopressor support

[37]. All these risk factors are relevant to patients under-

going EL. Risk scoring systems for anastomotic leak exist

[38] but are not yet in widespread clinical use.

Unlike elective surgery, there is much less opportunity

for risk modification before EL and for many years, in the

emergency setting, the risk of anastomotic leak was con-

sidered so high that standard treatment was to avoid an

anastomosis and raise a surgical stoma when bowel

resection was required. However, it is now clear that in

many cases a primary anastomosis can be safely performed

and emergency surgery per se is not an absolute con-

traindication to an anastomosis. There is evidence that

subspecialist management of colorectal conditions is

associated with low overall and operative mortality, while

safely achieving high rates of primary anastomosis [39].

Large-scale EL audits show that only a minority of patients

undergoing an emergency left-sided colonic resection have

a primary anastomosis and there is wide inter-hospital

variation in restorative resection rates [40]. When

Table 1 continued

ERAS Item Guideline Level of

evidence

Recommendation

grade

30.1 (18) Continuation of venous

thromboembolism risk assessment and

treatment

Patients should be assessed with a validated tool for VTE risk on

admission and throughout their hospital stay. If

pharmacological prophylaxis is not possible, mechanical

prophylaxis should be administered. For very high-risk patients

(many emergency laparotomy patients will fall into this

category), pharmacological combined with mechanical

prophylaxis should be given. Reassessment should occur daily

postoperatively

High Strong

30.2 The duration of prophylaxis, including after discharge, should be

determined by patient risk factors and underlying conditions

Moderate Strong

31. (19) Urinary Catheter Removal Urinary catheter use should be evaluated daily, and the catheter

should be removed as early as possible

Moderate Strong

32. (20) Peri- and Postoperative

Nasogastric Tube Use

Nasogastric tube use should be considered on an individual basis,

taking into account the risk of gastric stasis and aspiration

related to gut dysfunction. Daily revaluation of the need for

NGI should occur and it should be removed as early as possible

Moderate Strong

33.1 (21) Postoperative Nutrition Early tube feeding (within 24 h) should be initiated in patients in

whom early oral nutrition cannot be started, and in whom oral

intake will be inadequate (\ 50% of caloric requirement) for

more than 7 days

Moderate Strong

33.2 If enteral feeding is contraindicated, early parenteral nutrition is

indicated to mitigate the period of inadequate oral/enteral

intake. Enteral or oral nutrition may be reinitiated as

gastrointestinal function recovers and/or contraindications end

and replace parenteral nutrition when caloric needs can be

safely met through oral/enteral routes

Moderate Weak

34. (22) Postoperative Ileus Minimization A multifaceted approach to minimizing postoperative ileus,

including minimally invasive surgery, optimized fluid

management, opioid-sparing analgesia, early mobilization,

early postoperative food intake, laxative administration, and

omission/early removal of nasogastric intubation should be used

Moderate Strong

35. (23) Early Mobilization Patients should be assisted to mobilize as soon as possible after

surgery

Weak Strong
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considering an anastomosis during EL, an individualized

patient assessment should be conducted to determine the

likely benefit and magnitude of risk, the likely conse-

quences of an anastomotic leak and the suitability of any

alternative operative strategy, noting that an anastomosis

constructed in a patient requiring pressor support to treat

shock is at high risk of failure.

Surgical Rescue: timing and damage control surgery

Damage control surgery (DCS) is a surgical strategy to

control hemorrhage and/or sources of sepsis in critically ill

patients not expected to survive prolonged initial definitive

surgery [41–45]. Damage control in the septic abdomen is

achieved by eliminating the source of infection and

reducing bacterial contamination of the peritoneal cavity

[46], while deferring anastomoses and temporarily closing

the abdominal wall [45, 47]. After DCS, the patient should

be transferred to the intensive care unit (ICU) to continue

resuscitation efforts. Definitive surgical management, such

as bowel anastomosis (if judged appropriate) and closure of

the abdominal wall, should be performed at a subsequent

operation. In a prospective observational multicenter study

of 422 patients with severe sepsis or septic shock, inade-

quate source control was associated with a significantly

higher 28-day mortality [48]. Clinical studies in DCS are

limited and DCS exposes patients to multiple surgical

interventions, prolonged ICU stay, open abdomen man-

agement, and related complications [49]. DCS usually

results in planned re-laparotomy and in a RCT of patients

undergoing laparotomy for severe secondary peritonitis re-

laparotomy on demand and was associated with fewer

negative laparotomies, fewer operations overall, shorter

critical care stay, and shorter total hospital stay with no

difference in mortality, than patients having a planned re-

laparotomy [50]. Routine (indiscriminate) use of DCS in

cases of severe secondary peritonitis was associated with

an increased relative risk and odds ratio for death in one

small RCT [46].

The decision for DCS and reoperation should be indi-

vidualized, based on the patient’s condition during resus-

citation and ongoing treatment. Multiple variables should

be evaluated [49, 51, 52]. Patients with perforated hollow

viscera can be managed using the principles of DCS to

avoid an ‘‘ostomy’’ in the index surgery [53, 54]. A sys-

tematic review and meta-analysis of patients with non-

trauma abdominal emergencies reported no difference

regarding mortality between DCS or conventional man-

agement. However, the analysis used studies that compared

observed and expected mortality, with a lower rate of

observed mortality in patients with DCS [55].

Abdominal closure can be deferred, and negative pres-

sure wound therapy (NPWT) initiated. The evidence is

limited regarding temporary abdominal closure techniques

between NPWT and non-NPWT [56]. However, studies of

patients with abdominal sepsis treated with NPWT have

reported benefits in mortality, complications, time to

definitive abdominal closure, and reduced long-term costs

[57, 58]. Evidence suggests that the risk of fascial closure

complications and re-interventions is reduced when the

patients have been managed in the postoperative period

with NPWT [59, 60]. Combining NPWT with dynamic

mesh mediated fascial traction can result in achieving

successful delayed fascial closure in a high proportion of

patients [61, 62] and has been associated with better out-

comes than NPWT alone in some non-randomized studies

[63]. Ongoing management should be individualized, with

the aim of closing the abdomen as early and safely as

possible. Some patients may benefit from delayed wound

closure [49, 51, 52].

Intraoperative ERAS elements

Intra-abdominal surgical drains

Intra-abdominal drains have long been used to prevent and

eliminate accumulation of infected or inflammatory peri-

toneal fluid. Nevertheless, their role as a prophylactic

intervention after major elective abdominal surgery has

been challenged [64]. In fact, in patients undergoing elec-

tive surgery, evidence for any of the proposed beneficial

effects is lacking or weak; in general, patients with intra-

abdominal drains have been found to have similar rates of

mortality, morbidity, infections, anastomotic leaks, and re-

interventions as patients without drains [65–68] and a

meta-analysis of 4 RCTs in patients undergoing rectal

surgery found no benefits from closed suction drains [69].

In a recent prospective international matched cohort study

of 1805 patients undergoing elective colorectal surgery,

drains were not associated with reduced rates or earlier

detection of collections and were associated with delayed

hospital discharge and an increased risk of surgical site

infection [70].

In patients subjected to EL, there is a lack of high-

quality studies, although a recent abstract from the Euro-

Surg Collaborative in emergency colorectal patients found

no benefit for drain use [71]. In another study of trauma

EL, the use of closed suction drains after acute laparo-

tomies for hollow visceral injuries was associated with an

increased rate of surgical site infections compared with

those who did not receive an intra-abdominal drain [72],

whereas the rate of deep surgical site infections, or re-

interventions, in patients subjected to a laparotomy for

solid organ injuries was unchanged [73]. ‘‘Routine drai-

nage’’ after EL has also not shown any benefits over ‘‘no

drain’’ with the same rates of surgical site infections
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measured [74]. Although appendectomy is not included in

our definition of EL, a Cochrane review from 2018

investigating the role of drains in patients subjected to open

appendectomies for complicated appendicitis could not

find any benefits of drainage with regard to reduced sur-

gical site infections [75]. The use of drains after appen-

dectomies for perforated appendicitis, with or without the

presence of an abscess or peritonitis, is discouraged by the

World Society of Emergency Surgery [76]; their use pro-

vides no benefits with regard to preventing postoperative

intra-abdominal abscess formation or surgical site infec-

tions and may lead to longer hospitalization [76, 77].

Finally, a prospective case–control study including patients

who underwent laparotomies for a perforated peptic ulcer

found that closure of the perforation with an omental patch

technique was safe without prophylactic intra-abdominal

drainage [78]. Furthermore, there was a high rate of drain-

related morbidity (fever, wound infections, peritoneal fluid

accumulation, and wound dehiscence) suggesting that

drains should be avoided where possible [78].

Summary and recommendation Routine, prophylactic use

of intra-abdominal surgical drains is discouraged given a

lack of evidence to their benefit in clean and clean/con-

taminated cases. The situation may differ in contaminated

abdominal cases.

