-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Explore Bristol Research

-% University of
OPEN (o) ACCESS BRISTOL

UK National Surgical Research Collaborative, Trickey, A., & McNair, A.
(2017). Multicentre observational study of adherence to Sepsis Six guidelines
in emergency general surgery. British Journal of Surgery, 104(2), e165-e171.
https.//doi.org/10.1002/bjs.10432

Peer reviewed version

Link to published version (if available):
10.1002/bjs.10432

Link to publication record in Explore Bristol Research
PDF-document

This is the author accepted manuscript (AAM). The final published version (version of record) is available online
via Wiley at
http://onlinelibrary.wiley.com/doi/10.1002/bjs.10432/abstract;jsessionid=022F68748C691E7A5B4001CA5F7884
C6.f04t04. Please refer to any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published

version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms


https://core.ac.uk/display/141198132?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1002/bjs.10432
https://doi.org/10.1002/bjs.10432
https://research-information.bris.ac.uk/en/publications/multicentre-observational-study-of-adherence-to-sepsis-six-guidelines-in-emergency-general-surgery(95aa755e-ec41-4881-b84f-85ab720e8894).html
https://research-information.bris.ac.uk/en/publications/multicentre-observational-study-of-adherence-to-sepsis-six-guidelines-in-emergency-general-surgery(95aa755e-ec41-4881-b84f-85ab720e8894).html

Multicentre observational study of adherence to Sepsis Six guidelines in emergency
general surgery

UK National Surgical Research Collaborative*

*Members of the UK National Surgical Research Collaborative are co-authors of this study
and can be found under the heading Collaborators

Correspondence to: Dr S. Strong, Centre for Surgical Research, University of Bristol, School
of Social and Community Medicine, Canynge Hall, 39 Whatley Road, Bristol BS8 2PS, UK
(e-mail: natalie.blencowe@bristol.ac.uk)

Background: Evidence-based interventions may reduce mortality in surgical patients. This
study documented the prevalence of sepsis, adherence to guidelines in its management, and
timing of source control in general surgical patients presenting as an emergency.

Methods: Patients aged 16 years or more presenting with emergency general surgery problems
were identified over a 7-day period and then screened for sepsis compliance (using the Sepsis
Six standards, devised for severe sepsis) and the timing of source control (whether radiological
or surgical). Exploratory analyses examined associations between the mode (emergency
department or general practitioner) and time of admission, adherence to the sepsis guidelines,
and outcomes (complications or death within 30 days).

Results: Of a total of 5067 patients from 97 hospitals across the UK, 911 (18.0 per cent)
fulfilled the criteria for sepsis, 165 (3.3 per cent) for severe sepsis and 24 (0.5 per cent) for
septic shock. Timely delivery of all Sepsis Six guidelines for patients with severe sepsis was
achieved in four patients. For patients with severe sepsis, 17.6-94.5 per cent of individual
guidelines within the Sepsis Six were delivered. Oxygen was the criterion most likely to be
missed, followed by blood cultures in all sepsis severity categories. Surgery for source control
occurred a median of 19.8 (i.g.r. 10.0-35.4) h after diagnosis. Omission of Sepsis Six
parameters did not appear to be associated with an increase in morbidity or mortality.
Conclusion: Although sepsis was common in general surgical patients presenting as an
emergency, adherence to severe sepsis guidelines were incomplete in the majority. Despite this,

no evidence of harm was apparent.
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+A: Introduction

General surgical patients presenting as an emergency account for over 7 per cent of hospital
episodes in the USA and 14 000 ICU admissions per year in the UK 3, Sepsis is prevalent in
this patient group. Early diagnosis of severe sepsis and initiation of goal-directed therapy can
reduce mortality, irrespective of the need for surgery*®. This evidence was used to develop a
care bundle known as the Sepsis Six for managing patients with severe sepsis (Table 1)%7.
These standards have been endorsed by many professional organizations, including the Society
of Critical Care Medicine, the European Society of Intensive Care Medicine and the Royal
Colleges of Surgeons of England and Ireland!?#°, Complete application of these interventions
is thought to be associated with as much as a one-third reduction in mortality from sepsis,

although uptake is uncertain amongst surgical patients presenting as an emergency*®.

The main aims of the present study were to assess adherence to the Sepsis Six guidelines
and identify the timing of source control in general surgical patients presenting with an
emergency condition. A secondary aim was to explore associations between adherence to the

guidelines and complications or death.