Level of evidence: Low

Recommendation grade: Weak

Prevention of infection: perioperative antibiotics, skin

antisepsis, use of a fascial wound protector, irrigation,

and glove change in abdominal closure

Surgical site infection is common and may account for

16% of all hospital acquired infections. The risk of infec-

tion is considerably higher when abdominal emergency

operations take place and is estimated to affect 35% of all

such patients [79]. The use of antibiotic prophylaxis before

surgery has been shown to reduce surgical site infection

[80]. Perioperative broad spectrum intravenous antibiotics

should be administered within 60 min before skin incision

if the patient has not already been commenced on them,

some agents such as fluoroquinolones and vancomycin

require administration over 1–2 h, and therefore, adminis-

tration should begin, if possible within 120 min [26, 81].

Continuation of antibiotics should be decided according to

the pathology and contamination found during surgery. The

AHRQ ‘‘Technical Evidence Review for Emergency Major

Abdominal Operation’’ [81] and the World Society of

Emergency Surgery [82] provide more specific guidelines

for antibiotics for a number of intra-abdominal emergency

procedures. A systematic review found no specific evi-

dence for skin antisepsis for major emergency general

surgery but recommended preoperative skin antisepsis with

alcohol-based solutions, or chlorhexidine for patients with

an allergy to alcohol-based skin solutions [81].

The use of a fascial abdominal wound protector and new

closure instruments after abdominal irrigation as well as a

glove change is recommended by the American College of

Surgeons (ACS) as part of the National Surgical Quality

Improvement Program (NSQIP) bundle to reduce surgical

site infections (SSI) and has been shown to be an effective

way of reducing both superficial and deep SSI [83–85].

There is little specific evidence for wound protectors in EL,

but a recent systematic review found some evidence of

benefit for abdominal surgery in general, and no evidence

of harm. A recent large cluster randomized trial in low- and

middle-income countries, including a large proportion of

emergency surgery patients and patients with intraopera-

tive contamination, found that routine change of gloves and

instruments before wound closure reduced surgical site

infection by 13% [86]. Other key components to reduce

SSI [87] include normothermia and control of blood glu-

cose (both of which are discussed later in this document).

Summary and recommendations Perioperative broad

spectrum intravenous antibiotics should be administered

within 60 min before skin incision unless the patient is

already receiving appropriate antibiotic therapy, some

agents such as fluoroquinolones and vancomycin require

administration over 1–2 h, and therefore, administration

should begin, if possible, within 120 min. Local and

national guidelines should be followed for choice of

antibiotic, dosing, and administration. Continuation of

antibiotics should be based on pathology and contamina-

tion during surgery.

Level of evidence: High

Recommendation grade: Strong

Preoperative skin antisepsis with alcohol-based solu-

tions, or chlorhexidine for patients with an allergy to

alcohol-based skin solutions should be used. Chlorhexidine

with alcohol is optimal.

Level of evidence: High

Recommendation grade: Strong

Routine use of a fascia abdominal wound protector,

abdominal irrigation and new gloves and closure instru-

ments are recommended to reduce SSI.

Evidence level: Moderate

Recommendation grade: Strong

Anesthesia and perioperative management

Overview

The goal of the anesthesiologist is to provide safe anes-

thesia while addressing the physiological disturbances
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caused by the pathological process and associated surgery,

such as blood loss, sepsis, and significant fluid shifts.

Patients who present for EL may be among the most

complex and demanding that an anesthesiologist will meet

in general service. Anesthesiologists should be suitably

experienced and familiar with the considerations required

to manage patients undergoing emergency general surgery

(EGS) and specifically EL. Many aspects of management

are not specific to EL but are common to routine anesthetic

practice and form standards of care which must be adhered

to in these vulnerable patients. Principles of sound anes-

thetic decision-making apply equally to emergency and

non-emergency abdominal surgery.

Rapid sequence induction and intubation

Patients undergoing EL are at particularly high risk of

regurgitation of gastric contents and subsequent aspiration

into the lungs. The reasons for this include bowel and

stomach obstruction and distension, sepsis, opioids, and the

emergency nature of the surgery. For this reason, rapid

sequence induction and intubation (RSII) has historically

been seen as a standard part of anesthesia for patients

undergoing EL. RSII was first described by Stept et al.[88]

and incorporated the use of cricoid pressure [89] to protect

the airway from contamination during the period between

loss of consciousness and placement of a cuffed tracheal

tube. This method of securing the airway has been widely

practiced for many years but recently significant variation

has taken place associated with the introduction of newer

anesthetic agents and equipment, and lack of evidence of

benefit for many parts of the original sequence. Newer

induction drugs such as propofol have been used and non-

depolarizing muscle relaxants such as rocuronium have

been used as an alternative to succinylcholine [90]. A small

RCT of 400 critically ill patients found no difference in

intubating conditions or desaturation between rocuronium

and succinylcholine[90] although a Cochrane review found

less frequent excellent intubating conditions when a lower

dose of rocuronium (0.6–0.7 mg/kg) was used [91]. The

availability of sugammadex to reverse rocuronium rapidly

may have encouraged the use of rocuronium in some set-

tings when a selective relaxant binding agent (SRBA) is

available, although the aspiration risk remains [92]. Recent

guidelines from the European Society of Anaesthesiology

and Intensive Care make a strong recommendation, based

on a moderate level of evidence, for the use of a fast-acting

muscle relaxant such as succinylcholine 1–2 mg kg -1 or

rocuronium 0.9 to 1.2 mg kg -1 for RSII [93]. Some

induction agents are likely to cause hypotension (propofol)

or are relatively contraindicated in sepsis (etomidate) [92].

The use of cricoid pressure is under debate with some

guidelines recommending its use, while others do not,

citing lack of evidence for clinical efficacy and variation in

appropriate application. A recent review article discussed

the fact that practice in the use of cricoid pressure in an

emergency operative induction varies internationally and

that there is some evidence that cricoid pressure can make

intubation more difficult but may not prevent aspiration of

gastric contents [94]. If direct laryngoscopy is difficult,

cricoid pressure should be released [95]. Although aspira-

tion of gastric contents is rare, should it occur the risk of

patient death or severe brain injury secondary to hypoxia

are high, therefore in this high-risk EL patient population

we recommend that the use of cricoid pressure should be in

line with current standard of practice in the anesthesia

practitioner’s respective country, e.g., for the UK [96] and

the 2015 Difficult Airway Society Guidelines [95].

Recommendation To minimize the risk of aspiration after

induction of anesthesia rapid control of the airway with

intubation using a fast-acting muscle relaxant such as

succinylcholine 1–2 mg kg -1 or rocuronium 0.9 to

1.2 mg kg -1 for placement of an endotracheal tube should

be used. We recommend the use of cricoid pressure

according to the practitioner’s respective national guide-

lines. Drugs for induction of anesthesia should be selected

and dosed appropriately to maintain hemodynamic

stability.

Evidence level: Moderate

Recommendation grade: Strong

Maintenance anesthetic agent and depth of anesthesia

monitoring

Inhaled anesthetic agents remain the drugs commonly used

for maintenance of anesthesia in emergency surgery. Short

acting agents such as sevoflurane or desflurane are easy to

administer and monitor and allow rapid awakening at the

end of surgery and return of protective reflexes. Intra-

venous anesthesia using target controlled propofol infu-

sions reduces postoperative nausea and vomiting (PONV),

and laboratory data and some retrospective studies suggest

possible beneficial downstream effects on cancer outcomes

[97]; however, this patient group is often hemodynamically

challenged and the use of propofol can increase vasopres-

sor requirements. There are no RCTs of total intravenous

anesthesia (TIVA) versus inhalational anesthesia in this

patient group. A Cochrane review did not show significant

benefit of TIVA to reduce delirium in the elderly [98].

There is developing evidence that depth of anesthesia

may be important in patients over 60 years of age, and

avoiding volatile anesthetic overdose by close monitoring

of age-adjusted minimum alveolar concentration (MAC) is

critical to avoid side effects such as hypotension [99].

Variable evidence is available for older elective surgical
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patients, that titrating anesthesia using bispectral index

(BIS) or another form of processed electroencephalography

(EEG), and avoiding burst suppression of the EEG [99]

reduces the risk of postoperative delirium [100]. A recent

sub-study of a larger study targeting a lighter level of

anesthesia depth with a BIS of 50 versus a deeper level

with BIS 35 in major elective older surgical patients found

a significant reduction in postoperative delirium in the

lighter anesthesia group [101]. For the patient population

undergoing EL, there is a high incidence of frailty and old

age which increases the risk of postoperative delirium

[102] as well as a higher incidence of accidental anesthetic

awareness observed during emergency surgery [103].

While the cause of delirium is multifactorial, using depth

of anesthesia monitoring to avoid extremely low BIS val-

ues may reduce this risk in older patients[99]. A recent

review of the literature also concluded that processed EEG-

guided anesthesia care may be appropriate if the goal is to

facilitate rapid emergence and recovery [104].

Summary and recommendations There is no evidence to

recommend one anesthetic agent over another for mainte-

nance of anesthesia.

Level of evidence: Low

Recommendation grade: Weak

Consider using depth of anesthesia monitoring in

patients over 60 years of age at risk of postoperative

delirium and anesthesia-induced hypotension.

Level of evidence: Moderate

Recommendation grade: Strong

Postoperative nausea and vomiting (PONV) reduction

PONV is a major cause of patient dissatisfaction and delays

return to enteral intake in all surgery. All patients under-

going emergency laparotomy are at high risk of PONV due

to physiological derangement and gastrointestinal insult.

The use of intravenous opioids is also common in EL

patients and is a risk factor for PONV. The use of opioids

should be minimized using a multimodal approach (see

section on analgesia). There are no RCTs of PONV pro-

phylaxis in emergency general surgery but the international

consensus guidelines for elective surgery recommend a

multimodal approach to high-risk patients [105]. Other

reviews support a multimodal approach of 2 or 3 agents

used together [106]. There are several classes of antiemetic

drugs including serotonin (5HT3) antagonists, dopamine

(D2) antagonists, NK 1-antagonists, antihistamines, and

corticosteroids. There is minimal harm to using most of

these drugs apart from the increased risk of sedation or

increasing the QTc interval [107]. Many patients in this

group will be receiving steroids as part of the surviving

sepsis guidelines [108] which also have antiemetic

properties. Dexamethasone does not appear to increase the

risk of wound infection [109]. Beers’ criteria should be

followed to avoid high-risk drugs in the elderly population

[110].

Recommendations A multimodal approach to reducing

PONV should be utilized, minimizing triggers and opioids.

Level of evidence: High.

Recommendation grade: Strong.

Temperature management

Patients are at risk of hypothermia due to exposure to the

surroundings, the effects of anesthesia, and cold intra-

venous fluids. Hypothermia can impair drug metabolism,

adversely affect coagulation, and increase bleeding, wound

infection, and cardiac morbidity [111]. To avoid

hypothermia forced air warming or underbody warming

mattresses should be utilized [112]. Intravenous fluids and

blood products should be administered using fluid

warmers.

Recommendations Measurement of core temperature,

using a reliable method to monitor the efficacy of warming

measures, should be routine.

Level of evidence: High

Recommendation grade: Strong

Active warming devices and warming of intravenous

fluids should be used to maintain normothermia.

Level of evidence: High

Recommendation grade: Strong

Lung ventilation strategy

A multinational consensus developed questions and then

produced evidence based statements using a modified

Delphi method to recommend that, for intraoperative

ventilation of surgical patients, a tidal volume of 6–8 ml/kg

of predicted body weight and positive end-expiratory

pressure (PEEP) 5 cm H2O should be used initially and

then individualized thereafter using flow-volume loops

[113]. The use of 8 mls/kg allows the use of Stroke Volume

Variability (SVV) and Pulse Pressure Variability (PPV) to

optimize preload if an arterial line and cardiac out-

put monitoring is used. Recruitment maneuvers should use

the lowest effective pressure for the shortest effective time

[113]. An observational study in patients undergoing EL

showed that high intraoperative peak inspiratory pressures

were associated with development of a postoperative pul-

monary complication (PPC) [114].

Recommendation Routine use of low tidal volume

(6–8 ml/kg predicted body weight) and positive end-
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expiratory PEEP C 5 cm H2O with titration according to

flow-volume loops and clinical evaluation is

recommended.

Level of evidence: Moderate

Recommendation grade: Strong

Monitoring and reversal of neuromuscular block (NMB)

EL is a significant risk factor for PPCs [115]. While ade-

quate reversal of NMB is always important, it is even more

so after EL to prevent aspiration and associated PPCs. The

metabolism and degradation of muscle relaxants may be

unpredictable in patients undergoing EL, making them

more likely to have residual muscle paralysis [116, 117]. It

is imperative that there is adequate neuromuscular recovery

before extubation [118, 119]. Formal monitoring is

required, and recent guidelines recommend ulnar nerve

stimulation with quantitative train of four (TOF) assess-

ment, with the most reliable site of monitoring being the

abductor pollicis muscle [93]. Nerve stimulators using

acceleromyography are more accurate to monitor depth of

NMB and ensure full reversal [93, 119]. Selective relaxant

binding agents (SRBA) such as sugammadex have been

shown to more predictably reverse NMB compared with

neostigmine or glycopyrronium and so reduce the risk of

bulbar dysfunction and aspiration. In an RCT of 200 older

patients undergoing elective prolonged surgery, sugam-

madex was associated with a 40% reduction in residual

NMB, a 10% reduction in 30-day readmission, but no

reduction in postoperative pulmonary complications [120].

A recent meta-analysis showed that compared with

neostigmine, SRBA use was associated with a lower risk of

PPCs, mainly due to a lower incidence of postoperative

respiratory failure [121].

Recent guidelines recommend SRBA to antagonize

deep, moderate, and shallow NMB induced by aminos-

teroidal agents [93]. If neostigmine is used for reversal a

spontaneous TOF ratio of[ 0.2 should occur before

administration, and a TOF ratio of more than 0.9 should be

obtained before extubation [93].

Recommendations Neuromuscular blockade should be

monitored using a quantitative peripheral nerve monitor to

ensure adequate reversal before endotracheal extubation,

with the most reliable site of monitoring being the abductor

pollicis muscle.

Level of evidence: High

Recommendation: Strong

Reversal of NMB using a selective relaxant binding

agent as compared with neostigmine is recommended.

Level of evidence: Moderate

Recommendation grade: Strong

Intravenous fluid and electrolyte management

and goal directed hemodynamic therapy

Resuscitation prior to, during, and after surgery is critical

to the management of patients undergoing EL. Volume

overload can lead to perioperative complications such as

organ dysfunction, ventilator dependence, gut edema, and

poor wound healing [122, 123], and too little fluid risks

poor organ perfusion and associated consequences such as

renal failure. Volume assessment is particularly challeng-

ing in emergency general surgery patients given their

inflammatory response and physiologic derangement on

presentation [124]. Many anesthesiologists routinely use

some form of advanced hemodynamic monitoring. How-

ever, there are only a few small studies [125, 126] and few

prospective trials for individual methods of advanced

hemodynamic monitoring in EL [125, 126] although others

are underway (https://floela.org/about). Arterial lines pro-

vide useful real-time blood pressure measurement in this

patient group and allow frequent arterial blood gas sam-

pling to guide therapy. Multi-lumen central venous cathe-

ters (CVCs) are mandated in many hospitals to deliver

drugs such as vasopressors and inotropes required in many

patients undergoing EL.

Fluid balance should be carefully recorded throughout

and following surgery, and intraoperative volume therapy

should be titrated by bolus, based on objective measures of

hypovolemia [111]. A recent EL study targeted a postop-

erative fluid balance in the range of 0–2 L [126], which is

in line with elective colorectal ERAS guidance [25].

Intravenous fluid and electrolyte replacement

Evidence for the type of fluid to use for laparotomy patients

must be inferred from trials in elective surgery, the ICU

literature and from mixed groups of other patients. An

early study showed that patients who received 0.9% saline

compared with lactated Ringer’s (LR) in hemorrhagic

shock experienced a higher incidence of hyperchloremic

metabolic acidosis, electrolyte derangements, dilutional

coagulopathy, and higher overall volume requirements for

adequate resuscitation [127]. Saline-induced disturbances

in acid–base balance can have a negative impact on peri-

operative electrolyte management, end-organ function, and

survival [128]. There is also evidence indicating a negative

impact of solutions with high chloride content on renal

function, resulting in decreased kidney perfusion and urine

output, increased extravascular fluid accumulation,

increased vasopressor requirements and acute kidney injury

(AKI) [129–132].

The Isotonic Solutions and Major Adverse Renal Events

Trial (SMART) in 15, 802 patients [133] was a pragmatic,

unblinded, cluster-randomized, multiple-crossover study in
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ICU patients; approximately 21% of patients were admitted

from the operating room. Patients who received 0.9% sal-

ine had a significantly higher incidence of a composite

outcome of a major adverse kidney event within 30 days

compared with patients in the balanced crystalloid group

(15.4% vs 14.3%). There are some methodological limi-

tations of the SMART trial, including that it was conducted

at one facility and was not adequately powered to detect

the different components of the composite outcome [134].

The Isotonic Solution Administration Logistical Testing

(SALT) trial evaluated 974 adults admitted to the ICU

mostly from the emergency department with a predominant

diagnosis of sepsis, who received either a crystalloid

solution or 0.9% saline. Patients who received crystalloid

had lower 30 days in hospital mortality, and lower inci-

dence of renal replacement therapy or renal dysfunction

[135].