+A: Methods

This study was conducted according to a prespecified protocol that was tested initially in three
hospitals for feasibility. Each participating centre registered the project with their local audit

and research department before commencement.
+B: Centre eligibility

Hospitals providing acute general surgical services were eligible to participate. Eligible centres

were identified through networks of surgical trainee research collaboratives®®,
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+B: Patient eligibility

Patients aged 16 years and over, presenting as unplanned admissions to the general surgical
department, were eligible for inclusion. For the purposes of this study, the term general surgery
encompassed patients with gastrointestinal, vascular or breast conditions. Emergencies from
urology, neurosurgery, plastics, obstetrics and gynaecology, ear nose and throat,
cardiothoracic, ophthalmology and maxillofacial surgery were excluded. In cases of diagnostic
uncertainty (such as abdominal pain with a potential urological or gynaecological origin),
patients were included if they were managed under the care of a general surgeon during the
first 24 h of their admission. Patients presenting to paediatric surgical departments and

inpatient referrals from other medical specialties were excluded.

+B: Identification of eligible patients

Over a predefined 7-day interval from 21 to 28 October 2013, patients were identified at each
participating hospital by interrogating electronic or hand-written records depending on local
hospital policy. Patients’ unique identification numbers were entered into a database and stored

securely at each hospital until data extraction was undertaken.

+B: Data collection

Data were collected for a total of 30 days after admission to hospital. Methods used to retrieve
relevant information varied between hospitals, but was typically by interrogation of patients’
medical records performed by teams of surgical trainees within each hospital. Demographic
data were recorded, including sex, age, method of referral and time of admission. The presence
or absence of sepsis was elicited, as defined below, for the first 24 h of each patient’s hospital
admission. Time of admission was taken as the time each patient was first seen by a hospital

doctor (either via the emergency department (ED) or as a general practitioner (GP) referral).



To fulfil the diagnostic criteria for sepsis (systemic inflammatory response syndrome
plus clinical suspicion or confirmation of an infective source; Appendix S1, supporting
information), contemporaneous evidence of at least two parameter abnormalities
(physiological or laboratory markers) was required. Physiological signs of sepsis had to be
present simultaneously, whereas abnormal laboratory parameters needed to occur within 12 h
(white cell count) or 1 h (glucose) of physiological signs. An online exercise (containing
detailed scenarios) was developed by the study team and completed by local investigators to

ensure a unified approach to diagnostic criteria.

If patients did not meet the diagnostic criteria for sepsis, no further data collection was
performed. In patients meeting the criteria, the severity of sepsis was categorized (according to
international consensus definitions'?) and adherence to the Sepsis Six guidelines (Table 1) was
assessed. Although the Sepsis Six guidelines were originally developed to treat patients with
severe sepsis or septic shock, this study assessed compliance amongst all patients with sepsis,

due to anticipated difficulties with categorizing sepsis severity.

Complications (according to standard criteria?; Appendix S2, supporting information),
30-day mortality, length of hospital stay, length of ICU stay and hospital readmission rates

were recorded for 30 days after admission.

+B: Data management and analysis

Information was entered into a password-protected online database in each of the participating
hospitals. Data on compliance with the Sepsis Six guidelines were summarized with descriptive
statistics. Multivariable regression modelling was used to test for associations between: route
(GP or ED) and time of admission, and non-compliance with the recommendations; and non-
compliance with any or all of the components of the Sepsis Six parameters, and complications

or death. Multivariable regression was also used to analyse patterns of missing data,



compliance with the Sepsis Six guidelines with sex, time or route of admission, age, or severity
of sepsis. Stata® version 14 (StataCorp, College Station, Texas, USA) was used for statistical

analysis.

+A: Results

+B: Demographics

A total of 5067 patients (56.0 per cent female) from 97 centres were included (Table 2). The
majority were referred to surgical teams from the ED (3014, 58.6 per cent). Amongst the 5067
patients, 911 (18.0 per cent) fulfilled the criteria for sepsis, 165 (3.3 per cent) for severe sepsis
and 24 (0.5 per cent) for septic shock. Overall, ten of the 24 patients (42 per cent) with septic
shock were either discussed with intensivists or transferred to the ICU. The most common

diagnoses were biliary disease and appendicitis (Table 3).
+B: Adherence to the Sepsis Six guidelines

Delivery of all Sepsis Six guidelines was achieved in 4.8 per cent of the patients (Table 4).
Highest compliance was seen for the measurement of full blood count (93.2 per cent) and
delivery of antibiotics (76.3 per cent), although blood cultures were seldom collected (26.0 per
cent). Neither the source (ED or GP) nor time of referral (day, evening or night) influenced

compliance with the Sepsis Six guidelines.
+B: Source control and discussion with ICU staff

Of patients fulfilling the diagnostic criteria for sepsis, 37.1 per cent underwent surgical
intervention for source control (Table 5). The most commonly performed surgical procedure

was appendicectomy. The median time to source control ranged from 18.5 to 24.6 h.