Overall, the existing evidence suggests that balanced

crystalloids may result in improved patient outcomes and

reduce morbidity and mortality. The use of 0.9% saline use

should be limited, especially in higher-risk patients with

existing electrolyte derangements such as acidosis or

hyperchloremia and those who might require a significant

amount of fluid resuscitation. The use of hydroxyethyl

starch (HES) solutions is not recommended due to the

increased risk of kidney failure and mortality and lack of

benefit demonstrated in the FLASH study [136] and in a

systematic review [137].

Patients undergoing EL are likely to experience elec-

trolyte abnormalities. Critically-ill patients (which can

include patients undergoing EL) are especially susceptible

to electrolyte disturbances, including hypo- and hyperna-

tremia [138, 139], hypo- and hyperkalemia [140, 141],

hypophosphatemia [142], hypocalcemia [143], and hypo-

magnesemia [144]. Electrolyte disturbances can lead to a

variety of adverse events in the intraoperative and post-

operative setting, including cardiac dysrhythmias, particu-

larly atrial fibrillation [145]. Correcting electrolyte

disturbances is important to maintain body homeostasis.

Existing guidelines and institutional protocols should be

used to guide treatment. Patients should be appropriately

monitored when significant electrolyte abnormalities are

suspected.

Recommendation Patients should have ongoing treatment

to correct electrolyte disturbances throughout the periop-

erative period.

Level of evidence: Moderate

Recommendation grade: Strong

Recommendation Balanced crystalloids should be used in

preference to 0.9% normal saline for resuscitation and to

maintain intravascular volume.

Level of evidence: Low

Recommendation grade: Weak

Goal directed hemodynamic therapy, cardiovascular

monitoring, maintenance of blood pressure,

and vasopressor use

Goal-directed hemodynamic therapy (GDHT) is the pro-

cess of using cardiac output monitoring to guide the

administration of fluid and vasopressors. The key compo-

nents involve optimizing flow by maintaining a patient’s

stroke volume while avoiding the deleterious effects of

hypotension. Intraoperative GDHT improves outcomes in

elective surgery in some studies, with most benefits

observed in high-risk patients [146–148], while others have

demonstrated little benefit [149–152]. In the emergency

setting, all patients can be considered to be at high risk and

some small observational studies involving GDHT as part

of perioperative management protocols in this group have

demonstrated improved outcomes and a mortality benefit

[1, 153] although others have shown no benefit [126].

There is no single GDHT protocol that has shown clear

benefit over others in the emergency general surgery set-

ting. Regarding the physiologic goals of GDHT plans, a

broad assessment is difficult given the heterogeneous

clinical trial protocols and populations studied [146].

Paired with clinical judgment, the use of stroke volume as a

guide to resuscitation and vasopressor use is likely to

reduce unnecessary fluid overload and improve outcomes.

A recent two-arm multicenter study in 312 patients did not

show a benefit in the flow directed group compared with

control [126]. Maximizing stroke volume may not be the

correct approach, but diligence in avoiding hypovolemia

and hypotension and ensuring adequate perfusion is key.

The importance of avoiding hypotension in elective sur-

gery is now recognized [154], but it is important to opti-

mize flow prior to the commencement of vasopressors

[155, 156].

Transthoracic echocardiography (TTE) and ultrasound

are increasingly utilized to assess patients who are hemo-

dynamically unstable and septic in the emergency depart-

ment, operating room, and critical care unit [157]. The

increased availability of cheaper quality bedside ultrasound

machines and increased training has driven this trend.

Bedside TTE can assess left ventricular and right ventric-

ular contractility and structural/valvular abnormalities and
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guide the use of inotropes and vasopressors once optimal

intravascular volume has been achieved [157]. Minimally

invasive cardiac output devices can utilize the arterial

waveform to calculate values for stroke volume, stroke

volume variation (SVV), pulse pressure variation (PPV),

and cardiac index [158]. Arterial lines facilitate earlier

detection of hypotension and allow regular arterial blood

gas analysis.

Norepinephrine (noradrenaline) infusions are now

viewed as the first vasopressor of choice to maintain mean

arterial pressure (MAP) C 65 mm Hg where sepsis is

present or suspected, as it has both vasoconstrictor effects

but also some beta-agonism to support cardiac contractility.

Epinephrine (adrenaline) can be added as an additional

agent to maintain adequate blood pressure or increase

cardiac output and vasopressin (0.03 U/min) can be added

to norepinephrine to raise mean arterial pressure [159].

MAP target of C 65 mmHg during elective surgery has

been shown to be effective in reducing end-organ injury

such as AKI and myocardial injury after non-cardiac sur-

gery [154]. Lower MAPs occurring over longer periods are

associated with a greater degree of injury. However, a

recent study in the UK in 2463 patients over the age of

65 years which aimed to minimize vasopressor exposure in

vasodilatory shock and allow a MAP to go down to

60 mmHg showed that 90-day mortality was no different

from a targeted MAP of 65 mmHg [160]. A pooled anal-

ysis in patients with septic shock showed that higher doses

of vasopressors to target higher MAPs may reduce the risk

of AKI but increased the risk of mortality [161]. Starting

norepinephrine via a large peripheral vein in a shocked

patient is safe until central access is established [162].

Summary and recommendations Use of arterial lines and/

or central venous pressure catheters should be considered

at an early stage to aid in physiological assessment and to

deliver and titrate vasopressors and fluid therapy.

Level of evidence: Moderate

Recommendation grade: Strong

GDHT should be considered during surgery in high-risk

patients to optimize cardiac index. A MAP of

60–65 mmHg and Cardiac Index [ 2.2 L/min/m2 individ-

ualized to the patient, should be maintained during surgery

using appropriate vasopressors and inotropes as needed.

Level of evidence: Moderate

Recommendation grade: Strong

Management of blood glucose

Hyperglycemia (blood glucose[ 10 mmol/l or 180 mg/dl)

is a risk factor for many complications after surgery for

patients with and without diabetes mellitus [163, 164]. The

risk of complications and mortality is dependent on many

factors but notably long-term glycemic control and blood

glucose concentration at admission [164]. Hyperglycemia

can impair neutrophil function and cause overproduction of

reactive oxygen species, inflammatory mediators, and free

fatty acids [165]. These changes can contribute to direct

cellular damage as well as vascular and immune dysfunc-

tion. Hyperglycemia is driven by the physiological stress

response causing insulin resistance, and so is also an

indirect marker of tissue injury. Treatment with insulin to

reduce hyperglycemia can reduce complications [166].

Given that EL patients frequently have fluid shifts and

acidosis, use of a variable rate insulin infusion is likely to

be most appropriate intraoperatively and can be continued

postoperatively until the patient is more stable [167].

Infusion regimens and blood glucose targets vary depend-

ing on guidelines and patient circumstances, but a periop-

erative range of 7.7–10 mmol/l (140–180 mg/dl) has been

suggested [167]. Point of care intraoperative measurement

of blood glucose should be performed at a minimum every

hour while on the infusion and until serum glucose levels

are stable.

Recommendation Patients should have their glucose clo-

sely monitored and controlled in the range of

7.7–10 mmol/l, preferably with the use of a variable rate

insulin infusion.

Level of evidence: Moderate.

Recommendation grade: Strong.

Blood product management

Transfusion of packed red blood cells occurs in up to 30%

of the emergency surgical population even where primary

blood loss is not the cause for admission [168, 169]. Blood

transfusion can be associated with increased risk of mor-

tality and complications. Based on evidence review and

consensus opinion ‘‘Blood Management Guidelines’’ from

the American Society of Anesthesiologists suggest that red

cell transfusion should be restrictive to maintain an Hb of

60–100 g/l based on potential or actual ongoing bleeding,

intravascular volume status, signs of organ ischemia, and

adequacy of cardiopulmonary reserve [170]. Similar

guidelines give a range of 70–90 g/l from the European

Society of Anaesthesiology and Intensive Care [171], and

much of the evidence in both these guidelines is extrapo-

lated from critical care. In an analysis of 470 407 patients

in the ACS NSQIP database, high-risk patients did not have

significantly increased risk, but low-risk patients had an 8–

tenfold excess risk of adverse outcomes if they received an

equivalent blood transfusion [172]. It is imperative to

maintain cardiac output, mean arterial pressure, and

hematocrit to reduce the incidence of organ dysfunction. A
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meta-analysis of practice recommendations from 14 trials

identified that the following intraoperative issues were used

to guide transfusion in guidelines—blood loss, signs of

end-organ ischemia, and hemodynamic instability—

although only one of these studies included general surgery

patients [173].

Recommendations Transfusion of red blood cells should

be restrictive (trigger Hb 70 -90 g/l), with exceptions based

on individualized clinical status and comorbidities.

Level of evidence: Moderate.

Recommendation grade: Strong.

Multimodal systemic analgesia

Multimodal pain management strategies, utilizing primar-

ily non-opioid analgesics and techniques, should be used

when possible to reduce the perioperative consumption of

opioids which may delay patient recovery [174, 175].

Compared with traditional ERAS pathways for elective

surgery, an ERAS pathway for EL may differ; for instance,

placement of an epidural catheter may not be appropriate in

a patient who is coagulopathic or has known or suspected

bacteremia. Nevertheless, the analgesic principles for both

elective and emergency ERAS protocols remain the

same—provision of superior analgesia and decrease in

reliance on perioperative opioids to facilitate recovery

[176, 177].

Regular dosing of acetaminophen (paracetamol) up to

15 mg/kg every 6 h (with a maximum of 4 g per 24 h) is a

good analgesic base in all patients except those with liver

dysfunction. It is available in intravenous and rectal

preparations, so it can be administered even when patients

are unable to have enteral intake.

The use of non-steroidal anti-inflammatory drugs

(NSAIDs) in the perioperative period should be used with

caution due to the risk of platelet dysfunction with subse-

quent bleeding and effect on renal blood flow as this patient

group has a high risk of acute kidney injury (AKI). Intra-

venous NSAIDs are available and can be introduced

postoperatively once renal function is not impaired, and the

risk of bleeding has passed. There is little evidence for the

use of non-opioid analgesics in the EL setting; however,

elective surgical data support the use of these agents if

there are no contraindications [25, 81, 177]. Although there

has been discussion around NSAIDs increasing anasto-

motic leak, a recent systematic review in colorectal cancer

surgery did not support this suggestion [178]. There is

increasing evidence that gabapentinoids can be potentially

harmful and should not be used as part of a multimodal

regimen in older patients for major surgery [179].

The elective colorectal guidelines for ERAS and the

accompanying anesthesia guidelines for colorectal surgery

suggest involvement of an acute pain team if available that

recommendation should also apply to EL patients who are

likely to benefit from an acute pain team consult in the

postoperative period [25, 111].

Nerve blocks, catheters, and local anesthetic

infiltration

The common types of nerve blocks/catheters used for

laparotomy include neuraxial (epidural/spinal) analgesia

and non-neuraxial (transversus abdominis or rectus sheath)

blocks, or local infiltration techniques.

Neuraxial blocks

A meta-analysis of 58 RCTs (5904 patients) comparing

epidural vs. systemic analgesia in patients undergoing

abdominal and thoracic surgery found that epidural anal-

gesia was associated with a significant decrease in odds of

pneumonia, the need for prolonged ventilation or reintu-

bation, and improved lung function and blood oxygenation,

but increased the risk of hypotension, urinary retention and

pruritus [180]. Another meta-analysis (128 RCTs, 8754

patients) in patients undergoing abdominal surgery

demonstrated that epidural local anesthetics (compared

with opioid-based regimens) significantly accelerated the

return of gastrointestinal transit and decreased postopera-

tive pain without a difference in the incidence of anasto-

motic leak [181]. Epidural analgesia provides superior

analgesia compared with patient-controlled analgesia

(PCA) with opioids in patients undergoing intra-abdominal

surgery [182]. Single-shot spinal anesthesia with opioids in

addition to the local anesthetic mix reduces the postoper-

ative need for opioids. However, in emergency general

surgery where hemodynamic instability is common it may

be preferable to use an opioid alone and omit the local

anesthetic to avoid the sympathetic blockade and subse-

quent vasodilatory hypotension. Neuraxial blocks and

catheters should be placed with caution in any patient on

concurrent anticoagulation therapy or systemic sepsis.

Local abdominal blocks and catheters

Several meta-analyses indicate that use of a transversus

abdominis plane (TAP) block in patients undergoing
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abdominal surgery is associated with a decrease in pain

scores (both at rest and with activity) and reduction in

opioid consumption, although there may not be a decrease

in postoperative nausea and vomiting [183–185]. One

small RCT in EL found that TAP blocks lowered pain

scores compared with placebo [186]. The duration of

analgesia for TAP blocks may potentially be extended with

use of TAP catheters [187]. A systematic review noted that

wound infiltration with local anesthetics (vs. placebo)

during abdominal surgery (cesarean delivery) was associ-

ated with a decrease in morphine consumption at 24 h

[188]. TAP blocks and local anesthetic wound infiltration

in lower abdominal surgical procedures provide compara-

ble short-term postoperative analgesia, but TAP blocks

provide a long-lasting analgesic effect [189]. A meta-

analysis of continuous wound infusion of local anesthetics

agents following colorectal surgery did not provide con-

clusive evidence of analgesic benefit [190]. Finally,

intraperitoneal instillation of local anesthetics for patients

undergoing laparoscopic abdominal procedures may sig-

nificantly decrease pain for up to 6 h after laparoscopy

[191]. Caution should be exercised whenever multiple

sources of local anesthetics are used, and doses should be

reduced accordingly, to minimize risk of systemic toxicity.

Some meta-analyses indicate that perioperative IV

lidocaine (lignocaine) infusions in patients undergoing

elective abdominal surgical procedures may decrease

postoperative pain, reduce opioid consumption, and pos-

sibly decrease length of hospital stay in part from the

earlier return of gastrointestinal function [192–194]. One

meta-analysis of a heterogeneous group of RCTs found that

use of local anesthetic wound infiltration was associated

with pain scores comparable to those obtained with

epidural analgesia [195]. The optimum dose, timing, and

duration of lidocaine infusions in patients undergoing

abdominal surgical procedures are uncertain [194, 196].

There are safety concerns, and appropriate monitoring for

toxic effects should be performed, clear guidelines for

indications, dosing, and the use of ideal body weight for

dose calculation are given in an international consensus

statement [197].

Subanesthetic infusions of ketamine have been

increasingly used for postoperative analgesia to reduce

opioid needs and can reduce opioid requirements, with

some theoretical influence on chronic pain mechanisms.

Doses of 0.1–0.5 mg/kg/h are frequently reported with

higher infusion rates increasing the risk of side effects such

as hallucinations and delirium which if they occur should

prompt cessation for 1–2 h and then recommencing at a

lower dose [198].

Summary

Minimization of perioperative opioid use improves both

respiratory function and return of gastrointestinal motility.

Optimal analgesic management will reduce the stress

response and facilitate postoperative management in line

with ERAS principles.

Recommendations Each patient should be assessed for

the optimal perioperative analgesic regimen, considering

the presence of sepsis and coagulation abnormalities.

Multimodal management should include acetaminophen

and non-steroidal anti-inflammatory drugs if there are no

contraindications.

Level of Evidence: Low

Recommendation: Strong

The use of wound catheters and/or local abdominal wall

blocks and catheters should be considered to reduce post-

operative opioid demand but may have variable efficacy.

Level of evidence: Low

Recommendation grade: Weak

Thoracic epidural analgesia and spinal anesthesia should

be used only after assessment for sepsis and abnormal

coagulation. Hypotension necessitates appropriate moni-

toring, volume, and vasopressor therapy.

Level of evidence: Low

Recommendation grade: Weak

End of surgery, evaluation and endotracheal extubation

Patients undergoing EL are at high risk for Postoperative

Pulmonary Complications (PPCs). A study of a cohort of

30, 000 patients who underwent in-patient general anes-

thesia for major surgery found that of those patients who

required reintubation within the first 3 days after primary

extubation, the highest odds ratios of requiring reintubation

were ASA physical status (PS) III or more (OR 5.23),

emergency surgery (OR 4.21) or high-risk surgery includ-

ing abdominal surgery[199]. In this data, reintubation was

associated with a 72-fold increase in in-hospital death

[199]. A secondary analysis of 6063 patients in a

prospective study from 146 centers worldwide identified 13

perioperative risk factors for occurrence of a postoperative

pulmonary complication including older age and higher

ASA PS score, urgent or emergency surgery, and surgery

lasting C 1 h [200]. In another large multicenter prospec-

tive observational study [201] of 1200 patients ASA PS III

or more undergoing prolonged non-cardiothoracic surgery,

variables identified with the greatest significant association

with one or more PPCs were emergency surgery (OR, 4.47)

and abdominal/pelvic surgery (OR, 2.54). Occurrence of

even a single PPC increases the risk of postoperative

mortality, requirement for ICU, and length of stay [201].
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The high risk of a postoperative pulmonary complica-

tion in patients undergoing EL and the impact of surgery,

sepsis, and ongoing metabolic derangement may mean that

extubation at the end of surgery is not appropriate. The

anesthesiologist and surgical team should assess the patient

carefully, considering the conditions listed above, as well

as blood loss and intraoperative ventilatory requirements.