+B: Outcomes



The mean duration of hospital stay for patients with sepsis was 4 days (Table 6). Death in
hospital (within 30 days) occurred in 39 (4.3 per cent) of patients with sepsis. No association
was found between the development of complications or death and omission of any of the
Sepsis Six components. Risk factors for mortality included oxygen delivery (B coefficient 0.10,
95 per cent c.i. 0.05 to 0.15), arterial blood gas sampling (0.04, 0.00 to 0.08) and receiving all
of the Sepsis Six interventions (0.12, 0.06 to 0.18), all of which reflect the likely need for ICU

admission.

+A: Discussion

Sepsis is prevalent in surgical patients'3. A recent analysis of the American College of
Surgeons National Surgical Quality Improvement Project database found that sepsis and
septic shock are ten times more common than perioperative myocardial infarction or
pulmonary embolism in the general surgery population®*. However, accurate identification of
sepsis and early source control presents particular challenges amongst surgical patients,
because they may require advanced imaging and complex operative interventions for
diagnosis to be confirmed. Treatment strategies aim to identify at-risk patients early to
prevent progression to severe sepsis, septic shock or death. In this study, most patients with
severe sepsis or septic shock received some but not all of the Sepsis Six interventions, but
this did not influence mortality. Others have examined the effect of performance
improvement programmes on compliance with sepsis care bundles in both emergency
department and ICU settings. Baseline compliance was poor (11-19 per cent), and increased

modestly (up to 31 per cent) following improvement programmes®>6,

The delays evident in the present study may represent clinical uncertainty, a failure to
identify septic patients early, or a lack of knowledge regarding the required interventions

once the diagnosis of sepsis had been made'”8, It is important to note that omission of the



Sepsis Six did not alter outcomes in this study. This may be because the Sepsis Six guidelines
could be excessive for many surgical patients, for example those with uncomplicated perianal
abscesses, cholecystitis or appendicitis in whom timely operative intervention is planned. A
second reason is that the approach to sepsis amongst surgical patients often requires
interventional treatment (such as drainage or organ removal) compared with the non-
interventional treatment of patients with non-surgical diagnoses (for example, urinary or
respiratory tract infections). As such, surgeons may focus primarily on delivering the surgical
intervention rather than the Sepsis Six components. In this study, source control was not
achieved within the time limits recommended by the Royal College of Surgeons of England?
(18 h for sepsis, 6 h or less for severe sepsis, and immediate surgery for septic shock).
Although reasons for delay were not specifically examined, previous studies!®?° have
suggested these to be multifactorial, largely reflecting administrative, capacity and staffing

issues.

The timely administration of antibiotics is particularly important?*-2%, The mortality rate
from severe sepsis approaches 35 per cent, and several studies?>?® have demonstrated a
survival benefit for patients treated with empirical antibiotics within 1 h of diagnosis
Although three-quarters of patients were given antibiotics, only one-third were delivered
within 1 h of diagnosis. However, it may not always be necessary to deliver antibiotics within
this time frame, for example in ‘well” patients in whom timely operative intervention is
planned. Moreover, antibiotics are a direct cause of significant health problems such as
allergic reaction, Clostridium difficile infection and the development of resistance. It is
therefore paramount that clinicians carefully balance antibiotic prescription against the
potential risks; this includes ensuring that their use is limited to patients in whom
antimicrobial therapy is absolutely necessary. Further consideration of the appropriateness of

the Sepsis Six guidelines in surgical patients is therefore required. A risk stratification tool



would enable the use of opt-out parameters to avoid overtreatment, as well as timely
recognition of unwell patients requiring urgent Sepsis Six delivery before operative

intervention.