Further evaluation with a risk scoring system may guide

management. The concept of an ‘‘end of surgery’’ bundle

was suggested in the Higher Risk Surgical patient guide-

lines [202] including risk scoring, assessment of an arterial

blood gas sample to assess lactate and acid–base status,

assessment of the ratio of arterial oxygen concentration to

the fraction of inspired oxygen (P/F ratio), review of fluids

given and ongoing fluid requirements, and check and

documentation of temperature.

Recommendation A multidisciplinary discussion at the

end of surgery should be used to assess suitability for

endotracheal extubation as the risk of postoperative pul-

monary complications and reintubation is high.

Level of evidence: Moderate

Recommendation grade: Strong

Postoperative care

Prevention of postoperative pulmonary complications

Patients who have undergone EL are at high risk of post-

operative hypoxemia and PPCs related to atelectasis,

diaphragmatic dysfunction, retained secretions, pain, and

aspiration [203, 204]. Guidelines from the European

Society for Anaesthesiology and Intensive Care and

European Society of Intensive Care Medicine (ESA/

ESICM) [205] suggest using noninvasive positive pressure

ventilation (NIPPV) or continuous positive airway pressure

(CPAP), rather than conventional oxygen therapy, imme-

diately post-extubation for patients who are hypoxemic and

at risk of developing acute respiratory failure after

abdominal surgery. The level of evidence for this recom-

mendation was graded as moderate quality (1B) with a

strong recommendation, based on two RCTs, one of which

provided early helmet CPAP to elective intra-abdominal

surgical patients who were hypoxemic [206] and the other

gave therapeutic noninvasive ventilation (NIV) to patients

in acute respiratory failure [207]. Almost 50% of patients

in the latter study, which used therapeutic NIV delivered

via facemask, had undergone emergency intra-abdominal

surgery and no adverse events were reported [207]. Patients

who received NIV were less likely to require reintubation

or mechanical ventilation and had fewer episodes of health

care-associated infection. An earlier Cochrane review

reported very low strength of evidence that prophylactic

CPAP in the postoperative period reduced atelectasis,

pneumonia, and reintubation after major abdominal sur-

gery, in comparison with standard management [208]. A

large multicenter study (PRISM) evaluating the prophy-

lactic use of noninvasive respiratory support in patients

who underwent elective intra-abdominal surgery demon-

strated that CPAP was safe, but showed no benefit for

prophylactic use of CPAP to reduce incidence of pneu-

monia, endotracheal re-intubation, or death after major

elective abdominal surgery [209].

The ESA/ESCIM guidelines [205] recommend that

patients receiving NIPPV or CPAP do so in a clinical area

where staff are competent in the management of these

therapies, and where clinical examination and continuous

physiological monitoring plus frequent arterial blood gas

sampling can occur.

A systematic review and meta-analysis of perioperative

interventions to prevent PPCs found low-to-moderate

quality of evidence to reduce incidence [210]. Interventions

relevant to EL patients in the postoperative period included

use of enhanced recovery pathways, prophylactic

mucolytics (evidence low and limited evidence on adverse

effects and safety), prophylactic CPAP (level of 8 cm H20

for at least 8–12 h following extubation or admission to

PACU), and respiratory physiotherapy—although the lar-

gest RCT [211] influencing the findings was for pre- and

postoperative physiotherapy in elective major abdominal

surgery. There is evidence that even one session of phys-

iotherapy preoperatively may be helpful if time and patient

condition permits [211]. A major study is underway to

provide more evidence for benefit, timing, and intensity of

physiotherapy after emergency abdominal surgery [212],

and pilot findings are promising [213].

Goal-directed hemodynamic therapy and epidural anal-

gesia also had moderate evidence of benefit in the pre-

vention of PPCs. No evidence was found for incentive

spirometry [210]. HiFlo oxygen is becoming increasingly

utilized since the COVID-19 pandemic, and it increases

oxygenation with less risk of aspiration, but no studies have

been performed in Emergency Laparotomy as yet [214].

Summary and recommendations Patients who have

undergone EL and show evidence of hypoxemia should

receive CPAP pressure or NIPPV (technique based on local

expertise) rather than standard oxygen therapy, if the risk

of pulmonary aspiration is considered to be low. This

should occur in an environment where staff are skilled in

these techniques, continuous physiological monitoring is

available, and arterial blood gases can be sampled.

Level of evidence: High

Recommendation: Strong

Respiratory physiotherapy involving the training and

supervision of patients’ sputum clearance, developing
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inspiratory muscle strength, and deep breathing exercises

should be used in EL patients in the postoperative period.

Level of evidence: Moderate

Recommendation: Strong

Admission to the intensive care unit (ICU) or higher level

of care postoperatively

Many EL patients have ongoing requirements for active

management and monitoring until the physiological insult

from the underlying condition and associated surgery have

resolved. These needs may be best met in an intensive care

unit (ICU) [124, 215].

The incidence of postoperative morbidity and mortality

following EL is higher than for major elective procedures

where direct admission to ICU may be routine [216–218].

Failure to detect deterioration and facilitate rapid inter-

vention, including a return to the OR is associated with

worse outcomes [17]. Many patients undergoing EL die in

the first 72 h after surgery [219], and morbidity and mor-

tality remain high until at least 30 days [220]. Observa-

tional studies suggest that failure to admit to higher levels

of care immediately after surgery contributes to poor out-

comes and death [217, 221, 222]. Older people and those

living with frailty tolerate complications less well

[220, 223, 224]. Proactive admission of high-risk EGS

patients directly to ICU after surgery reduced mortality in

observational studies [1, 6] and resulted in shorter length of

stay (LOS) and lower short- and long-term mortality rates

[225]. Hospitals with a higher ratio of intensive care beds

to ward/floor beds have reduced mortality for EGS patients

[226]. Consensus guidelines for standards of care for

emergency surgery consistently recommend that protocols

should be in place for admission to critical care postoper-

atively, based on objective risk-assessment, procedure

specific risk, hemodynamic instability, ongoing unsta-

ble physiology, and clinical judgment of the anesthesia and

surgical team [202, 227, 228]. Patient destination for

immediate postoperative care should be based on a vali-

dated preoperative risk score, patient age, comorbidities

and frailty, the impact of the surgical procedure, ongoing

physiological instability, and continuing supportive and

therapeutic requirements. Admission to an ICU is likely to

be appropriate for many patients.

Recommendation Health systems should establish proto-

cols for determining the appropriate location for postop-

erative care based on a validated preoperative risk score,

impact of the surgical procedure, ongoing physiological

instability, and continuing supportive and therapeutic

requirements.

Level of evidence: Moderate

Recommendation Grade: Strong

Postoperative delirium screening and prevention

Delirium and perioperative neurocognitive disorders

(PND) were covered in Part 1 of these guidelines [18] but

are repeated here as patients remain at high risk postop-

eratively. To summarize, key points are that patients

C 65 years of age who undergo emergency surgery are at

particular risk for delirium and perioperative neurocogni-

tive disorders [229–231]. Patients C 65 years of age and

those with preexisting cognitive impairment should have

regular postoperative screening for delirium with a simple

validated tool such as the 4AT test, the Confusion

Assessment Method (CAM) or short 3 min CAM (3D-

CAM) [232, 233]. Screening after surgery should begin in

the recovery room and continue ideally twice a day until

day 5 or discharge [99, 232, 234–237]. The ACS and the

American Geriatric Society (AGS) have joint guidelines on

how to prevent, diagnose, and care for delirium in the

surgical patient [235]. Delirium is preventable in about

40% of cases with simple steps [235, 238, 239] and

avoidance of drugs that fall under AGS Beers criteria

drugs, such as benzodiazepines and anticholinergics

[110, 238]. Incorporation of a ‘‘hospital elder life program’’

(HELP) with simple measures such as mouth care and

regular orienting communication for patients undergoing

major elective intra-abdominal surgery demonstrated a

significant reduction in the incidence of delirium

[239, 240]. Since publication of Part 1 of these guidelines

[18], more guidelines and evidence on best practice for

delirium avoidance and management have emerged

[232, 237] including one specifically for older patients

undergoing EL[241]. There is mounting evidence on the

costs of delirium [242] and the efficacy of a HELP-type

approach in prevention [243].

Summary and recommendations Patients over 65 years of

age should receive regular postoperative delirium

screening.

At-risk patients should be managed with non-pharma-

ceutical interventions such as regular orientation, sleep

hygiene approaches and cognitive stimulation to prevent

delirium, and medication triggers minimized.

Level of Evidence: High

Recommendation Grade: Strong

Continuation of venous thromboembolism risk assessment

and treatment

Compared with elective surgical patients, emergency

patients undergoing comparable intra-abdominal proce-

dures are at increased risk of venous thromboembolism

(VTE) [244–247]. Part 1 of these guidelines [18] discussed

in more detail that patients should be risk assessed with a
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validated tool at admission, and VTE prophylaxis (me-

chanical and/or pharmacologic) should be initiated as soon

as possible [244, 247–249]. Pharmacologic prophylaxis is

preferred but must be balanced against risk of bleeding, if

mechanical prophylaxis is used intermittent compression

devices are preferred over graduated stockings [250].

Combined pharmacological and mechanical prophylaxis

should be considered for very high-risk patients [250].

Postoperatively patients should be reassessed at regular

intervals [244]. VTE risk can remain elevated for up to

12 weeks after surgery, especially for patients with an

underlying malignancy [244–246, 251, 252]. Guidelines

recommend extended prophylaxis (4 weeks with low

molecular weight heparins) for high-risk patients under-

going abdominal and pelvic surgery, such as those with

malignancy or inflammatory bowel disease [81, 244, 253].

Travel requirements after surgery may also increase risk.

Around one third of VTEs in EGS patients occur after

discharge and about 70% require readmission, suggesting

that extended prophylaxis should be considered in high-risk

EGS patients [81, 254].

Summary and recommendations Patients should be

assessed with a validated tool for VTE risk on admission

and throughout their hospital stay. If pharmacological

prophylaxis is not possible, mechanical prophylaxis should

be administered. For very high-risk patients (many EL

patients will fall into this category), pharmacological

combined with mechanical prophylaxis should be given.

Reassessment should occur daily postoperatively.

Level of evidence: High

Recommendation Grade: Strong

The duration of prophylaxis, including after discharge,

should be determined by patient risk factors and underlying

conditions.

Level of evidence: Moderate

Recommendation grade: Strong

Urinary catheter removal

Urinary catheters are routinely placed for patients under-

going major abdominal surgery for fluid balance, bladder

decompression, and to prevent urinary retention. Enhanced

recovery protocols in the elective setting advocate for their

early removal postoperatively to encourage mobility and

improve patient comfort [25, 255] and to reduce the inci-

dence of catheter-associated urinary tract infection

(CAUTI), which increases with duration of catheterization

[256–258]. In older adults, presence of a urinary catheter is

associated with a significantly increased risk of delirium

[229, 230]. Early removal in major abdominal surgery

encourages mobility, speeds recovery, reduces LOS, and

decreases CAUTI [258–260]. However, in the emergency

surgical setting strict monitoring of urine output and fluid

balance may be necessary in patients with sepsis or acute

physiological derangement [261, 262]. While source con-

trol may have been achieved with surgery, ongoing resus-

citation and a urinary catheter may be required past the first

postoperative day in EL patients. A catheter may also

continue to be needed in cases of pelvic surgery, patient

immobility, sedation, or epidural analgesia [257, 261].

These conditions aside, when the patient no longer requires

strict fluid management, the urinary catheter should be

removed as early as possible, and mobilization encouraged.

Recommendation Urinary catheter use should be evalu-

ated daily, and the catheter should be removed as early as

possible.

Level of evidence: Moderate (extrapolated from elective

studies)

Recommendation grade: Strong

Peri- and postoperative nasogastric tube use

Prophylactic nasogastric intubation (NGI) following

abdominal operations has been used to decrease postoper-

ative complications, such as nausea, vomiting, gastric

distention, and anastomotic leakage. However, a Cochrane

review of 33 RCTs including both elective and emergency

abdominal surgery (although numbers of included EGS

patients is unclear) showed no reduction in complications

with NGI [263]. Another meta-analysis of mainly elective

abdominal surgery found no benefit of prophylactic NGI on

gastrointestinal or pulmonary complications but an

increase in undesired outcomes, such as discomfort and

delayed return to liquid or regular diet [264]. Patients not

subjected to NGI had earlier passage of feces and return to

fluid intake [264]. Reduction of time from surgery to the

first passage of flatus was also detected in 862 patients

from eight RCTs when routine NGI was avoided [265]. A

trend toward shorter hospital LOS was detected in patients

not subjected to NGI in several RCTs, but statistical sig-

nificance was not reached [263–265]. Therapeutic NGI is

indicated in patients presenting with ileus or those with

gross intestinal edema at the end of the procedure. Other-

wise, no convincing data is available to support prophy-

lactic postoperative nasogastric decompression [263]. Most

of the reviewed RCTs and meta-analyses are not in patients

undergoing EL, although two small studies in EGS patients

also suggest no evidence for routine use [266, 267].

Summary and recommendation The evidence for the use

of gastric decompression and evidence is inconclusive and

the authors feel that a strategy of selective or therapeutic

use of postoperative NGI is more appropriate than routine

or prophylactic use, even in this population of emergency
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surgical patients. Postoperatively once gastric aspirate

volumes are controlled/minimized, nasogastric tubes

should be removed to encourage oral enteral intake.

Recommendation Nasogastric tube use should be con-

sidered on an individual basis taking into account the risk

of gastric stasis and aspiration related to gut dysfunction.

Daily revaluation of the need for NGI should occur and it

should be removed as early as possible.

Level of Evidence: Moderate

Recommendation Grade: Strong

Postoperative nutrition

While it is not possible to optimize patients nutritionally

before undergoing EL, postoperative diet and nutrition

should be managed proactively in line with ERAS princi-

ples [268, 269] and assessed on a case by case basis

dependent on underlying pathology. Even in the emergency

situation early feeding may be of benefit. An RCT [270] of

EGS patients showed no increase in complications with

feeding within 24 h of surgery compared with a traditional

approach of starting with a liquid diet after passage of

flatus or stool. There were no differences between the two

groups in complications rates nor postoperative ileus or

LOS. In this study, early feeding appeared safe after

emergency abdominal surgery although it was associated

with more vomiting (treated easily and without patient

discomfort) and less hunger than with a traditional

approach. A retrospective propensity-matched study of

patients fed early after EGS compared with delayed feed-

ing showed the early group had lower mortality and com-

plications, although it is likely that lower risk patients may

have been selected as suitable to be fed early [271].

Some patients who have undergone EL will not tolerate

oral nutrition postoperatively. Enteral nutrition has been

proposed as a viable alternative when oral nutrition is not

feasible but may take up to 5 postoperative days to achieve

desired protein and calorie intake in patients undergoing

major elective abdominal surgery [272]. The European

Society for Clinical Nutrition and Metabolism (ESPEN)

guidelines on perioperative nutrition state, ‘‘If the energy

and nutrient requirements cannot be met by oral and enteral

intake alone (\ 50% of caloric requirement) for more than

7 days, a combination of enteral and parenteral nutrition is

recommended’’ [273]. However, enteral feeding may be

contraindicated in patients who have intestinal obstruction

or ileus, sepsis, intestinal ischemia, high output fistulae,

and severe gastrointestinal intestinal hemorrhage

[268, 273]. For these patients, early parenteral nutrition is

indicated to mitigate the period of inadequate oral/enteral

intake. Enteral or oral nutrition may be reinitiated as gas-

trointestinal function recovers, and/or contraindications

end and replace parenteral nutrition when caloric needs can

be safely met through the oral/enteral route [268].

Although postoperative immune modulating nutrition may

be beneficial in patients undergoing elective abdominal

surgery, there is no evidence of benefit in patients under-

going EL [274].

Regular reassessment of nutritional status should be

performed during hospital stay. Nutrition therapy and

dietary counseling after discharge is advised for patients in

whom energy and protein requirements are not met by the

oral route [275].

Recommendations Early tube feeding (within 24 h)

should be initiated in patients in whom early oral nutrition

cannot be started, and in whom oral intake will be inade-

quate (\ 50% of caloric requirement) for more than 7 days.

Level of evidence: Moderate

Recommendation grade: Strong

If enteral feeding is contraindicated, early parenteral

nutrition is indicated to mitigate the period of inadequate

oral/enteral intake. Enteral or oral nutrition may be reini-

tiated as gastrointestinal function recovers and/or con-

traindications end and replace parenteral nutrition when

caloric needs can be safely met through oral/enteral routes.

Level of evidence: Moderate

Recommendation grade: Weak

Postoperative ileus minimization

Postoperative ileus is one of the most frequent complica-

tions after abdominal surgery [276, 277]. Pathophysiology

is multifactorial and the incidence and duration depends on

multiple parameters related to the patient, the procedure,

and perioperative care [276, 278–281]. A major aim of

ERAS protocols is prevention of postoperative ileus (POI);

the most important items are minimally invasive surgery,

optimized fluid management and opioid-sparing analgesia.