There are several limitations that must be considered when interpreting the results. In
designing this study, the authors were keen to ensure that patients were identified
prospectively. In doing so, however, they were concerned that participation may alter usual
behaviour. To address this, trainees were asked to maintain a list of all patients presenting to
the emergency general surgery team during the 7 days of data collection. They were asked to
wait 30 days before collecting data regarding sepsis. Missing data were also a problem,
particularly the timing of Sepsis Six administration. To examine the patterns of missing data
regarding the administration of the Sepsis Six interventions, multivariable regression was
performed. This showed that patients with missing data were more likely to have been
admitted from the ED and to have sepsis rather than severe sepsis or septic shock. It would
have been of interest to compare the mortality rates of patients with and without sepsis,
preferably by recording 90-day instead of 30-day mortality. The authors were concerned,
however, that recording data over a longer time period might have resulted in loss of
engagement with the many trainees participating in this study. Finally, although trainees
completed an online learning package to assess their ability to diagnose and categorize sepsis,

this did not necessarily guarantee that data extraction was accurate.

The importance of the appropriate treatment of sepsis has recently been acknowledged
by NHS England and has been adopted for the Commissioning for Quality and Innovation
(CQUIN) payment framework?*. This will link the screening and timely treatment of patients
with sepsis with a proportion of provider income, and has already resulted in a number of
initiatives to optimize outcomes for sepsis, such as the development diagnostic and risk

stratification toolkits. This study has highlighted that the Sepsis Six guidelines did not

8



improve outcomes for surgical patients presenting as an emergency. Development of a risk
stratification tool would represent an important step to target those who might benefit most

while avoiding overtreatment in the current era of antibiotic resistance.
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Table 1 Sepsis Six guidelines

All of the following interventions should be performed within 1 h of diagnosis of severe
sepsis:

Delivery of high-flow oxygen (15 I/min, in accordance with British Thoracic Society
guidelines for critical illness, which includes sepsis)

Taking of blood cultures before administration of antibiotics

Administration of empirical broad-spectrum antibiotics

Administration of sufficient fluid resuscitation — give fluid challenges in divided boluses
of 500 ml/h to a total volume of 30 ml/kg

Measurement of serum lactate concentration and full blood count

Commence accurate measurement of urine output (may require catheterization)
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Table 2 Patient demographics

No. of patients (n = 5067)

No. of patients with sepsis (n = 911)

Age (years)
16-25 642 (12.8) 123 (13.6)
26-35 748 (15.0) 112 (12.4)
3645 653 (13.1) 101 (11.2)
46-55 722 (14.4) 129 (14.3)
56-65 605 (12.1) 116 (12.8)
6675 732 (14.4) 149 (16.5)
> 75 900 (18.0) 175 (19.3)
Missing 65 6
Sex
M 2228 (44.0) 414 (45.5)
F 2836 (56.0) 496 (54.5)
Missing 3 1
Method of referral
Emergency department 3014 (60.2) 593 (65.1)
General practitioner 1947 (38.9) 308 (33.8)
Other* 43 (0.9) 10 (1.2)
Missing 63 0
Time of admission
08.01-18.00 hours 2584 (51.7) 431 (47.7)
18.01-00.00 hours 1447 (28.9) 274 (30.3)
00.01-08.00 hours 968 (19.4) 199 (22.0)
Missing 68 7
SIRS
Yes 1709 (33.7) 911 (100)
No 3355 (66.3) 0 (0)
Missing 3 0
Category of sepsis
Sepsis 911 (18.0) 911 (100)
Severe sepsis 165 (3.3) 165 (18.1)
Septic shock 24 (0.5) 24 (2.6)

Values in parentheses are percentages. *Direct referral from consultant surgeon, or self-
referral to surgical assessment unit. SIRS, systemic inflammatory response syndrome.
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Table 3 Diagnoses for patients with sepsis, severe sepsis or septic shock

Sepsis Severe sepsis Septic shock
Diagnosis* (n=911) (n =165) (n=24)
Biliary disease 242 (26.6) 44 (26.7) 11 (46)
Appendicitis 164 (18.0) 28 (17.0) 0 (0)
Diverticulitis 89 (9.8) 11 (6.7) 1(4)
Abscess 81 (8.9) 10 (6.1) 0 (0)
Urinary sepsis 52 (5.7) 11 (6.7) 0 (0)
Colitis or proctitis 35 (3.8) 7(4.2) 0 (0)
Postoperative collection 18 (2.0) 2(1.2) 1(4)
Abdominal wall hernia 13 (1.4) 3(1.8) 0 (0)
Wound infection 12 (1.3) 2 (1.2) 0 (0)
Peptic ulcer disease 11(1.2) 4(2.4) 1(4)
Limb ischaemia 9(1.0) 0 (0) 0 (0)
Inflammatory bowel 8 (0.9) 4(2.4) 1(4)
disease
Tubo-ovarian pathology 6 (0.7) 0 (0) 0 (0)
Respiratory tract infection 5 (0.5) 1 (0.6) 0 (0)
Other 127 (13.9) 27 (16.4) 8 (33)