Other measures, which may or may not be possible for the

EL patient, are early mobilization, early postoperative food

intake, laxatives, and omission of postoperative nasogastric

tubes [25, 276, 277, 279]. In the emergency setting [5],

where modulation of metabolic stress response and opti-

mization of perioperative care are even more important,

fluid optimization must be balanced between adequate

resuscitation and avoidance of fluid overload. Efforts

should be taken to correct fluid status early, aiming to have

weight gain limited to\ 3 kg at postoperative day three

[25, 280–282]. In patients who present with ileus or those

with gross intestinal edema, early oral intake should be

encouraged to maintain intestinal function, and small por-

tions should be offered initially, especially after right-sided

resections and small-bowel anastomosis [279, 283]. There

is some low-level evidence to support other approaches
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including laxatives such as bisacodyl and magnesium oxide

[25]. Chewing gum has been used to prevent POI, but

currently available evidence does not support its use in

elective ERAS pathways [25]. Some evidence exists for the

use of water-soluble contrast agents and neostigmine to

treat POI [278, 284, 285].

Recommendations A multifaceted approach to minimiz-

ing postoperative ileus, including minimally invasive sur-

gery, optimized fluid management, opioid-sparing

analgesia, early mobilization, early postoperative food

intake, laxative administration, and omission/early removal

of nasogastric intubation, should be used.

Level of evidence: Moderate

Recommendation grade: Strong

Early mobilization

Early mobilization is an important component of enhanced

recovery protocols. Prolonged bed rest increases pul-

monary complications, thromboembolism, insulin resis-

tance and decreases muscle strength [286]. The benefits of

early mobilization may be even greater in the emergency

population with higher prevalence of older patients with

preexisting sarcopenia [287, 288], and patients with sepsis

at increased risk of muscle catabolism. Loss of functional

independence is a significant risk for older patients living

with frailty undergoing emergency surgery [224, 289].

Promotion of patient-oriented rehabilitation as part of an

older patient care pathway resulted in a significant reduc-

tion in mortality, length of stay, and discharge to a higher

level of care [290]. A systematic review of early mobi-

lization protocols following mainly elective abdominal and

thoracic surgery found little hard evidence of benefit [291],

and a RCT in elective colorectal patients found no benefit

of staff-facilitated early mobilization [292]. In contrast, a

multicenter study showed benefit of early mobilization in

surgical ICU patients, length of stay was shortened and

patients’ functional ability at discharge was increased

[293].

Recommendations Patients should be assisted to mobilize

as soon as possible after surgery.

Level of evidence: Weak

Recommendation grade: Strong

Conclusion

Significant components of the intra- and postoperative

management of patients undergoing EL have been identi-

fied, with recommendations given based on levels of evi-

dence, safety, and relevance to management of an EL

ERAS pathway. Many components are based on evidence

extrapolated from the elective setting or from emergency

general surgery studies, and not specifically laparotomy.

Therefore, many components may require further

prospective validation. We suggest the components

described in these guidelines are combined into a com-

prehensive pathway for the management of the EL patient.

Aspects of organizational management and approaches to

implementation needed to provide an EL ERAS pathway

are provided in part 3 of these guidelines.

These guidelines are based on best available current

evidence and will be revised when new evidence that

changes the recommendations becomes available. While

every effort has been made to list correct drug dosages,

readers should check drug formulations and dosages in

their National/Hospital formularies before prescribing.

Author contributions MS contributed to literature review and

grading of evidence and drafted, edited, and made a substantial

contribution to finalizing the manuscript. CP performed literature

review and grading of evidence and also contributed to the writing of

the manuscript. Both MS and CP organized the modified Delphi

method among the authors. WBF and JK contributed to literature

review, reference organization, and to writing the manuscript. DL,

AB, CJ, CW, MH, NL, OL, IA, RU, RA, MG, FH, SH, JH, CJ, CO,

GA, SM, CS NQ, DH, ZC, T Y-F, and JD contributed to writing and

revising the paper, critical appraisal, and grading of evidence.

Funding None.

Declarations

Conflict of interest Dr. Scott has honoraria from and serves on

advisory boards of Baxter, Edwards Lifesciences, Deltex, Trevena,

and Merck. He also receives travel reimbursement from these com-

panies and is President of ERAS�, USA. Dr. Peden has received

consultancy fees from the American College of Surgeons Improving

Care and Surgical Recovery program and from Medtronic for unre-

lated work and is Executive Medical Director for Clinical Quality for

the Blue Cross Blue Shield Association, USA. Dr. Wu has nothing to
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285. Traut U, Brügger L, Kunz R, et al (2008) Systemic prokinetic

pharmacologic treatment for postoperative adynamic ileus fol-

lowing abdominal surgery in adults. Cochrane Database Syst

Rev CD004930

286. Gustafsson UO, Scott MJ, Hubner M et al (2019) Guidelines for

perioperative care in elective colorectal surgery: enhanced

recovery after surgery (ERAS�) society recommendations:

2018. World J Surg 43:659–695

World J Surg (2023) 47:1850–1880 1879

123



287. Du Y, Karvellas CJ, Baracos V et al (2014) Sarcopenia is a

predictor of outcomes in very elderly patients undergoing

emergency surgery. Surgery 156:521–527

288. Engelhardt KE, Reuter Q, Liu J et al (2018) Frailty screening

and a frailty pathway decrease length of stay, loss of indepen-

dence, and 30-day readmission rates in frail geriatric trauma and

emergency general surgery patients. J Trauma Acute Care Surg

85:167–173

289. Tan HL, Chia STX, Nadkarni NV et al (2019) Frailty and

functional decline after emergency abdominal surgery in the

elderly: a prospective cohort study. World J Emerg Surg 14:62

290. Khadaroo RG, Warkentin LM, Wagg AS, et al (2020) Clinical

Effectiveness of the Elder-Friendly Approaches to the Surgical

Environment Initiative in Emergency General Surgery. JAMA

Surg e196021

291. Castelino T, Fiore JF Jr, Niculiseanu P et al (2016) The effect of

early mobilization protocols on postoperative outcomes fol-

lowing abdominal and thoracic surgery: a systematic review.

Surgery 159:991–1003

292. Balvardi S, Pecorelli N, Castelino T et al (2021) Impact of

facilitation of early mobilization on postoperative pulmonary

outcomes after colorectal surgery: a randomized controlled trial.

Ann Surg 273:868–875

293. Schaller SJ, Anstey M, Blobner M et al (2016) Early, goal-

directed mobilisation in the surgical intensive care unit: a ran-

domised controlled trial. Lancet 388:1377–1388

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds

exclusive rights to this article under a publishing agreement with the

author(s) or other rightsholder(s); author self-archiving of the

accepted manuscript version of this article is solely governed by the

terms of such publishing agreement and applicable law.

1880 World J Surg (2023) 47:1850–1880

123


	Consensus Guidelines for Perioperative Care for Emergency Laparotomy Enhanced Recovery After Surgery (ERASreg) Society Recommendations Part 2---Emergency Laparotomy: Intra- and Postoperative Care
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Definitions
	Commentary

	Results
	Evidence and recommendations
	Preoperative phase
	Intraoperative phase

	Intraoperative surgical considerations
	Surgical approach
	Gastrointestinal/colorectal anastomoses in emergency laparotomy
	Surgical Rescue: timing and damage control surgery

	Intraoperative ERAS elements
	Intra-abdominal surgical drains
	Summary and recommendation

	Prevention of infection: perioperative antibiotics, skin antisepsis, use of a fascial wound protector, irrigation, and glove change in abdominal closure
	Summary and recommendations


	Anesthesia and perioperative management
	Overview
	Rapid sequence induction and intubation
	Recommendation

	Maintenance anesthetic agent and depth of anesthesia monitoring
	Summary and recommendations

	Postoperative nausea and vomiting (PONV) reduction
	Recommendations

	Temperature management
	Recommendations

	Lung ventilation strategy
	Recommendation

	Monitoring and reversal of neuromuscular block (NMB)
	Recommendations


	Intravenous fluid and electrolyte management and goal directed hemodynamic therapy
	Intravenous fluid and electrolyte replacement
	Recommendation
	Recommendation

	Goal directed hemodynamic therapy, cardiovascular monitoring, maintenance of blood pressure, and vasopressor use
	Summary and recommendations

	Management of blood glucose
	Recommendation

	Blood product management
	Recommendations

	Multimodal systemic analgesia

	Nerve blocks, catheters, and local anesthetic infiltration
	Neuraxial blocks
	Local abdominal blocks and catheters
	Summary
	Recommendations

	End of surgery, evaluation and endotracheal extubation
	Recommendation


	Postoperative care
	Prevention of postoperative pulmonary complications
	Summary and recommendations

	Admission to the intensive care unit (ICU) or higher level of care postoperatively
	Recommendation

	Postoperative delirium screening and prevention
	Summary and recommendations

	Continuation of venous thromboembolism risk assessment and treatment
	Summary and recommendations

	Urinary catheter removal
	Recommendation

	Peri- and postoperative nasogastric tube use
	Summary and recommendation
	Recommendation

	Postoperative nutrition
	Recommendations

	Postoperative ileus minimization
	Recommendations

	Early mobilization
	Recommendations



	Conclusion
	Author contributions
	Funding
	References