Values in parentheses are percentages. *Data missing for 20 patients.
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Table 4 Adherence to the Sepsis Six guidelines

Sepsis (n =911)

Severe sepsis (n = 165)

Septic shock (n = 24)

Delivered at any Delivered in Delivered at any Delivered in Delivered at any Delivered in
time <1h* time <1h* time <1h*
Delivery of high-flow oxygen 137 (15.0) 60 of 107 (56.1) 29 (17.6) 11 of 21 (52) 6 (25) 4 of 5 (80)
Missing 98 28 12 8 2 1
Blood cultures obtained before antibiotic 237 (26.0) 158 of 179 (88.3) 46 (27.9) 29 of 34 (85) 8 (33) 7 of 7 (100)
administration
Missing 92 57 9 12 3 1
Administration of empirical broad-spectrum 695 (76.3) 145 of 468 (31.0) 126 (76.4) 32 of 80 (40) 19 (79) 7 of 15 (47)
antibiotics
Missing 55 197 6 46 2 4
Initial fluid resuscitation 447 (49.1) 147 of 272 (54.0) 97 (58.8) 32 of 55 (58) 15 (63) 8 of 12 (67)
Missing 85 175 15 42 1 3
Measurement of serum lactatet 322 (35.3) 167 of 233 (71.7) 84 (50.9) 42 of 61 (69) 18 (75) 11 of 16 (69)
Missing 135 89 10 23 1 2
Measurement of FBC} 849 (93.2) 418 of 537 (77.8) 156 (94.5) 69 of 87 (79) 23 (96) 14 of 18 (78)
Missing 47 312 6 69 1 5
Urine output measured at least every 4 h 330 (36.2) 54 of 121 (44.6) 79 (47.9) 14 of 30 (47) 16 (67) 3 0f 12 (25)
Missing 176 209 17 49 3 4
All Sepsis Six components adhered to 44 (4.8) 12 0f 633 (1.9) 13(7.9) 4 of 111 (3.6) 4(17) 0(0)

Values in parentheses are percentages; *the percentage delivered within 1 h, excluding patients where timings were not recorded. §Serum lactate and full blood count (FBC)
comprise a single intervention in the Sepsis Six guidelines, but were recorded separately for the purposes of this study.
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Table 5 Source control

Sepsis (n =911)

Severe sepsis
(n =165)

Septic shock
(n=24)

Time to source control (h)* 19.8 (10.0— 18.5 (6.8-25.9) 24.6 (8.7-24.9)
35.4)

Surgical intervention 338 (37.1) 62 (37.6) 9 (38)
Appendicectomy 125 25 0
Abscess drainage 83 13 1
Laparoscopy/laparotomy 42 8 1
Cholecystectomy 26 1 1
Large bowel resection 16 4 2
Small bowel resection 12 3 2
Hernia repair 8 2 0
Wound debridement 5 0 0
Amputation 3 0 0
Adhesiolysis 2 0 0
Unknown 14 6 2
Other 2 0 0

Radiological intervention 7 (0.8) 3(1.8) 0 (0)

Endoscopic intervention 12 (1.3) 1 (0.6) 0 (0)

*Values are median (i.g.r.). TWith no bowel resection.
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Table 6 Outcomes according to category of sepsis

No. of patients*

Sepsis Severe sepsis | Septic shock
(n=911) (n=165) (n=24)
Duration of hospital stay (days)* 4 (2-8) 5(3-8) 9.5 (6-25)
In-hospital death within 30 days 39 (4.3) 8 (4.8 6 (25)
Complication 120 (13.2) 27 (16.4) 9 (38)
Duration of ICU stay (days)* 0 (0-1) 0 (0-0) 5(3-6)
Readmission to hospital within 30 days 86 (9.4) 10 (6.1) 1(4)

*With percentages in parentheses unless indicated otherwise; *values are median (i.qg.r.).
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